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Abstract. The diversity of dung beetles (Coleoptera: Scarabaeidae: Scarabaeinae) is affected by urbanization, habitat fragmen-
tation and disappearance of native mammals, which result in changes in the quality and availability of food, and resources for
nesting. We evaluated the diversity, distribution of species in different trophic guilds and foraging strategies, and temporal variation
in abundance of dung beetles in an urban fragment of Cerrado in a Federal District of Brazil. This study was conducted at the Ex-
perimental Station of Biology (EEB) of the University of Brasilia (UnB), Federal District, Brazil. Fortnightly, between October 2012
and September 2013, Scarabaeinae were collected using baited (human faeces, pig meat, or banana) and unbaited pitfall traps.
Aspects of the dung beetle assemblage were evaluated, including species richness and abundance, feeding habits and forag-
ing strategies. A total of 614 individuals were collected, which included eight species belonging to seven genera and four tribes.
Dichotomius carbonarius (Mannerheim, 1829), a generalist species, dominated the assemblage, indicating that it is adapted to
living in fragmented and urbanized areas. As regards feeding habits, Eurysternus caribaeus (Jablonsky & Herbst, 1789) was con-
sidered to be strictly coprophagous, Coprophanaeus cyanescens (d’'Olsoufieff, 1924) copronecrophagous and D. carbonarius a
generalist. Most species were classified as paracoprids, which accounted for 75% of the species collected. Regarding the attrac-
tiveness of the bait, the highest numbers of individuals and species were recorded in pitfall traps baited with human faeces. A high
abundance of Scarabaeinae was recorded in the first half of the rainy season (October—December) with 98.2% of the individuals

collected in this period. The urban area studied harboured a low number of species with high abundance of a few species.

INTRODUCTION

Habitat fragmentation results in a discontinuity in the
spatial distribution of resources, which affects occupation,
reproduction and survival of species (Franklin et al., 2002).
Several environments around the world have been sub-
jected to fragmentation, including Cerrado, which is the
second-largest Brazilian biome. Cerrado has been inten-
sively used by humans because of its geographical position
and characteristics, which are favourable for agriculture
and raising livestock (Cunha et al., 2008). Another impor-
tant aspect is that the global human population is growing
and becoming increasingly urban. Urban expansion sup-
presses native vegetation and is a major threat to biodiver-
sity (Groffman et al., 2017) and one of the main factors
causing the extinction of species (Macdonald et al., 2008).
The growth of urban centres results in marked decreases
in insect diversity (Matteson et al., 2008; Magura et al.,
2010; Raupp et al., 2010). The main effect of urbanization
in reducing insects biodiversity is due to habitat loss, air
pollution and artificial light (Muller, 1972).

The differences in the fauna in small urban fragments
and conserved environments may be due to the pressures
associated with fragmentation and urbanization, includ-
ing anthropic disturbance, host loss, invasion of new spe-
cies and climate change (Yahner, 1988; Sanchez-Bayo &
Wyckhuys, 2019). However, although highly modified and
disturbed, small urban fragments can still serve as disper-
sal corridors, or even resting areas for migratory species
(Gaston et al., 2005).

In this context, some groups of organisms are consid-
ered good biological indicators for monitoring the negative
effects of anthropogenic activities that result in environ-
mental disturbance. Scarabaeinae are an ideal group for
monitoring biodiversity (Spector, 2006). Many species
are sensitive to environmental disturbance, such as habi-
tat fragmentation (Andresen, 2003; Feer & Hingrat, 2005;
Nichols et al., 2007) and urbanization (Radtke et al., 2008;
Korasaki et al., 2013), which can result in a decrease in the
diversity of species and increase in the dominance of some
species (Venugopal et al., 2012). Dung beetle conservation
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in urban areas is strongly affected by the paucity of mam-
mals, but dogs and cats (domestic and wild) are present,
and dung beetles play an important role in recycling their
faeces in urban areas (Carpaneto et al., 2005; Cave, 2005).
Because they are associated with mammal faeces, changes
in mammalian communities affect the Scarabaeinae com-
munity (Culot et al., 2013; Bogoni et al., 2019).

Scarabaeinae are popularly known as dung beetles, of
which there is a high diversity of species in the tropics.
There are 726 species of dung beetles in Brazil of which 62
are endemic (Vaz-de-Mello, 2018). They are detritivores
and use carcasses, decaying fruit and mammalian faeces
for feeding and building their nests, with coprophagy the
predominant feeding habit of Scarabaeinae (Halffter &
Matthews, 1966; Hanski & Cambefort, 1991; Barlow et al.,
2010; Culot et al., 2013). They perform important ecologi-
cal roles, such as removing faeces (Horgan, 2005; Kenyon
et al., 2016), seed dispersal (Braga et al., 2013), nutrient
cycling, bioturbation, plant growth enhancement, parasite
suppression and fly control (Nichols et al., 2008). These
services are consequences of the nesting and feeding ac-
tivities of these beetles (Hanski & Cambefort, 1991). The
group is divided into three functional guilds, depending
on how they handle a faecal mass (Halffter & Edmonds,
1982): telecoprids form a faecal ball and roll it away from
the source and bury it or leave it on the ground; endoco-
prids feed in or under fresh faeces, without moving it else-
where; and paracoprids dig tunnels below or adjacent to
faeces in which they bury a faecal mass.

In addition to the nature of the vegetation and character-
istics of the relief, climate is one of the main factors de-
termining the abundance of insects (Peacock et al., 2006;
Sable & Rana, 2016). The climate in Cerrado, alternates
between dry and rainy seasons (Silva et al., 2008), which
determine the behaviour and biology of the insects that
inhabit this biome (Silva et al., 2011; Oliveira & Frizzas,
2013). The climate also directly influences the develop-
ment of plants and, consequently, the availability of food
for several organisms. In the rainy season, the greater
availability of food results in an increase in the abundance
of animals, including domesticated and wild mammals
(Carmignotto et al., 2014; Ferreguetti et al., 2019), which
results in an increase in the availability of faeces and car-
casses, and the seasonality in the activity of this group of
insects.

The aim of this study was to evaluate the diversity, dis-
tribution of species in different trophic guilds and foraging
strategies, and temporal variation in the abundance of dung
beetles in an urban fragment of Cerrado in Brazil.

Our hypothesis is that in Cerrado the greatest diver-
sity (abundance and richness of species) of Scarabaeinae
should occur in the rainy season when there is a greater
availability of food and the climatic conditions more suit-
able for the development of insects. In addition, we expect
to find a greater diversity of dung beetles associated with
human faeces as most Scarabaeinae prefer mammalian fae-
ces.
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MATERIAL AND METHODS

Study area

This study was carried out at the Experimental Station of Bi-
ology (EEB), University of Brasilia (UnB), Brasilia/DF, Brazil
(15°44°13"S, 47°52°57"W; 1015 m) (Fig. 1). The experimental
area consisted of a =10-ha fragment of Cerrado. The EEB is an
environmental reserve on the shores of Lake Paranoa, with areas
for carrying out agricultural and biological research. The soil is
predominantly formed by latosols. The fragment studied is com-
posed of cerrado sensu stricto, the biome’s main phytophysiog-
nomy, characterized by a low, tortuous and not very dense tree
layer. The EEB is close to the Olhos D’Agua Park, which is a
~21-ha ecological and recreational public park. These two areas
are the main urban green areas in Northern Brasilia. The climate
in the region is predominantly tropical, with dry winters (AW)
and two well-defined seasons (rainy between October and March
and dry between April and September). The altitude ranges from
800 to 1400 m above mean sea level, the average annual air tem-
perature is between 20 and 22°C, and precipitation between 1300
and 1600 mm (Alvares et al., 2013).

Sampling of dung beetles

Beetles were collected using pitfall traps. The traps consisted
of a plastic cylindrical container 9 cm high and 14 cm in diam-
eter, to which a second plastic container (7 cm high and 8 cm
in diameter) was attached, which is the bait-holder, following
the method used by Oliveira & Mendonga (2011). In the large
plastic container, there was 300 ml of water with detergent and
copper sulphate (1%) to preserve the insects and in the small con-
tainer, 100 g of bait. Three types of bait were used: rotting pig
meat, decaying bananas and human faeces. A control without bait
was also included. Four traps were set at each of four sampling
points (Point 1: 15°44°11.44"S, 47°52°57.79"W, 1014 m; Point 2:
15°44712.81"S, 47°52°56.71"W, 1014 m; Point 3: 15°44°14.60"S,
47°52°55.45"W, 1013 m; Point 4: 15°44716.04"S, 47°52°54.36"W,
1014 m), totalling 16 traps. There were four pitfall traps at each
sampling point (three baited and a control) arranged in a square,
with 50 m between sampling points and 2 m between traps, which
remained in the field for five days. Collections were made fort-
nightly from October 2012 to September 2013.

Scarabaeinae were identified to species by F. Zagury Vaz-de-
Mello (Federal University of Mato Grosso, Cuiaba/MT, Brazil).
Specimens of the species collected were deposited in the Ento-
mology Collection of the University of Brasilia (DZUB) and in
the Zoology Collection of the Federal University of Mato Grosso
(CEMT). The species were classified according to their foraging
strategies (Cambefort & Hanski, 1991), as paracoprids (tunnel-
lers), telecoprids (rollers), or endocoprids (dwellers).

Climatic data (monthly average air temperature, monthly aver-
age relative air humidity and monthly total precipitation) were
recorded throughout the experimental period and provided by
Embrapa Cerrados (Biophysics Laboratory) (Planaltina/DF, Bra-
zil), located about 20 km from the experimental area.

Data analysis

All data analyses were done using R (R Core Team, 2019). The
data on abundance and species richness were not normally dis-
tributed and did not meet the assumption of homogeneity of vari-
ance (Shapiro Wilks test: W = 0.3166, p < 2.2e-16; W = 0.5318,
p < 2.2e-16; and Bartlett test: K =209.3, p < 2.2e-16; K = 57.1,
p = 2.4e-12). The Durbin-Watson test (Durbin & Watson, 1950)
revealed that the samples were not spatially (DW = 2.78, p =
0.5352) or temporally (DW = 2.03, p = 0.3813) correlated.
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Fig. 1. Aerial photograph of the Experimental Station of Biology (EEB) of th’e University of Brasilia (UnB), with sites 1 to 4 sampled for
Scarabaeinae (for coordinates, see Material and Methods) and the Olhos D’Agua Park in Brasilia/DF, Brazil indicated.

To evaluate the feeding habits of the different species, we used
the Indicator Value (IndVal) analysis to identify the species’ pref-
erences for particular baits (Dufréne & Legendre, 1997) in the
“indicspecies” R package (Caceres et al., 2016). Singletons and
doubletons were excluded from this analysis as there were too
few individuals for diet inference. Based on their feeding habits
the Scarabaeinae were identified as coprophagous (species that
the IndVal analysis significantly associated with human faeces),
copronecrophagous (species that were significantly associated
with human faeces and pig meat), or generalists [species signifi-
cantly associated with the three types of baits (human faeces, pig
meat and banana)].

A generalized linear model (GLM) revealed there was no sig-
nificant interaction between the response (abundance and species
richness) and predictor variables, namely type of bait and month
of the year. Thus, it was possible to compare bait attractiveness

over the entire period sampled (n = 96 for each bait). In addition,
differences in the samples collected in the four periods of the year
[first half of the rainy period (Oct-Dec); second half of the rainy
period (Jan—Mar); first half of the dry period (Apr—Jun); and sec-
ond half of the dry period (Jul-Sep)] (n = 96 for each period)
were verified. For these comparisons, we used a GLM followed
by ANOVA in a logistic regression model using a negative bino-
mial distribution. The GLM selection was previously performed
to choose the best model to fit the data using the “hnp” pack-
age (Moral et al., 2017). Mean values were statistically separated
using Tukey’s HSD test at p < 0.05 in the function “glht” in the
“multcomp” package (Hothorn et al., 2016).

Similarly, we used a GLM in a logistic regression model using
a negative binomial distribution to verify the influence of climate
(monthly average air temperature, monthly average relative air
humidity and monthly cumulative total precipitation) on Scara-
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Fig. 2. Average monthly air temperature (°C) and relative air hu-
midity (%), monthly total precipitation (mm) and abundance of
Scarabaeinae caught by baited pitfall traps in a fragmented urban
area of Brasilia/DF, Brazil between October 2012 and September
2013.

baeinae abundance and richness (monthly abundance and rich-
ness — sum of the two sampling events carried out each month).

The number of individuals-based protocol was used and an ac-
cumulation curve was constructed in the R environment, using
the “iINEXT” package (Hsieh et al., 2016). In the iNEXT analysis,
individual-based abundance data and a diversity order based on
species richness (q = 0) were used. iNEXT can interpolate and
extrapolate species richness by taking into account a measure of
sample coverage (Chao & Jost, 2012; Chao et al., 2014).

The B-diversity index expresses the species turnover in terms
of a spatial and/or temporal scale. This index was estimated using
two formulae. The first measured the intra-site B-diversity and
was calculated using Whittaker’s index: B = (S/a) — 1, where o
is the average of the a-diversity for all the periods sampled (four
periods: Oct—Dec; Jan—Mar; Apr—Jun; and Jul-Sep) and S the
total number of species recorded in all the periods sampled. The
B,, value varied between 0 and n — 1 (n = 4). The second formula
measured the inter-periods, and B-diversity was calculated using
Cody’s index: B, = 100 * (Sg + SI)/2a, where Sg is the difference
in the number of species at two sites, Sl is the number of species
lost, and « is the average of the a-diversity for the two periods.
The Pielou evenness index were calculated using the “Biodiversi-
tyR” package (Kindt, 2018).
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Fig. 3. Average number of individuals/trap and species/trap of
Scarabaeinae (Coleoptera: Scarabaeidae), caught in different pe-
riods of the year (season), using pitfall traps (baited with human
faeces, rotting pig meat, decaying banana or without bait) in a frag-
mented urban area in Brasilia/DF, Brazil between October 2012
and September 2013. Columns with the same capital letter for
abundance and lower case for species did not differ statistically ac-
cording to Tukey’s HSD test (p < 0.05). Scales above the columns
are the standard errors.

RESULTS

We collected 614 individuals, belonging to eight species,
seven genera and four tribes of Scarabaeinae: Ateuchini
(one species of Eutrichillum Martinez, 1967), Dichotomi-
ini (two species and one genus, Dichotomius Hope, 1838),
Eurysternini (one species of Eurysternus Dalman, 1824),
Phanaeini (three species and three genera, Coprophanaeus
d’Olsoufieff, 1924, Dendropaemon Perty, 1830 and Dia-
broctis Gistel, 1857) and “incertae sedis” tribe (one species
of Uroxys Westwood, 1842). The most abundant species
were Dichotomius carbonarius (Mannerheim, 1829), Eu-
rysternus caribaeus (Jablonsky & Herbst, 1789) and Eu-
trichillum hirsutum (Boucomont, 1928), which together
accounted for 86.6% of the total number of individuals
caught (Table 1). Dichotomius carbonarius dominated the
assemblage, making up 64.3% of the individuals caught
(Table 1).

The IndVal analysis revealed that three species are sig-
nificantly associated with one or more types of bait. Eu-

Table 1. Number of individuals per species caught by each type of bait and in each period of the year, relative percentage of each species,
and trophic and functional guilds of Scarabaeinae beetles caught by pitfall traps in a fragmented urban area in Brasilia/DF, Brazil between

October 2012 and September 2013.

. Bait’ PY? 0 s .
Species HF RPM DB WB M AJ  JS oD % e Fe
Dichotomius carbonarius 179 103 108 5 33 0 0 360 64.3 G P
Eurysternus caribaeus 69 1 0 0 0 0 9 61 11.4 C E
Eutrichillum hirsutum 23 34 10 0 2 0 0 65 10.9 - E
Dichotomius bicuspis 4 13 17 7 6 0 2 35 6.7 - P
Coprophanaeus cyanescens 16 21 1 0 1 0 0 37 6.2 CN P
Diabroctis mimas 1 0 0 0 0 0 0 1 0.2 - P
Dendropaemon flechtmanni 0 0 1 0 1 0 0 0 0.2 - P
Uroxys sp. 1 0 0 0 0 0 0 1 0.2 - P
Number of species 7 5 5 2 5 0 2 7
Number of individuals 293 172 137 12 43 0 11 560

"HF — human faeces, RPM — rotting pig meat, DB — decaying banana, WB — without bait; 2Period of the year: J-M: January—March, A-J:
April-June, J-S: July—September, O-D: October—December. *TG — trophic guild [classification based on Value Indicator (IndVal)] (see
Material and Methods): G — generalist, C — coprophagous, CN — copronecrophagous and “-" not significantly associated with any bait;

“FG — functional guild: P — paracoprid, and E — endocoprid.
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Fig. 4. Average number of individuals/trap and species/trap of
Scarabaeinae (Coleoptera: Scarabaeidae) collected using pitfall
traps (baited with human faeces, rotting pig meat, decaying ba-
nana or without bait) in a fragmented urban area in Brasilia/DF,
Brazil between October 2012 and September 2013. Columns with
the same capital letter for abundance and lower case for species
did not differ statistically according to Tukey’s HSD test (p < 0.05).
Scales above the columns are the standard errors.

rysternus caribaeus was significantly associated only with
human faeces (stat = 0.351; p = 0.002), indicating that it
is a strictly coprophagous species. Coprophanaeus cyane-
scens (d’Olsoufieff, 1924) was associated with faecces and
pig meat (stat = 0.318; p = 0.02), and is a copronecropha-
gous species, and D. carbonarius was significantly associ-
ated with all baits (faeces, pig meat and banana) (stat =
0.49; p = 0.006) and was considered to be a generalist. In
terms of functional guild, two species were classified as
endocoprids (25% of species) and six were classified as
paracoprids (75% of species) (Table 1).

All of the species of Scarabaeinae and 98.2% of the in-
dividuals were caught from October to March, which is
the rainy season in Cerrado, and the maximum number of
individuals (62.7%) were caught in November (Fig. 2).
In the first half of the rainy season (October—December),
the number of Scarabaeinae and species caught was sig-
nificantly higher than in the other seasons sampled (Indi-
viduals: Oct/Dec—Apr/Jun: z=9.136, p < 0.001; Oct/Dec—
Jul/Sep: z = 7.182, p < 0.001, and Oct/Dec—Jan/Mar: z =
5.331, p <0.001; Species: Oct/Dec—Apr/Jun: z=7.789, p
< 0.001; Oct/Dec—Jul/Sep: z = 5.393, p < 0.001, and Oct/
Dec—Jan/Mar: z=4.786, p < 0.001) and the lowest number
of individuals and species caught was in the first half of the
dry season (Fig. 3).

In terms of bait attractiveness, the highest numbers of in-
dividuals (47.7%) and species (87.5%) were caught using
human faeces (Table 1) and the lowest numbers of indi-
viduals (22.3%) and species (62.5%) were caught using ba-
nana bait. Although the number of individuals and species
of Scarabaeinae caught using human faeces, pig meat and
banana was significantly higher than that caught by unbait-
ed traps (Individuals: without bait-banana: z =-3.228, p =
0.0069; without bait-pig meat: z=-3.527, p = 0.0023 and
without bait-human faeces: z=-4.246, p <0.001; Species:
without bait-banana: z =-2.556, p = 0.0375; without bait-
pig meat: z = -2.807, p = 0.0245, and without bait-human
faeces: z=-3.058, p <0.011), there were no statistical dif-
ferences between the bait types (Fig. 4).
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Fig. 5. Sample size-based rarefaction and extrapolation using a
Hill numbers sampling curve (species richness estimates for a rar-
efied and extrapolated sample with sample size up to double the
reference sample size) for Scarabaeinae (Coleoptera: Scarabaei-
dae) caught using pitfall traps baited with human faeces, rotting pig
meat, decaying banana or without bait, in a fragmented urban area
in Brasilia/DF, Brazil between October 2012 and September 2013.
Areas below and above the curves are the standard deviations.

Abundance and richness of the Scarabaeinae was signifi-
cantly influenced by precipitation (abundance: z = 4.382,
p <0.001; richness: z=5.165, p <0.001) and temperature
(abundance: z = 4.791, p < 0.001; richness: z = 4.221, p
< 0.001). Relative humidity did not significantly influence
these variables (abundance: z = 0.343, p = 0.731; richness:

=-1.459, p = 0.144).

The results of iNEXT indicate that the sample coverage
for the evaluation of species richness was satisfactory, and
this was 98.6% for banana, 99.3% for human faeces and
100% for pig meat and traps without bait. Diversity esti-
mates based on rarefied and extrapolated samples for traps
without bait were two species, and ranged from 5.9 to 8.0
species for faeces, from 4.0 to 5.9 species for pig meat and
from 4.2 to 5.7 for banana. Sample size-based rarefaction
and extrapolation sampling curves showed that the curves
for pig meat and traps without bait reached an asymptote,
indicating that the number of samples provided adequate
coverage of the study area. For human faeces and banana
baits, however, an increase in sampling effort might have
revealed a higher species richness (Fig. 5).

The B _-diversity index for the area studied was 1.29.
The B -diversity index, which measures the variation in
the composition of species in the different periods of the
year, was 100% between Jan—-Mar and Apr—Jun and be-
tween Apr—Jun and Jul-Sep, and 55.6% between Jul-Sep
and Oct-Dec. For the Scarabaeinae community the Pielou
evenness index was 0.56.

DISCUSSION

The importance of the Scarabaeinae as ecosystem ser-
vice providers is recognized, because they remove faeces
and disperse seed (Nichols et al., 2008; Braga et al., 2013;
Kenyon et al., 2016) and are important biological indica-
tors of anthropogenic activities that disturb the environ-
ment (Spector, 2006; Nichols et al., 2007; Korasaki et al.,
2013). However, more attention should be given to the ef-
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fects on these organisms of habitat fragmentation generat-
ed by urbanization and how they can be used as biological
indicators in the conservation of urban ecological reserves.
A recent review of 27 articles related to this topic in 17
countries revealed that 40% of them were for the American
continent (Ramirez-Restrepo & Halffter, 2016).

Our results are similar to those reported for other urban
parks, with a low number of species (n = 8) and a high abun-
dance of a few species. The Piclou evenness index (0.56)
indicates a low uniformity in the distribution of abundance
among the species. In an urban park in Rome, the number
of dung beetle species decreased from 19 to 9 in 13 years
(Carpaneto et al., 2005). In the Olhos D’ Agua Park near the
experimental area (Federal District, Brazil), seven species
of Scarabaeinae were previously recorded (Nunes & Friz-
zas, 2007). However, we should take into account that only
one area was sampled in this study and that this urban area
might be shown to contain more species if additional areas
were sampled. In contrast, studies of large conserved areas
of Cerrado report a high number of species of Scarabaei-
nae, with a more uniform distribution. For example, in this
Federal District, 38 species of Scarabaeinae were found
in a cerrado sensu stricto area (Rocha, 2016), 27 species
in a rupestrian field (Nunes et al., 2012), and 102 species
in “campo sujo [bushy grassland]”, cerrado sensu stricto
and gallery forest areas (Milhomem et al., 2003). In Mato
Grosso State, Brazil, 44 species are recorded in Chapada
dos Guimaraes (Daniel et al., 2014) and 29 species in Cha-
pada dos Parecis (Silva et al., 2010). Species, genus and
tribe composition of Scarabaeinae can also differ widely
between extensive and conserved areas of Cerrado natural
vegetation and isolated fragments, such as the one studied
here. In a Scarabaeinae survey conducted in a conservation
area (Parque Nacional de Brasilia — PNB), only 4 km from
our experimental area, Rocha (2016) records the presence
of two tribes (Deltochilini and Onthophagini) and 14 gen-
era that were not collected by us. The two most abundant
species in PNB were two Phanaeini [Oxysternon palemo
Castelnau, 1840 and Coprophanacus spitzi (Pessoa, 1934)]
(Rocha, 2016) and in our study the most abundant species
were one Dichotomiini (D. carbonarius) and one Ateuchi-
ni (E. hirsutum).

This indicates that the reduction in areas of native veg-
etation and the formation of isolated fragments of vegeta-
tion (such as the area studied) result in a marked reduction
in the diversity and changes in the composition of Scara-
bacinae. This is likely to be associated with a decline in
food resources (e.g. mammals’ faeces, carcasses or decom-
posing plant material) and a reduction in the diversity of
habitats that provide better competitive conditions for spe-
cies adapted to the specific characteristics of fragments of
the remaining vegetation (Driscoll & Weir, 2005; Puker et
al., 2014).

The distribution of dung beetles in space and time var-
ies depending on biotic and abiotic factors, such as cli-
mate (Lumaret & Kirk, 1987; Korasaki et al., 2013) and
availability of resources (Doube, 1987; Sanchez-Pifiero,
1997). Rainfall and temperature had significant effects
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on the abundance and species richness of Scarabacinae.
Dung beetles are most abundant in the rainy season, when
both precipitation and temperature are high (Martinez &
Vasquez, 1995; Damborsky et al., 2015). In Cerrado, the
high availability of food, such as leaves, flowers, and fruit
(Morais & Diniz, 2004; Oliveira, 2008) in this season, is
associated with an increase in the activity and abundance
of most of the animals that inhabit this biome (Malheiros,
2016). Increase in resources, such as fruit, carcasses and
faeces in this season favour Scarabaeinae. In contrast, in a
reserve in Argentina, the highest values of species richness
and abundance of Scarabaeinae are reported in months
when the temperature is high and rainfall low (Ibarra-Po-
lesel et al., 2015).

The temporal turnover of species recorded between peri-
ods (B,-diversity), indicate changes in species composition
of between 55.6 and 100% in the two periods in a year and
that species alternate in their relative importance through-
out a year by using the resources in each period differently.
For example, D. carbonarius was the main species in the
rainy season and E. caribaeus in the dry season (Table
1). The Scarabaeinae assemblage seems to be structured
around one or two species that dominate this habitat in the
different seasons of a year.

Dichotomius carbonarius, a generalist species, dominat-
ed the dung beetle assemblage (64.3% of the individuals
caught), which indicates that it is adapted to fragmented
and urbanized areas. Similarly, it is one of the most abun-
dant species in a fragment of urban cerrado in Goias State,
Brazil (Borges Junior et al., 2011). This species has evolved
a novel adaptive strategy of constructing chambers using
crushed leaves rather than faeces (Dinghi et al., 2013), and
despite being found in forested areas, seems to be able to
colonize agricultural environments and other open areas
(Durées et al., 2005; Almeida & Louzada, 2009), indicat-
ing great plasticity in its ability to survive in different envi-
ronments. A reduction in specialist species and increase in
generalist species is usually associated with urbanization
(Magura et al., 2004; Elek & Lovei, 2007) along with taxo-
nomic homogenization, with only a few locally abundant
species, is an important negative consequence of urbaniza-
tion (Magura et al., 2010).

Interestingly, a species of the genus Dendropaemon was
caught using pitfall traps baited with decaying banana.
Species of this genus are commonly caught by flight inter-
cept or light traps (Vaz-de-Mello & Génier, 2009), which
leads us to believe that the collection of D. flechtmanni Gé-
nier & Arnaud, 2016 was accidental.

In addition to mammalian faeces, other types of re-
source, such as rotting meat or decaying fruit, can be used
by species of Scarabaeinae. The great abundance and spe-
cies richness recorded in studies that use human faeces to
catch dung beetles may be because the Scarabaeinae in-
clude a large number of coprophagous species (Halffter &
Matthews, 1966; Hanski & Cambefort, 1991; Gardner et
al., 2008). However, in the present study, no significant dif-
ference was recorded between the types of bait used, pos-
sibly because the mammal community has been drastically
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reduced in fragmented areas in urban environments (Gib-
son et al., 2013), which favours species of Scarabaeinae
that are able to use scarce resources, such as mushrooms or
decaying fruit (Hanski & Cambefort, 1991).

Six species (75% of species) were classified as para-
coprids. Similar results are reported for fragmented and
degraded areas in Colombia (Martinez et al., 2009; Bar-
raza et al., 2010). A high percentage of paracoprid species
indicate a scarcity of food and rapid desiccation faeces,
which favours species that quickly bury faeces, which re-
duces competition and increases reproductive success. In
contrast, the resource requirements of endocoprid species
is usually high (Halffter & Edmonds, 1982), but they are
scarce in fragmented and urbanized areas. Dung beetles of
different functional guilds respond to changes in the struc-
ture of vegetation in different ways. Open habitats, such as
urban parks, can directly increase the rate of desiccation of
faeces, which restricts telecoprids and endocoprids to more
shaded areas (Hanski & Cambefort, 1991). In contrast, in
southern Europe the composition and structure of dung
beetle assemblages are affected by the extent of the cover
of vegetation, which when dense results in a low abun-
dance and species richness and a drastic reduction dung
beetle biodiversity (Errouissi & Jay-Robert, 2019).

In urban green areas, dog and cat facces are a hygiene
problem, because they may contain fungi (Penicillium and
Aspergillus) and bacteria (Staphylococcus and Salmonella)
of medical importance (Nunes & Frizzas, 2007). However,
dog and cat faeces are abundant and used by a larger num-
ber of species of Scarabacinae than the faeces of wild car-
nivores (Carpaneto et al., 2005). In urban areas, dogs and
cats are omnivorous feeding on human food debris with
high cellulose and carbohydrate contents, and dung beetles
normally avoid the faeces of strict carnivores due to their
low cellulose content (Landin, 1961). We did not record
mammal diversity, however, there are small- and medium-
sized mammals in the area studied, particularly possums,
domestic dogs and cats, which could provide food for the
dung beetles present in the area (J.S. Marinho Filho, Uni-
versity of Brasilia, pers. com.).

It is widely expected that habitat destruction in the trop-
ics will result in the extinction of many species in com-
ing years, but while the potential magnitude of the loss is
unclear, it is likely the increased level of disturbance will
have a marked effect on the global diversity of individual
groups, such as dung beetles (Alroy, 2017). Our results
indicate that small fragments of Cerrado in an urban en-
vironment support a lower diversity and different species
composition of Scarabaeinae than extensive and conserved
areas (Nunes et al., 2012; Daniel et al., 2014; Rocha, 2016).
These areas are the habitat of species of Scarabaeinae that
are able to use scarce resources, which vary in space and
time, but are most abundant in the rainy season. Howev-
er, because of the ecological importance of dung beetles,
urban parks should be conserved and expanded, because
they serve as important refuges for some of the species
in this group of organisms. In addition, it is essential to
study urban environments to support public planning and
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conservation policies, and understanding urban biodiver-
sity is one of the key to the success of conservation efforts
(Soanes et al., 2019; Wintle et al., 2019).
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