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Abstract

We characterized dung beetles food preference and diel activity and
examined the way such characteristics may structure a Scarabaeinae
community in a dry forest. We sampled a fragment of Arboreal
Caatinga in Milagres, Bahia, Brazil, during the dry and wet seasons,
using baited pitfall (bovine spleen, human feces, cow dung, and
rotten banana). Species were classified by activity (nocturnal and
diurnal) and food preference (coprophagous, necrophagous, saproph-
agous, copro-necrophagous, and generalist). In total, 1,581 individuals
belonging to 16 morphospecies were sampled, with six new records
for Caatinga. The dung beetles were mainly from generalist and
coprophagous species; seven species presented nocturnal activity,
and five were diurnal. There was higher species richness during the
day and greater abundance during the night. Species composition
differences were influenced by functional guilds and beetle size
according to temporal segregation. These factors may be related to
physiological, morphological, and behavioral differences.

Introduction

Dung beetles belong to the Scarabaeinae subfamily
(Coleoptera, Scarabaeidae), which presents rich variation,
consisting of about 7,000 species (Philips 2011). The
Scarabaeinae comprise several detritivorous species that
feed on fungi, animal carcasses, or decomposing fruit, al-
though the diet of most species is composed principally of
feces (Halffter & Matthews 1966).

The Scarabaeinae niche can be reduced to three di-
mensions: space, time, and food resource (Halffter 1991).
Two types of temporal variations may be discriminated:
on a smaller scale, variations in daily activity patterns can
be simplified into diurnal and nocturnal guilds (Gill 1991),
and on a larger scale, the seasonal variations commonly
associated with rainfall in arid regions (Hernandez 2007).
The processes that determine temporal variations may
be related to abiotic factors (insolation, temperature,
humidity, and soil) and to behavioral and morphological
factors such as size, color, and type of resource alloca-
tion (Vulinec 1997, Lobo et al 1998, Hernandez 2002,
Verdu et al 2007).

Specialization in food resources can be a way of
avoiding competition, although few species present ex-
treme specialization: most Neotropical Scarabaeinae tend
to consume all sources of dung (Howden & Nealis 1975,
Larsen et al 2006). In South America, most species are
coprophages; however, due to the extinction of certain
large mammals, it is quite common to find species in
tropical forests that have developed other types of food
preference, such as necrophagy and saprophagy (Cambefort
1991, Halffter & Halffter 2009).

Studies have examined dung beetle temporal partition
and resource utilization in tropical rainforests (e.g., Davis
1999, Silva et al 2012), demonstrating that these two factors
can help to reduce interspecific competition (Davis 1999,
Feer & Pincebourde 2005). Caatinga ecosystems, like other
seasonally dry tropical forests, have undergone a series of
adaptations, leading to species survival in areas with low rain
concentration throughout the year. Factors related to arid
environments can induce changes to dung beetle commu-
nity structure, mainly through a reduction in species richness
and changes in species composition (Hernandez 2005,
Lopes & Louzada 2005, Lopes et al 2006, Hernandez 2007,
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Liberal 2008, Neves et al 2010, Liberal et al 2011).
However, there are no studies focusing on Scarabaeinae
resource utilization and temporal segregation in season-
ally dry tropical forests in Brazil. This study therefore aims
to extend knowledge about Caatinga dung beetles spe-
cies, with a focus on resource utilization and the relation-
ship between temporal segregation and body size, in
order to understand how these characteristics influence
the dung beetle community.

Material and Methods

The Caatinga fragment we investigated had Arboreal
Caatinga physiognomy, a seasonality dry tropical forest en-
demic to Brazil. This fragment covered an area of approxi-
mately 15,000 m” and was located on a hilltop surrounded by
shrub Caatinga and pastures, both used by livestock. This
fragment is located in the municipality of Milagres, in the
state of Bahia, Brazil (12°53"S, 39°51" W), situated within the
eastern part of the ecosystem in the ecoregion known as the
“Depressdo Sertaneja Meridional” (Velloso et al 2002).

The climate is tropical semiarid (BSh on the Képpen classi-
fication) with a mean temperature of 24.3°C, a mean maximum
temperature of 29.9°C, and a minimum of 20.6°C. Mean an-
nual precipitation is 551 mm, varying between 142 mm in drier
years and 1,206 mm in rainier ones (Aguiar & Zanella 2005).
Over the sampling period, the average temperature and pre-
cipitation were 24.8°C and 152.65 mm, respectively (Inga 2011).

Samples were collected in July and October 2010 (dry
season) and in January and April 2011 (wet season). Dung
beetles were collected using baited pitfalls consisting of a
plastic container with an 18-cm opening and 10 cm deep,
buried in the ground with its rim at the surface level and
partially filled with a detergent solution (2%). Baits were
attached to the center of the container, which was then
covered with canvas to prevent animals from stealing the
bait. A rubber cover was positioned above the pitfall to
reduce the effects of weather (Lopes et al 2006).

Every month, 16 sampling points (25 m apart) were ar-
ranged evenly in a square grid of 75 mx75 m, and four pitfalls
(2 m apart) were placed at each sampling point, each con-
taining a different type of bait: carrion (bovine spleen),
human feces, cow dung, and rotten banana. Eight sampling
points were placed during the early morning and eight in the
late afternoon, providing fresh resources for each period.

All pitfalls were checked in the early morning (5—-6:00 a.m.)
and late afternoon (5-6:00 p.m.), and sampled specimens
were retrieved, and the detergent solution was renewed.
Traps were exposed for 72 h in the field (except during April
201, when the pitfalls were only exposed for 48 h). The
specimens were placed in 70% ethanol, mounted, identified,
and deposited in the Johann Becker entomological collection
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of the university’s Zoology Museum (Museu de Zoologia da
Universidade Estadual de Feira de Santana: MZFS).

Species mean length was obtained using a digital caliper
to measure the distance between the clypeus and abdomen
of 20 individuals from each species whenever possible. From
mean length, we defined two size classes: large species (size
>1 ¢cm) and small species (<1 cm) (Arellano et al 2005).

Species were classified as nocturnal or diurnal according
to individual predominance during these periods (Hernandez
2002). Species were classified as specialist when 80% of the
individuals were attracted by one type of bait, and were then
categorized as coprophagous (feces), necrophagous
(carrion), and saprophagous (rotten banana). Species caught
in only feces and carrion pitfalls were considered copro-
necrophagous, and those that did not display a marked
predominance for baits (<80%) were defined as generalists.

The dung beetle community was analyzed to identify
patterns of abundance and richness, according to temporal
segregation (day and night) and use of resources, through a
generalized linear model (GLM) with Poisson distribution and
log link function; sampling points were used for temporal
segregation comparisons and pitfalls for resource utilization.
Chi-square (x°) was used to test dung beetle size (small and
large) and functional group (tunnellers and rollers) effects on
temporal segregation. These analyses were performed on R
(R Development Core Team 2006).

Composition changes for temporal segregation and re-
source utilization were compared using Non-metric dimen-
sional scaling (NMDS) based on a Bray-Curtis similarity matrix
with the abundance square root transformed and standard-
ized—sample units were the same as those used for the
GLM. The clusters presented in the NMDS were verified
using an ANOSIM with 50,000 repetitions, and tests were
conducted using Primer® 6.0 software (Clarke & Gorley 2006).

Results

Sampling resulted in 1,581 dung beetle specimens belonging to
16 different morphospecies (Table 1), of which only seven were
identified at species level. This study extends the number of
species recorded in Caatinga from 34 to 40. Five of the sam-
pled species were diurnal and seven nocturnal. Species of
Ateuchus Weber, Dichotomius Hope, Deltochilum Eschscholtz,
Ontherus Erichson, and Uroxys Westwood presented nocturnal
activity, whereas those of Canthidium Erichson and Canthon
Hoffmannsegg presented diurnal activity.

Species richness by point sampling was slightly higher
during the day (Daymean=2.75, Nightnean=2.09; X*=5.71,
p=0.05), while abundance was higher during the night
(DaYmean=9.62, Nightmean=15.14; X>=77.68, p=0.01). There
were marked differences in species composition according to
temporal use of resources (R=0.994, p=0.01) (Fig 1), revealing
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Table1 Species of dung beetles sampled in arboreal Caatinga in Milagres, Bahia, Brazil with corresponding diel activity (D), functional group (FG), class

size (S), and food preference (F).

Species D FG S F

Ateuchus aff. ovale® Nocturnal Tunneller Small Coprophagous
Ateuchus sp4 Tunneller Small

Ateuchus sp5 Nocturnal Tunneller Small Saprophagous
Canthidium sp1 Diurnal Tunneller Small Generalist
Canthidium sp2 Diurnal Tunneller Small Saprophagous
Canthon aff. nigripennis® Diurnal Roller Small Necrophagous
Canthon rutilans® Laporte Diurnal Roller Small Coprophagous
Canthon staigi® (Pereira) Diurnal Roller Large Generalist
Coprophanaeus pertyi (d’Olsoufieff) Tunneller Large

Deltochilum aff. irroratum?® Nocturnal Roller Large Necrophagous
Deltochilum verruciferum Felsche Nocturnal Roller Large Copronecrophagous
Dichotomius aff. laevicollis Nocturnal Tunneller Large Generalist
Dichotomius nisus (Olivier) Tunneller Large

Dichotomius puncticollis (Luederwaldt) Tunneller Large

Ontherus ulcopygus® Génier Nocturnal Tunneller Large Coprophagous
Uroxys sp1 Nocturnal Tunneller Small Generalist

@ Species not previously registered in Caatinga

a division in community structure between species. This may
reflect the influence of functional guilds, since 88.8% of diurnal
individuals were rollers and 73.0% of nocturnal individuals
were tunnellers (x*=266.24, df=1, p=0.01), or of size, since
55.2% of the diurnal individuals were small and 93.1% of
nocturnal individuals were large (x*=368.17, df=1, p=0.01).
Four species were exclusively found on feces, three on
carrion and one on rotten banana baited pitfalls. Different
degrees of richness were found for the baited pitfalls con-
taining carrion and human feces, attracting three times more
species than cow dung and rotten banana (x*=155.35, p=
0.01) and seven times more individuals (x*=1145.14, p=0.01).
When using confidence intervals for comparison, the results
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Fig 1 Non-metric multidimensional scaling (NMDS) based on the Bray-
Curtis similarity matrix, comparing species composition between diurnal
and nocturnal assemblages in Milagres, Bahia, Brazil.

for overall richness and abundance presented the same
pattern (Figs 2 and 3), revealing no differences between
human feces and carrion, or between cow dung and banana.
However, human feces and carrion attracted more species
and individuals than cow dung and banana.

Non-metric dimensional scaling presented differences in
species composition according to resource utilization (baits)
(Fig 4) (R=0.57, p=0.01). There were minor differences be-
tween rotten banana and cow dung (R=0.197) and interme-
diate differences between carrion and human feces (R=
0.416), and banana and carrion (R=0.465). Other pairwise
comparisons measured over 67.5%.

Discussion

The number of species in the Caatinga is underestimated
because of the high number of morphospecies in each study
(43.5£11.9%). Due to the lack of access to type specimens,
species listed as affinis were compared to the literature,
potential differences were disregarded, and they were eval-
uated as a single species. We only found three species
common to the Caatinga: Dichotomius puncticollis
(Luederwaldt), Coprophanaeus pertyi (d’Olsoufieff), and
Deltochilum verruciferum Felsche (Lopes et al 2006, Neves
et al 2010).

Saprophagous species were represented by Ateuchus sp.
5 and Canthidium sp., the latter has also been collected in
Atlantic forest where it demonstrated a preference for traps
with rotten banana (A.M.M., personal observations). In a
recent review of saprophagy in dung beetles, only three
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Fig2 Species richness (means, 99% confidence interval) of dung beetles
caught on resources in Milagres, Bahia, Brazil (B banana, C carrion, HF
human feces, CD cow dung).

species of Ateuchus were described as saprophagous in the
Neotropical region (Halffter & Halffter 2009). This is the first
study to record fruit preference by Scarabaeinae in the
Caatinga, as well as to register two species with a saproph-
agous preference. Singleton species were not classified ac-
cording to feeding habits, although they were captured in
baits consistent with genera expectations (Halffter &
Matthews 1966), the only exception being Ateuchus sp. 4,
which was found in carrion baited traps.

Canthon aff. nigripennis displayed diurnal activity and a
preference for carrion. The species has also been recorded in
the Atlantic Forest (Endres et al 2007, Filgueiras et al 2009,
Silva et al 2010), where it was more frequently found in traps
containing carnivore feces than herbivore or omnivore fe-
ces—carrion was not offered as bait (Filgueiras et al 2009).
These species could therefore be using carnivore feces be-
cause it is the food resource most similar to carrion.
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Fig 3 Abundance (means, 99% confidence interval) for of dung beetles
caught on resources in Milagres, Bahia, Brazil (B banana, C carrion, HF
human feces, CD cow dung).
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Fig 4 Non-metric multidimensional scaling (NMDS) based on the Bray-
Curtis similarity matrix, comparing species composition between re-
sources in Milagres, Bahia, Brazil.

Canthon staigi (Pereira) was diurnal and generalist, the
latter was supported by the fact that it has even been
recorded in cut liana (Pereira & Martinez 1956). This species
has been found in semi-deciduous forest (Lopes & Louzada
2005), Atlantic forest (Schiffler et al 2003, Endres et al 2007),
and Restinga (Schiffler et al 2003, Vieira et al 2008) and has
been described as apparently intolerant to changes in vege-
tation physiognomy (Vieira 2008).

Coprophanaeus pertyi was a singleton species but was
recorded as necrophagous (Herndndez 2002); however, it
was also classified as generalist (preferably necropha-
gous) (Silva et al 2007). This may result from local
variations or differences in food preference classifica-
tion. This species is characteristically found in open
Caatinga areas at altitudes below 200 m. Although
considered endemic to this biome (Gillet et al 2010), it
has been found in tree and shrub Caatinga vegetation at an
altitude of 650 m (Herndandez 2007) and in “Brejo de
Altitude” (Atlantic Forest enclaves in Caatinga areas)
surrounded by open Caatinga (Silva et al 2007), as well
as in Atlantic Forest (Costa et al 2009, Edmonds &
Zidek 2010). In Atlantic Forest, the species was collect-
ed with flight intercept traps (Costa et al 2009), while in
open areas, this was undertaken through baited pitfalls (Silva
et al 2010).

Deltochilum aff. irroratum, which was nocturnal and ne-
crophagous, has also been collected in “Brejo de Altitude,”
with a food preference similar to that reported here (Silva
et al 2007). Deltochilum verruciferum was nocturnal and
copro-necrophagous, as it was in another study (Hernandez
2007); this is a representative Caatinga species, since it has
been found in all studies to date (Herndndez 2005,
Hernandez 2007, Lopes & Louzada, 2005, Lopes et al 2006,
Liberal 2008, Neves et al 2010, Liberal et al 2011), as well as in
“Brejo de Altitude” (Silva et al 2007).
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Dichotomius aff. laevicollis was nocturnal and generalist
and belongs to a complex of species widely distributed along
the northeast coast of Brazil (Atlantic Forest and Restinga). It
is often the most abundant species (Silva et al 2010) and has
also been found in Caatinga (Liberal et al 2011). Dichotomius
nisus (Olivier) was a singleton species and is classified as
nocturnal and coprophagous (Flechtmann et al 1995,
Hernandez 2007). This species has been found in open
Caatinga (Liberal et al 2011) and in pastures and open areas
(Aidar et al 2000, Schiffler et al 2003, Mendes & Linhares
2006, Endres et al 2007, Koller et al 2007, Louzada & Silva
20009, Silva et al 2010) and is widely distributed across Brazil
(Louzada et al 2007). It is sometimes found with low abun-
dance in closed areas, such as Atlantic Forest, Pantanal,
Restinga, and Amazon (Schiffler et al 2003, Scheffler 2005,
Vieira et al 2008, Fletchmann et al 2009), although in “Brejo
de Altitude” it demonstrated high abundance (Silva et al
2007).

Ontherus ulcopygus Génier was nocturnal and copropha-
gous. It has been recorded in Cerrado (“Estacdo Florestal
Cabega de Veado” and “Chapada dos Veadeiros”) (Génier
1996) but potentially has a wider distribution, since the
biomes from which it was collected are not clearly defined
in the literature describing this species but were found in
several Brazilian states with diversified coverage (Génier
1996), corresponding to the first Caatinga record.

Small species, less than 2 g, in line with the limit indicated
by Verdu et al (2006), tend to be thermo-conformers and are
forced to be active at hotter times of the day, particularly in
the middle of the day, given the importance of temperature
and body size for biological clock regulation (Verdu et al
2006). Moreover, larger dung beetle species have to be
thermo-regulators, in order to deal with the lower tempera-
tures of the Caatinga night, which are similar to those re-
corded in mountain forest in Mexico (Arellano et al 2005).

A study of mountain forest in Mexico demonstrated that
small tropical rollers require a relatively high environmental
temperature (22.3—-26.0°C) in order to be active (Verdu et al
2007), mainly because of the problem of expending energy
to maintain thoracic warmth, due to loss of heat to the
environment (Cavenay et al 1995). Moreover, the behavior
of rolling portions of resource away from the pile, a feature
of telecoprids, is energetically expensive, and performing it
at high temperatures may be a way of saving the energy
required during the lower temperature hours (Krell-
Westerwalbesloh et al 2004).

Thus, we would expect small-sized Canthonini species, for
example, to limit their activity to the daytime. This pattern
has been found in other studies (Feer & Pincebourde 2005,
Hernandez 2007). Small roller activity is restricted to the
daytime because of the difficulty of increasing body temper-
ature. On the other hand, large tunneller activity is limited to
the nighttime hours because of the risk of overheating.

Three generalist species were among the five most abun-
dant species, indicating the possible advantage of general-
ized diets in hostile environments, such as the Caatinga. The
generalist preference of the dominant species, Dichotomius
aff. laevicollis, may drive other species to resource speciali-
zation and, therefore, limit their population growth.
Alternatively, the low abundance of other species may be
due to the limited availability of other resources they could
use (McNaughton & Wolf 1970).

In contrast to other studies (Liberal 2008, Milhomen et a/
2003), human feces did not attract more species or individ-
uals than carrion, and there were small composition differ-
ences, since most species in the Neotropical region can utilize
both feces and carrion. Under drier conditions, the attrac-
tiveness of carrion for dung beetles tends to lessen (Louzada
& Lopes 1997, Silva et al 2007), but the drier conditions in
Caatinga may also have reduced the attractiveness of human
feces, preventing the emergence of this expected pattern.
Alternatively, species in this environment are able to utilize
carrion under drier conditions.

The low abundance and low richness found in the rotten
banana and cow dung indicated that these resources are not
very significant in the Caatinga, but demonstrated the possi-
bility of using other available resources, especially for gener-
alist species. Four generalist species were similarly attracted
by rotten banana and cow dung, which could be due to the
high concentration of plant material.

The greatest difference in composition was between hu-
man feces and cow dung, since cow dung was restricted to
generalist species. Although both are excrement, differences
exist in the volatile compounds they emit (Dormont et al
2010), and dung beetles are more attracted to omnivore
dung (Filgueiras et al 2009, Hernandez et al 2012). Similar
to our findings, cow dung was unattractive in a dry forest in
Colombia, where it was pointed out that most Neotropical
dung beetles have little capacity to use this resource, given
that cattle have only recently been introduced to the region
(Bustos-Gomez & Lopera-Toro 2003). Since dung beetles
feed almost entirely off the fluid present in feces
(Aschenborn et al 1989) and feces tends to desiccate more
quickly in drier conditions, it may become unattractive for
these species in arid environments.

Despite their rather low number, this study extends the
number of species recorded in Caatinga and our knowledge
on the ecology of some of the species it carries. Although not
conclusive, due to lack of replication in other Caatinga areas,
some of the community level aspects addressed here dem-
onstrate that, compared to other habitats, differences exist
in the use of resources. Although most species can be sam-
pled with human feces, other resources, such as banana and
carrion, add valuable information regarding food preference
and increase the number of recorded species. Differences in
temporal segregation in this Caatinga area were related to
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physiological constraints, probably arising from differences in
morphology and guild group.
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