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Abstract

The recognition and use of food resources in animal species may vary according to availability. Trophic niche and resource
availability are among the most important drivers involved in the coexistence of species, which may require specific resources
or exploit a large variety of resources. Dung beetle species feed from a wide range of food resources, including feces, car-
rion, and rotten fruit. The aim of this study was to assess the attractiveness and preference of different food types (dung,
carrion, and banana) for dung beetles from a region of Amazonian white-sand vegetation (Campinarana). Closely spaced
sets of pitfall traps (5 m of distance between traps) baited with different food types were installed to test food preference, and
widely-spaced traps (150 m of distance) baited with different food types to test food-type attractivity. Overall, we captured
76 dung beetles of nine species, where Delfochilum septemstriatum Paulian (1938), was classified as a specialist of carrion,
Sylvicanthon proseni (Martinez, 1949) and Canthidium gr. lentum were considered specialists of human feces, no species
was considered generalist. In terms of assemblage parameters, although food type did not affect species richness or individual
abundance in both trap-spacing approaches, the species composition of beetles collected in carrion-baited traps was distinct
from that in feces-baited traps. Seven out of nine species were attracted towards one of the resource types, regardless of the
trap spacing design. Therefore, we conclude that diet of dung beetles that dwells in Campinaranas are relatively strict, with
species being attracted mostly to carrion or feces, regardless of the availability of other food types.
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Introduction

The food choice highlights as a determinant feature among
animals since it may affect individual condition and fitness
(Agetsuma 1996; Massei et al. 1996; Nosil 2002; Servin-
Pastor et al. 2021). Choice, recognition, and use of different
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food types by animals may vary according to food availabil-
ity in time and space (Agetsuma 1996; Massei et al. 1996).
Also, species traits, such as mobility, and habitat distribution
may determine the individual food preferences and forag-
ing strategies (Sailer et al. 1985; Curtis et al. 2015; Bourg
et al. 2016). Although diets may include a broad range of
food items, food choice reflects how individuals perceive
and select food resources in their ecosystems (Agetsuma
1996; Bourg et al. 2016; Salomao et al. 2022a). Therefore,
it is necessary to understand species food-choice patterns in
relation to resource availability to determine how species
trophic relationships are spatially structured.

Trophic niche breadth and resource availability are among
the most important ecological factors involved in the coexist-
ence of species in highly diverse ecosystems (e.g. tropical
and subtropical forests) (Brown 1984; Gaston et al. 1997).
Species show different degrees of specialization, some of
which requiring specific resources (specialists or species
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with low trophic-niche breadth) and others exploiting a
large variety of resources (generalists or species with large
trophic-niche breadth) (Krebs and Davies 1981; Sexton et al.
2017). Since generalists use several food resources they have
a higher probability of meeting their resource needs in a
larger number of habitats than do specialists (Swihart et al.
2003; Giménez Gémez et al. 2018). In addition, a broader
trophic niche guarantees a constant input of energy for the
basic biological processes (e.g. reproductive events), and
consequently has a positive impact on the population dynam-
ics and dispersal of species (Krebs and Davies 1981; Paine
et al. 1981; Halffter and Halffter 2009). Among butterflies,
for example, species with narrow niche breadth and with
low resource availability show lower mobility than species
with wider niche breadth and high resource availability
(Komonen et al. 2004). Thus, trophic-niche breadth may
expand the spatial population distribution in the case of gen-
eralist species or limit the colonization of new habitats when
species are specialists (Gonzalez-Solis et al. 1997; Sexton
et al. 2017).

Dung beetles (Coleoptera: Scarabaeidae: Scarabaeinae)
constitute an important decomposer group, feeding mostly
from decaying material (Halffter and Mathews 1966; Halffter
and Halffter 2009; Scholtz et al. 2009). Besides coprophagy,
species feed on other food types, such as carrion, rotten
fruits, flowers, live arthropods, and fungi (Larsen et al. 2006;
Noriega and Calle 2008; Halffter and Halffter 2009; Correa
et al. 2023). There is a wide variation in species diet breadth
among dung-beetle species, with species that feed only from
one resource type (e.g. strictly coprophagous) to those that
feed on many types of food (Schmidt et al. 2004; Larsen
et al. 2006; Noriega 2015; Frank et al. 2018; Giménez-Gémez
et al. 2018). However, some authors suggest that most dung
beetles are food generalists (Scholtz et al. 2009; Frank et al.
2018; Raine and Slade 2019), and will feed from different
resources depending on their spatial availability.

In order to understand if beetles use a resource depend-
ing on its availability or if beetles are specialized on one
food resource type, field studies have frequently used pit-
fall-baited traps to test resource attractiveness for the dung
beetle species (Bourg et al. 2016; Salomao et al. 2017).
However, most studies test species diet by offering spatially
close food resources (i.e. from 2 to 30 m, see Filguerias
et al. 2009; Noriega 2012; Correa et al. 2016; Ferreira et al.
2020). Regarding the dung beetles’ diet, attraction to food
may comprise a broad range of interactions, encompassing
the recognition and use of a food resource (e.g. mediated by
olfactory positive responses) (Larsen et al. 2006; Salomao
et al. 2017). Food preference (i.e. food choice) involves the
election of specific food types among different available
options (Stavert et al. 2014; Salomao et al. 2017). There-
fore, to test attractiveness of different food resources, it is
necessary to offer them simultaneously (hereafter ‘food

@ Springer

preference’) and isolated (hereafter ‘food attractiveness’)
from each other so that scale-specific attractiveness and
preference can be distinguished.

The aim of this study was to assess the food resource
attractiveness and preferences in the dung beetle assem-
blage, and from each species, from a region of Amazonian
white-sand vegetation. We tested three resource types (bovine
carrion, human feces, and rotting banana). We offered each
resource type isolated from the others as a proxy of resource
attractiveness, and we offered the three resources simulta-
neously to test resource preference. To assess the effects of
resource type on dung beetle diversity, we analyzed their data
at assemblage scale (species richness, abundance, assem-
blage structure) and species scale, which are the common
assessments to understand trophic dynamics in dung beetles
(e.g. Filgueiras et al. 2009; Bourg et al. 2016; Salomao et al.
2017). Depending on the availability of food resources in
the environments, animals may recognize them differently
(Lemke 1984; Alm et al. 2002). Among dung beetles, their
food comprises a scarce, ephemeral and unpredictably dis-
tributed resource (Hanski 1990; Hanski and Cambefort 1991;
Scholtz et al. 2009). Besides, dung beetles may adapt their
food use depending on the individual condition (e.g. repro-
ductive moment) and environmental conditions, as land-use
change and food resource scarcity (Hanski and Cambefort
1991; Halffter and Halffter 2009; Bourg et al. 2016; Tocco
et al. 2021). Therefore, we expected that each resource
type will record different species richness, and assemblage
structure, which will depend on the spatial distribution of
the resources. Moreover, as dung beetle species are mainly
coprophagous (Hanski and Cambefort 1991; Larsen et al.
2006; Scholtz et al. 2009), we expected that most species
will be categorized as coprophagous.

Material and methods
Study area

This study was carried out in the Rio Negro Sustainable
Development Reserve (RDS Rio Negro, 3°01°S; 60°48’W,
70 m a.s.l.). The reserve is located in the municipalities of
Manacapuru, Iranduba and Novo Airdo, state of Amazo-
nas, Brazil. The vegetation that predominates in the study
area is the white-sand Campinarana, opener sandy heath
(Campina) and dense rainforest. We carried out the study
in Campinarana vegetation, a sandy tropical forest that has
high groundwater levels (Junk et al. 2011). The climate is
classified as Af according to Kdppen’s classification, with
an average annual temperature of 26.4 °C and with a mean
annual precipitation of 3,345 mm (Climate-Data 2021).
The dry season usually occurs between June and Novem-
ber (mean monthly rainfall: 172 mm), and the wet season
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from December to May (mean monthly rainfall: 385 mm)
(Climate-Data 2021).

Data collection

We performed two trap-spacing approaches, in October 2021,
to test the attractiveness and preference of different food
resources for dung beetles. For this, sampling units (i.e. set
of pitfall traps) were intercalated throughout the study area
(sampling units of the trap-spacing approach 1 and 2 were
spatially intercalated). The two trap-spacing approaches were
set up at the same time. For both approaches, we used fresh
human feces, rotting bovine carrion (i.e. beef), and rotting
banana, which are commonly used as baits for dung beetles in
tropical American ecosystems (e.g. Horgan 2008; Filgueiras
et al. 2011; Medina and Lopes 2014; Correa et al. 2016).

Trap-spacing approach 1: In order to test the attractive-
ness of each resource type, independent of the other baits
used in this study, we installed five sets of pitfall traps. Each
set comprised three traps, and each trap was baited with one
food resource type (one trap baited with human feces, one
with carrion, and one with banana). In each set, traps were
spaced 150 m from each other to avoid attractive effects of
each resource type (da Silva and Hernandez 2015). Each set
of traps spaced 300 m apart.

Trap-spacing approach 2: To test food preference, we
installed six sets of pitfall traps, each set comprised of three
pitfall traps (each one with a different resource type) spaced
5 m from each other in a triangular shape, thus allowing
the beetles to choose among resources. Each set was spaced
600 m apart.

Considering the flight activity and spatial dispersion
of dung beetles (Hanski and Cambefort 1991; Larsen and
Forsyth 2005; Silva and Herndndez 2015), food resources
that are spaced 150 m among each other would allow us to
test food resource attractiveness per se (i.e. food attractive-
ness experiment), but not the food choice itself. Following
this rationale, by offering food resources that are spaced 5
m among each other, we could detect dung beetles’ food
choice (i.e. food preference). The dung beetles that felt in
pitfall traps of trap-spacing approach 2 in theory would pre-
fer among other spatially close options. The distance of food
preference in the current study was used following similar
studies of dung beetle diet (Filgueiras et al. 2009; Saloméao
et al. 2022a).

Pitfall traps consisted of a plastic recipient (100 mL) bur-
ied at soil and filled with ca. 250 mL of a killing solution
(water, ca. 5 g of salt, and ca. 5 g of detergent), to capture
and preserve specimens. A 50 mL plastic cup with ca. 20 g
one of the attractive baits (see the following paragraph) was
set above this recipient. To decompose bovine carrion and
banana, we kept them in separate plastic bags for 24 h before
installing the traps. Since this project is a final product of

a postgraduation field course, we had logistical limitations
regarding the period used for carrion and fruit decomposing,
as well as to keep traps installed in field. A 48-h period is
commonly used for rotting carrion and fruits in dung beetle
studies (e.g. lannuzzi et al. 2016); however, there are studies
that successfully assess dung beetle assemblages by using
fresh meat (e.g. Favila 2005). To avoid the entrance of rain-
water and twigs, a plastic lid was attached on the top of the
trap. The baited pitfall traps were left for 24h. Although
pitfall traps commonly are kept in field during 48 h (Liberal
et al. 2011; Medina and Lopes 2014), 24 h is an adequate
period to keep pitfall traps in the field in order to properly
sample dung beetle assemblages in the tropics (Barraza
2010; Braga et al. 2013). After 24 h, the dung beetles were
collected and stored in vials with ethanol 70%.

Dung beetle species were identified using identification
keys (Génier 2009; Vaz-de-Mello et al. 2011; Gonzalez-
Alvarado and Vaz-de-Melo 2021), and by comparison
with authoritatively identified specimens deposited in the
entomological collection of the Instituto Nacional de Pes-
quisas da Amazodnia (INPA; Manaus, Amazonas, Brazil).
Specimens were deposited in the entomological collection
of INPA.

Data analysis

Since data obtained from pitfall traps baited with rotten
banana captured only one dung beetle, we did not include
this resource type in the statistical analyses.

To evaluate the effect of food preference and food attrac-
tiveness at assemblage scale (on dung beetle species richness
and abundance), we used separated generalized linear mod-
els (GLMs). For each trap-spacing approach, food type (i.e.
bovine carrion and human feces) was used as the predictor
variable, and dung beetle species richness or abundance was
used as the response variable. We used Poisson error distri-
bution for both models. We analyzed the homoscedasticity
assumption with Fligner—Killeen tests, evaluating the distri-
bution of data by using Q-Q plots. We tested the presence of
outliers with Cook’s distance. Statistical analyses followed
Zuur et al. (2009) and Crawley (2013) and were conducted
in R software version 3.2.3 (R Core Team 2015).

To illustrate the differences in dung-beetle assemblages
collected in carrion and human feces from both food prefer-
ence and food attractiveness approaches, we used non-metric
multidimensional scaling (NMDS) with 2,500 permutations.
We considered four treatments (food preference and attrac-
tiveness of carrion and feces). To assess assemblage dissimi-
larities, we used the Bray-Curtis index. To test for statistical
differences among the four treatments, we used permutational
multivariate analysis of variance (PERMANOVA) with 9999
permutations. To evaluate the multivariate dispersion of the
data in each treatment, we used permutational multivariate
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analysis of dispersion (PERMDISP) and 999 permutations
(Anderson 2006). The NMDS was undertaken in Primer
software (Clarke and Gorley 2006), and the PERMANOVA
and PERMDISP were conducted with vegan and lattice pack-
ages, respectively (Oksanen et al. 2020; Sarkar 2021), in R
software (R Core Team 2015).

To classify dung beetle species as food specialist or food
generalist, we used multinomial classification (CLAM)
approach (Chazdon et al. 2011). To calculate CLAM, we
used a specialization threshold of K = 0.667 and P = 0.05
(Bicknell et al. 2014). Thus, species were categorized as
coprophagous, necrophagous or diet-generalist. This analy-
sis was performed with the vegan package in R (R Core
Team 2015; Oksanen et al. 2020).

Results

We collected 76 dung beetles from nine species and seven
genera (Table 1). Deltochilum septemstriatum Paulian
(1938), Canthidium gr. lentum and Sylvicanthon proseni
(Martinez 1949) were the dominant species, encompassing
69.73% of the dung beetles sampled. Three species, namely,
Ateuchus globulus (Boucomont 1928), Canthidium deyrol-
lei Harold, 1867 and Ontherus carinicollis Luederwaldt
(1930), were each represented by only two individuals. In
total, bovine carrion attracted 32 individuals of three species
(A. globulus, Deltochilum gr. guyanense, D. septemstria-
tum), human feces attracted 43 individuals of eight out of
nine species captured in the study (only D. septemstriatum
was not recorded in human feces) (Fig. 1). Considering total
data, six species were exclusively recorded in human feces,
two species (A. globulus and D. guyanense) co-occurred in
at least two of the three resource types, and D. septemstria-
tum was recorded exclusively in carrion.

In food preference approach, feces-baited traps recorded
the highest species richness and abundance (s = 8, n = 27),
followed by carrion (s = 3, n = 18), banana was the bait-type
that recorded least species and abundance (s = 1,n=1). In
addition, in food preference approach, six of the eight species
recorded in human feces were exclusively captured in this
bait type (Table 1). In food attractiveness approach, five spe-
cies and 16 individuals were captured in feces-baited traps,
two species and 14 individuals were captured in carrion-
baited traps, and no dung beetles were collected in banana-
baited traps. In this approach, each species were attracted to
a specific resource type. In both food attractiveness and food
preference approach, there were no statistical difference in
dung beetle species richness recorded in feces and carrion
(food attractiveness — X21,5 =2.564, P = 0.499; food prefer-
ence — le’g = 5.466, P = 0.283) or abundance (food attrac-
tiveness — le’5 =9.426, P = 0.674; food preference — F, g =
10.719, P = 0.277).

PERMANOVA indicated a statistical difference among
assemblages recorded in each resource type (F; |, = 2.894,
P =0.002). Species tended to be attracted towards one of the
resource types (carrion vs. human feces), in both the food-
attractiveness and food-preference trap-spacing approaches
(Table 1; Fig. 2). For example, D. septemstriatum was
recorded in both trap-spacing approaches, but exclusively
in carrion-baited traps (Table 1). On the other hand, Canth-
idium deyrollei, Canthidium gr. lentum, S. proseni, Euryst-
ernus caribaeus (Herbst, 1789), and Oxysternon festivum
(Linnaeus, 1758) were also recorded in both approaches, but
exclusively in feces-baited traps (Table 1).

Of the nine species collected, D. septemstriatum was clas-
sified as a specialist of carrion (negrophagous), S. proseni
and C. gr. lentum were considered specialists of human feces
(coprophagous), no one was classified as generalist, and for
the six remaining species it was not possible to determine

Table 1 Dung beetles collected with bovine carrion, human feces, and rotten banana at food preference (FP) and attractiveness (AT) approaches
in eleven sampling sites located in white-sand Amazon forests at RDS do Rio Negro, Amazonas, Brazil

Tribe Species Resource Bovine Human Rotten Total
removal - abundance
strategy carrion feces

FP AT FP AT
Ateuchini Ateuchus globulus (Boucomont, 1928) Tunneller 1 1 2
Dichotomiini Canthidium deyrollei (Harold 1867) Tunneller 1 1 2
Canthidium gr. lentum Tunneller 8 6 14
Ontherus carinicollis (Luederwaldt 1930) Tunneller 2
Deltochilini Deltochilum gr. guyanense Roller 3 1 2
Deltochilum septemstriatum (Paulian 1938) Roller 14 13 27
Sylvicanthon proseni (Martinez 1949) Roller 8 4 12
Oniticellini Eurysternus caribaeus (Herbst 1789) Dweller 4 3 7
Phanaeini Oxysternon festivum (Linnaeus 1758) Tunneller 1 2 3
Total abundance 18 14 27 16 76
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Fig. 1 Presence and absence of
dung beetle species recorded
with human excrement and
bovine carrion in the Rio Negro
Sustainable Development
Reserve, Amazonas, Brazil

Presence of species

]

Samples with human excrement

their food preference due to the low number of individuals
collected (Fig. 3).

Discussion

Diet and trophic niche are key factors regulating the dynam-
ics of competition, species distribution, and coexistence
in natural and anthropic environments. This is especially
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important in dung beetles, due to their fierce interspecific
food competition (Hanski and Koskela 1977; Chamorro-
Florescano et al. 2011) together with the changes in the
quantity and quality of food in the Anthropocene (Birnie-
Gauvin et al. 2017). Our results provided data regarding the
diet of dung beetles from the Amazonian rainforest. Dung
beetle assemblage was composed by species with strict
coprophagous and necrophagous habits, but no generalists’
species were found. The dung beetle diversity from a region

A
A

o A
4

A

Carrion preference
Feces preference
Carrion attractiveness
Feces attractiveness

A

2D Stress =0.01

Fig.2 NMDS ordination of 06
the dung beetle assemblages ’
recorded in pitfall traps baited 04
with feces and carrion in the i
food attractiveness and prefer-
ence trap-spacing approach 0.2 @
in the Rio Negro Sustainable
Development Reserve, Amazo- 0.0 A
nas, Brazil
-0.2 -
(@]
wn
ke 04 -
<
-0.6 1
-0.8 -
-1.0 4 O
-1.2 A A
5
14 ;
-2.0 -1.5

T T T

-1.0 -0.5 0.0 0.5 1.0 L5
NMDS Axis 1

@ Springer



International Journal of Tropical Insect Science

Fig.3 Multinomial classifica-

tion method for dung beetles
sampled in pitfall traps baited
with feces and carrion in the
Rio Negro Sustainable Devel-
opment Reserve, Amazonas,
Brazil. Square = specialists

of bovine carrion; Circle =
specialist of human feces; and
Triangle = rare. Dashed lines
represent CLAM thresholds for
specialist and generalist classes,
and solid lines indicate the
threshold at which species are
too rare to classify

10

Abundance in bovine carrion

u .
D. septemstriatum -

S. proseni
® OC gr /entum

of white-sand forest showed similar trends of food attractive-
ness and food preference — a lack of difference of species
richness and abundance between feces and carrion-baited
traps, regardless of food availability.

We found that dung beetle assemblages attracted to human
feces were distinct from those attracted to carrion. Indeed, of
the nine species recorded, only two (A. globulus and D. gr.
Guyanense) were collected on more than one resource type,
one (D. septemstriatum) was collected exclusively on car-
rion, and the other six species were recorded exclusively in
feces-baited pitfall traps. This occurred, in the first instance,
because the dung beetles are able to select a specific food
type using olfactory cues (Dormont et al. 2004, 2010; Stavert
et al. 2014), causing a segregation of the dung beetle assem-
blage between food resources (e.g. carrion vs. feces). In other
regions of Amazon forest, dung beetle assemblages comprise
wider trophic niches when compared to our study (Ratcliffe
2013; Noriega 2015; Beiroz et al. 2018), which may suggest
that white-sand forest present particular trophic dynamics
in Amazonia. Nonetheless, it is important to consider that
limiting environmental conditions (e.g. low soil productiv-
ity and vegetation complexity) in white-sand forests could
result in strong environmental selection pressure (Borges
2004; Carvalho et al. 2021). Thus, the limiting environmen-
tal conditions imposed on dung beetles of white-sand forests
may directly result in highly adapted fauna, which occupies
narrow functional niches (e.g. trophic, microhabitat, period
of activity).

In both food attractiveness and food preference trap-
spacing approaches, there were no statistical differences in
species richness and abundance of dung beetles recorded
with human feces and carrion baits. This is an interesting
result, considering that there are dung beetle species highly
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attracted to carrion (e.g. Canthon cyanellus LeConte, 1859
and Deltochilum verruciferum Felsche (1911), see Bourg
et al. 2016; Saloméo and Iannuzzi 2017); however, in most
cases feces is the food resource that attracts most indi-
viduals and species (Hanski and Cambefort 1991; Halffter
and Halffter 2009). The difference in assemblage structure
between bait types, but the absence of differences in spe-
cies richness and abundance indicate that, although spe-
cies captured in traps were distinct among bait types, the
number of individuals captured were similar. In our study,
we captured a relatively low number of individuals and
species in each pitfall trap of our study, which ranged from
one to fourteen specimens. It is important to consider that
the study was conducted near the end of the dry season.
Although dung beetle seasonality dynamics are unknown
in Campiarana forests, some Amazonian regions have a
strongly seasonal pattern of activity of dung beetle spe-
cies (Correa et al. 2021, but see Ratcliffe 2013). Thus, our
sampling could be biased due to the sampling period, but
future studies should be conducted aiming to disentangle
dung beetle seasonality patterns in Campinaranas.
Depending on food availability, insects may adapt their
feeding behavior, using alternative resources (e.g. Halffter
and Matthews 1966; Panizzi 2000; Boulay et al. 2005).
Contrary to our expectations, some dung beetle species
chose the same food independently of the availability of
other ones. Indeed, in our study, we found one species
considered necrophagous and two coprophagous species.
According to dung beetle evolutive history, the Neotropical
rainforests comprise species with contrasting trophic niche
width (Hanski and Cambefort 1991; Scholtz et al. 2009),
ranging from strictly coprophagous species (e.g. Brady-
podidium spp. Vaz-de-Mello 2008, which apparently are
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strictly related to sloth feces, Vaz-de-Mello 2008) to those
that feed from a myriad of different food types (e.g. D. ver-
ruciferum, Salomao et al. 2017). Dung beetle that inhabits
harsh environments can show specific strategies that range
from flexible behavioral strategies (e.g. nesting plasticity)
to physiological strategies aiming to surpass the limit-
ing resource availability and climatic conditions (Rougon
and Rougon 1991; Gonzélez-Megias and Sanchez-Pifiero
2004). The narrow relations between dung beetle species
and food resource observed in our study may reflect the
complex interspecific interactions dynamics in Campi-
narana ecosystem, but our analyses cannot distinguish
between them. To assess dung beetle trophic niche breadth
from a finer scale, different types of excrement or carri-
ons could be used simultaneously, which has been barely
considered in tropical ecosystems in South America (Fil-
gueiras et al. 2009; Bogoni and Hernandez 2014; Noriega
2015), especially in Amazon region (Frank et al. 2018).
To assess food choice depending on food availability, it
is important to consider the spatial range in which species
perceive their environment, as well as the food resources.
As dung beetle daily movement in tropical ecosystems
usually ranges from 50 to 250 m (Larsen and Forsyth
2005; da Silva and Hernandez 2015), we believe that the
distance among the traps in our food attractiveness trap-
spacing approach was enough to avoid dung beetles from
being able to choose a food resource. Such pattern of food
preference, independent of the availability of other food
types, has already been observed in dung beetle assem-
blages of Caatinga dry forest, a semi-arid ecosystem in
South America (Salomdo et al. 2017). In addition, previ-
ous dung preference experiments among primate species,
as well as among different mammals, suggest that there are
species with narrow niche preferences, being attracted just
to one dung type (Ponce-Santizo et al. 2006; Filgueiras
et al. 2009; Bogoni and Hernandez 2014). Our results and
these previous data may suggest that, although dung bee-
tles from the Neotropical region present a wide range of
diets, many species have a narrow niche breadth, present-
ing a behavior that we could consider non-opportunistic.
In the current study, we had a very small number of
species and individuals when compared to other regions
of Amazon ecosystem (see Ratcliffe 2013; Correa et al.
2021; Salomao et al. 2022b). It is important to consider our
methodological limitations and the natural history of the
studied ecosystem (Campinaranas). Our sampling effort was
limited, both regarding the number of pitfall traps used and
the number of samples, which are key elements to attain an
adequate coverage of dung beetle species (Rivera and Favila
2022). In addition, the fact that we did not use sugarcane
for banana decomposition and did not let it decompose for
more than 24 h could have led to the low n of individuals
in banana-baited traps (see Puker et al. 2021). Besides the

sampling issues, it is important to consider the dung beetle
assemblage dynamics in Campinaranas. For example, sandy
soils (which are predominant in Campinaranas) may affect
dung beetle nesting activity and consequently its diversity
(Fincher 1973; Silva et al. 2015). In Amazonian region,
increases in the proportion of sand in soils of forested sites
negatively affected the dung beetle diversity (Saloméo et al.
2022b). Furthermore, in dry ecosystems from America
and Africa dung beetle diversity is relatively low, which
is related to the more challenging conditions that can filter
specific species traits (Rougon and Rougon 1991; Liberal
et al. 2011; Filgueiras et al. 2021; Sanchez-Bermejo et al.
2022). Although Campinaranas have a marked seasonal
rainfall and flooding dynamic (Adeney et al. 2016), insect
seasonality in the Campinaranas is still poorly known (Adis
et al. 1989; Seixas et al. 2017). In order to present a broader
and more complete comprehension of the dung beetles from
this ecosystem, it is important to carefully study the other
periods of the year. Nonetheless, this study allowed us to
establish the first insights regarding dung beetle diet and
trophic segregation in Campinaranas.

Conclusion

Our results demonstrate that diet of dung beetles that
dwells in Campinaranas are relatively strict, with species
being attracted mostly to carrion or feces, regardless of the
availability of other food types. The natural history of an
ecosystem plays a key role in determining strategies of ani-
mal species (Agetsuma 1996; Halffter and Halffter 2009;
Nandintsetseg et al. 2019), which encompass their capac-
ity to perceive and use food resources. Therefore, future
studies should focus on understanding how the evolutive
history of Campinaranas and the neighboring Amazon eco-
systems determine feeding strategies that species present.
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