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Excrement scarcity is one of the main historical factors leading dung bee-
tles to adapt to other food resources. In the Caatinga, a seasonally tropical
dry forest, harsh environmental conditions seem to restrict the availability
of food resources. In this scenario, the aim of our study was to experimen-
tally investigate the attractiveness of different potential food resources to
these insects in the Caatinga. Field samplings were performed, and we
tested five resources in pitfall baited traps: excrement, carrion, fruits of
two species of columnar cacti, and seeds of one species of Euphorbiaceae
(Jatropha mollissima (Pohl)). In a controlled setting, we tested dietary
preferences of Deltochilum verruciferum Felsche by offering one or two
resources simultaneously. In the field experiments, 297 dung beetles (9
species) were recovered from the traps, and D. verruciferumwas the most
abundant species. Carrion and excrement were the most attractive re-
sources. Controlled dietary preference tests with D. verruciferum evi-
denced that these beetles used all tested food resources, excrement and
carrion most pronouncedly. Our findings support copro-necrophagy as the
main feeding habit of D. verruciferum, but also suggest that alternative
resources might be utilized if preferred resources are scarce.

Introduction

The sharing of resources among species may lead to strong
selective and evolutionary pressure (Raven & Johnson 2002).
To avoid competition, some species have converged towards
more specialized niche occupation strategies, thus utilizing
resources that are less contested by syntopic consumers
(Hutchinson 1957). Other species might adapt to more
generalistic habits, increasing their chances to obtain food,
even under competitive scenarios of resource scarcity
(Devictor et al 2008, Halffter & Halffter 2009). Shifts on die-
tary preferences may occur even within populations of a given
species, with some individuals presenting distinct diets (Costa
et al 2015). Thus, on the present evolutionary configuration,
generalist species are often called “winners” under the

current scenario of natural habitat anthropization, which hin-
ders the maintenance of more specialized habits (McKinney &
Lockwood 1999). However, from a phylogenetic point of view,
it seems that specialized organisms may not always be vulner-
able to habitat modification, because on some situations, the
disappearance or depletion of a resource might allow the rise
of a new one (Colles et al 2009). In addition, specific interac-
tions among certain taxa (e.g. specialized herbivores) that are
associated with deforested habitats can also be favored by
environmental disturbances (Maia et al 2010).

The evolutionary history of dung beetles (Scarabaeinae)
evidence dietary adaptations influenced by food scarcity
(Davis et al 2002, Halffter & Halffter 2009). Coprophagy, often
interpreted as the main trophic guild of the group, is constant-
ly replaced or complemented by other alternative feeding
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habits (Hanski & Cambefort 1991, Scholtz et al 2009). On a
general context, dung beetles feed on small particles, bacteria,
and the liquids filtered from excrement and other types of
decomposing resources, comprising a diet rich on proteins
and carbohydrates (Scholtz et al 2009). Apparently early on
their evolution, during the lower Cretaceous, these beetles
presented a saprophagous diet based on decaying plant mat-
ter (Ahrens et al 2014). The emergence of large-sized verte-
brate herbivores led to hugely increased availability of excre-
ment, which arguably exhibited attractive characteristics (odor
and nutritional composition) similar to those found on
decaying plant matter, favoring the adaptation of dung beetles
to coprophagy (Davis et al 2002, Ahrens et al 2014).

Depending on the region of the world, the feeding habits of
the dung beetles can be wider than the strict coprophagy
(Monteith & Storey 1981, Hanski & Cambefort 1991, Halffter &
Halffter 2009). In the neotropics, for instance, dung beetles
exhibit a wide variety of alternative feeding habits, such as
necrophagy, carpophagy, even predation (Larsen et al 2009,
Halffter & Halffter 2009). Such broad assortment is associated
with some factors, such as (1) biogeographical scarcity of large
mammals, (2) availability of varied potentially exploitable alter-
native food resources, and (3) trophic niches that historically
were not excessively fought over (e.g. carrion), favoring their
utilization (Halffter & Matthews 1966).

Arid and semi-arid tropical environments are strongly re-
strictive regarding resource availability (Ma et al 2008,
Valera et al 2011). Due to harsh conditions, such as high
temperatures and reduced humidity, the biodiversity in
these regions is relatively low, although represented by
well-adapted species (Leal et al 2003, Holter et al 2009).
To overcome the scarcity of food in these habitats, dung
beetles present some strategies, such as a generalist habit,
as well as the utilization of uncommon resources for this
group, such as dry excrement and plant matter (Hernández
2007, Halffter & Halffter 2009, Holter et al 2009).

The Caatinga is a strongly seasonal semi-arid Brazilian
ecoregion, characterized by a long period of drought and an
irregular and short period of rainfall through the year (Leal
et al 2003). During the drought period, both fauna and flora
activity is extremely reduced, whereas the scenario is inverted
during the rainy period (Leal et al 2003, Amorim et al 2009).
The geological establishment of the Caatinga is related to
processes of contraction and expansion of neighboring
rainforests. Approximately 11,700 years ago, it started on the
course of becoming a seasonally dry forest (Auler et al 2004).

Currently, there are approximately 38 species of dung
beetles documented for Caatinga environments, with species
richness values fluctuating between 13 to 23 species in a
number of focal studies (Hernández 2007, Lopes et al
2006, Liberal et al 2011, Medina & Lopes 2014a, 2014b).
The diversity of dung beetles in this ecoregion is composed
mainly from species that are adapted to open and drier areas

of neighboring Atlantic and Amazon rainforests (Hernández
2007, Costa et al 2013, Medina & Lopes 2014a, 2014b, Silva
et al 2014), with few endemics (Lopes et al 2006, Hernández
2007). Studies with dung beetles in the Caatinga are mainly
focused on the structure of assemblages across landscapes
(Lopes et al 2006, Hernández 2007, Liberal et al 2011).
Research aiming at the evaluation of dietary preferences of
dung beetles has been usually restricted to samplings with
traps baited with carrion and excrement (Hernández 2007,
Liberal et al 2011). Curiously enough,Medina & Lopes (2014a)
used pitfall traps baited with rotten banana, which tentative-
ly simulated the attractiveness of locally available
decomposing fruits to dung beetles. Although the majority
of captures were associated to carrion and excrement, which
were also simultaneously offered in baited pitfall traps, few
species were also attracted to decomposing fruits. This ob-
servation suggests that under the harsh conditions of the
Caatinga, at least selected species of dung beetles can be
attracted to (and likely utilize) alternative feeding resources.
The biota of the Caatinga exhibit several adaptations and
behavioral strategies to overcome limited resource availabil-
ity (Leal et al 2003). Native treehoppers (Membracidae)
present temporal segregations, while bees exhibit low levels
of niche overlap, both strategies associated with scenarios of
resource scarcity (Creão-Duarte et al 2012, Aguiar et al 2013).

The aim of our study was to analyze the attraction of dung
beetles to actual and potential feeding resources in a
Caatinga environment. More specifically, we evaluated the
attractiveness in situ and in the laboratory of the following
substrates: (1) carrion and (2) excrement, used due to their
proven attractiveness to Neotropical dung beetle species
(Hanski & Cambefort 1991, Filgueiras et al 2009); fruits of
native species of columnar cactus from Caatinga, (3) Cereus
jamacaru DC and (4) Pilosocereus gounellei (A. Weber ex K.
Schum.) Bly. ex Rowl, selected due to the known utilization of
species of this family of plants by dung beetles on other
regions of the world (Halffter & Halffter 2009); (5) seeds
of Jatropha mollissima (Pohl), selected due to recent records
of their utilization by dung beetles (Iannuzzi et al 2013). Our
hypothesis is that selected species of dung beetles native to
the Caatinga will both recognize and feed on resources other
than excrement and carrion. Nonetheless, we expect that
the utilization of excrement will be predominant over that
of other offered feeding resources, as it is the resource to
which the dung beetles are most commonly associated.

Material and Methods

Study area

The study was conducted in the Caatinga ecoregion, which is
situated in northeastern Brazil and comprises approximately

70 Salomão et al



800,000 km2. Fieldwork was carried out in two fragments,
which presented similar ecological structure (Velloso et al
2002). Area 1: located at Boqueirão da Onça (10°9′48″S
41°21′11″W), north of the state of Bahia, Brazil. Area 2: located
at the municipality of Parnamirim (8°5′26″S 39°34′42″W), at
the center of the state of Pernambuco, Brazil (Fig. 1). Both
areas are dominated by hot semi-arid climate (type “BSh”)
according to the Köppen climate classification (Velloso et al
2002). The average annual temperature at Area 1 is 30°C,
whereas at Area 2, it is 26°C (Velloso et al 2002).

Average annual rainfall is 650 and 431 mm in Area 1 and
Area 2, respectively. The rainy period occurs from October to
April (Velloso et al 2002). Dung beetle collection and obser-
vations were conducted in May 2012 and February and
March 2013 in Area 1 and April 2013 in Area 2. Most of the
local annual rainfall is concentrated between February and
April, during which interval the dung beetles are most active
(Velloso et al 2002, Hernández 2007, Liberal et al 2011).

Field attractiveness tests

We used baited pitfall traps to test the attractiveness of
different feeding resources to dung beetles in field condi-
tions. The baits were inserted in small plastic bottles and

attached to the interior of the traps, which once set were
only recovered after approximately 24 h. All the captured
dung beetles were collected and kept inside aerated plastic
bottles (Hernández 2007). Individuals of Deltochilum
verruciferum Felsche were kept alive for laboratory experi-
ments, and the other species were incorporated to “Coleção
Entomológica da UFPE” (CE-UFPE).

We used approximately 50 g of one of the following test-
ed feeding resources as bait in each trap: (1) human excre-
ment, (2) seeds of J. mollissima (“pinhão-brabo”), (3) carrion
(bovine spleen) and decomposing fruits of (4) C. jamacaru
(“mandacaru”) and (5) P. gounellei (“xiquexique”). To accel-
erate the decomposition of the fruits and carrion, they were
kept on closed bottles for 48 h. For a faster decomposition of
the fruits, we added 50 ml of sugarcane juice per 100 g of
fruit (Salomão et al 2014).

In each study site, we conducted two field attractiveness
experiments:

& Experiment 1

With this experiment, we aimed to comparatively evalu-
ate the attractiveness of the five resource types offered si-
multaneously in transects. Thus, we evaluated whether

a

b

0 150 300 450 600 km

Fig. 1 Map of the northeast region of Brazil, pointing the study sites in the Caatinga. a Vegetal structure of Area 1—Boqueirão da Onça, municipality of
Sento Sé (state of Bahia). b Vegetal structure of Area 2—municipality of Paranamirim (state of Pernambuco).
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potential feeding resources (fruits and seeds) could be at-
tractive to dung beetles in the presence of their preferred
feeding substrates (excrement and carrion). The experiment
was performed on May 2012 and February and
March 2013 at Area 1 and on April 2013 at Area 2. We per-
formed 20 repetitions, 10 in 2012 (Area 1) and 10 in 2013 (five
at Area 1 and five at Area 2). Each repetition consisted of a
group of five traps, installed along pre-defined transects
20 m apart from one another. Each trap was singly baited
with one of the tested feeding resources and randomly
set along the transects to avoid any bias. According to previ-
ous studies, the minimum distance between traps to avoid
interference on attractiveness is 100 m (Silva & Hernández
2015). However, as the objective was to test the attractive-
ness of these resources comparatively under mutual pres-
ence, interference was desirable. Transects were defined at
least 200 m apart from one another to avoid interference
between replicates.

& Experiment 2

With this experiment, we aimed to evaluate the attrac-
tiveness of the five tested feeding substrates independently.
It was conducted on February and March 2013 at Area 1 and
on April 2013 at Area 2. We performed 10 repetitions, five in
each area. Each repetition consisted of five transects that
were disposed similarly to what was described for
Experiment 1, but we used one type of resource per transect;
each repetition included all five tested feeding resources.

Controlled feeding resource preference test

In this experiment, we observed the feeding preference of
Deltochilum verruciferum, an abundant species of dung bee-
tle endemic to the Caatinga, when faced with the five types
of resources aforementioned. Mature beetles were collected
at Area 2 from pitfall traps baited with either excrement or
carrion. Two-choice tests were performed inside an arena
comprised of a round flat platform (total area 1060 cm2),
whose bottom surface was covered with clean sheets of filter
paper. For testing, we offered 15 g of any one type of re-
source set at one of the sides of the arena; at the opposite
side, the same amount of another type of resource, or a
control, was set. The controls consisted of a 4 cm2 of filter
paper. After each repetition, we thoroughly cleaned the sur-
face of the arena with alcohol 70% and replaced the sheets
used to cover it with new ones. Tested individuals were not
sexed. During the tests, a glass lid was used, so that the
beetles could not escape.

Nine paired combinations of feeding resources were eval-
uated as follows: (1) resource vs. control (five combinations,
one for each type of resource) and (2) excrement vs. other
resources (four combinations, one vs. each type of resource).

The second evaluation was performed in order to verify the
preference for excrement facing the availability of other
feeding resources. Each combination was repeated 16 times,
and each beetle was only tested once.

Prior to the beginning of the preference tests, individuals
of D. verruciferumwere kept in cylindrical transparent plastic
containers (45 × 30 cm) with a layer of ca. 5 cm of soil
obtained from the sites of capture. The containers were
maintained under permanent shade inside a room where
temperatures varied between 22 and 28°C. Approximately
15 individuals were distributed per container, starved from
the moment of capture until the setting of the experiment
(10 to 38 h later).

The first step of the experiment consisted of placing an
individual beetle at the center of the arena and keeping it for
5 min inside a transparent plastic cup for both acclimation
and stress minimization due to handling. After that, the cup
was removed and we observed each tested individual’s be-
havior for 15 min. Observations included (1) use of the re-
source, whether the individual contacted it with its mouth-
parts; (2) time elapsed between the first action of the beetle
and the moment it came into contact with the resource; (3)
time spent feeding on the resource. For the latter, we only
considered data collected from paired tests involving excre-
ment vs. other resources. All data was recorded between
18:00 and 00:00, the period during which beetles of this
species are most active (Hernández 2007). The observations
were performed with the aid of infrared light, set at a dis-
tance of 30 cm from the arena. Video recordings were taken
with a digital camcorder (Sony DSC-HX 5, Sony corp., Japan).

Vouchers of D. verruciferum specimens used throughout
the preference tests are deposited at CE-UFPE.

Data analysis

Field attractiveness tests

For a visual and explorative evaluation of the dung beetle
assemblage that could explain patterns of segregation ac-
cording to different tested feeding resources, we performed
non-metric multidimensional scaling (NMDS). The tested
feeding resources were used as factors and the abundance
of each species sampled in the baited pitfall traps as attri-
butes. We performed two separate NMDS ordinations, one
with the data obtained from the transects where the re-
sources were offered simultaneously (experiment 1) and an-
other with the data from the transects where the resources
were offered separately (experiment 2). For experiment 1,
each trap was considered a sampling unit, whereas for ex-
periment 2, the transects were the sampling units. All data
was transformed to square root to reduce the high discrep-
ancies among the abundant and rare species. After that, we
constructed a Bray-Curtis similarity matrix and the NMDS
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ordinations were run with 2500 repetitions. An analysis of
similarities (ANOSIM) was performed to test for segregation
in the assemblage of dung beetles according to the type of
resource. Both the NMDS and ANOSIMwere conducted with
Primer 6.0 (Clarke & Gorley 2006).

To estimate the degree of diet specificity of the dung
beetles linked to different resources, we used the Levins
standardized index (BA) (Levins 1968). We selected species
with n > 30, thus showing a clear degree of specificity. The
species with BA >0.5 were considered generalists, and those
that presented BA ≤0.5 were classified as specialists
(Filgueiras et al 2009). For the calculus of this index, we used
the Ecological Methodology software.

Controlled feeding resource preference test

To evaluate the attractiveness of different feeding resources
to D. verruciferum, we performed Chi-square tests using the
number of individuals that fed on the offered resources as
the response variable to verify if there was (1) difference in
the attractiveness of the resources when offered against
paired controls and (2) distinction in the attractiveness of
excrement when offered against other tested resources.
Categorical variables were the type of feeding resource and
the combination of excrement vs. resource in the first and
second tests, respectively. For both analyses, we only evalu-
ated the resources that were utilized by at least five individ-
uals. For the analysis that presented statistical difference of
resource utilization, we performed a simple Chi-square test
with correction through the Bonferroni index as post-hoc.
We performed a Mann-Whitney U test to verify if there
was difference on feeding resource attractiveness, compar-
ing the scenarios in which they were offered individually or
simultaneously with other resource. The mode by which the
feeding resources were offered (vs. control or vs. other re-
source) was the independent variable. The analysis was per-
formed on Statistica 7.0 (Statsoft 2004).

To compare the time taken by the beetles to start feeding
on different resources, we performed a Kruskal-Wallis anal-
ysis in which only the data from the combination resource vs.
control were used. We also used a Kruskal-Wallis analysis to
compare how long the beetles spent feeding on each tested
resource. For this analysis, we used resource vs. resource
data. The time elapsed for starting feeding activity and the
time spent feeding on the resource were the dependent
variables. The types of resources were the independent var-
iables. We used data from the resources utilized by at least
five individuals. For post-hoc comparisons, we performed the
Dunn test. All analyses mentioned in this paragraph were
performed with the aid of BioEstat 5.0 (Ayres et al 2007).

To verify if there was difference of time elapsed for start
feeding on different resources when they were offered vs.
control or vs. other resource, we performed a Mann-

Whitney U test. The time elapsed for start feeding was the
response variable. The combination of the resource offers
(resource vs. control and resource vs. other resource) was
the independent variable. The test was performed with the
Statistica 7.0 software (Statsoft 2004).

Results

Field attractiveness tests

A total of 297 dung beetles belonging to nine species and five
genera were collected. The dominant species were
D. verruciferum, Canthon carbonarius Harold, and
C. melancholicum Harold, which represented together
86.5% of the collected beetles. Deltochilum veruciferum
was the most abundant species by far, accounting for
60.9% of the total number of captures (Table 1). The data
of the dung beetle collected in each area are available as
supplementary material.

Traps baited with all tested resources yielded captures,
with exception of those baited with seeds of J. mollissima.
The traps baited with carrion and excrement yielded most
captures with 66.3 and 32.6% of the total abundance of dung
beetles, respectively. Traps baited with fermented
C. jamacaru and P. gounellei yielded a low number of cap-
tures: two individuals of C. carbonarius were recovered from
traps baited with C. jamacaru, and a single individual of
Dichotomius geminatus (Arrow) was recovered from a trap
containing baited with P. gounellei (Table 1).

None of the species of sampled dung beetles were asso-
ciated with traps of all five different types of resources. The
majority of species were only recovered in traps baited with
carrion and excrement. Among captures of the most abun-
dant species, the largest number of individuals of
D. verruciferum and C. melancholicum were recovered in
traps baited with carrion, which accounted for 69.1 and
76.5% of their total collected numbers, respectively
(Table 1). On the other hand, the number of individuals of
C. carbonarius recovered from traps baited with either carri-
on or excrement was similar (41.9 and 53.5% of total cap-
tures, respectively). According to the Levins index,
D. verruciferum (BA = 0.24), C. melancholicum (BA = 0.43),
and C. carbonarius (BA = 0.36) were classified as specialists,
being almost exclusively attracted to traps baited with either
carrion or excrement (Table 1).

When evaluating the attractiveness of the five types of
feeding resources offered simultaneously and independently
on the transects, there was a significant, although weak,
distinction of the dung beetle assemblages (simultaneous-
ly—R-Global 0.115; P = 0.001; independently—R-Global
0.425; P = 0.001). However, the NMDS ordination did not
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evidence a clear segregation among the tested resources
(Fig. 2).

Controlled feeding resource preference tests

Beetles behaved in two distinct manners in the beginning of
this experiment: they either (1) remained immobile at the
center of the arena (79 individuals; 54.9% of the total) or
(2) moved as soon as the experiment started (65 individuals;
45.1%). Among the individuals that initially did not move,
41.8% remained immobile until the end of the experiment,
whereas the remainder typically extended their antennal la-
mellae before initiating movement. When beginning to
move, the majority of the individuals (>50%) repeatedly

circled the borders of the arena, and only 11 (7.6%) directly
approached the feeding resources to feed on them. It was
commonly observed that the beetles touched their antennae
over a particular resource but did not feed on it. While feed-
ing on the resource, the beetles generally kept their bodies in
direct contact with the surface of the arena, only touching
the resource with their mouthparts. In less frequent cases,
the individuals grabbed the resource with all the legs before
and during feeding act iv i ty ( f igure avai lab le as
supplementary material).

All the resources evaluated in the experiment were attrac-
tive to individuals of D. verruciferum. However, the higher
frequency of resource utilization was verified in the associa-
tions with excrement and carrion, with 65 and 50% positive

Table 1 Number of individuals and relative abundance of dung beetles collected on the five types of resource offered on experiments 1 and 2 in
forest fragments of Caatinga.

Species Carrion Excrement Cereus
jamacaru

Pilosocereus
gounellei

Jatropha
mollissima

Total Relative
abundance (%)

Ateuchus carbonarius (Harold, 1868) 3 0 0 0 0 3 1.02

Canthon (Francmonrosia) carbonarius
Harold, 1868

18 23 2 0 0 43 14.47

Canthon (canthon) melancholicum
Harold, 1868

26 8 0 0 0 34 11.44

Canthon (Pseudoepilissus) sp. 7 2 0 0 0 9 3.04

Canthon (Canthon) aff. scrutator
Balthasar, 1939

0 4 0 0 0 4 1.34

Coprophanaeus (Metallophanaeus)
pertyi
(Olsoufieff, 1924)

1 0 0 0 0 1 0.34

Deltochilum (Calhyboma) verruciferum
Felsche, 1911

125 56 0 0 0 181 60.94

Dichotomius (Luederwaldtinia)
geminatus
(Arrow, 1913)

16 4 0 1 0 21 7.07

Dichotomius (Luederwaldtinia) nisus
(Olivier, 1789)

1 0 0 0 0 1 0.34

Total 197 97 2 1 0 297 100

Carrion
Excrement
C. jamacaru
P. gounellei
J. mollissima

Stress: 0.04
3

2

1

0

-1

-1 0 1 2 3 4 -0.5 0 0.5 2 1.5 2

1.5

1

0.5

0

-0.5

-1

a Grouped bait b Isolated bait

Stress: 0.04

Fig. 2 NMDS ordination of dung beetle assemblage based on pitfall traps baited with different types of resource. a Samplings with all types of
resources offered simultaneously. b Samplings with the resource types offered independently.
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interactions, respectively (Table 2). Among the other re-
sources, fermented fruits of P. gounellei were most attrac-
tive, with 28% of the beetles feeding on it.

In the resources vs. control tests conducted inside the
arena, there was a difference in the frequency of utilization
(χ2 = 14.38; df = 4; P < 0.05). The seeds of J. mollissima were
less attractive than were carrion (χ2 = 8.12; df = 1; P < 0.005),
excrement (χ2 = 8.12; df = 1; P < 0.005), and fermented fruits
of C. jamacaru (χ2 = 9.25; df = 1; P < 0.005). Analyzing the
combinations of excrement vs. other resources, the number
of individuals that fed on excrement did not differ among
distinct paired resource combinations (χ2 = 4.12; df = 3;
P > 0.2). Comparing the frequency of occasions in which
the beetles fed on different resources in the combinations
resource vs. control and resource vs. other resource, there
was no distinction for the majority of the resources (excre-
ment P = 0.41; C. jamacaru P = 1; P. gounellei P = 0.69;
J. mollissima P = 1). The exception was carrion (P < 0.05),
which was foraged by 12 individuals when offered alone
and by four when offered simultaneously with another re-
source (carrion vs. excrement).

The time taken by the beetles to start feeding on a given
resource was similar among the different options, indepen-
dently of the offered combination (resource vs. control
H = 1.44; df = 2; P = 0.48 and resource vs. other resource—
excrement P = 0.42; carrion P = 0.09; P. gounellei P = 0.75).
On the other hand, the average time beetles spent feeding
was distinct among tested resources, being longer on excre-
ment, both when offered independently or simultaneously
with another resource (Table 2). Excrement vs. carrion paired
tests led to beetles spending the longest time feeding on the
former. The time beetles spent feeding differed among test-
ed resources (H = 12.09; df = 3; P < 0.05). The time beetles
took using either carrion or excrement was longer than the
time spent with any of the other resources (P < 0.05)
(Table 2).

Discussion

Throughout our field experiments, traps baited with carrion
yielded the highest number of captures among a set of traps
baited with five different potential feeding resources to dung
beetles. This result could arguably be linked to the particu-
larly diverse necrophagous dung beetle fauna that inhabit
the neotropics (Halffter & Matthews 1966, Halffter &
Halffter 2009). Although many species of Neotropical dung
beetles can use carrion for feeding and nesting, copropha-
gous and copro-necrophagous species are still most
diverse in the region (Hanski & Cambefort 1991, Halffter &
Halffter 2009). In a study evaluating coprophagy and
necrophagy among dung beetles in the Caatinga, a sheer
dominance of the copro-necrophagous habit was document-
ed; some species were strictly coprophagous and only one,
Coprophanaeus pertyi (d’Olsoufieff), was necrophagous
(Hernández 2007). Contrastingly, Medina & Lopes (2014a)
depicted a well-balanced distribution of feeding habits in
the dung beetle assembly in the Caatinga, from the more
specialized to the more generalist.

Decomposing carcasses are nutritious, rich on microor-
ganisms, and bear an optimal doughy texture favored by
dung beetles (Favila 1993, Halffter & Halffter 2009). As a
consequence of the high temperatures and evapotranspira-
tion rates of most Caatinga environments, the resources
used by dung beetles tend to be ephemeral when compared
to the availability common to habitats under milder climatic
conditions (Sampaio 1995). Therefore, carrion, a resource
that remains attractive and exploitable for longer periods
than others associated to dung beetles, appears to be an
efficient dietary alternative for these insects (Mayer &
Vasconcelos 2013).

The abundance and richness of the dung beetle fauna in
our study were considerably low when compared to those
documented in similar studies conducted in the Caatinga

Table 2 Percentage of feeding
interactions between the
individuals of Deltochilum
verruciferum and the resource
types (test of food preference in
laboratory).

Combination Interaction with
resource

Mean time to start
interaction (s) ± SD

Mean time spent
interacting (s) ± SD

Excrement vs. control 75% 180 ± 216 -

Carrion vs. control 75% 233 ± 225 -

C. jamacaru vs. control 19% 256 ± 187 -

P. gounellei vs. control 31% 101 ± 66 -

J. mollissima vs. control 6% 215 ± 0 -

Excrement vs. control 75%EX; 25%CA 87 ± 123E; 82 ± 119CA 625 ± 340EX; 138 ± 207CA

Excrement vs. C. jamacaru 75%EX; 19%CJ 84 ± 104E; 205 ± 207CJ 516 ± 337EX; 153 ± 148CJ

Excrement vs. P. gounellei 56%EX; 25%PG 141 ± 126E; 98 ± 78PG 548 ± 342EX; 479 ± 315PG

Excrement vs. J. mollissima 50%E; 12%JM 155 ± 182EX; 40 ± 36JM 526 ± 330EX; 301 ± 154JM

Mean time on seconds (s) that the beetles elapsed to start feeding and spent feeding.

EX excrement, CA carrion, CJ fruit of Cereus jamacaru, PG fruit of Pilosocereus gounellei, JM seed of Jatropha
mollissima, vs. versus.
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(Hernández 2007, Liberal et al 2011, Medina & Lopes
2014a). Our results may be associated to two key factors:
(1) the majority of traps used on the study were baited with
what could be arguably interpreted as “alternative” re-
sources, proved to be less attractive than excrement and
carrion in the field; (2) the short period that the traps
remained active in the field. Usually, studies aimed at the
evaluation of dung beetle assemblages apply a 48-h active
trapping interval in the field (Liberal et al 2011, Medina &
Lopes 2014b). Because we needed live and healthy individ-
uals for bioassays, we decided on uninstalling the traps after
24 h.

The dominant species in our field trappings was
D. verruciferum, classified as a specialist, being attracted ex-
clusively to carrion and excrement. However, our controlled
preference tests demonstrated that individuals of this spe-
cies could potentially approach and feed on a broader assort-
ment of resources, thus behaving as generalists. Deltochilum
Eschscholtz exhibits a mainly Neotropical distribution (Davis
et al 2002). A number of its species are known to apply
infrequent feeding strategies, such as strict necrophagy and
predatory habits, as observed in individuals of D. valgum
Burmeister, specialized on the predation of millipedes
(Larsen et al 2009).

Traps baited with fermented fruits of cacti native to the
Caatinga yielded few captures of only two species,
C. carbonarius and D. geminatus. It is known that foraging
dung beetles can inadvertently fall into unbaited pitfall traps
(Silva 2011), and it would not be surprising if the traps baited
with fermented fruits in our field experiments functioned
mainly passively in capturing dung beetles. The traps baited
with seeds of J. mollissima were the only ones that did not
yield any captures, even though their use as a feeding re-
source by C. carbonarius has been documented (Iannuzzi
et al 2013). Moreover, in a pilot experiment, two individuals
of this species were collected in traps baited with this re-
source and later fed on the elaisome part of the seeds under
laboratory conditions. The olfactory detection of potential
feeding resources by dung beetles occuring through scent
plumes containing attractive volatile organic compounds
(Scholtz et al 2009) and “tentative interactions” with re-
sources may not always result in feeding. The seeds of
J. mollissima give off a typical fetid odor, which could be
involved in the olfactory-mediated attraction of the dung
beetles (Iannuzzi et al 2013), resulting in the utilization of
the resource. Based on the pilot experiment and our con-
trolled preference bioassays with D. verruciferum, we con-
firm that, although rare and/or poorly documented, dung
beetles do interact with seeds of J. mollissima and can use
them as a feeding resource. Since dung beetles are acknowl-
edged as important secondary seed dispersers (Andresen
& Feer 2005) and could perform this kind of interaction
in the Caatinga, we believe that more focal studies are

needed in order to better understand the details of the in-
teraction between dung beetles and seeds of J. mollissima.

The results of the controlled feeding resource preference
tests revealed that D. verruciferum can feed on a set of five
different offered resources. Prior to our findings, a single
study had demonstrated the direct use of native plant-
derived feeding resources (excluding excrement from herbi-
vores) by dung beetles in the Caatinga (Iannuzzi et al 2013).
We present the first record of dung beetles feeding on
fermented fruits of native cacti under controlled conditions.
The utilization of alternative resources can be an indicator of
innate dietary plasticity of D. verruciferum, which can be
advantageous under conditions of scarcity of its preferred
feeding resource and strong competition (Hanski &
Cambefort 1991, Halffter & Halffter 2009). Similarly, the
human disturbance of natural habitats may promote the uti-
lization of different food types by dung beetles (Bourg et al
2016), a scenario in which species adapted to use alternative
resources may be more resilient.

Although the utilization of plant-derived resources by
D. verruciferumwas confirmed under a controlled setup, car-
rion and excrement were nonetheless favored by the bee-
tles. Contrastingly to the results obtained from baited pitfall
trappings, excrement was more attractive than carrion.
Moreover, excrement was most pursued when offered si-
multaneously with other feeding resources. Since the utiliza-
tion of animal excrements is also associated with dung beetle
breeding, preference for this resource could be thus support-
ed (Halffter & Matthews 1966, Hanski & Cambefort
1991). Notwithstanding, higher attractiveness to carrion ob-
served in field experiments could be mainly associated to
young individuals, whose sexual maturation require a
nutrient-rich diet that could debatably bemore easily obtain-
ed through necrophagy. Future experiments associating sex-
ual maturation and dietary preferences of dung beetles
should further clarify these assumptions.

At the time being, we can only safely suggest that seed
allocation by dung beetles in the Caatinga has been an epi-
sodic event linked to proximal sensorial responses. Our find-
ings reinforce the hypothesis that some dung beetle species
native to the Caatinga are apt for the use of alternative feed-
ing resources, thus being potentially generalists. Although
the usage of a wide variety of decaying matter resources
by dung beetles was proven, there is still little question that
copro-necrophagy is the main habit of local dung beetle com-
munities. Future studies analyzing the chemical responses of
the dung beetles to volatile organic compounds emitted by
preferred plant-derived resources can further improve the
knowledge of those still poorly understood interactions.
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