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ABSTRACT. Mammal feces are the primary food and nesting resource for the majority of dung beetle species, and larval development
depends on the quantity and quality of that resource. Physiological necessities, competitive interactions, and resource sharing are com-
mon and suggest that dung beetles may show preferences for feces of greater nutritional quality, which may in turn impact beetle as-
semblages and community structure. This study investigated whether attractiveness of dung beetles to different resource (feces) types
varies depending on mammal trophic guild and associated nutritional content. This study was conducted in Atlantic Forest fragments in
the Parque Estadual da Serra do Tabuleiro, Santa Catarina, Brazil. To evaluate attractiveness, the feces of the carnivore Puma concolor,
the omnivores Cerdocyon thous and Sapajus nigritus, and the herbivore Tapirus terrestris were utilized as bait. Dung was collected
from zoo animals fed a standard diet. Sampling was performed in triplicate in five areas in the summer of 2013. Four pitfall traps were
established in each area, and each trap was baited with one type of mammal feces. Food preference of the species was analyzed by cal-
culating Rodgers’ index for cafeteria-type experiments. In total, 426 individuals from 17 species were collected. Rodgers’ index showed
that omnivorous mammal feces (C. thous) were most attractive to all dung beetle species, although it is known that dung beetles are
commonly opportunistic with respect to search for and allocation of food resources. These results suggest that mammal loss could alter

competitive interactions between dung beetles.
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Classical ecological theory predicts that community structure dynamics
are principally influenced by competition, which in turn determines the
competing species that can or cannot co-occur (Hairston et al. 1960,
Connell 1980, Tilman 1980). According to the principle of competitive
exclusion, two populations cannot occupy the same ecological niche,
and in the presence of limiting resources, one of them is either excluded
or ecologically displaced. Various studies assume that competition and
food limitation are the main factors in the structuring of biological com-
munities (e.g., Richardson 1991, Boggs and Ross 1993). Classical
niche theory predicts that all dimensions of an ecological niche are in-
volved in the probability of species persistence (Hutchinson 1957).
However, the dimensions of a niche do not remain unaltered; there can
be displacement over evolutionary or spatial history, minimizing the
competition for resources and having direct consequences on disper-
sion patterns and mechanisms structuring communities (Paine et al.
1981, Pulliam 2000).

Most dung beetle species compete for scarce and short-lived re-
sources including feces or carcasses of vertebrates, both primarily of
mammals. These resources are utilized for food and nesting for adults
and larvae. Because the dung beetle life cycle involves complete meta-
morphosis, the development of the adult depends mainly on the quan-
tity and quality of resource(s) consumed during the larval period
(Halffter and Edmonds 1982). The sharing of resources can, in many
cases, decrease interspecific competition for a common resource. The
biology and behavior of the species (e.g., functional guild, morphology,
period of activity, behavior, search for and allocation of resource, and
even chemical protection of the young) are important aspects that in-
crease resource sharing among dung beetle species (Halffter and
Edmonds 1982, Bellés and Favila 1983, Hernandez 2002, Hernandez
etal. 2009). Functional differentiation and differences in activity period
generally allow dung beetles to minimize competition for limited re-
sources (Hanski and Cambefort 1991, Estrada et al. 1993, Hernandez
2002). Different food searching behavior, generally consisting of either

flight close to the ground or perching on leaves in the subforest, may al-
low coexistence of competing species. Differences in resource alloca-
tion behavior may also facilitate coexistence (e.g., endocoprids: reside
in the resource; paracoprids: store portions in tunnels just below the
resource; and telecoprids: store portions in tunnels relatively far from
the resource) (Halffter and Matthews 1966, Halffter and Edmonds
1982). Despite the existence of species with dietary specificity (i.e.,
stenophagous species) (Halffter and Matthews 1966), in many areas
(e.g., pastures), the most important food resource for dung beetles is
herbivorous mammal feces (Hanski and Cambefort 1991).

Studies in the Neotropical region have noted food preference of
dung beetles for omnivorous mammal feces, which in general attracts a
greater number of species compared with herbivore and carnivore
feces (Estrada et al. 1993, Filgueiras et al. 2009, Marsh et al. 2013).
This preference is possibly due to the fact that omnivores have a greater
variety of food items in their diet, in addition to substantial seasonal
variation (Uchoa and Moura-Britto 2004, Rocha-Mendes et al. 2010).
Depending on the trophic guild of the mammal, (carnivorous, herbivo-
rous, or omnivorous), the composition and quality of food items will
vary. In general, excrement is composed of plant and animal material,
partially digested or not, which can include numerous components
(e.g., feathers, bones, arthropod chitin, seeds and plant tissues, and
pollen grains, in addition to mucus, secretions, cells, and abundance of
bacteria) (Bang and Dahlstrém 1975, Bjune 2000, Chame 2003). By
feeding on feces, carcasses, and other decomposing materials, dung
beetles play a role in nutrient cycling and secondary seed dispersal, and
diminish parasitic diseases in mammals by controlling the increase in
populations of flies and nematodes by killing larvae and eggs deposited
in the feces (Halffter and Matthews 1966).

It is possible that different dung beetle species have food prefer-
ences based on the relative nutritional quality of dung, which may differ
among native mammals. To test this hypothesis, we evaluated the
attractiveness of different types of mammal feces to different species of
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dung beetles. We hypothesize that beetle attractiveness to dung will
vary according to mammal type and the trophic guild the mammal
occupies.

Materials and Methods

Study Area. The study was conducted in Dense Ombrophilous
Forest areas (Atlantic Forest Biome) in the Parque Estadual da Serra do
Tabuleiro (PEST), located in the municipality of Santo Amaro da
Imperatriz, Santa Catarina, Brazil (27° 44’ S, 48° 48’ W; 480 meters
above sea level) (Fig. 1). The study region falls within the humid sub-
tropics (Cfa according to the Kdppen—Geiger classification), with
defined seasons and well-distributed rainfall throughout the year, with
an annual rainfall average of 1,700 mm. Temperatures vary greatly
throughout the year, ranging between 0 and 40°C with an annual aver-
age of 19°C (Pell et al. 2007).

Baits and Nutritional Quality. The attractiveness of Scarabaeinae
species was evaluated using fresh—newly defecated—feces of native
mammals from four different trophic guilds as bait. The mammals
occur in the southern region of the Atlantic Forest and consisted of the
following species and trophic guilds: the carnivore Puma concolor (L.,
1771) (puma); two omnivores with different diets: Cerdocyon thous
(L., 1766) (graxaim/crab-eating fox): with omnivorous diet but more
prone to eat the protein contents of animal origin and Sapajus nigritus
(Goldfuss, 1809) (macaco-prego/black-horned capuchin): with more
generalist diet prone to eating a greater quantity of plant matter; and the
herbivore Tapirus terrestris (L., 1758) (anta/lowland tapir). Animal
feces were supplied by the Fundacdo Herman Weege (Pomerode Zoo)
in Pomerode, Santa Catarina, Brazil.
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The nutritional quality of the mammalian feces was determined
using a nutritional description based on the detailed diet provided by
zookeepers. The dietary information consisted of the quantity (kg per
animal) of each food item, including feed, supplements, and mineral
salts. Although nutritional quality of dung may be affected by sex and
age of the animals (Touma and Palme 2005), we opted to employ stand-
ardized methods for nutritional measurements. Using the known quan-
tities and types of food items provided to captive animals, the following
was calculated using pre-established equations: 1) quantity of nitrogen
in the feces (g N/d) in relation to mean species weight (see Parera 2002,
Oliveira and Cassaro 2005) via subtraction of nitrogen intake and con-
sidering protein synthesis, demand, and exogenous excretion, based on
the equations for intake (y = 1,600#°-%%) (Evans and Miller 1968), syn-
thesis (v =367W"%) (Munro 1969), demand (y =250W°-%%) (Miller
and Payne 1964), and exogenous excretion (y=146#"%) (Brody
1945); 2) quantity of available nitrogen in the feces (g N/d) based on
the efficiency of assimilation in relation to the items consumed
(Ricklefs 1974); 3) calculation of the percentage of protein, fats, and
carbohydrates of items consumed (Ricklefs 1974); and 4) quantity of
fecal mass produced (g/d) based on the mean weight of the animal
according to the equation y = 0.85W %7 (Blueweiss et al. 1978). For
all these equations, W is the average body weight.

Captive animals were kept in the Zooldgico de Pomerode and
received a balanced diet similar to the natural species diet (e.g., Uchoa
and Moura-Britto 2004, Rocha-Mendes et al. 2010), however, with the
addition of supplements, mineral salts, and feed consisting of mostly
protein content (especially soy and animal protein). P. concolor had a
strict protein-based diet, consuming on average 1.125 kg of meat daily
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Fig. 1. (a) Location map of the sampling area in forest remnants (green) located in Parque Estadual da Serra do Tabuleiro (Santa Catarina,
Brazil) into Atlantic Forest Biome (original area showed in gray) and (b) sampling design to evaluate the attractiveness of dung beetles species

by native mammals feces of different trophic guilds.
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and fasting 2 d/wk. The diets of C. thous and S. nigritus were more vari-
able, based on fruits and protein (meats, eggs, and feed). 7. terrestris
consumed a large amount of food, which was composed essentially of
vegetables and fruits. In the analysis of the proportionality of each diet-
ary item, particularly protein, fats, and carbohydrates, C. thous in par-
ticular consumed a relatively high quantity of dietary protein without
significant reduction in the other components. P. concolor consumed
mostly protein, without carbohydrates; S. nigritus, as well as C. thous,
showed little difference in the percentages of the three components
observed. T terrestris had a low percentage of all three items, especially
protein (Table 1).

Experimental Design and Sampling. Dung beetles sampling was
done at five points (spatial repetitions [e]) with a mean distance of 2 km
between them. Four pitfall traps were placed at each point, consisting of
plastic containers (15-cm depth by 18-cm diameter), placed 25 m apart
and buried with the tops of the containers flush with the ground. Traps
were half filled with water along with a small amount of neutral deter-
gent 2%. Traps were sampled three times in the summer of 2013 (tem-
poral repetitions [t]). Each of the four traps was baited with 10 g of one
type of feces (i.e., from one species only per trap). Placed in the morn-
ing, baits remained in traps for 48 h prior to sampling for each repeti-
tion, with configuration of the spatial and temporal placements was
determined randomly. Thus, a total of 15 traps (5S¢ by 3t) were placed
per bait type, generating a sampling effort of 60 traps in total (Fig. 1).
Baits were suspended above traps, so that the insects fell into the con-
tainers before reaching the bait. As a preventive measure, feces were
frozen prior to use to minimize the risk of pathogen or parasite infection
of wild species present in the areas. Controlled tests showed that freez-
ing did not reduce the bacterial populations to the point of compromis-
ing recolonization after thawing (Haines 1938, Morley et al. 1983).
Potential vector access was reduced by means of a physical barrier
around the feces, diminishing direct contact by the dung beetles as well
as other potentially attracted insects. After trapping, the feces were
recovered from sampling areas and properly discarded.

Data Analysis. The data were initially analyzed in a descriptive man-
ner, exploring the number and percentage of species, and number of
individuals attracted by each type of feces. To determine the use of the
resource in terms of food preference, Rodgers’ index for “cafeteria”
type experiments was calculated (Rodgers and Lewis 1985), excluding
from the analysis those species considered rare (7 < 7) and yielding as
minimal units the species and the respective total number of individuals
per species. In “cafeteria” type experiments, a matrix of food types is
presented to an animal in equal abundance, such that availability does
not enter directly in the measurement of the preference (Krebs 1999).
Rodgers and Lewis (1985) suggested that the most appropriate
measurement of preference is the area under each of the cumulative
curves of standardized consumption, with a maximum value of 1.0.

Accordingly, the use of the resource is calculated under the curve of
use, partitioning it into a series of triangles, trapeziums, and/or rectan-
gles and summing the areas. Next, the scoring of preference is normal-
ized for the range between 0.0 and 1.0, such that the most preferred
resource has the maximum score (1.0) and the least preferred resource
has the lowest score. The scores are obtained using the following
formula:

R,' = Ai/max(Ai)

where R; =Rodgers’ index for food preference for “cafeteria” experi-
ments for 7 species; A; = area under the curve of cumulative proportion
consumed by i species based on the partition of the curve (triangles, tra-
peziums, and/or rectangles); and max(A;) = highest value of A;.

The same index was calculated for the species separately, taking as
minimal units the spatial and temporal repetitions, including all individ-
uals of each species. The analyses were carried out using R 3.0.1
(R Core Team 2013).

Results

In total, 426 dung beetles were collected belonging to 17. The bait
with the highest attractiveness was that of omnivorous mammals
C. thous (59% of the beetles collected) and S. nigritus (23% of the bee-
tles collected). Traps with C. thous and S. nigritus feces captured 15
and 12 species of dung beetles, respectively, whereas traps with resour-
ces from carnivore and herbivore species each captured eight beetle
species (Table 2).

Rodgers’ index for all individuals captured showed through curve
partitioning scores (Fig. 2A) that the most attractive resource was
C. thous feces (A, =43.72; R, = 1.000), followed by feces of S. nigri-
tus (Asn=19.80; Ry, =0.452). Feces from animals with the most
restricted diets were the least attractive, including that of P. concolor
(Ape =8.13; Ry = 0.186) and T. terrestris (Ay = 7.06; Ry = 0.161). The
cumulative attractiveness curve for food resources demonstrated a
higher number of beetles per species captured by omnivore species, in
comparison to that of P. concolor and T. terrestris. In addition, there
was low variation in abundance among baits (Fig. 2B).

Among those analyzed, Eurysternus inflexus was the only species
captured exclusively by omnivorous mammal feces. Deltochilum furca-
tum and Deltochilum fissus were not found in P. concolor feces traps,
and Deltochilum morbillosum did not occur in traps using 7. terrestris
feces. For Canthon rutilans cyanescens, Coprophanaeus saphirinus,
Deltochilum sericeus, and Canthidium aff. trinodosum, the highest pro-
portion of individuals were captured in traps with C. thous feces
(Fig. 3). Based on the analysis of preference by means of Rodgers’
index, all species showed greater preference for feces of C. thous. The
second most preferred bait type for all beetle species was S. nigritus

Table 1. Type, composition, and qualitative parameters of the diets of mammals: P. concolor, C. thous,
S. nigritus, and T. terrestris and their feces on the basis of received feed in captivity and literature

Species Trophic guild Diet in captivity (kg/wk)
P. concolor C Chicken (2.8), bovine (3.3), swine (1.7), and supplement (0.085)
C. thous (0] Fruits (1.0), bovine (1.4), egg (0.175), and animal feed (0.5)
S. nigritus (o] Fruits (0.55), greens (0.35), flesh (0.13), egg (0.2), and animal feed (0.35)
T. terrestris H Greens (49.7), fruits (8.4), animal feed (7.0), and mineral salt (0.35)

Average nutritional quality

Species Nf (g N/d™Y) Nfd (g N/d™%) P (%) F (%) C (%) D (g/d)
P. concolor 9.1 6.8 229 5.7 0 665.5
C. thous 2.8 2.0 15.9 4.0 4.0 214.5
S. nigritus 2.0 1.3 10.3 2.6 4.3 153.0
T. terrestris 30.3 18.2 2.8 0.7 1.6 2,138.6

C, carnivore; O, omnivore; H, herbivore; Nf, nitrogen in faeces (g N/d’l); Nfd, nitrogen of stools available for assimilation
(gN/d™Y); P, proteins; F, fats; C, carbohydrates; D, amount of feces produced (g/d).
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Table 2. Capture number of individuals (and percentage) per species of dung beetles (Coleoptera:
Scarabaeinae) in relation to the types of resources (feces of mammals) in the Atlantic forest in Santa

Catarina, Brazil

Species Resource (feces)
Pc Ct Sn Tt
Canthi. aff. trinodosum (Boheman, 1858) 7 (14%) 29 (59%) 7 (14%) 6 (12%)
Canthidium dispar Harold, 1867 1(14%) 2 (29%) 2 (29%) 2 (29%)
Canthon luctuosus (Harold, 1868) 1 (50%) 1 (50%) 0 (0%) 0 (0%)
Cantho. rutilans cyanescens (Harold, 1868) 15 (10%) 98 (63%) 31 (20%) 11 (7%)
Coprophanaeus cerberus (Harold, 1869) 0 (0%) 1(33%) 2 (67%) 0 (0%)
Co. saphirinus (Sturm, 1826) 3 (12%) 13 (52%) 6 (24%) 3 (12%)
Deltochilum brasiliense (Laporte, 1840) 0 (0%) 4 (80%) 1(20%) 0 (0%)
D. furcatum (Laporte, 1840) 0 (0%) 8 (44%) 9 (50%) 1 (6%)
D. morbillosum Burmeister, 1848 4 (29%) 8 (57%) 2 (14%) 0 (0%)
Deltochilum multicolor Balthasar, 1939 0 (0%) 2 (100%) 0 (0%) 0 (0%)
Dichotomius fissus (Harold, 1867) 0 (0%) 6 (46%) 6 (46%) 1(8%)
Dichotomius mormon (Ljungh, 1799) 0 (0%) 1 (50%) 1 (50%) 0 (0%)
Dichotomius sericeus (Harold, 1867) 12 (12%) 57 (56%) 21 (21%) 11 (11%)
Eurysternus cyanescens Balthasar, 1939 1 (100%) 0 (0%) 0 (0%) 0 (0%)
E. inflexus (Germar, 1824) 0 (0%) 15 (63%) 9 (38%) 0 (0%)
Phanaeus splendidulus (F., 1781) 0 (0%) 4 (100%) 0 (0%) 0 (0%)
Uroxys spl 0 (0%) 0 (0%) 0 (0%) 1 (100%)
Individuals 44 (10%) 249 (59%) 97 (23%) 36 (8%)
Species 8 (47%) 15 (88%) 12 (70%) 8 (47%)
Pc, P. concolor; Ct, C. thous; Sn, S. nigritus; Tt, T. terrestris.
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Fig. 2. (A) Curve of cumulative (accumulated by individuals and species) proportion of bait attractiveness (feces of mammals) and (B)
space—time variation per bait (by individuals of dung beetles) collected in five Atlantic Forest points located in the Parque Estadual da Serra

do Tabuleiro, Santa Catarina, Brazil.

feces, with the exception of Canthi. aff. trinodosum; this order of attrac-
tiveness was maintained regardless of relocation guild (Table 3).

Discussion

The principal result of this study revealed that beetles are most
attracted to feces of omnivorous mammals, although the range and com-
position of the diet of dung beetles can be diverse (Halffter and Matthews
1966, Hanski and Cambefort 1991). C. thous feces were the resource that
attracted the highest number of beetle species and individuals, indicating
a strong preference. Other studies evaluating the food preference of dung
beetles among a greater variety of feces types have also shown that the

greatest number of individuals was attracted to feces of omnivorous
mammals (e.g., Estrada et al. 1993, Filgueiras et al. 2009, Noriega 2012).

The diet of C. thous consists of a large variety of food items and with
considerable seasonal variation; the diet of the specimens in captivity uti-
lized in this study showed fewer food types without negatively impacting
nutritional content (e.g., Uchoa and Moura-Britto 2004, Rocha-Mendes
et al. 2010). This range of food includes different sources of protein and
other nutrients that are not fully assimilated by the mammal, therefore a
substantial portion is eliminated in feces (Vulla et al. 2009) is in
general high in calcium resulting from ingestion of bones and as such
shows a more rigid texture (Bang and Dahlstrom 1975). The age, extent
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Table 3. Rodgers index and their scores for experiment type “cafeteria” for the feeding preference of species of dung beetles (Coleoptera:

Scarabaeinae) by resource type (feces) of different species of native mammals of different trophic guilds

Species G
D. furcatum Te
E. inflexus En
Dichotomius sericeus Pa
Dichotomius fissus Pa
Co. saphirinus Pa
D. morbillosum Te
Canthi. aff. trinodosum Pa
Cantho. rutilans cyanescens Te

Resource (feces)

P. concolor C. thous S. nigritus T. terrestris
A R A R A R A R
0.00 0.00 4.47 1.00 3.78 0.84 0.75 0.17
0.00 0.00 7.42 1.00 4.58 0.62 0.00 0.00
6.79 0.24 28.57 1.00 9.61 0.33 5.52 0.19
0.00 0.00 3.04 1.00 2.73 0.90 0.73 0.24
1.14 0.16 7.20 1.00 2.36 0.33 1.80 0.25
0.93 0.19 4.78 1.00 1.29 0.27 0.00 0.00
591 0.52 11.47 1.00 3.97 0.35 3.14 0.27
6.30 0.13 48.90 1.00 18.11 0.37 4,17 0.08

Att.

CST
CS
CSPT
CST
CSTP
CspP
CPST
CSTP

The last column is the resource type ordered by preference. G, relocation guilds; Te, telecoprids; En, endocoprids; Pa, paracoprids; A, summed area parti-

tioned curve; R, Rodgers index scores; P, P. concolor; C, C. thous; S, S. nigritus; T, T. terrestris; Att., attractiveness order.
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of desiccation, and texture of feces generally predict its nutritional status,
especially the levels of nitrogen and carbohydrates, and also influence
preferences of dung beetles (Anderson and Coe 1974, Sowig and
Wassmer 1994).

Dung beetle preference for feces of C. thous corroborates the notion
that the feces of omnivores are the principal resource for food and nest-
ing (Halffter and Matthews 1966, Halffter and Edmonds 1982, Hanski
and Cambefort 1991). Although there are stenophagous species
(Halffter and Matthews 1966), for the majority of dung beetles species,
food preferences have been documented only at relatively large scales
(e.g., generalist, coprophagous, and necrophagous) without evaluation
of the quality of these resources (Halffter and Matthews 1966, Halffter
and Edmonds 1982, Hanski and Cambefort 1991).

As discussed, dung beetles and other detritivores do not only ingest
material in the feces chemically derived from the producers but also the
associated microflora (Odum and Barret 2008). Quaternary bacterial
diversity is higher in omnivores than in carnivorous mammals and her-
bivores, and their feces also contain a large quantity of associated
microorganisms (Ley et al. 2008). It is not clear which of the many
components of the feces supply nutrients for developing beetle larvae,
but some studies show that larvae, unlike adults, do not require symbi-
otic microorganisms in the diet (Byrne et al. 2013). Coprophagous
adults appear to be dependent on symbionts for digestion. Species that
feed on feces containing large amounts of plant material utilize bacteria
for help with digestion of cellulose, whereas the species that feed on
other types of feces (e.g., carnivore or omnivore feces) using the micro-
organisms present in the feces, which are ingested along with the excre-
ment, facilitating digestion (Halffter and Matthews 1971, Cambefort
1982). Thus, it is possible to see that species that feed on feces of herbi-
vores are necessarily more highly specialized than are species that feed
on other types of feces, thereby the feces of omnivores are more dis-
puted among dung beetle assemblages.

Dung beetles are generally opportunistic with respect to exploitation
of feces and thus utilize a wide variety of types (Hanski and Cambefort
1991). Thus, the partitioning of dung beetles into assemblages based on
trophic habits also depends on the capacity of the insect to detect and
select the different types of resources when available (Dormont et al.
2004). Feces texture and water content may also have an influence on
resource choice, because these factors affect desiccation rate and extent
of odor emission, the latter being an important aspect of resource local-
ization by beetles (Halffter and Edmonds 1982).

Competition—influenced by resource sharing, and promoting an
expansion and/or reduction of the species niches—for spatial and tempo-
ral resources plays a large role in population dynamics of dung beetles
(Hanski and Cambefort 1991). Dung beetles undergo complete metamor-
phosis, and the resource(s) utilized by larvae directly influence morphol-
ogy, size, and biomass of adults. These characteristics in turn exert an
influence on sexual selection and other life history processes (Kotiaho
2002, Cotter et al. 2008, Chamorro-Florescano and Favila 2009,
Hernandez et al. 2009, Simmons and Ridsdill-Smith 2011). Trophic gen-
eralists show a decreased tendency to compete for short-lived and/or
scarce food resources, preventing specialists from occupation of new habi-
tats where there are no specific foods available (Silva 2011).

The most abundant dung beetles species collected in this study have
previously been classified into different trophic guilds. D. furcatum and
D. morbillosum are generally considered as necrophagous (Falqueto
etal. 2005, Silva and Di Mare 2012), E. inflexus, D. sericeus, and D. fis-
sus as coprophagous (Huertas and Arias 2007, Campos and Hernandez
2013), and Co. saphirinus and Cantho. rutilans cyanescens as general-
ists (identified as Canthon latipes Blanchard, 1845 in the following
studies: Silva and Di Mare 2012, Campos and Hernandez 2013). This
suggests that D. furcatum and D. morbillosum were collected in feces
possibly because they are opportunists and/or due to the fact the resour-
ces they typically feed on were scarce. However, with this greater pref-
erence for feces from omnivorous mammals, the dung beetles
community is potentially structuring by competition for these resource
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(feces of C. thous and others omnivorous), unless there is sharing of
resources or, in the long term, contraction or expansion of their niches
to minimize competition.

Optimal foraging theory describes the calculations for ideal amount
of time spent, resource quality, and energy expenditure in the search for
food resources (MacArthur and Pianka 1966), including adjustment
strategies that improve foraging efficiency and reduce search time nec-
essary to meet dietary needs. This calculation considers the quantity of
biomass or calories, and the ease of manipulation and capture compared
with the amount of time spent foraging (Pianka 2008). Competitive
dynamics will certainly have an influence on the structuring of dung
beetle assemblages, where food preference is likely defined by the diet
of the different beetle species based on space—time availability of the
resource, and on possible changes in availability resulting in the use of
alternative resources in ephemeral conditions.

Coprophagy is predominant and well studied in both evolutionary
and ecological contexts, and dung beetle species are known to compete
for nesting and feeding resources. Regardless, there is a preference for
resources coming from generalist sources (omnivores), which have a
greater number of food items and are more nutritive compared with
other types studied. Feces are predicted to be a limiting resource and
may serve as structuring resources for dung beetle assemblages, partic-
ularly in scenarios of reduction in mammal fauna. Local loss of specific
mammal groups may have direct effects on dung beetle fauna, which in
turn may alter nutrient cycling processes and secondary dispersion of
seeds (Andresen 2002). In addition, the biological effects of reduction
in fauna may impact different environmental scales (e.g., local,
regional, ecosystemic, and global) and processes (e.g., behavioral/
physiological, ecological, and evolutionary) (Galetti and Dirzo 2013).

In conclusion, despite opportunism remaining common, dung bee-
tles seem to be more attracted to omnivorous mammalian feces than to
feces types from mammals of other trophic guilds. This perspective
suggests that loss of mammals (i.e., and their feces as a food resource)
may alter competitive interactions between dung beetles species and
may even cause local extinction of highly specialized species.
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