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ABSTRACT

The Pantanal is one of the world’s largest tropical wetland areas and harbors high
mammal biomass. There is no formal list of dung beetle species, and studies on
their functional roles have never being carried out in Pantanal. In this study, we
identified dung beetle species occurring in the north Pantanal region (Poconé sub-
region, Brazil) and studied their functional organization, by measuring morphological,
behavioral and phenological traits. We collected 25,278 individuals belonging to 17
genera and 35 species. We identified eight functional groups in the habitat: Noturnal
Telecoprids, Diurnal Telecoprids, Nesting Endocoprids, Small Nonrollers, Nocturnal
Nester Paracoprids, Big Nesters Paracoprids, Non Nesters Paracoprids and Diurnal
Nesters Paracoprids. The functional groups were defined mostly by two reproductive
traits and two niche differentiation traits related to the use of fecal resources. This high
diversification of both species and functional roles shows the importance of the group
in a habitat with strong variation in availability of habitat and resources.

Subjects Biodiversity, Ecology, Entomology, Zoology
Keywords Functional groups, Functional traits, Diversity, Guilds

INTRODUCTION

Understanding the role of a species in the environment has been a challenge to ecologists
for a long time. As trivial as it may seem, addressing the function of a species is not simple.
For most species, natural history and functional relationships are unknown and there
are few observational data addressing this issue. To solve this problem, ecologists use
characteristics of species that may represent or influence their function—their functional
traits. A functional trait is defined as any measurable characteristic (morphological,
biochemical, phenological, physiological or behavioral) that is measured at the individual
level and affects the individual’s fitness (Violle et al., 2007). In spite of its widespread use
in plant functional ecology (Perez-Harguindeguy et al., 2013), the use of traits in animal
functional ecology is less disseminated and is emphasized mostly in assembling processes
(Moretti et al., 2017).

Dung beetles, as an exception, are one of the groups where experiments with traits have
been carried out. For instance, size was observed in terms of how it affects the removal of
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feces (Slade et al., 2007), how it affects the secondary dispersal of seeds (Andresen, 2003),
and how it responds to soil structure (Davis, 1996). Horn size was observed in terms of
how it affects mating success and sexual selection (Emlen et al., 2005).

In historical dung beetle research there has been an interest in identifying the differences
between species that may represent different functional effects and responses. Several
authors have proposed and defined established guilds for this group analyzing different
aspects of behaviors and resource use. Halffter ¢» Mathews (1966) used nesting type to
characterize and define four groups. This classification used the behavioral differences
among species and provided the basis for proposing evolutionary relationships regarding
nesting behaviors. Another classification was proposed by Bornemissza (1969) and later
expanded by Doube (1990). This classification defined groups by their resource allocation
strategies (Bornemissza, 1969): telecoprid, paracoprid, endocoprid and cleptocoprid.
The telecoprids form dung balls that are rolled away, buried, and used for feeding and
reproduction. The paracoprids create underground chambers directly below the feces,
often built before the resource is brought down; and after being excavated they build
their nests using the feces above (Bornemissza, 1969). Unlike the other groups mentioned,
endocoprids and cleptocoprids do not displace or bury the resource (Doube, 1990);
instead, endocoprids use the resource directly, while the cleptocoprids are parasites of
dung balls or nests of paracoprids and telecocripds. Later, Doube (1990) included other
features for categorization, such as the time associated with the resource allocation and
size of individuals. Seven groups were then proposed: group 1—Ilarge telecoprids, group
2—small telecoprids, group 3—paracoprid fast diggers, group 4—large paracoprid slow
diggers, group 5—small paracoprid slow diggers, group 6—endocoprids, and group
7—cleptocoprids.

These divisions in groups based on natural history are interesting and allow for a rapid
functional analysis of community composition. However, this classification system is not
precise, essentially because the criteria for the categorization of groups are subjective;
there are no clear boundaries or limits for the real meaning of “fast and slow”, and no
biological reasoning for the boundary of 10 mm in “large and small” categories. In addition,
subjective definitions can change over time and according to the studied habitat. Moreover,
the majority of neotropical species are virtually unknown—both in terms of their natural
history and phylogenetic relationships—so phylogenetic generalizations, a common way
to address the functionality of species in neotropical studies, are made only from the
few species whose natural history is known. This is a serious problem, since the groups
proposed back in the 1990’s were based on African beetles (Doube, 1990) and do not have
the phylogenetic support on neotropical species (Vaz-de-Mello, 2007). Therefore, such
functional generalizations based on relatedness can place animals in the wrong groups,
which could lead to errors in functional analysis.

The interest in dung beetles and their role in the environment encouraged ecologists to
identify their functions. The functions of scarabeids in the ecosystem are extremely diverse,
including nutrient cycling, soil bioturbation, secondary dispersal of seeds, increased
incorporation of nitrogen in the soil, parasite removal, control of flies, trophic regulation
and pollination (Nichols et al., 2008). Because of their high local and regional diversity
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and their use of feces as a resource, they represent a bioindicator of mammalian diversity
(Halffter ¢ Mathews, 1966). Based on their rapid response to environmental changes
(Gardner et al., 2008a) and high efficacy in monitoring such changes (Gardner et al.,
2008b), these beetles are considered good bioindicators of environmental changes (g.e.
forest loss, fire disturbance). Thus, dung beetles may be a focal group to understand
environmental changes, especially in mammal-rich regions, because of the strong relations
between dung beetles and mammals.

Because of the high mammalian abundance in the Pantanal (Junk et al., 2006) studies
of diversity and functional behavior of dung beetles (Scarabeinae) may be particularly
interesting. The Pantanal preserves large herbivores species such as Tapirus terrestris
(Tapir) and Blastocerus dichotomius (Pantanal Deer), as well as large carnivore species such
as Panthera onca (Jaguar), Puma concolor (Puma) (Alho, Camargo ¢ Fischer, 2011). Also
present are large numbers of domestic cattle and other introduced species such as Sus scrofa
(a feral form known as porco Monteiro) and Bubalus bubalis (Water buffalo) (Mourdo et
al., 2002). Therefore, the high production of feces in this region and the seasonality imposed
by the flood pulse, increases the importance of knowing the effects of dung beetles in feces
removal. However, despite the high diversity of the scarabeids, few studies on the Pantanal
can be found (Aidar et al., 2000; Lopes, 2000; Silva et al, 2005; Louzada, Lopes ¢ Vaz-de
Mello, 2007; Tissiani, 2009; Rodrigues et al., 2010). Upon consulting the Entomological
Collection of the Federal University of Mato Grosso and collections made in other regions,
more than 70 species were found (MB Pessoa and FZ Vaz-de-Mello, pers. comm., 2011),
but no comprehensive list of beetle species in the Pantanal has been published.

The use of traits to determine functional groups provides important insights into the
response of a community to disturbances or habitat changes (Barragdn et al., 2011; Braga et
al., 2013). Thus, analysis of morphological traits associated with functional characteristics
of the species is an extremely useful tool to understand functional diversity, to propose
new groups, or to allow the analysis of the existing groups in different biogeographical
regions, under different ecological and evolutionary pressures. In this study, we carried
out an inventory on dung beetles of the Pantanal region and used their morphological,
behavioral, and phenological traits to identify and propose a classification of functional
groups to which they belong.

MATERIAL AND METHODS
Study area

The study was conducted in the Pantanal of Poconé, Mato Grosso, in an area located
between the Bento Gomes River and the Base of Advanced Studies of the Federal University
of Mato Grosso, on the property of the SESC Pantanal, near the Cuiabd River (Fig. 1).
The Brazilian Pantanal consists of vast wetlands formed by the Paraguay River
floodplain and its tributaries (Mercante, Rodrigues ¢» Ross, 2011). Wetlands are composed
of heterogeneous associations of land and flooded areas and/or floodplains. These areas
are responsible for a range of ecosystem services such as provisioning food and water,
regulating climate and hydrological cycles, supporting biodiversity, soil formation, and
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Figure 1 Geographical location of the localities where the beetles were collected for this study, Pan-
tanal, Mato Grosso, Brazil. Circles represent Area 1, Concei¢ao Farm. Squares represent Area 2, Alvo-
rada Farm, and Triangles represent Area 3 in RPPN SESC Pantanal. Samples were collected between the
months of August/2011 and May/2012.

Full-size Bl DOI: 10.7717/peerj.3978/fig-1

nutrient cycling (Millennium Ecosystem Assessment, 2005). Because of its environmental
heterogeneity, the Pantanal is divided into sub-regions (Silva & Abdon, 1998) based on
topography, flooding, soil type, and vegetation. The Poconé sub-region represents 11.63%
of the Pantanal area, and 52% of that sub-region is characterized as savanna, although
woody savannas, grassy-woody savannas, grasslands and pioneer forested formations
can also be found (Abdon & Silva, 2006). Floodplains in the Poconé sub-region can be
categorized into three zones according to flood intensity: low intensity, with water depths
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of up to 0.5 m; medium intensity, about 0.5 to 1 m; and high intensity, greater than 1 m
(Abdon ¢ Silva, 2006).

For sampling, three large areas were defined, representing the major diversity of flooding
and habitat types in the region:

Area 1: Concei¢do Farm (16°19'50”S, 56°30'19”W), harbors “murunduns” fields and
“cordilheira vegetations” within a savanna vegetation matrix (Nunes da Cunha & Junk,
2009). This is an area with lower intensity of flooding.

Area 2: Alvorada Farm (16°26'54”S, 56°24'45”W), characterized by dry forest with
monodominant formation of Callisthene fasciculata (Mart.) Spreng. (Nunes da Cunha ¢
Junk, 2009). It is an area of median (intermediate) intensity of flooding.

Area 3: Baia das Pedras (16°30'11”, 56°24'05"W), is characterized by semi-deciduous
forest (Nunes da Cunha ¢ Junk, 2009). It is the area with the highest intensity of flooding.
Both Concei¢ao and Alvorada farms have livestock grazing.

Data collection

In each area, 20 baited pitfall traps were placed 50 m apart. Traps consisted of a 1 L plastic
receptacle, with an opening of 14 cm, baited with 50 g of human feces suspended directly
above the pitfall with wire and a 50 ml plastic container. The traps remained at the sites
for 48 h (Larsen & Forsyth, 2005). Samples were collected during all seasons, including
dry (22 to 26/VI1/2011), flood (16 to 23/X1/2011), full (30/111/2012 to 03/IV/2012), and
draining (14 to 23/V/2012). To assess the level of specificity in food preferences, five
points in each area were selected at random. At these points baited traps were used with
50 g of human feces and 50 g of rotting bovine spleen as bait. For controls we used
data from collections without baits which were available in a previous study in the same
area (Carneiro, 2012). Vouchers were deposited at the Entomology Section, Zoological
Collection of the Biosciences Institute, Federal University of Mato Grosso (CEMT—curator
FZVM). Field experiments were approved by the Instituto Chico Mendes de Conservagao
da Biodiversidade (ICMBIO)—Sistema de Autorizagdo e Informagdo de Biodiversidade
(SISBIO) 16823-1.

Functional traits

Whenever possible, thirty individuals of each species were measured to obtain the following
functional traits:

Physical Traits (Fig. 2):

(A) Size: size was defined by adding pronotal and elytra lengths to minimize variation that
might occur when taking head and pigydium into account. An individual’s size impacts
the amount of feces it allocates, and is a proxy for the amount of resources consumed
at the larval stage for his development (Andresen, 2003; Emlen et al., 2005).

(B) Prothorax height: since the muscles of the forelegs are located in this region, individuals
with greater prothorax height should have more muscle mass, suggesting a greater ability
to dig (Pringle, 1939; Vilhelmsen, Miko ¢ Krogmann, 2010).

(C) Area of the anterior tibia: We assume that an individual with the largest tibial area has
more muscle capacity and consequently greater ability to dig, implying a greater ability
to remove material (Halffter ¢» Mathews, 1966).
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Figure 2 Dung beetle morphological functional trait measurements. In (A) size is measured as the sum
of pronotum and elytra length. (B) Prothorax height. (C) Anterior tibiae area. (D) Wing load, measured as
the ratio between wing area and size. (E) Mesotibia ratio, measured as the ratio of tibial apical width and
mesotibia length.

Full-size Gl DOI: 10.7717/peer;j.3978/fig-2

(D) Wing load: measured by the ratio of wing area and the size/length. Based on such
metric, the dispersal capability of the individual can be inferred, a higher ratio implies
less effort to sustain flight. We assume that individuals with greater dispersal capability
can better colonize (or recolonize) an environment (Byrne, Buchmann ¢ Spangler,
1988; Dudley, 2002; Hongo, 2010).

(E) Mesotibia ratio: ratio of apical middle tibia width to middle tibia length. This ratio
apparently separates species with rolling behavior from those having digging habits.
Rolling species are usually characterized by thin tibia, while digging species have
broad tibia. Species lacking these behavioral patterns can have both types of tibias (FZ
Vaz-de-Mello, pers. comm., 2011).

Pessoba et al. (2017), PeerJ, DOI 10.7717/peerj.3978 6/19


https://peerj.com
https://doi.org/10.7717/peerj.3978/fig-2
http://dx.doi.org/10.7717/peerj.3978

Peer

Excluding generalism, behavioral traits were measured in binary form based on the presence
(1) or absence (0) of the behavior. Except for generalism, all behaviors described here were
defined by consulting literature and phylogenetic approaches. These generalizations were
also made with great care, and only for behavioral characteristics. We did not use them to
define a priori the functional groups, a practice that we previously criticized.

(A) Generalism in food preferences: species that use more than one resource should be
subjected to less direct competition in unstable environments. This trait was defined
by the nonstandardized method of Levin‘s niche breadth (Krebs, 1989). This index
can discriminate among species that use a number of different resources, because the
greater the width of the niche the greater the generalist capacity of the species (Falqueto,
Vaz-de-Mello ¢ Schoereder, 2005). There were no categorization of the trait.

(B) Horizontal displacement: horizontal displacement behavior involves moving the
resource to be used away from its source. This displacement activity differs from
excavation, and it allows the beetle to reduce the intensity of competition by moving a
resource in the form of a ball away from the fecal deposit (Halffter ¢~ Mathews, 1966).

(C) Nest building: some species of dung beetles show complex parental care, making it
possible for larvae to develop in otherwise unstable environments (Halffter ¢~ Mathews,
1982).

(D) Ball or pear-shaped nest: when building the nest, some species create ball or pear-shaped
structures for larvae development, creating a more favorable environment (Halffter ¢
Mathews, 1982).

Phenological trait: phenological traits were obtained from literature, classified as nocturnal,
diurnal or mixed.

(A) Daily Activity: temporal variation is considered a mechanism of ecological segregation
between potentially competing species (Feer ¢ Pincebourde, 20055 Herndndez, 2002).

Functional categorization

We calculated the dissimilarity of the measured traits among studied species using the
Gower index. To determine the functional categories, we used a non-hierarchical K-Means
clustering method. The k-Means method produces different “k” sets with the highest
distinction possible between them. This method is used to determine a priori the number
of groups to be found. To determine this number, we used randomizations of 100 initial
group numbers, and to define the best partition we used Calinski’s criteria (Calinski ¢»
Harabasz, 1974). These criteria define the partitions/divisions as groups that had less
variation between the species that comprise the same group (within group variation) than
the variation between groups (Calinski ¢ Harabasz, 1974). Each partition that was obtained
was considered as a functional group.

RESULTS

Species composition

We collected 25,278 individuals (Table 1) belonging to 17 genera and 35 species. The five
most abundant species were Canthidium cuprinum (39.90%), Ontherus sulcator (14.24%),
Canthidium barbacenicum (8.88%), Ateuchus sp. (6.46%) and Uroxys aff. corporaali (6.31%),
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Table 1 Individuals of Scarabaeinae subfamily beetles collected in three different areas of Pantanal subregion of Poconé, Mato Grosso, Brazil.

Species Areal Area2 Area3 Total
FL NF FL NF FL NF
Anisocanthon aff. villosus (Harold, 1868) - - - - 4 - 4
Ateuchus carbonarius (Harold, 1868) 81 479 - - - - 560
Ateuchus sp.1 117 972 224 39 89 162 1,603
Canthidium viride (Lucas, 1859) 44 100 1 1 - - 146
Canthidium barbacenicum Preudhomme de Borre, 1886 277 1,839 8 2 75 26 2,227
Canthidium cuprinum Harold, 1867 39 90 743 149 2,161 4,243 7,425
Canthidium sp.2 - - 30 5 - - 35
Canthidium sp.3 - 1 - - - - 1
Canthon histrio (LePeletier de Saint-Fargeau & Audinet- 88 94 7 9 2 — 200
Serville, 1828)
Canthon lituratus (Germar, 1813) 12 68 = = 1 1 82
Canthon maldonadoi Martinez, 1951 3 - - 4 1 11 19
Canthon curvodilatatus Schmidt, 1922 10 8 3 4 2 32
Canthon aff. ornatus Redtenbacher, 1868 - 1 - - - - 1
Canthon quinquemaculatus Castelnau, 1840 - - 53 38 187 247 525
Canthon daguerrei Martinez, 1951 229 2 607 652 1 4 1,495
Coprophanaeus bonariensis (Gory, 1844) - 3 - - - - 3
Coprophanaeus milon (Blanchard, 1846) - 6 7 15 - - 28
Deltochilum elongatum Felsche, 1907 12 1 - - - - 13
Dichotomius bos (Blanchard, 1846) 59 203 13 26 1 - 302
Dichotomius lycas (Felsche, 1901) 5 36 - - - - 41
Dichotomius nisus (Olivier, 1789) 92 90 1 4 — — 187
Dichotomius opacipennis (Luederwaldt, 1931) 24 253 - - - - 277
Digitonthophagus sp. (Fabricius, 1787) 4 - - 5 - - 9
Eurysternus caribaeus (Herbst, 1789) 3 31 121 93 338 846 1,432
Eurysternus nigrovirens Génier, 2009 - - 1 1 53 301 356
Genieridium cryptops (Arrow, 1913) 1 33 - - - - 34
Gromphas inermis Harold, 1869 - - - 1 - - 1
Malagoniella aff. astyanax (Olivier, 1789) 10 133 - 1 1 - 145
Ontherus appendiculatus (Mannerheim, 1829) 134 661 30 61 - 8 894
Ontherus digitatus Harold, 1868 1 30 = 1 = = 32
Ontherus sulcator (Fabricius, 1775) 9 30 749 1018 519 1,254 3,579
Onthophagus aff. hirculus Mannerheim, 1829 58 230 90 180 29 36 623
Trichillidium quadridens (Arrow, 1932) 72 169 93 78 127 424 963
Trichillum externepunctatum Preudhomme de Borre, 1880 86 8 2 5 = = 101
Uroxys aff. corporaali Balthasar, 1940 31 1,491 26 16 7 5 1,576
Notes.

FL, floodable environment; NF, nonfloodable environment; Area 1, Concei¢do Farm; Area 2, Alvorada Farm; Area 3, RPPN SESC Pantanal Baia das Pedras.
Collected between August 2011 and May 2012.
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Table2 The two groups of first partition/division were formed by k-means composed from 100 random partitions/divisions, using the Gower
dissimilarity index, with an a posteriori analysis of the groups for a community of dung beetles (Coleoptera: Scarabaeinae) collected in the Pan-
tanal subregion of Poconé, Mato Grosso, Brazil.

Group Group characteristics Species
A Diurnal-mixed activity, make ball/pear-shaped nest, when Anisocanthon aff. villosus, Deltochilum elongatum,
nocturnal displaces horizontally the resource Malagoniella aff. astynanax, Eurysternus caribaeus,

Eurysternus nigrovirens, Canthon daguerrei, Canthon
histrio, Canthon lituratus, Canthon maldonadoi,
Canthon curvodilatatus, Canthon aff. ornatus, Canthon
quinquemaculatus, Canthidium viride, Canthidium
barbacenicum, Canthidium cuprinum, Canthidium sp.2,
Canthidium sp.3, Gromphas inermis, Coprophanaeus

bonariensis
B Nocturnal-mixed activity, does not make ball/pear-shaped Coprophanaeus milon, Ontherus appendiculatus, Ontherus
nest, when making a ball/pear-shaped nest, it does not digitatus, Ontherus sulcator, Ateuchus carbonarius, Ateuchus
displace horizontally to the resource sp.1, Genieridium cryptops, Onthophagus aff. hirculus,

Trichillidium quadridens, Trichillum externepunctatum,
Uroxys aff. corporaali, Dichotomius bos, Dichotomius
lycas, Dichotomius nisus, Dichotomius opacipennis,
Digitonthophagus sp.

which together accounted for 65.78% of the total sample. In Area 1, the most abundant
species were C. barbacenicum (24.63%), U. aff. corporaali (17.79%), Ateuchus sp. (12.92%),
Ontherus appendiculatus (23.9%) and Ateuchus carbonarius (6.58%), which accounted
for 71.15% of the total sample. In Area 2, the most abundant species were O. sulcator
(33.58%), Canthon daguerrei (23.88%), and Canthidium cuprinum (17.86%), which
together accounted for 75.32% of the total sample. In Area 3, the most abundant species
were Canthidium cuprinum (57.33%), O. sulcator (15.71%), and Eurysternus caribaeus
(10.77%), which together represented 83.81% of the sample.

Functional categorization
By analyzing the partitions/divisions obtained by randomizations we obtained two
partitions/divisions of interest. The first partition/division consists of two functional
groups (Table 2) and the second consists of eight functional groups (Fig. 3). The first
partition/division is formed by a group of species which forms a ball or pear-shaped nest,
have mainly diurnal activity and, when nocturnal, present horizontal displacement of dung
behavior. The second group is comprised of species that do not form a ball or pear-shaped
nest, and have nocturnal or mixed activity.

The second partition/division separated eight different groups and was characterized as
follows:

Group 1—Nocturnal telecoprids: species that move the resource horizontally and are
nocturnal. Species in this group are Anisocanthon aff. vilosus, Deltochilum elongatum,
and Malagoniella aff. astynanax.

Group 2—Diurnal telecoprids: Diurnal species that move the resource horizontally.
Species in this group are Canthon daguerrei, Ca. histrio, Ca. lituratus, Ca. maldonadoi,
Ca. curvodilatatus, Ca. ornatus, and Ca. quinquemaculatus.
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Figure 3 Ordination of dung beetle species (Coleoptera; Scarabaeinae), collected in the sub-region
Poconé, Pantanal, Mato Grosso, Brazil, by PCoA with Gower dissimilarity index using the functional
matrix, where the colors and the symbols represent the groups identified by the k-means. Colors repre-
sent the groups of the first partition/division, where the color black represents group A; the color red rep-
resents group B. Symbols represent the groups of the second partition, where: hollow diamond = group 1,
asterisk = group 2, filled square = group 3, hollow triangle = group 4, filled triangle = group 5, x circle =
group 6, filled diamond = group 7 and cross circle = group 8.

Full-size &4 DOI: 10.7717/peer;j.3978/fig-3

Group 3—Nesting endocoprids: species that do not displace the resource horizontally,
do build ball or pear-shaped nest, are smaller than 15 mm, and can be diurnal and
nocturnal. Species in this group are Eurysternus caribaeus and E. nigrovirens.

Group 4—Small non-rollers: species that do not displace the resource horizontally, do
not build ball or pear-shaped nest and are smaller than 6 mm. Species in this group
are Ateuchus carbonarius, A. sp.1, Genieridium cryptops, Onthophagus aff. hirculus,
Trichillidium quadridens, Trichillum externepunctatum, and Uroxys aff. corporaali.
Group 5— Nocturnal nesting paracoprids: species that do not horizontally displace the
resource, do build a ball or pear-shaped nest, are smaller than 15 mm, and are nocturnal.
Species in this group are Ontherus appendiculatus, O. digitatus, and O. sulcator.

Group 6—Large nesting paracoprids: species that do not displace the resource
horizontally, do build ball or pear-shaped nest, and are larger than 15 mm. This
group consists of Coprophanaeus bonariensis and Co. milon.

Group 7—Non-nesting paracoprids: species larger than 6 mm that do not displace the
resource horizontally and do not build ball or pear-shaped nest. Species in this group
are Dichotomius bos, D. lycas, D. nisus, D. opacipennis, and Digitonthophagus sp.
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Group 8—Diurnal nesting paracoprids: species that do not displace the resource
horizontally, do build ball or pear-shaped nest, are smaller than 15 mm, and are diurnal.
Species in this group are Canthidium viride, C. barbacenicum, including C. cuprinum C.
sp.2 C. sp.3, and Gromphas inermis.

DISCUSSION

Composition remarks on Pantanal dung beetles

Among the species found in common with other studies, D. bos, D. nisus, and Ca. lituratus
were collected in flooded environments (Silva et al, 2005; Rodrigues et al., 2010), and

C. barbacenicum was found in dry areas (Louzada, Lopes ¢ Vaz-de Mello, 2007; Rodrigues
et al., 2010; Lopes, 2000). Trichillum externepunctatum was found in both flooded (Lopes,
2000) and dry areas (Louzada, Lopes ¢ Vaz-de Mello, 2007; Rodrigues et al., 2010). We
emphasize the presence, even relatively rare, of Digitonthophagus sp. in the study area. This
is an invasive species introduced to Brazil in order to control the incidence of horn flies
(Miranda, Nascimento ¢ Bianchin, 1990).

Eurysternus caribaeus, Ateuchus sp., O. aff. hirculus, C. barbacenicum, C. cuprinum, O.
sulcator and T. quadridens occurred in all studied areas. Dichotomius bos and D. nisus are
species commonly found in grasslands and savannas (Louzada, Lopes & Vaz-de Mello, 2007)
and in this study both occurred in savanna and dry forest. Trichillum externepuncatatum and
O. appendiculatus occur throughout most of South America (Vaz-de-Mello, 2008; Génier,
1996) and were abundant in all three sampled areas. The genus Canthon Hoffmansegg,
1817 is comprised of several species and is only found in the New World. Most of the
species are Neotropical (Vaz-de-Mello, 1999). Of note is the first record of O. digitatus in
the Pantanal.

Although most of the species that we found have a wide distribution (data from Edmonds,
1994; Génier, 1996; Louzada, Lopes & Vaz-de Mello, 2007; Vaz-de-Mello, 2008; Génier, 2009;
Edmonds & Zidek, 2010), the community of Pantanal dung beetles is composed mainly of
species that occur in the Chaco and the Cerrado biogeographical provinces, and are usually
the most common species in such provinces. This result contrasts with the biogeographical
regionalization of South America proposed by Morrone (2001) who pointed out that the
Pantanal is a province of the Amazonian subregion. Since the Pantanal is a relatively new
formation and floods in the area impose a possible restriction for these beetles, the area is
mostly colonized by species from nearby areas. Indeed, the areas that surround the Pantanal
are mostly Cerrado and Chaco, with some subregions of the Pantanal with Amazonian and
Atlantic Forest influences (Abdon ¢ Silva, 2006).

Functional biodiversity of Pantanal dung beetles
The characterization of dung beetles in two functional classifications represent the high
redundancy found in this group, since the sub-family is mostly dung generalist, but it also
shows that their functional biodiversity can be analyzed with more precision, reflecting the
diversity of dung manipulation of these beetles.

In our functional classification, the two partitions/divisions proved robust and consistent
classifications, since only one group from the second partition/division (large nesting
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paracoprids) was divided in the first classification. Coprophanaeus bonariensis and C. milon
are crepuscular, but since the collection of C. bonariensis in mistnets for bird capture
(FZ Vaz-de-Mello, pers. comm., 2011) occurred only in the daytime, we categorize this
species as diurnal. In the first partition/division proposed here, the period of activity is
an important feature in the separation of the groups. The influence of activity period and
formation of ball or pear-shaped nest were also determinants in the first classification.

Parental care in dung beetles is a feature that is linked to adaptive and evolutionary
success (Halffter & Edmonds, 1982). This behavior is clear by the care taken in nest building
and the preparation of fecal mass (Halffter ¢ Edmonds, 1982). Thus, in the first partition, it
is evident that the nest, more specifically the type of nest built, is a functionally important
characteristic that divides the community into two groups, together with the period of
activity. Given the ephemeral resource used by these beetles, the intense competition
apparently contributed to the evolution of the flight behavior of beetles, where each
species flies for a limited, and often different, time of day (Caveney, Scholtz ¢ Mcintyre,
1995). Thus, the temporal segregation of the community is an important factor for the
coexistence of species of beetles and is mainly directed by interspecific competition (Feer
& Pincebourde, 2005).

This classification into two groups, A and B, described above, is intriguing because
of its phylogenetic determination, as only the genus Coprophanaeus is divided between
the two groups. This genus is represented in this work by two species that were included
in a recent review, being divided into two different subgenera (Edmonds ¢ Zidek, 2010).
Coprophanaeus bonariensis is inserted into the subgenus Megaphanaeus Olsoufieff, 1924,
and C. milon is inserted into the subgenus Coprophanaeus Olsoufieff, 1924 (Edmonds ¢
Zidek, 2010). Therefore, this classification is highly probable.

In the second partition/division, which forms eight groups, the classification seems
to be an intermediate proposition between the classifications proposed by Doube (1990)
and Halffter & Mathews (1966), although we did not employ the same traits used by these
authors. Doube did not consider attributes of burrowing; and nesting, which was very well
detailed by Halffter ¢ Mathews (1966), was less detailed by the lack of available information.
It is interesting to note that the period of activity and size are traits that functionally define
the community as well, and demonstrate the clear division of functions between diurnal
and nocturnal species (Krell et al., 2003).

Two traits are related to reproductive success, and two traits are related to niche
differentiation. Both cases can be attributed to competition for scarce resources (Simmnions
& Ridsdill-Smith, 2011). The traits used and the groups created in the second partition
allow us to functionally analyze the community, and suggest the presence of phylogenetic
inertia since the grouping conserved the taxonomic classfication. However, this inertia
is somehow expected, considering that the same morphological traits that functionally
influence the community are used in phylogenetic studies.

Ecologically, the groups show significant relationships. Six of the eight groups (group
3,4, 5, 6,7 and 8) do not exhibit horizontal displacement behavior. Two of these groups
(group 3 and 4) are fully or partially comprised of endocoprids (Vaz-de-Mello, 2008;
Génier, 2009), exploring resources directly at the source. Therefore, half of the groups
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dig and bury the resource close to the source. This fact is relevant since in the absence
of large paracoprid individuals there is an approximate 75% reduction in the removal of
feces (Slade et al., 2007), largely affecting the functional role of the community. Thus, the
diversity of groups that possess digging behavior may be an important feature of dung
beetle communities to maintain this functional role. This can be observed by the high
abundance of the other groups (5, 7 and 8) in the absence of group 6. Group 6, consists of
species with larger individuals and is less abundant than the groups with species consisting
of smaller individuals, thus being more susceptible to extinction (Larsen, Lopera ¢» Forsyth,
2008). Larger individuals require a greater amount of resources to develop. As such, they are
more susceptible to conditions that might change resource availability. This is important
in a region where during the flooding cycles, availability of feces areas is restricted to dry
areas diminishing the availability of resources and presenting a constraint for larger species.
In all areas the groups with small individuals (group 5, 7 and 8) have higher abundance,
compensating for services provided by other groups. This compensation is dependent
on the degree of isolation of communities and environmental quality (Larsen, Lopera ¢
Forsyth, 2008).

Although speculative, our data suggest that flood-pulse may affect dung beetle
community dynamics, since a group is present only in the area with lower flooding
and there is a simplification of communities in areas with higher flooding. The intensity
of flooding may be a factor for further studies involving dung beetles, since it may affect
the availability of resources on non-flooded areas and consequently alter the competitive
interactions. In another way, the flooded areas may experience constant recolonization.
During floods, non-flooded areas act as islands providing refuge to mammals (Alho,
Camargo ¢ Fischer, 2011). We imagine two possible scenarios: more accessible islands may
have an increase in the density of resources for dung beetles and diminsh competition
among dung beetles, whereas less-accessible islands may see a reduction in density of
resources which would increase the competition. These different scenarios may present
constraints for different functional traits altering the functional space of dung beetle
community. Consequently studies on flooding and assembly rules are interesting topics
to address in future functional studies. We highlight that the classification proposed here
does not use any subjective criteria for functional classifications and we suggest increasing
the number of species to further analyze the functional grouping of dung beetles.
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