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ABSTRACT
Scarabaeinae specimens were collected with the use of pitfall traps baited with human excrement, rotten
meat and rotting banana, between May 2009 and April 2010, in three forest fragments in Santa Maria,
Rio Grande do Sul, Brazil: ‘Morro do Elefante’ (MOEL), ‘Morro do Cerrito’ (MOCE) and ‘Campus da
Universidade Federal de Santa Maria’ (UFSM). A total of 19,699 individuals belonging to 33 species were
collected. Canthidium aff. trinodosum Boheman, 1858, Canthon latipes Blanchard, 1845, Dichotomius
assifer (Eschscholtz 1822), Eurysternus caribaeus (Herbst 1789), Canthidium sp. and Canthon lividus
Blanchard, 1845, were the most abundant species. MOEL showed the greatest richness, MOCE the greatest
abundance, while UFSM showed the lowest values of richness and abundance. The greatest similarity
(qualitative and quantitative) was found between MOEL and MOCE, while the lowest occurred between
MOCE and UFSM. Only 51% of the species were common to all three fragments. The richness and
abundance of Scarabaeinae were positively correlated with the air temperature. The richness of the fragment

decreased according to the smaller size and the greater degree of disturbance of vegetation structure.

Key words: Atlantic forest, dung beetles, Southern Brazil, species richness, temporal distribution.

INTRODUCTION

Human action has caused the reduction and loss
of biodiversity (Favila and Halffter 1997, Medri
and Lopes 2001, Halffter 2005, Verdu et al. 2007)
because of habitats transformation, fragmentation
and loss, the so-called ‘erosion of biodiversity’
(Marques et al. 2002). In Brazil, this action is more
evident in the alteration and the decline of its forests
(Fearnside 2005, Tabarelli et al. 2005), which retain

Correspondence to: Pedro Giovani da Silva
E-mail: pedrogiovanidasilva@yahoo.com.br

most of the Brazilian biodiversity (Costa et al.
2000, Myers et al. 2000, Costa et al. 2005, Giulietti
et al. 2005, Mittermeier et al. 2005).

In Neotropical forests, the monitoring of
these alterations has been investigated by using
bioindicators (Brown-Jr. 1991, 1997, Halffter and
Favila 1993, Favila and Halffter 1997, Brown-
Jr. and Freitas 2000, Gardner et al. 2008). Among
these, Scarabaeinae (Coleoptera: Scarabaeidae) has
received special attention (Spector 2006) due to
its strong relationship with the forest environment
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and mammals that live in these forests (Gill 1991,
Halffter 1991) and because it has the necessary
characteristics for this purpose (Favila and Halffter
1997, Spector 2006).

There are approximately 7,000 species of
Scarabaeinae worldwide (Schoolmeesters et al.
2010), and the greatest diversity is concentrated in
tropical forests and savannahs, forming a functionally
and taxonomically well-defined community (Halffter
and Edmonds 1982, Hanski and Cambefort 1991).
In Brazil, these beetles are known as ‘rola-bostas’
because they make, roll and bury small portions
of the ball-shaped food that serves as a substrate
to lay their eggs and as food to the larvae (Halffter
and Matthews 1966, Hanski and Cambefort 1991,
Simmons and Ridsdill-Smith 2011).

The dung beetles
promote the removal from and re-entry of organic

are detritivorous and

matter in the soil where they feed themselves in
the nutrients’ cycle (Halffter and Matthews 1966,
Hanski and Cambefort 1991). Hence, they help
clean the environment, and maintain and regulate
the edaphic physical-chemical proprieties by
burrowing, thus furnishing the soil with better
aeration and hydration, as well as incorporating
nutrients contained in dung, fruits and animal
carcasses buried within the galleries (Halffter
and Matthews 1966, Halffter and Edmonds 1982,
Hanski and Cambefort 1991, Nichols et al. 2008).

Currently, Scarabaeinae beetles have been
used in some countries (e.g. Australia, Brazil,
Chile and the USA) for the control of bovine
parasites (Waterhouse 1974, Bornemissza 1976,
Flechtmann and Rodrigues 1995, Koller et al.
2007). The group has also been employed as an
environmental indicator (Halffter and Favila
1993, Spector and Forsyth 1998, Davis et al. 1999,
2001, 2004, McGeoch et al. 2002, Spector 2006,
Nichols et al. 2007, 2008), once these insects
are very sensitive to changes in the ecosystem
(Halffter and Favila 1993, McGeoch et al. 2002,
Andresen 2003, Spector and Ayzama 2003, Larsen
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and Forsyth 2005, Gardner et al. 2008) and may
respond differently to these changes, altering their
abundance, richness and species composition.

Factors such as vegetation cover, vegetation
type, fragmentation, habitat loss, physical structure
and altitude of ecosystem, as well as human
activity, influence the assembly of Scarabaeinae in
different environments (Davis et al. 1999, Halffter
and Arellano 2002, Escobar et al. 2007). Thus,
many species are adapted to a particular type of
habitat or food resource (Davis 1996), and human
interference, which tends to alter the ecosystem,
causes a major change in the assemblies, and may
influence on the rareness and local loss of species
(Davis and Philips 2005).

In Rio Grande do Sul there are two distinct
biomes (Atlantic forest in the northern and the
Pampa in the southern) and they have suffered
great losses in area along decades because of the
transformation of their respective ecosystems
— forest and grassland (Bencke 2009, Instituto
Brasileiro de Geografia e Estatistica, 2009,
Cordeiro and Hasenack 2009, Roesch et al. 2009).
Contrastingly, in many regions of Rio Grande do
Sul the data about most of invertebrates are still
considered scarce (Bencke 2009, Roesch et al.
2009), even though there are reports about the high
number of endemic species that dependent of one
or both biomes, and about the present conditions of
degradation of these biomes (Bilenca and Mifiarro
2004, Bencke 2009, Overbeck et al. 2009, Roesch
et al. 2009, Inventario Florestal Continuo 2010).

Despite of the fact that invertebrates are
mostly constituted by the biodiversity of terrestrial
ecosystems, and are also important links in the
trophic chain, the knowledge about Scarabaeinae
is scarce in Rio Grande do Sul, being Lepidoptera
and Hymenoptera the most in-depth species studied
(Bencke 2009). Studies on beetles are still incipient
in Rio Grande do Sul (see Audino et al. 2007,
Moura 2003, 2007), and within the order, only
Cerambycidae and Chrysomelidae have been well
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investigated (Moura 2003). Recently, Scarabacinae
has been the focus of studies in extreme south
Brazil (Silva et al. 2008, 2009, Audino et al. 2011,
Silva 2011), covering the ‘Campanha’ region of Rio
Grande do Sul, within the Pampa biome. As well as
many regions of Brazil, the state still needs further
surveying and the data on the species derive mostly
from old-fashioned literature and taxonomic studies
of material in museums (Vaz-de-Mello 2000).

Therefore, this study aims at determining
whether the Scarabaeinae assemblies are different
in forest fragments with different levels of
disturbance in Santa Maria, Rio Grande do Sul,
Brazil. The temporal distribution of Scarabaeinae
was correlated with climate variables in order to
find possible links between them.

MATERIALS AND METHODS
STUDY AREA

The municipality of Santa Maria is located in the
central portion of Rio Grande do Sul, with its
major part within the domain of the Pampa biome
and the northern part belonging to the Atlantic
Forest biome (Marchiori 2009, Instituto Brasileiro
de Geografia e Estatistica 2010). The climate in
Santa Maria is subtropical rainy and warm, Cfa
according to the classification of K&ppen-Geiger
(Pell et al. 2007) in which the average annual
precipitation is 1,700 mm and the average annual
air temperature is 19°C (Instituto Nacional de
Meteorologia 2010). Most of the municipality is
constituted of grassland lowlands and the forest
vegetation is restricted to watercourses and
hillsides, the latter belonging to the Deciduous
Forest of the ‘Fralda da Serra Geral’ (Pereira et
al. 1989). The municipality is in the transition
zone between ‘Depressdo Central’ and ‘Planalto
Meridional Brasileiro’, with altitudes ranging
from 40 to 500 m above sea level. According
to the Continuous Forest Inventory (Inventario
Florestal Continuo 2010), the city is located in

an area of ecological tension, and is an important
environment that is a receptor of species from
both biomes within Rio Grande do Sul.

In order to conduct the study, three different
non-contiguous forest habitats were chosen for
the collection of Scarabaeinae beetles: a forest
with highly preserved vegetation, a forest with
intermediate level of alteration and a forest with
intensive anthropogenic interference, with mass
plantation of exotic trees. The main criterion for
choosing the areas was the degree of internal and
surrounding disturbance (transformation) of the
forest for diverse purposes.

‘Morro do Elefante’ (MOEL). Located near
the former primary school ‘Cidade dos Meninos’
(29°40°33”S, 53°43°14”W), it is a non-isolated
remnant of the Seasonal Deciduous Forest of the
escarpment of ‘Planalto Médio Riograndense’ or
‘Fralda da Serra Geral’ (Machado and Longhi
1990). At the base of its southern face, there are
small areas within the forest cultivated with Pinus
sp., Eucalyptus sp. and Citrus sp., and the cutting
of trees in some properties, which are currently
going through a process of regeneration. The total
area of this forest fragment is around 729.3 ha
even though a major part is in an area of difficult
access, where the inclination is superior to 45°.
The average altitude is 249 m (maximum of 465
m) and within the forest there are some trails and
clearings. The surrounding of the fragment is
largely composed (at north and northwest) by a
chain of other hills with similar forest vegetation,
and other areas with farms with livestock and
crops. It will be treated as forest area with a high
level of preservation.

‘Morro do Cerrito’ (MOCE). Located at ‘Centro
Marista de Eventos’ (29°42°07”’S, 53°47°08”W), it
is an isolated remnant of Deciduous Forest of ‘Serra
Geral’ and is part of ‘Depressdo Central’ of Rio
Grande do Sul (Pereira et al. 1989). Its approximate
area is 141.5 ha, the average elevation is 169 m,
with intermediate level of transformation of its
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forest vegetation into fields, and residences. The
number of neighbor fragments normally composed
by native vegetation is high, but the mean distance
among them is large, causing MOCE to become
increasingly isolated. It will be treated as forest
area with intermediate level of preservation.

‘Campus da Universidade Federal de Santa
Maria’ (UFSM). It is a forest area with high level of
disturbance (29°43°27”S, 53°43°29”W), currently
constituted of a forest fragment with secondary
native vegetation in the understory, the border and
in smaller contiguous fragments, as well as mixed
plantations of Pinus spp. and Eucalyptus spp. in the
surrounding (Dambros et al. 2004, Madruga et al.
2007). The area size is approximately 35.2 ha, the
average altitude is 95 m and there are buildings,
grassland areas and crop areas in the surroundings.
This fragment will be treated as forest area with
high level of disturbance.

The distance between the fragments was
calculated by using the software Google Earth,
there being 6.8 km between MOEL and MOCE,
6 km between MOCE and UFSM, and 4.8 km
between MOEL and UFSM (for more information,
see Silva et al. 2012).

SAMPLING METHOD

The specimens were collected through the use of
baited pitfall traps, once they correspond to the most
efficient sampling method for the capture of most
of this group (Lobo et al. 1988, Halffter and Favila
1993, Favila and Halffter 1997, Spector 2006).
The traps were baited with human feces, chicken
offal (heart) and banana (the two latter were rotten
in plastic pots at ambient temperature for three
days), corresponding to the insects’ main diets:
coprophagy, necrophagy and saprophagy (Halffter
and Matthews 1966, Hanski and Cambefort 1991).

The traps consisted of a one-liter plastic
container with 13 cm diameter and 10 cm height,
buried with the edge kept at soil level to allow
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the insects fall (Lobo et al. 1988, Ausden 1996).
A plastic bait-holder pot with smaller dimensions
was put on a larger one in order to accommodate
the baits. A solution of water, formalin (10%) and
detergent (neutral) was used inside the trap so as
to capture and preserve the specimens. A total of
27 traps were distributed along three transects over
100 m distant from each other in each one of the
fragments, and they were arranged in a triangle
shape of two meters of side, containing the three
kinds of baits used. Each transect contained three
sets of three traps 30 m distant from each other. The
samplings were collected between May 1, 2009 and
April 30, 2010, in fortnightly collections. Thus,
there were two collections every month, the first at
the end of the first half, and the second at the end
of the second half. The traps remained in the field
during all time of duration of the study (for more
information, see Silva et al. 2012).

The insects were captured and then transported
in sealed plastic containers being properly labeled
at the Laboratorio de Biologia Evolutiva (LBEV)
at Universidade Federal de Santa Maria, where
they were sorted, counted, pre-identified and
accommodated in entomological blankets and
boxes, and in bottles with alcohol 70%. The pre-
identification was carried out through the use of a
key to genera of Scarabaeinae (Vaz-de-Mello et al.
2011) and their comparison with specimens that had
already been deposited at the laboratory; and they
were separated into morphospecies when unknown.
Individuals of all species and morphospecies were
then identified by the second author. The material is
currently in the collections of Universidade Federal
de Santa Maria, Santa Maria, RS and Universidade
Federal de Mato Grosso, Cuiaba, MT.

DATA ANALYSIS

The assembly of Scarabacinae was described
in relation to richness (S or alpha diversity),
abundance (N), species composition, similarity
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among fragments, species spatial exchange
among habitats (beta diversity) and equitability
(Moreno 2001). The distribution of abundance
among species of Scarabaeinae was graphically
compared among the fragments through ranks,
where the relative abundance of each species
was transformed into a logarithm of base 10 (N
+ 1) and arranged from highest to lowest value
for each habitat (Verdu et al. 2007).

From the number of species and individuals
obtained in each collection smoothed curves of
sample sufficiency were made for each of the
fragments (Mao Tau function of EstimateS software
[Colwell 2004]) in order to verify the sample
sufficiency. The estimated richness was obtained
through the estimators Chao 1, Chao 2, Jackknife
1, Jackknife 2, and Bootstrap (and their confidence
intervals at 95%). The software EstimateS 7.0 was
used for both analyses (Colwell 2004) with 500
replacement randomizations for the analysis of the
estimators and no randomization for the construction
of the accumulation curves (Colwell 2004).

The rarefaction method (Hulbert 1971) was
conducted with the software PAST 2.02 Hammer
& Harper, Norway (Hammer et al. 2001). The
abundance of the fragments was compared with
the software PAST 2.02 through an ANOVA test, in
which the total abundance values of each transect
were used.

The species behavioral guild was attributed
according to literature (Halffter and Edmonds
1982, Cambefort and Hanski 1991, Doube 1991,
Gill 1991), being the species classified as tunnelers
(take food from and carry it to galleries constructed
beneath or next to the food source), rollers (rotate
portions of food to bury them in distant galleries)
or dwellers (remain in the food source, feeding
themselves and nesting there).

The group of dominant species was qualified
as the sum of their relative abundance reached a
minimum of 70%. The constancy of species along the
period of collection was calculated using the formula

presented by Silveira-Neto et al. (1976), being the
species classified as: constant (those present in more
than 50% of samples), accessory (present in 25-
50%) and accidental (present in less than 25%).

The diversity of each habitat sampled was
calculated through the indexes of Shannon-Wiener
(H’) and Margalef (Dyy) (Moreno 2001). The
dominance indexes of Simpson (D) and Berger-
Parker (d) were calculated in order to assess the level
of dominance in the assemblies of Scarabaecinae
(Magurran 1988, Moreno 2001). All these indexes
were estimated through the software PAST 2.02.

In order to verify the qualitative similarity
among the habitats, the coefficients of Jaccard
(I;) and Sorensen (Ig) were used. The index of
Morisita-Horn (Iyy) and the quantitative coefficient
of Sorensen (Igquant) Were calculated to verify the
quantitative similarity among the fragments (Moreno
2001). Based on the similarity values obtained, the
beta diversity was calculated through qualitative and
quantitative data, thus subtracting 1 (one) from the
similarity value (Verdu et al. 2007).

The equitability was calculated with the Pielou
index (J’) (Magurran 1988). The data normality
was assessed through the Shapiro-Wilk test with
the software PAST 2.02.

METEOROLOGICAL DATA

The data of air temperature (minimum, average and
maximum), pluvial precipitation, relative humidity
and insolation period between May 2009 and
April 2010 were provided by the Meteorological
Station at Universidade Federal de Santa Maria
(Departamento de Fitotecnia), linked to the
Instituto Nacional de Meteorologia (INMET). The
INMET basis for data collection covers a radius of
20 km and the areas studied are within this range
allowing the test of correlation to be realized.

The monthly number of species and indi-
viduals of Scarabaeinae was correlated with
meteorological data through the coefficient of
Pearson (Rp) in order to find possible relationships
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between the abiotic variables and the temporal
distribution of species. In order to homogenize the
variance, the data were transformed on the square
root of their initial values. A discussion about the
number of individuals and species per month of
collection and season is presented.

RESULTS

The collections resulted in a total of 19,699
individuals, belonging to six tribes, 13 genera and
33 species. Among the three habitats sampled,
Canthidium aff. trinodosum Boheman, 1858
(24.9%), Canthon latipes Blanchard, 1845 (1.4%),

TABLE I
Species of Scarabaeinae (Coleoptera: Scarabaeidae) sampled using baited pitfall traps in three forest fragments
in Santa Maria, Rio Grande do Sul, Brazil, between May 2009 and April 2010. MOEL: ‘Morro do Elefante’;
MOCE: ‘Morro do Cerrito’; UFSM: ‘Campus da Universidade Federal de Santa Maria’. (*) indicate species
found only in one habitat. S: number of species; N: number of individuals; %: percentage of individuals in
relation to the total captured; BG: behavioral guild; D: dweller; R: roller; T: tunneler; CO: constancy; A:
constant; B: accessory; C: accidental. The number of each species is used to differentiate them in Figure 1.

Tribe/species Habitats Total % BG (60
MOEL MOCE UFSM
Ateuchini (S =3; N=195)
1. Ateuchus aff. carbonarius (Harold, 1868) * 0 1 0 1 0.01 T C
2. Ateuchus aff. robustus (Harold, 1868) 13 24 31 68 0.35 T B
3. Uroxys aff. terminalis Waterhouse, 1891 19 100 7 126 0.64 T A
Coprini (S = 10; N=10,221)
4. Canthidium aff. dispar Harold, 1867 257 210 1 468 2.38 T A
5. Canthidium moestum Harold, 1867 33 2 17 52 0.26 T B
6. Canthidium aff. trinodosum (Boheman, 1858) 3,048 1,854 21 4,923 24.9 T A
7. Canthidium sp. 592 450 4 1,046 5.31 T A
8. Dichotomius aff. acuticornis (Luederwaldt, 1930) 9 17 0 26 0.13 T B
9. Dichotomius assifer (Eschscholtz, 1822) 346 2,659 0 3,005 15.2 T A
10. Dichotomius nisus (Olivier, 1789) 4 2 22 28 0.14 T B
11. Homocopris sp. * 2 0 0 2 0.01 T C
12. Ontherus azteca Harold, 1869 15 22 6 43 0.22 T B
13. Ontherus sulcator (Fabricius, 1775) 75 188 365 628 3.19 T A
Deltochilini (S =11; N = 6,216)
14. Canthon amabilis Balthasar, 1939 34 215 0 249 1.26 R B
15. Canthon chalybaeus Blanchard, 1845 27 7 399 433 2.2 R A
16. Canthon latipes Blanchard, 1845 739 2,492 0 3,231 16.4 R A
17. Canthon lividus Blanchard, 1845 563 118 5 686 3.48 R A
18. Canthon aff. luctuosus Harold, 1868 195 305 2 502 2.55 R A
19. Canthon oliverioi Pereira & Martinez, 1956 58 22 0 80 0.41 R B
20. Canthon quinquemaculatus Castelnau, 1840 17 2 447 466 2.37 R A
21. Deltochilum brasiliense (Castelnau, 1840) 16 8 0 24 0.12 R B
22. Deltochilum morbillosum Burmeister, 1848 26 5 0 31 0.16 R B
23. Deltochilum rubripenne (Gory, 1831) 135 359 3 497 2.52 R A
24. Deltochilum sculpturatum Felsche, 1907 5 0 12 17 0.09 R B
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TABLE I (CONTINUATION)

Tribe/species Habitats Total % BG CO
MOEL MOCE UFSM
Phanaeini (S = 4; N = 627)
25. Coprophanaeus milon (Blanchard, 1845) 2 0 39 41 0.21 T B
26. Coprophanaeus saphirinus (Sturm, 1826) 277 280 0 557 2.83 T A
27. Phanaeus splendidulus (Fabricius, 1781) 14 11 0 25 0.13 T C
28. Sulcophanaeus rhadamanthus (Harold, 1875) * 4 0 0 4 0.02 T C
Oniticellini (S =3; N =1,576)
29. Eurysternus aeneus Génier, 2009 * 0 0 1 1 0.01 D C
30. Eurysternus caribaeus (Herbst, 1789) 407 962 73 1,442 7.32 D A
31. Eurysternus parallelus Castelnau, 1840 47 83 3 133 0.68 D A
Onthophagini (S =2; N = 864)
32. Onthophagus catharinensis Paulian, 1936 55 453 0 508 2.58 T A
33. Onthophagus aft. tristis Harold, 1873 53 238 65 356 1.81 T A
Number of individuals 7,087 11,089 1,523 19,699
Number of species 31 28 20 33

Dichotomius assifer (Eschscholtz 1822) (15.2%),
Eurysternus caribaeus (Herbst 1789) (7.3%),
Canthidium sp. (5.3%) and Canthon lividus
Blanchard, 1845 (3.4%) were the most abundant

4.0
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Figure 1 - Rank-abundance plots (N) of Scarabaeinae species
(Coleoptera: Scarabaeidae) captured by pitfall traps baited
with human excrement, rotten meat and rotten bananas in
three forest fragments in Santa Maria, Rio Grande do Sul,
Brazil, between May 2009 and April 2010. MOEL: ‘Morro
do Elefante’; MOCE: ‘Morro do Cerrito’; UFSM: ‘Campus da
Universidade Federal de Santa Maria’. The relative abundance
of each species was transformed into logarithm base 10
(N + 1) and arranged from highest to lowest value for each
habitat. The numbers are relative to species in Table 1.

species and together accounted for 72.7% of the
total number of individuals captured (Table I).

The composition of dominant species among the
investigated fragments was different (Figure 1). The
five dominant species (15.1%) in MOEL were C. aff.
trinodosum (43%), C. latipes (10.4%), Canthidium
sp. (8.3%), C. lividus (7.9%) and E. caribaeus (5.7%),
that together totaled 75.4% of the total number of
individuals. In MOCE, the four species (14.2%)
that together represented 71.8% of the total were D.
assifer (23.9%), C. latipes (22.4%), C. aff. trinodosum
(16.7%) and E. caribaeus (8.6%). The fragment
UFSM showed 79.5% of dominance of three species
(15%): Canthon quinquemaculatus (Castelnau 1840)
(29.3%), C. chalybaeus Blanchard, 1845 (26.2%) and
Ontherus sulcator (Fabricius 1775) (23.9%).

All the sampling sufficiency curves reached
an asymptote (Figure 2), demonstrating how
successful was the capture of the species of
Scarabaeinae attracted by the baits used in the three
habitats sampled.

The number of species detected in each
fragment was approximate to the expected, based
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35- on the richness estimators (Chao 1 and 2, Jackknife
1 and 2, and Bootstrap) (Table II) and they indicated
the efficiency in the sampling of the local richness.

2 To MOEL, the minimum capture was approximately
g 98.6% of the estimated Scarabaeinae fauna. In
"g MOCE it was 91.7%, and in UFSM 97%.
£ ‘ In order to standardize the abundance in 1,523
= 104 individuals for each fragment, the method of rare-

5 - faction was used and it was possible to evidence

—e— MOEL
0 ¥ ¥ L d v I ¥ 1 TABLE II
0 2,000 4,000 6,000 8,000

Observed and estimated (with standard deviation)
richness of Scarabaeinae (Coleoptera: Scarabaeidae) for
the forest fragments sampled with baited pitfall traps

in Santa Maria, Rio Grande do Sul, Brazil, between
May 2009 and April 2010. MOEL: ‘Morro do Elefante’;
MOCE: ‘Morro do Cerrito’; UFSM: ‘Campus da
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that the assemblies of Scarabaeinae were similar to
what had been previously observed, with greater
richness in the largest and most preserved fragment
MOEL (S = 28.4 £+ 1.18), intermediate richness in
MOCE (S =23.3 = 1.30) and lowest richness in the
smallest and most disturbed fragment (20) (Figure 3).

There was a significant statistical difference in
the distribution of the abundance of Scarabaeinae
in the fragments (F = 14.875; d.f. = 2; p < 0.01),
where only MOEL and MOCE did not differ in

number of individuals per transect, since these are
larger and more preserved fragments than UFSM.
The greatest value of the dominance index of
Berger-Parker occurred in MOEL (d: 0.430) (Table
IIT), and expressed the greatest proportion of the
most abundant species (C. aff. trinodosum — 43%)
in this fragment in relation to the total number of
individuals, differently from what occurred in
the other two habitats. The Simpson index also
showed a higher value for MOEL (D: 0.219).

TABLE III
Measures’ summary of richness, abundance, diversity, evenness and similarity of Scarabaeinae (Coleoptera:
Scarabaeidae) in each forest fragment sampled in Santa Maria, Rio Grande do Sul, Brazil. MOEL: ‘Morro do Elefante’;
MOCE: ‘Morro do Cerrito’; UFSM: ‘Campus da Universidade Federal de Santa Maria’.

Parameter evaluated Habitats Total
MOEL MOCE UFSM

Total abundance 7,087 11,089 1,523 19,699
Monthly mean abundance 295,29 462,04 63,46 820,79
Abundance in pitfalls with meat 2,094 193 705 3,992
Abundance in pitfalls with feces 4,529 9,500 745 14,774
Abundance in pitfalls with bananas 464 396 73 933
Total richness 31 28 20 33
Estimated richness 31.18 28.86 20.25 33.26
Monthly mean richness 12.87 12.87 5.50 17.87
Richness in pitfalls with meat 28 22 15 29
Richness in pitfalls with feces 31 27 18 33
Richness in pitfalls with bananas 21 19 10 25
Tunnelers 18 16 11 19
Dwellers 2 2 3 3
Rollers 11 10 6 11
Singletons 1 2 2
Doubletons 3 1 1
Restricted species 1 1 -
Shared species 29 27 19 -
Pielou’s evenness 0.622 0.677 0.614 0.709
Margalef index 3.384 2.899 2.593 3.236
Shannon-Wiener index 2.135 2.257 1.839 2479
Berger-Parker index (dominance) 0.430 0.239 0.293 0.249
Simpson index (dominance) 0.219 0.151 0.218 0.128
Jaccard mean qualitative similarity' 0.719 0.696 0.571 -
Sorensen mean qualitative similarity' 0.830 0.812 0.727 -
Morisita-Horn mean quantitative similarity' 0.356 0.357 0.064 -
Sorensen mean quantitative similarity' 0.321 0.314 0.073 -

'Mean between habitats.

An Acad Bras Cienc (2013) 85 (2)



688 PEDRO G. DA SILVA, FERNANDO Z. VAZ-DE-MELLO and ROCCO A. DI MARE

This index, strongly influenced by the set of the
most abundant species (Magurran 1988), showed
higher values for these fragments due to the greater
proportion of dominant species, accounting for
more than 75% of individuals in these habitats, the
same not occurring in MOCE.

MOEL showed a lower equitability value than
MOCE (Table III), though it clearly presented
more richness and smaller number of individuals.
The influence of the greatest number of species
represented by few individuals present in MOEL
may have contributed to these results, and also to
the values of dominance found in this fragment.

In total, 17 species (51.5%) were classified
as constants, from which four showed constancy
above 90%, five between 75-90% and eight
between 50-75%. Eleven species (33.4%) were
being five (15.1%)
accidental, three of which classified as uniques

classified as accessory,
(occurred in one sample only) and one duplicate
(occurred in two samples only). In MOEL, 11
species (35.5%) were constants, and only one
showed higher constancy than 90% (C. aff.
species (38.7%) were
accessory and eight (25.8%) accidental (one unique
and two duplicates). In MOCE, 14 species (50%)
were classified as constants, two of which showed

trinodosum). Twelve

constancy above 90% (C. aff. trinodosum and D.
assifer). Five species (17.8%) were accessory,
while nine (32.2%) were accidental (five uniques
and one duplicate). In UFSM, only four species
(20%) were constants, and no one showed more
than 75% of constancy. Five species (25%) were
accessory and eleven (55%) were classified as
accidental (two uniques and three duplicates).
Considering the three habitats, 19 species (57.5%)
were tunnelers, 11 (33.4%) rollers and only three
(9.1%) were dwellers.

The species restricted to only one fragment were
Homocopris sp. (doubleton) and Sulcophanaeus
rhadamanthus (Harold 1875), which occurred
only in MOEL; Ateuchus aff. carbonarius (Harold
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1868) (singleton) was evidenced only in MOCE;
and Eurysternus aeneus Génier, 2009 (singleton)
occurred only in UFSM.

The data concerning observed and rarefied
richness indicated higher alpha diversity (31 species)
for the largest and most preserved area (MOEL) in
relation to the other two fragments. MOCE held the
highest value for the diversity index of Shannon-
Wiener (2.257), influenced by the greatest equitability
(0.681) showed in this fragment. However, no
significant difference was found between MOCE
and MOEL. The Margalef index was the highest for
MOEL (3.384), since it showed the highest richness
with less total abundance than MOCE, there being
significant difference among all three fragments.

The qualitative similarity for the three fragments
calculated through the coefficients of Jaccard and
Sorensen showed higher values between MOEL
and MOCE (Table 1V), since the number of species
shared between the two habitats (27) was elevated.
When paired with UFSM the two fragments showed
similarity lower than 60% according to Jaccard,
and lower than 75% according to Sorensen, a result
which was strongly influenced by the difference in the
richness of each fragment. The quantitative similarity
expressed by the indexes of Morisita-Horn and
Sorensen (quantitative) was also higher for areas with
the highest percentage of natural forest vegetation
(MOEL and MOCE) and, when paired with UFSM,
they showed very low similarity indexes due to the
great differences in richness, abundance and species
dominance among the pairs of fragments.

The qualitative beta diversity, or the degree
of rearrangement of species, was more evident
between MOCE and UFSM due to the smaller
number of shared species (17) between these
fragments. When using quantitative data, the
degree of difference becomes 93.7% between the
most preserved and the most disturbed habitats.

The greatest abundance of Scarabaeinae
between the months of collections was found in
October (4,759 individuals — 24.2%), November
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TABLE 1V
Qualitative and quantitative similarity values of Scarabaeinae (Coleoptera: Scarabaeidae) fauna between pair of forest
fragments sampled in Santa Maria, Rio Grande do Sul, Brazil, between May 2009 and April 2010. In parenthesis, beside the
values of similarity is given the values of beta diversity calculated by deducting the value of similarity of 1 (one) (Verdu et al.
2007). MOEL: ‘Morro do Elefante’s MOCE: ‘Morro do Cerrito’; UFSM: ‘Campus da Universidade Federal de Santa Maria’.

Pairs of forest fragments

Indexes

MOEL x MOCE

MOEL x UFSM MOCE x UFSM

Jaccard (1))
Sorensen - qualitative (Ig)
Morisita - Horn ()

Sorensen - quantitative (Igg,)

0.844 (0.156)
0.915 (0.085)
0.649 (0.351)
0.562 (0.438)

0.594 (0.406)
0.745 (0.255)
0.063 (0.937)
0.079 (0.921)

0.548 (0.452)
0.708 (0.292)
0.065 (0.935)
0.066 (0.934)

(4,162 individuals — 21.1%) and December (3,336
individuals — 16.9%), representing 62.2% of the
total individuals captured (Figure 4a). The other
months remained under 2,000 individuals per
collection. July 2009 was the month with the lowest
abundance (118 individuals — 0.6%).

The greatest richness also coincided with
the period of greatest abundance (October: 30
species; November: 29 species; December and
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Figure 4 - Number of individuals and species of Scarabaeinae
(Coleoptera: Scarabaeidae) collected per month in Santa
Maria, Rio Grande do Sul, Brazil, between May 2009 and
April 2010 (A) and distribution of environmental variables
during the study period (B).

January: 26 species each), as well as the smallest
richness captured (July: eight species). The Pearson
correlation test found a positive relation between
richness and abundance variables (Rp = 0.83; p <
0.0001). For each fragment, November was the
month with the greatest abundance and richness
for MOEL (N = 1,487; S = 28) and UFSM (N =
571; S = 14), while October with the highest values
for MOCE in terms of species (26) and individuals
(3,154). In general terms, July and June respectively
were the months of lowest richness and abundance
among the fragments, coinciding with the period of
the lowest temperatures in the region.

Among the seasons, spring was the one with the
greatest abundance and richness (11,923 individuals

TABLE V

Pearson’ linear correlation between environmental
variables and abundance and richness of Scarabaeinae
(Coleoptera: Scarabaeidae) collected using baited pitfall

traps in three forest fragments in Santa Maria, Rio

Grande do Sul, Brazil, between May 2009 and April
2010. Asterisks indicate statistical significance at level of

0.05 (*) and 0.01 (**) probability.

Environmental variables Abundance Richness
Relative humidity (%) -0.26 -0.38
Minimum temperature (°C) 0.44%* 0.72%*
Mean temperature (°C) 0.43%* 0.72%%*
Maximum temperature (°C) 0.41% 0.70**
Precipitation (mm) 0.31 0.29
Insolation (h) 0.13 0.26
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— 31 species), followed by summer (4,010 individuals
— 29 species). Autumn had the lowest abundance
(1,798), and winter the smallest richness (24). Similar
patterns were found for each area, in which spring
had the greatest abundance, followed by summer.
In relation to richness, spring presented the highest
number of species collected, followed by summer,
except for the most disturbed area (UFSM), where
the second highest number of species (richness) was
found in autumn and not in summer.

Among the climatic variables evaluated
(Figure 4b), air temperature was the only variable
positively correlated with abundance and richness
of Scarabaeinae during the period of collection

(Table V).
DISCUSSION

The richness of Scarabaeinae (33) does not differ
much from that found in other studies which made
use of baited pitfall traps in forest fragments in
South and Southeastern Brazil (Lopes et al. 1994,
Louzada and Lopes 1997, Medri and Lopes 2001,
Almeida and Louzada 2009, Hernandez and
Vaz-de-Mello 2009). According to the curves of
sample sufficiency and the richness estimators,
the capture of the Scarabacinae in the sampled
fragments was satisfactory.

The number of dominant species increased
according to the size and the decrease in the level
of fragment’s alteration. According to Halffter
(1991), Scarabaeinae is represented by a few
abundant species and many species with few
individuals in Neotropical forests. This pattern has
been often found in studies conducted in forest
ecosystems (e.g., Louzada and Lopes 1997, Vaz-
de-Mello 1999, Medri and Lopes 2001, Milhomem
et al. 2003, Endres et al. 2007, Louzada et al. 2007,
Filgueiras et al. 2009, Hernandez and Vaz-de-Mello
2009, Audino et al. 2011, Lopes et al. 2011, Silva
2011), in areas of fields or pastures in Brazil (e.g.,
Koller et al. 2007, Matavelli and Louzada 2008,
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Louzada and Silva 2009, Silva et al. 2009, Lopes et
al. 2011, Silva 2011), as well as other Neotropical
countries such as Bolivia (Spector and Ayzama
2003), Colombia (Martinez et al. 2009), Ecuador
(Peck and Forsyth 1982), Mexico (Halffter et al.
1992) and Uruguay (Morelli et al. 2002).

By using the method of rarefaction it
was possible to observe that the assemblies of
Scarabaeinae appeared in a similar manner to
what had been observed. The characteristics of
the interior and the surroundings of the fragments
appear to have contributed to the results. Another
important factor is the availability of food (Halffter
and Matthews 1966), since mammals are more
likely to settle and remain in larger and more
preserved ecosystems. Thus, they contribute to the
increase in the availability of dung and carcasses
for the fauna of Scarabaeinae. It is likely that
environments closer to natural might harbor species
of fruit trees, provide a greater supply of food
resources to generalist species of Scarabaeinae.

A greater number of tunnellers in relation to
other behavioral guilds was found. This pattern
in which there is a larger number of tunnellers is
common in Neotropical forests (Halffter et al. 1992,
Louzada and Lopes 1997) and was also detected
in each of the fragments sampled. Apparently, the
constant proportional distribution in behavioral
guilds seems to be the result of local diversity
of tribes of Scarabaeinae in Neotropical forests
(Louzada and Lopes 1997). On the other hand, the
proportion of tribes, genera and species captured
with baits is restricted to a greater part of the
Scarabaeinae fauna, since several groups of species
are generally not attracted by baited traps (see Vaz-
de-Mello et al. 1998, Vaz-de-Mello 2007, Vaz-
de-Mello and Génier 2009). Thus, the interaction
among the diversity of groups in the neotropics and
the use of baits compatible with the feeding habits
of most species seems to reflect the pattern found.

Even though represented by few individuals,
the species restricted to only one fragment are
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important for understanding the differences found
in them. Homocopris sp. and S. rhadamanthus were
restricted to MOEL, Ateuchus aff. carbonarius was
registered only in MOCE, and E. aeneus occurred
only in UFSM. In Brazil, Homocopris Burmeister,
1846, contains species restricted to the remnants of
the Atlantic Forest, located throughout southeast
and south of the country, currently under review
where the species captured is being described (Vaz-
de-Mello et al. 2010). Sulcophanaeus Olsoufieff,
1924 was reviewed by Edmonds (2000) and
Arnaud (2002),
copro-necrophagous species and some, such as

comprising coprophagous or

S. rhadamanthus, a rare species of Scarabaecinae
with an unknown biology, but apparently related
to fungi or mammal’s burrows (Edmonds 2000).
Eurysternus Dalman, 1824 was reviewed by
Génier (2009), which stated that E. aeneus occurs
in forested areas across southern Brazil, southern
Paraguay and northeast Argentina. Its occurrence
in exotic forest ecosystems is also known (authors’
personal observation).

The influence of the high level of alteration, the
isolation, the ‘rural’ surroundings and the smallest
size may greatly contribute to the elevated rate of
beta diversity among the most disturbed fragment
and the ones which show more well preserved
natural forest vegetation. Halffter and Arellano
(2002) assume that differences among habitats
found in their study (Veracruz, Mexico) and also in
other locations brought into discussion, are due to
vegetation cover and landscape heterogeneity, not
solely because of food availability. The landscape
heterogeneity can contribute to the survival of
species that occur only in forested or in open
areas (Halffter and Arellano 2002). In this sense,
the reduction in area of forested fragments, by the
expansion of pastures and/or agricultural areas, or
even their transformation into forest cultures, can
affect the survival of species that occur in forests
and promote the expansion of species that prefer
or adapt better in open areas (Halffter and Arellano

2002). Some Neotropical species of Scarabacinae
show high habitat specificity (Halffter 1991),
especially for forest ecosystems, and thus, cannot
extend their populations to open areas (Klein 1989,
Spector and Ayzama 2003, Almeida and Louzada
2009). Such species are strongly influenced by
habitat loss and fragmentation, which may have
their distribution restricted or even disappear
locally (Davis and Philips 2005).

The occurrence of species common to MOEL
and UFSM may better illustrate the previously
described situation, because the influence of open
areas in these fragments is much higher than in
MOCE. The similarity in species composition
between MOEL and MOCE may be the result of
previous processes being the latter apparently
linked to the large set of hills with Deciduous Forest
vegetation that occurs in the north side of Santa
Maria, and that has become increasingly isolated
along the years due to human expansion around this
location. The fragment of UFSM, being situated on
aflat terrain may have suffered a previous process of
occupation, where the forest vegetation constituted
primarily by gallery forest expanded along water
courses, was removed and gave way to fields,
pastures and crops. Thus, the current Scarabaeinae
fauna remaining in the fragment seems to be mostly
species originally occurring in open areas, and
the size of this fragment, partly transformed into
monocultures, is not sufficient to harbor most of the
typically forest species.

Therefore, conservationist measures should
consider as both forest and grassland are important
ecosystems for the communities of Scarabaeinae,
because both are complementary and may show
a particularly unique diversity that increases
the diversity of the landscape (Almeida and
Louzada 2009). Although environments such as
monocultures of exotic trees, very common in
Brazil, may contribute to the beta diversity, they
are not an ecosystem suitable for the maintenance
of Scarabaeinae (Gardner et al. 2008).

An Acad Bras Cienc (2013) 85 (2)



692 PEDRO G. DA SILVA, FERNANDO Z. VAZ-DE-MELLO and ROCCO A. DI MARE

Differently from what occurs in tropical
forests where rainfall affects the seasonality of the
Scarabacinae fauna (Halffter and Matthews 1966,
Andresen 2008), the temperature is apparently the
main cause for the seasonality of Scarabaeinae
in subtropical forests and even other types of
ecosystems in the subtropical regions. Halffter and
Matthews (1966) stated that in temperate regions,
adult specimens of Scarabaeinae usually nest in late
spring and early summer. Then, as soon as new adults
hatch (in the middle or late summer), they go through
a hibernation period, which ends at the beginning
of the following spring, spending the winter in
their nests in the soil (Halffter and Matthews 1966).
Thus, the expressive richness and abundance of
Scarabaeinae found here in spring and summer
follow the pattern described above. However, there
was capture along the entire period of study, even
though in winter and autumn the numbers were
very low. Normally, the collected species were those
that showed high abundance and were among the
dominants of each fragment. Due to the large number
of individuals, it is likely that these species reproduce
and nest in late summer and early autumn, and emerge
in shorts periods of mild temperatures during winter,
once microclimatic effects within the fragment can
contribute to this fact (Hernandez and Vaz-de-Mello
2009). In general, the most uncommon species
are more easily captured in the period of elevated
temperatures, while the most abundant species occur
throughout the year (Louzada and Lopes 1997).

The relationship between greater abundance
and greater richness for periods of high temperatures
is well known, especially for temperate regions,
where the insect species show a decrease in activity
in low temperatures and increase in periods of
higher temperatures (Wolda 1988, Begon et al.
2007). Morelli et al. (2002) confirmed this pattern
to the assemblies of Scarabaeinae in Uruguayan
prairies, where the average temperature of air and
soil was determinant for the species abundance and
richness. Louzada and Lopes (1997) also reported
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a greater number of Scarabaeinae species during
summer in Semi-Deciduous Secondary forest in
Vigosa, Minas Gerais, Brazil, possibly influenced
by temperature and precipitation.

Hernandez and Vaz-de-Mello (2009) found a
relationship between Scarabaeinae abundance and
richness and warm and rainy period in Mesophytic
Semi-Deciduous forest in Sio Paulo, Brazil,
establishing a strong correlation between the number
of species and the average temperature. These authors
also observed a relationship between temperature
and precipitation, both of which likely to influence
the distribution of Scarabaeinae in that location.
Hernandez (2007) found a correlation between the
number of species and individuals of Scarabacinae
and the rates of precipitation in Paraiba, Brazil.
However, the climate in this region is semi-arid, the
temperature undergoes little variation throughout
the year, and the rainy season is the main factor that
influences the dynamics of Scarabacinae in these
regions (Andresen 2008). For Scarabaeidae (sensu
lato) attracted by light traps in Santa Maria, RS, D.
Link (unpublished data) found a positive correlation
between the distribution of this fauna and variables of
nebulosity and insolation; and a negative correlation
between evaporation and wind speed. While studying
the Scarabaeoidea fauna of this region, this author
concluded that Scarabaeidae (sensu lato) has no
activity in temperatures below 7°C, and above 37.4°C
there is generally no activity of Scarabacoidea.

Thus, due to the climatic conditions the region
features, the temperature seems to be the main or
most evident climatic factor that affects the activity
of Scarabaeinae in subtropical climates, although
its relationship with other factors not assessed here
could influence the dynamics of this fauna (Halffter
and Matthews 1966, D. Link, unpublished data).
Very low temperatures, such as the ones occurring in
the region in certain periods of the year, tend to cause
death or hibernation of the specimens, which may,
in most cases, go through this period of unfavorable
climate in larval form (Halffter and Matthews 1966).
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Microclimatic factors, structure of the area and the
soil, inter and intraspecific competition may also
affect the structure, composition, diversity and
abundance of Scarabaeinae in different ecosystems
(Halffter and Matthews 1966, Davis et al. 1999,
Halffter and Arellano 2002, Escobar et al. 2007,
Nichols et al. 2007, Gardner et al. 2008), and they
need further assessment.

The great richness evidenced in Santa Maria,
including rare species of Scarabacinae, adds
important data to the fauna records of the central
region of Rio Grande do Sul. Studies with various
groups of animals, such as butterflies (Link et al.
1977, Schwartz and Di Mare 2001, Dessuy and
Morais 2007, Sackis and Morais 2008), crustaceans
(Bond-Buckup and Buckup 1994, Santos 2002),
reptiles (Santos et al. 2005), anurans (Santos et al.
2008a), birds (Cechin et al. 2009), and mammals
(Caceresetal. 2007, Santos et al. 2008b), have shown
great richness and the ecological importance of the
region for the maintenance of species occurring in it
(Cechin et al. 2009). Therefore, future policy actions
will also have information on Scarabaeinae in relation
to selecting priority areas for preservation in the
region, where human activity increasingly threatens
the maintenance of natural ecosystems. This region,
characterized by the encounter of two biomes is a
priority in terms of wildlife preservation, as it may
be a site of species evolution, where evolutionary
processes such as speciation and coevolution can be
preserved (Spector 2002).
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RESUMO

Espécimes de Scarabaeinae foram coletados com o
uso de armadilhas de queda iscadas com excremento
humano, carne apodrecida ¢ banana em decomposigio,
entre maio de 2009 e abril de 2010, em trés fragmentos
florestais em Santa Maria, Rio Grande do Sul, Brasil:
Morro do Elefante (MOEL), Morro do Cerrito (MOCE)
e Campus da Universidade Federal de Santa Maria
(UFSM). Um total de 19.699 individuos de 33 espécies
foi coletado; Canthidium aff. trinodosum Boheman,
1858, Canthon latipes Blanchard, 1845, Dichotomius
assifer (Eschscholtz 1822), Eurysternus caribaeus
(Herbst 1789), Canthidium sp. e Canthon lividus
Blanchard, 1845 foram as espécies mais abundantes.
MOEL apresentou a maior riqueza, MOCE a maior
abundancia, enquanto UFSM teve os menores valores de
riqueza e abundancia. A maior similaridade (qualitativa
e quantitativa) ocorreu entre MOEL ¢ MOCE, enquanto
amenor ocorreu entre MOCE e UFSM. Apenas 51% das
espécies foram comuns aos trés fragmentos. A riqueza e
a abundancia de Scarabaeinae estiveram positivamente
correlacionadas com a temperatura do ar. A riqueza
dos fragmentos diminuiu conforme o menor tamanho

e maior grau de perturbacao da estrutura da vegetacao.

Palavras-chave: Mata Atlantica, rola-bosta, sul do

Brasil, riqueza de espécies, distribuigdo temporal.
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