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Resumo

Escarabeineos em areas de mineracio de carviao em processo de recuperacio. Besouros escarabeineos
sensiveis a modifica¢des ambientais podem apontar a recuperagio de areas degradadas. Este trabalho objetivou
registrar e comparar as comunidades de Scarabaeinae em areas com diferentes periodos de recuperacido ambiental
apos serem usadas para mineragao de carvao. O presente estudo foi realizado em duas areas em recuperagio
(um e cinco anos) no municipio de Lauro Miiller, Santa Catarina, e contou com 15 armadilhas de queda iscadas
com fezes humanas em cada area. Em laboratério realizou-se a contagem, identificacdo ¢ mensuragao do
tamanho corporal e biomassa dos espécimes capturados. Verificou-se a suficiéncia amostral e as variaveis de
ambas as areas foram comparadas através de teste 7. As espécies registradas foram: Canthon aff. chalybaeus,
Canthon angularis, Canthon rutilans cyanescens, Deltochilum multicolor, Dichotomius sericeus, Eurysternus
parallelus e Ontherus sulcator. O niimero total de individuos capturados foi de 35, sendo trés na area de um
ano em recuperacgdo ¢ 32 na de cinco anos; a espécie mais abundante foi C. rutilans cyanescens (40,6%). Todas
as espécies estiveram presentes na area de cinco anos, mas somente C. aff. chalybaeus e D. multicolor na area
de um ano. O tamanho médio dos individuos amostrados na area de um ano de recuperacéo foi de 11,03 mm e
a biomassa 0,051 g, enquanto que na area com cinco anos de recuperagao o tamanho médio e a biomassa dos
besouros escarabeineos amostrados foi de 12,25 mm e 0,093 g, respectivamente.
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Abstract

Dung beetles that are sensitive to environmental alterations may be used as indicator species to mark the
recovery of degraded areas. This work aimed at registering and comparing the communities of Scarabaeinae
located in areas with different periods of environmental recovery after being used for coal mining. This study
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was developed in Lauro Miiller, Santa Catarina, and consisted of two areas in the process of recovery, one for
one year and one for five years. Fifteen pitfall traps baited with human feces were placed in each area in order to
attract the dung beetles. The counting, identification and measurement of body size and biomass of the specimens
captured were carried out in the laboratory. Sampling sufficiency was verified and variables from both areas
were compared using a ¢ test. The recorded species were Canthon aff. chalybaeus, Canthon angularis, Canthon
rutilans cyanescens, Deltochilum multicolor, Dichotomius sericeus, Eurysternus parallelus and Ontherus
sulcator. A total of 35 individuals were captured, three in the one-year recovery area and 32 in the area under
recovery for five years, C. rutilans cyanescens being the most abundant species (40.6%). All species collected
were found in the five-years recovery area, whereas only C. aff. chalybaeus and D. multicolor were found in the
one-year recovery area. Individuals sampled in the area with one year of recovery had an average size of 11.03
mm and average biomass of 0.051 g, whereas in the five-years recovery area the average size and the biomass

of the dung beetles sampled was 12.25 mm and 0.093 g, respectively.
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The mining process is widely acknowledged as
a source of environmental problems (SILVA, 2011),
as mining activities often result in the elimination
of vegetation and the interruption of gene flow via
fragmentation of habitats, causing death or extinction
of fauna (MECHI; SANCHEZ, 2010). The process
of induced environmental recovery aims to accelerate
the reestablishment of habitat by improving abiotic
conditions in degraded areas in accordance with future
use (PEREIRA; RODRIGUES, 2012). Topographic and
landscape re-composition, as well as soil reconstruction
are actions that seek to make the environment favorable
for the development of animal and plant species (COSTA;
ZOCCHE, 2009). The presence of indicator organisms
during the recovery process may help the monitoring
process by elucidating mechanisms of environmental
re-composition (CAMPOS etal., 2012). Such organisms
have life history traits intrinsically related to their habitat
in such a way that any alteration can influence population
dynamics (PAOLETTI, 1999). Such species are regarded
as indicators of environmental quality, for they reflect
the ecological integrity of the ecosystems and thus may
be used as a proxy to measure the degradation levels of
sites in recovery (LUTINSKI; GARCIA, 2005).

Dung beetles (Coleoptera: Scarabaeidae:
Scarabaeinae) were indicated by Halffter and Favila
(1993) as important bioindicators because they respond
to environmental variation. It is frequently observed
that the most diverse communities with species of
greater body size are located in preserved forest areas,
and that degraded areas show a decrease in dung beetle
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abundance, species richness and body size (GARDNER
et al., 2008).

This group performs several ecosystem services
(reviewed by NICHOLS et al., 2008), operating in
ecological processes such as increasing the rate of
nutrient cycling through the allocation of food resources,
the opening of galleries that facilitate water and air
circulation in soil (MITTAL, 1993), breaking of the
life cycle of some parasites of vertebrates (RIDSDILL-
SMITH; HAYLES, 1990), and the secondary dispersion
of seeds, which may influence forest regeneration
(ANDRESEN, 2002).

Studies that analyze dung beetle communities in
areas recovering from coal mining practices show that
older recovered areas allow greater species presence,
which contributes to the increase of ecosystem
services (HERNANDEZ et al., unpublished data). As a
contribution to the monitoring of environmental quality
in altered landscapes, this work focused on registering
and comparing the communities of Scarabaeinae located
in areas with different periods of environmental recovery
after being used for coal mining.

The study was carried out in Lauro Miiller, Santa
Catarina, Brazil between January and February 2013,
a period of great dung beetle abundance in subtropical
regions (HERNANDEZ; VAZ-DE-MELLO, 2009;
SILVA et al., 2013). The annual relative humidity of
the study region varies between 80% and 85%, and the
average annual rainfall is between 1,400 and 1,600 mm.
The average annual temperature is between 16°C and
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18 °C. The predominant climate is humid mesothermal
with hot winter (Cfa) (EPAGRI/CIRAM, 2010).

Two areas with different periods of recovery from
mining were sampled: the first one (28°19°S, 49°26’ W)
with an area of 0.032 km?, has been in recovery for
roughly one year and is characterized as implanted
pasture with fragments of secondary forest. It is delimited
east by a road, and is surrounded by farms with native
pasture used for extensive cattle breeding in the north,
south and west. The second area (28°22°S, 49°27°W),
with an area 0of 0.021 km?, has been in recovery for five
years and is covered by implanted pasture. It is delimited
north and west by a long area of preserved forest; in
the south, a reforested area with eucalyptus; and in the
east, a native pasture used for cattle breeding. Fifteen
baited pitfall traps each 50 m apart were placed in each
area. Traps contained water with a neutral detergent to
break the surface tension and prevent the insects from
escaping. The rain shields of traps were baited with
human feces (20 g) to attract the individuals; this is one
the most employed and efficient methods for the capture
of the majority of the species in this group (LOBO et
al., 1988). Traps remained in the field for 48 hours, after
which captured insects were collected and transferred
to receptacles containing alcohol (70%). Individuals
were oven-dried at 60°C for 48 hours, and the counting,
identification, measurement of the body size and weight
were carried out in the laboratory. The specimens are
in the entomological collection at the entomology
laboratory of Universidade do Sul de Santa Catarina.

A total of 35 individuals from seven species of
Scarabaeinae were collected 91,4% (n = 32) of the
total individuals were captured in the area recovering
for five years, whereas only 8,6% (n = 3) of the total
were captured in the area recovering for one year.
Seven species were recorded in five-year recovery area:
Canthon aff. chalybaeus Blanchard (n = 6), Canthon
angularis Harold (n = 1), Canthon rutilans cyanescens
Harold (n = 13), Deltochilum multicolor Balthasar (n =
4) (tribe Deltochilini), Dichotomius sericeus (Harold)
(n = 4), Ontherus sulcator (Fabricius) (n = 3) (tribe
Coprini) and Eurysternus parallelus Castelnau (n = 1)
(tribe Oniticellini). Only two species were recorded in
the one-year recovery area: C. aff. chalybaeus (n=2) and
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D. multicolor (n=1). The species sampled are common
in areas of Atlantic Forest in Santa Catarina (CAMPOS;
HERNANDEZ, 2013).

Sampling sufficiency was corroborated by the
Chao 1 estimator, which estimated 100% of the richness
observed in the area of five years (7 £ 0.25) and in
the area of one year (2 = 0.17). T-test showed that the
five-year recovery area showed greater average species
richness per trap (1.6 £ 0.38) than did the one-year area
(0.2 £0.01) (¢ =1.97; df = 1; p = 0.034), a result in
agreement with Davis et al. (2003) and Hernandez et
al. (unpublished data), both of which indicate higher
species richness in areas allowed to recover from mining
for longer time periods. However, Audino et al. (2014)
emphasize that dung beetle assemblages are severely
impoverished in restored sites, and that even after 18
years the communities remain poor in species richness.

Environmental structure is an important aspect
of the organization of dung beetle communities
(HERNANDEZ; VAZ-DE-MELLO, 2009; CAMPOS;
HERNANDEZ, 2013). However, a confounding factor
in the explanation for the increase in richness is the
proximity to areas with more preserved habitats, which
may act as a source area or species pool. However, it is
known that the proximity to more adequate environments
does not determine species richness in dung beetles, as
traps placed only 15 meters from forests are not effective
for their capture (KLEIN, 1989).

Although the average size and biomass of
individuals sampled in the area of one year under
recovery (11.03 mm and 0.051 g) were similar to that of
the area of five years (12.25 mm and 0.093 g), the total
biomass was more than 15 times greater in the area of five
years (2.47 g) than in the other area (0.15 g). Gardner et
al. (2008) showed that within all genera of Scarabaeinae,
there is a decrease in larger species in degraded areas
in Brazilian Amazonia. According to Barragan et al.
(2011), the functional richness may also decrease with
increasing degree of the environmental alteration, which
is directly related to the ecosystem services performed.
Therefore, our results suggest that the period of recovery
and the resulting increase in the structural complexity of
the environment are the aspects that most contributed to
the increase of abundance, richness and biomass of dung
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beetles in the area recovered for a longer time period,
confirming that dung beetles have a strong potential to
be used as ecological indicators in areas in the process
of environmental recovery.
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