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RESUMO

O Cerrado é o segundo maior bioma do Brasil e uasasdvanas mais
diversas do mundo. Ele esta localizado entre trésdgs biomas: Floresta
Amazobnica, Floresta Atlantica e a Caatinga, estethmse por uma grande
regido com varias fitosionomias peculiares, deealas, o cerradsensu stricto,
amplamente distribuido. Nas Ultimas décadas, grpade do seu territério esta
sendo transformado em campo de producdo de diveudtasas como a soja e
em imensas areas de pastagens introduzidas patacfm de carne e leite.
Assim, muitas areas nativas foram perdidas, alémmdéas se encontrem
degradadas e grande parte da paisagem fragmergkedanpdanca de usos do
solo. Frente a esta situacéo, pouco se conhecerda ge biodiversidade neste
bioma. Nesse sentido, esta dissertacdo teve dwabil verificar as diferencas
entre usos da paisagem em meso-escala, savana (tativadesensu strictue
pastagens exéticas, utilizando os besouros da mill#faScarabaeine como
indicadores biologicos. Além disso, foi verificadaefeito da mudanca de usos
sobre a comunidade de escarabeineos e o efeitaidianga do tipo de recurso
alimentar, fezes humanas e fezes bovinas, a ficodwreender a dindmica da
ocorréncia das espécies na transformacdo do cemadgpaisagem. As
amostragens foram realizadas no noroeste de Mipraaiss Foram amostradas
dez janelas da paisagem em cada tipo de uso dagpais savana nativa e
pastagem introduzida. Os escarabeineos foram dofetravés de armadilhas
do tipo pitfall iscados com fezes humanas e com fezes bovinagehd foi
observado que os valores de riqueza, abundancia egudabilidade das
comunidades de escarabeineos diminuiram com a madin savana nativa
para pastagens exoticas, mesmo sendo em propalifesites nas janelas da
paisagem, principalmente com fezes humanas. A colage de escarabeineos
em pastagem atraidas por fezes bovinas mostroursglificada e com
dominancia de algumas espécies. Em relacdo awatras comunidades foram
diferentes significativamente entre tipo de uspaaagem e entre tipos de fezes
nos usos. As diferencas da complexidade estrutizralegetacdo em savanas
nativas foi um fator decisivo para separar as cataules de escarabeineos das
pastagens introduzidas, sendo importante para iespgue ndo ocorrem em
pastagens. Para outras espécies, o tipo de fepess® um fator importante na
sua ocorréncia em usos da paisagem, como as fevies$, recurso abundante
em pastagens. Os resultados mostram também qupiezai das pastagens é
influenciada pelas espécies que ocorrem no Ceregfonal, o que ressalta mais
uma vez a importancia da conservacdo do Bioma aemdodo. Por fim, é
preciso estabelecer medidas conservacionistaggpara restante do bioma seja
mantido. Assim, sera capaz ainda de fornecer espéctom elas uma melhor
qualidade dos usos das paisagens antropizadas,aopastagens introduzidas.



Palavras-chave: Savanas neotropicais. Complexidadegetacdo. Paisagem.
Pastagens introduzidas.



ABSTRACT

Cerrado is the second major Brazilian Biome and ofhéhe most
diverse savannas of the world. It located betwd®n dther large Brazilian
biomes: the Amazon Forest, the Atlantic forest &@daatinga” (Dry lands).
The Biome extends over two degrees of latitudeagping by one great region
with diverse specific physiognomies, like the cdaaensu stricto(native
savanna), largely distributed in the landscapehef@errado. Over the last few
decades, a large part of the Cerrado region has traesformed into crop
production of several plants, especially soybean, iato large areas of exotic
pastures for both beef and dairy cattle. Thus, naaiegs of native savannas have
been lost creating a fragmented heterogeneousdapesThe aim of this study
was to analyse the differences between land usdkeatmeso-scale (native
savannas and exotic pastures), utilizing dung bégedk biological indicators.
Moreover, we analysed the effect of land use chaage of dung types (human
faeces and cattle dung), in order to understandyhamics of the occurrence of
dung beetles in the landscape. Sampling was caaigdn the Northeast of
Minas Gerais state, Brazil. Ten landscape windowsach land use type were
sampled usingitfall traps baited with cattle dung and faeces humanrdllye
richness, abundance and evenness of the dung beetlaunity decrease with
the change of native savannas into exotic pastiites.dung beetle community
in exotic pastures was simplified and showed sommidant species. The
structure of the dung beetle community of exoticstpees was different
compared native savannas. Thus, environmental riaetod dung types were
determinants of species occurrence. For some speeggetation structural
complexity was a decisive factor in separating domg beetle communities
between land uses, applicable for the specieglthabt occur in exotic pastures.
For the other species, dung type was an importaotorf explaining the
occurrence of the species in different land udaesg<attle dung is an abundant
resource in exotic pastures. The results show titdiness of pastures is
influenced by the species recorded in the Cerradmn, which highlights the
importance of conservation of Cerrado Biome. Fipathere is a need to
establish conservation policies for the protectbthe biome.

Key-words: Neotropical savannas. Vegetation Complexity. .Laafds. Exotic
pasture.
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1 INTRODUCTION

The Cerrado biome is a high-priority region for servation, with high
biodiversity and endemism (MYERS et al., 2000). Bi@me is considered one
of the richest and most diverse savannas in thédwoontributing substantially
to water and economic resources in Brazil (KLINMACHADO, 2005).
However, despite this importance, only 30 % of tlaéural vegetation remains
(MYERS et al., 2000). Thus, the conservation of hii@me and its ecosystems
has been neglected by the small apparent econahie attributed wrongly and
little knowledge of the biome’s biodiversity (CAVAIANTI; JOLY, 2002;
RATTER; RIBEIRO, 1997).

The Cerrado presents high habitat diversity. Iis thiay landscape is
made up by grassland, savanna and forest physidgaoimhese forests can
occur on the well-drained interfluves, with gallefgrests or other moist
vegetation. Forest physiognomies of the CerradanBiare often present in
areas with richer soils. In contrast, open and el@gmnasslands formations can be
more or less recognizable stages of the continuuseveral types of soil and
several other factors (OLIVEIRA-FILHO; RATTER, 2002RIBEIRO;
WALTER, 1998). There are several factors that deitee the physiognomies,
among which the natural fire dynamics strongly uefices the types of
vegetation in areas of cerrado (MIRANDA; BUSTAMANTEMIRANDA,
2002).

The existence of large areas of native grasslandssavannas was
attractive for human occupation of the Cerrado dhe development of
agriculture and pastures (KLINK; MOREIRA, 2002).vestock growth and
agricultural development had important implicatidas Cerrado land use. Land
use changes occurred in response to technologimabvations, capital
investments, energy sources, and knowledge appithdhe aim of intensifying
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agriculture, in particular for soybean productioasd increasing the livestock
production (KLINK; MACHADO, 2005; KLINK; MOREIRA, 202).

The Cerrado is an important cattle ranching regmainly on extensive
pastures. The increase in the bovine herd is atdimnsequence of the increase
in the area of exotic pastures (HORGAN, 2001), espnting 67% of the total
cleared land of the biome. Often, the native sagarsre replaced by exotic
pastures, mainly by African grasses (SANO; BARCEIS;BEZERRA, 1999).

Brazil has the second largest bovine herd in thedvd~OOD AND
AGRICULTURE ORGANIZATION OF THE UNITED NATIONS - FA®,
2011) and degraded exotic pastures represent ar megblem due to the
inadequate management of livestock (overgrazing higth-stocking rates),
often resulting in great difficulty on the reesiabiment of native vegetation
(COSTA; REHMAN, 2005; KLINK; MACHADO, 2005).

Land uses changes can have many consequences contheunity of
species in the Cerrado Biome. The effects of tlss lar the transformation of
habitats can be analyzed by the changes in diyetisét occur at different
spatial scales (DUMBRELL et al., 2008). The losshef habitat does not always
entail the loss of biodiversity. There are landsedppendent factors, like the
type and frequency of disturbance, the configuratad fragments, habitat
guality (resources and conditions) and the int@yadbetween species that are
important for understanding the effects of land wubanges on biological
communities (TSCHARNTKE et al., 2012).

Plant and mammal diversity are well known to beeed by habitat
loss and fragmentation, reducing the number ofiepaar favoring some species
(VYNNE et al., 2011). The transformation of natigavannas into disturbed
landscapes by the establishment of crops and digkstan alter species

composition. Structural changes in the vegetatiod @&hanges in species
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interactions between species can affect the contgnuregatively (KLINK;
MOREIRA, 2002; MARINHO-FILHO; RODRIGUES; JUAREZ, 2Q).

Tropical grassy biomes can suffer losses or altrst of the
biodiversity by human disturbance. This is majoolpem due to the lack
understanding about diversity patterns (BOND; PARE)10) and poor
taxonomic information for many groups in the Cea@@AVALCANTI; JOLY,
2002). In the Cerrado biome, many development @slichave neglected
conservation, directly affecting biodiversity (KLY MACHADO, 2005). Due
to the great importance of biodiversity responseslisturbance, there is an
urgent need to understand diversity patterns fasewvation of natural areas of
the Cerrado at the regional scale (DUMBRELL et2008).

Alternatively, a way to understanding how this @& of land use
change affects biodiversity is the use of biointticathat can provide quick and
representative responses to disturbance and cesfdie be important tools in
biodiversity conservation. Some insect groups, aaglthe dung beetles can be
utilized for this purpose, since their abundanimyness and composition change
in response to environmental changes (DAVIS; SCHOLBWEMMER,
2012), with a high performance/ cost-effectiveness their response to
disturbances (GARDNER et al., 2008; NICHOLS et ap07; NICHOLS;
GARDNER, 2011). They are therefore considered &ffedndicators with high
degree of the habitat specificity in the CerradaNKEIDA et al., 2009).

The dung beetles (Coleoptera, Scarabaeidae) areeese taxonomic
group, with nearly 4,500 species (HALFFTER; EDMOND®82). In Brazil,
the latest study showed about 618 species (VAZ-DH-MD, 2000). These
beetles are detritivores and generally utilize dahgnammals for provision of
food and nesting with different resource allocat®tnategies (HALFFTER;
EDMONDS, 1982; HALFFTER; MATTHEWS, 1966).
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Due to their importance in nutrient cycling, bidiation and secondary
seed dispersal, these beetles are recorded as sp&eigs in the ecosystem. In
the dung, beetles perform several ecological sesvior maintenance of the soil
and suppression of parasites in livestock (NICH@LASI., 2008).

Land use changes, mainly those that change natixangas into exotic
pastures, are reported worldwide, with several egnences on the community
of dung beetles which have a high degree of halsipecificity in Cerrado
(ALMEIDA et al., 2011; BLAUM et al., 2009; DAVIS eal., 2010; DAVIS;
SCHOLTZ; SWEMMER, 2012; JACOBS et al., 2010; NUMak, 2012).

There is lack of studies include two important effeon the composition
and structure of the dung beetles: the effectefdhd use change and the effect
of the food resource change. Thus, it is necedsamnderstand the importance
of local environmental factors (BARBERO et al., 99GITTINGS; GILLER,
1998), dung type, land use type (DAVIS et al., 20DRVIS; SCHOLTZ;
SWEMMER, 2012; JACOBS et al., 2010), and the infkee of savanna
landscape with exotic pastures on dung beetle canties (LOBO,;
CABRERO-SANUDO, 2006).

The critical point is understanding the patternsmdcies occurrence in
dung beetle communities in native savannas andemsavhere native savannas
have been replaced by exotic pastures, as wehesdurce of the species of
dung beetles that colonize exotic pastures (LOUZABAVA, 2009).

The aim of this study was to identify how the dimegtle community is
affected by the change of native savanna into exmstures in the Brazilian
Cerrado. The following hypotheses were tested:

() The replacement of Brazilian native savanna by iexpastures
decreases the richness, abundance and evenndss difirig beetle

community.
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(I The vegetation structure determines the commustitycture of
dung beetles.

(I The richness of dung beetles in exotic pasturexigase by shared
dung beetles species of the local Brazilian natexeannas
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2 THEORETICAL BACKGROUND

2.2 The Brazilian Cerrado

The Cerrado Biome covers approximately 2 millior?kardered by the
Amazonian forest, the “Caatinga”, and the Atlafbiest. The distribution of the
Cerrado corresponds to the plateaux of centraliBnahich separate three of
the largest South American water basins: the Amdzasin, the River Plate
/Parana basin and the Sao Francisco basin (OLIVEFRAO; RATTER,
2002).

The cerrado biome encopasses a range of vegetsfies, including
grasslands, savannas and forests. The vegetatida te be replaced by forest
physiognomies in sites with increased water avéitgtor soil fertility, while
grasslands appear in areas where periods of wafeitdand waterlogging
alternate (OLIVEIRA-FILHO; RATTER, 2002).

The physiognomies of the Cerrado Biome are wellidsed, but it is
possible to classify them as: dry grassland withslutubs or trees, called
“campo limpo”; grasslands with a scattering of &lsrand small trees, called
“campo sujo”; grasslands with scattered trees andibs called “campo
cerrado”; vegetation dominated by trees and shofles 3-8 m tall and giving
more than 30% crown cover but with a fair amounhefbaceous vegetation
known as cerradeensu strictpand, finally, closed woodland with crown cover
50% to 90%, often with trees of 8-12m or even tgllealled “cerrad&do”
(OLIVEIRA-FILHO; RATTER, 2002).

The “cerraddo” occurs on soils of intermediateilfgrtin the cerrado
landscape. This is a forest formation that is ofiemociated with transition to

mesophytic forest, the climax vegetation of ther@#w Biome. The soils of
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mesophytic forests are good for agriculture and Wegetation has been
devastated.

Another forest formation that occurs in Cerradthis riverine forests or
“gallery forests”. This denomination is explainedchuse these forests form a
“gallery” over water-courses. They are narrow fos#gps, found along streams
and flanked by grasslands, cerragimsu strictand “campos de cerrado”. This
forest is determined by soil moisture and variatidrtopography. When they
border wider rivers, riverine forests are oftenlemhl of “matas ciliares”
(OLIVEIRA-FILHO; RATTER, 2002).

Some physiognomies of the Cerrado Biome occur wihene are a
periods with water excess, such as the “Veredasd dfloodplain
grasslands.“Veredas” are valley-side marshes wtierevater table reaches or
almost reaches the suface during the reainy sedsand in the midle of
topographic sequences , between gallery forestotmeds physiognomies of the
Cerrado Biome. Floodplain grasslands are foundréasaof even topography,
liable to periods of inundation, usually restrictedthe vicinity large rivers. In
areas subjected to water deficit some physiogngniike rock grasslands
(“campo rupestre and campo de altitude”), mostlstrieted to the tops of
plateaux and mountain ridges, in soils that ardl@skeaor confined to cracks
betweeen rocks, can be found (OLIVEIRA-FILHO; RATRE2002).

Among the factors that affect vegetation distribntifire is an important
natural phenomenon that influences the densityhefwoody layer (trees and
large shrubs) of the cerrado vegetation. Althougbstmwoody species are
strongly fire adapted, but can be damage, favoutiegregetation in the ground
layer, thus producing more open physiognomies, {ik@sslands and cerrado
sensu strictdOLIVEIRA-FILHO; RATTER, 2002).
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2.3 Conservation of Brazilian native savannas

The Brazilian Cerrado is included in the world's st important
“hotspots” of biodiversity and endemism, and has lhan 30 % of its natural
vegetation remaining (MYERS et al., 2000). Howevhg conservation of the
Cerrado biome has not been effective. The region aedonized by Europeans
in the 18 century, and towns were founded at strategic pdbyt prospectors
seeking gold and diamonds. In the countryside, marge farms focused on
extensive cattle ranching using native pasturesINKL. MOREIRA, 2002;
OLIVEIRA-FILHO; RATTER, 2002).

After 1950, the human impact on the Cerrado larmusegas intensified
by the mechanization of agriculture and the cowk$ivo of major highways
across Central Brazil (CAVALCANTI; JOLY, 2002; KLK MOREIRA,
2002). The use of new fertilization techniques aisded with the development
of resistant crop varieties - mainly, rice, corrdavoybean varieties — helped
open the Cerrado as a new Brazilian agricultucaitfer.

The low cost of land, deep soils and abundant alliirduring the
growing season were important factors in the deuaknt of large scale
agriculture (CAVALCANTI; JOLY, 2002). By the earliQ90s, at least 67% of
the Cerrado Biome had been converted to intensiveah activity (MYERS et
al., 2000).

The Cerrado biome is also an important cattle ragctregion,
representing 33% of the national herd in 2002. ©fi@ a region without
infrastructure, ranching is done on extensive mapastures. However, cattle
activities in the Cerrado have grown extensivelg do the increase in planted
pasture. For the establishment of planted pasttireshative savannas are clear-
cut and burned, after which African grasses, sigBrachiaria brizantha B.

decumbensMelinis minutiflorg Hyparrhenia rufaand Andropagon gayanus
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are sown (KLINK; MOREIRA, 2002; SANO; BARCELLOS; HERRA,
1999).

The eastern and southeastern regions of the CeBamioe, in Minas
Gerais and S&o Paulo state, are the most fragmesuteld occupied for
agriculture, cattle ranching, and urban expansionthese regions the native
savannas were reduced to small remnants, ofterexusteding 100 hectares.
There is a great necessity of conservation of theado Biome, though the
priority and effort for conservation are low (CAVAIANTI; JOLY, 2002).

2.4 Dung beetles

According to Hanski and Cambeforti (1991), the sntify
Scarabaeinae has nearly 6 000 species distribntdteitropical regions of the
world. In South America there are nearlyl250 reedrdpecies, and in Brazil,
according to Vaz-de-Mello (2000), 618 species ftisted along six tribes
(Ateuchini, Canthonini,Coprini, Euristenini, Onth@mini e Phanaeini).

Most dung beetles species are coprophagous, brg #re other food
resources utilized by dung beetles, like carrioacfaphagy), decaying fruit
(carpophagy), fungi (micetophagy), and plants inodeposition (saprophagy).
Often, predation of some ants and millipedes has mbserved (HALFFTER;
MATTHEWS, 1966). In this way, these groups of speadf dung beetles use
different strategies for food resource allocatidime following strategies of
allocation can be termed as functional guilds medato their nesting behavior:
rollers; tunnellers; and dwellers (HANSKI; CAMBEFOR 1991).

Dung beetles are important elements for severdogimal processes
and are recorded as key species in the ecosystentodieir participation in

nutrient cycling, bioturbation and secondary semspeatsal. Dung beetles also
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perform several ecological services for soil maiatece and suppression of
parasites in livestock (NICHOLS et al., 2008).

Due to changes in the abundance, richness and sitiopoof dung
beetles in response to environmental changes ffossible to use them as
bioindicators (DAVIS; SCHOLTZ, SWEMMER, 2012), witha high
performance/ cost-effectiveness in response tartishces (GARDNER et al.,
2008; NICHOLS et al., 2007; NICHOLS; GARDNER, 2011)

2.6 Land use changes and dung types

The land use type of and food resource utilizeditwyg beetles should
be treated together for the understanding of tffleence of land use change,
mainly in changes in vegetation structure and diterof available food
resources (BARBERO et al., 1999; GITTINGS; GILLERQS).

The source of food of coprophagous dung beetleduisy of wild
mammals. Around the world, the population of mansralffers with habitat
loss or transformation and fragmentation. Some malsrtike Bos tauruswere
introduced in Brazil with the purpose of beef anitkmproduction. Thus, there is
a high availability of cattle dung in pastures tfaators dung beetles specific to
large mammalian herbivores and causes environmatisalirbers, like the
increasing of parasites of the livestock (HANSKAMBEFORTI, 1991).

Therefore, the conservation of the Cerrado Biomethie context of
agricultural landscapes, needs more attentionlatioa to the modifications of
natural landscape human intervention, as occuts thié introduction of exotic
pastures and domestic mammals. Some actions canpogtant for increasing
the biological value of the pastures, like live&tdiversification, with horse and
cattle or other domestic animals (LOUZADA; SILVA)@).
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3 METHODS

3.1 Study area

The study was carried out in native savannas (@esansu strictpin
Northeast Minas Gerais state, Brazil. This regisncovered extensively by
native savannas.The native savannas of Brazil epasse a series of vegetation
physiognomies from open grasslands to dense wodsllasnd recognizable
stages of this continuum are given specific namiég dominant families of
plants of the Biome Cerrado in the nonarboreal gmaie are: Fabaceae,
Compositae, Poaceae and Orchidacekmeforest formations, the cerradensu
stricto and “campo sujo” are dominated by species of theegaAxonopus,
Chamaecrista, Croton, Hyptis, Mimosa, and Ox@ik. GUEIRAS, 2002).

The climate of the Biome Cerrado varies considgrailt it is typical
of the rather moister savanna regions. There igti@n across the region in the
average annual temperature, ranging from 18° t€28Ad rainfall, from 800 to
2.000 mm, with a very strong dry season during gbaethern winter (April-
September). Overall, the biome is characterizebrdarg to classification
Koppen of Aw (rainy tropical) (OLIVEIRA-FILHO; RATER, 2002;
RIBEIRO; WALTER, 1998).

Most soils of the Cerrado Biome are distrophic,hwibw pH and
availability of calcium and magnesium and high ahiom content. The sail in
cerradosensu strictds strongly drained with a deep water table ancdmez
water deficit at the topsoil level (OLIVEIRA-FILHQRATTER, 2002).

The Cerrado is an important cattle ranching regiod the bovine herd
has been increasing since the 1980°s. The incieabe number of cattle has
direct consequence of increasing land covered mtieypasture, the most

important land use in this Biome. These exotic yast usually planted on
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native savanna that has been, clear-cut and buamedthen often seeded with
grasses of African, such as therachiaria decumbensone of the most
widespread species that tolerates soils of cersmitsu scricto Frequently,
pastures with this species cover great areas dilBmranative savanna that then
become degraded-exotic pastures due to inadequatenagement
(CAVALCANTI; JOLY, 2002).

3.2 Distribution of sampling effort

We sampled two types of land use in this studyas& cerradsensu
stricto and exotic pasturéBtachiaria spp) in telandscape windows (at least
20 km apart) in Minas Gerais (MG) state. We sampleas in Pitangui,
Martinho Campos, Pompéu, Felixlandia, Curvelo, gira, Buritizeiro,
Montes Claros/ Santa Rosa Montes Claros/ Morro Agald Claro das
Pocobes (Figure 1). At each landscape window, wepkairthree sites of
each land use type. Each sampling site receivedsampling points, 50
metres apart, placed along a transect. The sampbimg was composed
of the two pitfall traps (three metres apart), aseng human dung and
another cow dung as bait (Figure 2). Our sampliffgrtewas 300
sampling points by land use types (native savamuhexotic pasture),
totalling 600 pitfall traps in ten landscape window
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The human faeces baited pitfall was composed oflastip
container (diameter 19 cm; depth 11 cm), buriethénground, so that its
opening at ground level and a plastic lid used aairacover. The trap
container was half-filled with a solution of watesalt and liquid
detergent. A small plastic cup containing the s suspended above
the trap using a wire.

The cattle dung baited pitfall was composed ofastd container
(diameter 19 cm; depth 11 cm), buried on the grosondhat its opening
at ground level. The trap container was half-filleith a solution of
water, salt and liquid detergent. A steel rod waslksin the ground with a
twine tied to its upper end, which suspended thedimve the trap. The
bait consisted of 500g of cattle dung wrapped ilomy

The pitfall traps were baited and left for 48 howalier which the
insects were collected and placed in 70% alcohbltisa for further
sorting and identification at the Invertebrate Bgyl and Conservation
Laboratory of the Universidade Federal de LavraSL@).We identified
the dung beetles to genus and species, with thedfdDr. Fernando Z.
Vaz-de-Mello of the Universidade Federal do Mat@$so (UFMT) and
Dr. Fernando Augusto Barbosa Silva of the Univerda Federal do Para
(UFPA). Vouchers were specimens were depositecett ef the three
universities.

Sampling was carried out from thetﬁJanuary to 1% of February
2012. This period corresponds to the rainy seadaring which dung
beetles are active while in the dry season thaindbance is decreasing
(MILHOMEM; ZAGURY; MELLO, 2003).
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Figure 2 Sample design of each transect in naivarsma and exotic pasture
within sampling site

3.3 Vegetation measurements

3.3.1 Vertical structure of the herbaceous vegetath

In order to record the herbaceous vegetation grpwietween the two
traps of each sampling point, a100 x 100 cm blasief placed vertically 10 cm
above the ground, was photographed utilizing a Nikpd0. The panel was
photographed four times, once in each cardinattime (Figure 3).

The pictures were analysed using the software &tel.1.01 (NOBIS,
2013). This software allows to calculate the veitadensity and fractal
dimension of herbaceous vegetation, through theep¢age of black pixels and

white pixels from a dichromatic picture. The vegieta density was calculated
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by the equation: VD= Ap. (BP/WP) / Wp. Where, VDvegetation density; Ap
= area of the panel; BP = black pixel; WP = whileeh Wp = width of the
panel. The fractal dimension of the herbaceoustatige was used as a proxy

of the local structural vegetation complexity (vieg@®n complexity).

1m
Black panel
1m Pitfall- C. dung itfall- H. faeces
O « O
\
Y 1,5 meters
3meters

Figure 3 Methods used to record the herbaceoudateme density and fractal
dimension

3.3.2 Canopy openness

We took five pictures of the canopy above the &atsone in each
sampling point, in order to record the mean pesamgmtof canopy openness of
each land use. The pictures were taken using dabigamera Nikon D40
coupled with a fish-eye lens (8mm) placed one matreve the ground and
oriented towards the sky. The pictures were andlyrsing the software Gap
Light Analyser package version 2 (FRAZER; CANHAMERTZMAN, 1999),
which represents an indirect method to measureahepy openness (ratio of

black pixel — canopy cover- and white pixel — opes®).
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3.4 Statistical analyses

3.4.1 Hypothesis (I)

We used individual-based accumulation curves to peom response
patterns of species richness to sampling efforeasing in each land use (native
savanna and exotic pasture) and landscape windoarsparisons were made
by visual assessment of overlapping 95% CI of theves implemented in
EstimateS.8.0 (COLWELL, 2009).

Rank-abundance plots were made by bait types in laac use in order
to evaluate the patterns of species dominancespéeies dominance patterns of
the abundance of species were evaluated for bdtiténwnative savannas and
exotic pastures. In addition, a Simpson index walsutated to evaluate the
equitability of the dung beetle community betweand uses. This index was
calculated performed in the VEGAN of the R enviropeversion 2.15.2 (R
DEVELOPMENT CORE TEAM, 2013).

The community parameters, structure and compositf@pecies, were
analyzed using non-metric multidimensional sca(idlyIDS) in two ways. First,
we evaluated the community between land uses, ex@&aavannas and exotic
pastures, considering each bait type. Second, veduaed the community
differences for each bait types, cattle dung anddrufaeces, within each land
use type.

The NMDS was based on a similarity matrix consgdaising the Bray-
Curtis index calculated on standardized, squaretransformed data. Statistical
differences in community structure and compositietween land uses and baits
were measured using permutational multivariate yasigl of variance
(PERMANOVA). In addition, we tested the multivagahomogeneity between
land use and bait groups by multivariate dispersimalysis (PERMDISP).
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These analyses were performed using the Primer sofiware with
PERMANOVA+ (ANDERSON; GORLEY; CLARKE, 2008).

3.4.2 Hypothesis (II)

To evaluate the influence vegetation structure be tung beetle
community and which variables best predict theataon of the structure in each
land use we performed a distance—based linear nibt&TLM) and a distance-
based redundancy analysis (dbRDA) to model thdioaldbetween similarity
resemblance matrix, built using dung beetle comtyustructure data set and
predictor variables (canopy openness, herbaceoggtat@on density and
vegetation complexity).

The purpose of DISTLM is to perform a permutatiomesdt for the
multivariate null hypothesis of no relationship ween matrix predictors and
response variables on the basis of a chosen reseocgblmeasure, using
permutation of the samples to obtain a P-value. fidtal variation of the
community structure matrix is portioned into a pmrtthat is explained by each
the predictor variable and a portion that unexgdifresidual) (ANDERSON;
GORLEY; CLARKE, 2008).

The approach implemented by DISTLM termed distaresed
redundancy analysis (dbRDA), is a multivariate ipldtregression on predictor
variables that find linear combinations of the eowmimental variables which
explain the variation of the structure or compositiof the dung beetle
community. These analyses were performed in thmd?riv.6 software with
PERMANOVA+ (ANDERSON; GORLEY; CLARKE, 2008).

The selection criterion was the adjusted R squandiich provides a
more useful criterion than R squared for modeldiglr. Thus, it was possible

to include only predictor variables that explaie thariation of the dung beetle
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community without redundancy. This is the concdpparsimony,with which
we obtain a simple model having good explanatorwgrowith the fewest
possible predictor variables. The procedure whixaimenes the value of the
selection criterion for all possible combinatiorfspeedictor variables is called
the Best procedure (ANDERSON; GORLEY; CLARKE, 2008)

Lastly, to evaluate if there was a cause-effecatia@miship between
variables, we performed a test of variance inftafiactor (VIF) to calculate the
value of collinearity (these variables are collinéa/IF is higher than ten). The
VIF is defined in terms R2 of model based on theéavece of the predictor
variable around its mean that is explained by offredictor variables in the
model (O’'BRIEN, 2007). This analysis was performmedhe VEGAN package
of the R environment, version 2.15.2 (R DEVELOPMENIDRE TEAM,
2013).

3.4.3 Hypothesis (lll)

The percentage and absolute contribution of thivenatavannas to the
species composition of exotic pastures was evalumtewo ways. First, we
plotted a graph showing how many species attragyedattle dung in a local
exotic pastures were shared with local native ssaafiocated in the same
landscape window as the exotic pasture) and witmative savannas in the
same bait. Second, we plotted a graph showing hamyrspecies attracted by
human faeces in a local exotic pastures were shaithdlocal native savanna
and with all native savannas (Cerrado region) m same bait. Thus, it was
possible to observe the percentage and the nunflspeoies recorded in exotic

pastures that were not recorded in local nativearsaas, but were recorded in
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other native savannas. In addition, we plotted Vdiagram for observing the

number of species shared between land uses, bebaégmgpes.



4 RESULTS

4.1 Richness and abundance

35

We sampled 11, 252 dung beetles from 98 speciesssatwo land uses

in ten landscape windows (Table 1). Overall, iniveasavannas we collected

7,785 dung beetles from 92 species. In exotic pastwe collected 3,467 dung

beetles from 55 species. The native savannas shawgidgh abundance and

richness. Cattle dung attracted 6,522 dung beéthes 64 species while the

human faeces attracted 4,730 dung beetles frorpéides.

Tablel Number of individuals sampled and numberspécies in each

landscape window for the land use types

Landscape windows Number of individuals

Number of species

N. savanna E. pasture

N. savannaE. pasture

Curvelo (1) 147 49
Montes Claros-Mg/ Santa

Rosa(2) 176 287
Claro das Pog¢des(3) 292 219
Felixlandia (4) 30 262
Martinho Campos(5) 600 1043
Pirapora(6) 1128 525
Pitangui(7) 335 123
Pompéu(8) 743 264
Montes Claros-Mg/ Morro

Agudo(9) 91 138
Buritizeiro(10) 4243 557
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31
36
13
34
55
42
43

19
61

8

12
27
16
20
19
10
9

19
29

The number of the individuals collected was unednadll landscape

windows between baits and landscape windows withsdme bait. The largest

number of individuals captured with cow dung anchan faeces bait was found
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in native savanna of the Buritizeiro landscape wimdvhile in exotic pasture,
the Martinho Campos-landscape window showed thge&ir number of
individuals captured with cattle dung (see figufeahd 4B).

The number of species was higher in native savasgecially in traps
baited with human faeces. Landscape windows: RBeiith, Pirapora and
Pompéu, showed the largest numbers of speciesrf beetles (see figure 4C
and 1D).
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Figure 4 Patterns of the abundance and richnedaraf beetles per landscape

window (each number is a landscape window) in tammdluses and
with two bait types (cattle dung and faeces humé@))and (b) show
abundance of dung beetles in native savannas amtit gpastures,
respectively; (c) and (d) show richness of dungtlbsein native
savannas and exotic pastures, respectively. Ttadsdape windows
are: (1) Curvelo (2) Montes Claros/ Santa Rosa{8jo das pocdes,
(4) Felixlandia (5) Martinho Campos (6) Pirapora Pitangui (8)
Pompeu (9) Montes Claros/ Morro Agudo (10) Buritiae
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4.2 Sampling effort

The species accumulation curves between habitditsated a significant
difference in species richness of native savanmbexntic pasture, with native
savanna having a larger number of species (FigyreBdr each land use, the
species accumulation showed a different numberpetiss collected as the
number of individuals collected increased. Somaldanpe windows showed
few species collected while others showed a latgeler of species (figure 5B
and 5C).
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Figure 5 Individual-based species accumulation esifer dung beetles in (a)
native savanna and exotic pastures; (b) only nasaeannas of
landscape windows; (c) only exotic pastures of $aage windows.
The dotted lines are 95% CI. In (a) there was gifsgtant difference
between native savanna and exotic pasture.
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4.3 Structure and composition of the community

Native savannas were not dominated by few speaihan of the two
baits .The dung beetle community in native savames more equitable than
the dung beetle community in exotic pastures. Tomkination of dominant
species was different in each habitat, as welhasach bait type. According to
the Simpson indices, the dung beetle communityaitiva savanna (S= 68,50)
was more diverse and showed lower dominance tharcdmmunity in exotic
pastures (S= 30,40). Segregation of food resousién the community was
suggested by different captures between bait types.

Among the species captured in cattle dung in batid luse types,
Dichotomius boswas one of the most abundant speciemjitonthophagus
gazellg an exotic species, was recorded in low abundemitee native savannas
and in high abundance in exotic pastures in thestlzited with cattle dung.
Onthophagus hirculuslso was captured in cattle dung in high abunda@ce.
the other hand, species captured in human faeceseshmore equitability
compared to cattle dunGanthon fortemaginatusas the most abundant species
(recorded in six landscape windows) in native sasaoaptured with human
faeces andrrichillum externepunctaturthe most abundant in exotic pastures
(Figure 6).
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Figure 6 Rank abundance of the dung beetle comgnimitative savanna (N.
savanna) and exotic pasture (E. pasture) both gdttle dung and
human faeces Letters represent the following speck) Ateuchus
aff. pauperatus(B) Ontherus appendiculatugC) Dichotomius bos
(D) Agamopus viridis(E) Canthon fortemaginatugF) Uroxis sp.C;
(G) Canthon simulans; (H) Digitonthophagus gazelle; (1)
Onthophagus hirculus; (J) Trichillum externepunctatum;(K)
Canthon aff. Podacricus.

Dung beetle community composition and structurewstb the same
results in all statistical analyses. Dung beetlenmoinity structure in native
savanna shows 45% similarity between dung typegxbtic pastures, 47% of
the community was similar between dung types. Thegdbeetle community
captured with human faeces showed 41% similaritwbéen land use types. In
cattle dung, 41% of the community was similar betmind use types.

In native savanna the dung beetles caught in tifierelit baits formed
distinct clusters. The clusters of bait type wds® &cattered in native savannas
(Fig.7A. PERMANOVA, pseudo-F= 3.2429, P >0.05; PEHRIGP, F= 1.7987,

P>0.05). In exotic pasture, the dung beetle comtyuaiso formed distinct
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clusters according to bait type, with more scaitgrin the cluster of species
captured in human faeces (Fig.7B. PERMANOVA, psebdot.917, P <0.05;
PERMDISP, F=7.479, P <0.05).

Considering dung types in different land uses, theng beetle
community captured in human faeces within nativeasaa and within exotic
pastures was distinct. The clusters of the two laseb were also scattered (Fig.
7C. PERMANOVA, pseudo F=2.8521, P < 0.05; PERMDIER0.21279, P
>0.05) and dung beetle communities captured inlecatting also differed
between land uses (Fig. 7D, PERMANOVA, pseudo Fo@35 P <0.05). The
cluster of the two land uses were also scatterégl (FD, PERMDISP, F=
4.9192, P>0.05).
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Figure 7 Nonmetric multidimensional scaling (NMD&XYination based on a
distance matrix computed with Bray-Curtis similgribdex between
land use types and bait typesNMDS (A) and (B) shitihesdifference
in community structure of dung beetle between baithin native
savanna and exotic pasture, respectively; NMDSaf@) (D) shows
the difference in community structure of dung bedtetween land
use within human faeces and cattle dung, respégtive
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4.4 Influence of native savannas in exotic pastures

Among all species collected, six species recoraea@xotic pastures
were not found in the native savanna. Of thesespicies, only five were
captured in human faeces and one was capturedtia dang (see Table. 2). In
native savannas, 43 species were recorded onligisnland use. Of these 43
species, 20 species were shared between baithesé 20 species exclusively
four species were recorded in cattle dung and &8iep were recorded only in

human faeces.

Table 2 Landscape window, bait type and abundahspezies not recorded
in native savanna

Species Landscape window Bait Abundance

Anomiopus sp.A Claro da pocdes H. faeces 1

Anomiopus sp. B Montes Claros/ Sta. Rosa H. faeces 1

Canthidium aff.

viride Buritizeiro H. faeces 1
Montes Claros/ Sta. Rosa and Morro

Canthon sp. Agudo H. faeces 9

Eutrichillum

hirsutum Felixlandia H. faeces 1

Gromphas

lacordairei Felixlandia Cattle dung 2

The number of shared species between native savaamm@d human
faeces compared with pastures exotic and/or cduithgy are the most number of
the combination between type baits, land uses and Uses with bait types.
While in land use changes showed 48% of sharedespand few species (15%)
were shared between land uses and bait types.olit gasture, no species was
captured in both cattle dung and human faeces. €ketic species
Digitonthophagus gazellavas found in native savanna and exotic pasture
attracted only by cattle dung (Figure 8).
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NS EP

HF CD

Figure 8 Venn diagram showing the number of shapetties of dung beetles
in: two baits and two land uses HF= Human faecé&s; Cattle dung,
NS= Native savanna, EP= Exotic pasture

Some species that were recorded in exotic pastuees not found in
local native savanna, but occurred in native saasnof other landscape
windows, in either cattle dung or human faeces. &@xotic pastures were
strongly influenced by the species compositionhef dung beetle community in
local native savanna, while in other exotic pastutiee influence was less
pronounced (Figure 9A).

The influence of local native savannas in compasigpecies of exotic
pastures, captured with human faeces, in two lamp#sevindows (Curvelo and
Pompéu) was full; all species that occurred in iexpastures were recorded in
local native savannas. However, these landscapelowis with the same
composition between land uses, showed a low nuailbgpecies (Figure 9A).In

other exotic pastures, there was a higher numbdpazfl shared species in
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human faeces (reaching almost 80 % and 90%). |wtiner exotic pastures the
influence of local native savanna was lower (Fig2#g.

Overall, the number of shared species that occwitt cattle dung in
exotic pastures compared to local native savanra leiger compared with
species in human faeces shared between exoticrgasand local native
savanna. Among the species that were capturedtile cung, Pirapora-MG
landscape window showed the same species betweeahrlative savanna and
exotic pasture (Figure 9B). The influence of thar@ao region on richness of
exotic pastures, with species captured in cattlegdueached almost 70% in
some landscape windows. The richness of the loasiven savannas, with
species captured in cattle dung, was less prondumtcesome landscape
windows than in species captured with human faeths. richness of exotic
pastures was complemented by species of Cerradmnraghile the local native

savannas were not complemented by the richnest€ gpastures.
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[ Local native savanna
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Landscape windows

Percentage of shared species recordedadh exotic pasture
compared with local native savanna and with natseannas overall
(Cerrado region) in (A) human faeces and (B) cattleng: (1)
Curvelo (2) Montes Claros/ Sta Rosa (3) Claro daegbes, (4)
Felixlandia (5) Martinho Campos (6) Pirapora (7)XaRgui (8)
Pompeu (9) Montes Claros/ Morro Agudo (10) Buritiae
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4.5 Models with factors of the vegetation

The most influential variables structuring dung tleeecommunities,
across native savanna and exotic pasture were Uaadtype and vegetation
complexity (DistLM., pseudo-F= 3.8285, P< 0,05;tDM, pseudo-F=6.2601, P
<0,05, respectively).Canopy openness and herbacemgetation density were
not significant model variables with marginal té8istLM, pseudo-F= 1.5724, P
>0,05; DistLM, pseudo-F= 1.7517, P >0,05, respebjiv However, the best
solution for this model was to use all variablesce the variables did not show
collinearity (see results in Table.3). In additidhe result of DistLM showed
that this model explained 43.54% of the total w#ia of variance of the
structure of the dung beetle community and db-RbDAwsed that this model

explain the variation dung beetle community strrefn native savannas.

Table 3 Results of the model with environment Jsgaand values of
Variance Inflation Factor

*Variables R2? adjusted Variance Inflation Factor (VIF)
All 0.2849 <10
CO, VC, LU 0.2688 <10

Note: CO= Canopy openness; VC= Vegetation compleklt)= Land Use

Vegetation complexity was different between lan@ tgpes. Native
savanna showed greater vegetation complexity thxaticepasture. Thus, the
structural complexity is an important factor foratyate difference in this land
uses (F= 18.29, p<0,05; test T= -4.2776, p<0,0B®ufe 10).
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Figure 10 Distribution of the data of vegetatiomgbexity in the two land uses:
native savanna and exotic pastures. Data wereatdindd by total
value and show normal distribution (W-statistic69),p> 0,05).

Within native savanna vegetation complexity was mhast important
variable for explaining the variance of the comntystructure of dung beetles
(DistLM, pseudo-F= 1.8604, P< 0,05). The best mageld in native savannas
included canopy openness and vegetation compldritgddition, the results of
db-RDA showed that this model explained 32% ofttial variation of variance
of the community structure in native savannas. Witbxotic pastures, the
variables of the vegetation were not significant éaplaining the variation of
dung beetle community structure. Canopy opennesgetation density and
vegetation complexity weren’t good predictors nodedo(DistLM, pseudo-F=
1.09, P> 0,05; DistLM, pseudo-F= 1.7147, P> 0,05tlDM, pseudo-F= 1.346,
P> 0,05, respectively).
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5 DISCUSSION

We found that dung beetle community composition sindcture were
negatively influenced by land use change. The toamation of native savannas
of the Brazilian Cerrado into exotic pastures aftethe abundance and richness
of dung beetles, resulting in a simplified-dungtlEeeommunity and decreasing
the equitability in exotic pastures. On the othandy the richness of exotic
pastures was complemented by species that ocouitieid Cerrado region, and
only not by the local native savannas. This diffeein communities between
land use types was explained by the availabilitydidferent dung types and

differences in vegetation structure.

5.1 Dung beetle diversity

The number of species and individuals reportediimgtudy were larger
than other studies carried out in Brazilian natha@anna. This may be due to
larger sampling effort compared to following stugdand the regional scale. For
example, Almeida et al. (2011) collected 66 speeied Gries et al. (2012)
collected 4340 individuals from 55 species, botl&it hours. Both these studies
were carried out in grasslands of the Cerrado biome

African savannas show a greater richness and ahoaed&or example,
Davis et al. (2012) collected 76, 176 individualslta3 species of dung beetles
in African savannas and exotic pastures with a lemahmpling effort and 12
hours of trap exposure. This African savanna ispusad of a similar habitat to
the Brazilian native savannas, and lowveld, whila ihabitat more open than
Cerradosensu strictpallowing this comparison.

Some biogeographic issues can be raised for expdathe richness of
these savannas. The high richness in African sagnray be attributed to the
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presence of large mammals in Africa, while Austnalsavannas are probably
less rich in species than African, American and #éechnean savannas, but
without many studies of the Australian native dubgetles (DOUBE;
RIDSDILL-SMITH; WEIR, 1991). However, the extinctioof the majority of
large mammals on the South American continent cexfiain the low richness
of the dung beetles compared to African (HANSKI; MBEFORTI, 1991). It is
possible that American savannas, such as Brazhsanna, can preserve a high
diversity of dung beetles because many speciendatido extinct, even after the
extinction of large mammals, suggesting that thecigs that occur are the more

generalist, and not those specialized on large nardomgs.

5.2 Community structure and composition

These community-level changes in dung beetle coitigosand
structure following conversion of native savannas iexotic pastures also
occurs in other savannas in Africa and the Mediteran, resulting in
communities with less evenly distributed commusiti®AVIS; SCHOLTZ;
SWEMMER, 2012; NUMA et al., 2012). Overall, thistie same pattern found
when other habitats, like tropical forests, witlhsgdld vegetation structure, are
converted to pastures (QUINTERO; HALFFTER, 2009 both tropical forest
and native savannas transformed into pasturescdhgosition of the dung
beetle community is altered, decreasing the richiaesl abundance of the dung
beetles (ANDRESEN, 2003; HORGAN, 2008; NICHOLS let2007).

In this context, the difference in the dung beetenmunity between
land uses suggests different responses of spegciesoriversion of native
savannas. The exotic pasture species altered cdioposhen compared with
the native savanna (ALMEIDA et al., 2011; DAVIS &k, 2010; DAVIS;
SCHOLTZ; SWEMMER, 2012; JACOBS et al.,, 2010) . Fsmme species,
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availability of food resources may be a more cenutri@er of species occurrence
than the overall land use types. For examplehotomius bosindOnthophagus
hirculus, were widely distributed in cattle dung acrossdsoape windows,
suggesting that it is likely that species shiftedntroduced cattle dung in open
habitats (e. g. native savannas) a as occurregsiiem Madagascar with species
of the genu®©nthophagugHANSKI et al., 2008).

These species likely are favored by foraging cdpaiexotic pastures
for cattle dung, resulting in a competitive advaetdor some species on this
novel food source (LOUZADA; SILVA, 2009), allowiniipem to persist in the
hot, arid environmental conditions of pastures (QUERO; HALFFTER,
2009) and tolerate the higher compaction of saiked by cattle (HALFFTER,;
FAVILA; HALFFTER, 1992).

Nearly 15% of the total of species of dung beetlas shared between
dung and land uses types, suggesting that a saralbpthe total richness was
able to switch food resource and land use typegeMer, the species shared
between cattle dung in land uses types was low)yn6%o of total, suggesting
that it is possible that many species are lost wiegive savannas are replaced
by exotic pastures. Often, the effect of land usmge and the effect of different
dung types should be considered together for utadetig the causes of the
change in dung beetle community composition (DA¥ISal., 2010; DAVIS;
SCHOLTZ; SWEMMER, 2012; JACOBS et al., 2010).

There is a dominance of species in cattle dungréa/dy human
activities (HORGAN, 2007) and have maximally laggographic ranges across
the landscape (RAHAGALALA et al., 2009). Domesiiektock have increase
the abundance of these species due to their abditynanipulate dung of
domestic mammals that were not present before,lynBirs taurug HORGAN,
2008). Dung quality and attractiveness are inhex@itite physiology, digestion,

and bacterial microflora present within the mamnmat a result of food type
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alone (WHIPPLE; HOBACK, 2012) and filter feeder® amportant for dung
beetles (HALFFTER; MATTHEWS, 1966). Some specieske li
Digitonthopahagus gazellaan African dung beetle introduced into Brazil
(MIRANDA; SANTOS; BIANCHIN, 2000), occurred in nat savanna
collected in cattle dung, suggesting that this secan invade native savannas
if domestic livestock is established. This specits® was recorded in intra-
Amazonian savanna (MATAVELLI; LOUZADA, 2008).

There is some evidences that shifting mammal contieancan
indirectly influence dung beetle communities (NICE®et al., 2009), mainly,
by large herbivorous mammals (VILJANEN; ESCOBAR; N8KI, 2010).
Thus, for other species, the evidence can sugigatsetivironmental variables of
different land uses (e.g. vegetation complexityya stronger determinants of
occurrence than the availability of different tymdsiung (BLAUM et al., 2009;
DAVIS; SCHOLTZ, SWEMMER, 2012). For example,Canthon
fortemaginatus was an abundant species only in native savarsuggesting
that it is sensible to land uses changes.

Native savanna conversion influenced the dung &eetimmunity
through availability of food types and environméntariables. The vulnerable
species can be in decline along with native mamrfdli€EHOLS et al., 2009)
since these mammals are affected by the replacevhéme native savanna with
exotic pastures; by changes in vegetation strucame composition of plant
community (VIEIRA, 1999) and by the network of cengtion land use in the
form of forested rivers corridors and patches ofr&io (TROLLE; BISSARO;
PRADO, 2007; VYNNE et al., 2011).
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5.3 Influence of native savannas on exotic pastures

The overall richness of dung beetles recorded wtiexpastures was
complemented by species from both local native rs@as and Cerrado region.
Some landscape windows, the local native savanmavesh not the same
composition of dung beetles compared to local exmistures. Thus, when local
native savanna shared not all species with pastime, community was
complemented by the species that occur in the G@emggion.

The Cerrado Biome contributed species to exoti¢upas that did not
occur in local native savannas. Some environmedifierences between
landscape windows seem to be more influential thifarences in the quantity
of resource and their renovation rate at a regisoale (LOBO; CABRERO-
SANUDO, 2006). Some species-specific adaptatiorggest environmental
tolerance or dispersal ability that could expldia tegional presence of the dung
beetles species (ROSLIN, 2000; ROSLIN; KOIVUNENO2n

The influence of native savannas on the compostf@pecies in exotic
pastures was heterogeneous across landscape wirstmwstimes, with species
occurring in several local native savannas. Thes@arsas can be rarer in
Cerrado landscapes and the structure of the contynimihis land use types
may be more disproportionately influenced by thidasr of generalist species
from other land uses in the landscape, like pastyROSLIN et al., 2009;
ROSLIN; KOIVUNEN, 2001; TSCHARNTKE et al., 2012).

Specifically, when one considers species sharechtite dung between
exotic pastures and Cerrado cattle dung-using epempppear to have greater
geographical ranges than habitat specialist spebiesause the shift to the
currently abundant resource can relax interspecdimpetition (HANSKI et al.,
2008; RAHAGALALA et al., 2009).
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The environmental condition and conservation assediwith each land
use within the landscape windows was importantefgrlaining the occurrence
of the dung beetles, corroborated by other workA\[3; SCHOLTZ,
SWEMMER, 2012; LABIDI; ERROUISSI; NOUIRA, 2012; LOB
CABRERO-SANUDO, 2006).The exotic pastures show héaetors that
determine the composition of local dung beetles roamities, like grazing
history, number of livestock, distance between egdpcalities and rate of dung
renovation. These conditions could be explaining wariation local in dung
beetles diversity in pastures (LOBO; CABRERO-SANUL2006).

Microhabitat and microclimate requirements of eadpecies
(GITTINGS; GILLER, 1998) are also important for éxiping their occurrence.
The ability for choose herbivore dung can be adogrtb their availability this
dung in land use (DAVIS et al.,, 2010). The seleatd uses according own
microclimate requirements may be in adverse enmiemal conditions
(BARBERO et al., 1999).

5.4 Influence of vegetation structure

Despite evidence that local vegetation structura ssrong determinant
of dung beetle community structure (BLAUM et al00®; DAVIS et al., 2010;
DAVIS; SCHOLTZ, SWEMMER, 2012; HALFFTER; ARELLANOR002;
HANSKI; CAMBEFORTI, 1991; JACOBS et al., 2010; VEREet al., 2007),
we found that canopy openness and herbaceous tiegetiensity were not
determinant variables for explaining the differenaethe structure of the dung
beetle community in different land uses. Only vatjieh complexity proved to
be important in modifying the dung beetle community

Canopy openness was important only for explaini@gstructure of the

dung beetle community between native savannas.@yasaver has been shown
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to be important in structuring dung beetle commaeagif{GRIES et al., 2012;
HANSKI; CAMBEFORTI, 1991; NEITA; ESCOBAR, 2012). @apy cover
influences humidity as well as air and soil surféemperature, which might
affect the survival and reproduction of dung bextiso food availability and
attractiveness (HANSKI; CAMBEFORTI, 1991). Dung g¢a under shade, can
be important factor in maintenance of the qualityomd resource (HORGAN,
2002).

Herbaceous vegetation density alone explained littthe differences in
community structure, corroborating the results il by Gries et al. (2012).
However, the combination with other environmentattérs (e.g. canopy
openness and vegetation complexity) can reprekentdgetation structure and
influences the dung beetle community under land cisgnge, altering the
composition of dung beetles (DAVIS et al, 2010; \O8; SCHOLTZ;
SWEMMER, 2012; JACOBS et al., 2010; VERDU et a00?2).

Among the environmental factors studied, vegetatomplexity was
important for explaining the difference in dung tee€ommunities, contrasting
with Gries et al. (2012) who worked with afforegiat of the Cerrado.
Vegetation complexity can indirectly interact widling beetle traits to produce
changes in fitness of the species, in foragingeggias and in such as body sizes,
reported in arthropods (DAVIS; SCHOLTZ; SWEMMER,12) MARSDEN et
al., 2002; MORSE et al., 1985; NITTE; GUNNARSSON0R).

Vegetation complexity is also considered a fachat tinfluences food
resource detection by invertebrates (MORSE etl@B5). The microhabitat can
be modified by changes in vegetation complexity, teat more simplified
vegetation structures exposes arthropods to higtsrlevels, to predators and
changes in the food resource (GUNNARSSON, 1990).



54

6 CONCLUSIONS

Our results allow us to reach the following coniduas:

() The change of native savannas into exotic pastiraplified the
community of dung beetles by altering both commusiitucture and
composition. These effects were often species Bperid related to
both land use change and food resource availabifiby vulnerable
species vegetation changes associated with landchesege (e.g.
vegetation complexity) were important determinanifs species
occurrences. For other species, availability offedént dung
resources provides an important factor for deteimginthe
occurrence of dung beetles in native savannas.

(I Canopy openness and vegetation complexity wererrdetants of
the structure of the dung beetle community in Biazi native
savannas. The vegetation structural complexityriportant factor
that distinguish the dung beetle community in lasds.

(Il There was a contribution of the richness of latative savannas
and of the Biome Cerrado to the richness of exmdistures. Overall,
the conservation of the Cerrado Biome is importantorder to

maintain ecosystem functions and services in exastures.

Some alternative practices for cattle managemeantbeaconsidered for
the conservation of native savannas. The implertientaf conservationist
practices of livestock management, like rotatiogr@zing, and with the use of
silage, a form of conserved grass, will help toid\grazing cattle within native

savannas in dry seasons.
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The farmers can make silage during the summer reomtien the grass
supply is plentiful. This allows them to avoid uginative savannas as pastures
during the dry season and the resulting degradafions, many native savannas
would not be degraded and cattle dung would beimedfto exotic pastures.
Native savannas would also provide dung beetlesiepefor pastures,
improving the biotic quality of this land use. Ahet important aspect is the
creation of public conservation policy for nativavanna fragments, through

incentives for the production of silage.
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