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RESUMO

Ao analisar as atividades agropecuarias atuaigiozese que ha um
desencadeamento de diversos processos por pareatiaas de manejo
e uso do solo que podem promover alteracfes impegala estrutura
das comunidades da fauna edéfica, consequenteniatggerir
negativamente na diversidade de espécies e emdsimedlizadas por
estes organismos, principalmente relacionadaslageim de nutrientes.
Os besouros escarabeineos (Coleoptera: Scarabha&idambaeinae)
compreendem um grupo importante para estudar agded entre as
funcbes ecoldgicas e aos atributos fisico-quimides solos em
ambientes agricolas-pecuarios, pois apresentamlidémtg na
amostragem e sobretudo por estarem diretamenteiomdaos com
funcbes do solo nos ecossistemas. A pesquisa tew® @rincipal
objetivo estudar a composicdo de comunidades deoutmEs
escarabeineos copronecréfagos (Coleoptera: Scatabae
Scarabaeinae) associados a agroecossistemas nbeBnasMéxico e
analisar a resposta destas comunidades em relac&aracteristicas
fisico-quimicas dos solos nestes ambientes. Aditioente, buscou-se
investigar a contribuicdo de espécies copréfagawes da funcédo de
remocao de matéria organica exercida por estegisrgas em ambiente
pecuério. A tese esta dividida em quatro capitlosapitulo | trata da
descricdo da estrutura das comunidades dos besesoasabeineos
copronecrofagos que habitam os principais agroetesss da regido
Sul do Brasil e da relacdo da presenca destes isngas com as
caracteristicas fisico-quimicas do solo nestes emtgs. Foram
amostrados quatro agroecossistemas: cultivos denigijdo, cana-de-
acucar e éareas destinadas a pecuéria. Coletou-séotainde 110
individuos, pertencentes a 10 espécies de besesicasabeineos, sendo
gue o ambiente pecudrio apresentou maior riquekandé@ncia e
biomassa destes organismos. No cultivo de cangitlaa ndo foi
registrada nenhuma espécie de besouro escarabgiodendo ser
atribuido ao sistema de manejo utilizado da queitmapalhada. As
espécies escavador@ichotomius nisu® Trichillum externepunctatum
relacionaram-se positivamente com o teor de matérganica,
mostrando a importancia destes organismos no moaisciclagem de
nutrientes. A espécie rolador@anthon chalybaeusse relacionou
positivamente com a textura do solo, preferind@sa@renosos. Estas
informacdes sobre a relacdo dos besouros escazabeicom
propriedades fisico-quimicas dos solos pode cairstima importante
estratégia para o aumento da fertilidade e manejaaservacdo de



solos em agroecossistemas. O capitulo |l buscaur arha forma de
avaliar o efeito da qualidade dos solos na aburnaéte besouros
escarabeineos copronecréfagos de diferentes glilda®nais através
do emprego de um indice de qualidade do solo cam &a parametros
fisicos-quimicos. Assim, foram tomados os parérsetie solo de
sistemas pecuarios extensivos no Sul do Brasil geeterminacéo de um
indice da qualidade do solo. Foi utilizado um proto padréo para
capturar os insetos em quatro areas de duas nsatiézeolo (cambissolo
e argiloso) em oito campanhas durante o periodmdano. Registrou-
se um total de 813 espécimes de besouros escaabgefrertencentes a
nove géneros e 19 espécies. Os resultados mostnaa#on abundancia
de paracoprideos grandes, seguido de telecopritéoéos e baixa
abundéancia de espécimes da guilda funcional doscepddeos,
havendo uma relagéo positiva entre os parametsangi (porosidade,
umidade volumétrica, textura) e quimicos (pH, tsode magnésio,
célcio e matéria organica) do solo com a abundadom besouros
paracoprideos em cambissolos e em solos argilaspsalidade do solo
pode ser um parametro que explique a distribuigi@atmindancia das
guildas funcionais dos besouros escarabeineoscigaimente de
espécies paracoprideas. Solos com qualidade éi¥tsee35% do indice
de Qualidade de Solo (IQS) favorecem o aumentoboadéncia das
guildas funcionais de espécies paracoprideas eofeldeas, sendo que
h& um efeito negativo na guilda dos tuneleiros doaa qualidade do
solo é baixa. No capitulo Il investigou-se a citmiicdo da comunidade
de besouros escarabeineos copréfagos atravésxdasde remocéo de
massa fecal ao longo de diferentes tempos de €&§wodo recurso em
um sistema pecuario rotacionado no Sul do Brasf. r@sultados
mostram o valor em termos de servicos ecossist&npoestados por
esses organismos através de suas funcdes ecologigaspalmente
como facilitadores do processo de decomposicacungéio ecolbgica
realizada pelos besouros escarabeineos permitdugde de 23,5% e
24,9% de massa fecal por hectare através de entaoi solo,
especialmente durante as primeiras 24 e 48 horaexgesicao,
respectivamente. Os resultados indicaram que @iespéis abundante,
Ontherus sulcatofoi a que mais contribuiu em termos de biomasaa e
mais importante em relacdo a remocgéo de esterdndoow ambiente
estudado, sendo capaz de remover, em média 6,3 wegeu proprio
peso corporal em 24 horas. Esta espécie favorpcecesso de aeracao
do solo, ao escavar tlneis para armazenamentocdmsoee utilizagéo
do mesmo. O capitulo IV avaliou as mudancas nasldede e estrutura
da assembleia de besouros escarabeineos copragesr@m diferentes



tipos de manejo e caracteristicas edaficas emmestgecuarios no
centro de Veracruz, México. Foram estudados tersas de manejo
pecuario: sistemas silvipastoris dguazuma ulmifoliaLam (SPS)
associados a gramineas, sistemas pecuarios er®ensém Aarvores
(monocultivos) e formagbes secundarias de bosqyécéd caducifélio
com bovinos. Os resultados revelaram um total d23lindividuos de
15 espécies de besouros escarabeineos, sendoisfgenexior riqueza
nos sistemas silvipastoris e que ha uma diminud@abundancia e
riqueza com a reducdo da complexidade dos sisterdasgualidade do
solo, bem como o aumento da intensidade das pwatleamanejo.
Registrou-se correlacdo positiva entre a abundadeiaespécies de
besouros e caracteristicas fisico-quimicas do solbo umidade, os
teores de fosforo e potassio, bem como caractesstie densidade de
plantas. Entretanto, observou-se um efeito negatigopraticas de
manejo, como o0 uso de inseticidas, fertilizantegueimadas sobre a
abundancia dos besouros escarabeineos; quandoriageigaforam
relacionadas por espécies, apenas quatro respondsrdiferencas em
relac@o aos niveis de nitrogénio e magnésio nas,sab tipo de manejo
e a densidade de plantas.

Palavras-chave: Besouros escarabeineos. Cultivos agricolas.
Diversidade de espécies. Funcdes Ecossistémicstenfais Pecuarios.
Sistemas SilvipastoriQualidade do Solo.



ABSTRACT

When analyzing current agricultural activitiessitdbserved that there is
an onset of several processes resulting from mamagiepractices and
soil use that may cause important structural alters in communities
of the edaphic fauna, consequently interferinggacges diversity and
functions, mainly the ones related to nutrient ioyel Dung beetles
(Coleoptera: Scarabaeidae: Scarabaeinae) are aortémp group to
study the relationships between ecological funetionand
physicochemical properties of soils in agricultuemlvironments once
they are easy to sample and especially becauseatkeglosely related
with soil functions in the ecosystem. The objecidhis study was to
research the composition of communities of coproaghagous beetles
(Coleoptera: Scarabaeidae: Scarabaeinae) in atgosysn Brazil and
in Mexico, and to analyze their responses to plgsiemical properties
of soil in these environments. It was also soughinwvestigate how
coprophagous species contribute with livestock remvinents through
the removal of organic matter. This thesis is dididnto four chapters.
Chapter | describes the structure of communitiesopfo-necrophagous
Scarabaeinae beetles that inhabit the main agesegsof south Brazil
and the relationship of their presence with phydhiemical properties of
soil in these environments. Four agrosystems wamgpked: corn, beans
and sugarcane cultivations, and livestock areas.total of 110
individuals were collected, belonging to 10 speakdung beetles, and
the livestock environment showed the greatest @shnabundance and
biomass of these organisms. There was no recor&cafabaeinae
beetles in the sugarcane cultivation, probably tu¢he management
system used (burning of sugarcane straw). Tunnelgpecies
Dichotomius nisusand Trichillum externepunctaturpositively related
with the levels of organic matter, showing theirpontance in the
process of nutrients cycling. The roller spec@snthon chalybaeus
positively related with soil texture, showing prefiece for sandy soils.
The relationship between Scarabaeinae beetles hgsicpchemical
properties of soils may constitute an importaratetyy to increase soil
fertility and management of soil conservation imeasgstems. Chapter I
tried to create a means of evaluating the effecsaif quality in the
abundance of dung beetles different functionaldguihrough the use of
a soil quality index based on physical and chemi@ahmeters. Thus,
physicochemical parameters in extensive livestgatesns in southern
Brazil were taken for determination of a soil qtyaindex. A standard
protocol was used to capture the insects in foeasrof two soil



matrices (cambisol and clay soil) in eight seasafiihin a one-year
period. A total of 813 specimens of Scarabaeinatidewere recorded,
belonging to nine genera and 19 species. Resultsvezh greater
abundance of large paracoprids, followed by mediatacoprids and
low abundance of specimens of the functional gofléndocoprids, and
there was a positive relation between physicaldgity, volumetric soil
moisture, texture) and chemical parameters (pHel$ewf magnesium,
calcium and organic matter) of the soil and abundaof paracoprid
beetles in cambisols and clay soils. Soil qualitgynaffect abundance
distribution of functional guilds of dung beetlesspecially paracoprid
species. Soils with quality varying between 37% &3340 favor the
increase of abundance in functional guilds of papad and telecoprid
species and there is a negative effect on the kwrsnguild when soil
quality is low. In Chapter lll, the contribution dhe community of
coprophagous dung beetles was investigated thrigwgls of fecal mass
removal throughout different intervals of resouregposition in a
rotational livestock system in south Brazil. Reswhow the values in
terms of ecosystem services provided by these @mganthrough their
ecological functions, especially as facilitators thle decomposition
process. The ecological function of Scarabaeinasldse allows the
reduction of 23.5% and 24.9% of fecal mass perahnedty burial in the
soil, especially during the first 24 hours and 48iis of exposition,
respectively. Results indicated that the most abohdpeciesDntherus
sulcator, contributed in terms of biomass and was the nmpbrtant
regarding attribution and transformation of orgamiatter in the studied
environment, being capable to remove an average/aimes their own
body weight in 24 hours. This species favors tleegss of soil aeration
by excavating tunnels to store and use resourcapt€hlV assessed the
response of the assembly of copro-necrophagoukebeletough edaphic
characteristics and type of management of diffelieastock systems in
the center of Veracruz, Mexico. Three systemswastiock management
were studied: silvopastoral systems®@fiazuma ulmifoliadlam (SPS)
associated with grasses, extensive livestock systenthout trees
(monoculture) and secondary formations of tropidetiduous forests
with bovines. Results show a total of 1.423 indinl$ of 15 species of
dung beetles, and there is a greater richnes®igilfopastoral systems,
a decrease in abundance and richness with the ti@duof system
complexity and soil quality, as well as an increadeintensity of
management practices. A positive correlation waorded between
species abundance and physicochemical propertiesoibfsuch as
humidity, potassium and phosphorus levels, and elferacteristics of



plant density. Nevertheless, a negative effect ahagement practices
such as use of pesticides and fertilizers and bgsnivas observed on
the abundance of beetles. When variables werescelat species, only
four responded to the differences in relation teele of nitrogen and
magnesium in the soils, type of management and giamsity.

Keywords: Agricultural crops. Dung beetles. Diversity of eses.
Ecosystem functions. Livestock systems. Silvipasteystem. Soil
quality.
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INTRODUGCAO GERAL
PROBLEMA DE ESTUDO

Os ecossistemas e as espécies constituintes geararftuxo
intermindvel de produtos, funcdes e servicos (NAEEMal., 2009).
Kremen (2005) define os servicos ecossistémicosocormonjunto de
funcBes Uteis para os seres humanos. Estas puess#o 0S processos
e 0s componentes biologicos, geoquimicos e figjocesocorrem dentro
de um ecossistema. Assim, 0s servicos ecossisténmaferem-se a
todos aqueles executados por organismos vivosfgteEmaos processos
naturais, definidos como componentes e compartosedt ecossistema
gue sdo consumidos, desfrutados e/ou conduzem raeném do bem
estar humano (MYERS, 1996; DAILY, 1997; MA, 2005,JBTIER et
al., 2007; LUCK et al., 2009; QUIJAS et al., 2010).

Os ecossistemas sdo manejados principalmente pemabens
e servigos de provisdo, como os alimentos, fibrastes matérias (MA,
2005). As mudancas de uso de solo implicam nauie&b de boa parte
da estrutura e composi¢do da vegetacdo, como tamdbéalteracao de
suas fungbes (MAASS, 1995; FINEGAN et al., 2008)mB exemplo, o
manejo pecuario intensivo, afeta diretamente agprigades e as
funcbes dos ecossistemas e por sua vez influerfiia apenas no
fornecimento de alimentos, mas também de outrass tige servicos
prestados pelo ecossistema (BENNETT & BALVANERA 7200
Naturalmente, quando um ecossistema é expostota wEgime de
manejo, este possui propriedades que fazem cono ggistema seja
tolerante a alguns distarbios; uma dessas proplesdaenomina-se
resiliéncia, entendida como a capacidade de uensistie se recuperar
apos um impacto sem perder a estrutura e a furidada (WALKER
et al., 2004).

A Dbiodiversidade desempenha um papel importante na
resiliéncia, ja que a capacidade de recuperacadudades e servigos
ecossistémicos depende das espécies presentes, &sdD a riqueza
guanto a diversidade de espécies respondem aasbdist permitindo
gue os sistemas possam melhorar ou conservar digidade, seja
para a manutencdo dos fluxos para a provisado deigee ou reduzir a
vulnerabilidade frente a crises ambientais (CARPERTet al., 2006).
As fungBes ecossistémicas consistem em constam¢eaddes existentes
entre os elementos estruturais de um ecossist@amdo figrupadas em
qguatro categorias primarias: regulagéo, habitatdyngdo e informacao
(DE GROOT et al., 2002; DALY & FARLEY, 2004). As rigdes de
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regulacdo estéo relacionadas a capacidade dosstewss regularem
0s processos ecoldgicos de suporte a vida med@datpres bidticos e
abioticos, como os ciclos biogeoquimicos, por exepgnquanto que as
funcbes de habitat séo essenciais para a conseimjdgica e genética
e para a manutencao de processos evolucionarinscdo de producéo
esta relacionada a capacidade dos ecossistemacdoem alimentos
para o consumo humano e a de informagdo a capacidad
ecossistemas naturais contribuirem para a manat@acdaide humana,
fornecendo oportunidades de reflexdo, enriquecineaspiritual,
desenvolvimento cognitivo, recreacdo e experiénesética (DE
GROOT et al., 2002; MA, 2005).

A ciclagem de nutrientes enquadra-se em funcbes
ecossistémicas de regulacdo (FOLSTER & KHANNA, 19®E&
GROOT et al., 2002). E uma funcéo essencial parammrutencio dos
processos que ocorrem no meio, pelos quais um etengeiimico se
move através de compartimentos bibticos e abidtdmsecossistema
(COSTANZA et al., 1997; DOMINATI et al., 2010). Est elementos
sao extraidos de fontes minerais, atmosféricas &fmln reciclados a
partir da forma organica, sendo posteriormente ldielas ao grande
sumidouro (aquatico, terrestre ou atmosférico) (BESINGER, 1997;
CHAPIN et al., 2000; TILMAN et al., 2001; HOWARTH al., 2002).
A ciclagem de nutrientes é resultante de uma gamasigtemas
interconectados descritos pelo movimento dentroltee eos sistemas
bidticos e abidticos que reflete 0 metabolismogrado da comunidade
ecoldgica como um todo (LAVELLE & SPAIN, 2001; HOWRAH et
al., 2002; DELITTI, 2005). A variagdo nas taxas delagem nos
diferentes compartimentos € decorrente de estaituisicas e
mecanismos que regulam os fluxos de nutrientes, agem como
barreira de limitacdo das perdas e transferénblADELHOFFER et
al., 1999; WOOD et al., 2000; SHELDRICK et al. 2R03

A escassez de métodos que quantifiguem as funcdes
ecossistémicas dos organismos, aliada a contribujgé estes exercem
na produtividade e na concentragcdo de nutrienteseassistema,
dificultam o conhecimento e o real valor dos s&wigcossistémicos
realizados por eles (ARMSWORTH et al., 2007; NICHBOdt al., 2008;
WILSON & XENOPOULOQS, 2011). A diversidade desempenim
papel importante na capacidade de resiliénciaolo a capacidade de
resisténcia dos servicos ecossistémicos dependeesiaécies que
existem no ambiente (BERKES & FOLKE, 1998). Pampreensao
do papel da diversidade na dindmica do ecossisasniuncdes dos
organismos tornam-se ferramentas que conectam logidpfisiologia e
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fenologia entre o nivel individual e o ecossisteragydando no
entendimento dos processos e padrbes ecolégicdKBE & FOLKE,
1998; TILMAN, 2001; ELMQVIST et al., 2003; NAEEM &/RIGHT,
2003; HOOPER et al., 2005; PETCHEY & GASTON, 2006).

O solo fornece o substrato fisico para a maioraataidades
humanas. Um solo saudavel contribui como o cendgulador da
dindmica dos processos ambientais, tanto em etmmesis naturais
guanto em agroecossistemas (FOLSTER & KHANNA, 18WIFT,
1997; WALL & VIRGINIA, 2000; SCHJZNNING et al., 2d0
BARDGETT, 2005). Apresenta como fungdes basicagjursdn
Northcliff (2009): (i) aspectos fisicos, quimicobiefisica de ajuste para
0s organismos vivos; (i) a regulacdo e particdofldgo de &gua,
armazenamento e reciclagem de nutrientes e ouleoseptos; (iii)) o
apoio a atividade bioldgica e diversidade paraesa@mento das plantas
e para a produtividade animal; (iv) a capacidad€filtlar, tampé&o,
degradar, imobilizar, e desintoxicar substancigémicas e inorganicas;
e (v) fornecer suporte mecanico para 0s organisunvgss. O USO
continuo do solo modifica sensivelmente os atribfigicos, quimicos e
bioldgicos, porém, os efeitos e a magnitude dasaglbes na estrutura,
na atividade biolégica e na fertilidade sdo depetededo sistema de
manejo (HARTEMINK, 2003). A qualidade desses atoku
proporciona condicbes favordveis para o0 crescimemo o0
desenvolvimento das plantas, bem como para a nmadde da
diversidade de organismos edaficos (DORAN & PARKIN94).

O sistema solo é um ecossistema que abriga umalexane
diversificada comunidade biolégica, provavelmentevidb a sua
estrutura fisica e a heterogeneidade quimica ngsiepas escalas,
juntamente com as caracteristicas microclimaticas erganismos, que
promovem, contribuem e influenciam o desenvolvimentmanutencao
dos processos, entre eles, o de ciclagem de nesi¢GOSTANZA et
al., 1997; TIEDJE et al., 2001; WOLTERS, 2001; DIZDRITA et al.,
2002; ETTEMA & WARDLE, 2002; CHAPIN et al., 2011Aspectos
referentes aos organismos presentes no solo téon usilizados na
compreensdo da ciclagem de nutrientes e dos fldeognergia das
comunidades ecoldgicas, bem como as relacGesdnénmica da cadeia
alimentar e estabilidade do ecossistema (HUNT & WARO002;
SWINTON et al., 2006) e suas respostas as atividpamlutivas.

Avaliar o sistema solo é um método eficaz que pgermima
resposta frente ao uso e a gestdo das atividadesing bem como o
planejamento de politicas de conservacao do siho de melhorar suas
funcdes (NORTCLIFF, 2002; BRAIMOH & VLEK, 2007). fs
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avaliagdo possibilita a determinacdo da qualidamiealo que inclui a
guantificacdo de indicadores (SCHIJGNNING et al0Q422BRAIMONH
& VLEK, 2008). De acordo com &oil Science Society of America
(SSSA, 1997) a qualidade do solo é a capacidadessigepossui de
executar suas funcdes essenciais dentro dos Iimiesto em
ecossistemas naturais quanto manejados, para tsusteprodutividade
animal e vegetal, manter a qualidade do ambiemmemover a saude
humana e ambiental (KARLEN et al., 1997). Os indaras de
gualidade de solo podem ser fisicos, quimicos dfologicos. Os
aspectos fisico-quimicos estdo relacionados a@gsesterentes do solo,
enquanto os biolégicos com a dinamica da qualidddemesmo
(DORAN & PARKIN, 1994; BALL & DE LA ROSA, 2006).

Entre os indicadores bioldgicos, a abundancia,qaera, a
complexidade e a funcionalidade dos organismosptes no solo sdo
indicadas para a afericdo da dinamica do fluxordegia e da matéria
(CASSAN et al., 2003; PHILLIPS et al., 2003; CHARdNal., 2011; DE
VRIES et al., 2013). A riqueza de espécies dentraida comunidade
representa o0 alcance das adaptacdes ecoldgicasolativ@as em
determinados ambientes, o que traduz uma respoklttiva frente a
diferentes condigbes ambientais (PRIMACK & RODRIGJE2001).
Medidas ecoldgicas, tais como: diversidade, aburida@na biomassa da
fauna edéfica séo influenciadas por uma ampladadie de praticas de
manejo utilizadas nos agroecossistemas (i.e. meparsolo, uso de
agrotoxicos e fertilizantes, sistemas de irrigag@mutros. [BAKER,
1998]), podendo acarretar na perda de qualidadsolip através da
diminuicdo das fun¢des realizadas por estes omasi$BARDGETT &
COOK, 1998; DITTMER & SCHRADER, 2000).

Os invertebrados do solo sdo grandes mediadores yraa
gama de processos ecoldgicos que ocorrem nestengistontribuindo
assim para a provisdo dos servicos ecossistémicAYHLLE &
SPAIN, 2001; LAVELLE et al., 2006). Atuam na cictag de
nutrientes, principalmente através da fragmentagamatéria organica,
contribuindo assim para 0 processo de mineralizagédos
microrganismos, atuando como reguladores da atligigaicrobiana, na
porosidade, infiltracdo da agua no solo, na formagds solos e na
disponibilidade de nutrientes assimilaveis pelastals (BRUSSAARD,
et al. 1997; LAVELLE et al., 1997; DECAENS et &003; LAVELLE
et al., 2006). A compreenséao das fun¢des executmdadauna edafica
e a relagdo destas com os atributos fisico-quimilmosolo contribui
para o entendimento da dindmica dos processos quoeem no



26

ambiente (BERKES & FOLKE, 1998; ELMQVIST et al., 0%
LAVELLE et al., 2006).

OBJETO DE ESTUDO

Os besouros escarabeineos (Coleoptera: Scarabaeidae
Scarabaeinae) pertencem a um grupo de organisniosamente
relacionados ao sistema solo, sendo utilizados entosnestudos de
monitoramento e de respostas a questdes de prsoessidgicos (i.e.
ciclagem de nutrientes) devido as funcBes ecossis6 que executam
(HALFFTER & FAVILA, 1993; MCGEOCH, 1998; DAVIS etla
2001; SPECTOR, 2006 NICHOLS et al., 2008; AMEZQUIT&
FAVILA, 2010; KUDAVIDANAGE et al., 2012; BRAGA etlg 2013;
GOLLAN et al., 2013; GRAY et al. 2014). Apresentasrca de 7.000
espécies descritas (SCHOOLMEESTERS et al.,, 2015)es#o
distribuidas principalmente nas regifes tropicai® g@laneta
(HALFFTER & MATTHEWS, 1966; HALFFTER & EDMONDS,
1982; HANSKI, 1991). Popularmente sdo conhecidosoctrola-bosta”
devido ao comportamento que muitas espécies apaesdiormando
esferas com o recurso alimentar para onde rodasfasas de alimento
e também depositam seus ovos (HALFFTER & MATTHEWSGE;
HANSKI & CAMBEFORT, 1991; HALFFTER & FAVILA, 1993).

Os besouros escarabeineos sdo conhecidos pelasadive
funcbes ecossistémicas que desempenham no amiastate podem ser
interpretadas como servicos ambientais, por pravéreneficios diretos
aos humanos (NICHOLS et al., 2008). As funcdes dmims destes
besouros se relacionam com a reducdo de materiaiprecesso de
decomposicdo (excretas, cadaveres, frutos, fungtsvés de seu
enterrio e remogdo, 0s quais convertem em biomessservando a
energia e reciclando os nutrientes nos ecossistéRAEFFTER &
EDMONDS, 1982; HANSKI, 1991). Estas func¢bes primgarpossuem
consequéncias sobre outras, consideradas secunddniw vez que ja
foi excecutada a acdo dos besouros escarabein&omsjelnoria da
estrutura e fertilidade do solo, pois participancitdagem de nutrientes
promovendo o revolvimento do solo e a incorporacgi@o matéria
organica, atuando assim na regulacao das propesdésico-quimicas
do solo e contribuindo para a aeracao edaficaédrda construcao dos
tuneis/galerias (HALFFTER & EDMONDS, 1982; HANSK1991;
MITTAL, 1993; BANG et al., 2005; SLADE et al., 200YAMADA et
al., 2007; NICHOLS et al., 2008; SLADE et al., 20BRAGA et al.,
2013; GRAY et al., 2014). Atuam também na dispeisgmundaria de
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sementes (ANDRESEN 2001; SLADE et al., 2007; BRAG®Aal.,
2013). Ao removerem a matéria organica agem comgoriantes
inimigos naturais de dipteros parasitas e nemasddp® utilizam
detritos como sitio reprodutivo e/ou vetores deetisdo, principalmente
em éareas destinadas a pecuaria (RIDSDILL-SMITH11$8DSDILL-
SMITH & HAYLES, 1990; FLECHTMANN et al., 1995; BRAG et
al., 2012; BRAGA et al., 2013).

Atributos fisico-quimicos do solo podem favorecer a
sobrevivéncia e o éxito reprodutivo de determinadapécies de
escarabeineos como o teor de umidade (SOWIG, MARTINEZ et
al., 2009), enquanto que teores altos de fosfospodiivel no solo
parecem influenciar positivamente a abundancia edegupo em
ambientes pecuarios (FARIAS et al.,, 2015). Destamdp as
propriedades fisico-quimicas do solo e a abundatestes organismos
devem estar relacionadas, ja que a ocorréncia dificagdes em uma
delas, normalmente, leva a mudancas em todo o eammlo sistema
solo (SCHJI@NNING et al., 2004).

Os escarabeineos tém mostrado sensibilidade sedatamo
estrutura de habitat e altitude (DAVIS et al.,, 19BSCOBAR et al.,
2007), tipo de vegetacdo ou estagio sucession@RNANDEZ et al.,
2014), bem como as mudangas que um ambiente sodrep a
fragmentacdo e a perda de habitat (HALFFTER & FAA/IL1993;
DAVIS et al., 2001; HERNANDEZ & VAZ-DE-MELLO, 2009;
GARDNER et al., 2008; BARLOW et al., 2010; DA SILv& al., 2013;
AUDINO et al., 2014), a introducdo de espéciesieast(AUDINO et
al. 2011), a poluicéo e utilizagdo indiscrimina@daagjrotoxicos e outros
impactos ambientais oriundos de acgbes antrépicads KHTER &
ARELLANO, 2002; CAMPOS & HERNANDEZ, 2014) que afata
diretamente a estrutura das comunidades, alteramloém as guildas
funcionais deste grupo.

A estruturacdo de comunidades de escarabeineos smde
baseada na hipétese da heterogeneidade do haBRECTOR &
AYZAMA, 2003; DURAES et al., 2005; COSTA et al.,0dm;
ALMEIDA & LOUZADA 2009; SILVA et al., 2010; DA SIVA &
HERNANDEZ, 2014), na qual ambientes mais heterogéne
disponibilizariam mais recursos, favorescendo umomaldmero de
nichos e consequentemente mais maneiras de aloeaplerar os
recursos (SIMPSON, 1949; MACARTHUR & MACARTHUR, 1B6
MACARTHUR & WILSON, 1967; TEWS et al., 2004), pdstitando o
aumento da diversidade de espécies em ambientes qoaiplexos
(florestas) do que em ambientes mais simples (egssestemas)
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(BAZZAZ, 1975; FERRER & DONAZAR, 1996; DURAES et aP005;
ALMEIDA & LOUZADA, 2009). Estudos sobre a respostias
comunidades aos ambientes agropecuarios (HALFFTER.,e1992,
HALFFTER & FAVILA, 1993; DURAES et al., 2005), inchm que
pode haver uma consideravel proporcdo de diversidadespécies de
escarabeineos em areas de pastagens, principalmesntéocais que
detém um certo grau de conectividade com as flsesitivas (DAILY,
2001; HERNANDEZ et al., 2003; HARVEY et al., 2004).

SISTEMAS DE ESTUDO

As éareas de cultivo e de pastagens ocupam ceré&®%eda
superficie terrestre, tornando-as os maiores tigaiso da terra no
planeta (FOLEY et al., 2011). Os agroecossistenm@aspreendem
comunidades de plantas e animais que interagemaadmentes fisicos
e quimicos, os quais foram modificados por acOdsdginas com a
finalidade de produzir alimentos, fibras, combueitive outros produtos
para consumo e processamento humano (ALTIERI, 2@@2pntinente
americano apresenta uma diversa e complexa gamaistemas
agropecuarios devido as condicfes de relevo, a eastnsao territorial
e a diversidade biolégica, sendo os principaisistei®a agropecuario
misto extensivo, 0 misto intensivo, misto de ceremipastagens para
producdo de gado e o embasado no uso dos reclossstdis HALL,
2001).

A presente pesquisa foi realizada em agroecossistamsul do
estado de Santa Catarina, Brasil e no centro dw@sie Veracruz,
México. Nos municipios de Tubardo e Lauro Mlle€C(Brasil), foram
amostrados trés tipos de cultivo: milho, feijdoama-de-aclcar, bem
como areas de pastagem destinadas a bovinocufioraserem o0s
cultivos mais importantes no Sul do estado. Egjeseaossistemas sao
circundados por cultivos e/ou fragmentos floresfiigura 1 a,b). No
municipio de Paso de Ovejas, localizado no centvoedtado de
Veracruz (México) foram estudados diferentes antbgepecuarios: dois
fragmentos de vegetacdo secundaria de florestacatopeca (com
entrada de animais), duas areas de pastagem c@amedntom poucas
arvores e quatro sistemas silvipastorisGleulmifolia associados com
gramineas (SSP). As areas adjacentes aos sitiostraimoeram
principalmente de cultivos de milho, de curcubit&;éireas destinadas a
producao pecuaria e pequenos fragmentos floré&igisra 1c).

O estado de Santa Catarina (Brasil) é referengiadaealizar
agricultura familiar (TEDESCO, 1999; SILVESTRO, 2066CHMIDT
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& TURNES, 2002), sendo seus principais produtosicéo de suinos,
maca, alho, milho, feijao, fumo e leite (GOVERNO ESTADO DE
SANTA CATARINA, 2014). A producdo de milhazéa maysL.) é
destinada em grande parte a industria de alimgrt@saves e suinos, a
producdo de feijaoPhaseolus vulgarid..) € destinada ao consumo
humano e os cultivos de cana-de-agucar sdo dieshasprincipalmente
como complemento da alimentacdo de animais (exgnd). Cultivos
convencionais, com praticas agricolas intensivae, gs sistemas de
producéo que predominam nestas culturas.

O sistema pecuario em Santa Catarina (Brasil) éndds a
producdo tanto de carne quanto de leite, contudedopnina a
bovinocultura de corte. Estima-se que o rebanhdnboeatarinense
totaliza 4,17 milhdes de cabecas (GOVERNO DO ESTADE
SANTA CATARINA, 2014). O sistema de manejo utilipad
basicamente € o extensivo, representando em ter@0% dos sistemas
utilizados (CEZAR et al., 2005). Os sistemas diizatdo de pastagens
estdo associados com a morfologia das plantasli@sté crescimento,
gualidade, persisténcia e composicdo botanica,nolodser de pastejo
continuo ou rotacionado (SILVA & NASCIMENTO JR, 200

Outro sistema pecuéario utilizado no estado, embaramenor
escala, é o rotacionado, 0 qual se caracterizaddakfio das areas em
varias sec¢les (piquetes) para a entrada de aninsaigjais se alternam
de acordo com os resultados de andlises fisioldgipara que a
vegetacdo possa se regenerar até a nova entradanidmis
(FUHLENDORF & ENGLE, 2001). No sul do estado de tadbatarina,
onde foram realizados os estudos, o sistema rotado utilizado é o
Voisin, que considera quatro leis para sua aplicacas duwecionadas
ao manejo dos animais (lei do repouso e lei dpagp) e duas em
relacdo ao manejo da pastagem (lei do rendimentammée lei dos
rendimentos regulares) (VOISIN, 1967a; SORIO JUNIQB03). Este
sistema preconiza que grande parte da fertilidadsalb depende da
rigueza dos elementos minerais assimilaveis disilaidos pela
atividade da fauna edafica (VOISIN, 1967b). Aléssdi a carga animal
nos piquetes favorece a deposicdo de massa feocakrtoada no
periodo de permanéncia dos animais, logo estesepade ser utilizado
pela fauna edéfica e disponibilizado para as pla(R®OMERO, 1994).
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Figura 1 — Distribuicdo dos agroecossistemas aadistrnos municipios de Tubaréo (a) e
Lauro Muller (b), Santa Catarina, Brasil e no mipiw de Paso de Ovejas, Veracruz,

México (c). AM = areas de milho; AF = areas de&ejjAC = areas de cana-de-agUcar;
AP = éareas de pastagem; VS = vegetacdo secundra;pastagem; G = Sistemas

Silvipastoris deG. ulmifolia (Gzso, GeooGis00€Guooo= densidades de plantas por hectare).
Em linhas vermelhas as areas de sistema rotatougape.
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Em relacdo a pecuéria no territério mexicano, esitddade
ocupa 56% da é&rea total, sendo que o estado derverapresenta o
maior rebanho do pais no sistema pecuario extenSKGARPA,
2012b), atualmente ocupando o primeiro lugar nalygéo de carne e
sexto lugar na producdo de leite no México (SIA®14), assim uma
grande proporcdo de seu territdrio € dedicada mgess (50,3%). A
maioria dos sistemas pecudarios em Veracruz utitimaocultivos de
pastagem com baixa ou minima diversidade vegesiésesistemas
convencionais ndo sdo ambientalmente sustentaveisngod prazo
devido & modificacdo dos processos ecoldgicos maradequado
funcionamento (ciclagem de nutrientes, controlddico) e a elevada
dependéncia de insumos (fertilizantes e agroqusjidtor esta razédo, o
maior impacto ambiental desta atividade esta mbacio com:
fragmentacdo dos ecossistemas naturais, erosampmactacdo do solo,
perda de biodiversidade e poluicdo das fontes dm &y atmosfera
(LOPEZ, 2000).

Na regido central de Veracruz, o bosque tropicdliciddlio era
o principal tipo de vegetacéo desta regido, caiaatip especialmente
por apresentar épocas de chuva e de seca marocame®fluenciam
diretamente na vegetagdo e na fauna (CUEVAS et18B8). Nos
Ultimos anos, este ecossistema tem perdido grareesnsoes,
principalmente devido ao avanco da pecuaria extenSIARRANZA-
MONTANRO et al., 2003). Para o estado de VeracruMéaico, Trejo
(2005) reportou que até este ano apenas 30% dHisigodeste tipo de
bosque estd mantida. De acordo com Lopez (2000)sistemas
pecudrios do municipio de Paso de Ovejas, Veracemtral, estdo
representados por unidades de produgdo com powucdeutecnologia,
onde a alimentacdo esta baseada em pastagem degsmtivas com
limitado valor forrageiro e com manejo inadequado.

Entretanto, existem outros sistemas ambientalmente
sustentaveis que estdo sendo desenvolvidos naoraggidtral de
Veracruz, como osdtahualey locais com vegetacdo secundaria de
floresta decidua tropical, que foram cultivados rms quais houve
pastoreio e foram posteriormente abandonados, f{edmi o
estabelecimento de espécies do banco de semensedodd@ambém ha
sistemas silvipastoris de plantas lenhosas perdaegores e/ou
arbustos), os quais sdo uma alternativa de diieaséo da producéo e
integracdo da pecuaria-floresta-lavoura, promoveadaumento dos
beneficios sociais, econbmicos e ambientais parasoarios da terra
(HUXLEY, 1983; BHAGWAT et al., 2008; ABDO et al.,028;
SAGARPA, 2012a). Dentre esta§uazuma ulmifolia(Malvaceae:
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Sterculiaceae) € uma arvore nativa de regidesctispida América
Latina (CATIE, 2006) que contribui para a retendécagua, fertilidade
dos solos e conservagcdo da diversidade de esp@miescossistemas
(LOPEZ, 2008; MANRIQUEZ-MENDOZA et al., 2011). Estspécie
dificilmente se encontra em bosques primarios, caralacteristica de
zonas de pecuaria e formacdes secundarias de bosgpeal
caducifélio. Possui uma resposta favoravel e ak&téncia a pressao de
bovinos, sendo considerada uma arvore de mdltipks, devido a
grande variedade de produtos para a agricultypacaaria e a industria
de medicamentos e cosméticos (MANRIQUEZ-MENDOZA ait,
2011). As folhas e os frutos possuem boa qualidaddtiva e sao
utilizados para alimentag&o do rebanho (CATIE, 2086sim, na regido
central de Veracruz tém sido implementados sistexgesssilvipastoris
como fonte de forragem associada a gramineas aispic
(MANRIQUEZ-MENDOZA et al., 2011).

OBJETIVOS
Objetivo Geral

A pesquisa teve como objetivo estudar as mudangas n
diversidade de espécies de besouros escarabeinposnecrofagos
(Coleoptera: Scarabaeidae: Scarabaeinae) em ssstemgaicolas,
pecuérios e silvipastoris através de medidas depasigéo e estrutura
de comunidades, analisando as mesmas em relacéaraxteristicas
fisico-quimicas dos solos, ao efeito da qualidamedlo e as praticas de
manejo. Adicionalmente, objetivou-se quantificamea de remocéo de
matéria organica exercida por estes organismosnersistema pecuario
rotacionado.

Objetivos dos Capitulos

e Capitulo I: Descrever as comunidades de besouros
escarabeineos copronecréfagos que habitam os gaisci
agroecossistemas da regido sul do Brasil e relacian
abundancia dos organismos com caracteristicaso-fisic
quimicas do solo;

e Capitulo Il: Avaliar o efeito da qualidade de solos de
sistemas pecuarios extensivos no sul do Brasibonadéincia
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de besouros escarabeineos copronecréfagos dentifere
guildas funcionais;

Capitulo 1ll: Quantificar as taxas de remocdo de massa
fecal realizada pela comunidade de besouros esinesis
copréfagos em um sistema pecuario rotacionado hdasu
Brasil ao longo de diferentes tempos de exposicdo d
recurso;

Capitulo IV: Comparar as mudangas nas assembleias de
besouros escarabeineos copronecréfagos em sistemas
pecuarios no centro de Veracruz, México e relaciestas

com caracteristicas edaficas e praticas de manejo.
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CAPITULO I DUNG BEETLES ASSOCIATED WITH
AGROECOSYSTEMS OF SOUTHERN BRAZIL:
RELATIONSHIP WITH SOIL CHARACTERISTICS

Patricia Menegaz de Farias & Malva Isabel MedinenBiedez

Artigo em processo de revisdo no periédi€evista Brasileira de
Ciéncia do Solo

“Ceterum, nullius in verba jurans, aliorum
inventa consarcinare haud institui; quae ipse
quaesivi, reperi, repetitis, vicibus diverso que
tempore observavi propono.”

(Otto Friedrich Mller)
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DUNG BEETLES ASSOCIATED WITH AGROECOSYSTEMS
OF SOUTHERN BRAZIL: RELATIONSHIP WITH SOIL
CHARACTERISTICS

ABSTRACT

Knowing the dung beetles biodiversity in agricudiuand livestock
environments is the basis for understanding thdriboion that these
organisms play in nutrient cycling and ecosystentfions. The present
study aimed to investigate the structure of coprooghagous dung
beetle communities inhabiting the main agroecogsystén Southern
Brazil, and correlate the presence of these organigo soail
characteristics. From December/2012 to April/2018ngl beetle
sampling occurred in the municipality of Tubardant Catarina, Brazil
(28°28'S; 48°56'W) in corn, beans, and sugarcaops;ras well as cattle
pastures. Beetle capture was performed in 16 saglies, four from
each agroecosystem, following a standardized metbgy: 10 baited
pitfall traps (feces and rotting meat), spaced 58nth exposed for 48 h.
The beetles were identified weighed and measureifl.aBalyzes were
performed in order to correlate data of organictenatexture, macro
and micronutrients, and pH to data of beetle sgegi®indance using a
canonical correspondence analysis. It was foundotal tof 110
individuals belonging to 10 species of dung beetl®wenty-four
individuals from seven species were found in coaps (with a biomass
total of 2.4 g); five individuals from three spexi@.8 g) were found in
bean crops; 81 individuals from nine species (3§).3vere found in
cattle pasture areas, and lastly, there were ng theetles recorded in
the sugarcane crop. In areas of cattle grazingtutiveelersDichotomius
nisus and Trichillum externepunctatumcorrelated positively with
organic matter content, whereas the roller speCasthon chalybaeus
correlated positively with soil texture, preferrimgore sandy soils. In
corn crop aread. nisuswas again correlated with organic matter
content. The information regarding the relationgbfigung beetles with
physical-chemical soil properties may be an impurtatrategy for
increasing fertility and management of soil conaton in
agroecosystems.

KEYWORDS: agricultural-livestock systems, dung beetles, epglo
soil attributes, species diversity.
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BESOUROS ESCARABEINEOS ASSOCIADOS A
AGROECOSSISTEMAS DO SUL DO BRASIL: RELACAO COM
CARACTERISTICAS EDAFICAS

RESUMO

Conhecer a biodiversidade de escarabeineos em raewiagricolas e
pecuérios é a base para a elucidacao da contribgigé exercem estes
organismos na ciclagem de nutrientes e nas furnefessistémicas. O
presente estudo objetivou investigar a estruturaca@unidade de
besouros escarabeineos copronecréfagos que habgarmprincipais
agroecossistemas no sul do Brasil e relacionar emepga destes
organismos com caracteristicas edéficas. De depé?2 a abril/2013
realizou-se amostragens de escarabeineos no mondgp Tubaréo,
Santa Catarina, Brasil (28°28'S; 48°56'0O) em caklivde milho, feijdo,
cana-de-acgUcar e areas destinadas ao pastejoidesdds capturas dos
besouros foram realizadas em 16 sitios amosteislosquatro de cada
agroecossistema, seguindo metodologia padroniZgdarmadilhas de
gueda com iscas de atracdo (fezes e carne apayezsgpacadas por 50
m e expostas durante 48 h. Os insetos foram id=ds, pesados e
medidos. Foram realizadas andlises de solo a fireldeionar dados de
teor de matéria organica, textura, macro e micr@nies e pH com a
abundéancia das espécies de escarabeineos atravémaliees de
correspondéncia candnica. Foi encontrado um tetall® individuos de
10 espécies. Coletamos 24 individuos de sete iespéas cultivos de
milho (com uma biomassa total de 2,4 g); cinco \iutlios de trés
espécies (1,8 g) no cultivo de feijao; 81 indiviside nove espécies
(30,3 g) nas éareas de pastejo de bovino e ndo hmgistro de
escarabeineos no agroecossistema cana-de-aclUcadréds de pastejo
de bovinos, os escavadoreBichotomius nisus e Trichillum
externepunctatumelacionaram-se positivamente com o teor de naatéri
orgénica, enquanto que a espécie roladoemthon chalybaeuse
relacionou positivamente com a textura do solofepredo solos
arenosos. Nas areas de cultivo de milBo,nisus novamente esteve
relacionado com o teor de matéria organica. Esfasmaces sobre a
relacdo dos besouros escarabeineos com proprieflad®squimicas
dos solos pode constituir uma importante estratggia o aumento da
fertilidade e manejo da conservacéo de solos eaeegssistemas.

PALAVRAS-CHAVE: atributos do solo, besouros escarabeineos,
diversidade de espécies, ecologia, sistemas aagipelcuarios.
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INTRODUCTION

Soil is the regulating center of nutrient cyclinggesses, both in natural
ecosystems and agroecosystems (Constanza et @V; EBIster and
Khanna, 1997; Slade et al., 2007). This proceagésult of a variety of
interconnected systems (Howarth et al., 2002) riféect the integrated
metabolism of ecological communities as a wholdi{Rel995) In soil,
micro, meso and macrofauna promote the mineradzatif nutrients
from organic forms to inorganic forms assimilablg flants (Delitti,
1995; Lavelle and Spain, 2001; Lavelle et al., 300&e macrofauna
actions in nutrient cycling includes the fragmeiotatof plant residues
and the stimulation of microbial activity, and esedirect influence on
soil structure when redistributing organic matedatl microorganisms,
as well as increasing soil aeration and humidificatHendrix et al.,
1990; Gonzélez et al.,, 2001; Lavelle and Spain,12@0mua et al.,
2004). Physical-chemical properties and processesnadiated by soll
biota, which also affects soil quality (Brussaatdile, 2004; Decaén et
al. 2006). However, the most used indicators refehe organic matter
content and macroelements (e.g. nitrogen and pbosps), where the
emphasis on soil fauna knowledge, principally igargls to functions
executed by these organisms, is almost absent farnd@ing an
environment’s soil quality (Hendrix et al., 1990pan and Zeiss, 2000;
Brussaard et al., 2004). Changes in the structfireod organisms
communities can generate in the long run, a regpohsutritional status
and physical and chemical structure of soil (Arshad Martin, 2002;
Brussaard et al., 2004).

The dung beetles of the subfamily Scarabaeina®@rgamnisms
that contribute actively to the ecological procedsnutrient cycling
through the burial of decomposing organic mattetiarthe construction
of galleries for nesting within the soil (Halfftand Mathews, 1966; see
review by Nichols et al., 2007). The ecosystem fiomc that many
species exert in building these nesting galleried f@od storage areas
allows edaphic aeration, water and nutrient irdtlon, and helps
contribute to nutrient cycling through mineralizati (Bornemissza,
1970; Brussaard and Runia, 1984; Halffter and Ediwph982; Mittal,
1993; Miranda et al., 1998; Bang et al., 2005). Tiflience on soils
physical structure promoted by the formation ofsthgalleries can be
observed directly within them, and vary from 10 twnone meter in
depth, depending on the species and the soil §pesgaard and Runia,
1984; Halffter and Edmonds, 1982; Edwards and Asobe, 1987).
Adults and larva from this subfamily are detritigey and use decaying
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organic material as food resources, such as marereaéments, dead
animal carcasses, and rotting vegetable matter, @hdr resources
(Halffter and Mathews, 1966). According to feedirmpbits, the

Scarabaeinae dung beetles can be categorized asplsagous,

coprophagous, necrophagous or generalists. Furtimerdepending on
how the resource is used for feeding and reprooluctihey can be
divided into three functional groups: telecopridsalers (the food balls
are conducted until burial occurs); paracopridsuonelers (tunnels are
dug next to or below the food source); and endadspor residents
(feed and reproduce inside the food resource) fitdaland Mathews,
1966; Halffter and Favila, 1993; Simmons and Rid&tnith, 2011).

They live in a great variety of habitats and sigaifit variation in the
spatial and temporal for availability of food, aglhas the quality and
dung, especially with the presence of mammals tumaitribute to

resource use (Barbero et al., 1999).

In general, the structure of beetle communitieisfisenced by
the high competition for scarce and ephemeral fiesdurces (Hanski
and Cambefort, 1991, Simmons and Ridsdill-SmitH,130In addition,
communities are strongly affected by habitat losg @& areas with
agricultural or forestry practices there are a ease in abundance,
richness and total biomass of these beetles (Kalsk Stone, 1984;
Gonzélez et al., 2001). Consequently this affédmsecological functions
they provide such as removal and burial of orgamaterial and
secondary seed dispersion (Swift, 1997; Braga .et28l13). Changes
also occur in species composition, with possibbal@xtinction of some
species (Hernandez and Vaz-de-Mello, 2009), arzkglmese organisms
respond quickly to the effects of habitat degramtgtsuch as destruction,
fragmentation, and isolation, they are used as ndicators of
environmental quality (Halffter and Favila, 1993ar@Gner et al., 2008;
Barlow et al., 2010). Studies have shown that mlaysind chemical soil
properties affect the diversity, structure and eepction of dung beetles
(Arellano et al., 2008; Martinez et al., 2009; Browt al., 2010;
Arellano and Castillo, 2014; Silva et al., 2015rigs et al., 2015). Such
as humidity content can promote the survival aqfaguctive success
of some dung beetles species (Sowig, 1995; Martied., 2009). In
crops and pastures has been seen that the recgtlmgrients and soil
bioturbation exerted by Scarabaeinae beetles aljgessts to use the
resources of the soil in a most efficient way ahdtthave better
performance (Bornemissza 1970; Galbiati et al. 518&ng et al., 2005;
Hanafy, 2012).
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Studying dung beetles associated with agricultamal livestock
environments allows for a greater appreciation loé tecosystem
functions that these organisms provide for agrogstems, and elucidate
their relationship with soil characteristics, emadpl the adoption of
conservation practices in soil use. Then, we hysite that the
abundance and biomass of dung beetles are infldenbg
physicochemical attributes of the soil. It is eXpécthat in soils with
low quality, in which the physicochemical propestere below or above
the recommended for crops, occurs a decrease mathuindance as the
biomass of beetles. Therefore, this study aimedesribe the structure
of dung beetle communities inhabiting the main egosystems of
Southern Brazil, and correlate the presence ofetloeganisms to the
soil's physical and chemical characteristics irsthenvironments.

MATERIAL AND METHODS
Study area and sampling site characterization

The study was conducted in the municipality of Ti@loa Santa Catarina
state, Southern Brazil (28°28'S; 48°56'W). The diein the region
according to the Koppen climate classification ismid subtropical
(Pandolfo et al., 2002) and the soil is classif'sdcambisol and clay.
Crops of sugarcane, corn, cassava, beans, veggtaplesture,
eucalyptus, and Atlantic Forest fragments chargeethe as regions
rural landscape. Sixteen sampling sites were ssledn four
agroecosystems: four areas of cozed mayd..) crops; four areas of
beans Phaseolusvulgaris L.); four areas of sugarcan&gccharum
officinarum L.); and four areas of cattle pasture (grass specged:
Urochloa decumbeng(Stapf) R.D. Websteand Urochloa brizantha
(Hochst. ex A. Rich.) R.D. Webster). The areasy d@000 m, were
located among 9 and 50 m of altitude, with a mimmuistance of 1 km
and a maximum of 10 km between areas/agroecosystmshad
conventional management systems, with applicatidn pesticides
insecticides (acetamiprid, neonicotinoid, alfa-aypethrin;
benfuracarbe; acephate; carbaryl; fipronil), hedas (ametryn;
glyphosate), fungicides (carbendazim; fludioxorkhesoxim-methyl),
and chemical fertilizers. Cattle grazing areas weharacterized by
extensive livestock systems, and only agrochemivadse used (eg.
herbicide (glyphosate), veterinary pharmaceuticalerfnectin and
triclorfon) and insecticides (chlorpyrifos, benzaayl methyl
carbonate)), without the addition of chemical fezirs.
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In each agroecosystem (all sampling sites), soiipéas were
collected at 0-20 cm deep, in order to correlatecbaracteristics, such
as organic matter content, texture, macro and midrients, and pH
with community beetle variables (species, richnedgsindance and
biomass) captured in each agroecosystem. The praeéat collecting a
simple soil sample was established by (see Chitodihal., 2009). In
each sampling area 20 soil samples were colledtdbdited spatially
in a zigzag every 15 m, for each sample 500 g ibfssas collected using
an auger. Subsequently, 10 kg of soil from each awre homogenized
and reduced to the appropriate amount to form apogite sample
(around 500 g). The material was stored in plasdigs and sent to the
laboratory of the Agricultural Development ComparfySanta Catarina
(CIDASC) for analysis, in order to obtain the plogsiand chemical
characteristics of the agroecosystems environméhéble 1). The
physical-chemical characteristics of the studiedoagosystem soils
found that the soil texture of corn and bean crps within class 3,
while the sugarcane and cattle grazing areas wass d. According to
the Brazilian Soil Classification System, a clasef&rs to arable land,
while class 4 is occasionally arable land. In dfle t sampled
environments the soil was considered acidic (mddrofp5.1), so they
were characterized as sandy soil in accordanceetanean CTC (8.7 +
1.75), and had low organic matter content (details be found in Table
1).

Soil quality can be defined by the ability of thal 4o perform
its functions to sustain biological productivityaimtain environmental
guality, and promote the health of plants and alEn@8SSA, 1997).
With the results obtained in the soil analysis, 8wl quality was
determined for the sampled sites, where a soilualfity is considered
one that remains within the limits necessary foesprvation of
productivity and biodiversity (CQFS-RS/SC, 2004heTs0il quality was
deemed medium for the studied agroecosystem sitegyrding to the
collected soil parameters.
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Table 1: Values of soil characteristics (mean +/- SD) itilegasture agroecosystems, corn, bean and sugarca
the region of Tubardo, Santa Catarina, southernriBra

0,
Agroecosystem ’\(An?/\f)’ (mCoTCC/:L) pH %clay  Na(ppm) P (ppm) K (ppm) (cmcc:JIa::/L) (con:c/L) (cm,\g?c/L)
Pasture
ArealP 2.3 9.14 5.8 14 37 a7.7 118 35 <03 17
Area2P 13 5.50 45 16 8 >50.0 78 0.7 1.0 0.3
Area3 P 2.2 5.08 5.0 13 7 6.6 60 0.7 0.5 0.3
Aread P 2.2 6.12 45 14 7 2.6 51 1.2 1.0 04
Mean * (SD! 20+0.2 646+0.9 50+03( 143*(6z 14874 189112 76.8%148 15+06¢ 0.83+02 0.6+0.3
Corn crop
ArealC 1 4.79 6.2 22 6 41.9 70 2.2 <03 1
Area2 C 31 13.56 4.8 21 22 30.5 182 2.8 1.9 15
Area3 C 2.8 12.66 51 28 17 41.2 346 33 13 15
Area4 C 2.7 11.74 51 28 18 37.6 315 3.2 1.6 15
Mean * (SD) 24+047 1068+2.00 53+0.30 24888 158+342 37.8+260 2283+63.62 2B 1.6+0.41 1.3+0.12
Bean crof
Areal B 15 4.39 49 22 4 43.1 72 0.7 0.5 04
Area2 B 24 7.43 4.8 25 5 >50.0 161 0.9 14 0.6
Area3 B 1.3 3.45 5.1 15 4 42.3 57 0.7 0.5 04
Area4 B 0.9 2.84 4.7 15 3 37.9 34 0.6 0.5 04
Mean * (SD 15+0.3 45+1.0 49+0.00 193+25 40+04 411+103 81.0+27.7 0.7 + 0.0t 0.7+0.2. 0.5+0.0!
Sugarcane croj

Areal SC 2.9 15.41 4.9 25 22 414 184 3.6 16 15
Area2 SC 3.0 15.4 4.9 26 20 40.6 223 35 1.6 15
Area3 SC 4.2 8.66 6.1 17 9 >50.0 339 35 <0.3 15
Aread SC 2.9 8.43 5.9 16 9 >50.0 196 3.4 <0.3 14
Mean * (SD 15+0.3 45+1.0. 49+0.0( 193+25 4.0+04( 4114103 81.0+27.7 0.7 + 0.0t 0.7+0.2. 0.5+0.0!
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Sampling of dung beetles

Pitfall traps were baited with human feces (20 gyvith decaying pork
meat (20 g) to attract coprophagous and necroplsaggpecies,
respectively. Pitfall traps consisted of plasticntegner (20 cm in
diameter; 20 cm deep), and placed with the edgsiatievel. In the
interior of each trap, water and a 3 % neutralitigietergent solution
was added. This is the most commonly used methggdio collect
dung beetles, and it is efficient in capturing megstcies from this group
(Lobo et al., 1988). Each bait was wrapped in devtipe tissue and
suspended in a rain protection cover, at a heigh® @m.

The sampling protocol, with four replicates for leaagro-
ecosystem studied, respecting border 20 m in eacipléhg area and
minimum distance of 1000 meters of native foresisisted of five
sampling points, corresponding to a pair of spdcagas 50 m apart and
between each point; this distance reduces theeinfle between sets of
traps in the sampling Scarabaeinae (Larsen angthp005), although
recently there proposed as the distance samplimtpqn! was increased
to 100 m (Da Silva and Hernandez, 2015). Two sasplere taken at
each site: for bean and corn crops one sample a@ied out at the
beginning of the season (two weeks after planteny) the other was
carried out near the harvest. In sugarcane crogsaand cattle grazing
areas a sample was collected at the beginningnofngu, and the second
was taken at the end of the season. The sampliog &ftaled 80 traps
per agroecosystem.

After 48 h of exposure the beetles captured inttaps were
preserved in a 70 % alcohol solution. In the latmyga all of the beetles
were weighed (dry weight) and body size was meas(fi®m the
clypeus to pygidium) for each individual. The indivals were dried at
40 °C, for at least 72 h. The species were idedtifit the genus level
using Vaz-de-Mello et al., (2011) and Dr. Fernarthgury Vaz-de-
Mello, at the Universidade Federal de Mato Grogsazil, confirmed
species identification. The collected material waeposited in the
Entomological Collection of Centro de Ciéncias Bgitas at the
Universidade Federal de Santa Catarina, BrazithatEntomological
Collection the Centro de Desenvolvimento Tecnoldgidmael
Beethoven Villar Ferrin at the Universidade do 8el Santa Catarina
and duplicates can be found in the EntomologicaleCtion at the
Universidade Federal de Mato Grosso.
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Statistical Analysis

The copronecrophagous dung beetle community wasided through
measures of species richness, abundance and bjoaratshe total
abundances and biomass of captured beetles werpaocetnbetween
agroecosystems using analysis of variance, follolwedh Tukey test.
Biomass data was transformed usihg 1, to reduce heteroscedasticity.
Dominance-diversity graphs (in logl0) were used explore the
relationship between species in the community tinomeasures of
species abundance and biomass in the agroecosystedisd. Species
accumulation curves were constructed to evaluateplsag efficience
and calculations of the estimators Chao 1 and Jdéfekkl (with a
confidence interval of 95 %) were performed to reate species
richness in agroecosystems. The analyses were rpedo using
EstimateS v.9.1.0 (Colwell et al., 2012).

In order to test the hypothesis that the distridoutof species
abundance and biomass of dung beetle are infludmecsdil attributes a
canonical correspondence analysis (CCA) for eaobeagsystem was
performed in the R program (R Core Team, 2014).

RESULTS

A total of 110 dung beetles belonging to six gerard 10 species were
collected. In cattle pastures nine species weradpmeanwhile in the
corn crop seven species were found, and in the begm only three
species were found (Table 2); in the sugarcane nmplung beetles
were collected. The most abundant species in tlggorre were:
Dichotomius nisugOlivier, 1789) andCanthon chalybaeuBlachard,
1845 representing together 68.1% of the total iddizls captured. Five
species of the telecoprids were captured, fourqogréds, and only one
endocoprid species. In regards to eating habite fieprophagous
species were collected, two necrophagous specidsheee generalists.
The size of the species ranged from 3.6 mifrichillum
externepunctaturRreudhomme de Borre, 1886) to 22 mm in lenfth (
nisug with a mean dry weight varying between 1.7 mgh68.6 mg
(Table 2).
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Table 2: Copronecrophagous beetles (Coleoptera: Scaraledefram agroecosystems in Tubardo, Santa Catarina,
Southern Brazil, and species ecological charatiegsisMDW: Mean dry weight (mg). Mean Size (mm).:HRbod
preference based on literature (C: coprophagouggeg@eralist, N: necrophagous), FG: Functional godded on literature
(P: paracoprid, T: telecoprid, E: endocoprid). Nmber of individuals. B: total biomas (mg) SC= sugane

SIZE MDW Agroecosystems
Pasture Corn Bean |SC N/B
Species (mm) (mg) FP FG N/B N/B N/B | N/B
1 Canthonaff. mutabilisLucas, 1857 6.3 220 |C T |0/0 1/22.0 0/0 0/0 | 1/22.0
2 Canthon chalybaeuBlanchard, 1845 8.5 206 |G T |11/226.6 9/185.4 0/0 0/0 | 20/412.0
3 | Canthon luctuosubiarold, 1868 6.7 160 [N T |1/16.0 2/32.0 0/0 0/0 |3/48.0
4 | Canthon rutilans cyanescentarold, 1868 108 455 |G T |4/182.0 4/182.0 0/0 0/0 |8/364.0
5 Deltochilum multicolorCastelnau, 1840 16.3 2273 |N T |5/1136.5 3/681.9 1/227.3 |0/0 |9/2045.7
6 | Dichotomiusaff. sericeugHarold, 1867) 17.2 1340 |G P |1/134.0 0/0 0/0 0/0 |1/134.0
7 | Dichotomius nisug(Olivier, 1789) 22.4 560.6 |C P |50/28030.0 3/1681.8 2/1121.2 0/0 |55/30833.0
8 | Eurysternus parallelu€astelnau, 1840 146 322 |C E |4/12838 0/0 0/0 0/0 |4/128.8
9 | Ontherus sulcato(Fabricius, 1775) 155 96.1 |C P |2/192.2 2/192.2 2/192.2 | 0/0 | 6/576.6
10 | Trichillum externepunctatuniPreudhomme de Borre, 1886 3.6 1.7 C P |351 0/0 0/0 0/0 [3/5.1
Abundance and Total Biomas 81/30051.2 24/2977.2 5/1540.7| 0/0 | 110/35728.4

Species richness

9 7

3

10
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The species accumulation curves demonstrated sample
efficiency in dung beetle richness in the agriaatuand livestock
environments (Figure 1). The number of species rebdein each
agroecosystem was similar to the number of expespedies based on
richness estimators (Chao 1, Jacknife 1) and iteliceampling
efficiency in local richness, with an observed nieks of at least 75% of
the estimated richness (Table 3). In addition, gisine confidence
intervals it is possible to observe that speciesngéss was significantly
greater in pasture areas, intermediate in cornsgrapd smaller in bean
crops (Table 3).

— Pasture

Species Richness

0 10 20 30 40

Samples

Figure 1. Species accumulation curve for dung beetles préseiour

agroecosystems: cattle pasture areas (Pasture),comps (Corn) and
bean crops (Bean), sampled with baited pitfall grap the region of
Tubardo, Santa Catarina, Southern Brazil. No duegtlés were
collected in sugar cane crops.

Dung beetle abundance was significantly greater cattle
grazing areas in comparison with the other agroetems (F=16.02; df
= 3; p < 0.0001), possibly because it is an envitemt where there is a
greater availability of resource for beetles, bgfr@ater abundance was
observed in corn crops than bean crops. Conseguéotthl biomass by
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agroecosystem was also greater in livestock systensemparison to
crop areas (F=7.47; df = 3; p = 0.0029) (Table 3).

Dichotomius nisusvas the species with the greatest abundance
in pasture areas and in bean crops (Figure 2a). 3peries were
dominant in cattle grazing areds3, nisus(61.7%) andC. chalybaeus
(13.6%), which together represented 75.3% of thal toumber of
individuals sampled in this agroecosystem. In acoops the dominant
species wereC. chalybaeusand Canthon rutilans cyanescertsarold,
1868, which represent 29.2% of the total abundance. I blean
agroecosystem, the dominant species of dung beat®. nisus(40%)
(Figure 2a). In terms of biomass, all studied eswinents had a strong
participation fromD. nisuse Deltochilum multicolorBalthasar, 1939
(Figure 2b).

(a) 100 (b) 100

Log 10)
Log 10)

ance (1
s

und

Abi

0.01

5 0.001

=+=Pasure =@=Con  =d~Bean

Figure 2: Relative dominance-diversity between dung begtlecies
present in agroecosystems in the region of Tubd®@mta Catarina,
Southern Brazil. (a) dominance-abundance by agsystem; (b)
dominance-biomass by agroecosystem. The numbergsey dung
beetles species in Table 2.

The dung beetle species distribution by agroecesyst
demonstrated that certain species relate with ioeat#ributes soil. For
pasture areas the canonical correspondence analysisignificant (F =
2.12; p = 0.0018), where the first axis explain&ébodof the variance and
the second axis 29 %®ichotomius nisusand T. externepunctatum
related positively to this agroecosystem with orgamatter content, that
had a mean of 2.0 + 0.23% (F = 3.25; p = 0.004)len®. chalybaeus
correlated positively with clay soil content (F 5@; p = 0.003). In corn
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crop areas the analysis was also significant (25;2 = 0.003), where
the first axis explained 62% of the variance. lis thnvironmentD.
nisus presented positive correlation with organic mattentent (F =
2.25; p = 0.036). For bean cultivation area thelysig| was not
significant (F = 0.54; p = 0.86), due to the lowmher of individuals
collected. There was no observed correlation betwamindance and
soil nutrient content in the agroecosystems. Aanmdgjto the biomass of
species dung beetles observed in agroecossystemeoreled that only
the specie®. nisuswas correlated with soil properties. The canonical
correspondence analysis was significant only foazignig areas of
livestock (F = 3.99; p = 0.001), where the firstsagxplained 62% of
variance and the second axis 21%; other agroe@msgsivas not
significant (corn, F = 1.32, p = 0.321, beans, ©.84, p = 0.999).
Dichotomius nisusvas related positively with organic matter cont@nt
=4.31; p = 0.001) and the phosphorus content§R32; p = 0.005).

Table 3: Observed and estimated species richness calculstid)
estimators Chao 1 and Jackknife 1 (with 95% confidentervals), total
biomass (sum of all the individuals mass) by agvegstem of dung
beetle communities in agroecosystems in the regfofubardo, Santa
Catarina, southern Brazil.

Pastures Corn crop Bean crop
Abundance (N) 81 24
Richness (S) 9 7
Estimated richness
Chao 1 9.5(9.0-17.2) 7.0(7.0-8.0) 3.0(3.0-5.3)
Jackknife 1 11.9 (10.2-13.5) 8.9 (7.0-10.9) 3.9 (3.0-4.9)
Total biomass 30.346 g 2.386 ¢ 1.811g
DISCUSSION

The livestock environment, as expected, showedithatest dung beetle
richness, abundance, and biomass among the stedisystems, since
it provides a greater quantity of food resourcegtiE feces). Because
that the selection of excreta to the consumptiothe$e organizations is
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closely related to the provision of resources fabitat type used

(Barbero et al., 1999). Biomass reflects dung beetiontributions to

ecological functions, thus their provision of ecstseyn services,

especially in regards to nutrient cycling (Nervo at, 2014). The

dominant species in pasture areas arisus it is a large (more than 2
cm in length), tunneler, nocturnal species from @wprini tribe. This

beetle species is important in livestock areas umeat has been
considered efficient in cattle dung removal (Mati et al., 2001; Da
Silva et al., 2008; Nervo et al., 2014). These abigristics suggest that
D. nisusis that most contributes to the nutrient cyclinggess and

organic matter mineralization in this environment.

The areas with corn cultivation had seven of the gpecies
found in this study the region, which makes it ami@nment that may
offer food resources to dung beetles since the sigubstraw attracts
small rodents. The most abundant species@vashalybaeusa species
from the Deltochilini tribe, with a body size aralione centimeter in
length, this species is roller, diurnal, and i freqtly found in carcasses
(Mittal, 1993). The low species richness and aboodain the bean
crops could be due to a lack of food resourcesitorg beetles within
these crops. The fact that no species were register the sugarcane
crops may be attributed to the management systdiredtin these
areas, where straw is burned, a practice used sy faoners. The fire
may have negative effects on species, not onlctijresuch as animal
death, but also long-term indirect effects, suchatstat loss (Armua et
al., 2004; Bodi et al, 2012; Boulanger et al., 301&rellano and
Castillo-Guevara (2014) reported no effect on thecees richness of
dung beetles in forest areas that suffered undtedrdires, but there
have been important changes in the C/N ratio in gbié of these
environments.

Our results showed that abundance and biomas @f beetles
species from the paracoprid functional group (tliers, D. nisusand
T. externepunctaturoorrelated with organic matter content in the soil,
suggesting the importance of these organisms irptbeess of nutrient
cycling. This analysis suggests that dung beeteisp, not only utilize
environments with greater resources availability they also influence
soil quality. The dung beetle species distribution agroecosystem
demonstrated that certain species relate to cestélicharacteristics.

Dung beetles depend on soil porosity and moistorenésting,
and consequently viability of its larvae (Osbergaét 1993; Sowig,
2005). In our studf.chalybaeusa ball-roller speciesyas associated to
soil texture (clay, silt, and sand) in corn cropsggesting that the
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porosity and permeability of the type of soils armaportant in
maintaining dung beetles in agroecosystems. Indexiduous forests
the structure of functional guilds is influenced bhanges in the
proportion of clay in the soil in a local scale.récent study found that
in clayey soils the abundance of small paracopeetles was low and
the small telecoprids was high (Silva et al., 20&)mpact soils may
limit the execution of this incorporation of organmatter function
performed by dung beetles, nevertheless when owengophysical soil
barriers, the beetles may contribute to the impmov@ of soil's
chemical characteristics, and therefore providentplawith nutrients
(Haynes and Williams, 1993). Soil preparation foltigation, including
pasture areas (except native pastures), modifyataotd the nutrient
dynamic present in the soil, since it is principatiomprised of soil
aeration with a disk harrow, as well as the usagpicultural fertilizers
and corrective agents. Our study shows that a feecies of dung
beetles species are influenced by the soil qualftyagroecosystem
studied. The conservation of these organisms irc@giral livestock
environments, coupled with the adoption of cong@mwamanagement
practices, allows the maintenance of ecosystemicesrvin these
environments. The information the about relatiopshetween dung
beetles and physical-chemical soil properties mayaln important
strategy for increasing fertility and managemensaif conservation in
agroecosystemsOur contribution also provides grants to behavioral
ecology studies of these organisms, since to krosv relationships
between the physical and chemical soil and an ano®l of dung
beetles provides the understanding of factorsrttzgt be influencing the
nesting and the allocation of resources that greupe the soil is the
environment in which these organisms live.

CONCLUSIONS

1. Dichotomius nisusvas the species with the greatest abundance
in pasture areas and in bean crops in southerrilBraz

2. Paracoprid dung beetles species were correlated avganic
matter content in the soil and species belonginthéorollers
functional groupwas associated to soil texture in corn crops,
preferring sandy soils.
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CAPITULO II: INDICE DE QUALIDADE DO SOLO COM BASE
EM ATRIBUTOS FiSICO-QUIMICOS: UMA FERRAMENTA
PRATICA PARA AVALIAR O EFEITO DA QUALIDADE NA
ABUNDANCIA DE BESOUROS ESCARABEINEOS

Patricia Menegaz de Farias & Malva Isabel MedinenBiedez

Artigo a ser submetido no periédicdpplied Soil Ecology

“A atencdo é a mais importante de todas as
faculdades para o desenvolvimento da
inteligéncia humana.”

(Charles Darwin)
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Resumo

O conhecimento das relacbes entre a fauna edafas ropriedades
fisico-quimicas do solo é essencial para a maniteagonservacéo da
gualidade do solo em sistemas pecuarios e suaridet@do, através de
indices, possibilita o entendimento do efeito daligade sobre os
organismos. Buscamos através da aplicacdo de uopeidd qualidade
de solo (IQS), embasado em propriedades fisicoigaére, portanto
nas funcbes atribuidas ao solo, testar se a qdelidan sistemas
pecuarios extensivos, no sul do Brasil, tem efamoabundancia de
escarabeineos copronecréfagos de acordo com afagdiincionais.
Foram tomados os parametros fisico-quimicos do emia@uatro areas
de dois tipos de matrizes de solo (cambissolo #oaa) e utilizamos
um protocolo padrdo para capturar 0s besouros admdaeos
copronecrofagos nas mesmas areas. Para a constim¢adice, foram
atribuidos pesos as diferentes funcbes do solexael@com a relacéo
dos pardmetros edéaficos e a abundancia de besescasabeineos de
cada guilda funcional através de regressfes pagaesm. Registramos
um total de 813 espécimes de besouros escarabepertencentes a
nove géneros e 19 espécies, com maior abundangiardeoprideos
grandes, seguido de telecoprideos médios e baixadabcia de
espécimes da guilda funcional dos endocoprideos. cBmbissolos
houve uma relacdo positiva dos parametros fispo®gidade e textura)
e quimicos (teor de calcio e matéria organica) eoabundancia dos
besouros paracoprideos, sendo os preditores mpéstantes: umidade
volumétrica e resisténcia de penetracdo (95% derdigtacdo); para as
espécies telecoprideas o teor de nitrogénio, asjulawe e densidade
foram os fatores que se relacionaram com a abuiddBm solos
argilosos, a relacao positiva foi para textura,dadée volumétrica, teor
de magnésio e pH para as espécies paracopridess), Asm o indice
de qualidade do solo podemos inferir como a quadidafeta a
abundancia das espécies de besouros escarabeipneoguidas
funcionais, principalmente as espécies paracoidé&olos com
qualidade entre 37% e 65% favoreceram o aumentbuadancia das
guildas funcionais de espécies paracoprideas epfrideas, sendo que
houve um efeito negativo na guilda dos tuneleinaango a qualidade
do solo é baixa. Com a aplicabilidade do indiceepmak inferir que a
adocao de praticas de manejo conservacionistamldeem sistemas
pecuérios pode manter e/ou melhorar a qualidadesalo e a
sustentabilidade do seu uso, favorecendo assimuadahcia e a
estruturacao funcional da macrofauna edéafica. @énde qualidade de
solo com base em atributos fisico-quimicos perégire outros estudos
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avaliem a relacdo das condi¢bes edaficas com aspemtportamentais
e ecoldgicos deste grupo de organismos.

Palavras-chave:Porosidade, Qualidade de solo, Scarabaeinae, @istem
pecuarios, Teor de matéria organica, Textura.

Introducgéo

A medida que houve o crescimento da populagio hayrarpressio
sobre o sistema agricola-pecuario, juntamente cditicps de manejo
inadequadas (e.g. desmatamento, incéndios; Woodhl.et 2006)
condicionou a intensificacdo do uso do solo promdoaerosdo e
gerando assim perda de matéria organica e feddiddiontgomery,
2007; Ponting, 2007), consequentemente levando adectinio da
gualidade do solo. Dentre os fatores que gerangedacdo do solo e
perda de sua qualidade nos sistemas pecuarios astdinadequado de
insumos agricolas e o pisoteio animal (Hartemiflg32 Schjgnning et
al., 2004). Devido a utilizacdo em larga escalacensmu uso de
fertilizantes, especialmente os sintéticos comaréraa, acarreta na
compatacéo do solo (Schjgnning et al., 2004). Asequéncia direta do
pisoteio é a compactagéo do solo que reduz a aeeagdnfiltracao de
agua e aumenta a resisténcia do solo a penetracdoattes (Hillel,
1980; Letey, 1985; Wagger e Denton, 1989; Imhofalet 2000). Em
geral, o pisoteio dos animais compacta o solo moeepos 15 cm
(Pinzdn e Mesquita, 1991), o que pode influenciaicto de vida e as
funcdes realizadas pela biota presente no solo.

Os besouros escarabeineos (Coleoptera: Scarabaeidae
Scarabaeinae) sdo organismos intimamente relacsram sistema solo
e formam parte da macrofauna edafica, a qual ventosatilizada como
um bom indicador biolégico da qualidade do solob{€ea, 2012;
Rosseau et al.,, 2010). Sdo considerados importdatdgadores da
decomposicdo de esterco em ambientes pecudridgloderemocéo e
incorporacdo da matéria organica do solo (i.e. Adaa2004; Wu e Su,
2010; Cruz et al., 2012). Os besouros escarabeawaoscorporarem a
matéria organica no solo evitam a perda de nuégemrimarios e
secundarios, melhorando assim a fertilidade do (€&ddifiori, 1979), ao
reduzirem a volatilizacdo de aménia, contribuin@oapa utilizacado de
nitrogénio para as plantas (Bang et al., 2005 <stganismos também
contribuem para o aumento da dispersdo de sem@niésec, 2002;
Andresen, 2003; Slade et,a007). Ao deslocarem particulas de solo,
principalmente as espécies que fazem tlneis no cmftribuem para a
melhoria das propriedades fisicas como a porosjdaseentando assim
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a aeracdo e infiltracdo de agua (Banget et al5;28@&de et al., 2007,
Brown et al., 2010), e relacionam-se positivameten o teor de
matéria organica presente no solo (Farias e Heezasdbmetido).

Os escarabeineos podem ser classificados em tiédasgu
funcionais de acordo com o comportamento de alocdg&ecurso para
alimentacao e nidificacdo: paracoprideos ou turnsdha escavacao de
tineis préximo/abaixo a fonte de alimento), telefmsns ou rodadores
(porcdes de alimento sao conduzidas a determindiédancias e
posteriormente sdo enterradas) e endocoprideos esmidentes
(alimentam-se e nidificam no interior do alimentidgalffter e Edmonds,
1982). Destas guildas funcionais, a paracoprideatelecopridea séo
mais efetivas na remocdo de excrementos. Fatolesiomados a
complexidade de habitat, ao tipo de vegetagédo, agsidgranulometria
e tipo de solo sdo importantes para a estruturdgdguildas funcionais
destes organismos (Lumaret e Kirk, 1987; Doubel11%lva et al.,
2015). Caracteristicas fisico-quimicas do soloaafet diversidade, a
estrutura e a reproducdo de besouros escarabgifemilano et al.,
2008; Martinez et al., 2009; Brown et al., 2010ridga et al., 2012;
Arellano e Castillo, 2014; Farias et al., 2015y&iét al., 2015; Farias e
Hernandez (submetido)). Propriedades do solo comorode umidade,
podem favorecer a sobrevivéncia e o éxito repredude determinadas
espécies de escarabeineos (Sowig, 1995; Martined.,e2009). O
aumento da concentracdo de argila no solo redubuadancia de
besouros paracoprideos pequenos, favorecendo espétacoprideas
(Silva et al., 2015). Entretanto, em solos de pasts do sul do Brasil,
espécies telecoprideas apresentam relacdo positiasolos arenosos
(Farias e Hernandez, submetido). Teores altos sferfddisponivel no
solo parecem influenciar positivamente a abundadeidesouros em
ambientes pecuéarios (Farias et al., 2015).

A relacdo entre as propriedades fisico-quimicassalo e a
abundancia destes organismos classificados pataguilincionais deve
ser dependente, ja que a ocorréncia de modificagfiesima delas,
normalmente, leva a mudangas em todo o complexsisiema solo
(Schjgnning et al., 2004). O conceito de qualiddelsolo é complexo e
dificil de mensurar, pois se trata da capacidade yu solo tem de
executar dentro dos limites de um ecossistema ej@an ou natural -
suas funcdes essenciais para sustentar a prodiskéviniolégica, manter
ou aumentar a qualidade do ar e da agua, bem commyper a saude
das plantas e animais (Karlen et al., 1997; SSS8/)1 Para determinar
a qualidade do solo é necessario reconhecer aédsimgo mesmo,
dentre as quais se ressalta a manutencdo da pidddé sem perder
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suas propriedades bioldgicas, fisicas e quimicasteauacdo dos
contaminantes ambientais e patégenos e a promacSalide ambiental
e 0 bem estar humano (Doran e Parkin, 1994; Kaeleal., 1997;
Schjgnning et al., 2004; Heink e Kowarik, 2010).

Devido ao fato que ndo ha um método isolado quieatsido
aceito para atribuir um indice de qualidade do ,spkla tamanha
complexidade e variabilidade desse sistema (Glateral., 2000;
Conceicao et al., 2005), a determinacdo da quaidade ser mediada
por objetivos especificos, que devem ser atribuid®sacordo com
funcbes criticas do solo, bem como indicadores fpueecem as
informacdes necessérias em conformidade com ebjetivos. Estes
atributos-indicadores da qualidade definem-se copnopriedades
mensuraveis que influenciam a capacidade do sol@roducéo de
cultivos e/ou no desempenho das fungbes (DoranrlkinPd996). O
estabelecimento de indices de qualidade de sokibilida resumir e/ou
simplificar a informacéo relevante sobre determénadndicdo de um
tipo de solo (Doran e Parkin, 1996; Schjgnnind.e04; Candu et al.
2007).

Com base na ideia de que os componentes edéficas e
gualidade dos solos afetam tanto a composicdo camigueza de
espécies de besouros escarabeineos em ambientesnd@® pecudrio
extensivo; espera-se que o grupo funcional doscppraleos, que
depende fortemente do solo para a realizacdo deistlide
armazenamento de alimentos e nidificacdo, sejdvatra®s parametros
fisicos (i.e. textura e porosidade) do solo e @wobieor de nutrientes,
implicando em uma diminuigédo funcional em solos cuén qualidade.
Entretanto, para testar esta hipdtese é necesl&aaminar primeiro a
gualidade do solo, assim, o objetivo do trabalhioctmstruir, como
ferramenta préatica, um indice de qualidade de soidasado em
atributos fisico-quimicos para avaliar o efeito daalidade na
abundancia de besouros escarabeineos coproneaéfegoguildas
funcionais, utilizando diferentes matrizes de soto sistemas pecuérios
extensivos no sul do Brasil.

Material e Métodos

Area de estudo

O estudo foi realizado nos municipios de Lauro BHil{28°21'S;
49027°0; altitude: 220 m) e Tubardo (28°27'S; 43C0Altitude: 6 m)
no sul do estado de Santa Catarina, Brasil. O diisneegido de acordo
com a classificacao climatica de Képpen é subtedgimido (Cfa), com
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uma estagdo mais seca e fria nos meses de inyatno: 81,0 mm e

16°C) e periodo mais chuvoso e quente no veraei(@nl74,5 mm e
28°C). A regido apresenta temperatura média areidBAC e cerca de
1450 milimetros de precipitacdo, com umidade relathédia anual de
89,4% (INMET, 2015). O solo que predomina no muymiicide Lauro

Muller classifica-se como cambissolo e em Tubarélasgsificado como
argiloso (EMBRAPA, 2014).

Em cada localidade foram selecionados quatro sitles
amostragem referentes a ambientes pecuarios dkstirea producao
leiteira, totalizando oito areas de amostragemgd@equatro areas em
solos do tipo cambissolo (Lauro Miuller, area 1: 22835.01"S,
49°26'42.69"0; area 2: 28°21'26.87"S, 49°27'26.87"Carea 3:
28°21'28.49"S, 49°27'12.76"0; &rea 4: 28°21'22.0629°27'10.07"0)
e quatro areas em solos argilosos (Tubardo, arez8°27'50.86"S,
49°03'06.79"0; area 2: 28°24'58.89"S 49°04'14.87"jrea 3:
28°24'57.47"S; 49° 04'16.89"0; area 4: 28°24'56.3019°4'14.78"0).
As espécies de gramineas presentes nos sitios dstragem sao
Urochloa decumbengStapf) R.D. Webster éJrochloa brizantha
(Hochst. ex A. Rich.) R.D. Webster. Os sitios amaukis
caracterizavam-se por sistemas pecuarios extensivosm o uso de
agroguimicos (e.g. herbicida (glyphosate), despiarass (ivermectina
e triclorfon) e inseticidas (clorpirifos e metil rbanato de
benzofuralina)), sem adicdo de fertilizantes quimicas pastagens,
somente ureia (CHN,0) na proporcédo 45 - 0 - 0. A pressdo de pastejo
(densidade animal) em todas as areas de estudiefdez unidades
animais por hectare (10 UA/ha).

Besouros escarabeineos

No periodo de dezembro de 2012 a novembro de 20da8puros
escarabeineos foram amostrados em duas campanheadpoestacdo
do ano (uma no inicio e outra no final de cadacésiga totalizando oito
campanhas. Para a coleta dos exemplares de esnambetilizamos
armadilhas de queda iscadas, método que apreskciEn@a para
captura da maior parte das espécies deste grupo @ioal., 1988). As
armadilhas foram constituidas de recipientes plsti(15 cm de
diametro, 20 cm de profundidade) e enterradas cborda superior ao
nivel do solo, o que permitia a queda dos ins€tas a protecdo contra
a chuva foi utilizada uma circunferéncia de pl@s{®0 cm de diametro)
apoiada por estacas de madeira, colocada a apcaingte 10
centimetros acima da armadilha. Uma mistura (30D dal 4gua e
detergente neutro foi adicionada em cada recipiqrdea capturar e
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matar os insetos. As iscas de atragdo foram wutdizale acordo com o
habito alimentar das espécies: fezes humanas parafagas e para
espécies necrofagas, carne de porco em estado aengesicao

(envelhecida em recipiente de plastico em temperatunbiente por trés
dias antes da amostragem), ambas com 20 g. Enymtatecido tipo

voile, as iscas foram suspensas na parte central dec@ootontra a
chuva por uma estrutura de arame, a uma altur@ del

O protocolo de amostragem para cada area condistitinco
pontos amostrais, correspondentes a um par de imegdcada par
contendo, por separado, os dois tipos de iscagadpa por 50 metros
entre si, sendo que esta distancia diminui a infligéentre os conjuntos
de armadilhas em amostragens de Scarabaeinae rLardeorsyth,
2005); embora recentemente a distancia proposta quatocolo de
amostragem foi aumentada para 100 m (da Silva edrdez, 2015).

As armadilhas permaneceram no campo durante 48 hpis a
instalacdo e cada par de armadilhas foi considezrad®m um ponto de
amostragem dentro de cada area. Cada area anagstraéntou 10.000
m? de area, distanciadas no minimo cinco quildbmetrige si e todas
estavam a uma distancia minima de 1.000 metrosed@mescentes
florestais.

Os insetos capturados foram fixados em alcool a @0é¢m
laboratorio foram montados em alfinetes entomoligjie secos em
estufa (a 40°C, durante 72 horas), em seguidadpesam balanca de
precisdo (0,0001 g). Os espécimes foram identifisadnivel de género
usando Vaz-de-Mello et al. (2011) e a confirmac&peeifica foi
realizada pelo Dr. Fernando Zagury Vaz de MelloUlaversidade
Federal de Mato Grosso. O material coletado fobdipdo na Colecéo
Entomoldgica do Centro de Ciéncias Biologicas daivéfsidade
Federal de Santa Catarina, na Colecdo Entomolddica&entro de
Desenvolvimento Tecnologico Amael Beethoven Villeerrin da
Universidade do Sul de Santa Catarina e na ColEg&mmoldgica da
Universidade Federal de Mato Grosso.

Caracteristicas edéficas

Em cada &rea amostral foram realizadas amostragensolo para
caracterizacdo dos parametros fisico-quimicos nog® de janeiro-
fevereiro de 2013. As amostragens de solo foraprafandidade de 0 a
20 cm, seguindo protocolo padrdo com 20 pontos mai®em cada
area estudada (Chitolina et al.,, 2009). Para asrrdigtacfes de
densidade aparente e porosidade o método utiliZzadoo anel

volumétrico, proposto por Blake e Hartge (1986)raFo retiradas 10
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amostras de cada sitio amostral na profundidade -d&5 cm, e cada
amostra constituiu em um cilindro de aco com bdiidselada (3 5 cm,
altura de 5 cm e volume de 98,13¢n0 solo obtido dentro do anel foi
acondicionado em recipiente e seco em estufa (1qaHC24 horas). A
resisténcia do solo a penetracdo foi determinada 48t cm de
profundidade, em 10 pontos por sitio de amostragdiliizando um
penetrégrafo (Falker®), equipado com cone de 1&\82de diametro e
velocidade de medicdo maxima de 60 mnc®ntrolada manualmente.
Assim, os atributos avaliados foram: teor de matérganica, textura,
macro e micronutrientes, densidade, estabilidadagdegado, micro e
macro porosidade, porosidade total, resisténciadada e pH do solo.
As andlises fisico-quimicas foram realizadas noorktidrio da
Companhia do Desenvolvimento Agricola de Santariat4CIDASC)

e no Laboratério de Solos da Universidade do SuBaeta Catarina
(UNISUL).

indice de qualidade do solo

Utilizamos um indice de qualidade de solo, com base atributos
fisicos (porosidade total, macroporosidade, resi&é densidade,
textura, estabilidade de agregados) e quimicosé(imabrganica, pH,
teores de potéssio e foésforo) dos solos amostrbdsseado no modelo
proposto por Karlen e Stott (1994). Para a condtrugeste indice,
foram atribuidos pesos as diferentes fungdes do dmlacordo com a
relacdo dos parametros edaficos e a abundancia et®utos
escarabeineos de cada guilda funcional atravéggtessfes passo-a-
passo. Assim, buscamos mensurar a qualidade dalsotoo das areas
referentes as duas matrizes estudadas a fim daraedtavés do indice
gerado, o efeito na abundéancia dos besouros estamnabs dentro de
cada guilda funcional nos sistemas pecuarios.

Andlises de dados
Avaliamos o grau de integridade dos inventariosapeada sitio
comparando o percentual de espécies observadasiagia ao nimero
de espécies preditas pelo estimador Chao 1. O asfttinrbaseia-se no
namero total de besouros registrados sobre o nldeeb@souros menos
abundantes, especialmestegletongfl) edoubletongf2) (Chao e Jost,
2012) sendo utilizado para construir curvas defagé® baseada nas
amostras e comparar a riqueza (Gotelli e ColwéD12.

Para a descricdo da comunidade os dados foramdpareatre
0s meses de coleta de cada area amostral a fionttelar a variagéo da
sazonalidade, j& que principalmente no periodo cpreesponde as
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temperaturas mais elevadas e aos periodos chugogaando ocorre
maior abundancia de Scarabaeinae em regifes nieaisofHalffter e
Matthews, 1966). A comunidade foi descrita atradésmedidas de
riqueza de espécies, abundancia e biomassa e faanparadas por
andlises de variancia a abundancia e a biomassa bdssuros
escarabeineos entre as areas amostrais dentrdalma#iz de solo.

A composicdo e a riqgueza de espécies de besouros
escarabeineos nos ambientes estudados de manegripeextensivo
foram analisadas através de tabelas de contingé€XgiaAnalisamos
para cada area amostral de cada tipo de solo perpées das espécies
de besouros escarabeineos capturadas pertencentesda grupo
funcional, habito alimentar, atividade diaria e tamanho de acordo
com a massa corporal. A atividade diaria das espdoi determinada
de acordo com a literatura (Hanski e Cambefort11®h Siva et al.,
2011; Da Silva e Hernandez, 2015). Os besourosnfagrupados em
categorias de tamanho de acordo com 0 peso carpsrajue pesam
mais de 100 mg foram classificados como grandes d@)eles com
peso 10-100 mg como médios (M), e aqueles com mdeos) mg,
como pequenos (P) (Campos e Hernandez, 2013).

Utilizamos gréficos de dominéncia-diversidade (egiD) para
explorar a dominancia dos grupos funcionais atralgs medidas de
abundancia e biomassa das espécies nos ambiectesipe estudados.

Avaliamos a dependéncia entre abundéancia totaluaddmcia
por guildas funcionais dos besouros como varidespasta e o0s
parametros fisico-quimicos do solo como variavgieativas através
de uma andlise preliminar de covariancia (ANCOVA). nivel de
significancia ¢) de 5% foi estabelecido. Usamos a analise de s&fipe
passo a passo para avaliar a relacdo entre a almismd@os
escarabeineos por guildas funcionais nas diferefriess amostradas
dentro dos tipos de solo e os parametros fisicavgos do solo no
programa R (R Core Team, 2015).

Com base nas relacdes apresentadas entre oscariigito-
guimicos do solo e a abudéancia dos besouros fotidmuidos pesos as
diferentes funcbes do solo para construcdo do dndéc qualidade do
solo (IQS). A fim de testar a hip6tese de que héeteito da qualidade
de solo dos ambientes estudados — através dosdndarados — na
abundéancia de besouros escarabeineos agrupadasl@éas funcionais,
realizaram-se analises de correspondéncia can@{€A) no programa
R (R Core Team, 2015).

Resultados
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Besouros escarabeineos

Registramos um total de 813 espécimes de besouros
escarabeineos, pertencentes a nove géneros e ddessfrabela 1).
Nas areas de solos do tipo cambissolo, em LaurteMidle um total de
453 individuos coletados, foi observada maior abood de
paracoprideos grandes (252 individuos, 56%), segigdtelecoprideos
médios (138 individuos, 30%) e o restante endodeps. Para as
guildas funcionais observadas nos solos argilososnnnicipio de
Tubardo, a sequéncia foi semelhante: de 360 indigidapturados, 314
deles pertencem a guilda dos paracoprideos graBdés) e 21 dos
telecoprideos médios (6%). O grupo funcional dosloeoprideos
apresentou baixa abundancia em todas as areasatamétrizes de solo
amostradas (Lauro Miller: a2 = 8,3%; Tubardo: a20:0%; a2 =
14,3%; a3 = 20,0% e a4 = 16,6%) (Tabela 2).

A andlise de integridade do inventario entre ofossitle
amostragem nos diferentes tipos de solo mostrouegaieora o nimero
de individuos tenha apresentado variacdo entres,aseaobertura em
todos os locais foi acima de 91% (Figura 1). Ndessde Lauro Mdller
(cambissolos), a riqueza variou entre trés e 120ap, sendo a area
amostral a2, a qual apresentou maior riqueza (&ijay. Nas areas 3 e
4, a riqueza foi claramente inferior, apresentané® espécies cada area
amostral. As coletas nas areas do municipio de r&abéargiloso)
apresentaram eficiéncia de amostragem entre 9®&& (Figura 1b). A
riqueza registrada nas areas amostrais dos sajdesas foi similar
(entre cinco e sete espécies de besouros escarafeiA area amostral
a2 foi a que registrou a maior riqueza (sete espgci

A area amostral a2 dos solos cambissolos apresemhinr
abundancia, a qual foi atribuida basicamente pgiécie telecopridea
Canthon chalybaeuBlanchard, 1845 (Tabela 2). Apenas a espécie
paracoprideaOntherus sulcator(Fabricius, 1775) foi compartilhada
entre as areas de amostragem em cambissolos. &es3ae 4, das trés
espécies registradas, duas foram compartilhaDahotomius nisus
(Oliver, 1789) eOntherus sulcatofFabricius, 1775). Registramos seis
espécies Ganthidium aff. dispar (Harold, 1867), Canthidium aff.
trinodosum (Boheman, 1858),Dichotomius fissus(Harold, 1867),
Deltochilum sculpturatunfelsche, 19070nthophagus catharinensis
Paulian, 1936 eOnthophagus hirculusMannerheim, 1829) que
estiveram presentes somente em duas areas (1 € Raudo Miiller
(cambissolos), sendo trés telecoprideas e trésquafdeas.
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Tabela 1: Abundancia e riqueza de besouros escarabeineriadus em sistema pecudrio com diferentes matiezes
solo na regido sul de Santa Catarina, Brasil, cestritdo das caracteristicas ecolégicas. N: nuneiadividuos,
B: biomassa total (mg), MDW: Média de peso seco)(rké: Preferéncia alimentar, baseada na literat@ra
copréfago, G: generalista, N: necrofago), FD: Afdza de alimento, baseada na literatura (P: parfameprT:
telecoprideo, E: endocoprideo) e AP: Periodo didatie, baseado na literatura (D: Diurno, N: NodfHA: dados
indisponiveis).

Pastagem
MDW  Tamnho  Grupo Funcional Lauro Miller Tubaréo
Espécies Cam.al Cam.az Cam.az Cam.aZ Arg,al Arg,a2 Arg,a3 Arg,ad
(mg) (mm) FP_FD AP N/B N/B N/B N/B N/B N/B N/B N/B N/B
Canthidiumaff. dspar (Harold, 1867) 19.0 790 G P NA 0/0 1/19 0/0 0/0 0/0 0/0 0/0 0/0 1/19
Canthidiumaff. trinodosum(Boheman, 1858) 15.0 68 C P D 0/0 2/30 0/0 0/0 0/0 0/0 0/0 0/0 2/30
Canthon chalybaeuBlanchard, 1845 54.0 818 G T D 6/324  124/6696 1/54 0/0 1/54 12/648 1/54 1/54 | 146/7884
Canthon lividus seminiterigarold, 1868 27.0 1021 G T NA 0/0 0/0 0/0 0/0 0/0 1/27 0/0 0/0 1/27
Canthon luctuosublarold, 1868 18.0 731 N T DN 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/18 1/18
Canthon rutilans cyanesceftarold, 1868 86.0 972 G T D 0/0 7/602 0/0 0/0 0/0 4/344 0/0 0/0 11/946
Deltochilum multicoloBalthasar, 1939 156.0 1643 N T D-N| 528112 3/4668 000  1/156 0/0 0/0 5/780 1/156 62/9672
Deltochilum sculpturaturfrelsche, 1907 128.0 17.29 N T NA 2/256 0/0 0/0 0/0 0/0 0/0 0/0 0/0 2/256
Dichotomius assifefEschscholtz, 1822) 188.0 1799 C P N 00 1212256 0/0 0/0 0/0 0/0 0/0 0/0 12/2256
Dichotomius fissugHarold, 1867) 176.0 1543 C P NA 0/0 1/176 0/0 0/0 0/0 0/0 0/0 0/0 1/176
Dichotomius mormoftLjungh, 1799) 195.0 18.15 C P N 8/1560 3/585 0/0 0/0 0/0 0/0 0/0 0/0 11/2145
Dichotomius nisugOlivier, 1789) 288.0 2302 C P N 0/0 1/288 21/6048 7/2016| 61/17568 74/23112  106/30528  68/19584| 338/97344
Dichotomius sericeugHarold, 1867) 171.0 924 G P N | 182223 1272052 0/0 0/0 0/0 1/171 0/0 0/0 26/4446
Eurysternus parallelu€astelnau, 1840 82.0 1351 C E DN /82 1/82 0/0 0/0 41328 71574 1/82 2/164 16/1312
Ontherus sulcatoFabricius, 1775) 127.0 1058 C P N 49/6223  76/9652 43/5461  4/508 2/254 0/0 0/0 0/0 | 174/22098
Onthophagus catharinend®aulian, 1936 23.0 540 C P D-N 1/2¢ 0/0 0/0 0 0/0 0/0 0/0 0/0 1/23
Onthophagus hirculustannerheim, 1829 72.0 849 C P D U2 0/0 0/0 0 0/0 0/0 0/0 0/0 172
Sulcophanaeus menel@Bastelnau, 1840) 266.0 2457 C P D 0/0 0/0 0/0 0 0/0 2/532 0/0 0/0 2/532
Trichillum externepunctatuireudhomme de Borre, 188 2.6 33 C P NA 0/0 0/0 0/0 0 2/5.2 0/0 1/2.6 2/5.2 5/13

Riqueza Tota 5 7 19
Abundéncia Total 133/1887  243/2290  65/1156: 12/268( 70/18209. 101/2360:  114/31446. 75/19981. 813/14926
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Tabela 2: Abundéncia, riqueza e porcentagem da abundéancigyildias funcionais de besouros escarabeineos por
area nos sistemas pecuarios de diferentes madiézeslo amostrados na regido sul de Santa CatBriasi).

Pastagen
Guildas Lauro Miller Tubaréo
Camal Cam.a? Cam.al Cam.a4 Arg.al Arg.a2 Arg.a3 Arg.a4
Paracoprideos (tuneleiros) N % N % N % N % N % N % N % N %
Pequeno 0 0,0 0 00 O 00 O 00| 2 2,8 0 0,0 1 08 2 2,6
Médio 2 15 3 12 0 00 O 00| O 0,0 0 0,0 0 00 O 0,0
o
‘S _Grande 71 534 105 432 64 984 11 916|/63 900 77 762 106 929 68 90,6
< Telecoprideos (roladores)
é Médio 6 798 131 539 1 15 0 00| 1 14 17 16,8 1 08 2 2,6
<
Grande 53 3958 3 12 0 00 1 83| 0 0,0 0 0,0 5 44 1 1,3
Endocoprideoss (residentes
Médio 1 0.8 1 04 0 00 O 00| 4 5,7 7 6,9 1 08 2 2,6
Total 13¢ 243 65 12 70 101 114 75
Paracoprideos (tuneleiros) S % S % S % S % S % S % S % S %
Pequeno 0 0,0 0 00 O 00 O 00| 1 20,0 0 0,0 1 200 1 16,6
Médio 3 333 6 500 O 00 O 00| O 0,0 0 0,0 0 00 O 0,0
© Grande 3 333 1 83 2 666 2 666| 2 400 3 428 1 200 1 16,6
N Telecoprideos (roladores)
o Médio 1 111 3 250 1 333 O 00| 1 20,0 3 428 1 200 2 333
>
T Grande 2 222 1 83 0 00 1 333/ 0 0,0 0 0,0 1 200 1 16,6
Endocoprideoss (residentes
Médio 0 0,0 1 83 0 00 O 00| 1 20,0 1 143 1 200 1 16,6
Total 9 12 3 3 5 7 5 6
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Nos solos argilosos de Tubarao registramos dua@siespde diferentes
grupos funcionais, a roladofa. chalybaeu® a paracoprideB. nisus,
presentes em todas as areas. Apenas duas esp@tiss/as,Canthon
lividus seminitendHarold, 1868 eSulcophanaeus menelé€astelnau,
1840) foram coletadas na area amostral a2 de swigitosos. A
abundancia dos besouros escarabeineos nas aresic@te cada tipo
de solo foi similar (cambissolo em Lauro Miiller,313 + 74.75 (dp):
ANOVA, F =1.50, gl = 3, P = 0.22; argiloso em Ttia 90.0 + 17.50
(dp): ANOVA, F=0.07,gl=3,P =0.97).

(@)

—aim Ny §
aIM o
~—BIM g 3
» 0 -alM 12 3

4 N S fl 2 Chaol Cn

~-alTB 70 5 1 2 525 9865
=+-a2TB 101 7 2 1 898 9804
—«-a3TB 114 5 3 0 797 9737
0 m-adTB 75 6 3 2 82 906

Sample coverage

Figura 1: Curvas de acumulacdo baseadas em riqueza de asgécie
besouros escarabeineos em areas com diferenteizemate solo na
regido sul de Santa Catarina, Brasil (a) cambissetn Lauro Miiller,
(b) argilosos em Tubardo. N, abundancia dos besp@priqueza de
espéciesfl, numero desingletons f2, nimero dedoubletons Chaol,
estimador de riqueza; Cn, cobertura da amostra.

Em solos argilosos registramos uma pequena varamie as
areas de coleta, de 70 a 114 individuos. Em tedrobiomassa, ndo
observamos diferengas significativas na biomasséralele cada area
das matrizes de solo amostradas (cambissolo: ANGVAL.07, gl = 3,
P = 0.36; argilosos: ANOVA, F= 0.66, gl = 3, P 9&). Entretanto,
registramos que na area amostral a3 da matriz lbs segilosos a
contribuicdo em termos de biomassa foi duas vezés Mo que na area
amostral al.
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A respeito da alocacdo de recurso encontramos:spécies
paracoprideas, seis telecoprideas e apenas umaoenidea. A
abundancia dos grupos funcionais mostrou que, n@&s dnatrizes
estudadas, foi observada maior abundancia de espparacoprideas
(cambissolo, n = 255; argiloso, n = 31992=( 142.32, gl = 3, P <
0.0001). Por area de amostragem dentro de cad& matsolos, tanto
espécies paracoprideas grandes quanto telecoprfdmtianas tiveram
maior abundancia na area amostral a2 de Lauro Midlguanto que
em solos argilosos registrou-se maior abundanatasguildas na area
a3 (X°= 48.76, gl = 3, P < 0.0001) (Tabela 2).

Houve mais espécies coprofagas nas duas matrizesolde
(cambissolo, n = 231, 50,9%; argiloso, n = 3322%93), contudo o0s
solos do tipo cambissolo apresentaram um numersidenavel de
individuos generalistas (n = 166, 36,6 %). Nassadmasolos de Lauro
Muller (cambissolo) registramos que a area amostPalfoi a que
apresentou maior abundancia de generalistas (45,4%)eralistas
(29,7%) e necréfagos (24,9%%%€ 148.49, gl = 3, P < 0.0001). Em
solos argilosos, ocorreram mais espécies coprofaasea amostral a3
(n = 108, 32,5%)X°= 40.92, gl = 3, P < 0.0001).

O numero de espécies noturnas e diurnas foi o mewso
sistemas pecuarios estudados, entretanto registrema@mr abundancia
de individuos noturnos (cambissolo, n = 249, 54,8fgiloso, n = 312,
82,6%). Das quatro espécies que apresentam atvidiacha-norturna,
apenas duasDegltochilum multicolor Balthasar, 1939 (roladora) e
Eurysternus  parallelus Castelnau, 1840 (residente)) foram
compartilhadas em ambas as localidades estudadasstdma pecuario
de Lauro Miiller houve maior abundancia de espémagnas (n = 249,
54,9%), sendo que a area que apresentou maior aldeeindividuos
noturnos (41,7%) e diurnos (94,2%) foi a area araba® K= 287.34,
gl = 3, P < 0.0001). Em solos argilosos (Tubaradyem amostral a3
apresentou maior abundancia de espécies noturnasl(®6, 33,7%),
seguida da &rea a2 (n = 75, 23,8%). Registramasiumero reduzido de
individuos de espécies diurnas nas areas com aadssos, apenas na
area amostral a2 foi coletado um total de 19 examrepl(86,3%), devido
principalmente a presenca do telecoprideochalybaeussendo que as
demais areas apresentaram um Unico individuo.

No que diz respeito ao tamanho de acordo com o @aporal
das espécies de besouros escarabeineos captusgistsamos maior
abundancia de espécies paracoprideas de tamanmtue g¢a= 10.24, gl
= 2, P = 0.0005) (ver Tabela 1). Contudo, ndo olassos diferenca
significativa para as espécies telecoprideas, guesentam tamanho
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corporal médio ou grande nos solos dos ambientagdges amostrados
(X* = 058, gl = 2, P = 0.60). Registramos 42,0% dsgéees
paracoprideas de tamanho corporal grande e 99,2%esgécies
telecoprideas médias estdo presentes na area anadstla matriz de
cambissolos X? = 47.39, gl = 4, P < 0.0001). Para as areas dss sol
argilosos, a maior abundancia de espécies pardeagri grandes
observadas foi na area amostral a3, com 33,7%taloctietado.

Nas areas amostradas em Lauro Miiller, observamesagu
espécies do grupo funcional dos paracoprideos foesm mais
abundantes, com 56,5%, com excecao da area 2egidaminancia de
telecoprideos, com 55,1% (Figura 2a). Nas areasstaadas em
Tubardo, com solos argilosos, a dominancia foi dgpédes
paracoprideas (al = 94,2%, a2 = 76,2%, a3 = 93,8% e 93,3%)
(Figura 2b). Em termos de biomassa a nivel de pogamatriz, em
cambissolos quem mais contribuiu em todas as ameastradas foram
espécies paracoprideas (Figura 2c) e 0 mesmo pathservado em
solos argilosos (Figura 2d). Em ambas as matrigesotbs as espécies
paracoprideas mais abundantes for@m sulcator em cambissolo e
D.nisusnos solos argilosos de Tubaréo.
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Figura 2: Relacdes de dominancia-diversidade entre guildasidonais
de besouros escarabeineos com diferentes matézesaina regido sul
de Santa Catarina, Brasil. (a,b) dominancia-aburidade guildas
funcionais nas areas amostrais (a, Lauro Mullerselos cambissolos;
b, Tubardo em solos argilosos); (c,d) dominanairbissa de guildas
funcionais nas areas amostrais (c, cambissolagidpso).
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Caracteristicas edaficas e sua relacdo com a abunmitda dos
escarabeineos classificados por guildas funcionais

Para os parametros quimicos de solo coletadosreas de pecuaria
extensiva no municipio de Lauro Muller, as quaiesgntam o tipo de
solo cambissolo, registramos que o menor teor d&rimaorganica
(27.00 g/dr) e de nitrogénio (3.00 mg/dnfoi na area 3 (Tabela 3).
Ressaltamos que o teor de potassio tanto na am& @mbissolos
(1640.00 mmolc/dif) quanto na area 1 de solos argilosos (1180.00
mmolc/dn?) foi considerado alto. As &reas com cambissolos
apresentaram o pH variando entre 4.7 a 5.10, etmgae nas areas de
solos argilosos o pH variou entre 4.5 a 5.8. Pararaas de Tubardo
com tipo de solo argiloso observamos que estesngaids foram mais
baixos na area 2 (matéria organica, 13.00 §/teor de nitrogénio, 7.00
mg/dnT). Em relacdo aos atributos fisicos das areas emmsto solo
cambissolo, a maior densidade foi também na ar€ad.42 + 0.03
mg/nT) e a menor na area 4 (1.02 + 0.01 niy/fEm solos argilosos, a
maior densidade foi registrada na area 1 com 1@63 mg/m (Tabela

3).

A andlise de covariancia (ANCOVA) revelou uma iatgo
significativa entre a abundancia dos besouros a&seareos e as
variaveis: parametros fisicos (matriz cambissole: 8.79, gl = 8, P =
0.002; matriz argiloso: F = 7.36, gl = 8, P = 0.083%juimicos do solo
(matriz cambissolo: F = 4.76, gl = 7, P = 0.003jrimaargiloso: F =
3.424, gl = 7, P = 0.002). Na matriz de cambissalservamos que a
abundéancia dos besouros escarabeineos apreserdaaelagéo positiva
significativa com porosidade e texturs @R0.91, F = 2.16, P = 0.005);
entretanto, a umidade volumétrica e a resistérejethetracdo foram os
preditores mais importantes da abundancia totaé nig® de solo (R=
0.97, F = 9.55, P = 0.002) (com 95,0% da deterriopcDensidade,
estabilidade, macro e micro porosidade ndo ap@sentuma relacdo
significativa com a abundancia dos besouros esefirahs (R= 0.24, F
= 0.12, P = 0.7479), sendo responsaveis apenas6pt¥ da
determinacdo. Nos pardmetros quimicos, duas foranvaaiaveis
chaves, o teor de célcioQ(R 0.95, F =22.76, P = 0.038, com 91,0% de
determinacéo) e o teor de matéria organica<(R.97, F = 32.75, P =
0.025, 94,0%), nos demais atributos avaliados €tede: nitrogénio,
potassio, fésforo, aluminio magnésio e pH) néo nforabservadas
relagdes (R= 0.04, F = 0.03, P = 0.9528, 0,22%).



Tabela 3: Pardmetros fisico-quimicos analisados nos sitioanglestragem dos

matrizes de solo na regido sul de Santa CatariaajlB

sistemas pecuarios

73

com diferentes

Lauro Miller (Cambissolo)

Tubardo (Argissolo)

Parametro Cam.Al Cam.A2 Cam.A3 Cam.A4 Arg.Al Arg.A2 Arg.A3 Arg.A4
Matéria organica (g/dm?) 30.00 31.00 28.00 27.00 23.00 13.00 22.00 22.00
pH 4.90 4.80 5.10 4.70 5.80 4.50 5.00 4.50
Textura (%) 17.00 15.00 12.00 13.00 14.00 16.00 13.00 14.00
Teor de Nitrogénio (N) (mg/dn) 4.00 5.00 4.00 3.00 37.00 8.00 7.00 7.00
Teor de Fésforo (P) (mg/dr) 41.90 30.50 41.20 37.60 47.70 50.00 6.60 2.60
Teor de Potassio (K) (mmolc/d) ~ 720.0 1640.0 570.0 340.0 1180.0 780.0 600.00 510.00
Teor de Célcio (Ca) (mmolc/dn) 7.00 9.00 7.00 6.00 35.00 7.00 7.00 12.00
Teor de Aluminio (Al) (mg/dm?) 0.50 1.40 0.50 0.50 0.30 1.00 0.50 1.00
Teor de Magnésio (Mg) (mg/drf) 4.60 5.80 5.50 9.70 17.00 3.00 3.00 4.00
Estabilidade de agregado (mm) 4.99 4.19 4.25 3.75 3.58 4.23 3.99 4.34
Densidade (mg/m) 1.18+0.03 1.30+0.01 1.42+0.03 1.02+0.01 |1.46+0.03 1.04+0.01 1.20+0.01 1.07+0.01
Porosidade Total (m/nf) 0.41 0.56 0.43 0.45 0.45 0.39 0.54 0.52
Macroporosidade (m/nt) 0.11 0.10 0.15 0.10 0.16 0.10 0.10 0.13
Microporosidade (m/m°) 0.41 0.37 0.35 0.34 0.37 0.36 0.35 0.40
Resisténcia de Penetragdo (MPa) 1805+333 1149+140 1507 £179 1821+224 |1123+146 1247 +235 1159+198 1541 236
Umidade volumétrica (m/nt) 0.29+0.01 0.29+0.01 0.39+0.01 0.28+0.01 [0.31+0.02 0.26+0.02 0.31+0.01 0.28+0.01
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Na matriz de solos argilosos apenas a textufa=(R.88, F =
7.61, P = 0.001, 79,1%) e a umidade volumétrica{R.78, F = 3.11, P
= 0.004, 60,0%) demonstraram uma relacéo sigrifecatom o ndmero
total de individuos capturados nestas areas. A wariaveis nao
apresentaram relacao 2(Fi: 0.19, F = 0.07, P = 0.80, 3,6%). A
abundéancia dos besouros escarabeineos esteveomatdi com os
preditores quimicos estudados, mostrando que ¢ dévenagnésio e o
pH, explicaram 91,6% desta relacad €R0.95, F = 5.44, P = 0.04) e 0s
preditores, teor de matéria orgéanica juntamente eaarivel de fosforo,
explicaram 49,9% (R= 0.70, F = 5.43 P = 0.002). Os demais
parametros quimicos avaliados nao explicaram a diimonm dos
besouros escarabeineos nas areas amostranasO(HZO, F=0.02P=
0.89, 1,1%).

Quando a resposta foi a abundancia por guilda daati em
cambissolos observamos que os paracoprideos r@atise de forma
positiva significativamente com: a umidade voluinicétre a resisténcia
de penetracdo (R= 0.99, F = 30.04 P = 0.004, 98,0%), os teores de
célcio e magnésio @R: 0.97, F = 9.90 P = 0.02, 99,0%) e o teor de
nitrogénio (R = 0.98, F = 77.44 P = 0.0097, 97,0%). As demais
variaveis ndo apresentaram relacdo (fisicds= ®.03, F = 0.02, P =
0,97, 0.1%; quimicas:R= 0.30, F = 0.20, P = 0.70, 9,1%). As espécies
telecoprideas relacionaram-se positivamente comemsidbde e a
porosidade do solo (R= 0.95, F = 11.31, P = 0.004, 95,7%) e com o
teor de nitrogénio (R= 0.96, F = 24.56, P = 0.003, 92,5%). A Unica
espécie endocopridea registrada relacionou-se so@oces de matéria
organica e nitrogénio @R 0.97, F = 8.70, P = 0.048, 94,5%).

Em solos argilosos, registramos novamente uma aelag
significativa positiva da abundancia das espécigagoprideas com a
resisténcia de penetracdo e a umidade voluméRica .78, F = 7.92,

P = 0.002, 61,3%) e com os teores de célcio e nsag(& = 0.96, F =
6.48, P = 0.003, 92,8%). Para a guilda funciona tilecoprideos
também encontramos novamente relacdo significatbra o teor de
nitrogénio (B = 0.97, F = 40.22, P = 0.02) (95,3 % de deterndinpe
para as espécies endocoprideas, além dos teoreatéga organica e
nitrogénio, similar aos cambissolosz(ﬁ 0.98, F = 12.84, P = 0.0016,
96,2%) registramos relacdo com os parametros $isieqorosidade (R
= 0.99, F = 29.61, P = 0.005, 98,4%) e a densigiastamente com a
porosidade (R= 0.99, F = 47.83, P = 0.03, 99,0%).
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indice de qualidade do solo

Buscamos mensurar a qualidade do solo dentro éas éeferentes as
duas matrizes estudadas a fim de avaliar o efaittariacéo das guildas
funcionais dos besouros escarabeineos nos sistgreasarios.
Utilizamos um indice de qualidade de solo, com bae atributos
fisicos (porosidade total, macroporosidade, resi&é densidade,
textura, estabilidade de agregados) e quimicosé(fmabrganica e pH)
dos solos amostrados, baseado no modelo propostiigoen e Stott
(1994). O indice considera as quatro fun¢bBes gréeido solo e os
indicadores de qualidade associados a estas, aitulddos pesos para
as funcdes e para os indicadores. O calculo dedngliocessou-se em
duas etapas:

Qp, = LW) +L(W) +In(W)

IQS _Qgp(Wip) + Qm(\‘vrpz) + Qmo‘vrps) + Qpp (Wi,

em que: QFPn refere-se a qualidade da funcéo paindo solo, sendo |

0s escores padronizados dos indicadores de qualiddacionados a
cada funcao principal, W os ponderadores relacmhadcada indicador
de cada funcgéo principal; e IQS é o indice integrdd qualidade do

solo. As funcdes W séo: receber, armazenar e sagu@; promover o

crescimento das raizes; armazenar, suprir e ciakaientes; e promover
a conservacdo do solo. Para cada funcdo do soladsumida a

igualdade de importancia, com atribuicdo de pe6 Para cada uma
delas (Tabela 4). Os atributos foram ponderadoscdedo com o grau

de importancia da mesma para o funcionamento @g soldesempenho
da funcdo e com base nas relacfes apresentadasstias variaveis e a
abudancia dos besouros.

O somatorio dos pesos de todas as fungcbes devidaresa
valor 1,0 (um), sendo este o valor do IQS para alo sonsiderado
ideal (Reichert et al., 2003, 2007; Cardoso, 28@&zani e Mielniczuk,
2009; Freitas et al.,, 2012). Apoés atribuir os pesslativos para as
funcdes, identificamos e priorizamos os indicad@gsonderamos de
acordo com a influéncia de cada uma, em diversassgrsendo o
somatério geral dos pesos dos indicadores em cl@higual a 1.0
(Tabela 4). Os atributos de qualidade do solo,pessuirem diferentes
unidades de medida, foram padronizados para esgoeegariam de 0 a
1, aplicando-se a funcdo de padronizacdo de esawssnvolvida por
Wymore (1993).
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Os sistemas pecuarios estudados com matriz de solos

cambissolos apresentaram o indice de qualidadeld€l®S) variando
de 0.27 (27,3%) (a4), passando pela area amo&tam 0.32 (32,2%)
e area amostral al com 0.64 (64,0%) até chegamolaodse melhor
gualidade, com 1QS=0.65 (66,0%) (a3) (Tabela 5k Bieas de baixa
gualidade, teores como o de matéria organica, giotés fosforo
estavam abaixo do limite critico inferior, bem comalensidade e a
resisténcia de penetragédo ao solo, o que podetemndnado esse indice
de qualidade com base nos atributos de qualidagl@tijizamos para as
principais fun¢des do solo. Os solos argilosossgmtaram variacdo da
gualidade de 25,3% a 81,7% (1QS: al = 0.37, aB2,@3 =0.54 e a4 =
0.25), decorrente dos parametros utilizados nadfurde armazenar,
suprir e ciclar nutrientes (Tabela 5).

Efeito da qualidade do solo na abundancia dos esedreineos por

guildas funcionais

A distribuicdo das guildas funcionais dos escarams nas diferentes
matrizes de solo dos ambientes pecuarios estudadesou relacéo
com o indice de qualidade do solo e também condicdrdas quatro
principais fungbes do solo. Para as areas da nddricambissolo que
apresentaram 1QS entre 0.32 (32,3%) a 0.66 (66,8%@nalise de
correspondéncia canbnica mostrou-se significativa=(13.48, P =

0.0003), sendo que o primeiro eixo explicou 97,580 wdriacdo (0

segundo eixo 2,5%) e apenas as espécies paraapfmam as que
relacionaram com esse 1QS (F= 6.70, P = 0.0021).

Nos solos argilosos essa relacdo foi significatipanas para a
area a2, a qual apresentou o 1QS de 0.86 (86,0%Y(B9, P = 0.0014)
e também apenas para a guilda dos paracoprideosieBhuma das
matrizes estudadas observamos relacdo da abundéaclzesouros
escarabeineos endocoprideos com a qualidade dfCsothissolos, F =
0.37, P = 0.60; Argilosos, F = 3.72, P = 0.28).

Quando avaliamos a abundancia por grupos funciodais
Scarabaeinae de acordo com os indices de qualjgm@eas quatro
principais fun¢des do solo também encontramos deld€ = 9.18, P
=0.02). O primeiro eixo explicou 84,7% da variagdmuanto que o
segundo eixo 15,3%. Para as areas amostrais alde a2mbissolos,
observamos um efeito positivo dos indices de qadé#ddo solo das
funcdes (receber, armazenar e suprir agua e proroorescimento das
raizes) na abundancia de espécies tuneleirasdorata sendo que solos
com IQS 0.21 a 0.39 favorecem o0 aumento na aburaddestas guildas
(F =38.30, P = 0.005).
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Tabela 4: Funcgdes principais, atributos de qualidade e pauntbees dos atributos para a construcao do indice de
gualidade do solo (IQS). RSP = resisténcia do aopenetracdo, MO = matéria organica, Ds = densjdade
porosidade total, Macro = macroporosidade, DMGtalekdade de agregados.

Atributos . -
Ponderadores de Ponderadores Limites criticos
Fung®es principais do solo das fungbes  qualidade  dos atributos  Inferior Superior Referéncias dos limites criticos
0.25 RSP 0.30 2.0 Mpa 2.5 MPa Taylor et al. (1966) e Taylor (1971)
Pt 0.20 0,50 mm?* 0.55 nt m* Kiehl (1979) e Cardoso (2008)
Receber, armazenar e suprir agt Macro 0.10 0.10 i m*® Reichertet al. (2007)
MO 0.40 25.0 g/dni 50.0 g/dni CQFS- RS/SC (2004)
0.25 MO 0.50 25.0 g/dni 50.0 g/dni CQFS- RS/SC (2004)
. . RSP 0.25 2.0 MPa 2.5 MPa Taylor et al. (1966) e Taylor (1971)
Promover o crescimento das raiz
Ds 0.25 1.30 mg ¥ 1.40 mg n? Reichert et al. (2003)
0.25 pH 0.20 5.0 6.5 CQFS- RS/SC (2004)
P 0.20 15.0 mmolc/dm 90.0 mmolc/dri CQFS- RS/SC (2004)
Armazenar, suprir e ciclar nutrient: K 0.20 700.0 mg/d  4200.0 mg/drh CQFS- RS/SC (2004)
MO 0.40 25.0 g/dni 50.0 g/dni CQFS- RS/SC (2004)
0.25 DMG 0.25 0.25 mm 2.50 mm Alvarenhgaet al. (1986)
Ds 0.25 1.30 mg n¥ 1.40 mg nit Reichertet al. (2003)
Promover a conservagéo do sol Pt 0.25 0,50 fm?® 0.55 M m® Kiehl (1979) e Cardoso (2008)

MO 0.25 25.0 g/dnd 50.0 g/dni CQFS- RS/SC (2004)
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Tabela 5: indices de qualidade do solo para as areas ansostosi

sistemas pecuarios com diferentes matrizes dedépplo, cambissolos
em Lauro Miller e argilosos em Tubardo, na regifd d& Santa
Catarina, Brasil. Cam. (referentes as areas ds goltipo cambissolos);
Arg. (referentes as areas de solos do tipo argijoso

Funcdes Principais do Solo

Receber, Prompver 0o Argj%zri?r;ar, Promover ?
arma_zqnar e creSC|ment0 ciclar conservagao
Areas SUPTragua das raizes nutrientes do solo IQS  Interpretacéo
Cambissolos
Cam.al 0.1307 0.0034 0.3860 0.1204 06405  Média
Cam.a2 0.0521 0.0253 0.1352 0.1103 03229  Média
Cam.a3 0.2058 0.0091 0.3238 0.1204 06591  Média
Cam.a4 0.1202 0.0042 0.1256 0.0231 02731  Baixa
Argilosos
Arg.al 0.1562 0.0018 0.2100 0.0030 03710  Média
Arg.a2 0.1594 0.0853 04711 0.1021 08179  Alta
Arg.a3 0.2000 0.1010 0.1223 0.1200 05433  Média
Arg.a4 0.0098 0.0037 0.1000 0.1401 02536  Baixa

Ha um efeito negativo na abundancia das espécies
paracoprideas na qualidade das fungbes exercidassple (receber,
armazenar e suprir agua; promover o crescimentoadlzss; armazenar,
suprir e ciclar nutrientes; promover a conservagéosolo) na area
amostral a4 dos solos argilosos (F = 17.55, P 83),@iminuindo o
ndamero de individuos nestes solos onde a qualidaaleaixo de 10%.
Observamos também efeito negativo na abundanciaesigcies
tuneleiras do indice de qualidade do solo da fung&oreceber,
armazenar e suprir gua para a area amostral s2tgesde solo (F = -
36.97, P =0.002).

Discusséo

A estruturacdo funcional dos besouros escarabeinassdiferentes
matrizes de solos nos ambientes pecudrios se mostrmelhante as
comunidades de escarabeineos em geral, nos quaigitidabundancia
de paracoprideos, seguidos de telecoprideos e ménéd os
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endocoprideos (Halffter e Edmonds, 1982). Estesanisgios,
distribuidos principalmente nas regifes tropicaisptaneta (Halffter e
Matthews, 1966; Halffter e Edmonds, 1982; HansRB1) estdo sendo
utiizados em muitos estudos de monitoramento eredpostas a
processos ecoldgicos (i.e. ciclagem de nutriendesjdo as funcbes
ecossistémicas que executam (Halffter e Favila3;1Bavis et al., 2001;
Spector, 2006, Nichols et al., 2008; Amézquita evil&a 2010;
Kudavidanage et al., 2012; Braga et al., 2013;dbadlt al., 2013; Gray
et al., 2014).

Estudos realizados em areas de pastagem na Mgifimpical,
também registraram maior abundancia de espécieteitas (Navarette
e Halffter, 2008; Almeida et al., 2011; Correalet2013; Favila, 2014;
Silva et al., 2014). Esta guilda apresenta difeefrmas de utilizagdo
do recurso (enterrio abaixo ou ao lado da massd) feao uso do solo,
0 que possibilita reduzir a competicdo entre esgédeste grupo
funcional (Halffter e Edmonds, 1982); permitindo sias uma
compensacaotrade-of) entre a habilidade de captar o recurso e a
competicdo entre as espécies, onde individuos @iae nselhores
competidores podem excluir outros. Em contrapariédpécies que séo
piores competidoras podem ser boas colonizadorasupar habitats
ideais para ambas as espécies (Logue et al., 2E&kh).geral, a
estruturacdo das comunidades dos besouros esca@bei fortemente
influenciada pela elevada competicdo devido aosrses alimentares
serem escassos e efémeros (Halffter e Matthews; 19Bnmons e
Ridsdill-Smith, 2011).

Em termos de biomassa, na matriz de solos argjlasespécie
tuneleira D. nisus foi a que mais contribuiu, enquanto que em
cambissolos duas espécies de diferentes guildasciohais
(paracopridea e telecopridea) foram dominans,sulcator e D.
multicolor. Essas trés espécies apresentam tamanho corpardégrale
acordo com Peters (1983), o tamanho do corpo étadiente
proporcional a quantidade de recursos consumidesmAsugere-se que
sd0 as que mais contribuem para a remocao de anat@dnica nestes
ambientes. Espécies do grupo funcional dos paraimms (tuneleiros)
apresentam muitas vezes o tamanho corporal gréome@ndo-os mais
eficientes e capazes de proporcionar uma maior daxaemocédo do
esterco (Estrada e Coates-Estrada, 1991; Andr&éS880,; Slade, 2007;
Dangles et al., 2012). Entretanto, h4 um incremawtgercentual de
remogdo quando as assembleias destes besourogndgmesmaior
heterogeneidade no tamanho corporal (Nervo e2@l4).
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Solos do tipo cambissolos caracterizam-se por eptasbaixa
permeabilidade (Santos et al., 2013), o que nosiifelinferir que a
presenca destes organismos pode favorecer o audeemdiltracdo de
agua, mediante a fungdo que executam como “argsitd solo”. A
guilda funcional dos besouros escarabeineos pafdeop foi a mais
abundante em ambas as matrizes de solo estudadsgac®nou-se
positivamente com a porosidade e com a umidadenditica do solo.
Ressalta-se que propriedades hidrolégicas de faloso arenosos sao
favorecidas pela atividade de espécies pertencargeta guilda (Brown
et al., 2010) e teoricamente, pelo ciclo de vidstelgrupo, podem atuar
como um refor¢co no processo da manutengdo da aedac&olo, uma
vez que, quando os individuos adultos realizamateyigs e depositam
seus ovos, a proxima geragdo de besouros quandgidanéambém
favoreceria esse processo (Halffter e Edmonds,)1982

Estes atributos estdo relacionados com alteragbeslame do
solo e diretamente com o grau de compactacao, ggoa@ste em que a
porosidade e a permeabilidade sdo reduzidas e aiddde e a
resisténcia sdo aumentadas (Soane e Ouwerkerk; Refehertet al.,
2007). Durante o processo de compactacdo, 0s nmosf> 50um)
sd0 0s primeiros a serem destruidos e substityicioporos menores,
principalmente que retém agua (Silva et al., 1888chert et al., 2007),
assim quando a compactac¢éo reduz a porosidadeaigagara valores
menores que 10%, a taxa de difusdo dos gases émprde zero,
afetando a aeracao do sistema radicular das plantge pode acarretar
em anaerobiose (Xu et al., 1992). Além disso, sperdo que a guilda
funcional dos telecoprideos estivesse relacionadasolos com maior
porosidade devido & caracteristica de nidificagg go formarem bolas
de alimentacdo e/ou nidificacdo com o recurso, @asteriormente
roladas e enterradas a certa distdncia da fonte @ma baixa
profundidade do solo (Halffter e Edmonds, 1982)sidssugere-se que
a atividade destes organismos permite entdo umhomekracéo na
camada superficial do solo, diminuindo os microgoro

Parametros quimicos do solo, como teor de micrmigs
(Mg e Ca) relacionaram-se com espécies paracopriégeguanto que
espécies telecoprideas com o teor de nitrogénio (miea espécie
endocopridea registradg, parallelus com a percentagem de matéria
organica do solo. Esse padrédo foi observado em saabanatrizes de
solo. Estes organismos apresentam contribuicacebadna ciclagem de
nutrientes com fragmentacao de residuos de plamasestimulacao da
atividade microbiana, enquanto que exercem infliaérdireta na
estrutura do solo ao redistribuir a matéria org@nie também
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microrganismos (Gonzélez et al., 2001; Lavelle aifg001; Nichols
et al., 2007). Além disso, os besouros escarabeia®o alocarem
excrementos no solo contribuem significativamerae @ transferéncia
de nutrientes melhorando a qualidade nutricional glantas (Galbiatet
al., 1995; Hanify, 2012). Recentemente foi regiraue a atividade
deste grupo ao incorporar esterco de bovinos atades com uma
mistura de biocarvdo e melaco, disponibiliza e auee carbono
estavel no horizonte do solo, melhorando assimtéidade do mesmo
(Joseph et al., 2015). Solos com IQS entre 0.2038 favorecem o
aumento na abundancia dos besouros escarabeinsoslifdeentes
guildas funcionais, possivelmente, devido aos @iind determinados
nestas funcdes, que nestas areas apresentam vadimes do limite
critico.

Muitas revisdes tém discutido os efeitos da fauléiea nos
processos e nas propriedades dos solos (Ander388;, Hlendrix et al.,
1990; Wolters, 1991; Lee e Pankhurst, 1992, Lawell8pain, 2001),
entretanto utilizar um indice de qualidade do sodtacionado a
abundancia de insetos por guildas funcionais é a@lgeador, que
permite esclarecer como os diferentes componeatgsalidade do solo
afetam a presenca ou a colonizacdo de escarabhef@oportancia do
uso deste indice em testar a resposta da abunddasisbesouros
escarabeineos a qualidade do solo contribui paeatendimento da
relacdo destes orgasnimos com as funcdes prinaiomasolo. Assim,
sugerimos que esta aplicabilidade de um indice udidade do solo
podera ser um instrumento para estudos futurodgsguem avaliar a
influéncia da qualidade do solo em aspectos biot&yi e
comportamentais destes organismos edaficos.

Sabe-se que para a manutencdo da qualidade doesdé
sustentabilidade do seu uso a abundancia e aweag@iv funcional da
macrofauna edafica devem ser relacionadas com @wigutades e
processos do solo, para contribuir com o manejeiéidade bioldgica
do solo (Vohland e Schroth, 1999; Merlim et al.020Tarra et al.,
2012). Nosso estudo permitiu mostrar que solos goatidade média e
alta favorecem a abundancia de espécies tuneleiradadoras; em
contrapartida, solos que apresentam baixa qualidéetam de forma
negativa a abundancia dos paracoprideos. Assienirdeténcia permite
uma avaliagdo mais polida do uso do solo em sistgpeguarios e
contribui para estimar necessidades de pesquisa def monitorar as
mudancas nas propriedades e nos processos ddspiozomo sugerir
praticas de manejo conservacionistas e mais sastegta fim de
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monitorar a qualidade em resposta ao uso da terdasepraticas
utilizadas.
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“Sou engenheira agrébnoma, formada na
Universidade Rural de Viena, Austria, com

doutorado na mesma universidade. O solo
sempre me fascinou, porque do solo

dependem as plantas, a agua, o clima. Tudo
estd interligado. Néo existe ser humano sadio
se o solo ndo for sadio e as plantas bem
nutridas. Dizem que eu inventei a agricultura
organica. Conscientemente, ndo. A gente
sempre trabalhou dessa forma.”

(Ana Primavesi)
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Dung mass removal by dung beetles (Coleoptera: Sedraeinae) a
rotating pasture system in Southern Brazil

Abstract: Dung beetles participate in nutrient cycling byae#iting and
removing decaying organic matter, especially mamfaeds, carrying
out currently undervalued ecosystem functionsviesiock systems. Our
objective was to evaluate the dung beetles (CodeapScarabaeinae)
contribution to fecal mass removal in a livestogstem in Southern
Brazil over three different exposure periods toibeviecal mass. The
study was conducted in the summer of 2014, in thmicipality of
Lauro Miiller, Santa Catarina, Brazil, within an aref dairy cattle
production, which used a livestock rotation syst@ime study site was
20,000 mz, situated 1,000 m from forest areas, Wit sampling sites
(replicates) 1,000 m apart. At each site we esthbll 15 sample units
per treatment (fecal mass exposure periods), daehrfeters apart. A
sampling unit consisted of one plastic containghwiiOkg of soil, and
900 g of bovine fecal mass on the surface. Cowrtrotainers were also
established, with units whose surface was coveredidile cloth in
order to prevent beetle entry. Community structame food resource
rates were described over three fecal mass exppsuics: 24, 48 and
72 h. A total of 682 dung beetles were capturedessmting nine
species, wher®ntherus sulcatoFabricius, 1775) was the dominant
species (653 individuals, 95.7%). The percentagbéetotal fecal mass
removed by beetles per hectare was 23.5% for thleo@d exposure
period, 24.9% for 48 hours, and 16.8% for 72 howtsch reflects these
organisms’ contributions. Each individual ©f sulcatoris capable of
removing within the first 24h on average 3.35 deafes, whereas at 48h
they remove 1.1 g, and at 72h only 0.3®gtherus sulcatowas able to
remove on average 6.7 times its own body weigh24nhours. Our
results demonstrate the importance of dung beé@ildbe process of
organic matter decomposition in a livestock system.

Keywords: Decomposition, Livestocksystem, Scarabaeinae, Tarme
Introduction

Evaluation of ecosystem function allows the undewming of
relationships between biodiversity and dynamic gs@sn processes

(Diaz et al. 2006; Lewis 2009), there by promotingwledge and value
to the environmental services provided by organidiinssey and
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Vaughan 2006; Armsworth et al. 2007). The decontiposprocess is
performed by soil fauna, representing a catabobnmlement to
photosynthesis, and is an important ecosystemcgef@oleman et al.
2004; Barrios 2007). Various aspects of the eceaystunctions
performed by these organisms have been used ter hatderstand
nutrient cycling and energy flow in ecological coomities (Hunt and
Wall 2002; Dupont et al. 2009).

Macrofauna break down dead organic matter in oraer
facilitate decomposition (i.e., by bacteria anddjinand initiate the
process of mineralization of organic forms into rgenic nutrients
essential for plant growth (Hunt et al. 1987; Teed} al. 2001). Among
these organisms, dung beetles (Coleoptera: Scédaba&carabaeinae)
contribute to the ecosystem function by reducingtema in the
decomposition process through its behavior of rengpand burying
organic matter (Nichols et al. 2008) and thus comsesnergy and
recycle nutrients in the ecosystem (Spector andyiior 1998; Hanafy
2012). Adults and larvae of this subfamily are itigbrous organisms
that can use mammal dung (coprophagous), animatasses
(necrophagous), and vegetable matter (saprophagsiufspd resources,
or can be trophic generalists (Halffter and Matthel®66). Many dung
beetles build galleries in the soil in order torsttheir food source and
build their nests, and changes caused by this mhean modify soil
physicochemical characteristics and allow nutri@ycling in the
environment, particularly nitrogen and potassiumal{fter and
Edmonds 1982; Miranda et al. 1998). Other secondanctions
performed by dung beetles include the transporiplodretic mites,
control of nematodes and dipterous parasites, dsaw/secondary seed
dispersal (Nichols et al. 2008).

The scarcity of economic evaluation methods foregbelogical
functions organism’s perform, as well as their dbuotion to
productivity and nutrient concentration in diffeteparts of the
ecosystem, hampers a full understanding of the itapce of the
environmental services they perform (ArmsworthleR@07; Nichols et
al. 2008). Dung beetles are generally divided itticee functional
groups based on resource allocation behavior: r@cpprids (explained
previously, tunnelers), telecoprids (rollers) thdsat form balls of food
which they roll to a burial site, and endocopridsvé¢llers) those that
nest and feed on food inside the source locatiti;whardly contribute
to ecosystem functions (Halffter and Edmonds 1982)e efficient
implementation of the primary functions performgddung beetles, i.e.
removal and burial, is more effective among paradsp(Halffter and
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Edmonds 1982; Horgan, 2005; Anduaga and Huerta; 20@7and Sun
2010; Cruz et al. 2012; Nervo et al. 2014), siteytdig tunnels below
or near the source to which portions of food akeain general, the
tunnels of the tunnelers are larger or most pradotirerefore remove
more soil (Halffter and Edmonds 1982). Additionalthe beetle’'s
abundance and biomass within communities are irapbfactors in the
function efficiency performed by these organissisce its reduction
produces a negative effect on the removal rate rgaroc matter
(Amézquita and Favila 2010; Kudavidanage et al.22@raga et al.
2013; Gollan et al. 2013; Gray et al. 2014; Nervale 2014). When
there is an increased abundance of dung beetilyapastoral systems,
the ecological function performed by these organisoneases directly
via manure removal, and indirectly via cattle eet@gite reduction
(Giraldo et al. 2011). In addition to coprophagdasina, manure
degradation in livestock environments depend ortofacsuch as
environmental temperature, rainfall and soil maist(Dickinson et al.
1981; Anderson et al. 1984; Lumaret and Kadiri 399Ehe dung
exposure time is another variable that influenbesamount of manure
that is removed by dung beetles since the offeesdurce becomes less
attractive over time (Escobar 1997; Amézquita aadil& 2010; Braga
et al.2013).

Thes based on the ecological knowledge of dungldiget
functions in livestock systems, and the dearthn@rimation regarding
the removal activity of the beetles in Braziliamektock systems, our
study aimed to describe the community structure r@miboval rates of
fecal mass by this group, and to evaluate the ga@bcontribution of
dung beetle species in removing fecal mass ovderdiit exposure
periods in a livestock system in Southern Brazilr @ypothesis is that
the efficiency of fecal mass removal by dung beetidénfluenced by the
exposure time of the resource, with longer expobeieg less efficient.

Materials and Methods

The study was carried out in summer 2014 (late a&dgnand
early February), in the municipality of Lauro Miillé€Santa Catarina,
Brazil) (28°21'26"S, 49°27°07" W). According to th€dppen scale,
regional climate is a humid temperate (Cfb) (Kot&tkal. 2006). The
annual relative humidity of the study area variesmeen 80% and 85%,
and the average annual rainfall is between 1,4@D 13600 mm. The
average annual temperature is between 16 °C arf€18he average
altitude is 208 m, and the soil is mostly classiftes Cambisol.
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Field work was carried out in areas intended fairyd cattle
production with a livestock rotation it was systémplemented in the
previous six years on the farm site. This productigstem refers to the
pasture management type, which divides pastures airda several
sections (paddocks), which alternate based orethdts of the pasture’s
physiological analysis in each paddock (to allowgetation to
regenerate) (Fuhlendorf and Engle, 2001). The iootak system used
was Voisin (Voisi 1967). The grass species Wwaschloa decumbens
(Stapf) R.D. Websterandrochloabrizantha(Hochst. ex A. Rich.) R.D.
Websterwas used as pasture. The grazing pressure (antoekirgy
density) in the study areas was three animal patshectare (3AU/ha).
The rest time of each paddock was 20 days, angrdmng time of each
paddock was 15 days.

Experimental design

The experiment was conducted within an area of (D92,
with two sampling sites 1.000 m apart and roughl90@ m from
remnants of the Atlantic forest. During the expeninexecution the
cattle were not present in the fields, to resphet fallow period (20
days). The sample unit consisted of a plastic @aitg20 cm high x 30
cm diameter) packed with 10kg of sieved (5 mm mesil) from the
sample site (collected from the surface to a dep#h0 cm), and 900 g
of fresh bovine fecal mass added to the surfacehef container,
deposited on to plastic mesh to facilitate themaogal and weighing.
The sample units were placed at a depth of 20 crthensoil. The
guantity of dung mass used in the experiment wésrénedcounting
and weighingdung that were collected five days before the expmnt,
performed in 10 random areas of Z4mt each sampling site. The
observed average weight of 45 fecal masses recavdsd895.9 g (x
27.46 g).

In each sampling site, there were three treatnzadead on the
time of exposition of the sample units to the dbegtles and consisted
in 24, 48 and 72 hours. Each treatment consistéisieofampling points,
randomly arranged on the sample site with a minintistance of 25
meters between points. Each sampling point comkisté two
experimental replicates and one control, and theyewplaced five
meters from each other. Control dung units werentaaied under the
same experimental conditions than sampling uniis, the surface was
covered withvoile fabric to prevent the entry of beetles. Thereftine,
sampling effort was of 90 plastic containers, ddddnto two sampling
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sites with 45 units each, of which 60 correspondedthe three
treatments (20 of 24h, 20 of 48h and 20 of 72hy, 3® correspond to
controls (ten controls for each treatment). In esainple site, the unit

analyzed was the sample point (n = 10), thus a &uthe dung beetle
data was made (Figure 1).

Figure 1: (a) Layout of sample units used to quantify feosdss
removal by dung beetles in pasture areas in soutBeazil over 24, 48
and 72 hours of fecal mass exposure; (b) Exampla sample point
within a time treatment.
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The sampling units were withdrawn according todbetion of
each treatment, which was guided by the followiregadcollection
protocol: first, the manure present on the screas weighed, individual
dung beetles found on the surface of the samplewsrie collected;
when tunnels were present, they were quantifiedthaddiameter was
measured; when present on soil surface, food badiee counted;
subsequently, to obtain the amount of fecal maseduin the soil, the
sample units were open and the manure accumulateek iconstructed
tunnels were collected using tweezers, where there placed in plastic
bags and taken to the lab for weighing. At the séime, the beetles
present in the soil were collected and counted.



100

Control dung samples were weighed at the samethiaredung
sampling units for each treatments (24, 48 and Gi&d) to measure
weight loss by dehydration. To calculate removaivéag, the control's
average value of calculated dung mass weight wasasted from the
value of each dung sampling unit per exposurertreat.

Specimens collected were killed in the laborat@ing ethanol
(70%) and dried at 40 °C for 72 hours. The dry \Weigf each
individual sampled was recorded. Species were iiedsaccording to
dry body weight as follows: Large (L) weighixd00 mg; medium (M)
10-100 mg; small (P), less than 10 mg (Campos asmrdhdez, 2013).
Specimens were identified to genus level using d&Mello et al.
(2011), and the identification at the species lewak confirmed by
comparison with the Entomological Collection frornet Biological
Science Center at the Federal University of Sarttariha, where the
material is now deposited. Duplicates can be fdartde Entomological
Collection of the Amael Beethoven Villar Ferrin Gen for
Technological Development at the University of $auh Santa
Catarina.

Data Analysis

Dung beetle assemblage was described using meastires
species richness, abundance and biomass. Chandkssm measures
were compared between treatments (exposure tinsasy analysis of
variance followed by Tukey's test (= 0.05). Biomass data were
transformed byx+1, to reduce heteroscedasticity. Statistical yses
were performed using the softwer R 3.0.1 (R Devalempt Core Team
2013). The Jackknife 1 estimator was used to etalsampling
efficiency and estimated beetle species richneskerivestock system
in different periods of dung mass exposure. Thesalyses were
performed using EstimateS v.9.1.0 (Colwell et AlL 2).

The amount of tunnels and dung balls made by et also
compared between treatments (exposure times) uamaysis of
variance, as well as the quantity of fecal massoked by exposure
period. The amount of fecal mass removal was -catagb and
qguantified as follows: supplied fecal mass, remofexchl mass, fecal
mass found in the soil, fecal mass on screen; ahgldtated fecal mass
(control). The amount of fecal mass removed wasinbtl using the
supplied fecal mass less dehydrated fecal nfdsss, the removed fecal
weights were corrected in accordance with the nbthcontrol.
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Results

We captured 682 dung beetles representing ninelespeBix species
from the paracoprid functional group were prese,well as two
telecoprid species and only one endocoprid spé€sle 1).Ontherus
sulcator (Fabricius, 1775) was the dominant species in #semablage,
with 95.7% of relative abundance (653 individuals).

Table 1. Dung beetles in rotational pasture system in Ladidler,

Santa Catarina, Southern Brazil. Ecological charatics: biomass in
mg (L: large, M: medium), functional group (P: pawprid, T:

telecoprid, E: endocoprid), N (humber of individs)al

Average
Biomass Functional
Tribe Species (mg) Group N
Coprini Canthidium dispaHarold, 1867 105 (L) P 2
Dichotomius mormo(Ljungh, 1799) 156 (L) P 2
Dichotomius nisugOlivier, 1789) 151 (L) P 6
Dichotomius sericeu@arold, 1867) 151 (L) P 4
Ontherus sulcato¢Fabricius, 1775) 167 (L) P 653
Deltochilini  Canthon luctuosuéHarold, 1868) 7 (L) T 1
Deltochilum multicoloBalthasar, 1939 175 (L) T 1
Oniticellini  Eurysternus parallelu€astelnau, 1840 89 (M) E 9
Onthophagini Onthophagus tristislarold, 1873 27 (M) P 4
Total Abundance 682

The 24-hour fecal exposure time group consisted68f
individuals from seven species, belonging to attéhfunctional groups.
In the 48-hour fecal exposure period, 199 individuaere collected
from four species, also from all three functionabyps. Lastly, in the
72-hour fecal exposure group, 420 individuals weaptured from six
species however, only the paracoprid and endocdpnictional groups
were present (Figure 2). The estimator appliedeesgely to the three
treatments showed that within 24 hours an estim@&et of the species
were collected, whereas in the 48 hour treatmerf88ere collected,
and 79 % in the 72 hour treatment (Table 2).
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Figure 2: Dominance-diversity curves based on number of daegjle

species abundance (line) and biomass (columnpg@irx1+1) at different
fecal mass exposure times ((A) 24 hours, (B) 48ch(&€) 72 hours) in a
rotational pasture system in Lauro Miller, Santdga@aa, Southern of

Brazil.
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The abundance increased with exposure time, whiels w
higherin the 72-hour exposure treatment, with 42.4.66 individuals
per sampling unit. The 48-hour exposure treatmadtahgreater number
of individuals (N = 19.9 * 2.60) than the 24-houpesure treatment (N
= 6.3 £1.39) (F = 15.96, df = 2, p < 0.005). Conszyly, the biomass
was almost eight times greater in 72 hours (69066¥ g) compared to
the first 24 hours of exposure (8.7 + 0.17g) anuiozt three times
greater compared to 48 hours (27.4 + 0.480gjtherus sulcatobeing
the dominant species in all exposure treatmentsaleasthe species that
contributed the most in terms of biomass (Figurea@yl was likely more
important for the dung removal function in the staidsite.

For the quantification of tunnels, balls and remtbdeing mass
we consider only sample units containing the mbshdant specie).
sulcatorThe number of tunnels per sample unit varied amonis,
ranging from none to 39 (see attachment). The geersumber of
tunnels per unit sample increased over time, ansl gvaater (28.1 +
10.47) after 72 hours of exposure compared to tleeage number of
tunnels constructed in 48 hours (13.6 = 9.32)2htours (12.0 + 5.86)
(F =13.24, df = 2, p <0.0001) (Figure 3a). Tunneéming size ranged
from 0.04 cm to 1.99 cm (mean: 0.51+0.26). The murh number of
dung balls observed in a sample unit was one, whige maximum
number was 34. The average number of dung ballsenigd dung
beetles increased as exposure time increased:24ftef8 and 72 hours
of exposure the fecal mass was on average 1.4 +0.30+0.85, and
10.8+ 2.29 balls, respectively. The 72-hour fecahssn exposure
treatment was significantly higher than others (B.¥9, p <0.005)
(Figure 3b).

Table 2.Ecological measures calculated for dung beetle camitynin a
rotational pasture systemin Lauro Miller, Santaa@ad&, Southern
Brazil, over different periods of exposure to dumnass.

Ecological measures of

Exposure Period
the dung beetle

community 24 hours 48 hours 72 hours
Abundance (N) 63 199 420
Species Richness (S) 7 4 6

Estimated Richness
(IC 95%) 10.6 (6.1-15.1) 4.9 (2.9-6.9) 7.8 (5.1-10.5)

Total Biomass (g) 8.47 29.13 69.55
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Figure 3: Average number of (a) tunnels and (b) dung bals (b DS;
slash max. and min.) formed per sampling unit &terd8 and 72 hours
of dung mass exposure W@ntherus sulcatorin rotational pasture
system in Lauro Miller, Santa Catarina, SoutherazBr(Different
letters indicate significant differences betweeatments, Tukey test).
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The removal of cattle feces by dung beetles in shelied
livestock environment was in average 211.6 + 6.43 24 hours, 221.0
+ 7.31g in 48 hours, and 151.7 £ 6.17g in 72 h@erssample unit (the
same in statistics terms, F = 1.41, df = 2, p 6)).%hich reflects the
actual contribution of these organisms (Figure Z&e estimated total
fecal mass removed by dung beetles was 23.5% éoR4khour period,
24.9% for 48 hours, and 16.8% for 72 hours (se&clatbent). There
were significant differences over time in mean fewsass quantity found
in the soil (F =11.66, df = 2, p = 0.0004), sinagridg the 72 hour
period an increase of three times greater was wbdén buried material
(217.3 + 24.49) than in the 24 hour period (7957+2g), demonstrating
that the burial of cattle feces increases with t{frigure 4b). There was
a great loss in fecal mass weight by dehydratiaimduhe experiment,
with 21% (189.3 £ 7.199) of the total offer in 2duns, 25.7% (231.8 +
6.61 g) in 48 hours, and 34.4% (310.0 £ 5.28 ¢)dmours (Figure 4c).
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Figure 4: Measures calculated for variables related with degmgoval
functions performed b@ntherus sulcatofaverage + SD) in a rotational
pasture system in Lauro Miller, Santa Catarina,tf®&wno Brazil, in
different periods of fecal mass exposure (a) remoseng mass; (b)
mass found in the soil; (¢) dehydrated dung mass.
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It is important to mention that much of the fecalss removed
was performed byO. sulcator because of its great abundance (see
attachment). Since 95.7 % of the individuals beltmthis species, it is
possible to extrapolate how much each individuadbée to remove,
within the first 24h each individual removes on rage 3.35 g of
manure, while in 48h they remove 1.1 g, and in #&y remove only
0.36 g. Therefore, considering the average wet hteig O. sulcator
(0.5 £ 0.14 g) we can calculate that each individues able to remove
on average 6.7 times its own body weight in 24 &our

Discussion

The dung beetle species richness found in thettickssystem consisted
of nine species. The colonization of these beeldg®ends largely on the
practices carried out by farmers, with respect athkrangelands and
animal (cattle) management (Martinez and Lumar862Martinez and

Cruz 2009).

We seek to compare the accumulation of beetlesaatidty of
these removal in different periodepserved that beetle abundance
increased according to time of exposure to fecalsnand consequently
more tunnels were found within 72 hours, which ssfg that beetles
effectively contribute to soil aeration process.eTung beetles in
pasture areas demonstrate ecological functionatiient cycling, which
consists of organic matter breakdown and decomposind assistance
in soil aeration via tunnel building (Bang et ab038; Nichols et al.
2008). Abundance and biomass are factors thatibaterto the process
of nutrient cycling in the soil. These organism&yplan important
ecological role in this livestock environment besmaudhey reduce and
incorporate fecal masses in the soil for use ad fm@motes nutrient
cycling and conservation, provided that a compatibbasture
management system is employed. These functions ké#feets on
primary and secondary production, there by infliggcecosystem
services. Furthermore, by incorporating organictenah the soil, dung
beetles have the potential to improve the perfooeanf grazing fields
(Bornemissza and Williams 1970). Our results shimat tthe most
abundant specief). sulcator was the greatest contributor in terms of
biomass. This species was also the most importamrganic matter
allocation and transformation in this environmeirice body size is
directly proportional to the amount of resourcesistoned (Peters,
1983). Large dung beetles are more efficient atokéng manure
compared to small beetles; however, the removalepgéage increases
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when assemblages have greater heterogeneity indipel\{{(Nervo et al.
2014).

Species in the paracoprid (tunneler) functionaligroften have
large body size, making them more efficient andabég of greater fecal
mass removal (Andresen 1999; Estrada and CoatesdBst999; Slade
2007; Dangles et al. 2012). Furthermore, these ispefavor soil
aeration process via digging tunnels for resoutoeage and use. This
process is a fundamental aspect of soil physicallityusince most
biological activities that occur in this environmeaquire a continuous
supply of oxygen (Lavelle and Spain 2001). In tleigard, soil aeration
under appropriate conditions also promotes plandt rgystem
development. Thus, dung beetle paracoprid specesnare efficient
for such functions, where richness and abundaredt@imost relevant
attributes (Kudavidanage et al. 2012). During atpasure times
activities performed by beetles within sample unitere observed,
including both resource consumption and gallerystroiction, as well as
fecal mass accumulation in the soil. However, ameiase in the burial
of feces was recorded, demonstrating the functionpbrtance of this
group, especiallyD. sulcator Mariategui et al. (2001) also reported that
O. sulcator is active in fecal mass removal, and found that 20
individuals are able to remove an average of 569howine feces in
four weeks under laboratory conditions, i.e., atdayuper individual per
day. In our study, it was found that the speciesajsable of removing
3.35 g in the first day, 1.1g in the second dayl @r86 g in the third
day. The reduced amount of fecal mass removedtowermay be due
to intraspecific competition within the limited ar®f the sample unit
since competition for resources is part of the pefprn dynamics of the
species involved (Hanski and Cambefort 1991).

The quantification and interpretation of the relaships
between diversity and ecological functions generd&ga for the
assessment of ecosystem management and use (Ki200&). The
studies of dung removal in livestock environmer@mdnstrate evidence
of coprophagous dung beetle participation in theodgosition process
of organic matter. The results from this study éadie strong dung mass
removal activity by dung beetles in pastures in tBewn Brazil,
especially in the first 48 hours of exposure, gagsilue to the dung’s
freshness and thus, greater attractiveness. Howewttin 72 hours,
possibly due to diminished resource quality resgltfrom natural
dehydration, the beetle fitness was affected. Tbheertime the manure
is exposed to the sun the lower its attractiveegssted on dung beetles,
possibly due to moisture loss of the resource (BEzct997; Braga et al.
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2013). In tropical forest fragments in Mexico, iasvobserved that the
manure elimination rate, both for cows and monkeysis higher
between 24 and 48 hours of exposure (AmézquitaFanda 2010). In
mountainous livestock systems, bovine feces areerused by beetles
during the first 48 hours (Anduaga, 2004).

The results of this study demonstrate tht amourfecdl mass
removed by dung beetles. The activity of organisush as dung
beetles helps reduce by 82 % the time needed ftpadimg 80 % of the
fecal mass weight (Cruz et al. 2012). Thus, thégwaldecomposers
(e.g., bacteria and fungi) better access to theures, as well as
facilitate primary organic matter mineralizatioropesses, which in turn
release a greater amount of micronutrients to belgl absorbed by
plants (Hunt etal.1987; Tiedje et al. 2001).

The composition of vegetation in this system ppady
consists of herbaceous forage plants, although tmeer (i.e., as
implemented in silvopastoral systems) providesatshfor many dung
beetle species (Giraldo et al. 2011). Thus, theteths an increase in
dung beetle diversity in agrosystems (primarilyfumctional terms) a
favorable suggestion is to encourage farmers tgtatite livestock
rotation system, inserting rows of tree speciesf@uably native)
between the pickets. Furthermore, maintenancerekt cover areas in
the vicinity is also advantageous, such as a legarve on the property,
and the preservation of permanent protection afideesse activities may
promote the conservation, maintenance and refahilit of ecological
processes.

This work suggests that dung beetle communities and
agroecosystems management can be an importanégstréor solil
conservation management. Studies in cattle graaiags show that the
area around the fecal mass is rejected by theecfattla long period
(Haynes and Willans 1993), and removal by beetlesvahe growth of
plants and improve the physiochemical structurthefsoil (Miranda et
al. 1998). In this way, fecal mass removal actgitby dung beetles
increase the grazing area for cattle, and alsoiredit®a the feces present
on the surface of the soil. In conclusion, our gtedabled us to measure
the removal rate of organic matter by dung beeitesa livestock
environment in Southern Brazil. Our results alsgkasize the dung
beetle value in terms of ecosystem services caraatl by their
ecological functions, primarily as facilitators dfie decomposition
process.
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(Mahatma Gandhi)
Response of the copronecrophagous beetle (Coleoger
Scarabaeinae) assemblage to a range of soil chamgstics and
livestock management in a tropical landscape

Abstract

Understanding changes in copro-necrophagous liedesity related to
characteristics of habitat and soil associated Witstock management
systems can provide a tool for the conservatioredsphic fauna and
improved use of natural resources. We evaluatethgd®ain species
diversity and assemblage structure in copro-ne@gpbs beetles under
different livestock management systems in an aptheal tropical dry
forest landscape in Mexico. We used a standard Issgnprotocol to
capture copro-necrophagous beetles in three ligkstnanagement
systems: silvopastoral systems wiBuazuma ulmifoliaLam. (SPS)
associated with grasses, treeless pastures (mom&s)land managed
tree fallows of tropical dry forest with livestocWe characterized the
habitat structure, management practices and phgsiemical
parameters of the soil in each system. We recoedddtal of 1423
specimens belonging to 15 species. The results shgneater beetle
species richness in the SPS wi#h ulmifolia, which declines with
reduced site complexity and soil quality and insesh management
practice intensity. There was a positive relatigmsbetween beetle
species abundance and the soil physico-chemicehcteaistics such as
moisture and nutrient content, as well as with deasity of plants. A
negative effect of management practices (use oéctisdes, anti-
parasite treatments and burning) was observed etiebabundance;
when the analyzed variables were related to eadbvidual species,
only four species responded to differences in Ewdl nitrogen and
magnesium, as well as to the management practiceamsity of plants.
Systems where perennial woody plants (trees arshonbs) interact
with traditional components (animals and herbacefawage plants)
under integrated management can provide favoraieitons for the
maintenance of a relatively high diversity of beetpecies as well as a
refuge for species with different habitat requireise

Key words: Scarabaeinae. Species diversity. Silvopastoralesys
Guazuma ulmifoliaTropical dry forest. Pasture. Livestock managdmen

Introduction



117

Agricultural and livestock activities have genedatbigh rates of
deforestation in tropical forests, causing simgdifion and
fragmentation of the landscape (Foley et al. 2@Bibson et al. 2011).
Extensive livestock management systems and fragrdeareas promote
species loss and can cause changes in ecologicalegzes of
importance to the function of ecosystems (Gilled &Donovan, 2002;
Kremen 2005; Giraldo et al. 2011). Transformatidnaceas for food
production and the use of inputs such as fertsizand pesticides can
generate important changes in soil quality (Vitduseal. 1997; Smill,
2000; Goldewijk and Ramankutty 2004), causing s lof fertility
through acidification, mobilization of toxic elentspimmobilization of
nutrients, mineralization and rapid reduction ofgaic material
(Schjonninget al. 2004). These processes cause environmeantzge
and negative changes to some ecological functesgs ifutrient cycling,
soil erosion) (Constanza et al. 1997) that cansted@ into a loss of
ecosystem services (Krebs et 8999; Tilman et al. 2001). However,
alternative management options such as silvopasigstéems (SPS) are
more compatible with biodiversity conservation (Mm\y and Schroth
2006; Bhagwat et al. 2008) and rational resouree(Hsixley 1983). In
silvopastoral systems, perennial woody plants gtraad/or shrubs)
interact with the herbaceous forage plants andstoek under an
integrated management system (Torres 1983) thavsltiversification
of production and integration of livestock, forasid crops (Abdo et al.
2008; Bhagwat et al. 2008; Giraldo et al. 2011)isTdan enhance the
social, economic and environmental benefits fod lasers at all levels
(Huxley 1983; Abdo et al. 2008). Silvopastoral sys¢ generate
mosaics of vegetation that provide refuge for @ertspecies and
increase connectivity between patches of vegetatiestablishing
biological corridors between the different habit#itet comprise the
landscape (Neita and Escobar 2012).

Copro-necrophagous beetles (Coleoptera, Scaraledeinz
useful indicators in biodiversity analysis, partanly in the tropics
(Favila and Halffter 1997; McGeoch et al. 2002; Inils et al. 2007).
Many studies have shown that these organisms @megdy affected by
environmental disturbances, such as fragmentatibrthe tropical
rainforest and land use intensification, modifyimgth the composition
and diversity of the species in their assemblages. Hernandez and
Vaz-de-Mello 2009; Barlow et al. 2010; Korasakakt2012).

It is known that secondary vegetation and remnahtsopical
dry forest favor the presence of copro-necrophadmetle species of
the forest habitat, as well as generalist spedias tan survive in
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anthropized landscapes (Halffter and Arellano 2088¢dresen 2008;
Arellano et al. 2008b). Diversity of beetle spedgselatively high in
silvopastoral systems (Giraldo et al. 2011, Nema &scobar 2012,
Arellano et al. 2013; Damborsky et al. 2015) andtles have been
shown to increase the functions of ecosystems (dlingination, soil
turnover and seed dispersal (Giraldo et al. 20bhifeuthese conditions.
By incorporating organic material into the soilebes have the potential
to improve the biomass yield of the pastures bynghey the soil
physico-chemical characteristics (Bornemissza aniliawis 1970;
Kalisz and Stone 1984). Recent studies highlight flact that
silvopastoral systems imply reduced production cegtile mitigating
soil erosion (e.g. through the cultivation of bdérdBorojoa patinoj,
Neita and Escobar 2012).

We investigate changes in the species diversityamsdmblage
structure of copro-necrophagous beetles as a &amcof soil
characteristics, vegetation structure and managentgoe in an
anthropized tropical dry forest landscape in cénferacruz, Mexico.
The predictions of the study were: 1) the abundahdemass and
diversity of beetle species will diminish with reshd habitat structural
complexity and soil quality and increased intengify management
practices, and 2) introduced species will be mamnidant in systems
with intensive management practices and low qualiils. Study of the
diversity of organisms present under different dbeek management
systems in tropical dry forest sites contributesatias understanding the
ecological processes that occur in these systethprawides a valuable
tool for the conservation of edaphic fauna and oupd use of natural
resources.

Materials and Methods

Study zone

The study was conducted in the municipality of PdsoOvejas in
Veracruz, Mexico (19°12’55"N; 96°31'33"W). The elsion of this
zone ranges from 10 to 400 masl and the climattaissified as Aw"0
(w) (i) g, the driest of the warm sub-humid cliestwith summer rains
(June to September) (Koppen modified by Garcia3dl9%nnual mean
temperature ranges from 24 to 26 °C and precipitais below 1000
mm per year (Bautista-Tolentino et al. 2009). Thedpminant soils in
the region are molisols, vertisols, entisols anseptisols: these are
generally shallow, rocky and low in organic maftespez 2008).
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The dominant vegetation in the area was tropicgl fdrest;
however, secondary vegetation of this forest novedpminates,
featuring species such &. ulmifolia, Acacia pennatulaSchitdl. &
Cham.) BenthAcacia cochliacanthaHumb. & Bonpl.Willd; Senna
atomaria (L.) H.S. Irwin & Barneby,Diphysa carthagenensidacq.,
Caesalpinia cacalac®onpl.; Tabebuia chrysanthdacq. G. Nicholson,
Leucaena lanceolat&. WatsonandGliricidia sepium(Jacq.) Kunth ex
Walp) (Leyva 2006).The main land uses are culraf sugar cane,
cucurbit and maize, as well as dual-purpose (medt dairy) cattle
(Bautista-Tolentino et al. 2011).

The ranchers in the study area are small propenyecs,
mostly ejidatarios who practice extensive livestock production using
management systems that have been establisheestotHan 10 years.
According to Lopez (2000), the livestock managensystems in the
municipality of Paso de Ovejas comprise productimits with low
levels of technology (they do not use electric &ndrrigation, tractors,
fodder cutters, etc.) and where feeding is basegraring pastures. This
is an essential practice in many parts of the ¢piwhich are
represented to a large extent by native plant epeai limited forage
value and are, in general, managed inappropriately.

Some sites had been cultivated or grazed and sukasidy
abandoned. This fact has permitted the establishofahe species that
were present in the soil seed bank. These siteaggea tree fallows
(MTF)) present three to four strata of vegetatiamce the ranchers
retaintrees andshrubs deemed usefulforproductivivitsc (e.g. G.
ulmifolia, Vachellia pennatula, Leucaena set¢.). Uncultivated plant
species that grow among the crops, sometimes amesido be weeds,
are maintained along with forest trees, especiathge of some utility to
the ranchers. The remaining herbaceous plants@nd shrubs are cut
and the cleared space provides an area wherevésdck can rest and
feed. There is a subsequent fallow period (wheeeptbt is completely
unused) to allow regeneration of the site, whilemah dung is
incorporated into the soil as a fertilizer.

Guazuma ulmifoliais a tree native to the tropical regions of
Latin America (CATIE 2006) that is considered nqutipose because of
the wide variety of products and services it presido agriculture,
livestock production (CATIE 2006), and the medicald cosmetic
industries (Manriquez-Mendoza et al. 2011). In shady area, it has
been implemented in agro - and silvopastoral systama source of
forage (foliage and fruits) associated with tropigaasses (Manriquez-
Mendoza et al. 2011).
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Characterization and selection of sites

We selected eight sites, located at between 1742a8dmasl: two
fragments of secondary vegetation of tropical dme$t (managed tree
fallows); two treeless pastures (TLP) and four oplastoral systems
featuringG. ulmifolia (Malvales: Sterculiaceae) associated with grasses
(SSP). We characterized the sites and sampledtaoptb0,000 rf in
each site. The key variables for site characteomaivere habitat
structure, soil physico-chemical characteristics d arivestock
management intensity. The variables for descriptidnthe habitat
structure in all sites were tree and shrub dersity canopy cover. We
measured the latter variable with a spherical densier (Forestry
Suppliers Spherical Crown Densiometer, Concave Mdeat five
randomly chosen points within three 108 quadrats located in each
site. In the managed tree fallows (MTF), we alsasoeed litter depth
and tree diameter at breast height (DBH). We meastire density of
trees and shrubs by census in quadrants of 10nx. 10

We classified the intensity of each livestock masmagnt
system as low, medium or high, according to thesgmee and quantity
of trees and shrubs and criteria of burning, pegicuse and
antiparasitic treatment use. The general charatitriof each of the
sampling sites are described in Table 1.

In the context of this study, we considered a sdilgood
quality (see SSSA 1997) to be one in which the igbyshemical
parameters (NOM 021-SEMARNAT 2000) and visual apgpeee
(allowing differentiation of the soil layer strucél qualities) are
maintained within the limits necessary to sustaitolgical productivity,
maintain environmental quality and promote plantl amimal health
(Karlen et al. 1997) and biodiversity (Margesin afdhinner 2005;
Pansu and Gautheyrou, 2006). In each of the eighd with livestock
management, we took six soil samples (250 g) asdnee points where
the traps baited with cattle dung were placed. &hssmples were
subsequently mixed and the soil homogenized. Wen ttamk a
subsample of 500 g for each plot, which was usedhfe soil quality
analysis (Table 2). We analyzed the following gmrameters in the
samples collected from each site (NOM-021-RECNATR0 pH, Ca
(cmol/Kg), Mg (cmol/Kg), available P (mg/Kg) (Brd$driz test), K
(cmol/kg) and texture (Bouyocus method). Totalagen and organic
carbon contents were analyzed with a CN analyzeuSpec, LECO)
and moisture content was obtained using Gardn&6(1@s well as the
real and apparent density per cylinder (Blake aadd¢ 1986).
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Dung beetle sampling

During August-September 2014 (rainy season), wepkainthe eight
selected sites. In order to capture coprophagong teetles, we set six
pitfall traps in each site baited with 1.5 kg ofacdung (from animals
not previously treated with chemical wormers)vim ines (50 m apart)
with three traps each. Each trap was at a distah2® m from the other.
We protected the pitfall traps from the rain withfiberglass mesh
structure. Also, to catch necrophagous beetlesinatalled ten pitfall
traps, each one baited with 60 g of fish. We giadtiand identified all
specimens found in study sites. A reference catlecvas deposited in
the Red de Ecoetologia of the Instituto de Ecologi@.

Statistical analysis

Inventory integrity

We evaluated the integrity of the dung beetlesisgdoventory in each
sampling site using two methods: (1) the non-patameichness
estimator Chaol (Chao, 1984); and (2) calculatibsample coverage,
which is a measure of the inventory integrity thiaes the proportion of
the total number of beetles in a community thabibglto each species
represented in the sample. Sample coverage is lbaskx total number
of beetles recorded and on the number of less aminbeetles,
especially singletonsl) and doubletonsfZ) (Chao and Jost, 2012), in
order to construct and compare richness using epearefaction curves
based on the samples (Gotelli and Colwell, 2001).

Analysis of abundance and biomass

We obtained dry weight per species by drying 10Qviddals of each

species at 45 °C for 48 hours in an oven (Rios Rachd EC-33). For
species with an abundance of less than 10 indilsduee weighed all of

the captured individuals. We calculated the totalntass of beetles
captured in each trap per site by multiplying theriredance of each
species in a trap by the mean dry weight for tpgces and summing
the resulting values. We compared the total abureland biomass
values of captured beetles among sites and, diecedta did not present
normal distribution, we performed Kruskal-Wallisdaunn contrast

tests with the program BioEstat® (Ayres et al. 20@0e transformed

biomass data using«+1 in order to reduce heteroscedasticity.
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Table 1. General characteristics of each of the samplingssit the municipality of Paso de Ovejas, Veracruz,
Mexico. SPS= Silvopastoral Systems (Silvopastorsiesns ofGuazuma ulmifoliaGzso= 750 plants/ha, o= 900
plants/ha, Gsoo= 1500 plants/ha and,gzo= 4000 plants/ha). Livestock management practicEsemical herbicides
(CH), chemical fertilizers (CF), burning practic@®), antiparasitic treatment use (once per yedr) (P

Managed Tree Fallows  Treeless Pastures SPS ofGuazuma ulmifolia

I Il I Il Gro Gooc Gasoc Gaooc

Total area of the sites (ha) 1 1 4.5 2.5 4 15 30 1

Number of cows per area 9 1 1 7 5 2 30 1
Trees per 1.30 1.80 0 0 0.07 0.09 0.15 0.40

Litter depth (cm) 3.5 4.1 - - - - - -

DBH (cm) 28.1+15.75 30.2+17.15 - - - - - -

Canopy cover % 51.2+14.17 62.4 +20.90 - - - - - -

Livestock management practice P P B,CH,P B,CH,P B,CH,P CF,CHP B,CH,P CF,CH

Intensity of management type Low Low High High Medium Medium Medium Medium
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Table 2. Parameters analyzed in the soils of the sampiieg & the
municipality of Paso de Ovejas, Veracruz, MexicBSS Silvopastoral
Systems (abbreviation is found in Table 1).

Managed Tree Fallows TreelessPasture SPS ofGuazuma ulmifolia

Parameter | 1l | 1l Groc Gooc Gisoc  Gaooc
pH 6.10 5.70 6.20 5.60 6.10 6.30 6.00 6.00
Clay (%) 49.44 45.44 67.44 49.44 77.44 67.44 51.44 49.44
Sand (%) 30.20 38.2 18.2 282 82 122 262 322
Silt (%) 20.36 16.36 14.36 22.36 22.36 20.36 22.36 18.36
Texture Clay Clay Clay Clay Clay Clay Clay Clay
Moisture content (%) 20.58 28.68 43.02 25.74 57.44 39.07 47.61 30.89
P (mg/Kg) 5.80 24.80 3.40 9.30 6.60 3.10 4.50 5.70
K (cmol/ Kg) 0.75 1.44 0.32 0.73 1.03 056 0.54 0.48
Ca (cmol/ Kg) 17.50 11.71 20.1 10.71 11.82 18.64 21.1 10.8
N (%) 0.35 0.20 0.20 0.16 0.28 0.20 0.38 0.12
Mg ( cmol/ Kg) 9.25 6.08 12.58 5.32 13.29 13.67 8.87 6.65
Organic matter (%) 7.95 2.86 3.66 263 569 453 910 219
Organic carbon(%)  4.61 1.66 212 152 119 263 528 1.27
C:N ratio 13.00 8.00 11.00 10.00 12.00 13.00 14.00 10.00

Dominance-diversity

We used dominance-diversity graphs (in logl0) toplane the
relationships between the abundance and biomasspedies in the
studied sites.

True diversity

We used the method proposed by Jost (2006) to aenfyesetle species
diversity in each sampling site and habitat. Thézognizes “true
diversity” through the equivalent number of speci8pecifically, it
measures the diversity that would exist in a comitgumade up ofi
equally common species.

Assemblage structure

We used contingency<}) tables to analyze changes in the proportions
of species belonging to each group of the beetls&emblage for each
livestock management system. In order to studyfélkding habits and
size of the species, we used the classificatioRlaiffter and Arellano
(2002) and Arellano et al. (2005). We used the m@nog CLAM
(Chazdon et al, 2011) to classify species according to habitat
preferences. A “supermajority” specialization lirfkt= 0.67) withP =
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0.005 was employed. This is suitable for the cfaecsgion of species for
which the sample size is small. Classificationh® daily activity of the

species (nocturnal, diurnal, and crepuscular) vesed on information
available in the literature (Hanski and Cambef@91;, Montes de Oca
and Halffter 1995; Moron 2003).

Response of the beetle assemblage to environmerdharacteristics

We evaluated the hypothesis of dependence betvireeakhiundance of
dung beetles and the key variables used in thdysiith an analysis of
covariance model (ANCOVA), with the number of indiwals caught in

each livestock system as the response variablesaildparameters,
habitat structure and management intensity as @gar A significance
level (@) of 5% was established. We used stepwise anajsegression

to evaluate the relationship between the abundahepecies captured
in the sampling sites and the key variables of thaltstructure, soil

parameters and management. This was conducted thathprogram

BioEstat® (Ayres et al. 2007).

Results

We recorded a total of 1423 beetle specimens, geigno 10 genera
and 15 species (Table 3). The number of speciesased by 50% from
systems with a more complex habitat structure tsehof simpler
structure.

Inventory integrity

Our analysis of the integrity of the inventory armgothe livestock
management systems showed that the number of ddild presented
wide variation, with no clear distinction betweenbhat types (see
Table 3); however, coverage in all of the sites alase to 100%. In the
MTF I, almost 100 % coverage was obtained along &it abundance
four times higher than that of MTF Il (Fig. 1a).the SPS, the plot with

most individuals was £ (N values Fig. 1b) and there was a sampling

efficiency of 100% from the values estimated in GBS with G.
ulmifolia. However, the SPS that presented most speciesrpees a
richness that was similar to that of the MTF (1&aes). In the TLP,
richness was clearly lower (Fig. 1c).
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Table 3. Copro-necrophagous beetles (Coleoptera: Scaramgeim livestock management systems in the
municipality of Paso de Ovejas, Veracruz (Mexiagscribing the ecological characteristics of thecgs. MDW:
Mean dry weight (mg). Functional Groups: Size (Biak, M: medium, L: large). FP. Feeding preferen¢€s
coprophagous, G: generalist, N: necrophagous). Déity activity (N: nocturnal; D: diurnal; C: crepugar). FD:
Food relocation (T= tunnelers; R: rollers). HP: Hatbpreferences (G: Generalist; S: SpecialistL&s abundant).
N: number of individuals. Managed Tree Fallows (MTTWreeless Mature (TP). Silvopastoral systems JSHS
Guazuma Ulmif0|iaG75o, Gooo G]_5ooy Guooo

MTF TP SPS_ofG.ulmifolia
| I | I Groc Goox Gisoc  Gaooc
Species PS SIZE PA AD GF HP N N N N N N N N
1 Canthidium pseudopucticololis and Kohlmann, 2004 29 P N D E G 57 6 0 0 0 0 32 7
2 Canthon cyanelluke Conte, 1859 433 P N D E E 302 55 O 0 0 8 21 93
3 Canthon indigaceus chiap&obinson, 1948 85.7 P G D E R 3 1 0 1 1 0 0 0
5 Deltochilum scabriusculurBates, 1887 519 G G N E R 1 8 1 0 0 1 2 0
6 Copris incertusSay, 1835 116 M C N T R 7 2 1 0 1 0 0 2
7 Copris lugubrisBoheman, 1858 177 M C N T G 63 8 8 7 1 1 2 15
8 Dichotomius amplicolligiarold, 1869 287 G C N T R 4 8 0 0 0 0 1 0
9 Dichotomius colonicuSay, 1835 666 G C N T R 2 0 0 0 0 1 3 2
10 Digitonthophagus gazell@Fabricius, 1787) 49.0 M c Cc T E 12 4 135 120 84 65 8 140
11 Euoniticellus intermediuReiche, 1849 519 P C D T E 5 1 11 13 4 5 16 6
12 Onthophagus hoepfneidarold, 1869 45 P C N T R 2 0 0 0 0 3 1 0
13 Onthophagus landoltiarold, 1880 53 P C N T G 15 5 0 0 0 0 6 2
14 Coprophanaeus corythyslarold, 1863) 480 G N N T R 0 0 0 0 0 0 3 3
15 Phanaeus scutifeBates, 1887 295 G C D T R 1 0 2 1 0 0 1 0
Total 476 103 158 142 91 85 98 270
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Most of the species were shared between the SP$handTF, apart
from Coprophanaeus corythu$iarold, 1863), which was only present
in two of the SPS sites. The TLP did not presentusive species; they
shared all of their species with other systems.

Figure 1: Rarefaction curves based on beetle species rishires
livestock management systems in the municipalitfPaso de Ovejas,
Veracruz (Mexico). (a) Managed tree fallows, (Hy&pastoral systems
of G. ulmifolia and (c) Treeless pastures, number of beetles; S,
species richnesgl, number of singletond?2, number of doubletons;
Chaol, richness estimator; Cn, sample coverage.

[€N]

S f1 f2 Chaol Cn
—— Managed Tree TallowsI 476 14 2 3 14.67 99.98
—e— Managed Irec Fallows 1l 103 11 2 1 1295 98.08

o 10 20 30 40

Richness
s

© S J1 f2 Chaol Cn
sture T 158 6 2 1 7.00 08.74
sture I 112 5 2 0 5.99 98.61

o 10 20 30 10

Sample coverage
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Analysis of abundance and biomass

Beetle abundance differed significantly among livek management
systems (Kruskal-Wallis, H = 9.12, df = P, = 0.01); the SPS had
higher abundances compared to the TLP (Dunn, 1P6&.005) (Fig.
2). In terms of total abundance, the SPS and th& pfEsented similar
values, while the TLP presented fewer individudlable 3). MTF |
presented a higher number of individuals than MITRnl terms of the
SPS, the highest abundance was observed.g, Gvhich presented
almost three-fold higher values than the other §IB&. The total
biomass observed in the sampled systems reducesbtathree-fold in
magnitude from the MTF (2.7 £ 0.99 g and 0.9 + @3Bach site) to the
TLP (0.7 £ 0.41 g and 0.6 + 0.37 g, each site) [@a). We did not
observe significant differences in biomass amortegs sif each type of
livestock management system (Kruskal-Wallis, H £57.df = 2;P =
0.08), but biomass was significantly higher in MTE31.0 g) than in
SPS Gqo (4.70 g) (Kruskal-Wallis, H = 18.07, df = P,= 0.01; Dunn,
40.23,P< 0.005). In MTF I, total biomass was more than tivoes
higher than in MTF Il. In the two TLP sites, abunda and total
biomass were similar, only differing by 16 indivals and 1.65 g of
biomass (Table 3)

Figure 2. Variation in the abundance of copro-necrophagoustide
species (median = SD) in treeless pastures, sito systems and
managed tree fallows of the tropical dry foresthe municipality of
Paso de Ovejas, Veracruz (Mexico).
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True diversity

Analyzing the studied landscape as a whole, vatfiedpha diversity of
order O (Table 5) represented 80% of the gammarsiiyeof order 0.
The mean richness in each site was 12 specieotaidithness was 15
species. The beta diversity of orders 0, 1 andr2 @e29, 1.47 and 1.59,
respectively. This indicates that, in these sitd®re were more
differences between the abundant species, in thase €anthon
cyanellus Le Conte, 1859andDigitonthophagus gazellgFabricius,
1787).

When individual profiles per sampling site werelaated (Fig.
2a), we found lower beetle diversity in the treglpastures. The alpha
diversity of order 1 was similar among MTF siteshile species
richness (alpha diversity of order 0) was greateMiTF I. Among the
silvopastoral systems, /&presented the least pronounced alpha slope.
In the SPS, where there was a greater densityaotplper area, a more
pronounced slope and thus lower equitability waseoled (Fig. 3a).
Given the relative abundance (q = 2, Fig. 3a), $®5 with lower
densities of plants (g0, Gooo and Gspg presented a similar trend to that
observed in the treeless pastures, although the Ma#& a more
pronounced slope. A total of 93.3% of species vedi@ed between the
MTF and the SPS and 46.6% of species were shareebdre these
systems and the TLP. True beta diversity of ordea® highest in SPS
(DB = 1.71), given the higher heterogeneity of thesessThe beta
diversity of order 1 was 1.45, while that of or@ewvas 1.38.

In terms of diversity of order 1, the SPS6g presented the
highest value,Dy = 7.09), followed by MTF 1l {Dy = 5.37), while the
lowest value was observed indp(:Dy = 1.43) (Fig. 3b). In the MTF,
the highest number of equivalent species was addaim MTF |l with
2Dy = 3.19. In the silvopastoral systems, this wasiébin G4000 Dy =
5.18), which was similar to that of the treelesstpies (TLP I,Dy =
1.33; TLP Il,,Dy = 1.41). According to the profile of true betaetisity,
values were similar among the studied sites (TapleComparing the
true beta diversity profile among livestock managetrsystems (Fig.
3c), it can be seen that the system that sharesspesies among sites is
that of the mature tree fallowgD = 1.12), in the case of medium
abundance and dominant species. The treeless gastiared the lowest
number of species among the sites but shared the abhundant species
(D. gazellg ;DB = 1.0,,DB = 1.0).
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Figure 3: Profiles of Alpha {Da,) and gamma“®Dy) true diversity for
different orders (g = 0, 1, 2) in livestock managemsystems in the
municipality of Paso de Ovejas, Veracruz (Mexiqa): alpha diversity
for the sampling sites; (b) gamma diversity for #anpling sites; (c)
beta diversity for the livestock management systems

Dominance-diversity

Digitonthophagus gazell@abricius, 1787) an€anthon cyanellute
Conte 1859 were the most abundant species. The formedistibuted
in all of the livestock management systems, whike latter was absent
from the treeless pastures (Fig. 4a).Two speciesrdded the managed
tree fallows: C. cyanellus and Copris lugubris Boheman, 1858.
Together, these represented 73.9 % of the totatddmce. In MTF |,
Canthidium pseudopuncticol&olis & Kohlmann, 2004 also dominated,
and was the third most dominant species in thés (&2 %). In the SPS
and TLP, the dominant species wasgazella,representing 54.7% and
84.7%, respectively, except in SPSsés where C. pseudopuncticolle
(32.6%) andC. cyanellug21.4%) dominated (Fig. 4a).
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Figure 4. Dominance-diversity relationships between the cemorophagous beetle species in treeless pastures,
silvopastoral systems and managed tree fallowsopfdal dry forestin the municipality of Paso degjas, Veracruz
(Mexico): (a) dominance-abundance in the samplitag;s(b) dominance-biomass in the sampling sitbe. numbers

that represent the species are those presentexbia 3.
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In terms of biomassC. cyanellusand D. scabriusculum
dominated in the managed tree fallows (Fig. 4b)weler, based on
biomass,D. gazella only dominated in & and Gg. Dichotomius
colonicusSay, 1835(22.0%) an@. corythus(16.0%) dominated in the
SPS of Ggo, while C. cyanellus(55.3%) andD. gazella (40.6%)
dominated in Guoo (Fig. 4b) In the treeless pasturef). gazella
dominated in terms of both abundance and biomass.

Assemblage structure

In terms of food relocation, we found 10 specieduninelers and five
rollers. No dweller species were recorded. Abundasfctunnelers and
rollers was dependent on the type of livestock mament systemX¢=
506.36; df = 2P< 0.0001), with the MTF (n = 438) and SPS (n = 476)
presenting a greater abundance of rollers, buteatgr abundance of
tunnelers (n = 298) found in the treeless pastures.

Species abundance, according to daily activity, deggendent
on the type of systenx{= 305.37; df = 2P< 0.0001). There were more
species of nocturnal beetles in the studied systdms a greater
abundance of diurnal species and only one spetiat fresented
crepuscular activityl§. gazellg. In the managed tree fallows, there were
more diurnal species than in the SPSQtiimifolia and the treeless
pastures.

In terms of food preferences, we found a significatationship
between species abundance and type of livestoclageament system
(X’= 514.33; df = 2;P< 0.0001). There was a greater abundance of
coprophagous species in all of the studied systapet from the MTF,
which presented more necrophagous species. In fRE, Mhere was
only one specialist necrophagous speci&scyanellus(6.8 %), while
two specialist coprophagous species were presentdde SPS:D.
gazella and Euoniticellus intermediusReiche, 1849(13.3%). Three
species (20.0 %) were classified as food genesalift.
pseudopucticolle Copris lugubris Boheman, 1858 an@®nthophagus
landoti Harold, 1880) and 60 % of the sample comprisedispdbtat
were less abundant in these livestock managemstersyg (Table 3). In
the MTF, four species were considered habitat gpsis: C.
pseudopucticolleC. cyanellus, D. amplicolliand O. landotj while in
the TLP there were only tw@. gazellaandE. intermedius.
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Table 4: Biomass total (mg) the copro-necrophagous beé@leteoptera: Scarabaeinae) in livestock management
systems in the municipality of Paso de Ovejas, dfera(Mexico)

MTF TP SPS ofGuazuma ulmifolia
Species | I | 1l G700 GQOO G1500 G4000
1 Canthidium pseudopucticoliolis and Kohlmann, 200 165.3 17.4 0.0 0.0 0.0 0.0 928 20.3
2 Canthon cyanelluke Conte, 1859 13096.6 2381.5 0.0 0.0 0.0 346.4 909.3 4026.9
3 Canthon indigaceus chiap&®obinson, 1948 257.1 85.7 0.0 85.7 857 0.0 0.0 0.0
5 Deltochilum scabriusculuBates, 1887 518.8 41504 518.8 0.0 0.0 518.8 1037.6 0.0
6 Copris incertusSay, 1835 115.6 231.2 1156 0.0 115.6 0.0 0.0 231.2
7 Copris lugubrisBoheman, 1858 111195 141.2 1412.0 12355 176.5 176.5 353 2647.5
8 Dichotomius amplicollisHarold, 1869 1148.0 2296.0 0.0 0.0 0.0 0.0 287 0.0
9 Dichotomius colonicuSay, 1835 1332.0 0.0 0.0 0.0 0.0 666.0 1998 1332
10 Euoniticellus intermediuReiche, 1849 259.5 51.9 570.9 674.7 207.6 2595 8304 3114
11 Digitonthophagus gazell@Fabricius, 1787) 588.0 196.0 6615.0 5880 4116 3185.0 392 6860
12 Onthophagus hoepfnéedarold, 1869 10.6 0.0 0.0 0.0 0.0 135 5.3 0.0
13 Onthophagus landoltiarold, 1880 735.0 22.5 0.0 0.0 0.0 0.0 27 9
14 Coprophanaeus corythyslarold, 1863) 0.0 0.0 0.0 0.0 0.0 0.0 1440.6 1440.6
15 Phanaeus scutiféBates, 1887 294.7 0.0 589.4 294.7 0.0 0.0 294.7 0.0

Total 31003.9 14302.6 9821.7 8170.6 4701.4 5857.3 9050.9 16878.9
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Table 5: Values of alpha“a,) gamma {Dy) and beta ‘DB) true
diversity for different orders (q = 0, 1, 2), catsiing gamma diversity
as the landscape, alpha diversity as the livestoakagement systems
and beta diversity as the number of effective comtias in the
municipality of Paso de Ovejas in Veracruz, Mexicandscape, habitat
type and (within habitat type) the number of sitmmpled, were
considered.

Environment / Sampling Unit (SU) Diversity g=0 g=1 gq=2

Da 11.67 3.16 2.00
Landscape /SU =3 Dy 15 4.65 3.17
DB 1.25 147 1.59
Managed Tree Fallows / SU = 2 qD 12.5 3.42 2.66
gDy 14 4.72 2.72
qDB 112 1.07 1.02
SPS ofG. ulmifolia/ SU= 4 gD 8.75 3.17 1.96
gDy 15 4.40 2.17
qDB 1.71 1.44 1.38
Treeless Pasture / SU= 2 @D 5.5 1.79 1.37
gDy 7 1.81 1.37
gDB 1.27 101 1.00

Response of the beetle assemblage to environmerdharacteristics

A preliminary model analysis of covariance (ANCOVA9vealed a
significant interaction between the abundance afigdibeetles and
covariates: soil parametersH 4.58, GL = 13, P = 0.001) and
management intensityF(= 4.19, GL = 6, P = 0.03); and a non-
significant interaction with habitat structuré € 0.096,GL = 5,P =
0.96).

A significant relationship was also observed betwdbe
abundance of beetle species and the soil moistargilable
phosphorous and potassium conteft £ 0.94,F = 9.78,P = 0.03);
however, according to the analysis, the level abgpmorous was the
most important predictor of total abundance (88f%ne determination).
The other variables (pH, clay, sand and silt, levafi micronutrients
(Mg, Ca), total nitrogen, organic matter and C:Mojadid not show a
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significant relationship with beetle abundanB2 £ 0.35,F = 0.18,P=
0.90), with organic matter responsible for only3493.

Similarly, habitat structure and shrub density mid significantly affect
the abundance of the assemblageé £ 0.03,F = 0.0005,P = 0.94).
There were significant differences with respecthi® negative effect of
the use of insecticides on beetle abundance, apiplic of chemical
wormers and burningR¢ = 0.98,F = 37.40,P = 0.004). There was a
lower abundance of beetles in the site in whiclsehpractices were
carried out.

When each key variable was analyzed per speciesbéetle
species (onhpeltochilum scabriusculurBates, 1887 anBichotomius
amplicollis Harold, 1869) presented a significant relationshith the
soil chemical characteristics in the studied ligekt management
systems.Deltochilum scabriusculummesponded negatively to the low
levels of nitrogen and magnesium in the soil of shelied sites where
this species were most abundant (MTF Il and SRS)GR® = 0.98,F =
14.72,P = 0.006).Dichotomius amplicollisonly presented a negative
relationship with levels of total nitrogefR{ = 0.85,F = 26.47,P =
0.04). No physical variable of the studied soilssgented a significant
relationship with any particular species.

Dichotomius amplicolligR? = 0.96,F = 159.84,P = 0.0001)
andD. lobipes(R? = 0.93,F = 80.57,P = 0.0003) presented a positive
relationship with plant density in the studied syss$ (93 to 96 %), while
presenting no relationship with habitat complexityowever, these
species did respond positively in the sites wheamagement intensity
was low D. amplicollis, B = 0.60,F = 9.04P = 0.02;D. lobipes, R=
0.56, F = 7.94, P = 0.03). Digitonthophagus gazellgpresented a
significant relationship with medium intensive mgament system@’
= 0.61,F = 9.39,P = 0.02) The only species that responded positively
to the management practices (use of agrochemindl®arning) werb.
amplicollis (RZ = 0.94,F = 14.60,P = 0.009) and. lobipes(R* = 0.96,

F = 35.28,P = 0.002); sites in which these management practiig
not occur presented a greater abundance of thetle bpecies.

Discussion

Changes in land use for livestock management andetiuction in areas
of forests because of human activity can generagmtive changes in
the richness and composition of dung beetle specidsn the structure
of their assemblage (Tscharntke et al. 2005; Badoal. 2010; Gardner
et al. 2008; Lopes et al. 2011). These changese#ieeted in our results
since we found the abundance and diversity of beptkcies diminished



135

in line with reduced complexity of habitat struewnd soil quality and
with increasing intensity of management practices.

As in many other studies of dung beetles (Halfiteal. 2007;
Navarrete and Halffter 2008; Korasaki et al. 20E&yila 2014), we
found low abundance and richness of species intrfadess pastures
while in the SPS ofs.ulmifolia, there was a richness and abundance
similar to that of the managed tree fallows, whigature greater
structural complexity.

Silvopastoral (Giraldo et al. 2011) and agroforestystems
(Neita and Escobar 2012) can buffer the adversectsffof rapid
expansion of open areas and the consequent redudtitropical dry
forest area generated by technically conventiogsiesns (Arellano et
al. 2013).These types of productive managementtaiaitviodiversity
in the environment and may even increase it conagléhat the trees
and shrubs create a microhabitat for diverse osgesi(Beer et al.
2004).

It was observed that SPS represent a habitat igieaccording
to the density o65. ulmifolia plants, presents similarities in terms of the
diversity of beetle species with the MTF (higherntities of plants per
hectare) and with the pastures (few shrubs pearect

In terms of the managed tree fallows, richnessadnuhdance of
the beetles was high, possibly because the resoaraglable in these
sites are kept viable for longer periods due tohbtmidity maintained
by the density of plants and also the type of mansmt practiced (low
intensity). Areas with a greater density of plafésy. fragments of
Neotropical forests (Costa et &013) present favorable conditions for
an increased abundance of beetles, since vegetatorr is an
important variable in their distribution (Halfftand Arellano 2002). In
terms of the habitat structure evaluated, it waseoked thatD.
amplicolis,a species with preference for dry and humid trdficeest
habitat (Morén 2003), shows a strong relationship ow management
intensity and plant density in the studied systefine same relationship
was recorded fdD. lobipes

In this study, few changes were found in specigapmsition
among the eight sampling sites, a finding that vediected in the low
number of equivalent communities. There was greatgability among
sampling sites than within the types of livestocanagement systems,
due to the effects of the density of shrubs andrtheagement practices
adopted. The proportion of species shared as didunaf their patterns
of abundance and richness differed in each systamwever, high
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similarity was observed between the SPS and maniagedallows of
tropical dry forest.

Canthon cyanellusvas the most abundant species in the MTF,
where there are more trees present. Accordingetatidies of Halffter
and Arellano (2002) and Arellano et al. (2008ajs tbpecies is more
abundant in fragments of tropical dry forests tirapastures, which is
corroborated by our results. This species appedrs & specialist of the
secondary vegetation of tropical dry forest or loé tedge zones of
tropical evergreen forests (Halffter et al. 1992vila and Halffter
1997).

The high abundance recorded 6t cyanelluscan also be
attributed to the fact that its highest emergencthé field is presented
during the rainy season (May to September) (Half#eal. 1983). In
other tropical dry forests, it presents two peakalundance per rainy
season (Arellano et al. 2008a), since individuaks ia reproductive
diapause during the dry season (Martinez and Matg€3ca 1994).

On the other hand, the structure of populationsamsgmblages
of dung beetles is strongly influenced by high oeloictive competition
(Simmons and Ridsdill-Smith 2011) on rare and epramfood
resources (Halffter and Matthews, 1966; Hanski @adthbefort 1991).
The abundant occurrences ©f cyanellusduring the rainy season may
be related to factors affecting reproductive suscemge of first
reproduction of females of mating frequency, qyadihd consistency of
supply of a particular resource (Favila 2001).

Digitonthophagus gazella and E. intermedius were
preferentially found in the treeless pastures. Bhjgports the prediction
of this study that there would be a greater dongeaaof introduced
species in systems with intensive management pescénd low quality
soils. Digitonthophagus gazellandE. intermediusare introduced Indo-
African species associated with a certain degreeerofironmental
disturbance (Lobo 1996; Montes de Oca and Halff&38). They are
typical of open areas and present opportunistegfieé of occupation
with a higher rate of reproduction and dispersi@Bouygon and Rougon
1980; Cambefort 1984). Principall, gazellawas introduced in many
countries to help with the management of populatiohdung diptera
that are harmful to livestock (Fincher et al. 19B&nchin et al., 1992;
Kohlmann 1994; Maes et al. 1997; Noriega et al.6200daurre et al.
2008). These species can impact upon the nativelgims of beetles
through competition for resource (dung) and hapégirocess that could
be happening in the present study zone. Howevpererents exploring
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the reproductive success of these species araeddniorder to confirm
this.

In our livestock studied system, we recorded thul fresource
supply per hectare and observed that the highesitigy was found in
the SPS withG.ulmifolia (203 dung pats/ha), management system that
presents more cows (30 animals/ha), lower frequeficfashing and a
variety of grass that grows to a height of morenthés m Andropogon
gayanu}. In this SPS, there was high species richnesssfpEgies) as
well as a high biomass of dung beetles. Two edgeisp and one exotic
species €. pseudopucticolle C. cyanellus and E. intermedius
dominated in this system (in terms of abundancayéver, in terms of
biomass, the dominant species wdde colonicus (associated with
disturbed environments) atl corythugan edge species). According to
Tshikae et al. (2013), when differences in thelabdity of dung affect
population size or eliminate the specialist beetlas important
alteration occurs in the composition and richndg¢h@assemblage.

A greater abundance of tunneler beetle speciesatimal and
coprophagous habits was recorded. Studies conduictettopical
forestshave demonstrated this same pattern (Es@8ifdr; Arellano et
al. 2005; Louzada et al. 2010; Barragéan et al. R0These species can
perform their ecological functions and contributethe provision of
ecosystem services, especially in relation to eatrcycling given the
improved soil structure and fertility that the bBestpromote (Calafiori
1979), the disintegration and decomposition of piganaterial (Nichols
et al. 2007; 2008) and the construction of tunriel contribute to
greater edaphic aeration (Bang et al. 2005).

Regarding soil quality variations, the measuredelevof
available phosphorus, potassium and nitrogen shdtetdsoil quality
was lower in the treeless pastures, where the loi@mess of beetles
was foundDeltochilum scabriusculumesponded negatively to the low
levels of nitrogen and magnesium in the sbichotomius amplicollis
presented a negative relationship with levels &l taitrogen.

According to the ranchers in the sampling siteg #reas
dedicated to extensive livestock management ancrothecently
converted into SPS had been previously used folymeaars to cultivate
maize, where apparently high quantities of chemieatilizers and
pesticides had been applied. This may have causediatation of the
soil quality. Low values of organic carbon (mearf 2 + 1.56) were
reported in the livestock management systems ewmludVhen the
supply of organic matter in the soil is low and gesses of erosion,
oxidation and lixiviation take place (through theoguction of maize
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using conventional technological packages), thera loss of organic
carbon, which may be the result of historical mamagnt practices
utilized at the site.

Beetle abundance responded mainly to phosphordushwas
the nutrient that presented highest concentrafiortse sampling sites.
This can be attributed to the management historghef areas. The
livestock production system with the highest cotiaion of available
phosphorous was that of managed tree fallows; whaxth previously
been used as maize fields. Such variation may Ipeoduct of the
guantity of litter on the soil surface, which casisbanges in the content
and storage of carbon and could affect of the dymarhthe organic
matter and the organic carbon, which facilitatesrtretabolic activity of
the microorganisms responsible for processes of emaiization
(Skjemstad et al. 1999).

There was a negative response in relation to theddnce of
species in the studied sites and the managementices (use of
agrochemicals, chemical wormers and burning). 8tudhow that the
use of herbicides and ivermectin affects the stinecof the community
and reproductive activity of the beetles in pastMartinez et al. 2001;
Lumaret and Martinez 2005, Martinez and Cruz 2009).

Livestock management systemsthat preservetreesadsop
livestock management, e.g., the tree fallows oftrdpicalforest and
silvopastoralsystems d@b.ulmifolia, providefavorable conditions forthe
maintenance oflandscape connectivityand diversitgpecies (i.e.,
goodsoil quality, low or medium intensity of managmnt, highcanopy
cover, high quantities of leaf litter, etc.) ancitat conditions that are
suitable for the persistence of a variety of spediganchers may decide
to use conventional cattle production techniqueh leiw plant diversity
and high dependence on chemical fertilizers anditides. However,
such a transformation would be likely to causeantitic change in the
abundance of species within the landscape, witHab& extinction of
those species favored by landscape heterogeneitylaauscape-scale
extinctions in the longer term. In contrast, silasforal systems allow
for a high diversity of beetles while maintainingofitable economic
activity (livestock production). As we have stat€diazuma ulmifolias
considered a multipurpose tree because of the vadety of products
and services it can provide to agriculture, livekt@roduction, cattle
fodder and the medical and cosmetic industriess&Htrees can reduce
peak daytime temperatures near the soil surfaceranify soil physical
and chemical conditions, increasing fertility andisture retention.
Knowledge of the relationship between wildlife mgement practices
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and land use contribute to the effective managemhetosystems and
therefore to the conservation of species diversity.
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DISCUSSAO GERAL

O ambiente solo provavelmente possui a comunidadégica
mais complexa de todos os ecossistemas terre8ARRIOS, 2007),
sendo que a biota do solo desempenha um papel memtdal na
determinacdo das propriedades fisicas e quimicas) bomo na
produtividade dos solos (BRUSSAARD et al.,, 1997, VEALE &
SPAIN, 2001; COLEMAN et al., 2004). Este estudorespnta a
valorizacdo das funcbes ecoldgicas desenvolvidas goganismos
edéficos (i.e. besouros escarabeineos) para odimemto de processo
de ciclagem de nutrientes como servigo ecossistémitambém das
mudancas na diversidade e na estrutura das condesidaente aos
diferentes sistemas de manejo e tipos de solo.sEstganismos
apresentam ampla distribuicio e alto grau de ddemle nos
ecossistemas tropicais e subtropicais (HANSKI & BEFORT,
1991) e particularmente séo utilizados no monitersi;m e na avaliacdo
dos efeitos das atividades humanas (DAVIS et BD22NICHOLS et
al., 2007), uma vez que a riqueza de espéciessiritms escarabeineos
é fortemente correlacionada com a de outros grupRenOmicos,
possibilitando ser utilizados como indicadores deverdidade
(BARLOW et al., 2007). Os bioindicadores oferecemauferramenta
promissora tanto para investigadores quanto paréctss e agricultores
na avaliagdo e na resposta as novas estratégigesstd® do uso da terra
(LOBRY DE BRUYN, 1997; MCGEOCH, 1998). Grande pades
estudos tem focado na identificacio de espécieindiadoras
caracterizando determinados habitats ou as corgigéeuso da terra
(DUFRENE & LEGENDRE, 1997; CRISTOFOLI et al., 20RJIZ et
al., 2011). Poucos tém procurado vincular a estiuda comunidade de
besouros escarabeineos que habitam em agroeavssistea relacao
destes com os atributos edéficos e as praticasadejme quantificar a
eficiéncia destes organismos na funcdo de remoganadéria organica
em ambientes manejados como resposta aos sendgssis#émicos.
Neste estudo, substancialmente respondemos esstdes!

Os resultados demonstraram: (i) as espécies eswmagad
Dichotomius nisus e Trichillum externepunctatumrelacionam-se
positivamente com o teor de matéria organica, mogdtr a importancia
destes organismos no processo de ciclagem de miafieA espécie
roladoraCanthon chalybaeuse relacionou positivamente com a textura
do solo, preferindo solos arenosos (Capituloil)s@los com qualidade
entre 37% a 65% (IQS) favorecem o aumento de aloeialéas guildas
funcionais de espécies paracoprideas e telecoprideado que ha um
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efeito negativo na guilda dos tuneleiros quandaaidade do solo é
baixa (IQS menor que 10%), além disso registrovetacdo positiva
entre os parametros fisicos (porosidade, umidallenétrica, textura) e
guimicos (pH, teores de magnésio, calcio e mat#ganica) do solo
com a abundéncia dos besouros paracoprideos enisesalob e solos
argilosos (Capitulo 11); (iii) que os besouros eabaineos reduzem a
massa fecal através de enterrio no solo, especi@méurante as
primeiras 24 horas e 48 horas de exposicdo, seneleziop ambientes
pecuarios do municipio de Lauro Miuller, a espécismbundante).
sulcator foi a que mais contribuiu em termos de biomassa reais
importante em relacdo a atribuicdo e a transformag@ matéria
organica no ambiente estudado, sendo capaz de een@sw média 6,7
vezes 0 seu proprio peso corporal em 24 horas.it(@apll); (iv) ha
maior riqueza de besouros escarabeineos em sissdwipastoris des.
ulmifolia, observando diminuicdo da abundéncia e rigueza eom
reducdo da complexidade dos sistemas e da qualdiadslo, bem
como o aumento da intensidade das praticas de mafkim disso,
observou-se relagdo positiva entre a abundancdiskcies de besouros
e as caracteristicas fisico-quimicas do solo comaade, fosforo e
potassio, bem como caracteristicas de densidagéadts. Entretanto,
registrou-se efeito negativo de praticas de mangjopo o uso de
inseticidas, fertilizantes e queimadas sobre a ddnoia dos besouros
escarabeineos (Capitulo V).

Nos estudos realizados em Tubardo, Santa CataBiaail,
dentre 0s agroecossistemas estudados, o ambientgripe como
esperado, foi 0 que apresentou maior riqueza, d@mnaiale biomassa de
besouros escarabeineos, ja& que disponibiliza maiemtidade de
recursos alimentares (fezes bovinas). O reconhetinua fauna edéfica
associada a agroecossistemas subsidia o entendigi@rdindmica do
fluxo de energia e matéria nestes ambientes, atdaénedidas como a
abundancia e a riqueza, juntamente com as funcdeserercem os
organismos no solo (CHAPIN et al., 2011). Em todssambientes
estudados, a maior abundéncia foi de espécies dmulos
paracoprideos com habitos noturnos e coprofagotas Esspécies
excercem fungbes e contribuem nos servicos ecdHTBIES,
especialmente em relagéo a ciclagem de nutrieetedala melhoria da
estrutura e fertilidade do solo que os besourosipvem (CALAFIORI,
1979), a desintegracdo e decomposicéo de mategihico (NICHOLS
et al.,, 2007, 2008) e a construcéo de tdneis quo&ilboem para uma
maior aeragdo edafica (BANG et al. 2005). O manejos
agroecossistemas pode apresentar efeitos sobrenasnidades de
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besouros copréfagos, por meio da riqgueza e confumslas espécies,
bem como na abundéncia relativa dos grupos funisianaas fungbes
exercidas por estes organismos (BARRAGAN et all12GIRALDO
et al. 2011; BRAGA et al., 2012; BRAGA et al., 2013

Foi registrado que espécies roladoras, cor@anthon
chalybaeuspreferem solos mais arenosos, corroborando com éoub
(1991). MARTINEZ et al. (2009) demonstram que oosalgiloso
favorece o estabelecimento de ninhos e galeriasy bemo a
distribuicBo e a abundancia de espécies de besesaeabeieneos
paracoprideos. Entretanto, os resultados encostrado SILVA et al.
(2015) divergem, mostrando que em locais com sol@is arenosos a
maior abundéncia é de besouros paracoprideos. Ossé/pl explicacédo
€ que a distribuicdo das comunidades e a prefarépor um
determinado tipo de solo ndo pode ser vista dermameira isolada, mas
sim por um conjunto de condi¢des ambientais, uma gee a
estruturacdo das comunidades é representada pocoutinuo de
combinacdes de mecanismos estabilizadores de weiatiterencas de
aptiddo entre espécies (MATTHEWS & WHITTAKER, 2014)
resposta dos organismos as mudancas ambientaisspp@detada por
diferentes fatores e especificamente no caso dmutmssescarabeineos
copréfagos, a disponibilidade de recurso, a tenyeraa precipitacédo e
carecteristicas do solo influenciam a distribuiga@roespacial e a
dispersdo das espécies (NEALLIS, 1977; DOUBE, 1¥3COBAR,
2000; DA SILVA & HERNANDEZ, 2015) e assim as fungdgue estes
organismos realizam. Espécies de besouros esassabepodem ser
sensiveis as mudangas na estrutura do solo ocdamnaor exemplo,
pela compactacao através do pisoteio dos animaéreas de pecudria,
gue modificam a capacidade de infiltracdo do salemnentando a
concentracédo de argila (ESCOBAR & CHACON DE ULLO2Q00;
SANTOS et al., 2005), o que pode dificultar o rgiraknto do solo para
a confeccdo das galerias. A influéncia de orgarssmeosolo ocorre pela
acao direta através da modificacéo fisica da es&ruto solo, e por meio
das interagBes da comunidade biética, sendo gnetdsntes podem ser
mais concentrados em biomassa e/ou matéria orgamicasolo
(LAVELLE et al., 1994; GONZALEZ et al., 2001; LAVHIE &
SPAIN, 2001).

O sistema solo e 0s usos da terra desempenham peh pa
central na prestacdo de servicos ambientais ddspm\producdo de
alimentos, fibras e madeira), de suporte (ciclaglEmnutrientes), de
regulagéo (sequestro de carbono) e culturais (pelézica da paisagem)
(JANETOS & KASPERSON, 2005). A sua qualidade érdeéi como a
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capacidade de um tipo especifico de solo funcideatro dos limites,
tanto em ecossistemas naturais quanto em manejgadosiitindo
sustentar a produtividade vegetal e animal, maateu melhorar a
gualidade da 4gua e do ar, e promover a salude moer®bem estar
humano (SSSA, 1997). E o centro regulador da diceéighds processos
ambientais, tanto em ecossistemas naturais quemgeecossistemas
(FOLSTER & KHANNA, 1997; SWIFT, 1997; WALL & VIGINA,
2000; SCHJIZNNING et al., 2004; BARDGETT, 2005) emiedades
do solo como o teor de umidade, podem favorecebeegivéncia e o
éxito reprodutivo de determinadas espécies de asmimeos (SOWIG,
1995; MARTINEZ et al., 2009). O aumento da conaegéio de argila
no solo reduz a abundancia de besouros paracoprigequenos,
favorecendo espécies telecoprideas (SILVA et @ll5P, entretanto em
solos de pastagens do sul do Brasil espécies peldeas mostram
relacdo positiva com solos arenosos (FARIAS & HERNEZ,
submetido). Em ambas as matrizes de solo estudaatabjssolo (Lauro
Muller) e argiloso (Tubardo), a guilda funcional sddesouros
escarabeineos paracoprideos foi a mais abundamgaeionou-se
positivamente com a porosidade e com a umidadenéttica do solo.

Ressalta-se que propriedades hidrolégicas de sodoxo
arenosos séo favorecidas pela atividade de esp@mitsfncentes a esta
guilda (BROWN et al., 2010) e teoricamente, peldoctle vida deste
grupo, podem atuar como um reforco no processo aautencdo da
aeracgdo do solo, uma vez que, quando os indivigdoiéos realizam as
galerias e depositam seus ovos, a proxima geragdesburos quando
emergida também favoreceria esse processo (HALFFT&R
EDMONDS, 1982). A estruturagdo funcional das comadées de
besouros escarabeineos nos tipos de solo estudiEdogmbientes
pecuarios, com manejo extensivo e uso de agroqo$mie mostrou
semelhante as comunidades de escarabeineos em rgerajuais ha
maior abundancia de paracoprideos, seguidos deopeldeos e por
Ultimo os endocoprideos (HALFFTER & EDMONDS, 198Ekstudos
realizados em areas de pastagem, também registnaaiom abundéancia
de espécies tuneleiras na regido Neotropical (NAEARE &
HALFFTER, 2008; ALMEIDA et al., 2011; CORREA et ,aR013;
FAVILA, 2014; SILVA et al., 2014).

Muitas revisdes tém discutido os efeitos da fauléiea nos
processos e nas propriedades dos solos (ANDERS@H8; HENDRIX
et al, 1990; WOLTERS, 1991; LEE & PANKHURST, 1992;
LAVELLE & SPAIN, 2001), entretanto utilizar um irdi de qualidade
do solo como ferramenta para observar a relacdabdadancia de
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insetos por guildas funcionais foi algo inovadorstaeestudo, pois
permitiu esclarecer como os diferentes componetigegualidade do
solo afetam os escarabeineos. Este indice foi exibasa selecdo de
algumas propriedades fisico-quimicas, as quais c@iosideradas
atributos indicadores (DORAN & PARKIN, 1994). Saw-que para a
manutencdo da qualidade do solo e da sustentaldlida seu uso, a
abundéancia e a estruturacao funcional da macrofadafica deve ser
relacionada com as propriedades e processos dgaoo manejo da
sua fertilidade bioldgica (VOHLAND & SCHROTH, 1998tERLIM et
al., 2005; TARRA et al., 2012). Registramos qu@saom IQS entre
0.37 e 0.66 (qualidade média-alta) favorecem a démuia de espécies
tuneleiras e roladoras; em contrapartida, solos apresentam baixa
gualidade afetam negativamente a abundancia dasqmideos. Desta
forma, para a compreensdo dos processos ecoldgicnscessario
considerar as caracteristicas fisico-quimicas toesa composi¢do dos
organismos presentes, principalmente as funcOesraplizam para a
provisdo dos servigcos ecossistémicos (BRUSSAARDalet 1997;
BRAIMOH & VLEK, 2007), visto que a manutencédo daatidade do
solo é um dos principais pilares da sustentabiéidagkicola e florestal
(JANETOS & KASPERSON, 2005). Esta ferramenta, oicimdde
gualidade de solo, podera fornecer uma base pammnareensédo dos
processos ecoldgicos nos quais participam os besascarabeineos,
bem como para o entendimento de aspectos bioldgieos
comportamentais destes organismos edéaficos.

Uma caracteristica que pode influenciar a quantidiel fezes
removidas pelos besouros escarabeineos € o tengpgdsicao. Muitas
espécies sdo atraidas por esterco fresco (DiAZ5)199influéncia do
periodo de exposicdo ao recurso pode depender nandeé outros
fatores, como preferéncia alimentar dos besourddE@QUITA &
FAVILA, 2010). Ao avaliar trés periodos de exposigiservou-se que
a maior quantidade removida ocorreu entre as 248 ehgtas de
exposicdo, possivelmente porque a medida que aanem¢mpo de
exposicdo o esterco perde umidade e torna-se maimasvo aos
organismos (ESCOBAR, 1997; BRAGA et.,a2013), criando uma
crosta, a qual evita que os compostos volatéieptes na massa fecal
sejam liberados para a atragédo dos besouros estregab (HALFFTER
& MATTHEWS, 1966). Destaca-se que qualidade e ddadé da
massa fecal que é removida pelos besouros, umgueea utilizam nao
apenas como recurso alimentar, mas também parafeccéo de seus
ninhos, visto que tanto a qualidade e quantidademdssa fecal
influenciam no tamanho do corpo adulto e no fEesssubsequente
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(HUNT & SIMMONS 1997, 1998, 2000, 2001; MOCZEK, B)2002;
HUNT et al., 2002; ARELLANO et al., 2015).

Escarabeineos coprofagos mostram elevada capacidade
funcional, ao remover até 80%, em 48 horas, de rimatfganica
ofertada (BATILANI-FILHO, 2015). Em fragmentos ddorkestas
tropicais no México, observou-se que a taxa deimdigdio de estrume,
tanto para vacas e macacos, é maior entre 24 ®ré8 de exposicao
(AMEZQUITA & FAVILA, 2010). Em sistemas pecuarios
montanhosos, fezes bovinas sdo mais utilizadas felsouros durante
as primeiras 48 horas (ANDUAGA, 2004). Besourosdeprideos sao
menos eficientes na fungdo de remocédo (SLADE e2@Q7), contudo
BATILANI-FILHO (2015) justificam que atributos comabundéancia e
biomassa sao determinantes, sendo que a capaadici@xiena desta
funcdo ecolégica desempenhada pelos besouros lesiceras €
observada quando varios grupos funcionais atuatogUy$LADE et al.
2007; DANGLES et al. 2012). Estudos em bovinos gratt mostram
gue a area ao redor da massa fecal é rejeitadagaéto por um longo
periodo (HAYNES & WILLANS, 1993) e a remocdo porsberos
permite o crescimento das plantas e a melhoria stlatera fisico-
guimica do solo (MIRANDA et al., 1998). Este seovigrestado por
esse grupo de organismos apresenta uma lacunaloe¢@. De
maneira geral para os recursos naturais e as feing@dizadas pelos
organismos a valoragdo destes tém se mostradoiadksaf uma vez
gue para isso € necessario levar em consideracéomplexidade
ecossistémica e a presenca de valores ecolégmzajsse econdémicos
(MAY, 2010).

Outro aspecto importante € que a fauna edéfica ranost
sensibilidade aos diferentes sistemas de mandgimeb que a adocéo
de uma determinada pratica de manejo pode serdemada ou nao
conservativa do ponto de vista da estrutura e ddidade do solo
(CORREIA, 2002; LOURENTE et al, 2007). O manejosdo
agroecossistemas com finalidade de pecuaria exéengor exemplo,
pode apresentar efeitos na estrutura tréfica dasiciolades de besouros
escarabeineos copréfagos (ESCOBAR & HALFFTER, 19997ILA,
2014). Ao considerar o manejo do sistema pecuarneocum distlrbio
de origem antrépica, as praticas utilizadas paresmo e a frequéncia
com que sdo realizadas, tais como a utilizacao gieqgaimicos e
fertilizantes, nidmero de unidade animal por parcelanstituem o
sistema de manejo propriamente dito (CRAIG et @1.12. Em Paso de
Ovejas, México, observamos que, em sistemas pesudds quais as
praticas de manejo sdo intensas e 0s solos aeséaixa qualidade,
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h& uma diminuicao consideravel na abundancia desubes; sugerindo
gue a estruturacdo das comunidades de besouroalEsoaos depende
da complexidade da estrutura do habitat e do usogualidade do solo,
possivelmente influenciando nas fungdes que executastes
organismos. Estudos mostram que o uso de herbieidiasivermectina
afetam consideravelmente a estrutura da comunidadatividade
reprodutiva de besouros em pastagens (MARTINEZ Igt 2001;
LUMARET & MARTINEZ, 2005; MARTINEZ & CRUZ, 20009).

Assim, os resultados permitiram elucidar a conig#o dos
besouros escarabeineos em agroecossistemas e r suogeri a
conservacao destes organismos e a adocdo de prd¢iananejo mais
sustentaveis, tais como: a utilizacdo de plantasotbertura, o sistema
rotativo de pastejo em areas pecudrias, adubagde,veordfes de
vegetacdo permanente para o controle da erosdolalobgm como a
implantacéo de sistemas silvipastoris e/ou a iatggr pecuaria-lavoura-
floresta, séo estratégias importantes para o usmngervacdo do solo
nestes ambientes, pois favorecem o0 aumento da tcodede de
habitats para as espécies de besouros e possibditananutencéo dos
Servicos ecossistémicos em esses ambientes.
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CONCLUSOES

Com base nos resultados obtidos no presente estudas
condicbes em que o trabalho foi realizado, é peksbncluir que:

e 0S besouros escarabeined3dichotomius nisuse Ontherus
sulcator foram as espécies com maior abundancia em areas de
pastagem no sudeste de Santa Catarina, sul dd, Brabias as
espécies do grupo funcional dos paracoprideos|¢ivos);

» em solos argilosos espécies de besouros escamabeine
paracoprideos (escavadores) relacionam-se poséii@ntom
o teor de matéria organica no solo, enquanto espéci
telecoprideos (roladores) associam-se com a textaraolo
(arenosos);

* a abundancia de besouros escarabeineos paracgpédem
fator que favorece o processo de aeragdo do swdmi@ maior
a abundancia destes organismos, maior € o nimedmeis;

* a aplicacdo de um indice de qualidade de solo (IQ8) base
em atributos fisico-quimicos, descreve o efeitoqdalidade
sobre a abundancia das guildas funcionais dos hmEsou
escarabeineos em ambientes pecuarios;

e solos com IQS entre 37% e 65% favorecem o aumeato n
abundancia de espécies paracoprideas e telecapridea

» h& uma relacdo positiva entre os parametros figpmresidade,
umidade volumétrica, textura) e quimicos (pH, tsode
magnésio, calcio e matéria organica) do solo cahnumdancia
dos besouros paracoprideos, tanto em cambissotos em
solos argilosos;

e a remocdo de fezes de bovinos exercida pelos hesour
escarabeineos é mais eficiente em 24 e 48 horagmisicdo
do que posteriormente;

* Ontherus sulcatoré capaz de remover uma quantidade de
esterco bovino, em média, 6,7 vezes 0 seu propso porporal
em 24 horas;

» sistemas silvipastoris proporcionam condi¢des fax@is para
uma maior diversidade de espécies de besourosabst@@os
guando comparados com sistemas pecuarios semsrvore

» sistemas de producdo pecuaria que apresentam daduzi
complexidade da estrutura do habitat, aliada aicpsatde
manejo intensivas e solos com baixa qualidade diemm a
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abundancia e a diversidade de espécies de besouros
escarabeineos.
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Massa feal com ativida de besouros AtNidade ds besouros no solo apos 48
_apos 72 horas de exposicao horas de exposicdo da massa fecal

rias construidas por besouros escarabeineias alaamassa fecal
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Massa fecal (esterco bovino) incorporado
a0 solo por besouros escarabeineos

Galerias construidas no solo fi@r
sulcator

Tunéis formados pelos besouros escarabeineosao sol



