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The most general goal of science is

to generate understanding
Pickett et al. 1994
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RESUMO

Existe uma necessidade urgente em monitorar as respostas da biodiversidade e dos
processos ecoldgicos a distlirbios e mudangas no uso da terra. Diversos estudos tem
indicado que o uso da abordagem funcional da biodiversidade, baseada em atributos
funcionais, facilita a compreensdao sobre a organizagdo dos organismos nas
comunidades, da funcionalidade dos ecossistemas, e desta forma, auxilia na
identificacdo das suas relacdes com fatores ambientais. No primeiro capitulo desta
tese eu apresento o arcabougo tedrico da ecologia funcional aplicada ao estudo dos
invertebrados terrestres, e reviso o que sdo atributos funcionais, como usa-los na
descricao e monitoramento das comunidades e o porqué, ressaltando a ligacao dos
invertebrados com processos ecoldgicos. Nos proximos capitulos eu apresento
estudos experimentais avaliando as respostas funcionais de dois grupos de
invertebrados - aranhas (Araneae) e tripes (Thysanoptera) - e de processos
ecoldgicos influenciados por invertebrados (detritivoria e decomposicao de
serapilheira) ao disturbio por fogo nos Campos Sulinos.

As queimadas representam uma estratégia de manejo frequente nas pastagens
naturais do RS, e carecem em estudos avaliando seus efeitos no ambiente,
biodiversidade e processos. A investigagao foi realizada com base em um
experimento de queima controlada na Estacdo Agrondmica da UFRGS, em Eldorado
do Sul, RS. O design foi em blocos casualizados, com 14 parcelas experimentais de
10 x 10 m pareadas; sendo uma parcela de cada bloco queimada no final da
primavera de 2009, e a outra, considerada como controle. Informacdes sobre
invertebrados, processos ecoldgicos e propriedades abidticas do habitat foram
obtidas em todas parcelas antes do fogo (para a caracterizacdo inicial), e 1 més, 6-7
meses e 12 meses apods o fogo.

Para o estudo de caso com aranhas, eu classifiquei as comunidades em familias,
atributos de estratégias de caca e medi todos os individuos (1755) em atributos
funcionais morfoldgicos, sendo incorporada toda a variabilidade intra e
interespecifica, e fenoldgica das comunidades. Por outro lado, no estudo de caso
com tripes, descrevi atributos funcionais (habitos alimentares, requerimentos de
habitat e atributos morfolégicos) por espécie de tripes (48 spp.), assumindo que a
variacdo nos atributos funcionais € sempre maior entre espécies do que dentro da
mesma espécie. Nos dois estudos de caso, eu encontrei padrdes indicativos de
filtragem ambiental, ou seja, o fogo e/ou as mudancas no habitat induzidas pelo
fogo, parecem ter atuado como um filtro, selecionando organismos com determinado
conjunto de atributos em detrimento de outros. Esses padroes foram dependentes
do periodo apds a queima considerado, por exemplo: um més apos o fogo aranhas
construtoras de teias irregulares e tripes fungivoros foram prejudicados, enquanto
que aranhas cacadoras da vegetacao, com grandes queliceras, tripes fitéfagos e
associados com gramineas aumentaram suas proporgdes. Para aranhas ainda
verifiquei convergéncia de atributos ao gradiente de biomassa induzido pelo fogo
(filtragem ambiental), e divergéncia de atributos ao gradiente de heterogeneidade da
vegetacdo, indicativo de limitagao de similaridade (i.e. aumento da coexisténcia de
organismos funcionalmente diferentes e diminuicdo de competicao).

Finalmente com relacdo aos processos ecoldgicos, encontrei correlagoes
interessantes acerca de seus agentes modeladores, e.g. entre a atividade de
detritivoria com a decomposicdao de serapilheira, e desta com a equidade da
vegetagdo em campo nao queimado. Também mostro que o0s processos sao
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sensiveis, mas resilientes, ao disturbio por fogo, seguindo a recuperagao da estrutura
de habitat. Adicionalmente, eu incorporei a tese um capitulo sobre uma técnica para
avaliar o processo de detritivoria, denominado bait-lamina test, o qual avalia
diretamente as taxas de alimentacdo de invertebrados detritivoros do solo. Neste
estudo pioneiro nos campos do RS, esclareco alguns aspectos metodoldgicos que
possam constituir uma base para futuras pesquisas.

Contudo, com esta tese espero estar contribuindo com o conhecimento sobre as
respostas das comunidades de invertebrados e dos processos ecoldgicos ao distirbio
por fogo nos Campos Sulinos. Em geral, posso concluir que a abordagem funcional
trouxe muitos beneficios ao monitoramento da biodiversidade, e que ha elevada
resiliéncia das assembléias de aranhas e tripes, e dos processos de detritivoria e
decomposicao as queimadas de pequena escala nos campos.

Palavras-chave: invertebrados terrestres, aranhas, tripes, diversidade funcional, atributos

funcionais, processos ecoldgicos, bait-lamina, decomposicao, fogo, Campos Sulinos,
resiliéncia.



ABSTRACT

There is a huge need of monitoring the responses of biodiversity and ecological
processes to disturbances and land use changes. Several studies have indicated that
the functional approach of biodiversity, based on functional traits, facilitates the
understanding of community assembly and ecosystem functionality, and thus assists
on the identification of their relationships with environmental factors. In the first
chapter of this Thesis I present the functional ecology theory applied to studies on
terrestrial invertebrates, and I review what functional traits are, how to use them in
community description and monitoring, and why, highlighting the connections
between invertebrates and ecological processes. In the following chapters I present
experimental studies evaluating the functional responses of two invertebrate groups-
spiders (Araneae) and thrips (Thysanoptera) — and ecological processes influenced
by invertebrates (detritivory and litter decay) to fire disturbance in Campos
grasslands.

Burning represents a common strategy for pasture management in Rio Grande do
Sul State, and there is a lack of studies regarding their effects on the environment,
biodiversity and processes. Our investigation was performed based in a burning
experiment at Estacao Agronomica of UFRGS, Eldorado do Sul, RS. The design was
blocked, with 14 experimental paired plots of 10 x 10 m. One plot from each block
was burned at the end of spring 2009, and the other is considered a control plot.
Information concerning invertebrates, ecological processes and abiotic habitat
proprieties were obtained from all plots before fire (initial characterization) and 1
month, 6-7 months and 12 months after fire.

For the spider study case, I classified the organisms in families, feeding strategy
traits, and measured all spider individuals (1755) thus incorporating all intra and
interspecific variability of the communities. On the other hand, in the thrips study
case I described functional traits (feeding habits, habitat requirements, and
morphological traits) per species (48 spp.), assuming that the variation on functional
traits should be higher between species than within species. In both cases, I found
patterns indicating environmental filtering, which means that fire and/or the fire-
induced habitat changes acted as a filter, sorting organisms with a determined group
of traits instead of others. These patterns were dependent on the period after fire
considered. For example, one month after fire irregular web spider builders and
fungivorous thrips were more uncommon than expected, while vegetation hunter
spiders, with large chelicerae, and leaf feeder thrips and thrips associated to grasses
increased their proportions. For spiders we also verified a trait-convergence pattern
along the plant biomass gradient induced by fire (environmental filtering), and trait-
divergence pattern along the vegetation heterogeneity gradient indicating limiting
similarity (i.e. increase in coexistence of functionally different organisms, and
reduction of competition).

Finally, regarding ecological processes, I found interesting correlations on their
drivers, e.g. between detritivory and litter decay, and between these with plant
evenness in unburned grasslands. Also, I show that ecological processes are
sensitive but resilient to fire, following habitat structure recovery. Additionally, I
incorporate to the Thesis a methodology chapter about the bait-lamina test, which
evaluates the feeding rates of soil detritivore invertebrates directly. In this pioneer
study, I clarify some methodological aspects of measuring invertebrate detritivory
that could help future research.
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Nevertheless, with this Thesis I hope to contribute to the understanding of
invertebrate community and ecological processes responses to fire disturbance in
South Brazilian grasslands. Overall, I can conclude that a functional approach brings
many benefits to biodiversity monitoring, and also that spiders and thrips
communities, and detritivory and decomposition processes are very resilient to the
change brought by small scale grassland burning.

Key-words: terrestrial invertebrates, spiders, thrips, functional diversity, functional traits,
ecological processes, bait-lamina, litter decomposition, fire, South Brazilian grasslands,
resilience.
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leaves which favored spiders building orb webs; this hunting strategy also converged
positively in the plant FD gradient influenced by suitable vegetation structure to attach
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communities were more functionally diverse concerning their traits (body, chelicerae
and eye size, and web type building) because functionally diverse plant communities
provide more ecological niches and increased possibility of resource exploitation,
following the habitat heterogeneity hypothesis. ...........ccoooiiiiiii i
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Fig. 4. Relationship between species richness and functional diversity of thrips
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Figure 2. PCA biplot diagram based on the correlation matrix of ecological processes,
soil fauna density and habitat characteristics across different fire treatments and time
(A-D). Only the first two main axes are shown. Open circles identify control (unburned)
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consumed holes in all bait-laminae; Decay= % litter mass loss; Soil_fauna= Log (x+1)
of soil fauna abundance; Soil_temp= soil temperature data normalized inside each
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experimental block; Canopy= canopy openness index (Co); P_richness= plant species
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INTRODUCAO

Efeito de disttrbio sobre invertebrados e processos ecoldégicos

associados

A compreensdo de como as espécies se organizam e se associam em assembleias ou
comunidades nos ecossistemas é um desafio aos ecdlogos (Keddy e Weiher, 1999). As
comunidades parecem resultar de um arranjo de espécies que se complementam em seus
nichos ecoldgicos, podendo seguir regras ou padroes de organizagdo. De acordo com Wilson
(1999), dois tipos basicos de padrdes podem ser encontrados: 1) padrdes mediados pelo
ambiente, e 2) padroes mediados por interacdes entre as espécies, como a competicao.
Ambos podem estar combinados nas comunidades naturais, e para distingui-los é

importante determinar as varidveis associadas a esses padroes.

O avango na busca de padroes de organizacao em comunidades complexas e
extremamente ricas em espécies, como a dos invertebrados terrestres, pode ser mais
facilmente alcangado a partir de uma abordagem funcional (McGill et al. 2006; Silva e
Brandao, 2010). Esta abordagem consiste na descrigao dos atributos dos organismos, que
podem ser morfoldgicos, fisioldgicos, de historia de vida, comportamentais, etc, e que
refletem seus nichos ecoldgicos. Quando as espécies numa comunidade tendem a ser mais
semelhantes em seus requerimentos ecoldgicos, ha convergéncia dos seus atributos. Esta
tendéncia pode ser dada devido a agdo de um filtro ambiental (Wilson, 1999) (e.g.
substrato, estrutura de habitat, regime de distirbios), selecionando espécies com atributos
mais semelhantes. Por outro lado, se os atributos estao divergindo, eles também podem
estar sujeitos a um filtro ambiental, mas demostrando a influéncia de competicdo. O

principio da limitacdo da similaridade estabelece que a coexisténcia de duas espécies num



mesmo habitat ndo é possivel (exclusao competitiva) caso a sobreposicdo de seus nichos
seja muito grande (MacArthur e Levins, 1967). Estas tendéncias paradoxais de convergéncia
e divergéncia dos atributos das espécies ao longo de gradientes ambientais podem ser
testados com modelos nulos (Pillar et al., 2009). Caso ndo sejam constatadas tendéncias
como essas, se poderia passar a considerar que os atributos das espécies sao irrelevantes
na formagao e organizacao das comunidades ao longo do gradiente considerado. Estas sao
questdes ainda em aberto na ecologia, € uma avenida de pesquisa ativa para diversos

grupos de pesquisa.

O uso de atributos para descrever comunidades apresenta diversas vantagens,
dentre elas 1) revelar mais mecanisticamente suas respostas a distUrbios, e permitir a
extrapolagao destes resultados para escalas mais amplas, e.g. comparagoes entre diferentes
regides onde a composicao de espécies difere, e 2) predicdes sobre funcdes e servicos
ecossistémicos prestados por essa comunidade (Hopper et al. 2005). De acordo com uma
revisao da literatura realizada por de Bello et al. (2010), plantas vasculares e artropodes sao
0s grupos mais bem estudados quanto a esta relagao de atributos funcionais e processos.
Decomposicao, ciclagem de nutrientes e fertilidade do solo sao altamente influenciados por
atributos da fauna de invertebrados como tamanho de corpo, atividades de escavagao,
histéria de vida, habito alimentar e ecomorfologia. Por outro lado, parece que no processo
de dispersao de sementes, realizado principalmente por formigas e besouros, os atributos
importantes sdo o tamanho do corpo, as estratégias de forrageamento e os padroes de
atividade diaria dos dispersores. Como invertebrados terrestres constituem um grupo animal
megadiverso e abundante em praticamente todos os ecossistemas terrestres, prestando
servicos ambientais indispensaveis aos mesmos (Lavelle et al. 1993), sdo organismos ideais
para investigacOes acerca dos padroes de organizacao das comunidades e seus efeitos na

dinamica dos ecossistemas.
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Disturbios sdo inerentes aos ecossistemas e, dependendo de sua escala, intensidade
e severidade, extremamente importantes para a manutencdo da diversidade bioldgica em
todos os ecossistemas (White e Jentsch, 2001; Bond e Keeley, 2005). Como disturbios
removem biomassa/ individuos dos ecossistemas e modificam condicbes abidticas, eles
atuam como forcas reorganizadoras das comunidades, diminuindo a abundancia de espécies
competitivamente superiores, filtrando potencialmente aquelas capazes de se
estabelecer/manter, e em muitos casos, aumentando a coexisténcia de espécies (Bengtsson,

2002; Cadotte, 2007).

Com esta tese, meu objetivo € avancar em estudos ecologicos contemplando a
diversidade da assembléias de invertebrados terrestres, com especial énfase a
abordagem funcional da diversidade, e processos ecologicos, como a decomposicao,
em dreas campestres sob o efeito de distdrbio.

A tese esta constituida de cinco capitulos, que constituem cinco artigos cientificos.
Cada capitulo apresenta suas peculiaridades e objetivos préprios, e contribuem com

inovacOes ao conhecimento e aprimoramento da ecologia de comunidades e ecossistemas.

O Capitulo I- “O uso de atributos funcionais de invertebrados terrestres na
ecologia: O que, como e porqué?’ publicado no periddico Oecologia Australis em 2011,
constitui efetivamente o capitulo introdutério da tese, no qual eu apresento o arcabouco
tedrico da ecologia funcional aplicada ao estudo dos invertebrados terrestres. Este foi o
primeiro artigo a ser elaborado no periodo do doutorado, e foi concebido com a idéia de
explorar e justificar o uso de atributos funcionais no entendimento da organizacdo das
comunidades e monitoramento especialmente frente a mudancas no uso da terra e
distdrbios. Este artigo foi publicado em portugués e escrito de uma maneira didatica e

acessivel a varios publicos, desde jovens estudantes com interesse no tema, técnicos
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gestores que planejam usar os invertebrados e/ou atributos funcionais como ferramentas no
monitoramento da biodiversidade, pesquisadores que estdo iniciando suas carreiras nesta
area e precisam de fundamentagdo (como foi meu caso aqui) até aqueles que desejam se

atualizar sobre as tendéncias da ecologia.

0 USO DE ATRIBUTOS FUNCIONAIS DE INVERTEBRADOS TERRESTRES NA
ECOLOGIA: O QUE, COMO E POR QUE?

iski”, Milfon de Sauza Mendonga, Ji- G Faiério D. Pillar'

Os objetivos do Capitulo I foram revisar o que s&0
atributos funcionais, como usd-los na descricdo e
monitoramento das comunidades de invertebrados
terrestres e por qué?

b
RE:

SUMEN
EL USO DE LOS ATRIBUTOS FUNCIONALES DE INVERTEBRADOS TERRESTRES EN
ECOLOGIA: ;QUE. COMO Y FORQUE? b

Em seguida, eu foco nos efeitos do disturbio por fogo em Campos do Sul do Brasil
para avaliar a resiliéncia e organizacao das comunidades com base em seus atributos

funcionais e os processos ecoldgicos.

Os Campos Sulinos e o fogo

No sul do Brasil, Campos sao os ecossistemas naturais predominantes (Figura 1),
incluidos pela classificagdo do IBGE nos biomas Pampa, no sul e oeste do Rio Grande do Sul,
e Mata Atlantica, no planalto associados as matas com Araucaria. Apesar de apresentarem
uma alta diversidade de flora e fauna (Boldrini, 2009; Bencke, 2009) e constituirem fonte
nativa forrageira para a atividade pecuaria no Rio Grande do Sul, tradicional atividade

econdmica no estado (Pillar et al. 2009), os campos tém recebido atencdo insuficiente tanto
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cientificamente quanto por parte de politicas de conservacdo (MMA, 2000; Overbeck et al.,
2007). As crescentes taxas de perda de habitat e conversao em usos silvicultural e agricola,
associado a falta de unidades de conservagao (apenas 0,33% da area de campos esta
contida em UCs, Overbeck et al., 2007) fazem dos Campos Sulinos ecossistemas

ameacados.
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Figura 1. Mapa da distribuicdo original dos Campos no sul do Brasil, adaptado do Mapa da Vegetacao
do Brasil (IBGE, 2004).

O tradicional manejo pastoril e o uso do fogo s3o distirbios chave para a
manutencao da fisionomia e da diversidade dos Campos (Overbeck et al., 2007; Cordeiro e
Hasenack, 2009). Campos com auséncia de distUrbios geralmente apresentam uma maior
homogeneizacdo estrutural, com dominancia de gramineas cespitosas, as quais sao
competitivamente superiores a outras espécies, como as ervas prostradas, levando a perda
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de espécies e reducao da diversidade (Overbeck et al., 2005). Além disto, dependendo da
proximidade de fontes de propagulos, plantas lenhosas invadem os campos levando a
mudancas estruturais que potencialmente caracterizam a expansao florestal (Behling et al.,

2007; Mdiller et al., 2012).

Excluindo-se os casos acidentais, as queimadas nos Campos Sulinos sao propositais
com o intuito de manejar o campo, apesar do Cddigo Florestal Brasileiro, lei 4.771/65 de
1965, proibir seu uso. Proprietarios de terras e pecuaristas, em especial nos Campos de
Cima da Serra e regides de mosaico campo-floresta, usam o fogo para reduzir a abundancia
de arbustos e espécies lenhosas, a biomassa morta acumulada em pé apds o inverno, e
consequentemente melhorar a qualidade da forragem (Pillar e Quadros, 1997; Behling et al.,
2007). O comportamento das queimadas é influenciado por fatores como inclinacao da area,
estacdo do ano e direcdo e velocidade do vento, mas principalmente pelo histérico de
manejo das mesmas (e.g. intensidade de pastejo e frequéncia de fogo, que determinam a
quantidade de material combustivel disponivel) (Fidelis et al., 2010). Contudo, geralmente o
fogo ocorre com baixa intensidade, e se espalha moderadamente (Fidelis et al., 2010)
formando uma paisagem heterogénea em mosaico com manchas de campo queimado
inseridas na matriz campestre nao queimada. Nestas manchas a recuperagao da vegetacao
€ por rebrote e rapida, e ndo sdao verificadas mudancas na composicdo de espécies de
plantas de uma forma geral (Overbeck et al., 2005; Overbeck e Pfadenhauer, 2007; Fidelis

et al., 2012).

Sdo praticamente inexistentes estudos contemplando os efeitos (diretos e indiretos)
do fogo em comunidades animais nos Campos Sulinos. Eu selecionei dois grupos de
invertebrados terrestres: aranhas (Araneae) e tripes (Thysanoptera) como modelos animais

e avaliei estes efeitos ao longo do tempo.
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O Capitulo II da tese- “Spider trait assembly patterns and resilience under fire-
induced vegetation change in South Brazilian grasslands” foi escrito durante o periodo de
doutorado sanduiche que realizei na Franca e Suica, em parceria com pesquisadores
renomados como Dr. Sandra Lavorel, Dr. Marco Moretti e Dr. Sebastien Ibanez, e publicado
na revista internacional PLOS One no inicio do ano de 2013. Este capitulo também conta
com a colaboracao do Dr. Fernando Joner o qual contribuiu com a descricao das

comunidades de plantas campestres do sistema de estudo.

Aqui nés examinamos como o disturbio por fogo nos Campos Sulinos afeta, do ponto
de vista funcional, a assembléia de aranhas — que sao artropodes exclusivamente
predadores extremamente influencidveis pela estrutura de habitat. Monitoramos as
comunidades em termos de atributos de comportamento alimentar (estratégias de captura
de presas, e.g. construtoras de teias orbiculares, teias irregulares, cacadoras do solo e
cacadoras da vegetacao) e atributos morfoldgicos mensurados em cada individuo (corpo,
olhos, pernas, quelicera), e testamos como estes respondem as mudancas nos atributos
funcionais de plantas, e aos gradientes ambientais de biomassa e diversidade funcional da

vegetacao induzidos pelo disturbio.

OPENE ACCESS Frvnty v soline G PLOS o~

Spider Trait Assembly Patterns and Resilience under
Fire-Induced Vegetation Change in South Brazilian
Grasslands

Os objetivos especificos do Capitulo II foram

(1) acessar a resiliéncia das aranhas ao fogo,

(2) detectar relagoes entre atributos funcionais de
aranhas e atributos funcionais de plantas, e

(3) explorar padrbes de convergéncia e divergéncia de
atributos em gradientes ambientais gerados pelo fogo.
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O Capitulo III- “ 7axonomic and functional responses of Thysanoptera assemblages
to grassland burning' ainda é inédito. Este artigo foi concebido em parceria com o colega
Dr. Adriano Cavalleri, especialista no grupo Thysanoptera, o qual contribuiu minuciosamente
com a identificacdo taxondmica de tripes, e com a estudante Claire P.R. Ferrando que

auxiliou em laboratdrio para a determinacao dos atributos deste grupo.

NOs avaliamos do ponto de vista taxondmico e do posto de vista funcional as
respostas ao fogo pelas comunidades de tripes. Utilizamos atributos funcionais descritos por
espécies referentes a estratégias alimentares (e.g. se as espécies eram predadoras,
fungivoras, se alimentavam de plantas verdes ou flores), requisitos de habitat (associacao
ou ndo com gramineas) e morfologia (presenca de asas, corpo, olhos, pernas). Eu considero
este artigo de suma importancia para a ecologia e conservacao de Thysanoptera, tendo em
vista a total inexisténcia de estudos com este grupo relacionados a suas respostas a

distdrbios e organizacao de comunidades.

Os objetivos do Capitulo III foram explorar os efeitos do fogo em aspectos
funcionais e taxondmicos das comunidades de tripes e avaliar seu tempo de
resiliéncia no ecossistema.

Os proximos capitulos abordam os efeitos de distirbio nos processos ecoldgicos
modelados diretamente e/ou influenciados por invertebrados terrestres e seus atributos
funcionais. Para isso, eu selecionei os processos de detritivoria por invertebrados e

decomposicao de serapilheira.

No Capitulo IV —“Avaliacdo da atividade alimentar dos invertebrados de solo em
Campos do Sul do Brasil — bait-lamina test”, publicado no periddico Entomobrasilis em 2011,
com a colaboragdo da estudante Fernanda S. Silveira, descrevemos em detalhe uma técnica

para avaliar o processo ecoldgico de detritivoria pela fauna de solo. Apesar de grandes
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potencialidades, esta técnica é geralmente negligenciada em estudos ecoldgicos e de
monitoramento de disturbios, e até o momento nunca havia sido utilizada nos Campos
Sulinos. Aqui nds relatamos seu uso pioneiro nestes ecossistemas campestres. Este capitulo
representou um experimento piloto para uso efetivo da técnica no capitulo final da tese e,
assim como o primeiro capitulo desta, foi redigido em portugués sob linguagem mais

didatica para atingir diversos publicos.

B s e SV 0sy-asme
Publicogi ds Prajeto Entomalogistis do Brasil
s sheun b

Avaliaciio da Atividade Alimentar dos Invertebrados de

Solo em Campos ﬂc.v Sul do B.l'asi] — Bait-Lamina Test 05 objetivos espec,lficos do Capl'tulo IV foram

Liscionia Rgina Fodgaieht™, Ferman ivebrs & Milkion de Sovuza Mesdonga Jr

(1) descrever para Campos do Sul do Brasil o
comportamento alimentar dos invertebrados de solo
nas bait-lamina,

(2) acessar o consumo alimentar ao longo da
profundidade do solo (0-8 cm), e

ECOLOGIA

(3) analisar duas formas de quantificacdo do consumo
alimentar na comparagdo entre duas dreas
campestres: uma pastejada e outra sem pastejo.

E finalmente o Capitulo V — “Burning effects on detritivory and litter decaying
processes in Campos grassland’, aceito na revista Austral Ecology, apresentou diversos
colaboradores desde pesquisadores como Dr. Gerhard E. Overbeck e Dr. Fernando Joner,
até estudantes como Camila S. Goldas, Claire P.R. Ferrando e Fernanda S. Silveira. Este
capitulo relata os efeitos do fogo, e das mudancas estruturais do habitat induzidas pelo
fogo, nos processos de detritivoria pela fauna de solo e no decaimento da serapilheira na
superficie do solo ao longo do tempo. Obtivemos informacdes sobre a resiliéncia destes
processos, assim como indicativos dos seus agentes modeladores, como temperatura do
solo, umidade, abertura de dossel, densidade da fauna de solo (acaros e colémbolos),

riqgueza e equidade de plantas nos Campos Sulinos.
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prep—

Burning effects on detritivory and litter decay in
Campos grasslands

Os objetivos do Capitulo V foram investigar como o fogo,
e as mudangas estruturais que este produz no habitat
campestre, afetam processos como a detritivoria e
decomposicdo de serapilheira.

A investigacdao sobre os efeitos das queimadas na diversidade de invertebrados e
processos ecoldgicos (Capitulos II, III e V) foi realizada com base em um experimento de

gueima controlada, descrito a seguir.

Desenho experimental

O experimento foi conduzido em campos nativos (30°06°58"S; 51°41'05"W), sem
pastejo, e sem histérico de fogo, na Estacdo Agrondmica da UFRGS, em Eldorado do Sul,
RS. Foram demarcadas 14 parcelas experimentais de 10 m x 10 m em pares, em campo
homogéneo e levemente inclinado. Cada par de parcelas distava seis metros, e constituiu
um bloco experimental. Os blocos eram distantes entre si pelo menos 50 m. Uma parcela
aleatorizada de cada bloco foi queimada no final da primavera de 2009, e a outra parcela foi

considerada a parcela controle (Figura 2).
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Figura 2. Desenho experimental com uso do fogo na Estacdo Agrondmica da UFRGS, Eldorado do Sul,
RS, demonstrando os sete blocos experimentais, constituidos de uma parcela controle e uma parcela

queimada.

Alguns dias antes das queimadas, um aceiro (corte raso da vegetacao) foi realizado
ao redor de todas as parcelas. No dia das queimadas os aceiros foram molhamos com agua
para prevenir o escape do fogo de dentro das parcelas de interesse. O fogo foi ateado em
uma das extremidades da parcela sorteada (aquela a favor do vento) e o vento dissipou o
fogo até a outra extremidade, onde era apagado com abafadores. Um caminhdo pipa
ofereceu suporte ao manejo, do qual era coletado agua para molhar o aceiro, e também
pagar o fogo quando este ultrapassava o limite da parcela experimental (Figura 3). As

queimadas foram devidamente autorizadas pela Secretaria Estadual do Meio Ambiente.
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Figura 3. Dia que as parcelas foram queimadas na Estacdo Agrondmica da Universidade Federal do
Rio Grande do Sul, Eldorado do Sul, RS. Em (A) o fogo acabara de ser controlado. Em (B) visualiza-se
o bloco experimental, constituido de uma parcela queimada e uma ndo queimada, mas ambas com

aceiro.

Técnicas empregadas

Invertebrados terrestres foram coletados em todas as parcelas experimentais em
quatro ocasibes amostrais: antes do fogo (inicio da primavera de 2009), um més apds o
fogo (verao de 2010), entre seis e sete meses apds o fogo (inverno de 2010) e 12 meses
apds o fogo (verdao de 2010/2011). Para a coleta dos organismos do solo, foram utilizadas
cinco armadilhas do tipo pitfall por parcela (9 cm de didametro, com 200 ml de alcool 70% e

algumas gotas de detergente; Figura 4A) que ficaram abertas durantes quatro dias. Na
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vegetacdo, coletamos os invertebrados com rede de varredura (0,1 m?% Figura 4B) em

quatro transecgdes no interior das parcelas, durante os periodos da manha e tarde.

Figura 4. Técnicas amostrais utilizadas para a coleta dos invertebrados terrestres no experimento com

uso do fogo na Estacdo Agronomica da Universidade Federal do Rio Grande do Sul, Eldorado do Sul,
RS. (A) Pitfall; (B) Rede de varredura da vegetacdo.

Em laboratdrio, os organismos coletados representantes da macrofauna (Swift et al.,
1979) foram contabilizados e separados em grupos taxonOmicos em estereomicroscépio, e
devidamente preservados em alcool 80%. Um total de 20.753 invertebrados terrestres
foram coletados em todo o experimento (66% na vegetacao e 34% no solo) representantes
de 23 grupos taxondmicos. Os mais abundantes foram Hemiptera (28%), Hymenoptera
(27%), Diptera (12%), Coleoptera (8,6%), Araneae (8,5%), Orthoptera (7%) e
Thysanoptera (4,4%).

Nos mesmos periodos amostrais dos invertebrados terrestres (antes e apds o fogo),
foram instalados experimentos acessando a atividade alimentar da fauna de solo

(detritivoria) e o decaimento de serapilheira na superficie do solo. A avaliacdo da atividade

de detritivoria pela fauna de solo foi feita a partir do ensaio de bait-lamina (Figura 5;
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descrito em detalhe no capitulo IV), tendo sido instaladas 10 bait-/aminae em cada parcela
(cinco dentro do solo e cinco na superficie do solo). As taxas de detritivoria foram calculadas
com base no desaparecimento percentual (consumo) da isca nas laminas durante o tempo
de exposicdao, que variou de 18 a 21 dias. Por sua vez, o decaimento de serapilheira na
superficie do solo foi avaliado com bolsas de folhico (/itter-bags, 10 x 10cm; 1 mm? malha;
Figura 5) contendo 3g de mistura padronizada de folhas senescentes nativas da area de
estudo. Antes do fogo, a perda de massa foliar em litter-bags foi avaliada durante o periodo
de 38 dias, e apds o fogo respectivamente apds 38, 182 e 368 dias de exposicdo nas
parcelas experimentais, considerando-se dados de trés a cinco litter-bags por parcela. As
taxas de decaimento da massa de serapilheira foram estimadas com base na diferenca

percentual da massa inicial e da massa remanescente em cada litter-bag e data amostral.

Figura 5. Técnicas para avaliacdo de processos ecoldgicos (Bait-lamina e Litter-bag) no experimento
com uso do fogo na Estacao Agronémica da Universidade Federal do Rio Grande do Sul, Eldorado do
Sul, RS.
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O uso de atributos funcionais de invertebrados terrestres na

ecologia: o que, como e por qué?

Resumo

Tendo em vista a necessidade do monitoramento da biodiversidade frente a
disturbios antropicos e a compreensao de como estas respostas podem interferir na
funcionalidade dos ecossistemas, nds sugerimos o uso de uma abordagem baseada
em atributos funcionais. Com especial énfase aos invertebrados terrestres, os quais
sao megadiversos e importantes prestadores de servicos ambientais nos
ecossistemas, nds revisamos 0 que sdo atributos funcionais, como usa-los na
descricdo e monitoramento das comunidades e o porqué. Esta abordagem
representa claramente um complemento aos tradicionais descritores taxonémicos,
trazendo beneficios ao entendimento de padrdes de organizacdo das comunidades e

relacdo com servicos ecossistémicos.

Palavras-chave: artrépodes; diversidade funcional; servicos ecossistémicos

Abstract

The use of functional traits of terrestrial invertebrates in ecology: what,

how and why?

Taking into account the need for monitoring biodiversity in face of disturbances, and
the understanding of how these responses can interfere in ecosystem functionality,
we suggest using a functional trait-based approach. With emphasis on terrestrial
invertebrates, which are mega-diverse and important providers of ecosystem
services, we review what are functional traits, how to use them in community
monitoring, and why. This approach clearly represents a complement to the
traditional taxonomic descriptors, bringing benefits to the understanding of

community organization patterns and their relation to ecosystem services.
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Keywords: arthropods; functional diversity; ecosystem services

Resumen

El uso de los atributos funcionales de invertebrados terrestres en

Ecologia: équé, como y porqué?

Teniendo en cuenta la necesidad de monitorear la biodiversidad frente a las
perturbaciones antrdpicas, y del entendimiento de como estas respuestas pueden
interferir en la funcionalidad de los ecosistemas, sugerimos la utilizacion de un
enfoque basado en atributos funcionales. Con un especial énfasis en los
invertebrados terrestres, los cuales son megadiversos e importantes proveedores de
servicios ambientales de los ecosistemas, repasamos qué son los atributos
funcionales, como utilizarlos en la descripcion y monitoreo de las comunidades, vy el
porqué. Este enfoque claramente representa un complemento de los descriptores
taxondmicos tradicionales, con los consiguientes beneficios para la comprension de
los patrones de organizacion de las comunidades y su relaciéon con los servicios de

los ecosistemas.

Palabras clave: artropodos; diversidad functional; servicios ecosistémicos
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Introdugdo

A acdo humana no meio ambiente tem afetado profundamente a persisténcia e a
distribuicao dos organismos pelo globo, o que por sua vez influencia a prestacao de servigos
ambientais a humanidade (Chapin et a/ 2000, Hassan et al. 2005, Hooper et al. 2005,
Landis et a/ 2008, de Bello et a/ 2010b). Nao somente pela reducao da diversidade
bioldgica per se, mas essencialmente devido a perda e/ou modificacdes de atributos
bioldgicos funcionais nas comunidades, servicos tais como polinizagao (Greenleaf et al.
2007), dispersao de sementes (Hughes & Westoby 1992) e controle de doencas e de pragas
agricolas (Bianchi et al. 2009) podem ser afetados. O bem-estar da humanidade também é
posto em jogo quando os efeitos acontecem nos processos ecossistémicos como a
produtividade primaria e decomposicao (Heemsbergen et a/. 2004), os quais apoiam
diretamente a producao de alimentos, fibras, dgua potavel, abrigo e remédios (Diaz et al.
2005). Esta situacao nos obriga a refletir sobre nossa relagao com a natureza, e a unir
esforcos para aliar a rentabilidade e o uso sustentavel da terra com a conservacao da
biodiversidade e dos servicos ambientais (Hutton & Leader-Williams 2003, Tscharntke et al.
2005). Para ajustar os graus de intervencao antropica dentro destes limites considerados
sustentaveis, é necessario um monitoramento das respostas da biodiversidade aos disturbios
e um entendimento sobre como estas respostas interferem na funcionalidade dos

ecossistemas.

Invertebrados constituem um grupo animal megadiverso e abundante em
praticamente todos os ecossistemas terrestres e aquaticos, desempenhando funcdes e
prestando servicos indispensaveis aos mesmos (e.g. Schowalter 2006). Teias alimentares da
fauna no solo, por exemplo, podem afetar positivamente a ciclagem de nutrientes através
da fragmentacdo da matéria organica e estimular a proliferacdo de organismos
decompositores (Lavelle et al. 1993, Gartner & Cardon 2004). Tal processo, por sua vez,

permite a manutencao da fertilidade dos solos e da produtividade primaria nos ecossistemas
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(Wardle 1999). Invertebrados sao agentes de polinizagao de flores (Pinheiro et al. 2008,
Isaacs et al. 2008), dispersao e predacao de sementes (Parr et al. 2007, Lomov et al. 2009),
0S quais sao essenciais a reproducdo e a distribuicdo de plantas. Além disto, constituem
recursos alimentares de varios organismos (Gunnarsson 2008) e atuam (no caso de
predadores e parasitdides) no controle de pragas agricolas (Landis et a/. 2008, Gardiner et
al. 2009). Devido em parte a sua megadiversidade nos diversos ecossistemas do globo, a
fauna de invertebrados permanece até certo ponto desconhecida- estima-se que
potencialmente mais de 80% das espécies de artropodes existentes ndo estejam descritas
taxonomicamente (Hammond 1992, Redak 2000). Esta caréncia de informacdes € mais
restrita a algumas regides e/ou taxons em detrimento de outras (os) (Barratt ef a/. 2003) e,
especialmente no Brasil, tem sido atribuida a caréncia de amostragens e, principalmente, de
taxénomos (Brandao et a/. 2003). Como uma forma de simplificacdo dos procedimentos
taxonémicos, estudos ecoldgicos tém separado os organismos em morfoespécies ou
unidades parataxonémicas (PUs, Krell 2004). Com treinamento e estudo, parataxdonomos
sao capazes de identificar morfoespécies de invertebrados com base em diferencas
morfoldgicas reconheciveis sem comprometer a acuracia cientifica e a interpretacao de

padrdes ecoldgicos (Oliver & Beattie 1996, Derraik et al. 2002).

Em geral, e em especial no Brasil, a descricao da biodiversidade de invertebrados
nas comunidades bioldgicas vem sendo restrita a aspectos quantitativos classicos como
composicdo de taxons, indices de riqueza, equitabilidade e diversidade de
espécies/morfoespécies, como os de Simpson e Shannon-Wiener (Ganho & Marinoni 2005,
Corréa et al. 2006, Podgaiski et a/. 2007, Campos et al. 2009). Apesar de tradicionais, estes
indicadores taxonOmicos assumem um peso funcional igual para todas as espécies na
comunidade, independentemente de suas caracteristicas, requerimentos e/ou fungdes. Um
passo mais importante no monitoramento desta biodiversidade seria incluir métricas que

contemplassem diretamente seus componentes funcionais, ou seja, que informassem sobre
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as suas propriedades estruturais, de organizacao e sua relacdo com 0s processos e servicos
ecossistémicos. O uso de atributos funcionais pode ser uma ferramenta efetiva neste
sentido, capturando dimensdes chave da biodiversidade além de serem relativamente faceis
de avaliar (Gaucherand & Lavorel 2007). De acordo com Silva & Branddo (2010), uma
abordagem baseada em atributos funcionais é fortemente preditiva e operacional para
taxons hiperdiversos, como os invertebrados, e seria especialmente importante para aqueles
nos quais a histéria de vida das espécies é desconhecida. Mas o que sdo estes atributos
funcionais, como usa-los na descricao e monitoramento das comunidades de invertebrados

terrestres e por qué?

O qué?

Atributos sdo propriedades mensuraveis dos organismos. Atributos funcionais
compreendem aquelas propriedades que influenciam fortemente no seu desempenho no
ambiente (McGill et a/. 2006). Tendo em vista que o nicho ecoldgico é a combinacdo das
condicOes e recursos que permitem as espécies (e individuos) existir, crescer e reproduzir,
os atributos funcionais serdao as caracteristicas dos organismos que refletem suas respostas
ao ambiente, fazendo uma ligagao com sua atividade e fungao (Hutchinson 1957). Em
estudos ecoldgicos, espécies sao frequentemente agrupadas de acordo com seus atributos
funcionais para melhorar a compreensdao de mecanismos gerais ou complexos e, neste
sentido, um tipo funcional constituiria um conjunto de espécies com respostas similares as
condicdes ambientais ou com efeitos semelhantes em determinado processo ecossistémico
(Hooper et al. 2005). Este conceito é parecido com aquele de guilda, para comunidades
animais, o qual representa os organismos que exploram a mesma classe de recursos de

maneira similar (Root 1967).
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Pesquisas em ecologia vegetal estdo na vanguarda no uso de atributos funcionais
para entender a organizacdo das comunidades (Cornelissen et al. 2003, Diaz et al. 2007,
Pillar et al. 2009); somente recentemente invertebrados aquaticos (Poff et a/. 2006, Vieira et
al, 2006) e terrestres (Moretti et a/. 2009, Vandewalle et a/. 2010) vém sendo contemplados
em estudos com este enfoque. Em invertebrados, atributos funcionais sao, por exemplo,
relativos a morfologia/ fisiologia (tamanho do corpo e dos apéndices, tipo e tamanho de
asas e aparelho bucal, ciclo de vida, reprodugao e respiracao), comportamento alimentar
(habitos, tipo de recurso utilizado, estratégia de captura do recurso, generalista ou
especialista), uso e especializacdo do habitat, estratégias de fuga de predadores e de
condigdes ambientais severas, entre outros. A Tabela 1 demonstra a relacao de alguns

atributos morfoldgicos de formigas com seu significado funcional (Silva & Brandao 2010).

Tabela 1. Atributos morfoldgicos de formigas e seus significados funcionais. Adaptado de Silva &
Branddo (2010).

Table 1. Ant morphological traits and its functional meanings. Adapted from Silva & Brandao (2010).

Atributo Significado funcional

Cabecas largas acomodam maiores musculos mandibulares e podem
Tamanho da cabega N _ _
permitir captura de recurso alimentar maior.

; Quanto maior o tamanho da mandibula, maior pode ser o alimento
Tamanho da mandibula
carregado.

Tamanho e posicao dos  Caracteres importantes no forrageamento, principalmente para o

olhos desempenho de predadores visuais.

Pernas maiores podem permitir locomocdo mais eficiente e rapida em
Tamanho de pernas ambientes heterogéneos, mas, por outro lado pode dificultar a visita a

locais estreitos, como fendas ou frestas

E considerado chave em relagdo a muitos aspectos de historia de vida,
Tamanho do corpo L
como a utilizacao de recursos
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Os atributos funcionais podem ser usados no monitoramento e descricdo das
comunidades a partir de duas abordagens distintas, mas complementares, as quais podem
considerar as variacoes inter (e.g. Moretti et a/. 2009) ou intra-especificas (e.g. de Bello et
al. 2011) dos atributos nos organismos. O primeiro caso constitui uma abordagem classica
na qual as populagdes sao unidades discretas, e os atributos - e sua funcionalidade —sao
pertinentes as espécies (Vieira et al. 2006, Moretti et a/. 2009). Estes podem ser obtidos da
literatura bioldgica/ecoldgica existente, da observacdo pessoal de especialistas e/ou
adquiridos a partir de mensuragbes em amostragens da populacao regional de estudo, neste
caso considerando-se os valores médios por taxon. O uso de atributos fixos as espécies
embasa-se no pressuposto de que a variabilidade entre espécies sera superior aquela
encontrada dentro das mesmas. Apesar de bem estabelecida em ecologia (Lavorel & Garnier
2002, Cornelissen et al, 2003, Diaz et al. 2007), esta abordagem estd sendo reavaliada
devido ao reconhecimento da importancia da plasticidade fenotipica e dos efeitos evolutivos
de curto prazo (Fussmann et al. 2007) modelando a organizacdao das comunidades

(Cianciaruso et al. 2009, Berg & Ellers 2010, de Bello et a/. 2011, Carlucci et a/. 2011).

A abordagem baseada na existéncia de diferencas funcionais entre individuos leva
em consideracdo a variabilidade natural dos atributos dentro das espécies, ou outras escalas
taxonémicas (Cianciaruso et al. 2009). As justificativas para este enfoque estdo no fato de
que os individuos sdo as entidades discretas dentro das populagoes (Giacomini 2007), e que
€ a existéncia de variabilidade interna que as mantém e regula (Uchmanski 1999, 2000).
Desta forma, idealmente todos os individuos em uma comunidade deveriam ser
contemplados na obtencdo dos atributos (Cianciaruso et a/ 2009), ou, simplificadamente,
pelo menos sub-amostras deles, oriundos de populacoes sob determinado tratamento, neste
caso considerando-se os atributos fixos (ou menos varidveis) a determinadas condicOes

ambientais (de Bello et a/. 2011, Carlucci et al. 2011).
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A inclusdo de métricas intra-especificas na busca do entendimento funcional permite
um conhecimento mais completo da realidade do ecossistema (de Bello et al. 2011)
considerando a existéncia de interagbes entre os individuos, e entre eles e o ambiente
(Cianciaruso et al. 2009, Berg & Ellers 2010, Paine et a/. 2011). O uso desta abordagem em
invertebrados, apesar de nao ser pratica, é especialmente interessante visto que: 1) estes
comumente apresentam plasticidade fenotipica, respondendo as interacdes com o meio e 2)
podem apresentar mudanca de atributos (e.g. morfoldgicos, alimentacao, habitat)
dependendo do seu sexo e estagio de maturacao dentro da mesma espécie. De acordo com
Whitman & Agrawal (2009) virtualmente qualquer atributo pode apresentar plasticidade
fenotipica nestes organismos, como cor, tamanho do corpo e apéndices, dependendo de
varios fatores, como nutricdo, clima/microclima de desenvolvimento e relacdo com
competidores. Na variagao de atributos como sexo e desenvolvimento, frequentemente, mas
nao como regra, fémeas tendem a ser maiores que os machos, o que seria relacionado com
a fecundidade (Head 1995). Além disto, em insetos com desenvolvimento holometabdlico,
larvas e adultos claramente poderiam ser funcionalmente diferentes, como é o caso de
besouros da familia Meloidae, nos quais as larvas sdao predadoras e os adultos, herbivoros

(Marinoni et al. 2003).

Um exemplo para ilustrar estas duas abordagens € um estudo que investigue os
impactos do uso do fogo nos invertebrados em um ecossistema campestre. Neste estudo
existiriam parcelas queimadas e parcelas controle (ndo-queimadas), e os invertebrados
seriam coletados em cada parcela alguns dias apds o disturbio. O fogo, pelo menos a curto
prazo, provavelmente simplificaria a estrutura da vegetacdo e da superficie do solo, e
modificaria condicOes abidticas, como luz, temperatura e umidade local. Um pesquisador (A)
com uma abordagem classica de atributos funcionais levara em consideracdo o
conhecimento pré-existente dos atributos das espécies coletadas no estudo, independente

do tratamento em que foram encontradas. Espécies ocorrendo tanto nas areas queimadas
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quanto no controle apresentariam o mesmo conjunto de atributos funcionais. Por outro lado,
um pesquisador (B) que utilize um enfoque funcional intra-especifico obtera atributos de
todos (ou alguns) individuos de dada espécie em cada parcela, observando se as mudancas

nas condicdes ambientais locais selecionam atributos diferenciados da situagao controle.

A) B)
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Figura 1. Exemplo hipotético de resultados potenciais de dois pesquisadores com diferentes
abordagens na analise de um atributo funcional de uma espécie em experimento com o uso do fogo
em campos (veja o texto para mais detalhes). A) Abordagem em espécies- considera-se os valores
pré-estabelecidos do atributo (quadrados); B) Abordagem em individuos- obtém-se dados do atributo
em cada parcela (circulos verdes). O circulo vermelho (a direita) representa as médias dos atributos

nos tratamentos.

Figure 1. Hypothetical example for potential results of two researchers with different approaches to
the analysis of functional traits of a single species in a fire experiment in grasslands (see text for
more details). A) Species approach -considering pre-established values for the traits (squares). B)
Individual approach- obtaining trait values from organisms in each plot (green circles). Red circles

(right) represent trait averages in the treatments.

A Figura 1 ilustra um possivel resultado para os valores de um atributo funcional

hipotético de uma espécie de invertebrado considerada pelos pesquisadores “A” e “B” no
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trabalho. Veja que as conclusdes podem ser diferentes. A partir dos dados do pesquisador
“A”, ndo existem diferencas funcionais entre areas controle e queimadas (Fig. 1A).
Observando os resultados do pesquisador “B” (Fig. 1B) verifica-se que as areas queimadas
selecionam individuos com maiores valores do atributo da espécie, enquanto que a situacao
controle contempla individuos com valores do atributo bem distribuidos. O pesquisador que
assume valor fixo para o atributo estd perdendo estas informagles e, provavelmente,

desconsiderando aspectos importantes da organizagao dos invertebrados no sistema.

Os atributos funcionais a serem coletados podem ser de diferentes tipos:
quantitativo continuo (comprimento e largura de estruturas morfoldgicas) ou discreto
(numero de ovos), binario (presenca/auséncia de atributos) e nominal (cores). Este ultimo
tipo requer um tratamento especial, seja pela sua expansdo em atributos bindrios, ou pelo
uso de fungdes de semelhanca apropriadas (Podani 2000). Dados quantitativos ou binarios
devem ser padronizados de tal forma que figuem em uma escala compativel (e.g. amplitude
padronizada entre 0 e 1, ou variancia padronizada). A Tabela 2 apresenta atributos de
Carabidae (Coleoptera) com diferentes naturezas, mas escalonados entre 0 e 1 (Vandewalle
et al. 2010). Muitas vezes, os atributos sao fortemente correlacionados entre si, mas com
prévio conhecimento, os dados podem ser simplificados sem a perda de informagdes (Silva

& Brandao 2010).
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Tabela 2. Atributos de Carabidae (Coleoptera) em um estudo em 24 paisagens na Europa.

Fonte Vandewalle et a/. 2010.

Table 2. Carabidae (Coleoptera) traits from a study in 24 landscapes in Europa. Source:

Vandewalle et a/. 2010.

Grupo

Atributos

Definigdao

Morfoldgico

Forma da asa

Pubescéncia do corpo
Tamanho de corpo
Tamanho do élitro
Tamanho do fémur
Tamanho da tibia
Tamanho do metatarso
Tamanho do pronoto
Diametro dos olhos

Tamanho da antena

O0=sem asa; 0.5 = braquiptero; 1=
macréptero

0=glabro, 1= pubescente

Continuo (padronizado ente 0 e 1)
Continuo (padronizado ente 0 e 1)
Continuo (padronizado ente 0 e 1)
Continuo (padronizado ente 0 e 1)
Continuo (padronizado ente 0 e 1)
Continuo (padronizado ente 0 e 1)
Continuo (padronizado ente 0 e 1)

Continuo (padronizado ente 0 e 1)

Corpo preto

Corpo palido

0= outro, 1= preto

0= outro, 1= palido

Coloracao
Pernas pretas 0= outro, 1= pretas
Pernas palidas 0= outro, 1= palidas
Habitat Antropizacio 0= h,at_)ltat natural, 1= paisagem
antropica
Como?

Diferentes métodos e hipoteses podem ser utilizados e testados para caracterizar
comunidades de invertebrados terrestres quanto aos seus atributos funcionais e fornecer
subsidios ao entendimento de padrdes de organizagdo e resposta a disturbios. Os topicos

que iremos tratar a seguir sdo respectivos a 1) métricas de diversidade funcional e atributos
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dominantes para caracterizagdo das comunidades (Moretti et a/. 2009, Vandewalle et al.
2010) e 2) padroes de organizacao das comunidades (convergéncia e divergéncia de

atributos, Pillar et a/. 2009).

DIVERSIDADE FUNCIONAL E ATRIBUTOS DOMINANTES

Os indices de diversidade funcional (DF) tém sido utilizados em ecologia de
comunidades considerando a dissimilaridade entre espécies quanto aos seus atributos
funcionais (e.g. Moretti et a/. 2009). Em outras palavras, a DF mede o grau de sobreposicao
dos valores dos atributos dentro das comunidades, refletindo como as espécies
compartilham o espaco de nicho disponivel (Mason et al. 2005). Duas assembléias com
quantidade similar de espécies podem ter maior ou menor DF dependendo de qudo
similar/dissimilar s3o os atributos das suas espécies (Leps et al. 2006). Entre outros indices,
a DF pode ser calculada a partir do indice de Rao (e.g., Botta-Dukat 2005, de Bello et al.
2010a):

g g
DF=) ) dipip;

i=1 j=1

que sintetiza a soma da dissimilaridade dos atributos dj; entre todos possiveis pares de
espécies (/ e j), ponderado pelo produto da abundancia relativa das espécies (pp) na
comunidade. O parametro dj varia de 0 a 1, sendo 0 quando duas espécies tém exatamente
0s mesmos atributos, e 1, quando tém atributos completamente diferentes. Note que este

indice € um aprimoramento do indice de diversidade de espécies de Simpson:

=
=1
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e, neste caso, se todos os pares de espécies forem completamente diferentes em relacao
aos seus atributos (dissimilaridade =1), os indices (Rao e Simpson) convergem para 0

mesmo valor de diversidade (veja Leps et a/. 2006 para detalhes).

Outro descritor igualmente importante é o atributo médio da comunidade (Am), o
qual é utilizado para definir os atributos funcionais dominantes na mesma (Vandewalle et ai.
2010). Pode ser calculado para cada atributo, como a média dos seus valores ponderado
pela abundancia relativa das espécies que o carregam (Garnier et al 2004, Pillar et al.

2009):

em que x;€ o valor do atributo da ~ésima espécie. Note que espécies mais abundantes na
comunidade terdo atributos também dominantes. Atributos médios de comunidades ao
longo de gradientes revelam padrdes de convergéncia de atributos gerados por filtros

ecoldgicos (Pillar et al. 2009).

DF e Am tém sido tradicionalmente empregados em estudos ecoldgicos a partir da
consideracdo dos atributos em nivel especifico, ignorando a variabilidade intraespecifica
existente (e.g. Vandewalle et a/. 2010). No entanto, recentemente Cianciaruso et a/. (2009)
e de Bello et al. (2011) consideraram a importancia de usar a variabilidade dos atributos das
populacdes nos calculos de DF. De Bello et al. (2011) apresentam métodos baseados em
particdo da variancia das comunidades (e.g. DF entre espécies e DF dentro de espécies)

para lidar com esta situagao.

Tendo em vista que a literatura ecoldgica referente a procedimentos de medidas e
analises de atributos funcionais tém sido quase que exclusivamente desenvolvida para
plantas, Vandewalle e colaboradores (2010) exemplificam o uso de indices de atributos

funcionais em grupos animais, como os invertebrados. Dentre alguns estudos de caso, os
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autores monitoraram besouros predadores da familia Carabidae em 24 paisagens na Europa
com diferentes gradientes de distirbio. Os besouros coletados nas localidades foram
classificados em 117 espécies e atributos funcionais foram determinados (veja Tabela 2). As
paisagens foram caracterizadas em termos de riqueza de habitat (heterogeneidade) e
composicao (% de cobertura florestal). Com base na hipdtese ecoldgica da heterogeneidade
de habitats (e.g. Tews et al. 2004), foi verificada correlagao positiva entre a diversidade
taxondmica de espécies e heterogeneidade de habitat. Por outro lado, os indices funcionais
foram fortemente associados a composicao da paisagem. A DF de caracteres morfoldgicos
foi positivamente correlacionada com o aumento da cobertura florestal, e a analise dos Am
revelou a selecdo de determinados caracteres ao longo do gradiente. Paisagens mais
florestadas selecionaram maior abundancia de espécies com maior tamanho corporal,
pernas mais longas, com maiores olhos e antenas e de cor escura, enquanto que paisagens
mais abertas selecionaram carabideos pubescentes, de cor clara, com asas completas e

associados a ambientes antropizados.

PADROES DE ORGANIZAGAO EM COMUNIDADES

Modelos neutros tém sido considerados pontos de partida para explicar fendmenos
ecoldgicos, como por exemplo, a hipotese de Hubbell (2001) - que sugere que as
comunidades sejam entidades neutras formadas, principalmente, por dispersao e processos
estocasticos, sendo todas as espécies funcionalmente equivalentes. No entanto, dois outros
fatores sdo candidatos a estruturar comunidades com base nas caracteristicas das suas
espécies e individuos (Weiher & Keddy 1999): a) o ambiente, pela acao de filtros
ambientais, que leva a convergéncia de atributos e b) as interacdes entre as espécies, como
a competicdo, que podem levar a divergéncia de atributos. Ambos efeitos podem ser
combinados nas comunidades naturais, e para determinar a contribuicdo relativa de cada

um, é necessario determinar os mecanismos responsaveis.
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Convergéncia de atributos

A agao de filtros ambientais modelando as comunidades quanto aos seus atributos
funcionais € demonstrada claramente no exemplo anterior sobre a resposta de besouros
Carabidae a composicao de paisagens na Europa (Vandewalle et a/. 2010). Neste caso,
assumimos que, de um conjunto regional de espécies — com uma dada diversidade de
atributos - espécies com requerimentos ecoldgicos semelhantes sdo selecionadas pelas
condicdes ambientais, levando a um padrdo de convergéncia de atributos (Pillar et a/. 2009).
A Figura 2 ilustra a selegao de atributos (cor e tamanho) dos besouros no gradiente de
cobertura florestal da paisagem (Vandewalle et a/. 2010). Note que é a média dos atributos
(Am) que muda. De acordo com Ribera et a/ (2001), o ambiente mais perturbado
antropicamente, com menor cobertura florestal e maior extensao de praticas agricolas,
seleciona espécies de Carabidae com tamanho corporal reduzido devido a necessidade de
maior mobilidade dos organismos nestas condicdes, e espécies mais palidas, as quais se
favorecem de microhabitats mais expostos a radiacao solar e a maior proporcao de solo sem

cobertura.

A filtragem da diversidade funcional regional para a formagdo de comunidades locais
com convergéncia de caracteres (subdispersao) também foi recentemente apresentada por
Makkonen et al. (2011), relacionando espécies de colémbolas e mudancas climaticas. A
partir de manipulagdes experimentais do microclima do solo, constatou-se que a diminuigao
da umidade e o aumento da temperatura selecionaram espécies de colémbolas mais
tolerantes a seca, com maior tamanho corporal e de habitos epigéicos. Ou seja, espécies
com atributos mais semelhantes entre si, melhor adaptados a situacao ambiental, foram

selecionadas pelo filtro ecoldgico.
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Figura 2. Convergéncia de atributos funcionais (cor e tamanho) em besouros Carabidae a partir de
um pool regional de espécies através de um filtro ambiental (gradiente de cobertura florestal).
Paisagens mais florestadas selecionam maior abundancia de besouros grandes e escuros, enquanto
que as menos florestadas selecionam besouros menores e mais claros. Exemplo de Vandewalle et al.
(2010).

Figure 2. Functional trait convergence (color and size) in Carabidae beetles from a regional species
pool through environmental filters (forest cover gradient). A more forested landscape selects
increased abundance of larger and darker beetles while open landscape selects smaller and paler

beetles. Example from Vandewalle et a/. (2010).

Divergéncia de atributos

InteracOes entre organismos podem levar a um arranjo de espécies que tendem a
divergir em relagao a seus atributos funcionais (Brown & Wilson 1956). A selecao de
atributos diferenciados, que refletem usos de recursos diferentes, € uma maneira de as
espécies coexistirem em comunidades organizadas pela competicdo (Losos 2000). A idéia
por tras da teoria é simples: suponhamos que duas espécies com caracteristicas muito
similares (e.g. formigas de tamanho e requerimentos ecoldgicos semelhantes) passem a

ocorrer em um mesmo habitat (Figura 3A). Se os recursos no ambiente sdo limitantes as
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espécies irdo competir fortemente. Um dos possiveis resultados é que o competidor superior
venca e o inferior seja extinto localmente (Figura 3B). Este resultado segue o principio do
limite de similaridade, que estabelece que a coexisténcia de duas espécies num mesmo
habitat ndo é possivel caso a sobreposicdo de seus nichos ecoldgicos seja muito grande,
devido a exclusdo competitiva (Connel 1961, MacArthur & Levins 1967). Assim, espera-se
que, entre comunidades, espécies competidoras (semelhantes em seus nichos e, portanto
semelhantes em seus atributos) devem co-ocorrer menos do que o esperado ao acaso

(Diamond 1975).

Por outro lado, uma possibilidade alternativa ao desfecho da competicdo acima é que
as espécies competidoras coexistam a partir da diferenciacdo de seus nichos ecoldgicos
(nicho realizado). Se esta diferenciacdo é acompanhada de mudancas morfolégicas nos
atributos funcionais, o efeito é referido como deslocamento de caracteres (“character
displacement’, Brown & Wilson 1956). Isto acontece quando a selecdao natural favorece, a
longo prazo, em cada populacdo de competidores, individuos cujos fendtipos os permitam
usar os recursos nao usados pelos membros da outra espécie. Como resultado, as
populacdes divergem nos fenétipos, reduzindo o uso de recursos comuns, a competicao, e
permitindo a coexisténcia (Losos 2000). Evidéncias deste tipo sdo detectadas na natureza
quando espécies semelhantes divergem em simpatria, mas nao em alopatria (mas veja os
critérios de comprovacao, Schluter & McPhail 1992), como por exemplo, besouros da familia

Lucanidae (Kawano 2003).

O deslocamento de caracteres é especialmente prevalente entre espécies com
grande plasticidade fenotipica e polimorfismo no uso de recursos, podendo estas
caracteristicas determinarem a diregdo e as taxas do deslocamento dos atributos (Pfennig et
al. 2006, Pfennig & Pfennig 2010). A Figura 3D demonstra uma fase inicial ecoldgica do
deslocamento de caracteres, em que a divergéncia de atributos é induzida ambientalmente,

neste caso, selecionando aqueles individuos com tamanhos diferenciados (mas ainda
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presentes dentro da gama de fendtipos da espécie). Ja a figura 3E demonstra o
deslocamento de caracteres em sua fase evolutiva, no qual as populacdes em simpatria sao
bastante diferenciadas das formas alopatricas (Figura 3A), incluido valores de atributos que

nao estdo presentes nas populagdes originais.

A partir de uma extrapolagdo do conceito original de deslocamento ecoldgico de
caracteres surge o “deslocamento de caracteres em toda a comunidade” (comunity-wide
character djplacement, Strong et al. 1979). Este conceito adaptado para o entendimento da
organizacdo das comunidades, prediz que dentro de uma mesma guilda ecoldgica
(organismos que exploram a mesma classe de recursos de maneira similar; Root 1967), os
tamanhos médios dos corpos das espécies tendem a ser dispersos e mais uniformemente
espacados (constant size ratio; Hutchinson 1959) do que o esperado ao acaso. O tamanho
do corpo esta relacionado a utilizacdo dos recursos alimentares, e, pelo menos em
invertebrados, é também considerado importante para desempenho dos individuos durante
o forrageamento em diferentes tipos de microhabitats (Farji-Brener et a/. 2004). Apesar de
representarem diferentes escalas espaco-temporais, 0s mecanismos responsaveis pelo
deslocamento de caracteres em toda comunidade podem ser tanto a limitacao da
similaridade, a diferenciacdo dos nichos ecoldgicos realizados, quanto a coevolugao entre os

competidores (Figura 3F, Dayan & Simberloff 2005, Brown et a/. 2000).
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Figura 3. Divergéncia de atributos funcionais (tamanho) em formigas a partir de competicao
interespecifica. Veja o texto para maiores detalhes. Duas espécies de formigas alopatricas, com
nichos ecoldgicos similares (A) competem quando entram em simpatria devido a sobreposicdo de
seus nichos (B). Possiveis resultados do conflito: (C) Limitagdo da similaridade: espécie
competitivamente superior domina e a inferior se torna extinta localmente, e (D) coexisténcia a partir
da diferenciacdo de nichos (selecao de individuos com tamanhos diferenciados a partir da plasticidade
fenotipica da espécie), o que pode levar ao processo evolutivo de deslocamentos de caracteres (E).
Em conjunto, estes processos podem resultar em deslocamento de caracteres em toda comunidade

(F), em que os tamanhos médios das espécies sdo dispersos e assim, mais uniformemente espacados
do que o esperado ao acaso.
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Figure 3. Functional trait divergence (body size) in ants through interspecific competition. See text for
more details. Two allopatric ant species with similar ecological niche (A) compete when they become
sympatric due to niche overlap (B). Possible results of the conflict: (C) Limitation of similarity: the
superior competitor triumphs and the inferior become locally extinct, and (D) coexistence through
niche differentiation (selection of individuals with different body sizes through phenotypic plasticity),
which could lead to the evolutionary process of character displacement (E). Together, these
processes could result in community-wide character displacement (F), where the mean sizes of
species are overdispersed, and thereby producing size ratios more equal than would be expected by

chance.

Gotelli & Ellison (2002) e Sanders et al (2007) sugerem que, dentre os
invertebrados terrestres, as formigas representem um taxon ideal para se testar padrdes de
organizacao das comunidades a partir de atributos. Esses organismos, em geral, apresentam
habitos generalistas e existem muitas evidéncias de que as comunidades sdo largamente
estruturadas pela competicdao. Nipperess & Beattie (2004) estudaram a organizacao de
formigas do género Rhytidoponera na Austrdlia, e encontraram tamanhos de corpo
uniformemente espacados em escalas espaciais pequenas. Gotelli & Ellison (2002)
encontraram, em escalas regionais, distribuicdbes de tamanho de corpo aleatdrias e/ou
agregadas em florestas e pantanos na Nova Inglaterra (EUA), mas ja em escalas locais
formigas dos pantanos demonstraram tamanhos de corpo uniformemente distribuidos. Por
outro lado, em florestas de Oregon e Califérnia (EUA) ndo foi detectada competicao entre
espécies- refletidas na distribuicdo do tamanho do corpo — em escalas locais, mas sim em
escalas regionais (Sanders et a/. 2007). Estes Ultimos autores também testaram efeitos do
histdrico de disturbio nas areas amostradas, verificando se areas queimadas apresentavam
padroes de organizacao diferenciados, visto que o fogo pode atuar como um agente
“reiniciador” da organizacdao local. No entanto ndao foram encontrados resultados

significativos do efeito do disturbio.
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Assim, tanto o habitat, a partir dos filtros ambientais, quanto a competicao podem
atuar na organizacdo das comunidades. Estas tendéncias paradoxais de convergéncia e
divergéncia de atributos podem muitas vezes vir a obscurecer uma a outra, levando a um
padrao dificil de discriminar, podendo ser considerado a primeira vista, aleatério. Decaéns et
al. (2011) verificou agdo conjunta destes fatores modelando assembléias de minhocas ao
longo de um gradiente ambiental em pastagens na Franca: 1) o habitat e as limitacdes de
dispersao atuaram como filtro ambiental, permitindo que somente espécies com pré-
requisitos similares ocorressem nas assembléias, enquanto que 2) a competicdo entre

espécies levou a dispersao de atributos morfoldgicos, limitando a composicao de espécies.

Pillar e colaboradores (2009) propdem um método para elucidar padrbes de
convergéncia e divergéncia em gradientes ecoldgicos abrangendo metacomunidades
(conjunto de comunidades). O método envolve a andlise de trés matrizes de dados
contendo atributos mensurados de unidades operacionais taxonémicas (OTUs- individuos,
populacdes ou espécies, matriz B), suas ocorréncias ou abundancias relativas em
comunidades (matriz W) e um ou mais fatores ecoldgicos ou propriedades ecossistémicas
(matriz E). Para avaliagdo de padrdes de convergéncia de atributos, os dados em B sao
transferidos para o nivel de comunidade pela multiplicacdo de B'W, resultando numa matriz
T, cuja associacdo com a matriz E € avaliada pela correlagdo matricial p(TE) a partir de
dissimilaridades (D e D) calculadas a partir de T e E entre as comunidades. A correlagao
p(TE) mede a associacao entre padroes de convergéncia de atributos nas comunidades e o
fator ou propriedade ecossistémica considerada. Para avaliagdo de padrdes de divergéncia
de atributos, a mudanca de escala da matriz B para o nivel de comunidades é obtida pela
definicdo de uma matriz U de pertinéncia difusa (no intervalo de 0 a 1) das OTUs obtida a
partir das similaridades entre OTUs quanto aos atributos. A multiplicacdo de U e W gera X
(X= U'W). A associacdao da matriz X com a matriz E é avaliada pela correlacdo matricial

p(XE) de forma analoga a p(TE). A correlacao parcial p(XE.T), ou seja, a correlacao entre
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Dy e D¢ tendo sido removido o efeito da convergéncia de atributos (Dy), mede a associacao
entre padrées de divergéncia de atributos nas comunidades e o efeito ecossistémico

considerado. Veja maiores explicacdes em Pillar et a/. (2009).

Por qué?

O uso de atributos funcionais deve ser estimulado em ecologia, pois estes podem
capturar dimensdes chave da biodiversidade de uma maneira simplificada, abrangente e
preditiva. Weiher & Keddy (1995) redefiniram o paradigma sobre a organizacdo das
comunidades introduzindo a idéia de que atributos, mais do que os “nomes dos taxons”,
definem melhor as unidades fundamentais da biodiversidade. Desta forma, para a
compreensao de padrbes ecoldgicos, uma abordagem funcional seria suficiente. De acordo
com Dollédec et al/. (2000) e Gayraud et al/ (2003), até mesmo niveis taxondmicos
superiores de invertebrados (como familia e género) podem fornecer descricdo acurada da
diversidade funcional de uma localidade, que por sua vez pode ser empregada para
examinar padroes de resposta da comunidade sobre regimes de distlrbio, inclusive entre

ecoregides (Poff et al. 2006).

O monitoramento da biodiversidade sob o ponto de vista funcional complementa
claramente os tradicionais indicadores taxonomicos (como riqueza, diversidade e
equitabilidade de espécies), esclarecendo os resultados e permitindo uma visao mais
completa dos efeitos de determinado disturbio (Moretti et a/. 2009, Vandewalle et a/. 2010,
Gerish et al 2011). Por exemplo, Gerish et al. (2011) encontraram incremento da
diversidade de espécies de besouros com o aumento da intensidade do disturbio de
inundacao em ecossistemas campestres. No entanto, neste mesmo gradiente a diversidade

funcional dos besouros decresceu. Ou seja, apesar de mais espécies, os locais mais
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perturbados apresentaram espécies mais similares funcionalmente entre si, provavelmente

devido a acao de filtros ambientais (convergéncia).

SERVICOS ECOSSISTEMICOS

Ha um consenso crescente de que o conhecimento da diversidade funcional dos
organismos pode contribuir muito a gestao e avaliagdo dos servicos ambientais (Diaz &
Cabido 2001, Lavorel & Garnier 2002, de Bello et al. 2010b), uma vez que esta influencia
fortemente as propriedades ecossistémicas (Hooper et a/. 2005). Entende-se por servicos
ambientais aqueles beneficios providos pelos ecossistemas a humanidade, contribuindo para
deixar nossa vida tanto possivel quanto agradavel (Daily 1997, Diaz et al. 2005). Existem
aqueles servicos produzidos pela regulacao dos processos ecossistémicos dos quais obtemos
beneficios (polinizacdo, herbivoria e controle de doencas e de pestes agricolas), aqueles de
suporte, 0s quais sao necessarios para a producao de todos os outros servicos (formacao do
solo, ciclagem de nutrientes e da agua), servicos de provisionamento (alimentos, fibras,
combustivel, agua fresca) e os culturais, que incluem recreacdo, valores estéticos,
educacionais e espirituais. A biodiversidade pode afetar tanto direta quanto indiretamente
varios destes servicos, e o seu valor econdmico agregado é ainda altamente subestimado

(Kremen et al. 2007, Losey & Vaughan 2006, Suding et a/. 2008).

Atualmente, as plantas vasculares terrestres sao os organismos mais bem estudados
quanto a relagao entre atributos funcionais e a provisao de servigos ambientais, seguido dos
invertebrados terrestres (de Bello ef al.. 2010b). Tendo em vista a necessidade de
compreender quais sdo as caracteristicas chave dos organismos, em seus niveis tréficos,
que contribuem para este fim, de Bello et a. (2010b) apresentam uma compilacdo do
conhecimento ja existente no tema para diversos organismos. Estes autores citam os

invertebrados terrestres entre os principais organismos responsaveis pela fertilidade do solo
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e ciclagem de nutrientes como detritivoros, produtividade primaria através da dispersdo de
sementes nas comunidades vegetais, controle bioldgico de pestes pela predacdo e
polinizacdo a partir das visitas florais, dentre outros (Figura 4A-D). InteragOes entre espécies
modelam estes servigos, e seus atributos funcionais estdao diretamente envolvidos (Tabela

3).

A manutencao da fertilidade do solo e a ciclagem de nutrientes sao servigos
produzidos a partir do processo de decomposicao da serapilheira (Lavelle et al/. 1993,
Gartner & Cardon 2004). Este processo é estimulados por diversos fatores, tanto abidticos,
como a temperatura e a umidade locais, a composicdo quimica desta matéria organica,
quanto bidticos, como os organismos que se alimentam do substrato. De uma maneira
geral, os animais detritivoros, que incluem os invertebrados como os isdpodes (Figura 4A),
diplépodes, minhocas, alguns besouros, colémbolas e dacaros, consomem este material
fragmentando-o e estimulando a acao dos decompositores (fungos e bactérias). Nas
comunidades, a dissimilaridade funcional dos invertebrados detritivoros, mais do que sua
riqueza de espécies per se, é apontada por modelar a perda de massa da serapilheira e a
respiracao do solo (Heemsbergen et a/. 2004). Isso ocorre porque a redundancia funcional é
relativamente comum neste sistema (Andrén & Balandreau 1999, Setdla et al. 2005), e
espécies funcionalmente dissimilares, isto €, com atributos funcionais contrastantes, podem
mostrar interacdes sinergéticas no processo. Apesar do mesmo nivel trofico, estes
organismos podem apresentar diferentes atributos como tamanho de corpo, ecomorfologia,
comportamentos e atividade de escavacao (Tabela 3) afetando de modos distintos (e
possivelmente complementares) a fragmentacdo da serapilheira. Entretanto, evidéncias
desta facilitacdo podem ser contexto-especificas, e dependentes da qualidade e diversidade

dos recursos alimentares disponiveis (veja Zimmer et a/, 2005).
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Tabela 3. Servicos e processos ecossistémicos influenciados por atributos de invertebrados terrestres.
Modificado de de Bello et a/. 2010b.

Table 3. Ecosystem services and processes influenced by terrestrial invertebrate traits. Modified from
de Bello et a/. 2010b.

Servigos Processos Organismos Atributos relevantes
Tamanho do corpo

A) Fertilidade do Detritivoros Atividade de escavagdo

solo e ciclagem de  Decomposicao

nutrientes

(e.g. Isopoda)

Habito alimentar

Ecomorfologia

B) Produtividade

primaria

Dispersao de

sementes

Granivoros

(e.g. Formicidae)

Tamanho do corpo

Padroes de atividade diaria

Capacidade de

forrageamento

Tamanho do corpo

C) Controle Regulacdo de Predadores Mobilidad
obilidade
bioldgico pestes (e.g. Araneae)
Habito alimentar
Tamanho do corpo
D) Reprodugdo Polinizadores Comprimento da probdscide
vegetal/ producao  Polinizacao

cera e mel

(e.g. Hymenoptera)

Habito alimentar

Distancia de forrageamento
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Foto: Lucifer
Foto: Marco A. Pizo

Foto: Bethania Azambuja

Foto: Paulo V. F. Barradas

Figura 4. Invertebrados terrestres e servicos associados. (A) Detritivoria por Balloniscus glaber
(Ballonisciidae, Isopoda); (B) Remocgao de frutos de Hyeronima alchorneoides (Euphorbiaceae) por
Acromyrmex sp. (Formicidae; Hymenoptera); (C) Predacdo de potenciais insetos-praga por Argiope
argentata (Araneidae; Araneae); (D) Polinizacdo de pessegueiro por abelhas sem ferrao

(Hymenoptera).

Figure 4. Terrestrial invertebrates and associated services. (A) Detritivory by Balloniscu glaber
(Ballonisciidae, Isopoda); (B) Hyeronima alchorneoides (Euphorbiaceae) fruits remotion by
Acromyrmex sp. (Formicidae; Hymenoptera); (C) Predation of potential pests by Argiope argentata

(Araneidae; Araneae); (D) Polination of peach-tree by stingless bees (Hymenoptera).

A dispersao de sementes para longe da planta mae pode ser realizada abioticamente
por fatores diversos (gravidade, vento, agua) mas também por animais como as formigas
(Figura 4B) e os besouros (Hughes & Westoby 1992, D’hondt et a/. 2008). Este processo é
apontado como um importante servico ambiental responsavel pela distribuicao e abundancia

de muitas espécies vegetais nos ecossistemas terrestres, aumento da diversidade genética e
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da produtividade primaria (Holldobler & Wilson, 1990, Wenny et a/. 2001). Formigas podem
ser granivoras e levar sementes diretamente para o interior dos seus ninhos para consumo
préprio (algumas plantas inclusive atraem formigas através do elaiosoma de sementes,
Wenny et al. 2001), das quais, algumas podem sobreviver e germinar (Hughes & Westoby
1992). Besouros rola-bosta (Scarabaeidae), por outro lado, contribuem para a dispersao
através da movimentacdo e/ou enterro de fezes de vertebrados que consumiram sementes
(D’hondt et al. 2008). O panorama geral do servico de dispersao de sementes de um
ecossistema depende diretamente dos organismos envolvidos no processo e de seus
atributos funcionais, como o tamanho do corpo, a capacidade de forrageamento e seus
padroes de atividades diarias (de Bello et a/. 2010b,Tabela 2). Por exemplo, tamanhos de
corpo grande poderiam permitir o transporte de sementes maiores ou a movimentagao de

maiores pelotas fecais por maiores distancias.

O controle biolégico de pestes e pragas em ambientes agricolas é um servico que
oferece beneficios econdmicos e ambientais permitindo a manutencdo dos rendimentos do
homem sem 0 uso agressivo dos pesticidas no ambiente (Bianchi et a/. 2009). Para isso, no
entanto, a paisagem deve apresentar um nivel minimo de complexidade estrutural
(Sunderland & Samu 2000), com mosaicos de culturas agricolas e ambientes naturais,
fornecendo habitat adequado para predadores naturais como os invertebrados. Aranhas
(Figura 4C) representam um grupo predador com complementaridade funcional na captura
de presas (Diaz et a/. 2005). Elas apresentam guildas relativamente bem definidas ocupando
diversos microhabitats (Cardoso et a/. 2011) e, por isso, podem predar eficientemente desde
gafanhotos a afideos (Maloney et al. 2003). Ha espécies que movimentam-se ativamente na
vegetacao e no solo; algumas capturam por espreita e emboscada permanecendo a espera
de suas presas em flores e vegetacao; outras usam teias orbiculares, tridimensionais, em

forma de lencol ou funil para este fim (Romero & Vasconcellos-Neto 2007). As diferentes
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estratégias alimentares, refletidas por diferenciados atributos funcionais (Tabela 3), podem

garantir a eficiéncia do servico em agroecossistemas.

De maneira similar ao controle bioldgico, a polinizacdo das culturas agricolas também
depende de oferta de habitat adequado aos polinizadores na paisagem (Isaacs et al. 2008).
Como grande parte das frutas e legumes requer polinizacao, este processo € considerado
crucial a nutricdo humana (Diaz et a/. 2005). A polinizacdo, que representa a transferéncia
de pdlen entre flores, ligada a reproducao sexual das plantas, encontra nos invertebrados
terrestres agentes importantes (e.g. abelhas, besouros, moscas, borboletas e mariposas).
Vespas e abelhas estao entre os principais polinizadores (Figura 4C), e sabe-se que o
aumento do seu tamanho corporal aumenta significativamente a sua distancia de
forrageamento (Greenleaf et a/ 2007). Este atributo determina a escala espacial na qual as
abelhas podem oferecer o servico, influenciando a estrutura genética e estrutural das

populacdes vegetais naturais, e também a produtividade nas culturas agricolas.

A acdao do homem no planeta, seja pela fragmentagao, degradacao, destruicao de
habitats naturais e criagdo de outros efeitos antrdpicos, leva a uma simplificacdo e
empobrecimento dos sistemas naturais complexos, afetando a biodiversidade e seus
servigos produzidos (Chapin et al. 2000, Hooper et al. 2005). A perda e a modificagao da
diversidade de espécies - seja no nimero de espécies, na sua abundancia relativa, na
composicdao ou nas interagOes entre as espécies- refletem em mudancas na diversidade
funcional, a qual é apontada como determinante no funcionamento dos ecossistemas
(Chapin et al. 2000, Hassan et al. 2005). Neste sentido, para melhor compreender como a
dinamica de uma comunidade que sofreu distlrbio ird influenciar suas fungoes,
monitoramentos devem contemplar os seguintes aspectos: (1) como a comunidade
responde a mudanca, a partir de atributos-resposta e (2) como esta comunidade alterada
afeta os processos, através dos atributos-efeito (Suding et a/. 2008, Minden & Kleyer

2011). Um exemplo classico deste tipo de monitoramento com artrépodes é o trabalho de
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Larsen et al. (2005) que demonstra que a intensificacdo da agricultura leva ao declineo da
fungao de polinizagao. Os autores classificaram o tamanho corporal de abelhas tanto como
um atributo resposta quanto como efeito pois, diante do gradiente de perturbacao, o
mesmo foi positivamente correlacionado com a probabilidade de extingao (resposta) e com
a eficiéncia de polinizagdo (efeito). Abelhas maiores, polinizadoras mais eficientes, sdo

aquelas com maior risco de extincao frente ao incremento agricola.

Consideragoes finais

Apesar de sua importancia intrinseca e, especialmente, de ordem ecoldgico-
econémica, as pesquisas com atributos funcionais de invertebrados terrestres na ecologia
estao apenas iniciando. Assim como para plantas (Cornelissen et a/. 2003) e invertebrados
aquaticos (Vieira et al. 2006), é fundamental a definicdo de protocolos padronizados para
coleta dos atributos nos diferentes grupos. A variabilidade dos atributos nos individuos,
pertencentes as diferentes classes etarias e sexo, dentro das espécies, devem ser levadas
em consideragdo na obtencdo de dados e andlises para melhor representar a realidade do
ecossistema (de Bello et a/. 2011). Os esforgos devem ser direcionados ao entendimento da
organizacao das comunidades e para a busca da caracterizacdo daqueles atributos que
respondem a disturbios e influénciam processos e servicos ecossistémicos. Contudo, cabe
salientar, que este novo enfoque ndo representa uma substituicdo aos tradicionais indices
taxonOmicos, e sim um complemento aos mesmos no monitoramento da biodiversidade
(Vandewalle et al 2010). A avaliacado de mudancas na composicao funcional das
comunidades em conjunto com a composicao de espécies pode ser um grande passo em
direcao ao entendimento da relacao entre padrOes ecoldgicos, praticas de manejo e

producdo de servicos ecossistémicos (Mason et al. 2005, Petchey et al. 2007).
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Spider trait assembly patterns and resilience under fire-
induced vegetation change in South Brazilian Grasslands

Abstract

Disturbances induce changes on habitat proprieties that may filter organism'’s

functional traits thereby shaping the structure and interactions of many trophic

levels. We tested if communities of predators with foraging traits dependent on

habitat structure respond to environmental change through cascades affecting the

functional traits of plants. We monitored the response of spider and plant

communities to fire in South Brazilian Grasslands using pairs of burned and unburned

plots. Spiders were determined to the family level and described in feeding

behavioral and morphological traits measured on each individual. Life form and

morphological traits were recorded for plant species. One month after fire the

abundance of vegetation hunters and the mean size of the chelicera increased due to

the presence of suitable feeding sites in the regrowing vegetation, but irregular web

builders decreased due to the absence of microhabitats and dense foliage into which

they build their webs. Six months after fire rosette-form plants with broader leaves

increased, creating a favourable habitat for orb web builders which became more

abundant, while graminoids and tall plants were reduced, resulting in a decrease of

proper shelters and microclimate in soil surface to ground hunters which became less

abundant. Hence, fire triggered changes in vegetation structure that lead both to

trait-convergence and trait-divergence assembly patterns of spiders along gradients

of plant biomass and functional diversity. Spider individuals occurring in more

functionally diverse plant communities were more diverse in their traits probably

because increased possibility of resource exploitation, following the habitat

heterogeneity hypothesis. Finally, as an indication of resilience, after twelve months

spider communities did not differ from those of unburned plots. Our findings show

that functional traits provide a mechanistic understanding of the response of

communities to environmental change, especially when more than one trophic level

is considered.
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Introduction

Fire is an important disturbance that drives the structure and the interactions of
ecological communities in flammable ecosystems [1]. Predicting community resilience and
reassembly patterns following disturbances is challenging, but more recently a trait-based
functional approach of biodiversity is a promising perspective to reveal the mechanisms
behind observed patterns [2, 3]. Beyond who is present (taxonomic identity), and who
profits and who vanishes from environmental change (taxonomic turnover), a functional
approach may inform: how the organisms are morphologically and functionally structured in
the community and how they behave, what they do in ecosystems, and which functional
traits are selected or filtered out in face of a disturbance. Such information represents a
more generalist [4], comparative [5, 6] and even meaningful [7] view of community
diversity which has been gradually incorporated in ecological studies complementing the
traditional taxonomic indicators [8, 9]. Furthermore, as the adaptation and function of
organisms in their environment are expressed by their traits, functional diversity (FD) may
be directly related to ecological niche diversity [7, 10, 11], thereby facilitating the

understanding and prediction of community assembly patterns [12, 13].

One theoretical framework on community assembly assumes that local communities
are made of organisms assembled according to their physiological, morphological, and/or
life-history traits from a regional biodiversity pool [14, 15]. In general terms, on the one
hand assembly processes affected by habitat constraints (e.g. environmental filtering) may
lead to trait-convergence patterns, while biotic interactions (e.g. competition) may produce
trait-divergence patterns [16]. Community trait convergence is generated when in a given
site some trait states are favoured instead of others [17]. The result is that organisms under
similar environmental conditions will tend to share similar traits compatible with those
conditions. For example, reduced soil moisture conditions can select collembolan species

that are drought-tolerant, larger-sized (more resistance to desiccation) and with epiedaphic
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habits [18]. However, trait-divergence occurs when, in order to allow coexistence, the
organisms in communities tend to be dissimilar to each other regarding their traits, following
limiting similarity (niche differentiation) principles [14, 19]. For instance, ant species present
overdispersion in body size at some spatial scales as a way to avoid interspecific competition
for similar resources [20, 21]. Trait-convergence and trait-divergence patterns have been
often assessed within communities, i.e., considering only alpha functional diversity [22].
Nevertheless, such assembly patterns may be most easily understood if analysed at the
metacommunity level (beta functional diversity). Here we adopt this approach by analysing

beta functional diversity along ecological gradients [7, 13].

Habitat disturbances remove individuals, or biomass, from a community [23]. Their
effects on biodiversity depend on their spatial scale, severity and intensity [24], and also on
the ecosystem’s resistance and resilience [25]. Fire is one of the major disturbances driving
vegetation physiognomy and structure [1], and especially in fire-prone ecosystems it plays a
key role in the selection of adaptive functional traits in plants [26]. As fire opens the
vegetation, it partially resets community assembly processes reducing competitive dominant
plant species and may thus increase plant species richness and FD by allowing less
competitive and functionally diverse species to establish [27, 28, 29]. Responses of
terrestrial arthropods and other animal groups to fire tend to be idiosyncratic, and usually
depend on their colonization capacity and the suitability of the habitat as a result of
vegetation regrowth and soil recovery [30]. Studies addressing such mechanisms of
reassembly in animal communities considering a functional approach are limited (e.g. [31]),
and therefore a complete understanding of the role that the post-burn habitat structure

plays in animal assembly is required.

Here we examine how disturbance by fire affects the assembly of spider communities
from a functional perspective. Spiders are abundant and diverse generalist predators in most

terrestrial ecosystems [32], playing a potential role in biological control and insect
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suppression [33]. In contrast to any other predator, spiders display a wide range of
complementary foraging strategies reflecting their essential relationship with the vegetation
and habitat structure [34, 35]. We conducted a replicated burning experiment in fire-prone
natural grasslands of South Brazil where besides the description of spider communities we
collected information on the functional traits of the plant communities as a surrogate of
habitat structure characterization. We aim at (1) assessing the resilience of spider
communities to fire (e.g. the time needed by spider communities to recover after fire); (2)
detecting relationships between spider and vegetation communities from a functional
perspective in burned and unburned sites, and (3) exploring spider trait-convergence and
trait-divergence on gradients of plant biomass and plant functional diversity generated by
fire. For this we used trait data collected on spider individuals, which enabled us to consider
the entire trait variability between individuals [36], including variability related to phenology
and sex, both within and between experimental treatments. We showed that fire induced
changes on vegetation traits led to spider trait community patterns indicative of
environmental filtering and limiting-similarity processes, which lasted less than one year

after the disturbance.

Material and Methods

STUDY AREA

We conducted the experiment in a natural grassland site at the Agronomic
Experimental Station of UFRGS, Eldorado do Sul municipality, Rio Grande do Sul, Brazil
(30°06'58"S; 51941'05”W). The grasslands in South Brazil, regionally known as Campos, are
located in a transitional zone between tropical and temperate climates (Cfa type according
Peel et al. [37]). The mean temperature ranges from 9°C in winter to 25°C in summer, and

the annual precipitation is about 1440 mm normally well distributed in the year [38]. The
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vegetation structure is dominated mainly by grass species with co-occurring herbs, shrub

and treelet species.

Campos represent ancient ecosystems from colder and dryer, or warmer and more
seasonal climates that prevailed until the mid-Holocene [39]. As the climate became moist
and milder it favored forest expansion over the grasslands. Nowadays, disturbance by
grazing and fire controls woody plants encroachment and has maintained the native
grassland physiognomy and diversity of these ecosystems in South Brazil [40]. Despite
burning prohibition by Brazilian environmental legislation, farmers lit fire as a management
tool to eliminate dead grass biomass and increase forage quality [41]. In association with
grazing, which creates small-scale heterogeneity of grazed and ungrazed patches [42], fire
is usually of low intensity and spreads rapidly and heterogeneously according to available
flammable biomass and wind conditions, creating a mosaic of burned and unburned patches
[41]. Further, most of the plant species in these grassland ecosystems are perennial and

vegetation recovery after fire is usually fast due to resprouting [43, 44].

EXPERIMENTAL DESIGN

Our experiment comprised 14 paired plots of 10 x 10 m (seven blocks), disposed in
grassland areas with a gentle slope. Blocks of paired plots were separated by at least 50 m,
and the plots from the same block were six meters apart. One plot per block was randomly
burned at late spring of 2009, and the other plot served as a control. The prescribed
burnings were authorized by the Environmental Secretariat of Rio Grande do Sul state

(SEMA, Brazil), and controlled with firebreaks surrounding the plots.

We opted to use small scale burned plots (10 x 10 m) that mimic the fire mosaic as it
occurs in Campos instead of larger ones because (1) homogeneity was required inside each

plot and between plots of the same block, and (2) in small plots we can reset assembly
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processes avoiding the effects of distance for the colonization of the organisms; e.g. the
smaller the plots and larger the surrounding matrix, the lower the requirements on

arthropod dispersal ability and the more the results relate to their habitat preferences [30].

SPIDER SAMPLING

We sampled the spider community in all the plots before the application of the
treatments, one month after fire, between six to seven months after fire (early winter), and
twelve months after fire. We collected the spiders from vegetation with sweep nets and
from the soil surface with five equalized pitfall traps per plot. The sweep net was 50 cm
large (0.1 m?); we swept the vegetation in four transects in each plot in one morning and
one afternoon at each sampling date. Pitfall traps consisted in plastic pots (9 cm diameter)
filled with 200 ml of alcohol 70% and some drops of detergent; they remained opened for
four days in the field. As pitfall traps measure the activity density of the wandering
organisms on the soil surface, we are aware of a bias in the effects of habitat openness in
their trapability (probability of individual capture; [45]); i.e. trapability could increase in
recently burned plots because there are fewer constraints to locomotion. We take this into
account for interpretation of our results. The sampling was authorized and registered at

ICMBIio/SISBIO under the process number: 20579-1.

In the laboratory, we counted all the spiders and sorted them to adults or juveniles.
As 82% of all individuals sampled were juveniles, which are difficult and fundamentally
ambiguous to identify to species level [46], especially in mega diverse countries, we based
our taxonomical approach at family level. In Brazil spiders are very rich in families which are
relatively easy and hence fast to identify, even considering immature individuals; e.g. the
study region (Rio Grande do Sul state) hosts 51 spider families [47]. Significant correlation

has been confirmed by previous studies between family and species richness [48], and
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response to disturbances, including fire [49].

SPIDER TRAITS

We assessed the functional response of spiders to fire by using behavioral and
morphological traits documented for each spider individual (Table 1). We classified the
spiders according to their behavior of building or not building a prey-capture web (web
builders or hunters), and in a second step we sorted the web builders by their type of web:
(a) orb-web, or (b) irregular-web (others than orb-web; e.g. sheet and spatial-webs), and
the hunters by their living strata: (c) ground or (d) vegetation hunters. It is assumed that
these four spider foraging trait strategies present different responses to environmental
factors (e.g. habitat structure) and also undergo different effects on ecosystem processes
(e.g. differential predation) [50, 51], and therefore are likely relevant to examine
convergence and divergence patterns. The foraging strategies were considered as binary
traits (Table 1), and were based primary on family affiliation [34, 35] (Table S1), and in the
organism living strata (ground and vegetation hunters). For example, Miturgidae and
Salticidae sampled with pitfall traps were classified as ground hunters, and those collected

by sweeping net as vegetation hunters.

Spiders were also described by morphological traits (body, eye, leg and chelicerae
size) also assumed to be related to their adaptation and function in the environment. For
example, body size is correlated with many life history mechanisms as resource use,
starvation, desiccation resistance, and other physiological processes [52, 53]. Eyes are
connected with the collection of visual information about microhabitat features and
substrate, hunting and spatial orientation [54, 55]; leg size could be related to efficiency in
locomotion, dispersal and web construction [32, 56]; and finally chelicerae size could refer

to prey size. Morphological measurements were done on each spider individual with
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micrometer under stereomicroscope. The measurements of each structure (leg, eye, and

chelicerae) were weighted by a relative body size measurement (Table 1); e.g. chelicerae

area was divided by cephalothorax area. See Table 1 for a complete description of the

measurements.

Tablel. Description of spider and plant traits used in the study.

Trait . .
Group category Trait (abrev.) Category Definition
Spiders  Morphological . - (cephalothorax length*width) +
body size (body) quantitative (abdomen length*width)
(average of anterior and
leg size (leg) quantitative posterior femur) / cephalothorax
length
. _ Larger frontal eye width /
eye size (eye) quantitative cephalothorax width
. . _ (chelicerae length*width) /
chelicerae size (chel) quantitative (cephalothorax length*width)
Feeding ground hunters (gh) binary ground hunters = 1; other= 0
behavior
. . vegetation hunters = 1;
vegetation hunters (vh)  binary other= 0
orb web (ow) binary orb web = 1; other=0
irregular web (iw) binary irregular web = 1; other=0
Plants Morphological plant height (pl_he) quantitative plant height
leaf area (le_ar) quantitative leaf area
leaf lengh (le_le) quantitative leaf length
leaf width (le_w) quantitative leaf width
Life-form graminoids (gram) binary graminoids = 1; other=0
forbs (for) binary forbs = 1; other=0
rosettes (ros) binary rosettes = 1; other=0
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VEGETATION SAMPLING

The experimental plots were sampled before fire to test initial vegetation
homogeneity between paired plots. We sampled the vegetation again in all experimental
plots approximately nine months after fire (late winter/early spring) to examine spider
community responses to fire through changes in plant community functional structure. We
used this last data set for comparison with the post-fire winter spider data. In both
occasions we calculated the mean cover (%) of each plant species and bare soil that were
visually estimated in five 1m? quadrats randomly distributed in each plot at each date. Plant
aboveground biomass was assessed in each quadrat by cutting and weighting fresh
biomass. An aliquot from total biomass was oven-dried (60°C for 72 h) and weighed for
total dried biomass estimation. The sampling quadrats within plots were randomly located at
the beginning of the experiment and were non-overlapping. For the data analysis we used

the average species composition and biomass of each experimental plot and period.

Plant species were described by traits that could affect structural features of the
habitat offered to spiders, that is, plant life-form (graminoid, forb or rosette), and other
morphological traits (plant height, leaf area, leaf width and length; Table 1). The traits were
recorded for the most dominant and most frequent species, that is, those with a minimum
cover of 10% in at least one of the quadrats and those occurring in at least 30 among the
140 evaluated quadrats. In this way, traits for 52 species, corresponding to 46% of the total
species pool (114 species), comprising up to 88% of total plant cover were recorded. For
plant morphological traits we used the average of measurements on five individuals from
each species collected from the whole study area. Information on life-form was collected

from the literature and considered as binary traits (Table 1).
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DATA ANALYSIS

In data analysis, we (1) tested for effects of fire on the spider and plant communities
described by taxon identities and by their traits, (2) examined the relationships between
spider traits and vegetation traits, and (3) identified spider assembly patterns related to

vegetation gradients.

Data matrices

For the analysis, we organized the spider and vegetation data collected at each
sampling period in the following matrices: matrix Bs of spider individuals by traits, binary
matrix Ws of experimental plots (in rows) described by the presence of the spider
individuals, which was standardized to unit total within experimental plot and period, and
matrix Fs with the same plots described by the abundance of individuals classified in spider
families. Similarly, the vegetation data was arranged in matrix Bp of plant species by traits,
matrix Wp of experimental plots by the cover of plant species (also standardized to unit total
within experimental plot and period), and matrices Ep and Egp (actually vectors)
respectively with aboveground plant biomass and calculated plant functional diversity (see

below) in the experimental plots. These matrices are illustrated in Figure S1.

Community mean traits and diversity

For each plot and sampling period we calculated community weighted mean traits
(CWM) for spiders and for plants. CWM trait values represent the mean of each trait
weighted by the relative abundance p; of the Fth spider individual or plant species
presenting each trait value x; [57, 58]. Such metric informs on dominant traits in the

community, which is related to the “mass ratio hypothesis” [59]. CWM trait values were
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computed by matrix multiplication T = WB [13], where W and B were defined according to
spiders or plants and sampling period. Matrix Ts and Tp will contain, respectively, spider and

plants CWM trait values (see Figure S1).

For each plot and sampling period we also calculated functional diversity (FD) for
spiders and for plants using Rao’s quadratic entropy [60, 61], which informs on the extent of
trait dissimilarity among taxa in the community, and it is linked to the “limiting similarity”
[14, 16] and “niche complementarity hypothesis” [62]. In this way FD is calculated as the
sum of the dissimilarities dj; based on traits weighted by the product of the relative

abundances p;and p; of the +th and fth spider individuals or plant species:

FD = szij PiP;

i=1 j=1

This sum is carried over all pairs of spider individuals or plant species found in the
experimental plot at a given sampling period. For the dissimilarities g which should be
defined in the range 0 to 1, we used the Gower's similarity index [63]. For spiders we
considered all functional traits together (FDs_all traits), and, because of their different
natures, we also calculated FD for spider feeding behavior (FDs_behav) and morphological
traits (FDs_morph), separately. For plants, we calculated FD indices considering all plant
traits together (FDp_all traits) and also separately for life-form (FDp_life-form) and
morphological traits (FDp_morph). Additionally, we computed the Simpson index of spider

family diversity (based on matrix Fs).

Fire effects and spider community resilience

We assessed the effects of the experimental treatments on vegetation variables

before fire and nine months after fire using analysis of variance based on randomization
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testing (1000 permutations). We considered plant species composition (matrix Wp) in one
test, and CWM traits (matrix Tp for seven traits) in another, and in these cases the analysis
was multivariate. We also tested for treatment effects on total plant species richness,
aboveground biomass (log transformed), FD and each CWM traits, in which case the

analyses were univariate.

We applied the same randomization method to test for effects of the treatments on
spider community variables at each sampling period (four periods). We considered spider
family abundances (matrix Fs), and CWM traits (matrix Ts for eight traits). Family
abundances were log transformed (x+1) to reduce the effects of very abundant families.
Using the same method we also compared burned and unburned plots in terms of individual
variables: (1) spider abundance, (2) Simpson index of spider family diversity, (3) Bray-Curtis
similarity coefficients of spider families in all pairs of plots, (4) FD (all traits, behav and
morph), and (5) CWM traits. The comparison of the results of the tests across sampling

periods allowed assessing resilience of the spider communities to fire.

Relations between spider traits and vegetation traits

To explore the association between functional traits of spiders and plants we used
co-inertia analysis [64]. We tested the co-variation between matrix Ts of spider CWM traits
and matrix Tp of plant CWM traits. Ts in this case was based on the spider individuals
collected between six to seven months after fire, and T, on the plant species composition
recorded nine months after fire, in both burned and control plots. Firstly we performed PCA
of the two matrices and selected for each of them the principal axis to reduce their
dimensionality. Secondly, the concordance between the two data sets was maximized by the
rotation of the multidimensional space, generating new axes [65]. Finally, the significance of

these associations was tested by permutation. To interpret the relationships between
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specific traits of spiders and plants in the treatments we also plotted their CWM traits in two
separated PCAs. For interpretation, we only considered those traits with statistically

significant responses to burning (see previously described ANOVA).

Spider assembly patterns

We analysed spider assembly patterns following the method described by Pillar et al.
[13], which distinguishes trait-convergence (TCAP) and trait-divergence assembly patterns
(TDAP) along an ecological gradient. Here we sought TCAP and TDAP in spider communities
using plant biomass or plant FD in burned and unburned plots as ecological gradients
possibly driving the assembly process. Since not every measured trait may be related to the
environmental gradient considered, we searched for optimal trait subsets maximizing the
expression of such patterns. Then, the selected traits were used for testing and interpreting

the patterns.

TCAP is evaluated by a Mantel type correlation of dissimilarity matrices based on T
and E, i.e. p(TE) = p(Dr;Dg), which measures the congruence between variation of spider
CWM traits (Ts) and the variation of plant biomass (vector Epg) or plant functional diversity
(vector Egp for FDp_all traits). The correlation p(TE) approaches 1 as more communities that
are similar due to spider traits are also similar regarding plant biomass or plant functional
diversity. In this case, changes in the traits are linked to the gradient and therefore
organisms within communities nearby on the gradient will tend be more similar to each
other than organisms in communities far apart on the gradient [13]. TCAP was tested
against a null model, which was based on the permutation between the row vectors (spider
individuals) of matrix Bs, generating a permuted matrix Bsy,. At each permutation, a new
matrix Tppo = WBsypy and the corresponding p(TwoE) are recomputed. After many

permutations (at least 1000), the probability of finding under the null model a p(TwoE) =

[95]



p(TE) is found. See Pillar et al. [13] for further details.

TDAP evaluation at the metacommunity level requires, as an intermediate step,
computing matrix correlation p(XE) [13]. For this, we obtained matrix U with degrees of
belonging of spider individuals to fuzzy sets [66] based on the individuals’ trait similarities
computed from matrix Bs. With this approach, we consider each organism as defining a
fuzzy set to which itself and every other organism may belong with a certain degree of
belonging ranging in the interval [0, 1] [67]. The idea behind the definition of fuzzy sets in
this context is that organisms that are similar by their traits are functionally equivalent and
could replace each other in the communities. By matrix multiplication, X = U'W is defined
containing the plots’ spider composition that is fuzzy-weighted by the spider individual
similarities. Matrix X is actually indicating the probabilities for every individual being present
in the plot given its similarity to the individuals that were actually found in the plot. Since
matrix X carries the whole information of the organisms’ traits, that was transferred from
the organism level to the metacommunity level, the matrix contains both convergence and
divergence patterns [13]. Therefore, the Mantel partial correlation p(XE.T) will express only
spider TDAP strictly related to plant biomass or plant FD. p(XE.T) was tested against a null
model based on the permutation between the rows of U, analogously to the testing of

p(TE). See Pillar et al. [13] for further details.

Optimal trait subsets maximizing the values of p(TE) and p(XE.T) were obtained
through an algorithm that considered all trait combinations starting with one trait, up to the
complete set of traits [68, 13]. After this procedure we evaluated the significance of p(TE)

and p(XE.T) obtained with the optimal trait subsets related to each gradient.

After identifying significant sets of optimal traits for TCAP, we plotted CWM of each
trait of the optimal subset and the ecological gradient. Also, matrix X defined by the optimal
trait subset maximizing p(XE.T) was analyzed by Principal Coordinates Analysis (PCoA).

PCoA was performed with Euclidean distances between sampling units, bi-plotting traits
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(CWM) and the related environmental variable (E).

All analyses but trait-assembly pattern analysis were performed with R 2.15.1 [69].
For trait-assembly pattern analysis in ecological gradients we used the software SYNCSA
(available in http://ecoqua.ecologia.ufrgs.br), but also available in the package SYNCSA for

R.

Results

PLANT AND HABITAT STRUCTURE

Table 2. Vegetation variables in burned and unburned experimental plots at different sampling

periods.
Sampling periods Burned compared to control plots
Before fire Similar plant composition, richness, FD and CWM traits®
**Prescribed Fire** (late Spring 2009)
Short-term Sparse vegetation regrowth, flowering induction, decreased litter
(1 month after fire) and increased bare soil cover”
Similar plant species composition; increased plant species richness,
Intermediate-term FD_life-form and proportions of rosettes and broader leaves;
(6 to 9 months after fire) decreased plant biomass, proportions of graminoids and tall plants?;
decreased amount of litter on the ground®
Long-term

. . . b
(upper to 12 months after fire) Similar vegetational parameters

@ showed experimentally based on our measurements.

b qualitative observations, and according to Fidelis et al. [44].

Before fire we identified a total of 114 plant species in the study site, and an average

of 20 plant species per quadrat of 1 m% The average aboveground biomass was 8179 per
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m?2. Analysis of variance indicated that before fire the experimental plots from the same
block were not different from each other concerning plant parameters (Table 2 and Table
S2). The fire consumed essentially all leaf-litter material and green plant biomass in the
plots, leaving only some partially unburned Eryngium horridum (Apiaceae) individuals. Plant
biomass decreased in burned plots (P= 0.005), and plant total richness increased
(P=0.015). Treatments did not differ in both dominant plant species composition (P=
0.237), overall plant trait variation (FDp_all traits) and plant morphological variation
(FDp_morph), while plant life-form variation (FDp_life-form) increased in burned sites (Table
S2). Dominant traits in the community (CWM) also differed between treatments, with a
significantly higher proportion of rosettes and plants with broader leaves in burned plots, as
opposed to more graminoids and taller plants (Table S2) in unburned control plots. A

complete description of habitat structure after fire at the sampling dates is given in Table 2.

SPIDER DATA DESCRIPTION

During our study we collected a total of 23 spider families and 1755 individuals
(Table S1). Among these, 15 families and 80% of the individuals were sampled directly from
vegetation, and 22 families and 20% of the individuals from the soil surface. The families
with more than 5% of the total abundance of individuals were Araneidae (22.8%),
Thomisidae (18.4%), Salticidae (15.4%), Oxyopidae (13.5%) and Lycosidae (7.5%).
Vegetation hunters accumulated 54% of the total individuals collected, followed by orb web

builders (24%), ground hunters (11%), and irregular web builders (11%; Table S1).

SPIDER RESILIENCE

Before fire paired plots did not differ from each other concerning all spider

biodiversity indices evaluated (Table 3). After fire, we also did not find any significant
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difference between treatments at any sampling date concerning spider abundance (Figure
S2A) and Simpson diversity (Figure S2B). Bray-Curtis similarity in terms of family
composition between burned and unburned communities remained similar during all
sampling periods (approx. 68% of similarity, Figure S2C). The spider community
composition described by families (P< 0.001) and by CWM traits (P< 0.001) presented
strong seasonal dynamics, with spiders being more dissimilar between sampling dates than
between treatments. However, trait composition seemed to be dissimilar between

treatments one month after fire (P= 0.019).

Table 3. Summary of the results of spider functional resilience to fire. Probability values from analysis
of variance in blocks with permutation test obtained for functional measures of spider community
between control and burned plots at different sampling dates before and after fire (a.f.). For CWM_all
traits the analysis was multivariate. In case of significant differences, positive or negative effects of

fire are showed in brackets.

Functional measures p-values (fire effect)

of spider community 1 month 6-7 months 12 months

Before fire

a.f. a.f. a.f.

Al traits 0.961 0.667 0.414 0.441

FD Morphological 0.823 0.321 0.330 0.387
Feeding behavior 0.092 0.038 (-) 0.745 0.961

Al traits 0.634 0.019 0.158 0.994

Body size 0.280 1.000 0.667 0.706

Leg 0.745 0.745 0.521 0.863
Chelicerae 0.804 0.035(+) 0.745 0.194

CwM Eye 0.594 0.342 0.477 0.686
Orb web 0.941 0.120 0.041 (+) 0.863
Irregular web 0.122 0.019 (-) 0.686 0.623

Ground hunter 0.745 0.706 0.003 (-) 0.823
Vegetation hunter 0.311 0.027 (+) 0.391 0.961
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Regarding functional aspects, FD of feeding behavior (FDs_behav) decreased in
burned plots one-month after fire, while there were no differences in the variation of both
the overall traits (FDs_all traits) and morphological traits (FDs_morph). The analysis of
spider CWM traits revealed that one month after fire there was a positive effect of fire on
chelicerae size and vegetation hunters, and a negative effect on irregular web builders. At
six to seven months after fire we found negative effects of fire on ground hunters and
positive effects on orb web builders (Table 3). At 12 months after fire the functional traits of

the spiders did not differ between treatments.

RELATIONSHIPS BETWEEN SPIDER TRAITS AND PLANT TRAITS IN BURNED AND

CONTROL PLOTS

Co-inertia analysis of the simplified dimensional data of spider traits x plots (PCA, five
eigenvectors, 92.91%) and plant traits x plots (PCA, four eigenvectors, 96.83%) showed
marginally positive association between these two datasets (RV=0.40; p=0.068; Figure 1A).
The first and second axes of the co-inertia biplot clearly reflected the fire treatment, and
represented 68.3% and 22.9% of the co-structure respectively, with unburned control plots
in the bottom right corner of the ordination and burned plots in the top left corner The
blocked design of the fire experiment was reflected by closeness of the paired plots (burned

and control) in the ordination space.

Figures 1B and 1C show the contribution of the functional traits of the two trophic
levels to the canonical space. Considering only the statistically significant traits of spiders
and plants (Table 3 and Table S2), in burned plots orb web builders correlated positively
with rosettes and plants with broader leaves. On the other hand, ground hunter spiders

were associated with taller plants and graminoids in unburned plots.
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Figure 1. Relationships between spider traits and vegetation traits in burned and control plots. Co-
inertia analysis results: (A) ordination of control (light-green symbols) and burned plots (dark-orange
symbols) based on spider (triangle) and plant traits (square); PCA of (B) spider and (C) plant traits.
Short arrows indicate that the plant and animal traits occupy similar positions in the ordination space.
Numbers (1 to 7) indicate the blocks. Highlighted traits (B, C) mean significant association with

burned or control plots.

SPIDER ASSEMBLY PATTERNS IN PLANT ECOLOGICAL GRADIENTS

We evaluated trait assembly patterns in spider communities related to two ecological
gradients: plant biomass and plant FD. Spider trait-convergence assembly pattern (TCAP)
related to plant biomass was maximized by the ground hunter attribute (Table 4). The
proportion of ground hunters and plant biomass were positively associated, and lower in
burned plots (Figure 2A). For example, with a decrease in biomass from 934 to 263 g/m?,

the proportion of ground hunters decreased from 0.18 to 0.05.

Along the plant FD gradient, spider TCAP was significantly maximized by orb web
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builder, chelicerae and eye size attributes (Table 4). By plotting these traits against the
gradient of plant FD we observed that orb web builders had a primary importance for the
expression of TCAP, and chelicerae and eye size appeared only to participate explaining the
residuals of the main correlation. The proportions of orb web building spiders increased with
plant FD (Figure 2B); i.e. with an increase from 5 to 12 in plant FD (Rao Index) the orb web

builder proportion increased from 0.14 to 0.32.

No significant spider trait-divergence assembly pattern (TDAP) was found regarding
plant biomass gradient (Table 4). However, we found a strong divergence pattern related to
plant FD maximized by chelicerae, eye and body size, orb and irregular web builders. Spider
FD of these traits was positively correlated to plant FD, which tended to increase in burned

plots (PCoA; Figure 2C).

Table 4. Summary of the results of spider assembly patterns in ecological gradients. Spider trait
subsets maximizing, at the community level, the expression of trait-convergence assembly patterns
(TCAP) and trait-divergence assembly patterns (TDAP) related to plant biomass and plant FD

ecological gradients. See Table 1 for descriptions of trait abbreviations.

TCAP TDAP
Gradient
Biomass FD plants Biomass FD plants
Sup;LZ'f | trait gh ow, eye, chel leg, chel, eye, body bodyi,wc h;kl &Y&
p(TE) 0.335 (0.015) 0.553 (0.001) 0.047 (0.337) 0.105 (0.268)
p(XE.T) -0.147 (0.919) -0.140 (0.49) 0.152 (0.157) 0.534 (0.002)
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Figure 2. Spider assembly patterns in ecological gradients. Trait convergence assembly pattern
(TCAP) under gradients of plant biomass (A) and plant FD (B). Trait divergence assembly pattern
(TDAP) in gradient of plant FD (C). The TDAP plot is composed of an ordination diagram generated
on Euclidian distances computed on the composition of spiders communities after fuzzy weighting by
the traits which maximized the expression of TDAP (body, chel, eye, iw, ow) related to plant FD.

Green symbols mean control plots and orange symbols mean burned plots.

[103]



Discussion

Our findings indicate that spider communities can recover very fast to plot-scale fire
in grasslands of South Brazil. Although we visually detected the arthropods disappearance
after fire, either because they were consumed by fire or escaped, we observed that the
spider communities of burned sites were similar in number of individuals, family diversity
and composition to those in unburned sites from the first month after fire. As initially
predicted, our small scale burned sites appeared to not impose major constraints for spider
colonization allowing both cursorial and aerial immigration. While cursorial dispersal
represents directional spider short distance travels [70] which probably took place through
the soil surface and the resprouting foliage directly from adjacent unburned areas, aerial
ballooning is a passive mechanism of distant and random dispersal through air currents [33,
71]. These colonization processes seem to have happened faster than our first sampling
(one month after fire) could record, and hence we recommend that future researches
perform samplings in an earlier period. We therefore believe that our results indicate spider
resilience through fast recolonization rather than spider resistance to fire. The spider families
represented at the site had good dispersal abilities and our results also indicated that the
postfire ecosystem was capable of maintain such diversity. Species with restricted dispersal
abilities and habitat specialists were probably disfavored in this initial colonization process
[71, 72]. Because recently burned habitats would offer less niche diversity than unburned
habitats, a decrease in arthropod species diversity overall is expected [30, 73], but our

approach at family level was not suitable to detect such responses.

Functional diversity is a dimension of biodiversity which takes into account the traits
of organisms related to their adaptation in their environments [10], and thus can inform on
their biological mechanism of response. Our functional approach revealed short and
intermediate-term responses of spiders to fire, with a closer similarity between burned and

unburned areas only reached after about one year, probably reflecting the time frame for
[104]



recovery of the vegetation [29]. Our results therefore indicate spider communities are
functionally resilient to fire disturbance in these grassland ecosystems so that they recover

within one year after fire.

In the first month after fire we observed a reduction in the relative abundance of
irregular web builders and an increase in that of vegetation hunters, which resulted in a
decrease in FD of spider feeding behavior. On the one hand, irregular web-builders could
have been limited in recently burned sites because of shortage in appropriate physical
structures for attachments of their webs. This functional group incorporates spiders that
build especially sheet and spatial webs and, in contrast to orb weavers which are more
flexible and can spin webs across wider spaces [74, 75], they may require relatively small
distances between web supports [51], having a close relationship with microhabitats in the
litter layer [76, 77] and plants with dense foliage [78]. Recently burned sites had sparse
vegetation and a huge simplification of the ground surface, with reduced litter and moisture

[44] which seemed to compose an unsuitable habitat for these spiders.

On the other hand, vegetation hunters were favored in this environment at this early
period probably by the direct vegetation regrowth and the summer-induction of flowering of
many inter-tussock dicot species that established following release from dominance by
grasses and suppression of the thick litter layer [29, 40, 79]. Freshly green biomass and
flowers represent optimal foraging patches for wandering spiders by attracting potential
preys such as flower visitors, pollinators [80, 81] and herbivore insects which feed
preferentially on young high-quality leaves vs. mature ones [82, 83, 84]. Interestingly, also
at this time the spiders found in burned plots had larger chelicerae size, but not body size,
than in unburned plots which may be explained by an increment in prey size in the post-

burned habitat.

At an intermediate time after fire, beyond a reduced plant biomass and litter layer

we confirmed the generally accepted pattern of increasing plant species richness in burned
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sites. Moreover, this pattern was associated with an increase in FD of plant life forms. It is
already known that the dominance of C4 tussock grasses tends to reduced plant diversity in
undisturbed grasslands, and that fire, or other grassland management actions like mowing,
allow the coexistence of more species from different life forms by reducing the superior
competitive species (e.g. [28, 29, 85]). We experimentally showed that unburned areas had
greater proportions of graminoid and taller plant species than burned ones, which presented
enhanced proportions of rosettes. Rosettes in this study were represented mostly by
Eryngium horridum (Apiaceae), a very common species in grasslands in southern Brazil [86]
that shows a great capacity of regeneration by resprouting after plant damage [87]. This
differential plant trait composition between burned and unburned sites as well as the
gradients of plant biomass and plant FD along the treatments acted as environmental filters
leading to convergence patterns of spider feeding behavior (Fig. 3). Below we detail the

mechanisms through which such convergence may operate.

The proportion of ground hunters increased under dense tussocks and tall plants,
increased plant biomass, and litter layer (Fig. 3). This probably reflected protection against
light and/or visual predators, buffered microclimate, as well as increased surface for moving
around, hunting and sheltering, which has a major importance for reduction of mortality risk
[88]. Ground hunters are particularly known for selecting their microhabitats on the soil
surface based on suitable microclimate, reduced predation risk and availability of prey [89,
90, 91], and usually increase when the biomass and litter layer are enhanced [50, 92].
According to these premises, we would have expected a decrease in these spiders at the
simplified recently burned sites, but there were no significant differences at that time. Two
possible explanations are that 1) the trapability by pitfall traps may be increased because
burned plots offer less constraints to animal locomotion and activity in the soil surface [45],
compensating their hypothetical reduced abundance, and 2) increased bare soil could have

r-selected a different species composition, e.g. vagrant lycosid fauna, which appreciate open
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habitats [73, 90].

Differently from that soil-related feeding strategy, the orb-weaving spiders
converged to rosette-form plants and to plant FD (Fig. 3), a surrogate for structural diversity
of vegetation. Several works have already demonstrated the importance of habitat
architecture to foraging site selection and orb-web spider establishment [93, 94, 95].
Because species and individuals of different ages differ in web size, mesh spacing and web
position within the vegetation, the greater architectural heterogeneity, the more web-
attachment sites are provided and the higher the density of orb-web spiders supported.
Rosettes, and especially Eryngium horridum individuals, which present a vertical
architectural stratification, seemed to offer suitable web sites. There are some evidences of
orb-weaving spiders associations with this life form [96, 97], and the spider benefits might
involve stable web support due to leaf arrangement, potential source of moisture and

opportunity to catch flying insects taking off from the plant’s conical base.

Finally, we showed that the gradient of plant FD driven by fire history in grasslands
influenced not only the orb-weavers, but also the functional diversity of the entire spider
community, leading to a trait-divergence assembly pattern (Fig. 3) [13]. Although it is well
accepted that invertebrate natural enemies densities and diversity are promoted in complex-
structured habitats (94, 95), no study to date has shown the close association between FD
of vegetation and spiders, especially considering the morphological traits of the later. In our
system, spider individuals occurring in more functionally diverse plant communities were
more diverse regarding their body, chelicerae and eye sizes and also to their web building
type (orb or irregular web) compared to the less functionally diverse plant communities
where spiders were more similar to each other concerning the same traits. These findings
support the habitat heterogeneity hypothesis [98, 99] at the individual level, demonstrating
the coexistence of individuals with segregated functional traits in a more complex

vegetation, probably due to niche diversification and increased possibility of resource
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exploitation (foraging sites, prey, shelters). Further, we would expect such habitat
heterogeneity to reduce spider competition for similar resources [14, 19], and to decrease
antagonist interactions such as intraguild predation [100] with increasing plant FD, bringing

positive effects on prey suppression efficiency [101].
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Figure 3. Conceptual map of the main findings of the study for an intermediated time after fire.
Unburned plots were most characterized by graminoid-form and taller plants leading to increased
proportions of ground hunter spiders. Plant biomass gradient also acted as an important
environmental filter for this kind of spiders probably by maintaining proper conditions of shelters and
microclimate in soil surface. On the other hand, burned plots presented increased proportions of
rosette-form plants with broader leaves which favored spiders building orb webs; this hunting
strategy also converged positively in the plant FD gradient influenced by suitable vegetation structure
to attach their webs. Additionally, spider individuals occurring in more functionally diverse plant
communities were more functionally diverse concerning their traits (body, chelicerae and eye size,
and web type building) because functionally diverse plant communities provide more ecological niches
and increased possibility of resource exploitation, following the habitat heterogeneity hypothesis.
Photo in the left: Araneidae web in Eryngium horridum (Apiaceae) by Denise Dell’Aglio; Photo in the

right: Lycosa erythrognatha by Estevam Cruz.
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Fire is an important force modelling biodiversity in South Brazilian grasslands, but its
effects on spider fauna communities are transient, lasting less than one year, as shown in
our small scale experiment that mimics a patchy fire mosaic. This has implications for
management, indicating that low intensity, patchy burnings, which would be the case when
flammable biomass accumulation is low, would not harm grassland spider communities. Our
results strongly suggest that the incorporation of information on the organisms’ functional
traits into biodiversity monitoring can provide a mechanistic understanding of the response
of communities to environmental change, especially when more than one trophic level is
considered [5]. Instead of considering the species as a functional unit, individual-based trait
data was a realistic and successful way of revealing patterns of spider community assembly
after fire, since the entire trait variability of the system was considered [36]. Specifically, we
showed patterns indicative of environmental filtering and limiting-similarity processes driven

by the fire-induced vegetation change.
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Supporting Information

TABLES

Table S1. Description of spider data. Family affiliation used in the classification of spider feeding

strategies, and number of individuals sampled in soil and vegetation in the study.

Number of individuals

Feedlm_:! Spider families
strategies . .

Soil Vegetation Total
Orb web Araneidae, Tetragnathidae 5 413 418

Amaurobiidae, Dipluriidae, Hahniidae,
Irregular web Linyphiidae, Pholcidae, Pisauridae, 141 49 190
Theriididae, Titanoecidae

Corinnidae, Ctenidae, Gnaphosidae,

Ground hunters Lycosidae, Miturgidae, Oonopidae, Salticidae 192 i 192
. Anyphaenidae, Miturgidae, Oxyopidae,
Vegetation Philodromidae, Salticidae, Sparassidae, - 955 955
hunters .
Thomisidae
Total 353 1402 1755
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Table S2. Summary of the results of plant functional resilience to fire. Probability values from analysis
of variance in blocks with permutation test obtained for plant community indices between control and
burned plots before and after fire (a.f). For CWM_all traits the analysis was multivariate. In case of

significant differences, positive or negative effects of fire are showed in brackets.

p-values (fire effect)
Measures of plant community

Before fire 9 month a.f.
All traits 0.804 0.126
FD Morphological 0.843 0.295
Life-form 0.667 0.036 (+)
All traits 0.642 <0.001
Plant height 0.863 0.003 (-)
Leaf width 0.902 0.009 (+)
Leaf length 0.180 0.686
CWM
Leaf area 0.706 0.190
Graminoids 0.583 0.057 (-)
Forbs 0.541 0.643
Rosette 1.00 0.033 (+)
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Figure S1. Matrices used in statistical analyses. Spider matrices are described by Bs (individuals by
traits), Ws (plots by the presence of the individuals), and Fs (plots by the abundance of individuals
classified in families). Plant matrices are described by By (species by traits), Wp (plots by the cover of
species), and the environmental vectors Epg (plots by aboveground biomass) and Erp (plots by plant
functional diversity). Matrix T is computed by matrix multiplication T= WB for both spiders (Ts) and

plants (Tp), and represent community weighted mean traits (CWM).
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Figure S2. Spider community resilience to fire. Mean (+SE) of spider individual’s abundance (log
transformed) (A) and family Simpson diversity (B) in control (light-green symbols) and burned (dark-
orange symbols) plots; and similarity coefficients of spider family composition (C) between control
and burned plots in different sampling dates (before fire, 1, 6-7, 12 months after fire). Probability

values from analysis of variance (A and B in blocks) with permutation tests are presented.
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Grassland burning effects on Thysanoptera assemblages: a
functional perspective

Abstract

1. Under the consensus that biodiversity is complex and not sufficiently described
based on a single dimension, there is a growing and well-succeeded trend of
incorporating a trait-based functional view of community diversity in monitoring
programs, which seems to offer good predictions on ecosystem response to
disturbances and resilience.

2. Here we explore fire effects on Thysanoptera assemblages to grassland burning
taking into account their functional aspects. For that, we performed a replicated
small-scale fire experiment at fire-prone South Brazilian Campos, evaluating burned
and unburned patches along one year. We collected 48 thrips species and classify
them into feeding behavior, habitat requirement and morphological traits.

3. At one month after fire we find positive fire effects on leaf herbivores and thrips
species associated with grasses, probably because of the fast sprout of vegetation
and their increased palatability. At this time, we also noticed negative fire effects on
fungal-feeding species, due to the absence of food and suitable host substrates.
Resilience was not reached up to one year after fire, since at this time herbivore
species were still benefitted in burned grasslands.

4. Fire, and the changes it induces on vegetation, seems to be an important trait
environmental filter at Campos, sorting organisms with similar group of traits along
the process of habitat recovery. Here we offer some directions on the research on

functional traits, and also insights on the fire effects on Thysanoptera assemblages.

Key-words: thrips diversity, functional diversity, mean traits; resilience to fire
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Introduction

In face of the global decline of biodiversity driven especially by land-use change
through habitat loss and degradation (Foley et a/, 2005), effective ecological monitoring
schemes have become crucial for the conservation of biodiversity (de Bello et a/., 2010).
Evaluating biodiversity responses to disturbances can improve our ability to predict the loss
of species, ecological functions and services, and clarify successional dynamics which can be
translated into suitable land management planning (Biswas et a/, 2009; Rodrigues et al.,
2009). Under the consensus that biodiversity is complex and not sufficiently described based
on a single dimension (e.g. taxonomic), there is a growing and well-succeeded trend of
incorporating a trait-based functional view of community diversity in monitoring programs,
clearly complementing the traditional indicators of biodiversity (Vandewalle et al., 2010). As
the organisms traits (e.g. feeding preferences, body size) are directly linked to the
organisms fitness and performance in the ecosystem (Diaz et a/., 2007), their evaluation
seem to offer good prediction capability on ecosystem response to disturbances and

resilience (Podgaiski et al., 2013; Moretti & Legg, 2009).

Here we investigate, for the first time in literature, habitat disturbance effects on
thrips assemblages (Thysanoptera). Thrips are minute and abundant insects in terrestrial
ecosystems, which have been neglected concerning community ecology studies and
biodiversity monitoring (see Pinent et al, 2006). The majority of the worldwide 6,000
described species is directly associated with green plants, being leaf or flower tissue suckers
(Mound & Marullo, 1996); some species have even been notorious for causing extensive
crop damage and vectoring viral diseases (Mound & Teulon, 1995; Morse & Hoddle, 2006).
Moreover they may also be effective pollinators while feeding on pollen (Mound, 2004),
fungivorous, contributing to decomposition food webs (Mound & Kibby, 1998), and

facultative or obligate predators on small arthropods (Mound & Marullo, 1996; Cavalleri et
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al, 2010). Thysanoptera species may vary remarkably in morphology, for instance, body
size and regarding presence/absence of wings, which may influence their dispersive ability
and colonization of new habitats (Mound, 2005). However, the lack of ecological studies
examining the relationships between thrips assemblages, functional traits, and habitat

features limits our understanding on drivers of community assembly for this group.

In the present study we focused on the disturbance induced by fire in highly diverse
natural grasslands in South Brazil called Campos. Burnings are usually set at the end of
winter in some regions of these ecosystems (e.g. high altitude plateau grasslands) to
facilitate fast sprouting of fresh forage for livestock grazing and to reduce unwanted plant
species (Pillar & Quadros, 1997; Behling et al., 2007). It is known that burnings in Campos
does not change the vegetation composition, but in the short-term it promotes an increase
in plant species richness and evenness by momentarily reducing the proportions of dominant
tussocks, litter and dead plant biomass (Overbeck et a/, 2005; Podgaiski et al., 2013). The
recently burned environment usually presents a simplification of the soil surface structure,
reduced litter and moisture along with sprouted high quality young leaves (Podgaiski et al.,
2013; Podgaiski et al. submitted). By changing habitat structure, abiotic properties and
resource availability grassland burnings may induce changes on arthropod community
structure by ecologically filtering out species that do not tolerate a particular stress, and
sorting species with a suitable group of traits that profit in the different stages of habitat

recovering (Weiher & Keddy, 1995).

Specifically in this study we aim to explore fire effects on functional parameters of
thrips assemblages. For that, we took into account thrips feeding behavior, habitat
requirement and morphological traits obtained for thrips species sampled in a replicated
burning experiment at Campos grassland. We calculated effect sizes and used bootstrapped
confidence intervals to test whether the effects were different from what we would expect

by chance. We evaluated thrips resilience time through comparisons among community
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structure patterns at different times after fire. Although we consider this study essentially
exploratory, we believe it may offer valuable insights to future studies on thrips functional

approach and community assembly.

Methods

STUDY AREA AND EXPERIMENTAL DESIGN

We performed our burning experiment in a natural Campos grasslands (30°06'58” S,
51041'05” W) at the Agricultural Research Station of the Federal University of Rio Grande do
Sul, which is located at Eldorado do Sul county, Rio Grande do Sul state, Brazil. There is no
dry or wet season in this region and the mean annual precipitation is at about 1400 mm;
mean temperature in Summer is 25°C (January and February), and in Winter 9°C (June and
July) (Moreno, 1961; Peel et al., 2007). The experiment was conducted in seven blocks 50m
apart from each other, each block comprised by two homogeneous plots of 10 x 10 m, six
meters apart. One plot from each block was randomly burned in spring 2009, and another
one was the control plot. More details on the study site and experimental design can be

found in Podgaiski et al. (2013).

We sampled Thysanoptera assemblages in all 14 plots before the application of fire
treatment to check on the initial community structure, and then approximately at 1 month,
6-7 months and 12 months after fire (a.f.). Overall, we evaluated 56 experimental units (14
plots x 4 sampling dates). Thrips were sampled from the vegetation with sweep net in four
transects per plot in one morning and one afternoon. Soil thrips were collected with five
pitfall traps per plot during four days in each sampling date. More details on the sampling

methods can also be found in Podgaiski et al. (2013).
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THRIPS SPECIES

Thrips were mounted on microscopic slides following Mound & Kibby (1998), and all
species/morphospecies (henceforth species) were identified and deposited in the reference
collection of Laboratério de Ecologia de Interagbes, at UFRGS (Brazil). We constructed a
presence-absence thrips species matrix (Matrix W; Fig.1), and calculated the species
richness per experimental unit and sampling time. As functional parameters of the thrips
assemblages that might be affected by fire we attributed to all species soft (feeding

behavior, and habitat requirement) and hard (morphological) traits.

FEEDING HABIT AND HABITAT REQUIREMENT TRAITS

Although the determination of thrips feeding behavior is difficult and only specifically
known for few species groups (Mound & Teulon, 1995), we assigned each thrips species to
one or more feeding habits (predator, fungal feeder, leaf or/and flower herbivore), and to
whether or not associated with grasses, according to Mound & Marullo (1996) and selected
literature. These traits denote the direct connection between the species and their
requirements in the environment (food and habitat), and therefore it is expected that the
fire-induced habitat changes influence the distribution of the species possessing the different
traits. We calculated the number of species from each feeding habit and the number of

species associated to grasses in each experimental unit and sampling time.
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Figure 1. Morphological traits measured in thrips. (A) Body length; (B) Tibia length; (C) Antenna
length; (D) Eye length.

MORPHOLOGICAL TRAITS

Morphological traits are assumed to be related to the adaptation of the species to the
environment, and are correlated with several aspects of species life histories (Mound, 2005).
Here we described each thrips species in five morphological traits (body, antenna, tibia and
eye length, and wings presence or absence) shown in detail in Fig. 2 (Matrix B, Fig. 1,
Supplementary Table 1). We measured morphological traits in all female individuals sampled

in the study with a micrometer under an Olympus BX40 microscope. Most Thysanoptera
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Antenna length(mm)

populations display a female-biased sex-ratio in nature, and in some species the males are
rare or remain unknown (Lewis, 1973). In cases of species represented only by one or two
females, we included information on morphological traits of individuals sampled in other
inventories nearby the study region, aiming to complete at least three females measured per
species. Thysanoptera species may be polymorphic, both within and between sexes (e.g.
Mound, 2005), depending on environmental features (e.g. rearing temperature; Murai &
Toda, 2001), and that such intraspecific morphological variability is possibly important to
predict and understand functional responses to habitat disturbances (e.g. Podgaiski et al.,
2013). Thus here we worked on average traits described per species, assuming that
interspecific variation would be more important than intraspecific variation.

We tested for allometry between body length and the appendix size (the length of
tibia, antenna and eye), based in Matrix B, with simple regressions analyses, and all the
allometric relationships were significant (Fig. 2A, B, C). Hence, each appendix size was then

weighted by the body length measurement in each individual (Table 1).
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[ J
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Figure 2. Allometric relationships between body and appendix size in 48 thrips species. Each point

represents the average functional trait value for one species. r* and P-values are presented.

By multiplying matrices W and B, we obtained Matrix T (T=WB), which contains the

thrips morphological community mean traits in each experimental unit. Mean traits are
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usually calculated with a weighting factor of the species performance in the community (e.qg.
their abundance), and thus it is called Community Weighted Mean Traits (CWM). In our
case, as we are working with presence/absence data for species, the morphological
community mean traits represent unweighted averages (Cingolani et a/, 2007; Garnier &
Navas, 2012). We also calculated Rao’s quadratic entropy (Botta-Dukat, 2005) for

morphological functional diversity (FD):

FD = ZZ di_;l'pip_;r

i=1 j=1
where dij represents pairwise distances between thrips species calculated using Gower’s

index and p;and p;are the proportions of species i and jin the total community richness.

DATA ANALYSIS

We investigated fire effects on 1) species richness (all species), 2) species richness of
each feeding habit separately, 3) species richness of grass associated thrips, 4) functional
diversity (morphological traits only), and 5) the community mean of each morphological
trait independently. For each response variable at each time after fire we measured the
magnitude of the fire effect with the Glass s A effect size index (McGaw & Glass, 1980;

Rosenthal, 2000) as:

(u_Burned - p_Control)

Glass's A=
o_Control

where p_Burned is the mean of the response variable in burned plots, p_Control is the
mean of the response variable in control plots, and o_Control is the standard deviation of
the response variable in control plots. We used 95% bootstrapped confidence intervals
(10,000 iterations) to test whether the effects were different from what we would expect by

chance. The effects were considered to be non-significant when confidence intervals
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overlapped the value zero (Rosenthal, 1994). Aiming to confirm the inexistence of previous
stochastic effects in the experimental paired plots, we also performed this same analysis for
the sampling performed before fire.

We calculated effect sizes and confidence intervals using the BootES package for R
(R Development Core Team, 2010; Kirby & Gerlanc, 2013). In addition, we determinate the
relationships between species richness and the thrips morphological FD with linear (y=a+bx)
and saturating (y=a+b*In(x)) models, according to Beche & Statzner (2009) and Schmera et

al. (2012) suggestions.

Results

DATA DESCRIPTION

We sampled a total of 48 thrips species distributed in four families (Table 1,
Suplementary Table 1). Seventeen species were sampled exclusively from soil, 26 from
vegetation, and 5 were sampled from both strata. Total species richness and species
composition varied among time, with only three species in common to all sampling dates

(Carathrips sp. 1, Arorathrips texanus and Karnyothrips sp.1; Table 1).

In the sampling performed before fire, which corresponded to the beginning of
spring, we recorded 26 thrips species; the most frequent species was the fungal feeder
Carathrips sp. 1 (present in 57% of the plots) (Table 1). We noticed that paired plots shared
only 10 species (38%, Fig. 3) and many species were rare occurring in one to two patches

(Table 1).

At one month a.f., in summer, we recorded 18 species, and the most representative
was the grass-living Arorathrips texanus (57%). We did not find thrips individuals in two

experimental plots (one burned and one control, from different blocks). At this period, eight
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thrips species were recorded from burned plots (five were exclusive of this treatment) while

13 species were found in the controls (Fig. 3; Table 1).

For the winter season, 6-7 months after burning, we sampled 11 thrips species, and
the fungivorous Eurythrips watsoni (50%) was the dominant species. All the 11 species were
sampled in the control, and only three co-occurred in burned plots (Fig. 3; Table 1). As we
did not find thrips in five experimental plots (one control plot and four burned plots) we did

not analyzed statistically the data from this period.

Finally, at 12 months a.f. (late spring), we sampled 15 species; the flower-feeding
Frankiiniella gemina was the most frequent, being present in 86% of such plots. From the
10 species sampled in control plots, nine species were shared with burned plots, and five

were exclusive of this treatment (Fig. 3; Table 1).

Table 1. Species of Thysanoptera and their frequencies (number of plots sampled; n=7 per
treatment) across four sampling in control (C) and burned (B) treatments. The species are ordered by

frequency of occurrence. a.f.: after fire.

1 month 6—7 months 12 months

Before fire a.f. a.f. a.f.

Species / Sample

Arorathrips texanus
Carathrips sp. 1
Karnyothrips sp. 1
Eurythrips tarsalis
Eurythrips watsoni
Eurythrips sp. 1
Neohydatothrips sp. 1
Haplothrips fiebrigi
Adraneothrips ? lepidus 1

Chirothrips sp. 1 5
Karnyothrips sp. 2
Frankliniella bertelsi
Heterothrips australis
Frankiiniella gemina
Gastrothrips sp.
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Malacothrips sp. 1
Frankiiniella platensis
Hydatothrips sp.
Lissothrips sp.
Orthothrips sp.
Sophiothrips sp.
Dinurothrips vezenyii
Liothrips sp. 1
Arpediothrips sp.
Eschatothrips sp.
Allothrips sp.
Bradythrips hesperus
Chortothrips valens
Frankliniella sp. 1
Frankiiniella ? graminis
Frankliniella nakaharai
Malacothrips sp. 2
Frankliniella frumenti
Heliothrips haemorrhoidalis
Holothrips sp.
Stomatothrips sp.
Frankiiniella schultzei
Bregmatothrips venustus
Eurythrips sp. 2
Terthrothrips sp.
Karnyothrips sp. 3
Psalidothrips sp.
Neohyaatothrips flavens
Frankiiniella ? bondari
Frankliniella serrata
Carathrips sp. 2
Frankliniella insularis
Thrips australis

= N WR = = = =N

i i T N i i e\ I GV I |G ]

N = = = =
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Total species richness

17

19

13

11

10
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A. Before fire B. 1 month a.f.

C. 6-7 months a.f. D. 12 months a.f.

C B C B

Figure 3. Venn diagram representing shared and exclusive thrips species between treatments (C:

control plots; B: burned plots) for different sampling dates before and after fire.

Functional traits

From the 48 sampled thrips species 20 were fungal feeders, 17 flower feeders, 12
leaf feeders, four predators, and seven were recorded as using graminoid plants as host
plants (Matrix B, Supplementary Table 1). Species richness and morphological diversity were
positively related in both linear (*= 0.57), and saturating models (r’= 0.66), but the later

showed a better fit (Fig. 6).
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Figure 4. Relationship between species richness and functional diversity of thrips assemblages in a
grassland ecosystem. Each point represents one experimental unit. The solid line represents the
linear model (r?=0.57), and the dotted line the saturating model (r>= 0.66).

FIRE EFFECTS ON THRIPS ASSEMBLAGES

As expected, the before fire sampling revealed small effect sizes and non-
significantly different from zero for all response variable studied (Fig. 5A and 6A). At one
month a.f. we found negative fire effects on species richness of fungal feeder thrips (A=-
0.82) while positive effects on species richness of leaf herbivores (A=2.8) and thrips
associated with grasses (A=1.6; Fig. 5B). Regarding morphological traits, at this time we
only found fire effects on the thrips relative antenna size (A=-1.7; Fig. 6B), meaning that
thrips species found in burned patches presented decreased antenna size in relation to their
body in comparison to control patches. At 12 months a.f. the positive effects of fire on the
leaf herbivores richness still kept significant (A=1.5; Fig. 5C), and for morphological

variables there was no-significant effect.
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Figure 5. Mean effect sizes (Glass’A) of fire on species richness (all species, each feeding habit and
grass associated thrips) and their bootstrapped 95% confidence intervals for sampling performed
before fire (no applied treatments, A), 1 month (B) and 12 months after fire (C). Confidence Intervals
overlapping the value zero indicate a non-significant effect size based on P < 0.05. Symbols in white

indicate effect sizes different from the null expectation.
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Figure 6. Mean effect sizes (Glass’A ) of fire on thrips FD and community mean morphological traits
(body, relative leg, relative antenna, and relative eye size) and their bootstrapped 95% confidence
intervals for sampling performed before fire (no applied treatments, A), 1 month (B) and 12 months
after fire (C). Confidence Intervals overlapping the value zero indicate a non-significant effect size
based on P < 0.05. Symbols in white indicate effect sizes different from the null expectation. Wing

presence was not analyzed at 12 months a.f. because there was no variability for them.
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Discussion

Here we explored short-term fire effects on Thysanoptera assemblages and their
resilience in subtropical grasslands. Direct thrips mortality by fire was probably high
following the almost complete combustion of plant dead and green biomass in the burned
experimental plots. Nevertheless, similarly to the findings on spider assemblages from this
same system (Podgaiski et al., 2013), it seems that the small burned patches size and the
postburn vegetation resprouting clearly facilitated and attracted the recolonizing thrips
community (Podgaiski et al., 2013, Swengel, 2001). Besides no fire effect were find on the
overall thrips species richness and FD at any sampling date after fire, we identified trait
environmental filtering patterns (Keddy, 1992; Poff, 1997) caused by the changes induced
by fire in the grassland habitat structure, likely benefiting or filtering out recolonizing thrips

species with a specific set of traits.

Plant communities are well adapted to fire regimes at South Brazilian grasslands, and
vegetation regrowth occurs shortly after fire (Overbeck et al, 2005; Overbeck &
Pfadenhauer, 2007). Geophytes and small herbs appear in high frequencies immediately
following habitat openness (Overbeck et al., 2005). Caespitose grasses, which represent the
major life form cover in these ecosystems, have densely packed basal leaf sheats allowing
protection of its meristems from fire (Sarmiento, 1992, Overbeck & Pfadenhauer, 2007).
Therefore such life form take advantage of a high input of nutrients, sprout rapidly and
increase their growth and reproductive rates after fire (Trindade & da Rocha, 2001;
Overbeck & Pfadenhauer, 2007). Young plant tissues are in general more vulnerable to
herbivory than mature tissues (Price, 1991) and nutrient concentrations, especially nitrogen,
are highest at this stage, which turns plants out more palatable and attractive to herbivore
insects (Price, 1991; Aide, 1993). The great offer of high-quality resources explain the
benefits found by leaf-feeding thrips species in recently burned patches, pattern that was

still conserved one year a.f. Such results may have implications to integrated pest
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management actions, showing that control of herbivore pest species by fire may likely have

opposite trends.

Our results also demonstrated that thrips species associated to grasses were
benefited in recently burned patches. While undisturbed areas present increased cover and
biomass of graminoid plants, the sprouted young grasses may be very attractive to thrips
species that depend on them. Plants of the family Poaceae support a particularly large
diversity of Thysanoptera (Mound et a/., 2013), especially among Thripidae (Mound, 2011).
Arorathrips texanus and Chirothrips sp. are species that feed and breed only in grass florets
(Nakahara & Foottit, 2012) and were much more frequent in burned patches at one month
a.f. than in the control (Table 1). Bregmatothrips venustus is a grass herbivore that only
occurred in burned patches at this time (Table 1) which possibly uses various Poaceae as
host (Mound & Marullo, 1996). These grass-living thrips have a highly specialized body
structure which is presumably an adaption to their strict biology. For instance, Arorathrips
and Chirothrips species usually have body strongly compressed dorsally, prothorax
trapezoidal in shape and relatively short antennae. These characters are likely to be
important characteristics for living in tiny spaces beneath Poaceae spikelets and inside
florets. Indeed, for the sampling of one month a.f. these three most frequent species
presented the lowest values of antenna relative size compared to all other species (see
Supplementary Table 1), and it certainly had an influence on the negative fire effect found

for this trait at this period of time (Fig. 6B).

Thrips species adopting a fungus-feeding habit suffered a short-term negative fire
effect. Thrips species such as Carathrips sp., Adraneothrips ? lepidus, Gastrothrips sp. and
Holothrips sp. that are generally found in senescent biomass and presumably feed on
hyphae or their breaking products (Mound & Marullo, 1996) were not found in burned areas
one month a.f., only in undisturbed grasslands. Dead stand plant material and litter layer

constitute a very flammable fuel, and consequently recently burned environments presents a
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sharp reduction of these substrates (Fidelis et al., 2012), along with altered soil surface
hydro-physical properties reduced moisture and increased solar radiation (Podgaiski et al.,
submitted; Verhoef et a/. 2000). Fungivorous thrips species responded negatively to the
absence of food and suitable host substrates, and their distribution followed their ecological
requirements. Therefore, fungal feeding thrips returned to similar frequencies to control
areas after one year, when probably resource conditions were restored. Similarly, Rutigliano
et al. (2013) verified a significant positive correlation between the fungivorous fauna (mostly
springtails) and the active fungal mycelium mass in Mediterranean maquis, where both were

reduced in burned areas.

Even though in this study we are not evaluating seasonality effects on thrips
community, it seems that the winter season in Campos grassland (which corresponded to
the samplings of 6-7 months a.f.) was critical to Thysanoptera richness, as it usually is for
many other arthropods groups in subtropical Brazil (Mendonca & Romanowski, 2012;
Linzmeier & Ribeiro-Costa, 2013). We registered a decreased number of thrips species at
this time when compared to the other sampling times, and it does not allowed us to test
directly fire effects in the community. From the eleven species found in the unburned
grassland matrix, only three thrips species inhabit burned patches, and these species
represented the three most frequent species in the entire study (Carathrips sp. 1,
Arorathrips texanus and Karnyothrips sp. 1; Table 1). Possibly some thrips populations die
out during the relatively rigorous winters at Campos, while others spend this season at soll
as pupae (see Stannard, 1968). Indeed, Pinent et a/. (2005) also referred a low richness and
abundance of thrips during the winter when compared to the warm spring and summer
seasons at South Brazil. Particularly, thrips species preferred habitats with a more buffered
microclimate during winter time, avoiding burned open sites with reduced biomass

(Podgaiski et al., submitted; Podgaiski et al., 2013).
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Here we additionally show that morphological FD is positively related to species
richness in Neotropical grassland thrips fauna. Assemblages with more species have higher
morphological FD than assemblages with fewer species. However, since a saturating model
(logarithmic) adjusted better to explain this relationship than a linear model, care is needed
when treating species richness as a proxy for FD. The saturating model indicates a level of
redundancy in species’ contributions to FD, because the chance of adding a species with
particularly unique/complementary traits decreases as the number of species increases
(Petchey & Gaston, 2002). The same pattern was found for Schmera et al (2012) and
Bréche & Statzner (2009) for stream invertebrate groups. On the other hand, Bihn et al.
(2010) did not find any evidence for saturation in the relationship between FD and tropical

litter ant species.

Many studies are presently confirming that a functional trait-based approach of
biodiversity facilitates the understanding of community assembly, and the identification of
mechanistic relationships between environmental features and biodiversity patterns (Hooper
et al. 2005). Therefore, there is an urgent need for monitoring human actions on the
patterns of functional diversity in natural assemblages (Bihn et a/, 2010). The use of a
functional approach to evaluate community responses to disturbances has been commonly
applied to plant community studies (Lavorel & Garnier, 2002, Cornelissen et al., 2003;
Garnier et al, 2007), and only more recently has been advancing through community
assembly understanding in animal groups (Mouillot et al, 2007; Moretti et al, 2009;
Makkonen et al., 2011, Gerish et al., 2011; Podgaiski et al., 2013). This is the first empirical
study with Thysanoptera investigating their responses to habitat disturbance, both
incorporating taxonomical and functional aspects. We explored potential response traits in
thrips species for the first time, and there is still a long way to fully identify the best traits to

be incorporated into a trait-based response-and-effect framework (e.g. Suding et a/., 2008)
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for Thysanoptera. Here we offer some directions on the research on functional traits, and

also insights on the fire effects on thrips assemblages.
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Supplementary Table 1 Thysanoptera species/morphospecies described by morphological functional
traits, feeding guild (Pr= predator; Flo= Flower-feeding; Fu= Fungivorous; Le= Leaf-feeding) and

grass association.

Relative Relative Relative . Feeding Grass

Species / Traits Bodysize |.gsize antennasize eyesize V"9 guild  association

Aeolothripidae
Stomatothrips sp. 1.79 0.34 0.51 0.09 1 Pr yes

Heterothripidae

Heterothrips australis

Pereyra & Cavalleri 1.00 0.15 0.24 0.07 1 Flo no
Phlaeothripidae

Adraneothrips aff. lepidus 1.34 0.14 0.31 0.06 1 Fu no
Allothrips sp. 2.10 0.17 0.36 0.06 0 Fu no
Bradytiins hesperus 188 0.14 0.25 004 0 Fu o
Carathrips sp. 1 1.31 0.12 0.28 0.05 1 Fu no
Carathrips sp. 2 2.00 0.18 041 0.08 1 Fu no
gggj‘;ﬂ” ps valens 210 0.4 0.35 0.03 0 Fu no
Eschatothrips sp. 1.71 0.17 0.37 0.05 0 Fu no
Eurythrips sp.1 1.58 0.15 0.34 0.04 0 Fu no
Eurythrips sp.2 1.69 0.14 0.39 0.05 0 Fu no
Eunvthrips tarsalls 193 0.14 0.3 0.04 1 Fu no
Eurvthrips watsont 172 017 0.39 0.05 1 Fu no
Gastrothrips sp. 2.33 0.21 0.43 0.09 1 Fu no
Haplothrips fiebrig! 182 0.17 0.27 0.08 1 Flo no
Holothrips sp. 1.65 0.13 0.36 0.05 0 Fu no
Karnyothrips sp.1 1.40 0.11 0.26 0.06 1 Pr, Le no
Karnyothrips sp.2 1.45 0.11 0.26 0.05 1 Pr, Le no
Karnyothrips sp.3 1.63 0.15 0.32 0.06 0 Pr, Le no
Liothrips sp.1 2.65 0.31 0.59 0.10 1 Le no
Lissothrips sp. 1.33 0.12 0.27 0.04 0 Le no
Malacothrips sp.1 2.18 0.20 0.45 0.07 0 Fu no
Malacothrips sp.2 1.25 0.10 0.27 0.04 0 Fu no
Orthothrips sp. 2.03 0.18 041 0.05 0 Fu no
Psalidothrips sp. 1.70 0.18 0.42 0.08 1 Fu no
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Sophiothrips sp. 1.10 0.08 0.27 0.04 Fu No
Terthrothrips sp. 2.10 0.20 043 0.06 Fu no
Thripidae

Arorathrips texanus 136 0.3 0.20 0.05 Flo yes
(Andre)

Arpediothrips sp. 1.25 0.15 0.29 0.06 Fu, Le no
Bregmatothrips venustus 1.36 0.14 0.22 0.06 Le ves
Hood

Chirothrips sp. 1.46 0.11 0.20 0.06 Flo yes
Dinurothrips vezenyi 153  0.18 0.35 0.08 Le no
Bagnall

Frankliniella sp.1 1.38 0.15 0.28 0.05 Flo no
Frankiiniella aff. bondari 1.23 0.12 0.24 0.06 Flo yes
Frankiiniella aff. graminis 1.23 0.12 0.24 0.06 Flo yes
Frankiniela bertelsi 1.08 0.11 0.19 0.05 Flo no
(De Santis)

Frankiiniella frumenti 1.33 0.15 0.27 0.06 Flo yes
Moulton

Frankliniella gemina 1.15 0.14 0.23 0.05 Flo no
Bagnall

Frankliniella insularis 1.47 0.18 0.29 0.08 Flo no
(Franklin)

Frankliniella nakaharai

Sakimura & O'Neil 0.70 0.10 0.15 0.05 Flo no
Frankliniella platensis

De Santis 2.20 0.23 0.37 0.09 Flo no
Frankliniella schultzei 1.30 0.16 0.25 0.06 Flo no
(Trybom)

Frankliniella serrate 1.45 0.15 0.25 0.07 Flo no
Moulton

He//0thr,/p5 haemorrhoidalis 1.23 0.15 0.31 0.08 Le no
(Bouché)

Hydatothrips sp. 0.97 0.25 0.33 0.05 Le, Flo no
Neohydatothrips flavens 1.05 018 0.26 0.06 Le no
(Moulton)

Neohydatothrips sp.1 1.03 0.20 0.27 0.06 Le no
Thrips australls 139 0.8 0.32 0.06 Flo no
(Bagnall)
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Avaliagdio da atividade alimentar dos invertebrados de solo

em campos do sul do brasil = bait-lamina test

Resumo

Esse trabalho tem como finalidade fornecer informagdes sobre um teste pioneiro
(bait-lamina test) utilizado nos Campos do Sul do Brasil com a finalidade de avaliar a
atividade alimentar dos invertebrados do solo — um indicativo de taxas de
decomposicao da serapilheira nos ecossistemas. Descreve-se o comportamento
alimentar durante dois meses, acessando a profundidade do solo (0-8 cm) na qual
ocorre maior consumo e analisando duas formas de quantificacdo deste consumo
(técnica conservativa X técnica pratica) em dois diferentes ecossistemas campestres.
Foram estabelecidas 100 unidades amostrais (u.a.) independentemente em cada
area (pastejada e nao pastejada), adicionando a cada uma duas bait-/amina, uma
disposta horizontalmente na superficie do solo, e outra verticalmente dentro do solo.
Para cada data amostral (9, 16, 22, 29 e 65 dias de exposicao) foram sorteadas 20
u.a. para analise. Foi observado grande consumo desde o inicio da exposigao, tanto
na superficie quanto dentro do solo. A atividade da fauna diferiu com a profundidade
do solo, sendo maior na superficie e na profundidade de 6,5-8 cm. Em relacdo as
diferentes técnicas, ambas revelaram resultados similares quando se compararam as
duas areas. A area pastejada demonstrou menor atividade dos invertebrados quando
comparada a nao pastejada. Esses resultados constituem base para futuras
pesquisas no Brasil, relatando que o teste de bait-lamina nos Campos Sulinos pode

oferecer resultados otimizados apds cerca de uma quinzena de dias de exposicao.

Palavras-chave: detritivoros; decomposicdo; integridade funcional do solo; Pampa
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Abstract

Evaluation of soil invertebrate feeding activity in South Brazilian

Campos - bait lamina test

The aim of this work is to inform about a pioneer bait-lamina test in the South
Brazilian Campos to evaluate the soil invertebrates feeding activity which is an
approaching to leaf litter decomposition rates in the ecosystems. The feeding activity
was tested during two months, across 8 cm of soil depth and employing a
comparison between two techniques of consumption quantification (conservative
technique vs. practical technique) in two different grassland areas (grazed and not
grazed) were described. One hundred independent sampling units (s.u.) were
established on each area, and in each s.u. two bait-lamina were inserted: one
horizontally and another vertically. For each sampling date (9, 16, 22, 29 e 65 days
of exposition), 20 s.u. were sorted and analysed. We observed a high feeding activity
from the beginning of the experiments, both in the surface and within the soil. Soil
fauna feeding activity differed according to soil depth, being higher on the surface
and for 6.5-8 cm deep in the soil. Both techniques lead to similar results when the
two areas were compared. The grazed site showed lower invertebrate feeding
activity than the site not grazed. These findings constitute a basis for future
researches in Brazil, relating that the bait-lamina test can offer useful results around

fifteen days of exposition.

Keywords: soil detritivores; decomposition; functional soil integrity; Pampa
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Introdugdo

A decomposicdo da serapilheira (camada de restos vegetais secos sobre o solo) é um
processo crucial para a ciclagem de nutrientes nos ecossistemas naturais e manejados pelo
homem, possibilitando o retorno de nutrientes ao solo, garantindo sua fertilidade e
manutencdo da sua produtividade (WARDLE 1999). Em um ambiente natural, este processo
ecoldgico pode ser modelado principalmente por trés fatores (HATTENSCHWILER et a/. 2005):
1) pelas caracteristicas fisico-quimicas locais (solo, clima, microclima), 2) pela diversidade,
composicdao e qualidade quimica das plantas que o compdem e 3) pela diversidade e
composicao dos organismos da biota do solo, em seus diferentes grupos funcionais. Muitas
praticas modernas de uso da terra interferem diretamente nestes fatores, o que
subseqlientemente debilita o processo (NEHER 1999). Alguns métodos sdo amplamente
conhecidos e empregados para acessar o status da decomposicao nos ecossistemas sob
variados impactos, como é o caso das bolsas de serapilheira ou /itter-bags (e.g. DIDHAM
1998, ZHANG et al. 2008, PODGAISKI & RODRIGUES 2010). Entretanto, outros métodos também
eficientes e com muitas vantagens sao pouco utilizados e divulgados, como é o caso do

ensaio de bait-lamina (KRATZ 1998).

O ensaio de bait-lamina foi desenvolvido originalmente por VON TORNE (1990) como
uma maneira de mensurar a atividade alimentar dos organismos do solo /n situ. Existem
diversos grupos funcionais de invertebrados de solo, mas os que estao diretamente
relacionados a decomposicao sao os transformadores da serapilheira (detritivoros), como
acaros, colémbolas, isdpodes, dipldpodes, minhocas, cupins e alguns besouros (LAVELLE
1996). Desta forma, considera-se que medidas do consumo alimentar da biota do solo sao
indicadoras de taxas de decomposicao (REINECKE et a/. 2008) e da integridade funcional do
solo (FiLzek et al. 2004). Trabalhos utilizando o ensaio de bait-lamina em diversas regides
do globo e em laboratério vém testando principalmente os impactos oriundos da

contaminagao quimica do solo (GEISSEN & BRUMMER 1999; PAULUS et al. 1999; FILZEK et al.,
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2004, ANDRE, 2009) e de diferentes sistemas de uso da terra (ROMBKE et a/. 2006, REINECKE
et al. 2008, HAMEL et al. 2007, DIEKOTTER et al. 2010, RozeN 2010). No Brasil, é de
conhecimento dos autores, que o Unico trabalho publicado com essa técnica se limita ao
bioma Amazonico, realizado por ROMBKE et a4/.(2006) comparando diferentes sistemas

florestais.

O teste de bait—/amina consiste na exposicdo no solo de varetas (laminas) que
apresentam pequenos orificios preenchidos manualmente com uma massa artificial feita
com substancias organicas (bait). Assume-se que o desaparecimento desta massa no solo
durante um periodo de tempo é diretamente associado ao consumo pelos invertebrados do
solo (ndao-microorganismos). Todavia, na literatura ha divergéncias na classificacdo deste
consumo. KRATZ (1998) descreve na metodologia que os orificios das bait-lamina devem ser
classificados em consumidos ou ndo, e sugere que este exame seja feito contra a luz, sendo
a alimentacdo registrada quando esta atravessar a bait. No entanto, é observado que alguns
trabalhos analisam os orificios das laminas de uma maneira refinada e conservadora,
contabilizando minimos indicios de alimentagdo (e.g. REINECKE et a/. 2002 — andlise em
estereomicroscopio; REINECKE et al. 2008 — analise em scanner), enquanto outros o fazem
de forma mais grosseira e pratica, distinguindo somente orificios vazios (e.g. VAN GESTEL et
al. 2003; ROMBKE et al. 2006). Geralmente, as bait-lamina sao mantidas em campo entre 10-
20 dias em regiGes temperadas (KRATZ 1998), ou até que 10-40% da massa nutritiva seja
consumida, sendo o periodo mais apropriado dependente de cada regido (TERRA PROTECTA
1999). Por exemplo, HAMEL et al. (2007) em area de campo no Canada, verificaram que
apds 65 dias o consumo médio de bait foi de 2,7%; ja para a regido de floresta tropical
(Amazonia), em dois dias de exposicdo o consumo variou de 27 a 70% (ROMBKE et a/. 2006).
Em vista disso, é aconselhavel a realizacdo de ensaios piloto que fornegam embasamento e

subsidios para pesquisas em cada regido (ROMBKE et a/. 2006; TERRA PROTECTA 1999).
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Este trabalho tem a finalidade de relatar o uso pioneiro do ensaio de bait-lamina nos
Campos do Sul do Brasil. Desta forma, objetivamos 1) descrever o comportamento alimentar
dos invertebrados de solo nas bait-lamina ao longo de dois meses; 2) acessar a
profundidade do solo (0-8 cm) em que estd ocorrendo o maior consumo alimentar e 3)
analisar duas formas de quantificacdo do consumo alimentar nas bait-lamina (técnicas
conservadora vs. pratica) na comparacao entre duas areas de ecossistema campestre: um
pastejado (principal atividade econ6mica e cultural nos Campos, OVERBECK et al. 2007) e

outro sem a influéncia do pastejo.

Material e Métodos

As bait-lamina consistiram em varetas (Iaminas) de plastico resistente com 120 mm
de comprimento, 6 mm de largura e 1 mm de espessura, com 16 orificios de 2 mm de
didmetro, espacados 5 mm entre si - as quais foram fabricadas através de procedimento
industrial terceirizado. Como massa nutritiva (baif) a ser consumida pela fauna de solo,
usou-se uma mistura homogénea de celulose em p6 (70%), farinha de trigo (27%) e carvao
ativado (3%) (TERRA PROTECTA 1999, HOBBELEN et a/. 2006, VAN GESTEL et al. 2003, ROMBKE et
al. 2006). De acordo com os autores, substancias com aproximadamente estas
concentragdoes assemelham-se aos materiais organicos vegetais encontrados em campo.
Para o preparo da mistura, adiciona-se pequena quantidade de agua destilada como
solvente, e mexem-se os ingredientes até se obter uma pasta homogénea. Os orificios das
bait-lamina sdao preenchidos com esta pasta manualmente, com faca ou espatula, e as
ldminas sdo limpas com pano Umido ou papel absorvente. Apds secagem a temperatura
ambiente, a substancia tende a reduzir seu volume dentro dos orificios das laminas, e por
isso, repete-se o procedimento anterior por mais uma ou duas vezes, ou até que as

perfuracOes figuem completamente preenchidas apos secas. Este cuidado é extremamente
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necessario, pois com possiveis espacos vazios nos orificios, podera ocorrer contaminacao

com barro e também uma interpretacdo erronea dos resultados (falso consumo).

Os experimentos foram desenvolvidos entre fevereiro e abril de 2010 (verao-outono)
em ecossistemas campestres (Bioma Pampa; IBGE 2004) na Estacao Experimental
Agronomica da UFRGS (30005'22"S; 51039'08"” W), situada no municipio de Eldorado do Sul,
Rio Grande do Sul, Brasil. O clima na regido é considerado temperado, com invernos frios e
verdes quentes, sem estacao chuvosa (Tipo Cfa de acordo com classificagao de Kdppen-
Geigen, PEEL et a/. 2007). Durante o periodo de estudo, as médias das temperaturas minima
e maxima foram respectivamente 18 e 27,5 °C; a precipitacdao foi bem distribuida, com
acumulo total de 192 mm de chuva (Figura 1). O solo da regido é argissolo vermelho-escuro
distroéfico tipico ou arénico, cujo perfil, em condicdes naturais, apresenta no horizonte A,
respectivamente, 470, 220 e 310 g.kg de areia, silte e argila, e teores de Ca**, Mg **, K*,
Na* e valor T iguais a 1,6, 1,3, 0,41, 0,15 e 8,5 cmolc kg-1, respectivamente (CARPENEDO
1994). O terreno é levemente ondulado (coxilhas) com cdrregos que apresentam mata ciliar

desenvolvida.

Para os experimentos foram selecionadas duas area campestres adjacentes com
aproximadamente 50 ha cada: uma pastejada por gado (pecuaria conservativa — com baixa
carga animal e rotatividade de areas), e outra, excluida da influéncia do gado desde 2006 (4
anos). Em cada uma das areas, ao final de fevereiro de 2010, foram estabelecidos 100
pontos independentes, espacados de dois em dois metros, ao longo das encostas das
coxilhas. Somente uma mesma altura nas encostas das coxilhas foi selecionada para uma
maior homogeneizacdo da area relativa ao experimento. Em cada ponto foram adicionadas
duas bait-lamina (uma horizontalmente na superficie do solo, e outra inserida verticalmente

dentro do solo), totalizando 400 bait-lamina no experimento (200 por area).
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Figura 1. Precipitacao e temperatura (média, maxima e minima) durante o periodo de estudo para a

regido metropolitana de Porto Alegre, RS, proxima ao sitio de estudo.

O ajuste das bait-lamina verticais no solo se deu com a insercdo prévia de um
instrumento com espessura semelhante a da lamina (neste estudo, um formao para madeira
- 3/8"), para evitar que a mesma raspe no solo, ou até mesmo quebre, se o solo estiver
muito compacto. As bait-lamina horizontais foram presas na superficie com um arame em
formato de “U” invertido. As amostragens foram realizadas em cinco periodos: 9, 16, 22, 29
e 65 dias apds a instalacdo, desta forma, sendo o experimento finalizado no final de abril de
2010. Em cada periodo amostral, foram selecionados aleatoriamente 20 pontos em cada
area, dos quais foram coletadas 80 bait-lamina (40 horizontais e 40 verticais). Estas foram

levadas a laboratdrio, onde ficaram armazenadas sob refrigeracao até a sua triagem.

Na triagem, vistoriaram-se todos os orificios das bait-/amina em estereomicroscopio.

Para a quantificagdo do consumo alimentar em cada orificio utilizaram-se trés categorias,
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para as quais a massa nutritiva foi: (1) nao consumida, (2) parcialmente ou (3) totalmente
consumida (Figura 2). Em caso de contaminagao com barro, retirou-se cuidadosamente todo
o contetido de dentro do orificio da bait-lamina, e observou-se a presenga ou nao da massa
nutritiva no estereomicroscdpio. Havendo massa, esta foi inserida na categoria nimero 2;
em nao havendo, considerou-se como categoria 3. Como técnica conservadora da
quantificagdo do consumo alimentar, considerou-se o somatdrio das categorias 2 e 3 (%), e
como técnica pratica, somente a categoria 3 (%). Além disto, para as bait-lamina verticais
foi anotado o consumo em cada posicao (1 a 16), que correspondem as diferentes

profundidades do solo (0,5 a 8,0 cm).

Para a descricao do comportamento alimentar e evolugao das categorias de consumo
ao longo de dois meses as laminas horizontais (superficie do solo) e verticais (dentro do
solo) foram analisadas separadamente. Para a andlise do consumo alimentar em relacdo a
profundidade do solo, compararam-se cinco categorias de profundidade: 0) superficie, 1)
0,5- 2 cm, 2) 2,5- 4 cm, 3) 4,5-6 cm e 4) 6,5- 8 cm, a partir de analise de variancia com
teste de aleatorizacdo (PILLAR & ORLOCI 1996). Neste caso, foi utilizada a técnica
conservadora, e os periodos amostrais foram considerados blocos. Para a comparacao da
eficiéncia das técnicas de quantificagdo do consumo alimentar foram realizadas analises de
variancia com aleatorizacao testando efeitos das areas (campo pastejado e campo excluido
de pastejo) e dos periodos amostrais no consumo das bait-lamina considerando cada técnica
independentemente. Os testes estatisticos foram realizados com base em 999 permutagbes
e com distancia euclidiana como medida de semelhanca (PILLAR & ORLOCI 1996) no software
MULTIV (PILLAR 2006), e foram escolhidos por evitar pressuposigoes implicitas dos métodos

classicos paramétricos.

[163]



Resultados e Discussco

Sob as condigOes de verao e inicio de outono (Figura 1) em ecossitemas campestres
no sul do Brasil, o ensaio de bait-lamina mostrou-se eficiente em avaliar a atividade
alimentar da fauna de solo. Durante as triagens, foram visualizados diversos organismos que
desempenham importante papel no processo de decomposicdo da matéria organica e na
ciclagem de nutrientes (LAVELLE 1996, HATTENSCHWILLER et al. 2005), tais como fungos,
acaros oribatideos, nematodeos (Figura 2) e anelideos - estes ultimos, conhecidos por serem
altamente correlacionados com o desaparecimento do material nutritivo em bait-lamina (VAN

GESTEL et al. 2003; FORSTER et al. 2004).

Figura 2. Organismos nas bait lamina consumindo a isca: nematddeos (A), acaro oribatideo (B) e

fungos (C).

Nas bait-/amina dispostas na superficie do solo (horizontais), aos nove dias cerca de
56% ja apresentaram algum indicio de consumo, e apds um més de exposicdo este
consumo alcangou 99%. Nas bait-lamina verticais, os indicios de alimentacdo alcangaram
21% aos nove dias, 63% aos 16 e 90% aos 29 dias. Ao final do estudo praticamente todas

as bait haviam sido utilizadas. Este elevado consumo alimentar desde o inicio do estudo
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indica a necessidade de futuras avaliagcdes em periodo inferior ao minimo intervalo avaliado

aqui.

A evolucao das categorias de consumo alimentar (cat. 1, 2 e 3) ao longo do tempo
nas laminas horizontais e verticais é descrita na Figura 3. Nas bait-/amina horizontais (Figura
3A), os orificios completamente consumidos (cat. 3) aumentaram quase linearmente
(correlacao linear simples, r - 0,88) desde os nove dias (44%) até os 65 dias (84%). Os
orificios com bait parcialmente consumida (cat. 2) oscilaram somente de 10 a 30% durante
o periodo. Tendo como base as bait-lamina verticais (Figura 3B), percebemos que os
orificios na cat. 3 também apresentaram comportamento linear (r - 0,99), e que variaram de
7% a 46% no periodo do estudo. A cat. 2, ao contrario do encontrado na superficie do solo,
aumentou consideravelmente dos nove (13%) aos 22 dias (71%) e decaiu até os 65 dias

(53%), representando a transformacao da cat. 2 na cat. 3.
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Figura 3. Consumo alimentar em bait /amina horizontais (A) e verticais (B) ao longo dos periodos de

exposi¢do nas diferentes categorias analisadas.

O consumo alimentar médio de bait foi diferente no gradiente de profundidade do
solo (P = 0,001). Considerando-se dados das datas amostrais em blocos (com excegao do

tempo de 65 dias no qual quase 100% das bait foram consumidas), a andlise de contrastes
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revelou maior atividade alimentar na superficie (bait-lamina horizontais - 84,4%) do que
dentro do solo (Figura 4). Resultado como este também foi encontrado por GEISSEN &
BRUMMER (1999), e corrobora o fato de que grande parte da atividade de detritivoria
realmente ocorre neste sitio, associada a producdo e decomposicao da matéria organica
senescente (COLEMAN et al. 2004). No entanto, isto também pode estar representando uma
facilitacdo direta dos fatores abidticos como insolacdo e precipitacao na degradacao da baft,

0s quais nao afetam as bait-lamina inseridas dentro do solo.

A profundidade de 6,5-8 cm apresentou taxa de consumo alimentar de 68,8%, sendo
em média significativamente superior as profundidades de 0,5-2 cm (63,2%) e 2,5-4 cm
(61,6%), mas ndo a de 4,5-6 cm (64,1%). Estas trés ultimas profundidades ndo diferiram
entre si (Figura 4). Estes resultados sdo, de certa forma, contrastantes com os resultados
encontrados na literatura. Pesquisas como as de GEISSEN & BRUMMER (1999), FILzEK et al.
(2004), ROMBKE et al. (2006), CASABE et al. (2007) e HAMEL et al. (2007) verificaram
consumo alimentar gradual decrescente com a profundidade do solo; mas outros trabalhos
demonstram que esta estratificagdo é dependente do perfil do solo, condi¢des climaticas e
de suas comunidades bidticas (GONGALSKY et al. 2004). No presente estudo, um grande
consumo alimentar nas maiores profundidades (6,5-8 cm) pode representar uma agao
acentuada de minhocas neste extrato; no entanto pesquisas complementares seriam

necessarias para confirmar esta suposicao.
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Figura 4. Consumo alimentar médio em bait-lamina de acordo com a profundidade do solo. Letras
iguais demonstram que ndo ha diferenga estatistica (teste de permutacao). Para a analise, os

periodos amostrais foram considerados blocos.

Considerando-se as duas técnicas de obtencdao de dados de consumo
alimentar, denominadas aqui de conservadora e de pratica, verificou-se que ambas
apresentaram resultados similares quanto a influéncia do pastejo por gado (Figura 5).
Apesar de uma tendéncia evidente em todas as amostragens, somente no periodo de 16
dias foi verificada diferenca significativa entre area pastejada e area excluida de pastejo
para as duas técnicas (Figura 5). De acordo com estas informacgdes, percebem-se dois
aspectos pertinentes: 1) as duas técnicas fornecem a mesma conclusdo, e neste ponto de
vista, a técnica pratica - apesar de menos precisa- poderia ser mais conveniente em estudos
de campo com grande esforco amostral, pois é mais rapida e pode até mesmo ser
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interpretada em campo; e 2) um periodo de exposicdo das laminas em torno de 16 dias
otimizou a diferenciacdo da atividade alimentar da fauna do solo entre as areas. Este
periodo de tempo é semelhante ao encontrado por outros autores para obtencdao de
resultados significativos na discriminacdo de tratamentos. Por exemplo, ANDRE et a/. (2009),
determinaram 14 dias como o tempo ideal para distingao entre locais contaminados em
Portugal, e GONGALSKY et al., 2004, na Russia, verificaram que 10 dias foi o tempo minimo

para ganhar resultados significativos na comparacao entre diferentes ecossistemas

florestais.
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Figura 5. Comparacao da atividade alimentar da fauna do solo entre area excluida de pastejo e area
pastejada considerando duas técnicas de quantificacdo de consumo (conservadora- cat. 2 +3) e

pratica (cat. 3) ao longo do periodo de exposicdo das laminas.

A drea pastejada apresentou menor atividade alimentar da fauna do solo do que a
area excluida de pastejo (Figura 5). Apesar da falta de replicacdes de areas- o que valida
este resultado somente para a regidao do estudo - é possivel sugerir que o gado atue

modificando propriedades bidticas e abidticas locais que influenciam no processo de

[168]



decomposicao. Solos pastejados tendem a ser mais compactos devido a pressao dos cascos
dos animais na superficie do solo, o que diminui sua densidade e porosidade (GIAROLA et a/.,
2007, FIDALSKI et al. 2008), e pode afetar a abundancia, diversidade e distribuicdo espacial
da fauna de solo ao restringir o nimero de poros habitaveis por esses (KING & HUTCHINSON
1976, BARDGETT & Cook 1998). Como campos pastejados apresentam redugao significativa
da biomassa vegetal acima do solo e menor quantidade de serapilheira sobre este, podem
apresentar temperatura mais elevada devido a uma exposicao mais direta ao sol e uma
tendéncia menor a infiltracdo de agua (MIGUEL et a/. 2009), os quais também influenciam a
atividade bioldgica da fauna de solo e os resultados do ensaio de bait-lamina (GONGALSKY et
al, 2008). A area excluida de pastejo por quatro anos avaliada neste estudo pode ter se
recuperado um pouco destas deficiéncias nos seus atributos edaficos, e desta forma,
oferecido um habitat de melhor qualidade aos invertebrados que atuam no processo de
decomposicao. Diversos autores ainda citam fatores indiretos que afetam invertebrados e
processos do solo pela alteragdo da quantidade e qualidade dos recursos que entram no
mesmo (e.g. BARDGETT & WARDLE 2003), entretanto eles parecem ser idiossincraticos,

geralmente variando entre ecossistemas com diferentes fertilidades.

O ensaio de bait-lamina apresenta muitas potencialidades de uso no Brasil. Acessar o
status da atividade dos invertebrados de solo, o qual é um indicativo das taxas de
decomposicdo da matéria organica, em ambientes manejados pelo homem é cada vez mais
desejavel visto a crescente demanda pelo uso sustentavel da terra. O ensaio pode ser
aplicado em diversas ocasides para comparagao da atividade bioldgica entre tratamentos
que se situem em parcelas proximas, por exemplo, para acessar o impacto do avanco de
praticas agricolas, silviculturais e agropastoris sobre areas naturais, de técnicas de manejo
do campo — como o uso do fogo, do uso de lavouras com e sem pesticidas, restauragao e

remediacdo de areas degradadas e/ou contaminadas, etc (veja mais em KRrRATz 1998). O
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ideal é que esta técnica nao seja negligenciada, visto a sua potencialidade em oferecer

resultados rapidos e faceis de interpretar.
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Burning effects on detritivory and litter decay in Campos

grasslands

Abstract

Disturbances are primary forces creating spatial heterogeneity in ecosystems, and

inducing changes on biological communities, abiotic characteristics and ecological

processes. Here we focus on the effects of fire disturbance in the decomposition

process at subtropical Campos grasslands in South Brazil, where burns are

traditionally used to reduce shrub encroachment, and improve forage quality. We

experimentally investigated how burns and the changes they produce in grassland

habitat conditions affect soil fauna detritivory and surface leaf-litter decaying

patterns over one year. Previously to fire, we found significant correlation of litter

decay with plant evenness and detritivory rates in non-disturbed grasslands. One

month after fire grassland patches presented reduced soil fauna densities and

surface feeding activity possible because of the mortality caused directly by heating,

and/or due to harsh microenvironmental filters to fauna colonization and

permanency (e.g. decreased humidity). At 6-7 months after fire however these

features did not differ any more from the paired unburned plots. On the other hand,

canopy openness accelerated the decaying of leaf-litter in burned patches by

allowing increased action of abiotic factors as solar radiation potentially triggering

photodegradation. These effects seemed to last less than one year. Overall, our

results bring insights regarding drivers of soil ecological processes at local scales in

subtropical grasslands, and suggest that detritivory and litter decay processes are

sensitive to fire, but resilient following grassland recovering.

Keywords: grassland fire; soil ecological processes; decomposition; litter bag; bait-lamina

test; soil fauna activity; South Brazilian grasslands
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Introduction

Litter decomposition is a key process for nutrient cycling, maintenance of soil fertility
and ultimately ecosystem productivity in natural and managed landscapes (Hattenschwiler et
al. 2005). Worldwide differences in litter decomposition are driven mostly by larger scale
climatic patterns and plant ecological strategies (e.g. regarding resource acquisition), which
are associated with specific leaf and litter quality traits (Cornwell et a/. 2008, Wall et al.
2008). However, at the scale of the microsite, decomposition may vary depending on the
activity of organisms within the soil food web (Lavelle et a/. 1993; Aerts 1997). Detritivorous
soil invertebrates facilitate decomposition by displacing and consuming organic matter and
generating products that are easily attacked by microorganisms which in their turn affect
nutrient mineralization (Bardgett & Chan 1999; Wardle 1999; Lavelle et a/. 2006). This kind
of biological activity is highly influenced by microclimatic characteristics of a site, such as
light availability, humidity, soil moisture and temperature (Araujo et al/ 2012; Throop &
Archer 2007; Verhoef et al. 2000), which themselves may also influence decomposition rates
directly (e.g. through litter photodegradation, Pancotto et a/. 2005). Moreover, at this local
scale, disturbances are considered as primary causes of habitat spatial heterogeneity in an
ecosystem by inducing changes on communities and abiotic factors that might affect

processes as litter decomposition (White & Jentsch 2001).

Fire is a disturbance driving biodiversity patterns, ecosystem dynamics and ecological
processes around the world (Bond & Keeley 2005; Spence & Baxter 2006). In addition to
their direct effects on biogeochemical cycles through combustion of green and senescent
biomass (Neary et al. 1999), burns can mediate changes in decomposition processes
through changes in the drivers of the latter, e.g. (i) litter quality or quantity, (ii) decomposer
soil community, and (iii) abiotic characteristics of the post-fire habitat. Fire-prone
ecosystems experiencing repeated burns generally present reduced soil N availability

associated with an increased C:N ratio of litter and with slow litter decay rates (Brennan et
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al .2009; Hernandez & Hobbie 2008) which may cascade down to litter accumulation and C
sequestration. Decomposers and their activity may also decline markedly after fire events,
depending on their degree of exposition to the flames, their mobility and their resilience to
fire (Swengel 2001). Also, recently burned sites may be characterized by environmental
filters to part of their biota and by shifts in decomposition drivers by modifying nutrient
availability, soil moisture, temperature and solar irradiation (Callaham et a/. 2003; Neary et

al. 1999).

Here we explore microsite scale fire effects on decomposition processes in Campos
grasslands. The Campos are subtropical natural grasslands with very high plant species
richness (Boldrini 1997) in the southernmost part of Brazil. Anthropogenic disturbances are
indispensable for suitable conservation of biodiversity and maintenance of the characteristic
physiognomy of these ecosystems, which are traditionally managed by livestock grazing
(Overbeck et al. 2007). Burns have been used by farmers especially in the highland
grasslands in northern Rio Grande do Sul state to reduce shrub encroachment, impede
accumulation of dead biomass, and improve forage quality for grazing (Pillar & Quadros
1997). Such burns generally are of low intensity, spread moderately and create a
heterogeneous mosaic formed by a grassland matrix with burned and unburned patches
(Fidelis et al. 2010), which tend to present short-time increases (up to three months) of
nutrients as total N, K" and Ca** in the soil surface layer (Rheinheimer et a/. 2003). Plant
species richness and evenness is generally higher in the first two years after a burn when
compared to grasslands unburned for longer periods, due to reduction of biomass of
dominant grasses (Overbeck et a/ 2005). However the consequences of burns for
ecosystem processes, such as litter decomposition, are largely unexplored. Based on a
replicated controlled experiment, we investigated how patchy burns and the changes they
produce in habitat conditions affect soil fauna detritivory patterns and surface leaf-litter

decay rates, evaluating the resilience of these processes along one year after a fire event.
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Additionally, we provide insights on the understanding of decomposition drivers in South

Brazilian subtropical grasslands.

Methods

STUDY SITE

The experiment was established in the Agricultural Research Station of the Federal
University of Rio Grande do Sul, in the Central Depression region, Eldorado do Sul
(30006'58” S, 51°41'05” W, altitude 46 m), Rio Grande do Sul state, Brazil. This region
represents a transitional zone between temperate and subtropical climates, and the
temperature is warm in the summer season (average 25°C; January and February) and
relatively cold in winter (average 9°C; June and July) (Moreno 1961; Peel et al. 2007). There
is no marked seasonality regarding precipitation. Mean annual precipitation is about 1400

mm.

The original vegetation in the region is grassland (Campos) with high plant species
richness (Overbeck et al. 2007), characterized by coexistence of C4 (dominant) and C3
grasses, and high importance of species from the Asteraceae, Rubiaceae, Fabaceae and
Apiaceae families (Focht & Pillar 2003). The grassland selected for our study is dominated
mainly by Andropogon lateralis, Paspalum plicatulum and Pjptochaetium montevidense
(Poaceae), Baccharis crispa (Asteraceae), Eryngium ciliatum and E. horridum (Apiaceae).
The area had been used as pasture for cattle until November 2006, when grazing was

excluded. No fires had occurred at the site in the last two decades.
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EXPERIMENTAL DESIGN

We placed seven experimental blocks (Fig. 1), with minimum distance between
blocks 50 m, in slightly sloping areas with homogeneous vegetation structure. Some parts of
the area, mostly on hill tops, showed a rather high cover by the shrub Baccharis
drancuculifolia that increased in abundance right after exclusion of grazing (Joner et al.
2011); we avoided these patches. Each experimental block was composed of two 10 x 10 m
paired plots, six meters apart (Fig. 1). Fire treatments were randomly allocated to plots

within pairs. The unburned plot from each block was used as a control treatment.

We conducted prescribed head fire burns, authorized by environmental authority of
the state (SEMA) and controlled by firebreaks around the plots, all on one day in late spring
(December 2009). The plots burned homogeneously, but some large rosette forbs,
especially Eryngium horridum (Apiaceae), remained partially unburned. Fidelis et a/. (2010)
describe several parameters of fire behavior for small-plot burns of natural grasslands
excluded from disturbance in the study region (as in our case). In general terms, fire in the
South Brazilian Campos can be considered of rather low-intensity, spreading rapidly with not
very high temperatures and short residence time (more details in Fidelis et a/, 2010). Burns

applied for grassland management in the Campos region often are patchy (pers. obs.).

Three sets of parameters, surface leaf-litter decay rates, detritivore activity, and
habitat characteristics (soil temperature and surface humidity) were evaluated in all plots
before the fire to confirm initial homogeneity between paired plots, and then approximately
at 1 month, 6-7 months, and 12 months after fire (hereafter a.f.) to evaluate the effects of
fire on the measured parameters. Soil fauna samplings were performed at 1 and 6-7 months
a.f. (see “activity of soil organisms” section), and other habitat characteristics, such as bare
soil cover and vegetation descriptors (biomass, species richness and evenness) were

evaluated before the fire and approximately 9 months a.f.
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7 blocks

Control Burned
plot plot

Fig.1. Experimental design.

ACTIVITY OF SOIL ORGANISMS

We assessed the detritivory by edaphic invertebrates with the bait-lamina test (von
Toérne 1990; Kratz 1998) as an indicator of the feeding activity of the decomposer
community. Our bait-lamina was a plastic strip 120 mm long, 6 mm broad and 1.5 mm thick,
with 16 holes 5 mm apart from each other. The holes of 560 strips were completely filled
with a standardized bait mixture of cellulose powder (70%), wheat bran (27%), activated
charcoal (0.3%) and distilled water (van Gestel et a/. 2003) and left to dry at room

temperature.

In each plot, we distributed ten bait-laminae in pairs at the four sampling dates (i.e.,
one before and three a.f.), with one bait-lamina of each pair inserted vertically into the
ground (100 mm deep), and the other exposed horizontally on the soil surface. Previously to
the insertion of the sticks we created a hole into the soil with a knife in similar dimensions,
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avoiding damage to the bait-lamina and minimizing soil disturbance. The bait-lamina pairs
were located in a regular distribution inside the plots (at least 2 m apart). Exposure time
ranged from 18 to 21 days; pilot experiments in the study area had shown this time to be
appropriate to access bait consumption by detritivores (Podgaiski et a/. 2011). In the lab we
counted the fully emptied holes in the strips as evidence of feeding activity, and calculated
the percentage of bait disappearance on the soil surface (horizontal surface strips) and

belowground (vertical strips) per plot.

Bait disappearance in the bait-lamina assay is known to represent the activity of soil
fauna, and not microbial activity per se (Helling et al. 1998; Gongalsky et al. 2004).
However, studies conducted outside the artificial conditions of a lab have found some
difficulties to find a relationship between soil fauna densities and detritivory rates in bait-
lamina (Rozen et al. 2010; Gongalsky et al. 2003). Therefore, we additionally sampled soil
organisms in burned and control patches at two occasions after fire (approx. 1 and 6-7
months a.f.) to verify the existence of a correlation between soil fauna density and the
detritivory rates. For this, we collected one soil core (198 cm?®) from the middle of each
experimental plot, and extracted soil fauna with modified Berlese-Tulgreen funnels during
one week. Springtail and mite densities were used as a proxy for soil detritivores

abundance.

LEAF LITTER DECOMPOSITION

We assessed surface litter decay with the litter bag method (Wieder & Lang 1982)
using a standard mixture of leaf-litter material of known mass and composition in a
screened bag. The nylon litter bags had a size of 10 x 10 cm with 1 mm? mesh size, with
five additional round perforations of 4 mm radius on each surface to allow soil meso and

macrofauna to enter. We filled 280 labeled litter bags with 3g of a mixture composed by
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dried senescent material from A. /ateralis (Poaceae; 1.5 g), B. crispa (Asteraceae; 0.5 g),
Pterocaulon sp. (Asteraceae; 0.5 g) and E. horridum (Apiaceae; 0.5 g), collected at the
study site. This species mixture was chosen because they represent frequent and abundant
species in the study region (Joner et al. 2011), e.g. A. /lateralis is one of the most common

grass species in Southern Brazil (Trindade & Da Rocha 2001; Overbeck et a/. 2007).

For the evaluation of litter decay before fire, we placed 70 litter bags directly on the
ground of all experimental plots about two months before fire (5 per plot; randomly located
at least 2 m apart), without disturbing the surrounding vegetation (Figl B and C). We
retrieved these litter bags after approximately 1 month (38 days). Three days after the
burns, we placed 210 litter bags on the ground of the experimental plots (15 per plot; at
least 1 m apart), and recovered from three to five litter bags per plot at approximately 1
month a.f. (38 days), 6 months a.f. (182 days) and 12 months a.f. (368 days). In the lab,
we manually extracted the meso/macro invertebrates from the litter bags and processed the
remaining litter by washing it in distilled water to remove soil particles before oven-drying
(65C° for 72h) and weighting the remaining material. The litter decay rates per plot were
estimated by the average of percent difference between the initial mass and the final mass

in each litter bag.

HABITAT CHARACTERIZATION

To characterize potential drivers of decomposition over time in our experimental
plots, we collected information concerning (a) soil temperature, (b) relative humidity at the
soil surface, (c) bare soil cover (%), (d) plant aboveground biomass, (e) plant species
richness and (f) plant species evenness (e = H/S, where H is Shannon diversity and S is
species richness). Data on bare soil cover percentage (bs) and plant aboveground biomass

(pab) were used to calculate a grassland canopy openness index (co: bs/pab), as we
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assume that with more bare soil cover and less plant biomass, the ecosystem canopy would

be more open.

Soil temperature (°C; at 1 cm in depth), and soil surface relative humidity (%) were
accessed with a thermohygrometer device during daytime under dry weather conditions
(e.g. not on rainy days). We took three measurements of temperature and humidity at three
equidistant sites (more than 3 m apart) inside the plots. Paired plots were sampled always
at the same time, but different blocks were sampled at different time intervals (e.g. up to 2
hours of difference). In case of statistical analysis not considering the blocking factor, we
normalized temperature and humidity data values within each block to make them all

comparable (see Statistical analysis).

Bare soil cover (%), plant species richness, evenness and biomass were evaluated in
five 1 m? quadrats randomly distributed in each plot, and the average of each of these
variables was used as descriptor for each plot and sampling date. Bare soil percentage cover
was visually estimated, and the biomass (g/m?, green and dead) was estimated by cutting,
oven-drying (at 60°C for 72 h) and weighting total aboveground biomass of the quadrats.
The results for plant biomass and plant species richness have been presented and discussed
in detail in Podgaiski et al. (2013); here we use these variables, but do not present the data

in detail.

STATISTICAL ANALYSIS

We undertook statistical analysis in two steps. First we performed exploratory
ordination to investigate how the ecological processes as detritivory and litter decay were
related to each other, to the soil fauna, and to the habitat characteristics across treatments
and time. We performed a Principal Component Analysis (PCA) with Euclidean distances

between sampling units, calculated on the matrix of experimental plots described by
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different sets of variables. We present bi-plots of the component scores on the first two

main axes for each sampling period. We used the MULTIV software (Pillar 2004).

For PCA we considered the following variables describing the plots before fire:
detritivory (mean % consumed holes in all bait-lamina sticks); litter decay (mean % of mass
loss after 38 days), soil temperature and humidity (normalized plot data within each block),
canopy openness index (Co), plant species richness (data from Podgaiski et a/. 2013) and
plant species evenness. For the analysis one month a.f. we considered detritivory, litter
decay (% mass loss after 38 days), soil temperature and humidity, and soil fauna density
(Log x+1 of Acari and Collembola abundance). For the analysis of the data collected
between 6 and 9 months a.f. we considered detritivory, litter decay (% mass loss between
38 and 182 days), soil temperature and humidity, canopy openness index, plant species
richness, plant species evenness, and soil fauna density. We assume that the 2-3 months
mismatch in the sampling dates of the canopy openness index, plant evenness and richness,
and the other parameters has not harmed the detection and interpretation of potential
relationships, due to little vegetation growth between May and August, which is southern
hemisphere winter. Finally, after 12 months, the variables used in ordination were
detritivory, litter decay (% mass loss between 182 and 368 days), and soil temperature and
humidity. Further, we calculated a Pearson correlation matrix between all variables pairwise

for each sampling period.

Secondly, we tested all the variables independently for differences between
treatments. We used ANOVA in blocks using time as repeated measure with permutation
test (1000 permutations) comparing treatments concerning [1] leaf-litter mass remaining in
litter bags (%); [2] detritivory (% of hole consumption in bait-lamina in soil surface and
belowground); [3] soil temperature (C°); [4] soil surface relative humidity (%); [5] soil
fauna density (Log x+1 of Acari and Collembola individuals abundance); [6] canopy
openness index (Co); and [7] plant species evenness. Additionally, we searched for
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differences between treatments within each sampling date with ANOVA in blocks (1000

permutations). All analyses were performed using R (R Development Core Team 2012).

Results

RELATIONSHIPS BETWEEN VARIABLES ACROSS TREATMENTS AND TIME

Before fire, litter mass loss presented a positive correlation with the detritivory
process (r=0.61; p=0.02) and with plant species evenness (r=0.69; p<0.001); PCA of
experimental plots described by soil processes and habitat variables did not distinguish
between control and burned plots (Fig. 2A). At 1 and 6-9 months a.f., plots with different
fire treatments were clearly separated along the first ordination axis (Fig 2B and C). At 1
month a.f., detritivory was positively correlated with soil fauna density (r=0.52; p= 0.05)
and soil surface humidity (r=0.62; p=0.02), while decreasing with increasing soil
temperature (r=-0.53; p=0.05). At 6-9 months a.f., we found a positive correlation between
canopy openness index and litter mass loss (r=0.65; p=0.01). Groups of experimental units
cannot be discriminated anymore in the ordination of data collected 12 months a.f. (Fig.
2D). The complete correlation matrix between variables for each sampling period is

presented in Supporting Information 1.
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Fig.2. PCA biplot diagram based on the correlation matrix of ecological processes, soil fauna density
and habitat characteristics across different fire treatments and time (A-D). Only the first two main
axes are shown. Open circles identify control (unburned) plots and black circles the burned plots.
Variables are abbreviated as follows: Detrit= % consumed holes in all bait-laminae; Decay= % litter
mass loss; Soil_fauna= Log (x+1) of soil fauna abundance; Soil_temp= soil temperature data
normalized inside each experimental block; Humidity= soil surface humidity data normalized inside
each experimental block; Canopy= canopy openness index (Co); P_richness= plant species richness;

P_evenness= plant species evenness. The variance explained by principal components 1 and 2 are

shown in parentheses.

DETRITIVORE ACTIVITY

There was interaction between treatment and time regarding soil surface detritivory

(P<0.001). Fire had a negative effect on the soil surface fauna feeding activity 1 month a.f.
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(Fig. 3A), as the percentage of bait consumption in this stratum decreased significantly
when compared to the control. No fire effects were found for the other periods a.f. The
biological activity belowground was not affected by fire (Fig. 3B), but changed through time
(P=0.019). Supporting the results of only short time fire effects on soil surface detritivory,
we also found decreased soil fauna densities at burned sites 1 month a.f. (Fig. 3C). At 6-7

months a.f. the densities of these invertebrates did not differ anymore between treatments.

LEAF LITTER DECAY

The interaction between treatment and time was significant for leaf-litter mass
remaining in litter bags (P=0.01). At 1 month a.f.,, there was no significant difference
between treatments, but after 6-7 months and 12 months less litter mass remained in litter
bags in burned plots than in control plots (Fig. 3D). Also, the percentage difference in litter
mass loss between treatments was held constant over the last two sampling dates: 13.6%

and 13.4% less litter mass in burned plots at 6-7 months, and 12 months a.f. respectively.

Only a small nhumber of soil macroinvertebrates (n=103) was found colonizing litter
bags in the whole experiment (37.8% ants, 14.5% spiders, 11.6% hemipterans). As these
most frequent organisms are probably not directly involved in litter detritivory, they were not

used in the analyses to explain litter decay or detritivory.

HABITAT VARIABLES

There was no significant effect of treatments on soil temperature, though soil
temperature, as expected, varied among the sampling dates (P<0.001; Fig. 4A). An
interaction was found between the effects of treatment and sampling time for soil surface
relative humidity (P=0.042); humidity was significantly lower in burned plots 1 month a.f.

(Fig. 4B), but did not differ between treatments at 6-7 and 12 months a.f. Fire consumed

[189]



the vegetation biomass in the experimental plots almost completely, with only some partially
unburned individuals of £ horridum (Apiaceae) remaining. After approximately 9 months,

burned plots still had increased canopy openness (Fig. 4C), and presented higher evenness

than control plots (Fig. 4D).
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Fig.3: Average (* standard errors) for the soil fauna feeding activity represented by the percentage
of empty holes in bait-lamina on the soil surface (A), and belowground (B); density of soil fauna (C);
and percentage of leaf-litter mass remaining in litter bags (D) in experimental burned and control
plots before and after fire. Open circles identify control plots and black circles burned plots. Some

black circles are hidden by open circles. Probability values from ANOVA in blocks (n=7) with
permutation tests are shown.
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Discussion

It is well known that grazing and fire are key management factors for grassland
conservation, especially for the Campos (e.g. Overbeck et al. 2007). Grassland
abandonment, i.e. situations where neither grazing nor burning takes place, usually leads to
the reduction of plant species richness and evenness, mainly affecting forbs, which became
outcompeted by the dominant C4 tussock grasses, and to the accumulation of dead biomass
(Overbeck et al. 2005). Additionally, the suppression of disturbances may lead to decreased
soil carbon stocks (Knicker et al. 2012), shrub encroachment and, depending on the
availability of nearby seed sources, to forest expansion (e.g. Oliveira & Pillar, 2004; Behling
et al. 2007; Muller et al. 2012). Despite the growing body of studies on the effect of fire on
Campos ecosystems (Overbeck et al. 2005, 2006; Overbeck & Pfadenhauer 2007; Fidelis et
al. 2010, 2012; Miiller et al. 2012), arthropod communities (e.g. Podgaiski et a/. 2013), and
soil proprieties (Vogelmann et al. 2012), to date, soil ecological processes are poorly known
(Knicker et al. 2012). Our results suggest that detritivory by soil fauna and decaying of
surface litter are affected by grassland burns and/or by the habitat changes induced by fire,

but will recover rapidly following reestablishment of vegetation cover.

Negative fire effects on soil fauna activity are known to be much stronger at the soil
surface than belowground since exposition of the soil fauna to high temperatures in the soil
is minimal (e.g. Miranda et a/. 1993; Auld & Bradstock 1996). Detritivory rates were lower in
burned plots one month a.f. on the soil surface, but reached the values of the control plots
by the time of the next sampling (6-7 months a.f.), which is an indication of resilience.
Vogelmann et al. (2012) found altered soil hydro-physical proprieties in the soil surface of
recently burned grasslands (i.e. decreased air permeability and increased water repellency),
which was restored to pre-burn conditions in less than 6 months, corroborating our findings.
The soil surface fauna has reduced mobility and may have been consumed by fire during

litter layer combustion, hence displaying reduced abundances and activity at an early post-
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fire period (Swengel 2001; Dawes-Gromadzki 2007). Also, as fire consumed the dense
biomass that covered the soil, offering shading and buffering microclimate, the habitat
turned more extreme, due to higher exposition to sunlight, changed evapotranspiration and
altered water availability, potentially filtering out drought- and UV-sensitive invertebrate
species (Lensing et al. 2005; Verhoef et al/. 2000). A number of studies have produced
empirical evidence to support that feeding activity of soil fauna is highly dependent on soil
microclimate, increasing with humidity, and on suitable soil temperature (Rozen et a/. 2010;
André et al. 2009; Gongalsky et al. 2008). Thus, it is expected that only after the

amelioration of microhabitat conditions the soil surface fauna diversity will be restored.

Detritivory by soil invertebrates is an ecological process with recognized importance
for the maintenance of the integrity of terrestrial ecosystems (Bardgett & Chan 1999;
Wardle 1999; Lavelle et al. 2006). Soil faunal detritivory rates, as determined by the bait-
lamina assay, correlated to soil fauna density (Acari and Collembola) in our experimental
plots at 1 month a.f., i.e. where densities were reduced, the surface feeding activity was
also reduced. Such correlation is particularly difficult to find outside controlled laboratory
conditions (Rozen et al. 2010; Gongalsky et al. 2003), but apparently can be found along
environmental gradients, as in our case, considering contrasting environmental conditions
across fire treatments. Our results also revealed a correlation between detritivory and litter
decay rates, but this time in non-disturbed grasslands, suggesting that in patches that are
more favorable to detritivores, litter decay is also faster, as a possible indicative of the
participation of these organisms into the process. After fire, this correlation was disrupted,
likely due to the modification of abiotic proprieties, which promoted a much larger variability

in litter decay rates.

We detected increased litter decay in burned grassland patches, probably due to a
major contribution of abiotic processes in these areas. Solar radiation possibly had begun to

assist litter mass loss through photodegradation in burned patches during the first months
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after fire, when almost no plant cover existed and the summer sun radiation reached its
highest intensity. Summer time is commonly associated with tropical storms and high speed
winds in the study region (INMET 2013), which may have helped to increase mass loss by
leaching and fragmenting litter in the open recently burned environment. During the process
of vegetation recovery, abiotic drivers probably kept influencing litter decay in burned
patches at least until 9 months a.f. since vegetation biomass, evenness, and the canopy
openness were increased in these sites up to this period (Podgaiski et a/. 2013). Evenness
has showed to be and important structural variable even in undisturbed grasslands before

fire, as it was positively correlated to litter mass loss.

Although not traditionally included in models of litter decomposition in terrestrial
ecosystems, photodegradation demonstrably contributes to litter mass loss in a wide range
of grasslands (Brandt et a/. 2010). King et a/. (2012) show that increasing litter exposure to
solar radiation leads to an increase in mass loss of about 23% across many studies. The
mechanisms behind the accelerated mass loss are still poorly understood, but engage
general principles of photochemistry as direct and indirect photolysis that fragment
molecules (e.g. lignin) into low molecular weight organic compounds and generate products
as CO, (Rutledge et al 2010). Such direct loss of carbon to the atmosphere through
photochemical mineralization represents a short-circuit in the carbon cycle (Austin & Vivanco
2006). The molecular fragmentation of litter in its turn increases litter solubility and leaching
as well as biodegradability by decomposers, by making litter nitrogen more easily available

(Foereid et al. 2010; Feng et al. 2011; King et al. 2012).

Henry et al. (2008) found that decomposition of sun-exposed grass litter in California
grasslands was more than twice as high as decomposition from shaded litter. These authors
associate this outcome mostly to the lignin photodegradation which makes litter more
vulnerable to biological degradation throughout the following wet season. Microbial and

photodegradation seems to be separated in time in the semi-arid-zone because UV radiation
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is probably harmful for microbes (Hughes et al. 2003; Foereid et a/. 2010). In our case, we
suggest that light exposure in burned patches made litter more degradable and thus that
the first months after fire may have acted as a “pre-treatment” of litter for microbial and
detritivoral degradation after recovery of these groups. The divergence between burned and
control patches concerning litter decay rates occurred between 1 and 6-7 months a.f. (Fig.
3A), the period in which surface detritivory indeed recovered (Fig. 3B). This hypothesis
however should be tested in future experiments. Therefore, we recognize that the
mechanisms of mass loss facilitation in burned plots ceased up to one year a.f., since the
differential proportions of decomposition rates between treatments remained the same by
this time when compared to the previous sampling date i.e. around 13.5% of difference

(Fig. 3D).

In this study, we have not addressed the potential fire-induced changes in litter
quality and production, which are also important dimensions of nutrient cycling, because we
assumed they were not significant to our study scale. We have experimentally assessed
surface litter decay considering a plant litter mixture from the control area, assuming that
this type of litter drop down into burned patches, or/and that litter produced in such patches
have similar species composition to unburned ones. Modification on the litter nutrients (e.g.
C:N ratio) is more likely to happen, on the long run, in ecosystems under frequent fire
regimes, e.g. when in the long term burns reduce soil N availability (Brennan et a/. 2009;
Hernandez & Hobbie 2008), and in plant community that undergo compositional shifts
(Hooper et al. 2005; Wardle et al. 2006). Both of these cases do not apply to our study
case, as we had a single fire event that likely did not persistently change soil nutrients and

the composition of plant species (Overbeck et a/. 2005; Podgaiski et al. 2013).
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CONCLUSIONS

We were interested on how ecological processes as soil fauna detritivory and litter
decomposition are affected by grassland burns and on their relationships with fire-induced
habitat changes over time. Our results indicate that fire reduces soil surface detritivory in
the short-term because of direct soil fauna mortality and/or indirectly by changing
microenvironmental conditions as temperature and humidity. On the other hand, fire
accelerates the decaying of surface litter, probably by inducing shifts in decomposition
drivers. While decomposition is directly correlated to the soil organism activity and plant
evenness in the ecosystem before fire, canopy openness in burned patches seems to
facilitate the action of abiotic factors. Overall, this study brings insights regarding drivers of

soil ecological processes at local scales in subtropical grasslands.
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Supporting Information 1. Pearson correlation values (bottom/left in white) and probability values
(top/right in grey) for comparison between all variables pairwise for each sampling period. See the
Methods section for further information on the variables, and legend of Fig.1 for abbreviations. Bold

values indicate significant correlation (P<0.05).

1 2 3 4 5 6 7 8
Detrit Decay Soil_temp Humidity Canopy P_richness P_evenness Soil_fauna

Before fire sampling

1 0 0.020 0.972 0.706 0.274 0.228 0.288 =
2 0.613 0 0.505 0.715 0.577 0.475 0.006 =
3 -0.010 -0.195 0 0 0.460 0.054 0.703 =
4 0.111 0.107 -0.834 0 0.715 0.035 0.756 =
5 0314 0.163 0.215 -0.107 0 0.964 0.501 =
6 -0.344 -0.208 0.526 -0.566 -0.013 0 0.757 =
7 0306 0.693 -0.112 0.091 -0.196 -0.091 0 =
8 - - - - - - - -
1 month after fire sampling
1 0 1.000 0.053 0.017 = = = 0.054
2 0 0 0.618 0.608 = = = 0.986
3 0.526 -0.146 0 0.003 = = = 0.508
4 0.623 -0.150 -0.727 0 = = = 0.340
5 - - - - - o o o
6 - - - - - - - -
7 - - - - - - - o
8 0.525 0.005 -0.193 0.276 - - - 0
6-9 month after fire sampling
1 0 0.965 0.588 0.368 0.932 0.573 0.399 0.808
2 0.013 0 0.354 0.906 0.012 0.838 0.218 0.852
3 0.159 0.268 0 0.069 0.036 0.475 0.070 0.095
4 -0.261 0.035 -0.500 0 0.783 0.706 0.305 0.531
5 -0.025 0.652 0.563 0.081 0 0.301 0.010 0.335
6 0.165 0.060 0.208 0.111 0.298 0 0.044 0.915
7 0.245 0.352 0.498 0.295 0.661 0.546 0 0.251
8 0.072 0.055 -0.464 0.183 -0.278 -0.032 -0.329 0
12 month after fire sampling
1 0 0.484 0.451 0.496 - - - -
2 0.204 0 0.751 0.486 - - - -
3 -0.219 -0.093 0 0.336 - - - -
4 -0.199 -0.203 0.278 0 = = = =
5 - - - - - o o o
6 - - - - - - o o
7 - - - - - - - o
8 - - - - - - - -
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CONSIDERACOES FINAIS

Existe uma necessidade urgente em monitorar as respostas da biodiversidade e dos
processos ecoldgicos a disturbios e mudancas no uso da terra. Estudos tém indicado que o
uso da abordagem funcional da biodiversidade, baseada em atributos funcionais, facilita a
compreensao sobre a organizacao das comunidades, da funcionalidade dos ecossistemas, e
desta forma, auxilia na identificacdo das suas relagdes com fatores ambientais. No Capitulo
I desta tese- “O uso de atributos funcionais de invertebrados terrestres na ecologia: O que,
como e por qué?’ eu revisei 0 que sao atributos funcionais, como usa-los na descricdao e
monitoramento das comunidades de invertebrados terrestres frente a disturbios e ressalto a
necessidade e a importancia de estudos utilizando esta abordagem. Eu considero este
manuscrito fundamental para aqueles que, assim como eu, usam 0s invertebrados como

ferramentas de estudo em ecologia.

Nos dois capitulos seguintes da tese eu avanco no conhecimento relacionado a esta
tematica e apresento dois estudos de caso contemplando aspectos funcionais de
invertebrados terrestres sob o efeito do fogo. Nos Capitulos II "Spider trait assembly
patterns and resilience under fire-induced vegetation change in South Brazilian grasslands” e
III “7axonomic and functional responses of Thysanoptera assemblages to grassland
burning’ eu claramente corroboro esta onda crescente de estudos em ecologia funcional e
empiricamente demonstro as inUmeras vantagens que esta abordagem trouxe para o
monitoramento das comunidades de aranhas e tripes. De fato, se os aspectos funcionais
destes grupos nao tivessem sido contemplados, nenhum efeito do fogo teria sido constatado
(!). No estudo com as aranhas todos os individuos da comunidade (1755) foram
mensurados em atributos funcionais, sendo levada em consideracao toda a variabilidade

intra e interespecifica, e fenoldgica das comunidades. J4, no estudo com tripes atributos



funcionais foram descritos por espécies (48 spp.), assumindo-se que sua variacdao é sempre
maior entre espécies do que dentro da mesma espécie. Nos dois casos encontrei padroes
indicativos de filtragem ambiental de atributos, i.e. determinadas condicbes do ambiente
selecionaram organismos com determinados conjuntos de atributos. Por exemplo, no
primeiro més apds o fogo areas queimadas, que ficaram extremamente simplificadas quanto
a estrutura de habitats e recursos, apresentaram reducdo de aranhas construtoras de teias
irregulares e de tripes fungivoros associados a serapilheira. Mas por outro lado, aranhas
cacadoras da vegetacdo com queliceras grandes e tripes fitdfagos e associados a gramineas
foram beneficiados neste ambiente possivelmente atraidos pelo rapido rebrote e também
florescimento da vegetacdo. Para aranhas, ainda verifiquei algumas associacdes muito
interessantes com atributos funcionais de plantas (e.g. entre aranhas construtoras de teias
orbiculares e plantas em formato de rosetas), convergéncia de atributos ao gradiente de
biomassa induzido pelo fogo, e divergéncia de atributos ao gradiente de heterogeneidade da
vegetacdo, indicativo de limitagdo de similaridade (i.e. aumento da coexisténcia de

organismos funcionalmente diferentes e diminuicao de competicao).

O Capitulo IV da tese—"Avaliacdo da atividade alimentar dos invertebrados de solo
em Campos do Sul do Brasil — bait-lamina test”, € sobre o uso pioneiro de uma técnica para
avaliar diretamente as taxas de detritivoria por invertebrados de solo nos Campos Sulinos, e
apresenta resultados base (e.g. melhor tempo e profundidade de exposicdo no solo das
bait-lamina) para pesquisas subsequentes com a técnica. Pesquisadores interessados no uso
do método em ecossistemas campestres do RS encontram um ponto de partida neste
manuscrito e também algumas idéias para investigacdo (e.g. areas pastejadas realmente

apresentam processo de detritivoria menos eficiente?).

Por sua vez, o Capitulo V —“Burmning effects on detritivory and litter decaying
processes in Campos grassland’ revelou diversos /nsights sobre os agentes modeladores dos

processos ecoldgicos no sistema estudado. Verifiquei correlacdes positivas entre a atividade
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de detritivoria e a decomposicao de serapilheira em campos sem distarbio, o que, de certa
forma, é esperado mas dificilmente comprovado em estudos experimentais. A abundancia
dos organismos detritivoros, os processo de detritivoria € a umidade na superficie do solo
foram reduzidos logo apos o fogo, enquanto que o decaimento de serapilheira foi acelerado
nas areas queimadas possivelmente devido a maior acao de fatores abidticos, como a

radiacao solar.

Com esta tese espero estar contribuindo um pouco para o avango do conhecimento
sobre as respostas funcionais das comunidades de invertebrados e dos processos ecoldgicos
ao disturbio por fogo. Como ja explicitado na Introducdo e nos demais capitulos da tese, o
fogo é uma importante forga modeladora da biodiversidade em ecossistemas campestres do
mundo todo. De uma maneira geral, com os experimentos de queima controlada
desenvolvidos, constato que invertebrados terrestres e processos sdo sensiveis mas
extremamente resilientes ao distirbio nos Campos Sulinos, respondendo rapidamente as
mudancas sucessionais da vegetacdao. Certamente as conclusdoes aqui encontradas sao
aplicadas as escalas espacial (manchas) e temporal (até um ano) avaliadas, mas trazem
inimeras novidades cientificas ao campo da Ecologia de Comunidades e Ecossistemas de
uma forma ampla. Tendo como base a escassez de trabalhos sobre efeito do fogo nos
Campos Sulinos contemplando invertebrados e processos, sugiro que futuras pesquisas
atuem em escalas espaciais maiores e em tempos amostrais diferentes dos avaliados aqui
(e.g. justamente apdés o fogo, para comprovar taxas de mortalidade direta dos

invertebrados, e também em periodo superior a um ano).

Vale a pena ressaltar que originalmente, também como parte integrante desta tese,
havia a proposta de um capitulo especial fazendo a ligacao direta entre atributos funcionais
de invertebrados e sua influéncia em processos ecoldgicos. Neste caso, formigas e taxas de
remocao de sementes em campos com ou sem fogo. Neste capitulo eu planejava a avaliar

atributos resposta das formigas (aqueles que respondem diretamente ao fogo), e também
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os atributos efeito (aqueles atributos que estariam influenciando o processo de remocao de
sementes). Apesar de todos os dados e informagOes relevantes para a redacao deste
capitulo terem sido coletados durante o periodo do doutorado (e.g. organismos e processos
amostrados, espécies de formigas identificadas nominalmente, atributos funcionais
coletados por espécie em cada parcela experimental) e deste estudo demonstrar o
importante elo de ligagdo da abordagem funcional com os processos ecossistémicos, sob
efeito do disturbio, este artigo ndo encontrou-se pronto em tempo habil para consitituir
parte desta tese. As andlises estatisticas dos dados estdo em andamento, assim como a
redacao do manuscrito, que sera finalizado e publicado posteriormente.

Como frutos dos experimentos desenvolvidos para esta tese de doutorado, estdo
também a dissertacao da mestranda Camila S. Goldas, no PPG Ecologia (UFRGS), que avalia
a diversidade funcional e tax6nomica da ordem Hemiptera, e também a monografia de
trabalho de conclusdo de curso da graduanda Claire P.R. Ferrando, avaliando diversidade

funcional e taxbnomica da ordem Orthoptera. Ambos estudos estao considerando a medigao

de atributos funcionais em nivel de individuos, e os artigos estao previstos para 2014.
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