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RESUMO

O presente estudo representa o primeiro e mais completo levantamento da fauna de vespas
parasitoides associados a herbivoros endofagos de capitulos de Asteraceae. As coletas de
dados foram realizadas em 36 remanescentes de Cerrado do Estado de S&o Paulo, Brasil. Um
total de 15.372 espécimes de 192 morfoespécies de Hymenoptera foram criados a partir dos
capitulos de 74 espécies da familia Asteraceae. As familias Eulophidae (Chalcidoidea) e
Braconidae (Ichneumonoidea) representaram mais da metade das espécies encontradas. Além
de apresentar uma rica fauna de parasitoides, este estudo também aborda questdes ecoldgicas
a respeito dos principais determinantes da riqueza de parasitoides na savana brasileira. A
oferta dos recursos tem papel fundamental na determinacdo da riqueza das espécies de
parasitoides. No primeiro capitulo desta tese verificamos o papel da distribuicdo geografica
das plantas sobre 0 acimulo de espécies de inimigos naturais de seus herbivoros endéfagos.
No segundo capitulo verificamos através de uma analise de rota qual foi o efeito da riqueza e
diversidade filogenética locais das espécies de plantas e de seus herbivoros endofagos de
capitulos sobre a riqueza local de parasitoides. No terceiro capitulo testamos atraves de uma
andlise de aleatorizacdo, se os padrdes das propor¢des das espécies dos trés niveis tréficos
entre as fisionomias foram consistentes ou se estocasticos. Concluimos que tanto plantas
como seus herbivoros associados exercem um papel fundamental na determinacédo da riqueza
de espécies de parasitoides no dominio do Cerrado. Os temas contidos nesta tese foram
organizados em capitulos independentes e estdo elaborados em formato de artigos para as

revistas Neotropical Entomology, Insect Conservation and Diversity e Biota Neotropica.

Palavras-chave: Parasitoides, capitulos de Asteraceae, herbivoros, interacdes tritroficas,

fisionomias de Cerrado.



ABSTRACT

This is the first and most complete study of parasitoid wasps fauna associated with
endophagous herbivores reared from flower-heads of Asteracea. A total of 36 remnants of
Cerrado were sampled around Séo Paulo states, Brazil. 15,372 specimens of 192 species of
parasitoid wasps were reared from 74 species of family Asteraceae. The subfamilies
Eulophidae (Chalcidoidea) and Braconidae (Ichneumonoidea) represented most than a half of
parasitoid wasps species. In addition to presenting a rich fauna of parasitoids, this study also
addresses ecological issues regarding the main determinants of the parasitoid species richness
from Brazilian savannah. The availability of food resources has crucial role in determining
the species richness of parasitoids. In the first chapter of this thesis, we verified the role of
geographical distribution of plants on the accumulation of natural enemies of their
endophagous herbivores. In the second chapter, we verified through a path analysis which
was the effect of local richness and phylogenetic diversity of plant species and their
herbivores endophagous of flower-heads on local parasitoid species richness. In the third
chapter we tested through an analysis of randomization if the patterns of the proportions of
species of three trophic levels were consistent or stochastic. We conclude that both plants and
their associated herbivores play a key role in determining the species richness of parasitoids
in the Cerrado biome and the principals determinants of parasitoid wasps species richness
were geographical distribution of plants, plant and herbivore richness, and the
phytophysiognomy where species live. Due copyrights, all chapters of this thesis can be
found published online in Neotropical Entomology, Insect Conservation and Diversity and

Biota Neotropica magazines.

Keywords: parasitoids wasps, herbivores endophagous, flower-heads, tritrophic interactions,

Cerrado physiognomies.



LISTA DE ILUSTRACOES

Figure 1.1: Distribution of the Cerrado domain in Brazil. Sampled cerrado localities in the
state of S&o Paulo are demarked with open and solid black circles. Open circles
represent the sites sampled in FONSECA et al. (2005) and solid black circles
indicate sites sampled in ALMEIDA-NETO et al. (2011). ...ccccoveveviieieeieceeceeie 14

Figure 1.2: Taxonomic characterization of the parasitoid fauna reared in Asteraceae flower-
heads in cerrado remnants in S&o Paulo as percentages of (A) total abundance and
(B) total species richness of the Hymenoptera superfamilies............cccccovvivieinennenn, 18

Figura 1.3: Taxonomic characterization of the chalcidoid wasps reared in Asteraceae flower-
heads in cerrado remnants in the S&o Paulo as percentages of (A) total abundance
and (B) total species richness of the Chalcidoidea families. ...........c.cccovcevveiiiinnnen, 19

Figura 1.4: Path analysis model for parasitoid species richness associated with Asteraceae
species in cerrado remnants in Sdo Paulo. Host-plant commonness: number of
localities where each Asteraceae species was found (a measure of their commonness
within the study region). Sampled flower heads: total dry weight of flower head per
plant species. Herbivore richness: species richness of endophagous herbivores
reared in flower-heads of Asteraceae. Parasitoid richness: species richness of
parasitoid wasps reared in flower-heads of Asteraceae. The dotted arrow represents

no significant relationship. See Figure 4 and Methods for further details................. 20
Figura 1.5: Total incidence of 192 parasitoid species associated with flower-heads of
Asteraceae in 36 remnants of Cerrado in state of Sdo Paulo, Brazil. ........................ 21

Figura 2.1: Path models for (a) parasitoid species richness and (b) the average taxonomic
distinctness (AvTD) of parasitoids richness explained by plant species richness,
AvVTD of plants, herbivores species richness, AvTD of herbivores and sampling
effort (dry weight of sampled flower heads - log-transformed), host plant richness,
host plant taxonomic level, herbivore taxonomic level, and proportion of exotic host
plants. Numbers associated with paths between variables are path coefficients
presented as standardized values (scaled by the standard deviations of the variables).
Continuous arrows represent significant effects (* P < 0.05; ** P < 0.01; *** P <
0.001). Dashed arrow: P > 0.05 (N.5.). c.eeveiieiieiecie et 45
Figura 2.2: Linear relationships between host plant richness and herbivore richness (solid
gray circles and gray line) and between host plant richness and parasitoid richness.
All variables are log-transformed. Host plant species richness explained 83.1% and
68.5% of the variation in herbivore species richness (F =82.8; p < 0.0001) and
parasitoid species richness (F =34.7; p < 0.0001), respectively. ..........cc.ccoovrevrvenne. 46
Figura 3.1: Locais de coleta de dados em 21 remanescentes do sudeste do dominio de
Cerrado localizados no estado de Sdo Paulo, Brasil. Areas de amostragem sdo
representados como circulos para cerrado aberto (OC), tridngulos para cerrado sensu
stricto SS e quadrados para cerraddo (WD). .....ccoveeiiiiiiiiiie e 66
Figura 3.2: Diagramas de Venn mostrando o nimero de espécies de plantas, insetos
herbivoros e vespas parasitoides associadas a trés fisionomias de Cerrado. O nimero
de espécies compartilhadas entre cerrado fisionomia é indicado na area onde os



circulos sobrepostos. A porcao colorida indica a riqueza de espécies exclusivas de
cada nivel trofico em diferentes fisionomias representadas pelas cores: vermelho =
riqueza de espeécies exclusivas de campo cerrado (OC); azul = riqueza de espécies
exclusivas de cerrado sensu stricto (SS); verde = riqueza de espécies exclusivas de
cerraddo (WD). As diferencas de tamamnhos dos ciculos é referente & proporcéao
relativa de espécies entre fiSioNOMIas.........cccceoiiririiiiie e 70
Figura 3.3: Box-plot da riqueza média das espécies dos trés niveis troficos e trés fisionomias
diferentes de 21 remanescentes de Cerrado do estado de S&o Paulo, Brasil. Teste
MANOVA mostram diferencas significativas dentro e entre as distribuicdes de
riqgueza media entre as fisionomias de cerrado e entre os niveis troficos (ver Tabela
1). Testes comparacdes multiplas de Fisher (LSD) apresentam padres semelhantes
de distribuicdo de riqueza media entre os niveis tréficos (OC = SS> WD) que podem
ser observadas neste grafico. As siglas significam: OC = campo cerrado, SS =
cerrado sensu Stricto, WD = CEITat@0.......cuuveeiiiiviee i 71



LISTA DE TABELAS

Tabela 1.1: Asteraceae species from 36 cerrado remnants of the S&o Paulo State, Brazil. The
tribes of the Asteraceae are in bolder letters followed respectively by their subtribes
and genera in subsequent lines; (N = number of parasitoid reared from genera of
flower-heads; R = plant SPeCies FiChNESS). ......c.ccveieiieiiie e 34

Tabela 1.2: Parasitoids wasps reared from flower-heads of the 74 Asteraceae species in 76
cerrado remnants of the Sdo Paulo State, Brazil. The superfamilies are in bolder
letters followed respectively by their families, subfamilies and genera in subsequent
lines (N = individuals abundances by genera of parasitoid; R = species richness by
genera Of PArasitond). .......cueveieieiie s 35

Tabela 2.1: Species richness and average taxonomic distinct (AvTD) of endophagous
herbivores and their parasitoids reared from Asteracea’s species from 18 Cerrado
remnants of the S&o Paulo State, Brazil............ccocoooviiiiiiniinii e 54

Tabela 2.2: Asteraceae sampled 18 cerrado remnants of the Sdo Paulo State, Brazil. The
tribes are in bolder letters followed respectively by their subtribes and genera in
SUDSEQUENT TINES. ...ttt e e e te et e nnenne s 55

Tabela 2.3: Endophagous herbivores reared from flower-heads of the 74 Asteraceae species
in 18 cerrado remnants of the Sdo Paulo State, Brazil. The orders are in bolder letters
followed respectively by their superfamilies, families, subfamilies and genera in
SUDSEQUENT TINES ...t bbbt 57

Tabela 2.4: Parasitoids of endophagous herbivores reared from flower-heads of the 74
Asteraceae species in 18 cerrado remnants of the Sdo Paulo State, Brazil. The orders
are in bolder letters followed respectively by their superfamilies, families,
subfamilies and genera in sUbSEQUENt lINES..........ccevveiiiicreee e 59

Tabela 2.5: Explanatory models for parasitoid species richness and AvTD of parasitoids
according to models in Fig.1. The table shows direct and indirect coefficients and
their relative contributions to the explained variation (r?) in parasitoid species
richness and AvTD of parasitoids. Explanatory variables with significant effects are
T8 ¢ ] o SR 63

Tabela 3.1: Espécies da familia Asteraceae de 21 remanescentes de cerrado do estado de Sao
Paulo, Brasil. OC = campo cerrado, SS = cerrado sensu stricto, WD = cerradéo,
Incidéncia = numero de areas cujo as espécies foram coletadas. .............ccccceveeenee. 77

Tabela 3.2: Espécies de herbivoros de capitulos de Asteraceae de 21 remanescentes de
cerrado do estado de Sao Paulo, Brasil. OC = campo cerrado, SS = cerrado sensu
stricto, WD = cerraddo, Incidéncia = numero de &reas cujo as especies foram
(010] [=1 o o L3S 79

Tabela 3.3: Espécies de vespas parasitoides de herbivoros de capitulos de Asteraceae de 21
remanescentes de cerrado do estado de S&o Paulo, Brasil. OC = campo cerrado, SS =
cerrado sensu stricto, WD = cerraddo, Incidéncia = nimero de areas cujo as espécies
TOram COIBLATAS. ..o e 81



LISTA DE ANEXOS

Anexo 1: Areas de cerrado amostradas nos municipios de S&o Carlos (regido delimitada
acima do recorte no mapa em detalhe) e Itirapina (regido delimitada abaixo no
recorte no mapa em detalhe). Os pontos no mapa mostram a localizacdo de cada uma
das vinte areas de estudo do primeiro projeto amostradas em Almeida-Neto et al.
2010. As fotos ilustram as diferencas de adensamento da vegetacao. ...........cccceneee 86

Anexo 2: Alguns insetos endofagos de capitulos de Asteraceae representados no presente
estudo: (A) Recurvaria sp.1 (Lepidoptera: Gelechiidae), (B) Lioptilodes parvus
(Lepidoptera: Pterophoridae), (C) Apion sp (Lepidoptera: Pterophoridae), (D)
Asphondylia sp (Diptera: Cecidomyiidae), (E) Neolasiptera sp (Diptera:
Cecidomyiidae), (F) Melanagromyza spll (Diptera: Agromyzidae), (G) Xanthaciura
itirapinensis (Diptera: Tephretidae), (H) Neomyopites sp (Diptera: Tephretidae), (1)
Cecidochares sp.B (Diptera: Tephretidae).........cccceeeveerenerieenenineeseee e 87

Anexo 3: Exemplos de interacdes entre microhimendpteros parasitoides de insetos fitéfagos
de capitulos de Asteraceae amostrados no presente estudo. (A) Prodecatoma sp.1
(Hosp: Cecidochares sp.E, Planta: Chromolaena chaseae), (B) Eurytomidae (Hosp:
Cecichochares connexa; Planta: Chromolaena pedunculosa); (C) Perissocentrus
sp.1 (Hosp: ndo-identificado; Planta: Chromolaena squalida); (D) Eupelmus
(Eupelmus) sp.1 (Hosp: Xanthaciura mallochi, Planta: Heterocondylus alatus); (E)
Ganaspis sp.1 (Hosp: Melanagromyza bidentis; Planta Vernonanthura ferruginea);
(F) Nordlandiella semirufa sp.2 (Hosp: Melanagromyza sp.3; Planta Vlernonanthura
membranacea); (G) Bracon sp.3 (Hosp: Cecidochares connexa; Planta:
Chromolaena pedunculosa); (H) Bracon sp.2 (Hosp: Lepidoptera ndo-dentificado;
Planta: Chromolaena squalida). ..........cceccueiieiieeiiiceeeeeeeee e 88



SUMARIO

INTRODUGAOQO GERAL ..ottt see st sts s sttt ensanenaas 1
RESUMOS DOS CAPITULOS ..ottt sss s ses st 4
Capitulo 1: Vespas parasitoides em capitulos de Asteraceae do Cerrado brasileiro:
composicdes taxonémicas e determinantes da diversidade...........ccccccovevieveiieinennene 4
Cépitulo 2: Como as plantas e herbivoros influenciam a diversidade local de

[T L Y 1 (0] [0 [y SRR 5
Céapitulo 3: Riqueza de espécies de parasitoides e herbivoro associados a capitulos

de Asteraceae entre diferentes fisionomias de Cerrado...........cccccvvveivevecieiieie e, 5
REFERENCIA ....ooiiiieieis sttt 7

CAPITULO 1: PARASITOID WASPS IN FLOWER-HEADS OF ASTERACEAE IN
THE BRAZILIAN CERRADO: TAXONOMICAL COMPOSITION AND

DETERMINANTS OF DIVERSITY .ottt 11
1.1, INTRODUCTION ...ttt e et e e snae e nae e sneaeanee e 11
1.2, METHODS ... ettt sttt ne s 13

1.2.1.  Study areas and sampling deSIgN .........cccovieiieiieiie e 13
1.2.2.  Data @nalySiS ......c.cciueieiiieiieii et 16
1.3 RESULTS ittt sttt ettt ettt neane s 17
1.4, DISCUSSION ...ttt ettt sttt st neane s 21
1.4.1. Taxonomical COMPOSITION........c.cciiiiiiiieiicii e 21
1.4.2.  Why does parasitoid species richness vary so much among plant species?....24
1.5, ACKNOWLEDGMENTS ..ottt 25
1.6, REFERENCES ..ottt sttt 26

CAPITULO 2: HOW DO PLANTS AND HERBIVORES INFLUENCE THE LOCAL

DIVERSITY OF PARASITOIDS? ...ocviiiiiie ettt 38
2.1 INTRODUCTION .....ooiiiiiiitist ettt sttt ne et eneenes 38
2.2. MIETHODS ...ttt ettt sttt re et st ene e 40

2.2.1. Study area and sampling deSIgN..........cccvciiiiiiice e 40
FZC T 4 =1 1 I TSRS 43
2.4, DISCUSSION ..ottt st sttt ae st et sreeneene e s e e 46
2.5, ACKNOWLEDGMENTS ...ttt 48

2.6. REFERENGCES. ...t 49



CAPITULO 3: PARASITOIDES E HERBIVOROS ASSOCIADOS A CAPITULOS DE
ASTERACEAE E SEUS PADROES DE RIQUEZAS EM DIFERENTES

FISIONOMIAS DE CERRADO ......cooviiiveiieeieeesee st assessesesses s ssnes s 64
3.1, INTRODUGAO ...ttt 64
3.2. METODOS ..ottt n sttt s ettt sttt ensn s 65

3.2.1. Area de estudo € deSenNO @MOSEFAL ..........covveeeeereeeeeeeeee e ee e 65
I AN g F= 1 LR T=To o (= F= Vo [0 67
3.3, RESULTADOS......ooooiiiisteeeieteee sttt enes sttt st 68
34, DISCUSSAOD .......coiieeeeesteeeeee ettt 71
35. REFERENCIAS ......coooicteeeeeeeee ettt enes sttt nea s 74

ANEXOS ..o 84



INTRODUCAO GERAL

Insetos parasitoides sdo organismos que, ao longo do desenvolvimento de seu
estagio larval, vivem associados se alimentando interna ou externamente a um Unico
organismo hospedeiro, que acaba morrendo com o término do desenvolvimento do
parasitoide (GODFRAY, 1994; QUICKE, 1997). Estima-se que aproximadamente 10% das
espécies de insetos nos ecossistemas terrestres sdo parasitoides (HASSEL, 2000) e, destes, ao
menos 80% sdo representantes da ordem Hymenoptera, também conhecidos como vespas
parasitoides ou Hymenoptera Parasitica (QUICKE, 1997).

Tao diverso quanto o numero de espécies de vespas parasitoides também é o
espectro de hospedeiros que utilizam, variando de embrides em sementes (Prodecatoma:
Eurytominae e Allorhogas: Doryctinae; MACEDO et al., 1989; DALMOLIN, 2004), algumas
espécies de aranhas (Hymenoepimecis: Pimplinae; SOBCZAK et al., 2009), pulgdes
(Aphidius: Aphidiinae), tripes (Ceranisus: Entedoninae), entre outros (GAULD, BOLTON,
1988). Porém a grande maioria das espécies atacam insetos herbivoros classificados dentro
das ordens taxonémicas Coleoptera, Diptera, Lepidoptera, Hymenoptera e Heteroptera
(QUICKE, 1997).

O total de espécies associadas as cadeias alimentares das quais 0s parasitoides
fazem parte (principalmente plantas, insetos herbivoros e parasitoides) compreendem mais da
metade das espécies de metazoarios (HAWKINS; LAWTON, 1987; LASALLE, 1993). Por
estabelecerem grande quantidade de interagcbes, a acdo dos parasitoides sobre seus
hospedeiros tem importancia fundamental na manutencédo da estabilidade dos ecossistemas. A
acdo dos parasitoides resulta na reducdo da densidade populacional de espécies hospedeiras,
principalmente daquelas que sdo dominantes sobre uma dada fonte de recurso. Esta reducéo
populacional possibilita a coexisténcia de espécies potencialmente competidoras levando a
um aumentando na riqueza local e, consequentemente, a0 aumento da complexidade dos
ecossistemas (LASALLE, 1993; MONMANY, AIDE, 2009). Por conta desta habilidade
regulatoéria, os parasitoides podem ser considerados espécies chaves nos ecossistemas, cuja
auséncia pode levar a um descontrolado aumento populacional de seus hospedeiros e a
extingdo local de inUmeras espécies por competicdo de recursos (LASALLE, 1993; GOMEZ,
ZAMORA, 1994). Apesar dos parasitoides serem reconhecidos como espécies chaves para 0s

ecossistemas, a biodiversidade e biologia dos insetos parasitoides sdo relativamente pouco



conhecidas, sobretudo na regido Neotropical (FERNANDEZ, SHARKEY, 2006; GAULD,
HANSON, 2006).

A regido Neotropical abrange uma vasta area que cobre desde a regido sul da
América do Norte, toda América Central e Caribenha até o sudeste da América do Sul
(ANTONELLI, SANMARTIN, 2011). Esta regido abriga grande diversidade de espécies e
seis dos principais hotspots de diversidade do planeta (MYERS et al., 2000). Dentre as
regides neotropicais que se destacam com maior diversidade de espécies encontra-se o
dominio do Cerrado, com mais de 200.000 espécies estimadas, representando
aproximadamente 15% de toda diversidade do planeta (DIAS, 2008; LEWINSOHN, 2006).

O Cerrado se estende por aproximadamente dois milhdes de km? sendo o
segundo maior dominio vegetacional encontrado no Brasil, perdendo apenas para a floresta
Amazonica (OLIVEIRA, MARQUIS, 2002; BRIDGEWATER et al., 2004). Abriga alta
heterogeneidade ambiental, sendo composto por um gradiente de vegetacdo que varia entre
campos abertos (campo limpo e campo sujo) até densas florestas (cerraddo) entremeadas por
vastos sistemas de matas galerias (OLIVEIRA-FILHO, RATTER 2002; SILVA et al., 2008).
O regime climéatico do cerrado é do tipo tropical Gmido, Aw segundo sistema de KOEPPEN
(1948) determinado por invernos secos e verdes umidos (OLIVEIRA, MARQUIS, 2002) com
precipitacdo variando entre 800 — 2.000 mm anuais (DIAS, 1996; RATTER, 1997). As
plantas do Cerrado se desenvolvem sobre um extenso mosaico de solos com diferentes
caracteristicas de acidez, nutricional e hidrica que desempenham importante papel na
determinacdo da riqueza local das plantas (REATTO et al., 2008). Existem aproximadamente
160.000 espécies de plantas dentre as diferentes fisionomias do Cerrado, sendo que as
familias Leguminosae e Asteraceae sdo as mais bem representadas em nimero de espécies
(RATTER, 1997).

A familia Asteraceae € mais rica dentre as dicotileddneas com 23.000 espécies
distribuidas ao redor do globo, exceto na Antartida (PANERO, FUNK, 2008; FUNK et al.,
2009). Sua origem data do Oligoceno (28 — 23 MA), com evidéncias palinoldgicas de que
ocorreu na América Sul, precisamente na regido da Patagbnia (KATINAS et al., 2007). A
familia Asteraceae apresenta um grande nimero de espécies na regido do Cerrado e constitue
em importante componente do estrato herbaceo deste ambiente, com cerca de 560 espécies
conhecidas (FILGUEIRAS, 2002). As sementes das Asteraceae sdo na sua grande maioria
anemocoricas e desenvolvem-se em um tipo especial de inflorescéncias denominadas

capitulos (FUNK et al., 2009). Estas sementes contém grande teor energético em sua



biomassa (FENNER, THOMPSON, 2005) e vém sendo largamente estudadas em ecologia,
principalmente por servir de alimento para uma grande quantidade de espécies de insetos
herbivoros enddfagos (ZWOLFER, 1988; LEWINSOHN, 1991; FONSECA et al., 2005;
ALMEIDA et al., 2006; ALMEIDA-NETO et al., 2011).

Estudos recentes levantam importantes questbes sobre o0s principais
determinantes da riqueza e da composicdo de insetos herbivoros endofagos de capitulos de
Asteraceae no Cerrado. Em geral, estes insetos respondem principalmente as variacoes locais
da riqueza de suas plantas hospedeiras (FONSECA et al., 2005; ALMEIDA et al., 2006;
DINIZ et al., 2012), resultando numa relacdo positiva entre a riqueza das plantas e a riqueza
de seus herbivoros associados (ALMEIDA-NETO et al., 2011; DINIZ et al., 2012). Parte da
explicacdo desta relacdo herbivoro-planta se deve a alta especificidade dos herbivoros, com
relativamente pouca sobreposicdo de nichos. Segundo PRADO, LEWINSOHN (2004), em
torno de 77% das espécies da familia Tephritidae, moscas enddfagas de capitulos, sdo
restritas a uma Unica subtribo, sendo que mais da metade das espécies sdo associadas a uma
Unica espécie ou género de Asteraceae. Outro ponto importante entre end6fagos e Asteraceae
é 0 grau de incidéncia das espécies hospedeiras, ou seja, quanto maior o nimero de areas que
uma espécie de planta ocupa, maior sera a riqueza de herbivoros que ela comporta
(ALMEIDA et al., 2006). Sendo assim, 0 aumento das atividades antropicas, como 0 aumento
dos desmatamentos para implantacdo de pastagem e agricultura, resulta em reducdo das areas
de ocorréncia e diminuicdo da riqueza local das espécies de Asteraceae. Esta expansdo tem
sido apontada como o principal fator na reducdo da diversidade local e regional das espécies
de Asteraceae de seus insetos endofagos associados (ALMEIDA-NETO et al., 2011; DINIZ
etal., 2012).

Apesar de ser relativamente grande a quantidade de estudos sobre os padrbes
ecologicos dos herbivoros e Asteraceae do Cerrado, ainda se tem pouco sobre os padrbes
ecologicos que determinam as comunidades de seus parasitoides associados. As defesas
quimicas e fisicas das plantas tém como alvo a reducdo da herbivoria de seus tecidos, mas
podem diretamente reduzir a atividade dos parasitoides ou, indiretamente afeta-los por conta
da redugdo do acesso e da qualidade de seus herbivoros hospedeiros (VISON, 1976). Por
outro lado, a riqueza local dos parasitoides pode ter relacdo direta com a variagdo da riqueza
local de insetos hospedeiros (HAWKINS, GAGNE, 1989). Sabe-se que 0 aumento na
qualidade nutricional do solo de Cerrados tem um efeito direto negativo nas atividades dos
parasitoides de herbivoros de capitulos de Asteraceae (FONSECA et al., 2005; DIAS et al.,



2010). Tais estudos se baseiam na abundancia dos parasitoides associados aos herbivoros de
capitulos e ndo realizam um levantamento abrangente sobre quais sdo as espécies de vespas

parasitoides que ocorrem neste sistema.

O presente estudo tem como objetivo geral caracterizar a composigéo
taxonémica e compreender 0s principais processos ecologicos determinantes da riqueza de
vespas parasitoides associados a herbivoros de capitulos de Asteraceae na porcéo sudeste do
dominio do Cerrado. Os temas contidos nesta tese foram organizados em capitulos
independentes e estdo elaborados em formato de artigos para as revistas Neotropical
Entomology, Insect Conservation and Diversity e Biota Neotropica. Apresento a seguir um

breve resumo de cada capitulo e seus aspectos principais.

RESUMOS DOS CAPITULOS
Capitulo 1: Vespas parasitoides em capitulos de Asteraceae do Cerrado brasileiro:
composicao taxonémica e determinantes da diversidade.

Este estudo fornece o primeiro levantamento da fauna de parasitoides criados
em capitulos de Asteraceae do Cerrado brasileiro. Foram investigados a importancia relativa
da riqueza de herbivoros e da incidéncia das espécies de plantas nas diferencas da riqueza de
espécies de parasitoides entre as espécies de plantas. Um total de 15.372 espécimes de 192
morfoespécies de Hymenoptera foram criados a partir dos capitulos de 74 espécies da familia
Asteraceae (veja Anexos). Chalcidoidea e Ichneumonoidea foram as superfamilias mais
comuns sendo Eulophidae e Braconidae as principais familias de vespas parasitoides
encontradas. Singletons e doubletons foram responsaveis por 45% da riqueza total de
espécies de parasitoides. O nimero de vespas parasitoides por espécie de planta variou de 1 a
67 e a variacdo na riqueza de espécies de parasitoides entre plantas foi explicada,
principalmente, pelo nimero total de locais em que as espécies de plantas foram registradas.
Cerca de 63% das espécies de parasitoides foram restritas a trés espécies de Asteraceae ou
menos. Este estudo apresenta uma rica fauna de Hymenoptera parasitoides associada a
capitulos de Asteraceae do Cerrado brasileiro e o papel da distribui¢do geografica das plantas

como determinante da riqueza regional dos parasitoides.



Cépitulo 2: Como as plantas e herbivoros influenciam a diversidade local de
parasitoides?

A importancia relativa dos grupos de especies dos niveis troficos inferiores
para a diversidade de espécies de grupos de niveis troficos superiores ainda ndao é bem
compreendida. Este estudo investigou a extensdo em que o0s herbivoros hospedeiros e suas
plantas hospedeiras contribuem para a diversidade local de parasitoides que dependem, direta
ou indiretamente, de ambos 0s grupos de espécies como recurso alimentar ou abrigo para
completar o seu desenvolvimento. Esta pesquisa utilizou o sistema tritré6fico composto por
espécies de Asteraceae, herbivoros endofagos associados aos seus capitulos e suas vespas
parasitoides, amostrados em remanescentes de Cerrado. A riqueza de espécies e a distin¢ao
taxondémica média foram usadas como medidas complementares as diversidade de espécies
de cada grupo tréfico. Foram usadas analises de rota para controlar as possiveis diferencas de
esforco amostral e a correlacdo entre as varidveis explicativas. A riqueza de espécies de
plantas apresentou apenas um efeito indireto mediado por herbivoros na riqueza de espécies
dos parasitoides, o que significa que a perda de plantas promoveu a mesma taxa de perda da
riqueza de espécies tanto em herbivoro quanto em parasitoides. Por outro lado, existiram
efeitos diretos e indiretos da riqueza de espécies de plantas na distin¢do taxonémica média
dos parasitoides, o que implica que a perda de espécies de plantas no Cerrado promove uma

perda acelerada da diversidade filogenética dos parasitoides.

Cépitulo 3: Rigueza de espécies de parasitoides e herbivoros associados a capitulos de
Asteraceae entre diferentes fisionomias de Cerrado

A maioria das espécies de organismos € restrita a uma estreita faixa de
condi¢cdes ambientais e de recursos alimentares. Desta forma, ambientes mais complexos e
heterogéneos, apresentam maior amplitude de nichos, sendo capazes de abrigar maiores
riguezas de espécies. Um dos ambientes mais heterogéneos na regido Neotropical é o
dominio do Cerrado. O Cerrado compreende um mosaico de fisionomias encontrados em
diferentes caracteristicas de solo, umidade e temperatura. Esta alta heterogeneidade ambiental
serve de residéncia para um grande nimero de espécies capazes de lidar com o conjunto de
filtros ambientais que caracterizam essas fisionomias. No presente estudo foram utilizados as
riquezas de espécies de parasitoides e herbivoros associados a capitulos de Asteraceae em
diferentes fisionomias de Cerrado para verificar os padrGes das proporcdes de riqueza de

espécies entre diferentes fisionomias comparando os trés niveis troficos. Testes de



aleatorizagcdo foram realizados para verificar se a probabilidade em que as proporcdes das
riquezas e exclusividades de espécies entre as fisionomias diferem do esperado ao acaso. Um
total de 268 espécies dentre parasitoides, herbivoros e plantas foram amostradas. Parasitoides
apresentaram maior riqueza, exclusividade e espécies compartilhadas entre fisionomias do
que as plantas e herbivoros. Todos os niveis tréficos apresentaram um padréo nas proprocoes
de riquezas de espécies entre fisionomias em todos os diferentes niveis troficos maiores que o
esperado pelo acaso. Os padrdes das proporgdes das riquezas e exclusividades de espécies
entre as fisionomias entre os niveis tréficos ndo foram diferentes do esperado ao acaso. As
riqguezas médias das espécies foram significativamente diferentes entre as fisionomias dentro
e entre os niveis tréficos. Aparentemente, diferentes processos ecoldgicos inerentes a cada
uma das diferentes fisionomias caracterizam os padrdes das diferencas entre as proporgdes de

riqueza e exclusividade de espécies entre as fisionomias para os diferentes niveis tréficos.
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CAPITULO 1: PARASITOID WASPS IN FLOWER-HEADS OF ASTERACEAE
IN THE BRAZILIAN CERRADO: TAXONOMICAL COMPOSITION AND
DETERMINANTS OF DIVERSITY

1.1. INTRODUCTION

Plant diversity is a major, if not the main, predictor of insect diversity,
especially of phytophages and their natural enemies (JDEGAARD, 2000,
LEWINSOHN et al., 2005, GERING et al., 2007). If the positive relationship between
plant and insect diversity recorded at local scales also holds true at larger spatial scales,
such as entire biomes or continents, then the Neotropical region probably harbors the
world’s most diverse entomofauna among all biogeographical domains. Considering
that about 37% of all seed plant species are native to the neotropics (ANTONELLI,
SANMARTIN, 2011), we could suppose that at least one-third of all insect species
should also be found in the same region. However, the Neotropical entomofauna is
mostly unknown, and some of the most diverse insect groups are still poorly studied.
This is especially true for parasitoid wasps, for which only 11,000 species have been
described for the neotropics (FERNANDEZ, SHARKEY, 2006). As a consequence of
this knowledge gap, any extensive sample of Neotropical parasitoid assemblages
usually contains a large proportion of undescribed species (Linnean shortfall) and many
first occurrences of described ones (Wallacean shortfall; see LOMOLINO, 2004). In
addition, because parasitoid wasps are frequently sampled through attraction and
trapping techniques (e.g., Malaise or yellow pan traps), there is little biological
information about the plants and herbivore hosts used by the parasitoids. Insect-plant
systems that allow the rearing of the parasitoids directly on their hosts can help to
overcome this information gap (LEWINSOHN, 1991). In this study, we present a
taxonomic characterization of the parasitoid wasps reared from Asteraceae flower-heads

in remnants at the southern boundary of the Brazilian Cerrado.

The Cerrado is the world's most species-rich savanna, harboring at least
11,600 plant species (REZENDE et al., 2008), of which almost 40% are endemic to this
biome (MYERS et al., 2000). The Cerrado biome is a biodiversity hotspot which was
estimated to have lost 5-15 thousand specialized insect herbivores by the geographic
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contraction of the host plants (FONSECA, 2009). These extinctions of insect
herbivores, of course, are expected to generate a number of associated co-extinctions of
their parasitoids, increasing the urgency of parasitoid inventories. DIAS (1996)
estimated the insect fauna at 90,000 species in the Cerrado, and some studies have
suggested a high level of endemism for some groups (e.g., BROWN, GIFFORD, 2002;
CAMARGO, BECKER, 1999). There are very few studies on parasitoid wasps from the
Brazilian Cerrado, and these studies have focused on the description of a few species
(e.g. HERRERA, PENTEADO-DIAS, 2011; NASCIMENTO, PENTEADO-DIAS,
2011).

Asteraceae is the second-largest plant family in the Brazilian Cerrado
(WARMING, 1892; REZENDE et al., 2008), after Fabaceae. Both the density and
richness of Asteraceae species are higher in more open types of cerrado vegetation, such
as the cerrado sensu stricto and the campo cerrado (FONSECA et al., 2005;
FILGUEIRAS, 2002; ALMEIDA-NETO et al., 2010). The inflorescences of
Asteraceae, also known as flower-heads, constitute an important resource for many
herbivore insects (LEWINSOHN, 1991; PRADO, LEWINSOHN, 2004; ALMEIDA et
al., 2006). Many flower-head-feeding insects lay their eggs on the flower-heads, where
their larvae feed and develop (ZWOLFER, ROMSTOCK-VOLKL, 1991;
LEWINSOHN, 1991; GAGNE, 1994; PRADO, LEWINSOHN, 2002). The major
taxonomic groups of flower-head-feeding insects are three Diptera families
(Agromyzidae, Cecidomyiidae, and Tephritidae), several Lepidoptera families
(Gelechiidae, Geometridae, Pterophoridae, Pyralidae, and Tortricidae), and Coleoptera
(Apionidae) among the endophages (ALMEIDA et al., 2006; ALMEIDA-NETO et al.,
2011). Although some studies have reported a large number of parasitoids reared in
Asteraceae flower-heads (FONSECA et al., 2005; DIAS et al., 2010), no study has
provided a comprehensive taxonomic characterization of the parasitoid wasps attacking
flower-head-feeding herbivores.

The availability of food resources is the major bottom-up determinant of
species richness (KELLY, SOUTHWOOD, 1999). The geographical range of resources
plays a central role in how species are distributed, comprising a cascade effect in the
distribution of tritrophic interactions (DYER, 2007). Thus, one should expect that
parasitoid wasps respond not only to changes in their insect hosts, but also to changes in

host-plants mediated by their association with host-herbivores. In the plant-herbivore
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interactions in flower-heads of the Asteraceae in the Brazilian Cerrado, the abundance,
geographical range, richness, and phylogeny of host-plants are important factors
determining the richness of their associated herbivores (FONSECA et al., 2005;
PRADO, LEWINSOHN, 2004; ALMEIDA et al., 2006).

In this study, we performed the largest systematic inventory of parasitoid
wasps associated to Asteraceae flower-heads in the Brazilian Cerrado aiming to answer
the following questions: (1) What is the taxonomic composition of the flower-head
parasitoid fauna in terms of genera and higher taxa? (2) What is the species richness of
parasitoid wasps associated with different Asteraceae taxonomic groups? and (3) What
Is the relative importance of the plant commonness and insect herbivore richness to

explain the variation in parasitoid species richness across host plant species?

1.2. METHODS
1.2.1. Study areas and sampling design

Asteraceae plants and their flower-heads were sampled in 36 cerrado
areas comprising distinct vegetation physiognomies of the Brazilian Cerrado, which
ranges from open grasslands (Campo sujo) to woodland vegetation (Cerraddo). The
sampled cerrado remnants are located in the state of S&o Paulo, Brazil, within the
coordinates 51°06’ to 47°09' W and 20°07' to 22°50'S (Figure 1.1). The regional climate
is classified as Cwa according to KOPPEN (1948), and it is characterized by rainy

summers and dry winters.
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Figure 1.1: Distribution of the Cerrado domain in Brazil. Sampled cerrado localities in the state
of S&o Paulo are demarked with open and solid black circles. Open circles represent the sites
sampled in FONSECA et al. (2005) and solid black circles indicate sites sampled in
ALMEIDA-NETO et al. (2011). The points are refering to following municipalities: Aguas de
Santa Bérbara, Agudos, Assis, Bauru, Ibaté, Itirapina, Pedregulho, Martinépolis, Mogi-Guacu,
Rifaina, Santa Rita do Passa-Quatro e Séo Carlos.

The parasitoid wasps analyzed here were sampled in two studies focusing
on interactions between Asteraceae and their flower-head herbivorous insects in cerrado
remnants in the state of S&o Paulo (FONSECA et al., 2005; ALMEIDA-NETO et al.,
2010). In the first study (FONSECA et al., 2005), the flower-heads were sampled from
April to May 2000, a major reproductive period for the Eupatorieae and Vernonieae
tribes. The second study (ALMEIDA-NETO et al.,, 2010), the flower-heads were
sampled during three periods from 2001 to 2002, including the same period cited above
(April to May 2001) and two other major reproductive periods for other Asteraceae

tribes (August to September 2001 and January to February 2002).

In both studies, all sites were sampled within 45 days. The first one
(FONSECA et al., 2005) was undertaken in 16 cerrado remnants relatively distant from
each other (mean distance = 198.27 km), the second one (ALMEIDA-NETO et al.,
2011) was conducted in a smaller geographic area centered in 20 cerrado remnants in
the counties of Sdo Carlos and Itirapina (mean distance = 14.89 km). Fifteen randomly
placed transects of 5 m x 30 m were used to determine the species richness of
Asteraceae in each cerrado remnant. FONSECA et al. (2005) study kept the flower-head
samples in plastic containers of 500 ml, while in the study conducted by ALMEIDA-
NETO et al. (2011) the flower-head samples were kept in plastic containers of 80 ml (or

less, if that amount was not available). In both studies the containers were covered with
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mesh lids and kept in the laboratory with no control of air temperature or humidity. The
flower-head samples were checked for the presence of adult insects once or twice
weekly for a period of two months, or until the emergence rate of adult insects became
insignificant. Most insects were reliably identified at least to the genus level. The
number of sampled flower-heads per plant species correlated highly with the local
density of Asteraceae populations and the mean number of flower-heads per individual

plant (Pearson’s correlation coefficients > 0.85 and P < 0.001 for all correlations).

Some herbivore groups feed externally on Asteraceae flower-heads
(beetles, caterpillars, grasshoppers, bugs, and thrips), but these insects seem to be less
common and less specialized than the endophagous herbivores, whose larvae feed on
plant tissue within the flower-heads (LEWINSOHN 1988). Exophagous insects were
not kept or recorded in either FONSECA et al. (2005) or ALMEIDA-NETO et al.
(2011); consequently, the insects recorded in this study emerged from internal parts of
the flower-heads. Based on the visual inspection of host remains found inside the
flower-heads (~ 3000 flower-heads were individually inspected) and based on the
known biology of the genus and subfamilies (GIBSON et al., 1997; WHARTON et al.,
1997; FERNANDEZ, SHARKEY, 2006), we ascertain that the majority of hymenoptera
recovered are parasitoids of the endophytic herbivores. Some species of hymenoptera
probably are hyperparasitoids while a few ones have no apparent host, thus meaning

that they can be herbivores.

Almost all plants were identified to the species level (see FONSECA et
al., 2005; ALMEIDA-NETO et al., 2010). Among the insects, many herbivore species
could be identified to the species level, but the parasitoid wasps and microlepidoptera
herbivores were mostly identified to the genus or subfamily level and then sorted into
operational taxonomic units. Herbivore insects from the families Cecidomyiidae
(Diptera) and Apionidae (Coleoptera) were not included in the analysis, because they
were identified to the genus level and then separated into morphospecies in only one of
the above-cited field studies. Voucher specimens were deposited in the Universidade
Federal de Goias (UFG), in the Universidade Estadual de Campinas Herbarium (UEC)
and in the Universidade Federal de S&o Carlos (DCBU). Details regarding the sampling
and identification of plants and herbivore insects are in FONSECA et al. (2005) and
ALMEIDA-NETO et al. (2011).
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Identification of the parasitoid wasps was undertaken using specialized
literature for the Neotropical, Nearctic, and Gondwanic genera of the parasitoid
superfamilies. To identify Chalcidoidea families, we used GIBSON et al. (1997) and
BOUCEK (1988); HAYAT (1983) for Aphelinidae; BOUCEK, DELVARE (1992) for
Chalcididae; NOYES (1980) for Encyrtidae; BURKS (1971) for Eurytomidae; GIBSON
(1995) for Eupelmidae; LIN et al. (2007) and TRIAPITSYN (2006) for Mymaridae;
FERNANDEZ, SHARKEY (2006) and GIBSON et al. (1997) for Perilampidae. For
Ichneumonidea, we used GAULD (1997, 2000) and FERNANDEZ, SHARKEY (2006)
for most genera. SANDONATO et al. (2010) was used for the subfamily
Campopleginae, and WHARTON et al. (1997) was used as a complementary reference
for Braconidae. Dichotomous keys in FERNANDEZ, SHARKEY (2006) were used for
the superfamilies Cynipoidea, Ceraphronoidea, Platygastroidea, and Chrysidoidea. For
some genera of Cynipoidea, we also used QUINLAN (1986), DIAZ, GALLARDO
(2000), BUFFINGTON (2004), GUIMARAES et al. (2005), and OVRUSKI et al.
(2007).

1.2.2. Data analysis

We used path analysis (SHIPLEY, 2000; GRACE, 2006) to investigate
whether the relative importance of plant commonness (i.e. the number of sampled
remnants where the plant species occurs) and the number of species associated to plant
(i.e. potential of parasitoid’s hosts) can explain the variation of the number of parasitoid
species reared in each plant species. In order to control for possible confounding effects
related to differences in sampling effort, we summed the total dry weight (g) of flower-
heads sampled for each plant species measured after insect emergence. The path
analysis was based on the following rationale: (i) plant commonness was considered an
exogenous variable that potentially affects all other variables; (ii) the species richness of
herbivore species associated with each plant species entered the model both as an
exogenous variable that explains differences in parasitoid species richness among the
plant species and as an endogenous variable influenced by plant commonness; and (iii)
sampling effort (weight of sampled flower-heads) entered the model as a mediator
variable because it increased with the number of sites where the plant species were
found and thus, could affect the number of parasitoid species through a passive

sampling effect. Model fit was assessed through a chi-squared test and by examining the
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Tucker-Lewis Fit Index (TLI), the Comparative Fit Index (CFI), and the Root Mean
Square Error of Approximation (RMSEA). We used the approach introduced by
MACCALLUM et al. (1996) to verify the statistical power of the path model. Statistical
power was calculated using RMSEA through the R code developed by PREACHER,
COFFMAN (2006). Normality was checked using Mardia’s test, and outliers were
inspected using Mahalanobis distance. Normality requirements were checked and a
logarithmic transformation was used for the weight of the sampled flower-heads. The
path analyses were constructed and analyzed using AMOS 5.0 (ARBUCKLE, 2003).

1.3. RESULTS

Overall, 15,372 specimens of hymenopterans were reared from flower-
heads of 74 Asteraceae species in 36 genera (Table 1.1). We found a total of 192
morphospecies of parasitoid wasps, comprising 103 genera from 42 subfamilies, 18
families and six superfamilies (Table 1.2). Ninety-five percent of the parasitoid
morphospecies were identified to the genus level and the other five percent were
identified to the subfamily level. Singletons and doubletons accounted for 56 and 20
respectively of the parasitoid morphospecies (45% of total richness), whereas the five
more abundant parasitoid wasps represented 52% of the total sampled specimens. The
sampled parasitoid wasps from Asteraceae flower-heads was dominated by a few
species of Eulophidae (Horismenus spl and Aprostocetus sp2), Pteromalidae

(Heteroschema spl), and Braconidae (Bracon sp2).

Chalcidoidea was the most common superfamily, both in terms of species
richness and abundance (Fig. 1.2A, B), being represented by 11 families. Within
Chalcidoidea, no family was clearly dominant in terms of species richness (Fig. 1.2b),
but the Eulophidae and Pteromalidae together accounted for 83% of the Chalcidoidea
abundance. The Ichneumonoidea superfamily accounted for 19% of parasitoid richness
and for 9.7% of the total abundance (Fig. 2A, B), being mostly represented by the
Braconidae family both in terms of species richness (80.6%) and abundance (97%). The
superfamilies Platygastroidea and Cynipoidea accounted for 14% (26 morphospecies)
and 5% (10 morphospecies) of the parasitoid species, respectively. However, while
Platygastroidea represented only 1.2% (184 individuals) of the reared parasitoid
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individuals, Cynipoidea accounted for 4.8% (732 individuals) of the total abundance of
parasitoid wasps. The other two superfamilies (Ceraphronoidea and Chrysidoidea) were

represented by only one species each, which together comprised 31 parasitoid
individuals.
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Figure 1.2: Taxonomic characterization of the parasitoid fauna reared in Asteraceae flower-
heads in cerrado remnants in Sdo Paulo as percentages of (A) total abundance and (B) total
species richness of the Hymenoptera superfamilies. Chalc. = Chalcidoidea; Ichne. =
Ichneumonoidea ; Cynip. = Cynipoidea; Platy. = Platygastroidea; Cerap. = Ceraphronoidea;
Chrys. = Chrysidoidea).
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Figure 1.3: Taxonomic characterization of the chalcidoid wasps reared in Asteraceae flower-
heads in cerrado remnants in the Sdo Paulo as percentages of (A) total abundance and (B) total
species richness of the Chalcidoidea families. Eulop. = Eulophidae; Ptero. = Pteromalidae;
Euryt. = Eurytomidae; Eupel. = Eupelmidae; Torym. = Torymidae; Mymar. = Mymaridae;
Aphel. = Aphelinidae; Encyr. = Encyrtidae; Chalc. = Chalcididae, Signi. = Signiphoridae.

The mean number of parasitoid wasps species per plant species was 14.3
(= 16.1 SD), ranging from 1 (in 10 plant species) to 67 (in Vernonanthura
membranaceae) species. The path model explained 89% of the variation in parasitoid
species richness among the plant species (Fig. 3). Overall, there was a good fit between
the model and the observed data (3* = 0.41, df = 1, p = 0.520; CFI = 1.000; TLI =
1.016: RMSEA < 0.001, p-value for the test of close fit = 0.544). Both herbivore
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richness and plant commonness had positive direct effects on the number of parasitoid
wasps recorded in the plant species. We found that the effect of the plant commonness
variable was almost twice as high as the effect of the herbivore richness (standardized
regression weights: 0.324 and 0.602). Plant commonness also showed positive direct
effects on the total weight of sampled flower-head and on the herbivore richness per
plant species (Fig. 1.4). Thus, plant commonness determined the number of parasitoid
species associated with each plant species both directly (through the spatial turnover of
parasitoids) and indirectly (mediated by the number of herbivore species on each host
plant species). Our findings, using only the species recorded during the April-May

sampling period, produced qualitatively identical results.

Herbivore
richness
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Host-plant 0.60%** ) Parasitoid | R?=0.89
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Figure 1.4: Path analysis model for parasitoid species richness associated with Asteraceae
species in cerrado remnants in S&o Paulo, Brazil. Host-plant commonness: number of localities
where each Asteraceae species was found (a measure of their commonness within the study
region). Sampled flower heads: total dry weight of flower head per plant species. Herbivore
richness: species richness of endophagous herbivores reared in flower-heads of Asteraceae.
Parasitoid richness: species richness of parasitoid wasps reared in flower-heads of Asteraceae.
The dotted arrow represents no significant relationship. See Figure 4 and Methods for further
details.

About 63% of the parasitoid species were found on three or fewer species
of Asteraceae, with a mean number of 5.5 (+ 7.7 SD) plant species per parasitoid. The

commonness pattern of the parasitoid wasps indicates that the distribution of most
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species is restricted to a few sites. While 59.9% (136 morphospecies) of the parasitoid
species were sampled in three or less areas, only 13.7% (31 morphospecies) of the
parasitoid wasps were recorded in more than half of the sites (Fig. 5). We also found a
low similarity in parasitoid species composition among the sites (mean Jaccard
coefficient = 0.27), thus confirming that there is high spatial turnover of the parasitoid

species.
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Figure 1.5: Total incidence of 192 parasitoid species associated with flower-heads of
Asteraceae in 36 remnants of Cerrado in state of Sdo Paulo, Brazil. Number of sites represents
the total of remnants that the parasitoid species were recorded.

1.4. DISCUSSION

1.4.1. Taxonomical composition

This is the first extensive survey of Hymenoptera in flower-heads of
Asteraceae in the Neotropical region. In the last two decades, different ecological and
evolutionary aspects of the trophic system consisting of Asteraceae and flower-head
endophages have been studied in the neotropics (LEWINSOHN, 1991; PRADO,
LEWINSOHN, 2004; FONSECA et al., 2005; ALMEIDA et al., 2006; DINIZ et al.,
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2010; ALMEIDA-NETO et al., 2011; PERRE et al., 2011). In the present study, we
show that there is an equally rich fauna of parasitoid wasps associated with the flower-
heads of Asteraceae. The parasitoid fauna associated of Asteraceae flower-heads was
comprised of insects from six superfamilies, being dominated by Chalcidoidea, the
largest superfamily of parasitoid wasps in the world, as well as Ichneumonoidea. This
dominance by chalcidoid wasps has been found in other guilds of endophagous
herbivores in the Brazilian Cerrado (URSO-GUIMARAES et al., 2003; ARAUJO et al.,
2011), as well as in other biomes (ROTT, GODFRAY, 2000; VALLADARES,
SALVO, 2001).

Among the chalcidoid families, Eulophidae was the most speciose,
comprising together one third of all chalcidoid species. Species from the Eulophidae
family were recorded in flower-heads of 19 genera of Asteraceae, comprising almost
half of the total abundance of parasitoids. According to ARAUJO et al., (2011),
eulophids are the most abundant parasitoid family in galling hosts in the Brazilian
Cerrado. Eulophids have also been shown to be a dominant parasitoid family among
leaf-miners (SALVO, VALLADARES, 1998; ROTT, GODFRAY, 2000; SALVO et al.,
2013).

Pteromalidae was the second most representative family of Chalcidoidea,
comprising about one quarter of all sampled individuals. Because this family is one of
the least studied taxonomic groups of parasitoids in the neotropics (FERNANDEZ;
SHARKEY, 2006), the occurrence of unidentified Pteromalidae genera is common in
neotropical parasitoid assemblages (e.g., SALVO, VALLADARES, 1998; LEWIS et
al., 2002; SALVO et al., 2013). The pteromalid genus Heteroschema Gahan, 1919, was
the most abundant within the Pteromalidae family, comprising 60% of all pteromalid
specimens. This genus has been recorded as a parasitoid of Agromyzidae leaf-miners
and Tephritidae in flower-heads of Asteraceae (GRAHAM, 1987). In this study, the
morphospecies Heteroschema spl was recorded in 47 plant species from 25 genera,

indicating that it is a generalist parasitoid species.

Ichneumonoidea was the second-largest superfamily recorded in the
flower-heads of Asteraceae, being largely represented by Braconidae family. In all, we
found 36 Ichneumonoidea (30 Braconidae and six Ichneumonidae), indicating that
many lineages of this superfamily are able to exploit the rich host fauna in Asteraceae

flower-heads. The braconids were, indeed, the second-richest family of parasitoid wasps
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recorded in the flower-heads. Through observation of individual flower-heads, we noted
that many braconids are primary parasitoids, mainly of Tephritidae (Diptera) and
microlepidoptera species.

Although not abundant compared to other parasitoid groups, the
superfamily Platygastroidea was third in species number (26 morphospecies). The genus
Trissolcus (Scelionidae) was the most abundant and species-rich within this
superfamily, however, according to the literature (JOHNSON 1987), its species are
mostly parasitoids of Pentatomidae and a few other Heteroptera groups. In addition,
many species within the subfamilies Scelioninae, Teleasinae and Telenominae are egg
parasitoids of insects and (MASNER, 1993). Therefore, we suspect that these species
are not associated with the typical groups of flower-head endophagous herbivores, but
instead with occasional external sap-sucking insects, and even spiders. Many species of
the Platygastrinae subfamily are parasitoids of Cecidomyiidae (MASNER, 1993), and
this is probably the case here, because the cecidomyiids are one of the most species-rich
families of herbivores associated with flower-heads of Asteraceae in the Brazilian
Cerrado (ALMEIDA-NETO et al., 2011).

The superfamily Cynipoidea was less speciose than Platygastroidea, but
we recorded four times more parasitoids species from the former than from the latter.
All cynipoid species in flower-heads were from the subfamily Eucoilinae. These
cynipoids are predominantly larval endoparasitoids of Diptera, attacking mainly
Tephritidae, Agromyzidae, Anthomyiidae, and Chloropidae inside live plant tissues
(BUFFINGTON, RONQUIST, 2006). The species Nordlandiella aff. semirufa (Kieffer)
comprised more than one half of all Cynipoidea specimens. BUFFINGTON (2004)
recorded N. aff. semirufa as a parasitoid of Melanagromyza spp. Hendel (Diptera:
Agromyzidae) species infesting flower-heads of Bidens pilosa L. and Bidens sp. In the

current study, N. aff. semirufa was recorded in 20 plant species from 12 genera.

The superfamilies Ceraphronoidea and Chrysidoidea were especially
scarce in our samples, with only one species found in each one, and a total of 29 and
two individuals, respectively. The biology of the Ceraphronoidea is mostly unknown,
but among the species with known hosts are known, there are many hyperparasitoids or
primary parasitoids of Cecidomyiidae, Coleoptera, Lepidoptera, and Thysanoptera
(MASNER, 1993, 2006). Thus it is likely that Aphanogmus sp. recorded in this study is

a parasitoid of an herbivore or a parasitoid species associated with the flower-heads.
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The genus of the only Chrysidoidea we found, Goniozus sp., is known to
be comprised by ectoparasitoids of immature stages of microlepidoptera (Gelechiidae,
Pyralidae, and Tortricidae) (GORDH; MOCZAR, 1990). Therefore, despite the rarity of
this species in our samples, it is also likely to belong to the tritrophic system comprised

by Asteraceae, flower-head endophages and parasitoids.

While a few abundant species from just three families (Eulophidae,
Pteromalidae and Braconidae) constituted more than half of the parasitoid individuals in
our study, the majority of parasitoid wasps were represented by only one or two
specimens. This highly unequal abundance distribution is common among terrestrial
insects in tropical ecosystems (NOVOTNY, BASSET, 2000). However, the presence of
so many singletons and doubletons raises questions about the role of rare parasitoid
species in this tritrophic system. The abundant parasitoid species likely to depend on the
most abundant herbivore species that feed within the flower-heads and, according to
their level of host specificity; they also depend on particular Asteraceae species in some
cases. On the other hand, the parasitoid species from which only a few individuals were
reared can be either truly specialist species whose hosts are locally rare, or generalist
parasitoid species that opportunistically parasitise herbivores in flower-heads. The
occurrence of rare herbivore species in Asteraceae flower-heads alone does not explain
why there were so many rare parasitoids species. The less abundant herbivores are not
necessarily explored by less abundant parasitoids. Only a detailed study on the
biological aspects of the parasitoids in flower-heads could elucidate the trophic pattern

of rare parasitoid species.

This study also shows that most parasitoid wasps in flower-heads were
found in a small number of sites and in few plant species. Host specificity is a partial
explanation for the high number of parasitoid species that are spatially scarce. If a
parasitoid species is a specialist that uses only rare host species or that uses only
herbivore species restricted to a few rare host plants, then the parasitoid will also be

geographically restricted, though it may be locally abundant.

1.4.2.  Why does parasitoid species richness vary so much among plant species?

At first glance, the answer to this question would be that because
parasitoids depend on herbivores, the more herbivore species are associated with a
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given plant species, the more parasitoid species will be found on that host plant.
Ultimately, this answer would also imply that the predictors of herbivore richness on
plants would be basically the same for the parasitoid richness on plants. However, our
findings show that the answer is more complex. Using a path model that accounted for
the effect of herbivore richness, we found that plant commonness has a stronger effect

explaining differences in parasitoid species richness among plant species.

A likely explanation for this result is that the species composition of
parasitoids in Asteraceae flower-heads vary greatly from site to site, thus meaning that
plant species accumulate parasitoid species mostly over their geographical range than
through the average local richness of the herbivore insects associated with them. Plant
species occurring in more sites tend to live in more diverse environmental.
Consequently, if a fraction of the insect species is restricted to certain environmental
conditions, the plants will be exposed to different insect faunas of both herbivores and
parasitoids.

Our findings thus suggest that the accumulation of parasitoid species on
plant species is mainly determined by the regional commonness of the plants rather than
the number of herbivore species associated with the plants. Whether the same pattern
holds true for other plant-herbivore-parasitoid systems is an open question. Because the
magnitude of the among-site heterogeneity will determine the relative importance of
local environmental filters to the occurrence of species, we suspect that similar patterns
are likely to be found in biomes or regions characterized by high habitat heterogeneity,

such as the Brazilian Cerrado.
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Table 1.1: Asteraceae species from 36 cerrado remnants of the Sdo Paulo State, Brazil.
The tribes of the Asteraceae are in bolder letters followed respectively by their subtribes
and genera in subsequent lines; (N = number of parasitoid reared from genera of flower-

heads; R = plant species richness).

Tribe Subtribe Genus R N
Astereae Asterinae Conyza 1 60
Baccharis 3 136
Eupatorieae Ageratinae Ageratum 1 12
Ayapaninae Hoehnephytum 1 14
Heterocondylus 1 542
Gyptidinae Trichogonia 1 16
Campuloclinium 2 285
Mikaniinae Mikania 4 3259
Praxelinae Praxelis 2 6
Koanophyllon 1 12
Grazielia 1 40
Chromolaena 8 5668
Gnaphalieae ~ Gnaphaliinae Achyrocline 1 68
Gochnatieae ~ Gochnatinae Gochnatia 3 501
Helenieae Pectidinae Porophyllum 2 16
Heliantheae Coreopsidinae Isostigma 1 1
Bidens 1 199
Helianthinae Tithonia 1 1
Viguiera 3 93
Melamponiinae Calea 1 1
Verbesininae Wulffia 1 11
Dimerostemma 1 22
Mutisieae Mutisiinae Chaptalia 1 22
Naussauviinae Trixis 2 128
Plucheeae Plucheeae Pterocaulon 3 54
Senecioneae Senecioninae Emilia 1 8
Erechtites 1 88
Vernonieae Chrestinae Chresta 1 9
Elephantopodinae Elephantopus 4 415
Orthopappus 2 567
Piptocarhpinae Piptocarpha 1 613
Vernoniinae Stenocephalum 2 20
Chrysolaena 1 102
Lepidaploa 4 188
Lessingianthus 5 487
Vernonanthura 5 1708
Total 74 15372
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Table 1.2: Parasitoids wasps reared from flower-heads of the 74 Asteraceae species in 36
cerrado remnants of the Sdo Paulo State, Brazil. The superfamilies are in bolder letters
followed respectively by their families, subfamilies and genera in subsequent lines (N =
individuals abundances by genera of parasitoid; R = species richness by genera of

parasitoid).
Superfamily Family Subfamily Genus R N
Ceraphronoidea  Ceraphronidae Aphanogmus group Aphanogmus 1 29
Chalcidoidea Aphelinidae Aphelininae Aphelinus 2 76
Aphytis 1 1
Centrodora 1 30
Chalcididae Chalcidinae Brachymeria 1 2
Conura 6 15
Melanosmicra 1 1
Haltichellinae Notaspidium 2 2
Encyrtidae Encyrtinae Aseirba 1 1
Cirrhencyrtus 1 1
Encyrtidae 2 2
Hemencyrtus 1 5
Metaphycus 2 9
Ooencyrtus 2 2
Zaomma 1 5
Tetracneminae Anagyrus 3 34
Eulophidae Elasminae Elasmus 2 5
Entedoninae Horismenus 4 2659
Miotropis 1 8
Paracrias 1 77
Unidentified 1 2
Euderinae Euderus 2 47
Unidentified 1 1
Eulophinae Elachertus 1 16
Paraonlinx 1 4
Tetrasthichinae Anaprostocetus 3 853
Aprostocetus 7 3184
Galeopsomiya 2 275
Kocaagizus 1 1
Oomyzus 1 17
Paragaleopsomiya 1 20
Pentastichus 1 4
Quadrastichus 1 1
Eupelmidae Eupelminae Anastatus 1
Brasema 4 99
Eupelmus 5 675
Omeganastatus 1 1
Unidentified 1 1
Eurytomidae Eurytominae Bruchophagus 1 257
Eurytoma 2 59

Continue
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Superfamily Family Subfamily Genus R N
Chalcidoidea Eurytomidae Eurytominae Eurytomocharis 1 71
Phylloxeroxenus 2 256
Prodecatoma 1 202
Tenuipetiolus 3 21
Rileynae Rileya 5 9
Mymaridae Mymarinae Acmopolynema 1 138
Perilampidae Perilampinae Perilampus 3 5
Pteromalidae Hebertinae Herbertia 1 2
Miscogasterinae Collentis 1 3
Pteromalinae Anisopteromalus 1 1
Eurydinoteloides 1 291
Heteroschema 3 2458
Lyrcus 3 742
Mauleus 1 10
Unidentified 3 58
Signiphoridae Signiphorinae Chartocerus 1 1
Thysaninae Thysanus 1 1
Torymidae Toryminae Perissocentrus 2 7
Podagrion 1 7
Pseudotorymus 1 5
Torymoides 2 39
Torymus 6 150
Zaglyptonotus 1 7
Chrysidoidea Bethylidae Bethylinae Goniozus 1 2
Cynipoidea Figitidae Eucoilinae Agrostocynips 1 119
Eutrias 1 2
Ganaspis 5 135
Kleydotoma 1 1
Nordlandiella 2 475
Ichneumonoidea  Braconidae Agathidinae Bassus 2 15
Aphidiinae Aphidius 2 3
Lysiphlebus 1 1
Blacinae Blacus 1 1
Braconinae Bracon 5 1136
Cheloninae Chelonus 1 46
Phanerotoma 2 6
Pseudophanerotoma 1 1
Doryctinae Heterospilus 1 84
lare 1 28
Euphorinae Meteorus 1 1
Hormiinae Hormius 1 2
Macrocentrinae Macrocentrus 1 3
Microgastrinae Apanteles 2 4

Continue
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Superfamily Family Subfamily Genus R N
Ichneumonoidea  Braconidae Microgastrinae Dolichogenidea 3 101
Exoryza 1 2
Pseudapanteles 1 1
Opiinae Opius 1 3
Rogadinae Aleiodes 1 3
Anomaloninae Ophionellus 1 3
Ichneumonidae Anomaloninae Phaenolabrorychus 1 1
Campopleginae Casinaria 1 1
Hyposoter 1 3
Cremastinae Eutanygaster 1 3
Temelucha 2 35
Platygastroidea Platygastridae Platygastrinae Inostemma 3 7
Platygaster 1 19
Synopeas 1 5
Unidentified 5 25
Scelionidae Scelioninae Baryconus 1 1
Gryon 1
Telenominae Telenomus 4 14
Trissolcus 10 107
Total 192 15372
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CAPITULO 2: HOW DO PLANTS AND HERBIVORES INFLUENCE THE
LOCAL DIVERSITY OF PARASITOIDS?

2.1. INTRODUCTION

The availability and diversity of resources have been shown to be key
drivers of the local species richness of herbivores and higher trophich levels (KELLY,
SOUTHWOOD, 1999). In a trophic network perspective, food resources are the main
descriptors of interaction specialisation and niche overlap between species. Except for
omnivores, co-occurring species from different trophic levels have no overlap in their
feeding niches and therefore depend on different sets of resources. However, this does
not preclude the possibility that resources from lower trophic levels have indirect
cascading effects on higher trophic level groups. This study uses a tritrophic system
composed of plants, herbivores and parasitoids.

Parasitoids play an important top-down role in many groups of
herbivores, and often enhance the primary productivity of terrestrial ecosystems
(ASKEW, SHAW, 1986; LASALLE, 1993; GOMEZ, ZAMORA, 1994). Most
parasitoid species have been shown to lay their eggs on a restricted set of
phylogenetically related host species of herbivorous insects (DESNEUX et al., 20009,
2012; LEPPANEN et al., 2013). Therefore, the greater the local diversity of host
herbivores, the higher e the diversity of parasitoids species tends to be. Many studies
have also shown that plants might play an important role in parasitoid specialisation
because parasitoids usually have to search and access their hosts inside plant organs
(HAWKINS et al., 1990; BARBOSA et al., 1991; GEERVLIET et al., 1994; BAILEY
et al., 2009; DIAS et al., 2010). Host plants can also act as biotic filters determining the
possible interactions between parasitoids and their host insects (SPERBER et al., 2004;
SAAKSJARVI et al., 2006; FRASER et al., 2007).

Besides determining the diversity of feeding niches, higher diversities of
both plants and herbivores are also related to the spatial and temporal availability of
resources for parasitoids (DAWAH et al.,, 1995; VALLADARES, SALVO, 2001;
STIREMAN 1II, SINGER 2003; BAILEY et al., 2009; ELIZALDE, FOLGARAIT,

2010). However, the importance of plant diversity for the diversity of parasitoids
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remains much less understood than the effects of their herbivorous hosts. If plants have
a direct positive influence on the diversity of parasitoids, all else being constant
(including herbivore species composition), an increase in plant diversity should promote
an increase in parasitoid diversity. Such an effect could be explained by plant-related
constraints (plant chemistry, morphology or phenology), hindering some parasitoid
species from consuming all potential herbivore hosts. Consequently, such a constraint
would imply an increase of feeding specialisation, decreasing the potential competition

among parasitoids and increasing niche segregation.

Parasitoids of endophagous herbivores are probably more influenced by
plant diversity than parasitoids of external feeders because the former have to be able to
find hosts that develop concealed in plant tissues; moreover they also have to deal more

intimately with plant defences.

The tritrophic system used in this study is comprised of endophagous
herbivores which develop inside the flower heads of Asteraceae and the parasitoid
wasps also associated with the flower heads. The study was conducted in the cerrado
vegetation in the state of Sdo Paulo, whose last remnants are under high threat
(DURIGAN et al., 2007).

The Cerrado domain is the largest Neotropical savanna, covering about 2
millions km? in central Brazil (OLIVEIRA, MARQUIS, 2002). The cerrado vegetation
comprises a mosaic ranging from open grasslands (called campo limpo) to woodland
savannas (called cerraddo; COUTINHO, 1978). Asteraceae is the second-largest plant
family in the Brazilian Cerrado, with about 1,100 recorded species (SANO et al., 2008).
The flower heads of Asteraceae are used as shelter and food source by endophagous
insects (LEWINSOHN, 1991) from several families (specialy Coleoptera: Apionidae;
Diptera: Agromyzidae, Cecydomyiidae, Tephritidae; Lepidoptera: Gelechiidae,
Pterophoridae, Tortricidae, and others). There is also a rich assemblage of parasitoid
wasps that explore the immature herbivores developing inside flower heads.
NASCIMENTO et al. (Capitulo 1) showed that the parasitoid fauna associated with
flower heads of Asteraceae in remnants of the Brazilian Cerrado is composed of at least
18 families of Hymenoptera, mostly represented by Eulophidae (Chalcidoidea) and
Braconidae (Ichneumonoidea).

This study aimed to assess the relative contribution of plants and of

herbivores as determinants of the local diversity of parasitoids wasps within Asteraceae
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flower heads in remnants of the Brazilian Cerrado. Specifically, we intended to answer
the following questions: (1) What are the relative roles of the species richness of
herbivores and plants as determinants of the local species richness of parasitoid wasps
of endophagous insects? (2) How does the phylogenetic distinctness of plants and
herbivores influence the species richness and phylogenetic distinctness of parasitoid

wasps?

If plants play a more important role as determinants of parasitoid
diversity than herbivores, we should find a positive effect of plant diversity on
parasitoid diversity which is not mediated by the variation in herbivore species
diversity. Regarding the effect of plant phylogenetic distinctness on parasitoid species
diversity, it could result from phylogenetically structured plant traits restricting the use
of associated herbivores. If there is a phylogenetically structured plant-related barrier,
then we predict an effect of plant phylogenetic distinctness on parasitoid diversity that is
not mediated either by herbivore species richness or by the phylogenetic distinctness of

herbivores.

2.2. METHODS

2.2.1. Study area and sampling design

The samplings of Asteraceae, flower head herbivores and parasitoid
wasps were conducted in 18 cerrado remnants (Table 2.1) located at the southern limit
of the Brazilian Cerrado in S&o Paulo State. The regional climate shows marked
seasonality with rainy summers and dry winters, classified as Cwa according to
KOPPEN's (1948) system. The region is mostly characterised by generally poor, acid,
well-drained, and deep soils with high levels of exchangeable aluminum (RUGGIERO
et al., 2002). There is a gradient of soil fertility within the set of cerrado remnants and
this has a strong effect on herbaceous plants, mainly because the canopy structure
inhibits the solar incidence, thereby limiting the development of herbaceous species
(FONSECA et al., 2005). Thus most Asteraceae species are herbaceous and they
develop better in open environments. In order to reduce the possible disturbance-related

effects related to human land use, only cerrado remnants within the cerrado stricto sensu
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were used. This kind of vegetation is dominated by shrubs and small trees interspaced

by a layer of herbaceous plants that includes many species of Asteraceae.

All data analysed here resulted from two study projects, which used
similar sampling methodologies (FONSECA et al., 2005; ALMEIDA-NETO et al.,
2011). The samples were undertaken from April to May 2000 and 2001, a major
reproductive period for the largest tribes of Asteraceae in the region (Eupatorieae and
Vernonieae) within a time window of 45 days. The species richness of Asteraceae was
determined by the sampling of 15 transects of 5m x 30m randomly placed within the
areas. For each species of Asteraceae, approximately 500ml (FONSECA et al., 2005) or
80ml (ALMEIDA-NETO et al., 2011) of flower heads were sampled in each cerrado
remnant. Although there were some differences in sampling effort between the two
original studies, it is unlikely that such differences would have an important effect here
because these differences were taken into account in the statistical analyses (see Data
analysis). The present study used data from nine cerrado remnants sampled in
FONSECA et al. (2005) and the other nine cerrado remnants from ALMEIDA-NETO et
al. (2011).

In the laboratory, sampled flower heads were kept in plastic containers
covered with mesh lids for at least 2 months. The emergence of adult insects was
checked once or twice weekly. After the period of emergence of insects, all flower
heads of Asteraceae contained within each plastic container were dried and weighted as
a measure of sample effort. Both FONSECA et al. (2005) and ALMEIDA-NETO et al.
(2011) found a strong positive correlation between the number of sampled flower heads
per plant species, the local density of the Asteraceae populations and the mean number
of flower heads per individual plant (Pearson’s correlation coefficients > 0.85 and P <

0.001 for the all correlations).

Most host plants and herbivore insects could be identified at the species
level (see FONSECA et al., 2005; ALMEIDA-NETO et al., 2010). Regarding the
parasitoid wasps, they were mostly identified to the genus or subfamily level and then
sorted into operational taxonomic units. Herbivores from the families Cecidomyiidae
(Diptera) and Apionidae (Coleoptera) were not included in the analysis, because they
were identified to the genus level and then separated into morphospecies in only one of
the two above-cited original studies (ALMEIDA-NETO et al., 2011). Approximately
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95% of parasitoid wasps were identified at the genus level with few (10 morphospecies)

identified at the subfamily level (Nascimento et al. Capitulo 1).

2.2.2. Data analysis

The phylogenetic distinctness was calculated for each one of the three
trophic levels using the average taxonomic distinctness (AvTD) as a surrogate measure
(WARWICK, CLARKE, 1995; CLARKE, WARWICK, 2001). AvTD is calculated by
summing the path lengths through a taxonomic tree connecting every pair of species in
the list, and dividing by the number of paths (CLARKE et al., 1998; CLARKE,
WARWICK, 2001).

Two path analyses (GRACE, 2006) were performed to examine the
extent to which plants and herbivores influence parasitoid species richness and the
AVTD of parasitoids (Figure 2.1). These analyses allowed us to factor out the direct
effect of plants on parasitoids, as well as the indirect effect mediated by the herbivores.
The path models differed only by the response variable investigated: parasitoid species
richness in the first model and the AvTD of parasitoids in the second. Specifically, the
path models were designed to evaluate how parasitoid species richness and the AvTD of
parasitoids are potentially influenced by sampling effort, species richness of plants and
herbivores, and the AvTD of plants and herbivores. The total log-transformed dry
weight of sampled flower heads at each site was used as a measure of sampling effort.
Because a standard volume of flower heads per plant species was sampled at each site,
the number of Asteraceae species certainly determines the total weight of sampled
flower heads, thus this total was used as the explanatory variable. AvTD is an average
measure of pairwise distances that is independent of species richness (CLARKE et al.,

1998) so species richness could be included in models.

Model fit was assessed through the chi-squared test and by examining the
Tucker-Lewis Fit Index (TLI), the Comparative Fit Index (CFI), and the Root Mean
Square Error of Approximation (RMSEA). We used the approach introduced by
MACCALLUM et al. (1996) to check the statistical power of the path models.
Statistical power was calculated using RMSEA through the R code developed by
PREACHER, COFFMAN (2006). Normality was checked using Mardia’s test, and
outliers were inspected using the Mahalanobis distance. AvTD was calculated through
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the software PRIMER 5.0 software (PRIMER-E, 2000) and path analyses were
performed via AMOS 5.0 software (ARBUCKLE, 2003).

2.3. RESULTS
A total of 7,286 individuals of parasitoid wasps were reared from 61

Asteraceae species (see Table 2.1) from which 67 species of herbivores from 29 genera
and seven families were recorded (Table 2.2). The parasitoids were sorted into 147
morphospecies, comprising 100 genera, 42 subfamilies, 18 families, and six
superfamilies (Table 2.3). Most parasitoids belong to the Chalcidoidea (61% of the
total), with Eulophidae (22 species), Eupelmidae (12 species) and Pteromalidae (11
species) together accounting for 50% of the Chalcidoidea species. Ichneumonoidea was
the second richest superfamily of parasitoid wasps (27 species), and was mostly
represented by the family Braconidae (21 species). The mean species richness of
parasitoids per site (34 + 12.5 standard deviation [SD]) was approximately three times
higher than the mean species richness of Asteraceae (11.3 species £ 3.9 SD) and about
twice the mean species richness of herbivorous insects (16.2 species + 5.4 SD).

Overall, there was a good fit between the path models and the observed
data for both for the model with parasitoid species richness (x* = 2.9, P = 0.566; CFI =
1.000; TLI = 1.043; RMSEA < 0.001, P-value for the test of closeness of fit = 0.587;
statistical power = 0.990) and the model with AvTD of parasitoids as final response
variable (x* = 2.7, P = 0.600; CFI = 1.000; TLI = 1.058: RMSEA < 0.001, P-value for
the test of closeness of fit = 0.620; statistical power = 0.978) as response variables. The
path model explained 87% of the variation in the species richness of parasitoids, with
herbivore species richness as the only significant causal variable (Fig. 2.1a, Table 2.2).
In this model, plant richness had only an indirect positive effect on parasitoid species
richness, by way of herbivore richness. However, there was no effect of AvTD of plants
on parasitoid species richness. The lack of a direct effect of host plant richness on
parasitoid species richness (i.e. an effect not mediated by herbivore species richness)
indicates that rate of increase in herbivore species richness with the increase in host-
plant richness is similar to the rate of increase in parasitoid richness as a function of
host plant richness. A comparison of the regression slopes of the two regressions

confirmed this prediction by showing no significant different between the regression
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slopes of herbivore richness (regression coefficient: 0.909) and parasitoid richness as
linear functions of host plant richness (Fig. 2.2; t-test: -0.8740; P=0.388).

The AvVTD of parasitoids was also largely explained by the path model,
but in contrast with parasitoid species richness, we found significant positive effects of
both plant species richness and the AvTD of herbivores on the average taxonomic
distinctness of parasitoids (Fig. 2.1b, Table 3.2).

Sampling effort (log dry weight of flower heads), showed an unexpected
significant negative effect on the AvTD of parasitoids, which followed on a similar
negative effect on the AvTD of herbivores. This effect was identical in the path models
for parasitoid richness and parasitoid AvTD, because the pertinent variables, sampling

effort and herbivore AvTD were the same in both models.
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Figure 2.1: Path models for (a) parasitoid species richness and (b) the average taxonomic
distinctness (AvTD) of parasitoids richness explained by plant species richness, AvTD of
plants, herbivores species richness, AvTD of herbivores and sampling effort (dry weight of
sampled flower heads - log-transformed), host plant richness, host plant taxonomic level,
herbivore taxonomic level, and proportion of exotic host plants. Numbers associated with paths
between variables are path coefficients presented as standardized values (scaled by the standard
deviations of the variables). Continuous arrows represent significant effects (* P < 0.05; ** P <
0.01; *** P < 0.001). Dashed arrow: P > 0.05 (n.s.).
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Figure 2.2: Linear relationships between host plant richness and herbivore richness (solid gray
circles and gray line) and between host plant richness and parasitoid richness (solid black circles
and black line). All variables are log-transformed. Host plant species richness explained 83.1%
and 68.5% of the variation in herbivore species richness (F =82.8; p < 0.0001) and parasitoid
species richness (F =34.7; p < 0.0001), respectively.

2.4. DISCUSSION

Using a tritrophic system composed of Asteraceae, endophagous
herbivores associated with flower heads and the parasitoid wasps, this study showed
that the species richness of host plants have only an indirect positive effect on parasitoid
species richness which is mediated by herbivore species richness. We also find that the
rate of increase in herbivore species richness with the increase in host-plant richness is
similar to the rate of increase of plant and parasitoid richness. The strong positive effect
of herbivore richness on parasitoid richness has been reported by many independent
studies (HADDAD et al., 2001; TYLIANAKIS et al., 2006; ELIZALDE,
FOLGARAIT, 2010; SCHERBER et al., 2010), in accordance with the widely
supported ecological generalization that a greater variety of resources supports a greater
diversity of consume (HUTCHINSON, 1959; HUNTER; PRICE, 1992).

Some studies have shown that plant richness plays a major role in
determining parasitoid species richness (SPERBER et al., 2004; SAAKSJARVI et al.,
2006), but in these cases the parasitoid assemblage have not been sampled directly from
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plants. A singular feature of the present study is that the sampled plants are all hosts of a
well-defined guild of herbivorous insects and the parasitoids were reared from the
herbivores' host plants. These parasitoids have to be able to find hosts whose
development occurs inside flower heads, which are less apparent for the parasitoids
compared to external plant-feeders. The assessment of plant species richness in
standardized samples allowed us to construct a model that integrates existing
interactions between plants, herbivores and parasitoids, which are key drivers of

functional processes in most terrestrial ecosystems.

This study also evaluated how the species richness and the taxonomic
distinctness of plants and herbivores influence the average level of taxonomic distance
between the parasitoid species (AvTD), a surrogate for the phylogenetic diversity of the
parastioid assemblages. We found that the greater the species richness of host-plants,
the greater the taxonomic distinctness of the parasitoid assemblages, as shown by the
positive direct effect of plant species richness on the AvTD of parasitoids. Although the
AvVTD of herbivores also had a positive effect on the AvTD of parasitoids, the positive
effect of plant richness was not mediated either by herbivore species richness or by the
AvVTD of herbivores. A possible explanation for this effect is that the likelihood of the
same herbivore species being used by parasitoids from different higher-level taxa
increases if the herbivore occurs on different plant species.

Studies regarding coevolutive processes involving tritrophic interactions
of plants, herbivores and parasitoids are still relatively recent and are not yet conclusive
(LOPEZ-VAAMONDE et al., 2003; IVES, GODFRAY, 2006; DESNEUX et al., 20009,
2012; LEPPANEN et al., 2013). Both host herbivores and their host plants have
morphological, phenological and defence-related traits that act together as constraints to
parasitoids, thereby making it theoretically costly for a single parasitoid species to
consume a generalist herbivore concealed on different hosts, or many distinct herbivore
hosts on a single host plant species. If plant features govern parasitoid seeking and
oviposition behaviour (VINSON, 1976), one would expect plant taxonomic distinctness
rather than plant richness to be coupled more strongly to parasitoid distinctness, like we
found. Studies of tritrophic systems composed by leaf-miners and their host plants and
parasitoids have revealed a strong phylogenetic signal in the occurrence on the
herbivores’ host plants (IVES, GODFRAY, 2006; LEPPANEN et al., 2013).
LEPPANEN et al. (2013), for instance, found evidence of host-parasitoid conspeciation,
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in which the plants there is a stronger phylogenetic association between plants and

parasitoids than between leaf-miners and parasitoids.

An implication of our findings is that the local extinction of plant species
promotes not only the loss in parasitoid species richness, but also a decrease in
phylogenetic diversity of parasitoids. However, while reductions in the parasitoid
species richness as a consequence of plant decrease seem to occur at the same
proportion, the effect of plant species loss is likely leading to a faster decrease in
parasitoid phylogenetic diversity. The further consequences of these cascade effects in

other species groups as well as in ecosystem function and services remain unclear.
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Table 2.1: Species richness and average taxonomic distinct (AvTD) of endophagous
herbivores and their parasitoids reared from Asteracea’s species from 18 Cerrado
remnants of the S&o Paulo State, Brazil.

Plant AvTD of Herbivore AvTDof Parasitoid AvTD of

Site code richness plants richness  herbivores richness parasitoids
Site 01 12 79.09 16 75.37 30 84.64
Site 02 6 82.67 11 84.24 27 83.02
Site 03 11 85.09 18 71.93 43 83.68
Site 04 6 81.33 7 80.36 7 81.90
Site 05 14 76.92 20 81.46 45 87.58
Site 06 6 85.33 10 74.55 18 78.56
Site 07 14 81.10 18 82.63 41 86.12
Site 08 8 72.14 11 80.56 23 85.77
Site 09 8 87.86 9 85.19 24 86.52
Site 10 17 86.38 24 66.00 42 82.39
Site 11 8 82.12 15 78.89 26 82.28
Site 12 12 83.74 15 74.60 38 86.83
Site 13 18 82.42 24 74.15 59 86.99
Site 14 9 80.73 16 72.50 31 81.63
Site 15 10 81.54 13 74.15 30 83.59
Site 16 16 85.22 22 73.67 44 87.84
Site 17 16 86.15 25 70.67 47 85.07

Site 18 12 83.39 18 74.62 43 85.27
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Table 2.2: Asteraceae sampled in 18 cerrado remnants of the Sdo Paulo State, Brazil. The
tribes are in bolder letters followed respectively by their, subftribes and genera in

subsequent lines.

Tribe Subtribe Genus Species
Eclipdinae Astereae Baccharis Baccharis coridifolia
Baccharis dracunculifolia
Conyza Conyza canadensis
Gochnatinae Gochnatieae ~ Gochnatia Gochnatia pulchra
Helenieae Porophyllum Porophyllum ruderale
Heliantheae Austroeupatorium Austroeupatorium inulaefolium
Bidens Bidens gardneri
Calea Calea verticillata
Dimerostemma Dimerostemma rotundifolium
Viguiera Viguiera arenaria
Viguiera robusta
Wulffia Wulffia stenoglossa
Mikaniinae Mutisieae Chaptalia Chaptalia integerrima
Trixis Trixis verbasciformis
Plucheeae Plucheeae Pluchea Pluchea sagitallis

Senecioninae Eupatorieae

Gnaphalieae

Vernoniinae Vernonieae

Continue

Pterocaulon
Campuloclinium

Chromolaena

Mikania
Praxelis
Trichogonia
Achyrocline
Elephantopus

Lepidaploa

Lessingianthus
Orthopappus

Piptocarpha

Pterocaulon rugosum
Campuloclinium chlorolepis
Campuloclinium hirsutum
Chromolaena chaseae
Chromolaena horminoides
Chromolaena laevigata
Chromolaena odorata
Chromolaena pedunculosa
Chromolaena pungens
Chromolaena squalida
Chromolaena subvelutina
Chromolaena verbenacea
Mikania cordifolia

Praxelis clematidea
Trichogonia salviaefolia
Achyrocline satureioides
Elephantopus biflorus
Elephantopus mollis
Lepidaploa canescens
Lepidaploa rufogrisea
Lepidaploa salzmannii
Lessingianthus bardanoides
Lessingianthus buddleiifolius
Orthopappus angustifolius
Orthopappus sp.02
Piptocarpha rotundifolia
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Tribe

Subtribe

Genus

Species

Vernoniinae

Vernonieae

Stenocephalum

Vernonanthura

Stenocephalum apiculatum
Stenocephalum megapotamicum
Vernonanthura membranacea
Vernonanthura phosphorica
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Table 2.3: Endophagous herbivores reared from flower-heads of the 74 Asteraceae species
in 18 cerrado remnants of the Sdo Paulo State, Brazil. The orders of insects are in bolder
letters followed respectively by their superfamilies ,families, subfamilies and genera in

subsequent lines

Order Superfamily Family Subfamily Genus Species
Diptera Opomyzoidea  Agromyzidae Agromyzinae Melanagromyza Melanagromyza
bidentis

Tephritoidea

Continue

Tephritidae

Oedaspidinae

Tephritinae

Cecidochares

Caenoriata
Dictyotrypeta

Dioxyna

Dyseuaresta
Euarestoides

Neomyopites

Paroxyna
Tetreuaresta

Trupanea

Xanthaciura

Melanagromyza
floris
Melanagromyza
indet.
Melanagromyza
minima
Melanagromyza
neotropica
Melanagromyza sp. 3

Melanagromyza sp.1
Melanagromyza sp.2
Melanagromyza sp.3
Melanagromyza sp.5

Cecidochares
connexa

Cecidochares
fluminensis

Cecidochares sp.E

Caenoriata pertinax
Dictyotrypeta sp.6

Dictyotrypeta
sp.Nova
Dioxyna chilensis

Dioxyna thomae

Dyseuaresta sp.B
Euarestoides sp.1
Euarestoides sp.5

Neomyopites
paulensis
Paroxyna sp.1

Tetreuaresta aff.
obscuriventris
Tetreuaresta sp.1

Tetreuaresta sp.2
Trupanea sp.10
Trupanea sp.5
Trupanea sp.PD3

Xanthaciura
biocellata

Xanthaciura
chrysura

Xanthaciura insecta

Xanthaciura
itirapinensis
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Order Superfamily Family Subfamily Genus Species
Diptera Tephritoidea Tephritidae ~ Trypetinae Xanthaciura Xanthaciura
mallochi

Lepidoptera

Gelechioidea

Pterophoroidea

Pyraloidea

Tortricoidea

Tomoplagia

Blastobasidae Blastobasidae Blastobasidae

Gelechiidae

Pterophoridae

Pyralidae

Tortricidae

Agonoxenidae

Gelechiinae
Pterophorinae

Phycitinae

Pyralidae
Olethreutinae
Tortricidae
Tortricinae

Recurvaria

Gelechiinae
Adaina

Lioptilodes
Phycitinae
Rotruda
Unadilla
Pyralidae
Epinotia
Tortricidae
Argyrotaenia
Cochylini

Cochylis

Phalonidia

Platphalonidia

Xanthaciura
guadrisetosa
Tomoplagia
achromoptera
Tomoplagia
aff.fiebrigi
Tomoplagia
costalimai
Tomoplagia
incompleta
Tomoplagia minuta

Tomoplagia
reimoseri
Tomoplagia rupestris

Tomoplagia sp.1
Tomoplagia sp.3
Tomoplagia trivittata
Blastobasidae sp.3
Blastobasidae sp.4
Recurvaria sp.1
Recurvaria sp.2
Gelechiinae sp.A
Adaina bipunctata
Adaina fuscahodias
Lioptilodes parvus
Phycitinae sp.5
Rotruda sp.1
Unadilla erronella
Pyralidae indet.
Epinotia sp.1
Tortricidae indet.
Argyrotaenia sp.A
Cochylini sp.A
Cochylini sp.F
Cochylini sp.G

Cochylis cf.
sagittigera
Phalonidia squalida

Phalonidia unguifera

Platphalonidia
fusifera
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Tabela 2.4: Parasitoids of endophagous herbivores reared from flower-heads of the 74
Asteraceae species in 18 cerrado remnants of the S&o Paulo State, Brazil. The
superfamilies of Hymenoptera are in bolder letters followed respectively by their
superfamilies, families, subfamilies and genera in subsequent lines

Superfamily Family Subfamily Genus Species
Ceraphronoidea Ceraphronidae  Aphanogmus group  Aphanogmus Aphanogmus sp.1
Chalcidoidea Aphelinidae Aphelininae Aphelinus A. (Aphelinus) sp.1
A. (Aphelinus) sp.2
Centrodora Centrodora sp.1
Chalcididae Chalcidinae Brachymeria Brachymeria sp.1
Conura Conura sp.2
Conura sp.3
Conura sp.4
Conura sp.5
Conura sp.6
Melanosmicra Melanosmicra sp.1
Haltichelinae Notaspidium Notaspidium sp.2
Encyrtidae Encyrtinae Aseirba Aseirba sp.1
Encyrtidae Encyrtidae sp.2
Hemencyrtus Hemencyrtus sp.1
Metaphycus Metaphycus sp.1
Metaphycus sp.2
Zaomma Zaomma sp.1
Tetracneminae Anagyrus Anagyrus sp.1
Anagyrus sp.2
Anagyrus sp.3
Eulophidae Elasminae Elasmus Elasmus sp.1
Entedoninae Horismenus Horismenus sp.1
Horismenus sp.2
Horismenus sp.4
Miotropis Miotropis sp.1
Paracrias Paracrias sp.1
Euderinae Euderus Euderus sp.1
Eulophinae Elachertus Elachertus sp.1
Paraonlinx Paraonlinx sp.1
Tetrasthichinae Anaprostocetus Anaprostocetus sp.1
Anaprostocetus sp.3
Aprostocetus A. (Aprostocetus) sp.1
A. (Aprostocetus) sp.2
A. (Aprostocetus) sp.3
A. (Aprostocetus) sp.4
A. (Aprostocetus) sp.5
Tetrasthichinae Aprostocetus A. (Aprostocetus) sp.6

Continue

Galeopsomyia

A. (Aprostocetus) sp.7
Galeopsomyia sp.1
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Superfamily  Family

Subfamily

Genus

Species

Chalcidoidea Eulophidae Tetrasthichinae Galeopsomyia Galeopsomyia sp.2
Paragaleopsomyia Paragaleopsomyia sp.1
Pentastichus Pentastichus sp.1
Eupelmidae Eupelminae Anastatus A. (Anastatus) sp.1
Brasema Brasema sp.1
Brasema sp.2
Brasema sp.3
Brasema sp.4
EUPELMIDAE EUPELMIDAE sp.1
Eupelmus E. (Eupelmus) sp.1
E. (Eupelmus) sp.2
E. (Eupelmus) sp.3
E. (Eupelmus) sp.4
E. (Eupelmus) sp.5
Omeganastatus Omeganastatus sp.1
Eurytomidae Eurytominae Bruchophagus Bruchophagus sp.1
Eurytoma Eurytoma sp.1
Eurytoma sp.2
Eurytomocharis Eurytomocharis sp.1
Phylloxeroxenus Phylloxeroxenus sp.1
Phylloxeroxenus sp.2
Prodecatoma Prodecatoma sp.1
Tenuipetiolus Tenuipetiolus sp.1
Tenuipetiolus sp.2
Ryleinae Rileya Rileya sp.3
Mymaridae Mymarinae Acmopolynema Acmopolynema sp.1
Perilampidae Perilampinae Perilampus Perilampus sp.1
Perilampus sp.2
Pteromalidae Hebertinae Herbertia Herbertia sp.1

Pteromalinae

Anisopteromalus
Eurydinoteloides
Heteroschema

Lyrcus

Mauleus

Anisopteromalus sp.1
Eurydinoteloides sp.1
Heteroschema sp.1
Heteroschema sp.2
Heteroschema sp3
Lyrcus sp.1

Lyrcus sp.2

Lyrcus sp.3

Mauleus spl

PTEROMALINAE PTEROMALINAE sp.1

Signiphoridae  Signiphorinae Chartocerus Chartocerus sp.1

Signiphoridae ~ Thysaninae Thysanus Thysanus sp.1

Torymidae Toryminae Perissocentrus Perissocentrus sp.1
Pseudotorymus Pseudotorymus sp.1

Continue
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Superfamily Family Subfamily Genus Species
Chalcidoidea Torymidae Toryminae Torymoides Torymoides spl
Torymoides sp2
Torymus Torymus spl
Torymus sp2
Torymus sp3
Torymus sp4
Torymus sp6
Zaglyptonotus Zaglyptonotus spl
Chrysidoidea Bethylidae Bethylinae Goniozus Goniozus spl
Cynipoidea Figitidae Eucoilinae Agrostocynips Agrostocynips spl
Eutrias Eutrias spl
Ganaspis Ganaspis spl
Ganaspis sp2
Ganaspis sp3
Ganaspis sp5
Nordlandiella N. aff. abdominalis
N. aff. semirufa
Ichneumonoidea Braconidae Agathidinae Bassus Bassus sp2
Aphidiinae Aphidius Aphidius spl
Lysiphlebus Lysiphlebus
Braconinae Bracon Bracon spl
Bracon sp2
Bracon sp3
Bracon sp5
Cheloninae Chelonus C. (Microchelonus) spl
Phanerotoma Phanerotoma sp2
Doryctinae Heterospilus Heterospilus spl
lare lare rochae
Euphorinae Meteorus Meteorus spl
Hormiinae Hormius Hormius spl
Macrocentrinae Macrocentrus Macrocentrus spl
Microgastrinae Apanteles Apanteles sp2

Continue

Ichneumonidae

Opiinae
Rogadinae
Anomaloninae

Campopleginae

Cremastinae

Dolichogenidea

Exorysa

Opius

Aleiodes
Ophionellus
Phaenolabrorychus
Casinaria
Hyposoter
Eutanygaster

Dolichogenidea spl
Dolichogenidea sp2
Dolichogenidea sp3
Exorysa sp.n.1
Opius spl

Aleiodes spl

O. aff. albofacialis

Phaenolabrorychus sp.n.

Casinaria spl
Hyposoter spl
Eutanygaster sp. n.
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Superfamily  Family Subfamily

Genus

Species

Ichneumonoidae Ichneumonidae Cremastinae
Platygastroidea Platygastridae  Platygastrinae

Scelioninae
Telenominae

Temelucha
Inostemma

Platygaster
PLATYGASTRINAE

Synopeas
Baryconus
Telenomus

Trissolcus

Temelucha sp.1
Inostemma sp.1

Inostemma sp.2
Inostemma sp.3
Platygaster sp.1
PLATYGASTRINAE sp.2
PLATYGASTRINAE sp.3
PLATYGASTRINAE sp.4
PLATYGASTRINAE sp.6
Synopeas sp.1

Baryconus sp.1
Telenomus sp.1
Telenomus sp.3
Telenomus sp.4

Trissolcus sp.1

Trissolcus sp.2

Trissolcus sp.3

Trissolcus sp.5

Trissolcus sp.7

Trissolcus sp.8

Trissolcus sp.10
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Tabela 2.5: Explanatory models for parasitoid species richness and AvTD of parasitoids according to models in Fig.1. The table shows direct and
indirect coefficients and their relative contributions to the explained variation (r?) in parasitoid species richness and AvTD of parasitoids.
Explanatory variables with significant effects are in bold.

Effect Determination
Path models for Explanatory variables Correlation (r)
Direct (d) Indirect (i) Total (e=d +1i) Effect (e x d) Total (r x d)
Parasitoid richness Plant richness 0.894 0.155 0.736 0.891 0.138 0.139
AvTD of plants 0.176 -0.630 -0.630
Herbivore richness 0.909 0.759 0.759 0.576 0.690
AvVTD of herbivores -0.428 0.224 0.224 0.050 -0.096
Sampling effort 0.781 0.154 -0.541 -0.387 -0.060 0.120
AvVTD of parasitoids Plant richness 0.577 1.153 -0.517 0.636 0.733 0.665
AvVTD of plants -0.160 -0.214 -0.214
Herbivore richness 0.405 -0.523 -0.523 0.274 -0.212
AvTD of herbivores 0.219 0.761 0.761 0.579 0.167
Sampling effort 0.423 0.392 -0.621 -0.229 -0.090 0.166

Only paths towards the final response variables are presented. Model components presented according to Lewinsohn (1991).
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CAPITULO 3: PARASITOIDES E HERBIVOROS ASSOCIADOS A CAPITULOS DE
ASTERACEAE E SEUS PADROES DE RIQUEZAS EM DIFERENTES
FISIONOMIAS DE CERRADO

3.1. INTRODUCAO

Cerca de metade de toda a riqueza de espécies terrestres compreendem insetos
parasitoides, seus herbivoros hospedeiros e as plantas que sdo a base desta cadeia trofica
(LASALLE, 1993; STRONG et al., 1984). Um dos principais determinantes que explica parte
desta riqueza é a alta especificidade das espécies pelos seus recursos alimentares
(LEWINSOHN et al., 2005; NOVOTNY et al., 2010). Desta forma, quanto maior a oferta de
diferentes recursos alimentares, maior a riqueza de espécies a estes associados (KELLY,
SOUTHWOOD, 1999). Portanto, é plausivel esperar que um aumento na riqueza local de
espécies de plantas tenha um efeito positivo sobre o aumento na diversidade dos herbivoros
(LEWINSOHN et al.,, 2005; ALMEIDA et al.,, 2006) e um consequente aumento dos
predadores a eles associados (DINNAGE et al., 2012). Por sua vez, devido as especializacdes
adaptativas das plantas aos diferentes ambientes, a riqueza de espécies de plantas tem como
um dos principais preditores o aumento da heterogeneidade ambiental (FINE et al., 2006;
KREFT, JETZ, 2007). Desta forma, espera-se que o aumento da heterogeneidade ambiental
também tenha efeitos positivos sobre 0s insetos associados as plantas.

O Cerrado é formado por um mosaico de fisionomias que variam desde
campos abertos, até formacbes savanicas e florestais (GOODLAND, POLLARD, 1973;
COUTINHO, 1990; FURLEY, 1999). Trata-se de um bom modelo para se estudar o efeito da
heterogeneidade ambiental sobre a riqueza das espécies. Os diferentes tipos de fisionomias do
cerrado sdo caracterizados principalmente pela proporcdo do estrato herbaceo em relagédo ao
estrato arboreo-arbustivo (OLIVEIRA-FILHO, RATTER, 2002). A densidade de &rvores
determina a cobertura do dossel, a qual, por sua vez, determina em grande diferencgas na
luminosidade, na umidade, nas propriedades do solo, atuando como filtros ambientais para
diversos grupos de vegetais (GOODLAND, POLLARD, 1973; OLIVEIRA-FILHO,
RATTER, 2002; BRIDGEWATER et al., 2004; HOFFMANN et al., 2005) e também para 0s
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insetos que dependem tanto das plantas quanto das condigdes microclimaticas locais
(MARQUIS et al., 2001; FINE et al., 2006).

De acordo com os estudos de GONCALVES-ALVIM, FERNANDES ( 2001a,
2001b), a composicdo de insetos herbivoros galhadores em areas de cerrado segue padrdo
similar ao observado em suas plantas hospedeiras, pois ambos o0s niveis tréficos apresentam
maior similaridade de espécies nas fisionomias campo cerrado e cerrado sensu stricto em
relado ao cerraddo. Por outro lado, mariposas da subfamilia Arctiinae apresentam maior
similaridade de espécies entre cerrado sensu stricto e cerraddo do que entre campo cerrado
(FERRO, DINIZ, 2007). O padréo da riqueza de espécies de insetos ao longo do gradiente de
fisionomias de cerrado ainda permanece incerto e varia de acordo com o0 grupo taxondmico
estudado, porém, existem fortes evidéncias que a disponibilidade de recursos desempenha um
importante papel na determinacdo da variacdo da composicdo de espécies entre fisionomias
de Cerrado (FONSECA et al., 2005; ALMEIDA-NETO et al., 2011).

No presente estudo avaliamos quéo congruentes séo as diferencas na riqueza
de espécies associadas a trés diferentes fisionomias (campo cerrado, cerrado sensu stricto e
cerraddo), usando um sistema de trés niveis troficos formado por plantas da familia
Asteraceae, 0s insetos herbivoros associados aos capitulos das plantas e as vespas
parasitoides desses herbivoros. Os capitulos de Asteraceae comportam uma rica fauna de
insetos endofagos (LEWINSOHN 1991, ALMEIDA et al. 2006). A familia Asteraceae foi
escolhida como modelo deste estudo devido a sua representatividade de riqueza de espécies
no Cerrado sendo a segunda familia de plantas mais rica em espécies (BATALHA et al.,
2001; REZENDE et al., 2008). De forma geral, esperamos compreender quais séo 0s padroes

das distribuicdes das riquezas de espécies entre as fisionomias de cerrado.

3.2. METODOS

3.2.1. Area de estudo e desenho amostral

Os dados do presente estudo foram originalmente coletados por ALMEIDA-
NETO (2006) e FONSECA ET AL. (2006). Foram selecionadas 21 localidades em 10
municipios do Sdo Paulo, na por¢do sudeste do dominio do Cerrado (Figura 1). As

fisionomias de cerrado foram categorizadas da seguinte forma: (1) campo cerrado (CC), areas
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com estrato herbaceo bem desenvolvido e menos de 30% de cobertura arbustivo-arbérea; (2)
cerrado sensu stricto (SS), vegetacdo com um componente arbustivo caracteristico, com
cobertura herbacea desenvolvida e arvores esparsas, e cobertura do dossel variando entre
30% a 50%; 3) cerraddo (CD), com grande ocorréncia de arvores de 8 a 15 metros de altura e
cobertura do dossel acima de 50% (GOODLAND, POLLARD, 1973; COUTINHO, 1978;
OLIVEIRA-FILHO, RATTER, 2002). Ao todo, foram amostradas seis, oito e sete areas de
CC, SS e CD, respectivamente. O clima da regido apresenta marcada sazonalidade, com
verdes chuvosos e invernos secos (Cwa de acordo com o sistema de KOEPPEN, 1948), que
influencia na variacdo anual de abundancia e riqueza dos insetos (SILVA et al., 2011). Com o
intuito de minimizar o efeito da sazonalidade das espécies na composic¢do das comunidades,
as amostragens de plantas e insetos foram realizadas dentro de um intervalo de 45 dias entre
0s meses de abril e maio de 2000 (FONSECA et al., 2005) e 2002 (ALMEIDA-NETO 2006),
exatamente durante o periodo reprodutivo das duas maiores tribos de Asteraceae no Cerrado:

Eupatorieae e Vernonieae.

20° S+

ccC
+ S8
= CD
Cerrado

24° S5+

300

Figura 3.1: Locais de coleta de dados em 21 remanescentes do sudeste do dominio de Cerrado
localizados no estado de Sdo Paulo, Brasil. Areas de amostragem sdo representados como circulos
para cerrado cerrado (CC), triangulos para cerrado sensu stricto (SS) e quadrados para cerraddo (CD).

Selecionamos 11 remanescentes de cerrado originalmente amostrados por
FONSECA et al. (2005), e mais dez remanescentes de cerrado provenientes de ALMEIDA-
NETO (2006). As areas de cerrado do primeiro estudo apresentam uma distribuicdo mais
ampla (distancia média = 182.6 km, Figura 1A), enquanto as areas amostradas no segundo

estudo estdo concentradas nos arredores dos municipios de Itirapina e Sdo Carlos (distancia
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média entre as areas = 11.37 km, Figura 1B). Em cada remanescente de cerrado foram
demarcados aleatoriamente 15 transectos de 5 m x 30 m. Dentro de cada transecto as espécies
de Asteraceae foram registradas. Para cada espécie de Asteraceae, aproximadamente 500 ml
(FONSECA et al., 2005.) ou 80ml (ALMEIDA-NETO et al., 2011) de capitulos foram

amostrados em cada remanescente de cerrado.

No laboratorio, os capitulos amostrados foram acondicionamos em recipientes
plasticos e cobertos com tecido de nylon por pelo menos dois meses. Os insetos herbivoros
das familias Cecidomyiidae (Diptera) e Apionidae (Coleoptera) foram devidamente
morfoespeciados apenas em ALMEIDA-NETO (2006). Portanto, no presente estudo néo
contabilizamos as duas familias de herbivoros citadas acima nas andlises, para minimizar

qualquer viés nos resultados devido as diferencas entre as identificacdes das espécies.

3.2.2. Anélises de dados

Para avaliar as diferencas na riqueza de espécies entre as trés fisionomias
criamos um teste de aleatorizacdo baseado na soma das diferengas pareadas de riqueza entre
as fisionomias (DifRigObs). Para cada fisionomia a riqueza de cada um dos trés grupos
avaliados (plantas, herbivoros e parasitoides) foi calculada somando-se 0 nimero de espécies
que foram registradas em pelo menos um remanescente daquela fisionomia. O teste de
aleatorizagdo consistiu basicamente da comparagdo do valor observado da soma das
diferencas pareadas de riqueza entre a fisionomias, subtraindo-se a maior riqueza pela menor
rigueza em cada uma das trés comparacdes. Este valor observado foi entdo comparado a um
conjunto de 1000 valores esperados (DifRiqEsp), calculado a partir de um modelo de
aleatorizacdo no qual a presenca das espécies foi realocada entre os remanescentes de
cerrado, mantendo inalterada o namero original de remanescentes nos quais cada espécie
ocorreu. Dessa forma, uma espécie presente em n remanescentes apresenta probabilidade
n/21 de ocorrer em qualquer um dos 21 remanescentes durante a aleatorizagdo. Este teste foi
realizado separadamente para plantas, herbivoros e parasitoides. De modo similar, testamos
também as diferengas no numero de espécies exclusivas de cada fisionomia. A Unica
diferenca nesse caso é que, ao invés de usarmos os valores de riqueza, calculamos, para cada
fisionomia, o nimero de espécies observadas exclusivamente em remanescentes daquela
fisionomia.

Para avaliar a congruéncia nos padrdes de diferencas de riqueza de espeécies

entre os trés grupos de espécies investigados, comparamos o valor da soma das diferencas de
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DifRigObs entre os trés grupos (XDifRiqObs) com 1000 valores de DifRigEsp usando a
mesma regra de realocacdo das presencas das espécies descrita acima. Um segundo teste de
aleatorizacdo foi conduzido para avaliar diferengas no padrdo de distribuicdo de espécies
exclusivas (i.e. presentes em apenas uma fisionomia) entre os trés grupos de espécies. Os
resultados avaliaram se o valor total das somas das diferencas de cada nivel tréfico entre as
fisionomias de cerrado diferem do que € esperado pelo acaso. A hipdtese nula neste segundo
teste é que as proporgdes das riquezas e exclusividade de espécies entre as fisionomias entre
o0s niveis troficos ndo diferem do que € esperado ao acaso. Se a hipotese nula for rejeitada
podemos interpretar que as propor¢des tanto das riquezas quanto das exclusividades de
espécies sdo consistentes entre os trés niveis tréficos e que nenhum nivel trofico em particular
apresenta uma maior diferenca que outro em relacdo a distribuicdo da riqueza dos trés niveis

tréficos.

Para testar diferencas na riqueza média de plantas, herbivoros e parasitoides
entre as fisionomias de cerrado realizamos uma analise multipla de variancia (MANOVA).
Associado com o teste de MANOVA nos realizamos uma compara¢do multipla (LSD) de
Fisher para distinguir as médias das riquezas de espécies de cada nivel trofico entre as

fisionomias.

3.3. RESULTADOS
De um total de 50 espécies de plantas registradas nos 21 remanescentes de

cerrado (Tabela 3.1), 33 (66%) foram registradas em campo cerrado, 29 (58%) em cerrado
sensu stricto e 23 (46%) em cerraddo. A analise de aleatorizacdo revelou que a diferenca
encontrada é significativamente maior do que o esperado caso as espécies fossem
redistribuidas entre as areas mantendo inalterada a incidéncia original de cada espécie (TAP:
P=0,007). Aproximadamente um quarto das espécies de plantas ocorreram em pelo menos
um remanescente de cada fisionomia. As fisionomias com maior nimero de espécies
compartilhadas foram as formacoes abertas de campo cerrado e cerrado sensu stricto, com
um total de sete espécies (Figura 3.2). O numero de espécies exclusivas em campo cerrado
(13 espécies) foi significativamente maior do que em cerrado sensu stricto e cerraddo (TAP:

P=0,035), as quais apresentaram sete espécies exclusivas cada.
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As 66 espécies de herbivoros identificados (Tabela 3.2) apresentaram um
padrdo de distribuicdo da riqueza entre as fisionomias muito semelhante ao padrdo
encontrado para as plantas. O campo cerrado abrigou a maior riqueza de herbivoros (46
espécies), seguido pelo cerrado sensu stricto (44 espécies) e cerraddo (36 espécies). Assim
como observado para as plantas, detectamos diferenca significativa na distribuicdo de
espécies entre as fisionomias (TAP: P=0,008). Um terco das espécies de herbivoros
ocorreram em pelo menos um remanescente de cada uma das trés fisionomias de cerrado. A
quantidade de espécies exclusivas foi semelhantes entre areas de cerrado aberto (13 espécies)
e cerrado sensu stricto (11 espécies), claramente menores em areas de cerraddao (TAP:
P=0,020) (Figura 3.2).

Diferentemente do que foi observado para plantas e herbivoros, para as 152
espécies de parasitoides registrados encontramos uma maior riqueza total em cerrado sensu
stricto (106 espécies) e nenhuma diferenca entre campo cerrado (92 espécies) e cerraddo (75
espécies; Figura 3.2; TAP: P=0,003). Aproximadamente um terco das espécies de
parasitoides (49 espécies) ocorreram em pelo menos um remanescente de cada fisionomias.
Também encontramos diferenca significativa no nimero de espécies de parasitoides
exclusivas de cada fisionomia (TAP: P=0,006), com uma maior riqueza de espécies
exclusivas em cerrado sensu stricto (34 espécies), seguido pelo campo cerrado (29 espécies) e

cerraddo (15 espécies) (Figura 3.2).
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Figura 3.2: Diagramas de Venn mostrando o nimero de espécies de plantas, insetos herbivoros e
vespas parasitoides associadas a trés fisionomias de Cerrado. O nimero de espécies compartilhadas
entre cerrado fisionomia é indicado na area onde os circulos sobrepostos. A porcao colorida indica a
riqueza de espécies exclusivas de cada nivel trofico em diferentes fisionomias representadas pelas
cores: vermelho = riqueza de espécies exclusivas de campo cerrado (CC); azul = riqueza de espécies
exclusivas de cerrado sensu stricto (SS); verde = riqueza de espécies exclusivas de cerraddo (CD). As
diferencas de tamanhos dos circulos séo referentes a proporcao relativa de espécies entre fisionomias.

Embora tenha havido diferenca na ordem de distribuicdo da riqueza de plantas
e herbivoros em relagdo aos parasitoides, a mesma ndo foi suficiente para produzir uma
diferenca significativa no padrdo global de distribuicdo dos trés grupos de espécies entre as
trés fisionomias (£DifRiqObs = 76, p = 0,73).

Encontramos diferenca significativa na riqueza media de plantas, herbivoros e
parasitoides entre as trés fisionomias de cerrado (Figura 3.33; MANOVA: Fy16 = 2.6, p <
0,05). Nos trés grupos estudados a riqueza foi menor em remanescentes de cerraddo, porém
ndo diferiu entre as areas de cerrado sensu stricto e campo cerrado (Plantas: Fz1, = 7.51, p <
0,05; Herbivoros: F»1,=7.09, p < 0,05; Parasitoides: F,; , = 8.98, p < 0,05).
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Figura 3. 3: Box-plot da riqueza média das espécies dos trés niveis troficos e trés fisionomias
diferentes de 21 remanescentes de Cerrado do estado de Sdo Paulo, Brasil. Teste MANOVA mostram
diferencas significativas dentro e entre as distribuicGes de riqueza média entre as fisionomias de
cerrado e entre os niveis troficos (ver Tabela 1). Testes comparagdes maltiplas de Fisher (LSD)
apresentam padrdes semelhantes de distribuicdo de riqueza média entre os niveis troficos (CC = SS>
CD) que podem ser observadas neste grafico. As siglas significam: CC = campo cerrado, SS = cerrado
sensu stricto, CD = cerraddo.

3.4. DISCUSSAO

O padrdo de distribuicdo da riqueza de espécies de parasitoides entre as
fisionomias diferiu dos padrdes encontrados para a distribuicdo da riqueza de plantas e
herbivoros entre fisionomias. Os parasitoides apresentaram maior riqueza de espécies em
cerrado sensu stricto enquanto as plantas e os herbivoros apresentaram maior riqueza de
espécies em campo cerrado (Figura 3.2). Apesar de o campo cerrado se tratar da fisionomia
que abriga a maior riqueza de espécies de herbivoros e potenciais hospedeiros para 0s
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parasitoides, o cerrado sensu stricto possui uma maior complexidade estrutural, o que
favorece uma maior diversificacdo de nichos, fontes de recursos, abrigos contra predadores e
condi¢bes climéticas adversas para 0s parasitoides adultos enquanto buscam pelos
hospedeiros. Embora o cerraddo, assim como o cerrado sensu stricto, apresente algumas
caracteristicas ambientais que poderiam favorecer a manutencdo das populacdes e
diversidade de espécies de parasitoides, a baixa densidade e diversidade de Asteraceae em
areas de cerraddo tém um forte efeito negativo sobre a riqueza de herbivoros e, portanto, de
parasitoides.

O campo cerrado e o cerrado sensu stricto foram mais similares entre si no que
diz respeito a riqueza, quantidade de espécies exclusivas e quantidade de espécies comuns
tanto de plantas quanto de herbivoros. Estes resultados sdo similares aos padrdes de riquezas
encontrados em insetos galhadores e suas plantas hospedeiras por GONCALVES-ALVIM,
FERNANDES (2001a, 2001b), os quais encontraram maior similaridade de espécies de
plantas e insetos docampo cerrado com cerrado sensu stricto do que com cerraddo. A
similaridade das plantas entre as fisionomias mais abertas do cerrado, associada a alta
dependéncia dos herbivoros pelas suas espécies de plantas hospedeiras, constitui uma
explicacdo plausivel para as semelhancas nos padrdes de distribuicdo da riqueza de espécies

encontrados entre campo cerrado e cerrado sensu stricto em relacdo ao cerradéo.

As fisionomias do cerrado apresentam marcada diferenga entre si no que diz
respeito as suas riquezas de espécies de plantas, herbivoros e parasitoides. Este fato se da em
grande parte devido as quantidades de espécies exclusivas em cada fisionomia. As espécies
sdo exclusivas por serem especialistas em uma fonte de recurso especifica encontrada apenas
em uma determinada fisionomia. A auséncia local destes recursos serve como filtros

ambientais para o estabelecimento das espécies.

Nenhum nivel tréfico em particular apresentou maior diferenca que outro em
relacdo a distribuicdo da riqueza dos trés grupos (plantas, herbivoro e parasitoide) entre
fisionomias, sendo o padrdo das diferencas das espécies entre as fisionomias consistentes.
Estes resultados reforcam a ideia de que diferentes processos ecoldgicos oriundos das
diferentes fisionomias atuam sobre as espécies e, de alguma forma, determinam os padr@es de

distribuicéo das espécies observados entre as fisionomias igualmente entre os niveis tréficos.

A distribuicdo das espécies de herbivoros e, consequentemente, dos seus

parasitoides nos diferentes ambientes dependem, em grande parte, dos fatores que
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determinam a composicdo e estrutura das comunidades de plantas (LEWINSOHN et al.,
2005). Alguns fatores abidticos locais exclusivos para cada fisionomia, tais como microclima
e solo, exercem uma grande pressdo adaptativa para o estabelecimento das espécies atuando
como filtros ambientais. Desta forma, as espécies de plantas séo selecionadas de acordo com
suas tolerancias aos diferentes estresses ambientais (FINE et al., 2004; FINE et al., 2006;
KREFT, JETZ, 2007) nas diferentes fisionomias. Quanto mais distintos sdo os ambientes em
relacdo as suas condigdes ambientais, mais distintos entre si serdo as composi¢Ges das
espécies de plantas, com consequente efeito sobre a composicdo de herbivoros e de seus
parasitoides. Este processo fica evidente entre 0 campo cerrado e o0 cerraddo, as fisionomias
mais distintas entre si neste estudo. O resultado desta distin¢do ambiental entre o cerraddo e o
campo cerrado € a pequena quantidade de espécies compartilhadas apenas por estas duas
fisionomias, que na sua maioria compartilham espécies generalistas que sdo comuns a todos

as fisionomias (Figura 3.2).

Neste estudo concluimos que os padrdes das proporcGes das riquezas e
exclusividades de plantas, herbivoros e parasitoides encontradas entre as fisionomias de
cerrado sdo constantes entre os niveis tréficos e provavelmente sdo resultados de diferentes
processos ecoldgicos exclusivos a cada fisionomia. Devido a alta dependéncia pelas suas
plantas hospedeiras, 0s herbivoros apresentam um padrdo de distribuicdo de riqueza de
espécies entre as fisionomias de cerrado semelhantes ao padrdao encontrado na distribuicdo da
riqueza de espécies das plantas, ambos com maiores riquezas de espécies no campo cerrado.
Ja os parasitoides apresentam o padrdo de distribuicdo da riqueza diferenciado dos niveis
tréficos inferiores provavelmente por dependerem da heterogeneidade ambiental encontrada
no cerrado sensu stricto para assegurar a sobrevivéncia de suas larvas. Existem diferencas
significativas na distribuicdo da riqueza de espécies entre os niveis troficos entre as
fisionomias. De forma geral, ambientes mais abertos de cerrado apresentam padrdes, tanto da
rigueza média, quanto da distribuicdo das riquezas entre fisionomias, distintos do cerraddo e a
riqueza total e média de parasitoides e a sua distribuicdo de riqueza entre as fisionomias
foram distintos para plantas e herbivoros.
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Tabela 3.1: Espécies da familia Asteraceae de 21 remanescentes de cerrado do estado de S&o
Paulo, Brasil. CC = campo cerrado, SS = cerrado sensu stricto, CD = cerradao, Incidéncia =

namero de &reas cujo as espécies foram coletadas.

Tribo

Espécie

CC

SS

CD

Incidencia

Astereae

Eupatorieae

Gnaphalieae
Gochnatieae
Helenieae

Heliantheae

Mutisieae
Plucheeae
Senecioneae
Vernonieae

Continua

Baccharis dracunculifolia
Baccharis subdentata
Conyza canadensis
Campuloclinium chlorolepis
Campuloclinium hirsutum
Chromolaena chaseae
Chromolaena horminioides
Chromolaena laevigata
Chromolaena minasgeraisensis
Chromolaena odorata
Chromolaena pedunculosa
Chromolaena pungens
Chromolaena squalida
Grazielia sp.1
Koanophyllon sp.2
Mikania cordifolia
Mikania sp.1

Praxelis sp.1

Trichogonia salviaefolia
Achyrocline satureioides
Gochnatia pulchra
Porophyllum ruderale
Porophyllum sp.1

Bidens gardneri
Dimerostemma rotundifolium
Tithonia diversifolia
Viguiera arenaria
Viguiera robusta

Wulffia stenoglossa

Trixis verbasciformis
Pterocaulon rugosum
Emilia sonchifolia
Elephantopus biflorus
Elephantopus micropappus
Elephantopus mollis
Lepidaploa canescens
Lepidaploa psilostachya
Lepidaploa salzmanii
Lepidaploa sp.1
Lessingianthus bardanoides
Lessingianthus laevigatus

X

X X X X X X X X X X X X X

X X X X

X X X X X X

X

X X X X

X

XXX XX XX XX X

X X X

X X X X

X

X X X X

X X X X

X X X
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Tribo Espécie CcC SS CD Incidencia

Vernonieae Lessingianthus sp.1 X 1
Lessingianthus sp.3 X 1
Orthopappus angustifolius X X 3
Orthopappus sp.2 X 1
Piptocarpha rotundifolia X X X 15
Stenocephalum apiculatum X 2
Stenocephalum megapotanicum X 1
Vernonanthura membranacea X X X 20
Vernonanthura phosphorica X 1
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Tabela 3.2: Espécies de herbivoros de capitulos de Asteraceae de 21 remanescentes de cerrado
do estado de S&o Paulo, Brasil. CC = campo cerrado, SS = cerrado sensu stricto, CD = cerradao,
Incidéncia = numero de areas cujo as espécies foram coletadas.

Ordem

Familia

Espécie

CC SS

CD

Incidencia

Diptera

Continua

Agromyzidae

Tephritidae

Melanagromyza bidentis
Melanagromyza floris
Melanagromyza indet.
Melanagromyza minima
Melanagromyza neotropica
Melanagromyza sp.1
Melanagromyza sp.2
Melanagromyza sp.3
Melanagromyza sp.4
Caenoriata pertinax
Cecidochares connexa
Cecidochares fluminensis
Cecidochares sp.E
Dictyotrypeta sp.N
Dioxyna chilensis
Dioxyna thomae
Dyseuaresta sp.B
Euarestoides sp.01
Euarestoides sp.05
Neomyopites paulensis
Paroxyna sp.
Tetreuaresta aff. obscuriventris
Tetreuaresta sp.1
Tetreuaresta sp.2
Tomoplagia achromoptera
Tomoplagia aff.fiebrigi
Tomoplagia costalimai
Tomoplagia dimorphica
Tomoplagia incompleta
Tomoplagia minuta
Tomoplagia reimoseri
Tomoplagia rupestris
Tomoplagia sp.01
Tomoplagia sp.03
Tomoplagia sp.05
Tomoplagia trivittata
Tomoplagia variabilis
Trupanea indet.
Trupanea sp.10
Trupanea sp.5
Xanthaciura "pelotensis” aberrante

X X X X X X X X

X X X X X X X X X X X X X X

X X

X
X
X

X X

X X X X

X X X

X X X X X

X

X

X X

X X

X X X X X
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Ordem Familia Espécie CC SS CD Incidéncia
Diptera Tephritidae Xanthaciura biocellata X X X 11
Xanthaciura chrysura X X X 19
Xanthaciura insecta X X X 8
Xanthaciura itirapinensis X X X 18
Xanthaciura mallochi X 1
Lepidoptera  Blastobasidae  Unidentified sp.03 X X X 3
Unidentified sp.04 X 2
Gelechiidae Unidentified sp.A X 1
Recurvaria sp.01 X X X 13
Recurvaria sp.02 X 1
Pterophoridae  Adaina bipunctata X X X 10
Adaina fuscahodias X X 4
Lioptilodes parvus X X X 7
Pyralidae Unadilla erronella X X X 17
Phycitinae sp.05 X X 2
Rotruda sp.01 X 1
Tortricidae Argyrotaenia sp.A X 1
Unidentified sp.A X 1
Unidentified sp.F X 1
Unidentified sp.G X 1
Cochylis cf. sagittigera X 1
Phalonidia squalida X X X 10
Phalonidia unguifera X 1
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Tabela 3.3: Espécies de vespas parasitoides de herbivoros de capitulos de Asteraceae de 21
remanescentes de cerrado do estado de S&o Paulo, Brasil. CC = campo cerrado, SS = cerrado

sensu stricto, CD = cerraddo, Incidéncia = nimero de areas cujo as espécies foram coletadas.

Superfamilia Familia

Subfamilia

Espécie

CC SS CD

Incidéncia

Ceraphronoidea  Ceraphronidae

Chalcidoidea Aphelinidae

Chalcididae

Encyrtidae

Eulophidae

Continua

Aphanogmus
group

Aphelininae

Chalcidinae

Haltichelinae
Encyrtinae

Tetracneminae

Elasminae
Entedoninae

Euderinae

Eulophinae

Tetrasthichinae

Aphanogmus sp.1

A. (Aphelinus) sp.1

A. (Aphelinus) sp.2
Centrodora sp.1
Brachymeria sp.1
Conura sp.1

Conura sp.2

Conura sp.3

Conura sp.4

Conura sp.5

Conura sp.6
Melanosmicra sp.1
Notaspidium sp.2
Aseirba sp.1
Encyrtidae sp.1
Hemencyrtus sp.1
Metaphycus sp.1
Metaphycus sp.2
Zaomma sp.1
Anagyrus sp.1
Anagyrus sp.2
Anagyrus sp.3
Elasmus sp.1
Unidentified sp.1
Horismenus sp.1
Horismenus sp.2
Horismenus sp.4
Paracrias sp.1
Unidentified sp.1
Euderus sp.1
Elachertus sp.1
Paraonlinx sp.1
Anaprostocetus sp.1
Anaprostocetus sp.3
A. (Aprostocetus) sp.1
A. (Aprostocetus) sp.2
A. (Aprostocetus) sp.3
A. (Aprostocetus) sp.4
A. (Aprostocetus) sp.5
A. (Aprostocetus) sp.6

X

X X X X

X X X X X X X X X X X X

X

X

X

X X X X X X X X X X

X X X X X X X X X X X

X

X X X X X X X X

X

X X X X X X X X
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Continuacao

Superfamilia Familia Subfamilia Espécie CC SS CD N°éreas
Chalcidoidea Eulophidae Tetrasthichinae A. (Aprostocetus) sp.7 X 1
Galeopsomiya sp.1 X X X 12
Galeopsomiya sp.2 X 1
Paragaleopsomiya sp.1 X X 2
Quadrastichus sp.1 X
Eupelmidae Eupelminae A. (Anastatus) sp.1 X
Brasema sp.1 X X X 14
Brasema sp.2 X X 3
Brasema sp.3 X X X 3
Brasema sp.4 X 1
Unidentified sp.1 X 1
E. (Eupelmus) sp.1 X X X 13
E. (Eupelmus) sp.2 X X X 10
E. (Eupelmus) sp.3 X X X 9
E. (Eupelmus) sp.4 X X X 11
E. (Eupelmus) sp.5 X X 2
Omeganastatus sp.1 X 1
Eurytomidae Eurytominae Bruchophagus sp.1 X X X 9
Eurytoma sp.1 X X 6
Eurytoma sp.2 X 1
Eurytomocharis sp.1 X X X 8
Phylloxeroxenus sp.1 X X X 13
Phylloxeroxenus sp.2 X 1
Prodecatoma sp.1 X X X 8
Tenuipetiolus sp.1 X X 3
Tenuipetiolus sp.2 X 2
Rileynae Rileya sp.3 X 1
Mymaridae Mymarinae Acmopolynema sp.1 X X 7
Perilampidae Perilampinae Perilampus sp.2 X 1
Perilampus sp.3 X 1
Pteromalidae Hebertinae Herbertia sp.1 X 1
Pteromalinae Anisopteromalus sp.1 X 1
Eurydinoteloides sp.1 X X 7
Heteroschema sp.1 X X X 19
Heteroschema sp.2 X X X 14
Lyrcus sp.1 X X X 16
Lyrcus sp.2 X X X 17
Lyrcus sp.3 X 1
Mauleus sp.1 X X X 7
Unidentified sp.1 X X X 3
Unidentified sp.2 X 1
Signiphoridae  Signiphorinae Chartocerus sp.1 X 1
Signiphoridae  Thysaninae Thysanus sp.1 X 1

Continua
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Superfamilia Familia

Subfamilia

Espécie

CC SS CD

N° areas

Chalcidoidea Torymidae

Chrysidoidea
Cynipoidea

Bethylidae
Figitidae

Ichneumonoidea Braconidae

Continua

Toryminae
Toryminae

Bethylinae
Eucoilinae

Agathidinae

Aphidiinae

Blacinae
Braconinae

Cheloninae

Doryctinae

Euphorinae
Hormiinae
Macrocentrinae
Microgastrinae

Perissocentrus sp.1
Perissocentrus sp.2
Pseudotorymus sp.1
Torymoides sp.1
Torymoides sp.2
Torymus sp.1
Torymus sp.2
Torymus sp.3
Torymus sp.4
Torymus sp.6
Zaglyptonotus sp.1
Goniozus sp.1
Agrostocynips sp.1
Eutrias sp.1
Ganaspis sp.1
Ganaspis sp.2
Ganaspis sp.3
Ganaspis sp.5

Kleydotoma sp.1
Nordlandiella aff
abdominalis

Nordlandiella aff semirufa

Bassus sp.1
Bassus sp.2
Aphidius sp.1
Lysiphlebus sp.1
Blacus sp.1
Bracon sp.1
Bracon sp.2
Bracon sp.3
Bracon sp.5

C. (Microchelonus) sp.1

Phanerotoma sp.2
Heterospilus sp.1
lare rochae
Meteorus sp.1
Hormius sp.1
Macrocentrus sp.1
Apanteles sp.2
Apanteles sp.3
Dolichogenidea sp.1
Dolichogenidea sp.2
Dolichogenidea sp.3

X

X X

X X X X

X

X X

X X X X X X

X

X X X X

X X X X X X X X X X X X

X X X X

X

X X X X X
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Continuacao

Superfamilia Familia Subfamilia Espécie CC SS CD N°éreas

Ichneumonoidea Braconidae Microgastrinae Exorysa sp.n.1 X 1
Opiinae Opius sp.1 X 1

Rogadinae Aleiodes sp.1 X 1
Ophionellus aff.
Ichneumonidae Anomaloninae Albofacialis X 1

Campopleginae Casinaria sp.1 X
Hyposoter sp.1 X
Cremastinae Eutanygaster sp. n. X
Temelucha sp.1
Platygastroidea  Platygastridae  Platygastrinae Inostemma sp.1
Inostemma sp.2
Inostemma sp.3
Platygaster sp.1 X
Unidentified sp.2
Unidentified sp.3
Unidentified sp.4 X
Synopeas sp.1
Scelionidae Scelioninae Gryon sp.1
Telenominae Telenomus sp.1 X X
Telenomus sp.2
Telenomus sp.3
Trissolcus sp.1
Trissolcus sp.10
Trissolcus sp.2 X
Trissolcus sp.3 X
Trissolcus sp.5
Trissolcus sp.7 X
Trissolcus sp.8

X X X X X X
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X X

X X X X X X X X X
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ANEXO 1

Anexo 1: Areas de cerrado amostradas nos municipios de S&o Carlos (regido delimitada
acima do recorte no mapa em detalhe) e Itirapina (regido delimitada abaixo no recorte no
mapa em detalhe). Os pontos no mapa mostram a localizagdo de cada uma das vinte &reas
de estudo do primeiro projeto amostradas em Almeida-Neto et al. 2010. As fotos ilustram
as diferencas de adensamento da vegetacao.
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ANEXO 2
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Anexo 2: Alguns insetos enddfagos de capitulos de Asteraceae representados no presente
estudo: (A) Recurvaria sp.l (Lepidoptera: Gelechiidae), (B) Lioptilodes parvus
(Lepidoptera: Pterophoridae), (C) Apion sp (Lepidoptera: Pterophoridae), (D)
Asphondylia sp (Diptera: Cecidomyiidae), (E) Neolasiptera sp (Diptera: Cecidomyiidae),
(F) Melanagromyza spll (Diptera: Agromyzidae), (G) Xanthaciura itirapinensis (Diptera:
Tephritidae), (H) Neomyopites sp (Diptera: Tephritidae), (I) Cecidochares sp.B (Diptera:
Tephritidae).
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ANEXO 3

Anexo 3: Exemplos de interacdes entre microhimenopteros parasitoides de insetos
fitéfagos de capitulos de Asteraceae amostrados no presente estudo. (A) Prodecatoma sp.1
(Hosp: Cecidochares sp.E, Planta: Chromolaena chaseae), (B) Eurytomidae (Hosp:
Cecichochares connexa; Planta: Chromolaena pedunculosa); (C) Perissocentrus sp.l
(Hosp: ndo-identificado; Planta: Chromolaena squalida); (D) Eupelmus (Eupelmus) sp.1
(Hosp: Xanthaciura mallochi, Planta: Heterocondylus alatus); (E) Ganaspis sp.1 (Hosp:
Melanagromyza bidentis; Planta Vernonanthura ferruginea); (F) Nordlandiella aff.
semirufa sp.2 (Hosp: Melanagromyza sp.3; Planta Vernonanthura membranacea); (G)
Bracon sp.3 (Hosp: Cecidochares connexa; Planta: Chromolaena pedunculosa); (H)
Bracon sp.2 (Hosp: Lepidoptera ndo-dentificado; Planta: Chromolaena squalida).





