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RESUMO

O estabelecimento de espécies exdticas € um importante fator de distirbio da comunidade
nativa. O conhecimento da ecologia dessas espécies invasoras nas regibes de origem é
primordial para atenuar esse quadro. A formiga lava-pé, Solenopsis invicta Buren e a
formiga argentina, Linepithema humile (Mayr) séic espécies que trazem prejulzos
ecologicos e econdmicos nas regides em que foram introduzidas. Nativos do Brasil,
possuermn agui moscas parasitéides (Diptera: Phoridae) ausentes nas areas em que sio
“exdticas que, como descobrimos, sdo capazes de diminuir a superioridade competitiva
dessas formigas. Pesquisando em diversas localidades de 4 estados, encontramos moscas
forideas atacando formigas lava-pés em diferentes situagBes, como ninhos perturbados,
revoadas e trilhas de recrutamento. Encontramos um total de 11 espécies de Pseudacteon, 6
delas associadas exclusivamente a §. invicta, 4 a S, saevissima F. Smith e uma a ambas
formigas. Nas 9 localidades estudadas, encontramos uma co-ocorréncia maxima de 5
espécies. As espécies simpétricas quase sempre diferiram em pelo menos uma caracteristica
ecologica: situagho de encontro de formigas hospedeiras (trilhas de recrutamento ou ninhos
perturbados) ou tamanho da formiga parasitada. Linepithema spp., que apresenta operarias
monomorficas em trilhas de recrutamento come tnica oportunidade de parasitismo, possui
apenas uma espeécie de Pseudacteon associada em cada localidade. Somando a esses dados
fortes indicios de que esses parasitbides competem, concluimos que a partitha de recursos é
importante ﬁa estruturacdo de suas comunidades. Assim, a introdugio de multiplas espécies
deve trazer os melhores resultados em um programa de controle bioldgico de 8. invicta.

Contudo, ao descobrirmos que 0 sucesso dessa espécie também depende da existéneia de
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hibitats abertos, constatamos que € preciso trabalhar em diversas frentes para reverter esse

Processo.

PALAVRAS-CHAVE

Solenopsis spp., Pseudacteon spp., ecologia aplicada, ecologia de comunidades, partitha de

recursos

ABSTRACT

The establishment of exotic species is an important disturbing factor of native community.
The knowledge of the ecology of these invading species in their native range is
fundamental to handle effectively the problem. The red fire ant, Solenopsis invicig Buren,
and the Argentine ant, Linepithema humile (Mayr), are invading species in many places,
bringing ecological and economical loss. In Brazil, their native place, they have parasitoids
(Diptera: Phoridae) which are absent in places where these ants were introduced. These
natural enemies are able to diminish the competitive ability of their host ants. Investigating
nine locations in four states of Brazil, we found parasitoid flies attacking fire ants mainly in
disturbed mounds and recruitment trails. We found a total of 11 Pseudacteon parasitoid
species, six of them exclusively associated to S. invicta, four to S. saevissima F. Smith and
one to both of them. None of the studied places had more than five species of Pseudacteon.
The simpatric parasitoid species almost always had different ecological charactenistics:
strategy to search host ant (in recruitment trail or disturbed mound) or attacking host ants
with different sizes. On the other hand, Linepithema spp.. which have monomorfic workers
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in foraging trails as the only attack opportunity to parasitic flies, had just one Pseudacteon
species at each place associated to. Adding strong evidences of competition among
parasitoids, we concluded that resource partitioning is important to structure Pseudacteon
communities. Therefore, multiple species introduction may be the best biological control
strategy. Furthermore, since the deforested areas are S. invicta success requirement, we

need to adopt a wider management strategy, including forests protection.

KEY WORDS

Solenopsis spp., Pseudacteon spp., applied ecology, community ecology, resource

partitioning.
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INTRODUCAO GERAL

A formiga conhecida popularmente no estado de 380 Paulo como lava-pe, complexo
Solenopsis saevissima (Trager 1991}, engloba duas principais espécies nas regides centro-
sul do Brasil: § saevissima F. Smith e S. invicta Buren. Essas formigas formam coldnias
compostas por milhares de operarias distribuidas em um gradiente continuo de tamanho
(Wilson 1978) e se caracterizam por construfrem um monte de terra repleto de galerias
sobre seu ninho subterrinec. Nas horas mais quentes do dia, essa estrutura, que possui
funcdo termorregulatoria (Holldobler ¢ Wilson 1990), abriga grande numero de formigas
adultas e formas imaturas. S. invicta constréi seus ninhos predominantemente em locais
abertos, de insolacHo direta (Tschinkel 1988), e quando essa fragil estrutura €
eventualmente destruida, parte das operérias que nela se encontram apressa-se a recolher os
imaturos, enquanto outra parte ataca o intruso causador da perturbag@o. Muito agressivas,
as operarias utilizam as mandibulas para agarrarem-se firmemente no tecido do invasor &
nele injetam veneno com seu ferrdo. Seu nome popular deriva da necessidade que os
incautos tém de lavar o pé para retirar as formigas quando pisam nos seus ninhos (Trager
1991). Outro nome popular, formiga-de-fogo, “fire ant” nos EUA, provém da sensag3o
urticante proporcionada pela agdo do veneno. O comportamento agressivo, associado &
proximidade de seus ninhos com habitagdes humanas devido a ocupagdo de hébitat
semelhante, aberto, desprovido de arvores, é razio de freqlientes acidentes.

Apesar de S. invicta ser nativa do Brasil, grande parte dos estudos sobre ela foi
realizada nos EUA. As razdes podem ser véarias, a comegcar simplesmente pela maior

produco cientifica geral daquele pais. Trager (1991), aventa sobre a possibilidade de uma



menor tolerdncia do povo Norte-Americano aos efeitos nocives dessa formiga. Contudo, a
causa principal ¢ provavelmente a sua maior densidade populacional nos Estados Unidos.

Apés sua chegada aos EUA, hé sproximadamente 6 décadas, S. invicia alcangou
grande sucesso, ocupando rapidamente extensas areas (Buren &f al. 1974). Como espécie
dominante, S. invicta passou a substituir espécies de formigas nativas, causando problemas
ecolégicos (Porter e Savignano 1990), além dos agricolas e de saude piablica. Ao se gastar
milhdes de dolares em defensivos quimicos sem sucesso no seu combate (Davidson e Stone
1989), mais atencio passou a ser dada a oulras vias de controle, como ¢ uso de patégenos
(Jouvenaz ef al. 1981). Tendo uma densidade populacional pelo menos 4 vezes menor
{Porter et al. 1992, Porter et al. 1997}, o Brasil surgiu como uma promissora fonte de
inimigos naturais.

Moscas parasitas de operarias aduitas de S. invicia, ausentes nos EUA mas
abundantes no Brasil, foram inicialmente relegadas a segundo plano devido a mortalidade
relativamente baixa que conseguia impingir. Contudo, com a descoberta de gue esses
parasitéides podem diminuir a supremacia competitiva de certas formigas (Feener € Brown
1992), inclusive de S. invicta (Orr et al. 1995), passou a ser alvo de maiores atengbes.
Desde entio, varias pesquisas foram realizadas desvendando diversos aspectos de sua
biologia (para uma sintese, veja Porter 1998).

Apesar disso, excetuando-se relatos de ataques em revoadas (Wojcik et al. 1687,
Pesquero ef al. 1993), nada se sabe sobre a ocorréncia natural desses parasitoides. Nos
trabathos de campo, as moscas sio coletadas ou registradas quando atraidas a situaches
induzidas pelo pesquisador. O CAPITULO 1 do presente trabalho visa preencher essa
lacuna. Ao averiguarmos que os parasitdides ocorrem tanto em trithas de recrutamento
quanto em ninhos perturbados, atacando formigas em situagoes em que ndo houvea
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interferéncia do pesquisador, credenciamos os experimentos de campo como boas
aproximagdes da realidade.

Algumas espécies de forideos parasitdides de formigas utilizam o olfato para 2
localizaclo das hospedeiras (Brown e Feener 1991, ARTIGO ANEXO 3), mas nada se sabe
sobre a forma de busca dos forideos associados a Solenopsis. No CAPITULG 2
descobrimos que este & também o caso de alguns desses dipterocs. E possivel que
feromdmnios de alarme ou o veneno aspergido pelas Solenopsis contra seus inimigos estejam
envolvidos no processo. Quando um parasitoide encontra um grupo de formigas e os ataca,
aumenta as chances de encontro de outro forideo (CAPITULO 2).

Esse é um sistema que conta com uma excepcional riqueza de espécies. Em reviso
realizada por Disney (1994), pode-se contabilizar 18 espécies de forideos relatadas como
parasitas de S. sgevissima. Ele préprio observa que "It seems extraordinary that this ant is
attacked by so many species” (p. 82, Disney 1994). Mesmo assim, apenas um artigo aborda
a organizacio dessa comunidade, investigando 7 espécies em 2 jocalidades (ARTIGO
ANEXO 1). O CAPITULQ 3 estende essa pesquisa para 7 localidades abrangendo as
regides Sul, Sudeste e Centro-Oeste do Brasil, com ocorréncia total de 11 espécies de
forideos do género Pseudacteon. Descobrimos que varios dos forideos relatados como
associados a S, saevissima so, na realidade, parasitoides de S. invicta, com uma simpatria
méaxima de 5 espécies.

Essas informagdes, somadas as confirmagdes dos dados do ARTIGO ANEXO 1 de
que as espécies simpatricas fazem uso diferencial dos recursos em pelo menos duas
dimensdes de seus nichos, responde em grande parte a admirag@io expressa por Disney.
Formigas expostas em ninhos perturbados ou trithas de recrutamento consistem
oportunidades de parasitismo para as moscas forideas (CAPITULOQ 1). Algumas espécies
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de Pseudacteon surgem com maior freqiiéncia em ninhos perturbados, enguanto outras sio
tipicas de trilhas de recrutamento. Quando mais de uma espécie de Pseudacteon “de ninho
perturbado” ou “de trilha de recrutamento” estiio presentes em wma mesma localidade, estas
geralmente s30 de tamanhos diferentes (CAPITULO 3).

As especies de parasitéides encontradas principalmente em ninhos perturbados ¢ as
encontradas em trilhas de recrutamento parecem possuir diferencas relativamente grandes.
Quando formigas hospedeiras foram experimentalmente esmagadas, atraiu as primeiras,
gue devem basear sua busca no olfato, mas néo as Gltimas, indicando outra estratégia de
procura (CAPITULO 2). Sendo o grupo de especies de Pseudacteon parasitas de 8. invicia
mails aparentado entre si do que do grupo que parasita S saevissima (M. R. O,
comunicagdo pessoal), a existéncia de membros diferenciados dentro de cada grupo e com
equivalentes ecoldgicos no outro, somados a fortes indicios de competicio indicam a
partilha de recursos como importante mecanismo na estruturacio dessas comunidades
(CAPITULO 3).

A formiga argentina Linepithema spp., assim como Solenopsis spp., foge da
superficie do solo na presenca de parasitéides (ARTIGO ANEXO 2), assim devendo
também ser um recurso limitado para essas moscas. Entretanto, por serem monomorficas e
construirem ninhos subterraneos, nio oferece a mesma diversidade de recursos. Em cada
uma de 3 localidades estudadas, Linepithema spp. possui apenas uma espécie de
Pseudacteon associada (ARTIGO ANEXO 3), como seria esperado se a partilha de
recursos fosse importante na manutencio da diversidade de parasitdides.

Com esses trabalhos, pretendemos dar nossa contribuicio para aumentar o
conhecimento desse complexo sistema. NZo pudemos nos restringir ao uso de defensivos
quimicos € buscamos inimigos naturais. E devemos continuar ampliando nossos
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conhecimentos. 5. invicta pode ter-se tornado praga nos EUA por ter escgpado de inimigos
naturais. Contudo, ela causa problemas também no Brasil, onde € nativa. No CAPITULO 4
averiguei que S invicia ocorre predominantemente em éareas abertas e ndo dentro de
florestas. Assim, o sucesso dessa formiga deve ser proporcionado em parte pelos
desmatamentos que abrem extensas 4reas propicias & sua colonizac3o. Somente uma ampla
compreensio do sistema deve permitir estabelecer o melhor caminho para se chegar a

solucdes que restrinjam as populagdes de S. invicia.
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complexo Solenopsis saevissima)

Seike, S, H. M. R. Ort” e W. W. Benson®

' Autor para Correspondéncia — Programa de Pés-Graduagio em Ecologia, Departamento
de Zoologia, IB, Unicamp — Caixa Postal 2068 ~ CEP 13208-990 - Jundiai, SP, Brasil -
shseike(@hotmail.com

: University of California, College of Natural Resources, 245 Mulford Hall, Berkeley, CA
94720-3100.

* Departamento de Zoologia, IB, Unicamp — Caixa Postal 6109 — CEP 13083-970 —

Campinas, SP, Brasil.
RESUMO

Diversos aspectos da biologia e da ecologia de moscas parasitéides (Diptera: Phoridae} da
formiga lava-pé (Hymenoptera: Formicidae: Solenopsis) ja foram desvendados. A grande
maioria das informacdes existentes sobre a ecologia & comportamento de adultos, porém,
foi obtida de moscas atraidas pelos pesquisadores através da perturbagiio de coldnias ou
inducdo da formacdo de trilhas de recrutamento da formiga hospedeira com iscas. Poucos
sfo os registros sobre a ocorréncia natural da mosca foridea. No presente artigo, relatamos
moscas parasitoides atraidas a atividades naturais de revoadas, de construgfo de ninho,

trilhas de deslocamento, trilhas de recrutamento para alimento e colonias perturbadas da
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formiga lava-pé. S3o todas situacdes em que os parasitoides encontraram oportunidades de
localizar e atacar formigas hospedeiras sem a interferéncia do pesquisador. Estes registros
validam as pesquisas realizadas com indugdes artificiais como sendo reprodugbes
confiaveis de comportamento natural. Dentre as moscas identificadas em frilhas de
recrutamento, predominou Pseudacteon solenopsidis Schmitz. O fato provavelmente
decorre da sua grande especializagiio e explorar este tipo de recurso. Com estratégia
singular, esta espécie permanece mais tempo nas trithas, aumentando assim suas chances de

registro.

PALAVRAS-CHAVE

Solenopsis invicta, Solenopsis saevissima, Pseudacteon spp., Pseudacteon solenopsidis,

Brasil, insecta.

INTRODUCAQ

Moscas do género Pseudacteon, parasitdides de formigas lava-pés, Solenopsis
invicta Buren e S. saevissima F. Smith, segundo revisio de Disney (1994), comegaram a ser
descritas na década de 1920 ¢ totalizam 16 espéeies. Apesar disso, até recentemente, a
maioria das publicagdes tinha cunho taxondmico, pouco se conhecendo da biologia ou
ecologia dessas moscas. Como ilustragdo, foi somente em 1995, com a criagio de P.
litoralis Borgmeier em operarias adultas de S. invicra, que surgiria a primeira comprovagao
de que estas moscas realmente parasitam formigas lava-pés (Porter ef al. 1995b) - embora,
como destacaram 0s proprios autores, nesta altura pouca duvida existisse a esse respeito.
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A possibilidade de seu uso, nos EUA, para o controle bicldgico de S invicia
(Feener & Brown 1992), estimulou pesquisas mais minuciosas sobre esses insetos. Assim,
nos fitimos anos, foram investigados o seu efeiio no recrutamento de formigas lava-pés
(Orr et al. 1995, Porter ef al. 1995c¢), sua especificidade (Porter ef al. 1995a, Gilbert &
Morrison 1997, Porter 1998, Morrison & Gilbert 1999, Porter & Alonso 1959, Porter
2000), criacio em laboratorio (Pesquero e al. 1995, Porter ef al. 1995b, 19972} ¢ aspecios
biologicos (Morrison ef al. 1997, 1999, Consoli et al. 2001) e ecologicos em geral
(Campiolo et al. 1994, Fowler et al. 1995, Pesquero et al. 1996, Mormison et al. 1997, Orr
et al. 1997, Morrison & Gilbert 1998). Contudo, existern poucos registros sobre sua
ocorréncia natural. Excecdes sio os registros de moscas atraidas a revoadas da formiga
hospedeira (Wojcik ef al. 1987, Pesquero ez al. 1993) ¢ a presenga de forideos sobrevoando
ninhos intactos de lava-pés (Williams ez af. 1973), mas nesta tltima néo foi constatada uma
oportunidade imediata de parasitismo. A grande maioria das informagdes provém de
eventos em que pesquisadores perturbam col6nias ou induzem a formagéo de trilhas de
recrutamento de formigas utilizando iscas. Estas so simulagdes de situagfes que podem
supostamente ocorrer de forma natural, mas cujo componente “artificial” estd sempre
presente.

Em trabalho realizado durante varios anos em diferentes areas do Brasil, tivemos a
oportunidade de presenciar diversas interagGes naturais entre formigas lava-pés e moscas
parasitoides. O presente artigo traz os registros das observagbes de interagdes ocorrendo em
circunstancias nfo induzidas por pesquisadores, 0 que consideramos importante para tragar
um panorama das situages em que estes organismos interagem e reforgar a validade dos
dados obtidos nas diversas experimentacBes j4 relatadas, assim como daquelas que ainda

virfio a ser realizadas.



MATERIAIS E METODOS

Entre dezembro de 1995 e abril de 2000, enquanto realizévamos experimentos de
campo com Solenopsis invicta, 8. saevissima e moscas parasitéides Pseudacteon spp. em
diferentes regifes do Brasil, registramos paralelamente a ocorréncia de interagfio natural
(semn interferéncia do pesquisador) entre esses organismos. Realizamos a maioria das
observacdes ao longo de estradas e trilhas enquanto nos encaminhavamos aos pontos em
que fariamos 0s experimentos e. por este motivo, os registros nfo so sistematicos. A quase
totalidade das observacdes esta no estado de S0 Paulo (Mata de Santa Genebra [22°49° 5,
47° (6 W] e Cidade Universitaria [~ 4 km da Mata de Santa Genebra], Campinas; Serra do
Japi [23° 16° S, 47° 00° W] e Fazenda Experimental do IAC [= 10 kun da Serra do Japi],
Jundiai; Parque Estadual de Campos do Jord@o [22°44° S, 45° 357 W] ¢ Estagéo
Experimental do IAC em Paﬁquera-A«;u [24° 43 §, 47° 53" W), sendo uma 4rea localizada
em regi3o pantaneira do estado do Mato Grosso do Sul (Passo do Lontra {19° 34” 5, 57° 01’
W1). Cada uma das areas de estudo, excetuando uma 4rea restrita de Jundiai, tinha presente
apenas uma espécie de Solenopsis. Assim, nas dreas de Campinas e Passo do Lontra, esteve
presente S. invicta (que passaremos a chamar “4reas de S. invicta”) enquanto nas de
Campos do Jorddo e maior parte de Jundiai, esteve S. saevissima (que chamaremos “areas
de S. saevissima™). Em todas as 4reas de observagio, excetuando a Cidade Universitana em
Campinas, existe mata natural adjacente.

Apos cada observacio, identificamos as moscas coletando-as com frascos

aspiradores e observando o formato de seu ovipositor com uma lupa de méo de 20x de



aumento. Mantivemos alguns exemplares em alcool 70% e as depositamos como material
testemunho no Museu de Historia Natural da Universidade Estadual de Campinas

{Unicamp), Brasil. As identifica¢des foram confirmadas pelo taxonomista Marcelo Mattos,

doutorando na Unicamp.

Devido a0 seu comportamento singular ao perseguir uma formiga hospedeira, F.
solenopsidis Schmitz foi a inica espécie que dispensou coleta para identificag8o (em testes
preliminares que incluiu coletas de 12 exemplares para identificagdo, registramos 100% de
acerto). P. solenopsidis sobrevoa S. invicia poucos milimetros acima e a frente de sua
cabeca, deslocando-se para tras enquanto a formiga tenta escapar, em uma perseguicao que
pode chegar a passar de um minuto {Orr er a/. 1997). As demais espécies atacam quase que
imediatamente a formiga selecionada, raramente gastando mais que poucos segundos com
cada hospedeira. Como em diversas ocasides nio foi possivel coletar a mosca, boa parte das
observagdes que ndo se trataram de P. solenopsidis nfio conta com a identifica¢dio da
espécie de parasitoide.

Para averiguar a independéncia do tipo de alimento da espécie de formigaque a

explora, utilizamos e teste exato de Fisher.

RESULTADOS

Observamos formigas lava-pés sendo alvos do ataque de moscas parasitoides em
diversas situacdes (tabela 1). A oportunidade de parasitismo mais constante foi em trithas
da formiga, que podiam ser de recrutamento para alimento {quando encontravamos um
recurso alimentar no final da tritha) ou de deslocamento (quando a tritha ndo levava a
nenhum alimento aparente). De 28 trilhas de S. invicta (18 de recrutamento para alimento e
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10 de deslocamento), os parasitéides estiveram presentes em 16 (57,1%). Nove das 10
trilhas de deslocamento tinham um ou mais parasitoides associados, todos P. solenopsidis.

Uma grande diversidade de recursos foi explorada pelas formigas lava-pés (tabela
2). De diferentes grupos de insetos, até pequenos peixes, mortos em poga que secou no
Pantanal. As minhocas consistiram urn recurse comum apés certos periodos de chuva,
guando elas sajam & superficie ¢ morriam dessecadas. Nas estradas da Mata de Santa
Genebra, por 8 ocasides vimos minhocas mortas sendo consumidas por S. invicta ¢
nenhuma por outra espécie. Desses registros, os forideos, principalmente P. solenopsidis,
estiveram presentes em 5 oportunidades. Quando a fonte alimentar se tratou de artropodes,
nio houve supremacia relevante das lava-pés. De 12 itens (11 insetos e 1 diplopoda), 5
foram explorados por Pheidole (41,7%) e 7 por 8. invicta, ndo sendo constatada a presenga
de parasit6ides em nenhum dos casos (tabela 2). Uma andlise em separado dos dados
provenientes da Mata de Santa Genebra (linico local com suficiente numero de casos para
ser testado) revelou que o tipo de recurso (minhoca ou artropode) influi significativamente
na espécie de formiga que a explora (tabela 3; p=0,036, Teste Exato de Fisher), existindo
tendéncia a uma maior presenca de parasitéides nos casos em que S. invicta explora
minhocas (tabela 3; p=0,075, Teste Exato de Fisher).

Vimos também a exploragdo de recursos diretamente provenientes da presenca
hurnana. Em oportunidades distintas, um pequeno pedago de carne assada € graos de arroz
cozidos, restos de alimento dados a um cBo na Reserva de Santa Genebra, eram consumidos
por S. invicta, estando P. solenopsidis presentes em ambos 0s casos.

Situacbes menos comuns foram as revoadas e as perturbacdes de seus ninhos. Estes
{itimos sdo mais comuns em areas antropicas. O corte da grama com o uso de
equipamentos motorizados foi uma das perturbagdes mais importantes, tanto devido a
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fregiléncia dessa atividade, quanto pela freqiiente presenca de coldnias de lava-pés nos
gramados. O preparo da terra para a agricultura deve ser outra situacfio comum de
perturbacio e de parasitismo, desde que coldnias de lava-pés podem ser encontradas com
certa facilidade em diversas culturas. Observamos perturbagio por maquindrio pesado em
uma estrada de terra no Pantanal. A presenca de coldnias as margens das estradas ¢ bastante
fregiiente {Tschinkel 1988, Porter e al. 1997b, capitulo 4) e um trator, a0 repara-la,
revolveu a terra destruindo os ninhos de §. invicia, 0 que atraiu muitos parasitéides.

A finica situacgio de perturbagdo de coldnia ndo causada pelo homem foi vista em
maio de 1998, em gramado de area residencial de Campinas. Um péssaro removia folhas e
gravems.emremeados nos montes das coldnias de 8. invicta expondo formigas adultas e
formas imaturas. A perturbacfo atraiu de 2 a 3 forideos que atacavam as formigas adultas.
As moscas nfio foram identificadas (as espécies existentes na 4rea, que chamamos Rio das
Pedras, sdo P. litoralis, P. tricuspis Borgmeier, P. obtusus Borgmeier € P. curvatus
Borgmeier [capitulo 3]). Em pelo menos mais duas ocasides vimos coldnias com marcas de
perturbacdo acidental por animais silvestres (uma com pegada de veado e outra de animal
pequeno, possivelmente uma cotia). Nao foi possivel, entretanto, verificar se houve atragdo
de parasitoides, pois 0s montes j4 estavam parcialmente reparados ¢ as formigas abrigadas.

Qutra situagio pouco comum em que as formigas ficam expostas ¢ durante
atividades de construgio, ampliagio ou reconstrucdo do monte apos a chuva. Em uma de
trés observacdes desse tipo de atividade, vimos um forideo atacando S. invicta na Mata de
Santa Genebra, em uma manhi de margo, apds noite chuvosa. A mosca nio foi identificada.
Porém, pelo comportamento, € certo que nio se tratava de P. solenopsidis (as outras

espécies existentes nessa area sio P. Jitoralis, P. tricuspis e P. obtusus [Orr ef al. 1997]).
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Em uma Gnica oportunidade, observamos a luta entre duas coldnias de lava-pés
(S.cf. invicta versus S. saevissima) na cidade de Jundiaf, SP. As 16:00h, um niimere muito
grande de formigas se encontrava espalhado sobre a superficie do solo, muitas delas
envolvidas em combate. Inlimeros forideos (>10), ndo identificadas, aproveitavam a
situacdo atacando as formigas expostas. As 17:00h, toda a atividade estava quase encerrada,

cormn poucos forideos e predominéncia de 5. ¢f. invicia que, aparentemente, havia vencido.

DISCUSSAO

Dos eventos observados, a trilha de recrutamento deve consistir a oportunidade de
parasitismo natural mais freqliente. Entretanto, dentre as varias espécies de parasitoides
existentes, ela foi explorada, aparentemente, de forma quase exclusiva por P. solenopsidis.
Tsso pode se dever a trés fatores: 1- uma maior abundéncia de P. solenopsidis, 2- uma maior
capacidade desta espécie em encontrar as trilhas ou, 3- sua permanéncia por mais tempo
nas trilhas. Orr ef al. (1997) constataram que a abundéncia de P. solenopsidis ndo € maior
que de outras espécies. Por outro lado, £. solenopsidis, juntamente com F. obfusus, ocorre
com maior fregiiéncia em trilhas do que as demais espécies, provavelmente por terem maior
facilidade em encontré-las (O et al. 1997, capitulo 3). Somado a isso, enquanto forideos
em geral suprimem o recrutamento de Solenopsis (Orr et al. 1995, Porter et al. 1995¢), P.
solenopsidis nao produz um efeito muito grande sobre a tritha, permanecendo com ela por
mais tempo (Orr et af. 1997). Com isso, as chances de encontrar rilhas com £. solenopsidis
& maior do que com qualquer outra espécie. Ao encontrarmos quase que exclusivamente P.
solenopsidis em trilhas de recrutamento naturais confirmamos amplamente os achados
experimentais.
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Contudo, a impressio de que P. solenopsidis nio suprime o recrutamento de 5.
invicta pode ser falsa. Indicio em contrario vem da total supremacia de 5. invicta em
minhocas, com presenca de forideos na maioria dos casos, en contraste com 0S mMenos de
£0% dos artropodes dominados por ela, sem nenhum registro de parasitéides (tabela 2). E
possivel que minhocas sejam um recurso Thais importante ou, a0 menos, mais estimulante
para as formigas. Enquanto as minhocas tém foda a superficie do sen corpo exposta ¢ sé&o
emn geral maiores do que os artrépodes, estes sao recobertos pelo exoesqueleto, possuindo
apenas pequenas 4reas, naturais ou reveladas por ferimentos, a estimularem ¢ recrutamento
das formigas. Assim, se §. invicta assume maiores riscos quando a recompensa & maior
{e.g. Nonacs e Dill 1990}, é possivel que ela relute mais em abandonar as minhocas, mesmo
na presenca do parasitoide. Isso explicaria por que as lava-pés continuam recrutando as
minhocas mesmo na presenga de forideos. No caso dos artropodes, sendo esta
provavelmente uma fonte menos estimulante, os forideos teriam efeito supressor maior
sobre o recrutamento de lava-pés, acabando estes por perder o recurso para outras espécies
de formigas. Assim, parece éossivel que no caso de artropodes, s foram vistos no campo
trilhas em que ndo surgiram parasitoides, sendo que 0s recursos em que as moscas
surgiram, foram abandonados ou perdidos para as Pheidole.

Nas 4reas de S. saevissima, as espécies de parasitéides P. nudicornis Borgmeier, P.
borgmeieri Schmitz e P. conicornis Borgmeier sao as espécies mais freqglientes em trilhas
de recrutamento (Orr et al. 1997, capitulo 3). Contudo, 0 pequeno tamanho amostral (em
parte como conseqiiéncia do comportamento mais esquivo desta espécie de formiga)
impede qualquer consideracio.

Os recursos alimentares utilizados pelas lava-pés foram extremamente variados
{tabela 2), como era de se esperar de uma formiga generalista (elas podem utilizar, entre
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outras fontes, diversos insetos, atuando como predadores [Reagan 1986], “honeydew™
[Michaud & Browning 1999], sementes [Ready & Vinson 1995], tubérculos [Adams er al.
1988] ou partes vegetativas das plantas [Smittle e7 al. 19831). 8. invicta puderam encontrar
e explorar também alimentos processados pelo homem, como came assada e arroz cozido,
consistindo em oportunidade de parasitismo aproveitada por £. solenopsidis (tabela 2},
Assim, pode-se supor que as diferentes iscas utilizadas em pesquisas deste sistema, como
atum e salsicha, devem estar simulando certas situagbes naturais com grande
confiabilidade.

A perturbagio de colonias por amimais silvestres deve ser um evento esporadico e
uma oportunidade de parasitismo efémero, com as formigas abrigando-se rapidamente dos
danos superficiais de seu ninho. No passado, as especies de moscas gue geralmente tém
mais dificuldade em encontrar trithas, como P. wasmanni Schmitz, P. fricuspis ¢ P,
curvatus (O et al. 1997, capitulo 3) deveriam ter nas revoadas suas melhores
oportunidades de parasitismo (tabela 1). Contudo, essa situaciio deve ter sido alterada pela
crescente ocupago humana. O homerm, com suas atividades de jardinagem, manutencic de
estradas e agricultura, geralmente causa avarias extensas nos ninhos de lava-pés, que ficam
expostas por mais tempo sobre 0 solo. A associacio das lava-pés a areas alteradas pelo
homem ¢ tio forte (Tschinkel 1988, capitulo 4) que as freqiientes perturbagdes de suas
coldnias pelo homem s&o inevitaveis e podem ser consideradas naturais. E muito provavel
que, atualmente, perturbagdes desse tipo sejam mais comuns do que as causadas por
qualquer outra espécie.

Concluimos gue tanto as perturbagbes de ninhos como trithas de recrutamento de 8.
invicta para alimento consistem oportunidades naturais de parasitismo para forideos.
Assim, simulacdes reproduzindo essas situagdes realizadas por pesquisadores s&c boas
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aproximacdes da realidade, podendo seus resultados serem extrapolados sem restrigdes de
artificialidade. Para o caso de S. saevissima, o tamanho amostral de trilhas nfio permite uma
methor avaliagio. No entanto, a grande equivaléncia de seu sistema com o de S invicia

{(Orr et al. 1997, capitulo 3) nos permite supor © mesmo.
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Tabela 1. Eventos naturais {(sem interferéncia do pesquisador) de ataques em formigas lava-

pés por moscas parasitdides do género Pseudacteon (Phoridae).

Sp. Formiga

Sp. Mosca {n°. de individuos}

Evento Observado

1 L

| recrutamento para alimento S, invicta P. solenopsidis (16),

. i Pseudocteon sp. (4)

Trilha |

é deslocamento S. invicia P. solencpsidis (18}

i 8. invicta P. tricuspis (73, P. curvatus (2)

Revoada

l & saevissima

Atividade de construcdo de ninho &, invicia
pelo homem & invicta
Coldnia perturbada
POT passaro 8. invicta

3

Briga entre formigas }

5. cf. invicta, S.
cf. saevissima

P wasmani (25), P. pradei (2)
Pseudacteon sp.* {1)

Nao identificadas (>10)

Pseudacteon sp.¥ (2 a 3)

Nio identificadas (>10)

* Espécie nio identificada, mas que nfo se tratava de P. solenopsidis.
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Tabela 2. Recursos alimentares explorados por formigas em condigdes naturais (ndo

induzidas por pesquisador) e presenga de moscas forideas parasitdides.

e i
AT

Local sp formiga alimento (n° ocor.)  sp forideo (n°. individuos)}

S. invicta Ponerinae (1) ausente
8. invicta Apis {1} ausente
S. invicia Orthoptera (3) ausente
S. invicta Diptera (1} ausente
S. invicta Lepidoptera (1) ausente
= S. invicta minhoca (8} P. solenopsidis (13) + n.i1. (4)
g 5. invicta Poecifia sp. (1) ausente
cg; 5. invicta camne churrasco (1)  P. solenopsidis (1}
é S, invicta arroz {1) P. solenopsidis (2)
< S invicta 0% (10) P. solenopsidis (18)
Pheidole Pentatomidae (1) ausente
Pheidole Orthoptera (1) ausente
Pheidole Coleoptera (1) ausenie
Pheidole Inseto n.i. (1} ausente
Pheidole Diplopoda (1) ausente
S. saevissima  Inseto n.i. (1) ausente
.§ S. saevissima 0% (2) ausente
% IC’,Z;;@ ifzf;;;i LS garra (1) ausente
zi Linepithema mariposa (1) ausente
E Dolichoderinae gafanhoto (1) ausente
Crematogaster minhoca (1) ausente

* O zero {0) nesta coluna denota auséncia de recurso alimentar aparente — casos

considerados como trithas de deslocamento; n.i. = ndo identificado.



Tabela 3. Numero de eventos em que diferentes invertebrados foram explorados como

fonte de alimento por formigas na Mata de Santa Genebra, Campinas, Sdo Paulo.

Fonte Alimentar  Pheidole spp. S. invicta {*}
minhoca O 8(5)
artropode 5 5{0)

* 11°. de casos em que parasitéides estiveram presentes.
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CAPITULO 2
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Uso do olfato por moscas parasitéides (Diptera: Phoridae: Pseudacteon) para localizagio de

formigas lava-pés (Hymenoptera: Formicidae: Complexo Solenopsis saevissima)

RESUMO

o

Sio conhecidas diversas espécies de moscas Pseudacteon associadas a formigas lava-
pés (complexo Solenopsis saevissima), mas nada se sabe sobre como elas localizam
suas hospedeiras.

Expondo duas bandejas com S. invicza Buren no campo, constatamos que a chegada de
um forideo aumenta as chances de um segundo forideo encontrar as formigas dessa
mesma bandeja. Formigas atacadas devem emitir algum sinal quimico que atrai outros
parasitoides.

Utilizando armadilhas com envelopes contendo formigas ou partes de formigas
esmagadas, demonstramos que 0s parasitOides P. tricuspis Borgmeier, . curvatus
Borgmeier e P. wasmanni Schmitz encontram suas hospedeiras guiadas pelo odor. A
visdo deve ser importante a curta distincia.

Qutras espécies de Pseudacteon existentes nas areas de estudo, porém, ndo foram
atraidas as armadilhas, indicando que a sensibilidade aos volateis deve variar de espécie
para espécie. E possivel que espécies menos sensiveis utilizem outras formas de

localizacdo de suas hospedeiras.
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PALAVRAS-CHAVE

Solenopsis invicia, Selenopsis saevissima, vias de localizago do hospedeiro, Brasil,

insecta.

INTRODUCAO

Os insetos parasitéides utilizam diversas vias de localizaglio de hospedeiros (Vinson
1984). Contudo, para os organismos associados a formigas, por estes possuirem um
sofisticado sistema de comunicacio quimica (Holldobler e Wilson 1990}, a via olfativa
parece ser particularmente importante. O besouro estafilinidec Aremeles pubicollis passa
parte de sua vida na coldnia da formiga Formica polyctena ¢ parte na da Myrmica sp.,
sendo atraido pelo odor de uma ou outra coldnia, conforme estagio de seu desenvolvimento
(Hblldobler 1969). A baratinha Attaphila fungicola, que vive nas cémaras de fungo da
formiga cortadeira Arta fexana, utiliza a trilha quimica deixada pelas formigas para
encontrar suas colémas (Moser 1964).

Alguns forideos sio parasitoides de formigas (Disney 1994, Feener e Brown 1997) e
parecem seguir a essa tendéncia. A mosca Apocephalus paraponerae Borgmeier responde a
duas substéncias volateis produzidas pela glandula mandibular da formiga hospedeira
Paraponera clavata (F.j (Brown e Feener 1991, Feener et al. 1996). Pseudacteon pusillus
Borgmeier, parasitéide da formiga Linepithema humile (Mayr), € atraida para armadilhas

contendo sua hospedeira esmagada (Orr ef al. 2001).
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As formigas lava-pés do subcomplexo Solenopsis saevissima, que engloba S,
saevissima F. Smith e S. invicta Buren, s#o hospedeiras de diversas espécies de forideos
parasitéides do género Fseudacteon — capitulo 3). Estas podem encontrar suas hospedeiras
em diferentes situacfes, como trithas de recrutamento, ninhos perturbados ou revoadas
(capitulo 1). O comportamento das moscas sugere que substincias quimicas emitidas pelas
formigas, como o veneno aspergido no combate aos inimigos (Obin e Vander Meer 1985)
ou feromdnios de alarme ou de trilha, podem orientar os forideos na sua localizaggo.
Determinadas espécies de Pseudacteon ocorrem mais freqiientemente em trilhas de
recrutamento, enquanto outras séo mais comuns em ninhos perturbados de Solenopsis {Orr
et al. 1997, capitulo 3}, sugerindo a possibilidade de diferentes espécies utilizarem
diferentes sinais ou estratégias para localizar suas hospedeiras. Apesar de pesquisas
recentes terem desvendado muito da biologia de Pseudacteon spp., pouco se sabe sobre
como elas encontram a formiga hospedeira. O presente trabalho tem por objetivo avahiar a

importancia do olfato para essas espécies,

METODOLOGIA

Realizamos trés experimentos, sendo um com formigas vivas, testando a hipotese de
que a rea¢do das formigas atacadas atraem mais forideos e dois testando a atragdo dos
forideos a volateis emanados de suas formigas hospedeiras esmagadas. Em um deles
testamos concomitantemente a especificidade das moscas a S. invicta € S. saevissima €, no
outro, sua atracdo a diferentes partes do corpo das formigas. As formigas lava-pés S. invicta
e S saevissime sdo comuns no estado de S3o Paulo, mas geralmente ndo ocorrem juntas na
mesma area {capitulo 3). O primeiro experimento, com S. invicta, realizamos em uma area
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de ocorréncia de S. invicia, na Cidade Universitaria, distrito de Barfio Geraldo (22° 49° 5,
47° (06 W), Campinas, SP. As outras duas realizamos nesse mesmo local e tambem em
umna 4rea de ocorréncia de S, sazevissima, a Serra do Japi (23° 167 8, 47° 00" W), em Jundiai,

SP.

Arracdo a Formigas Atacadas

Em 14 de maio de 2000, coletamos uma coldnia de 8. invicia e separamos as
formigas da terra usando a técnica da flotagio (Banks ef al. 1981). Dividimos a colonia,
consistida de formigas adultas e formas imaturas, aparentemente sem a rainha, em dois
grupos de 41 g. Para sua manutengo, utilizamos duas bandejas de 17 om x 28 cm de 4rea e
5,5 cm de profundidade com gesso no fundo ¢ fluon® nas paredes. Em cada uma
mantivermnos dois fubos de ensaio, um com agua e outro com solugio de agicar a 10% (v/v)
e uma placa-de-petri plastica de 10 cm de didmetro que servia de abrigo aos imaturos e
parte das operarias. Trocavamos os tubos sempre que seu liguido se esgotava (~ uma vez
por semana). Alimentamos diariamente as formigas com dieta artificial (Bhatkar e
Whitcomb 1970) e, em dias alternados, com baratas mortas por congelamento. Mantivemos
as formigas por um més, periodo no qual realizamos 0s experimentos.

Transportamos as bandejas para ¢ campo € as cobrimos com placas de vidro para
prevenir a chegada de parasitoides antes do inicio do experimento. Sempre posicionamos as
bandejas proximas a um ninho de S. invicta. Colocivamos as bandejas separadas ! m entre
si e com o ninho entre elas. Iniciavamos o experimento ao retirar as coberturas de vidro.

Caso nao surgisse nenhum forideo em 30 min., mudavamos para outro ponto. Quando
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surgia um forideo, invertiamos cuidadosamente as posigSes das bandejas (na grande
maioria das vezes a mosca permaneceu na bandeja durante a inversio) ¢ aguardavamos a
chegada do segundo parasitéide. A inversio teve o intuito de prevenir a influéneia da
posicio da bandeja na chegada dos forideos. Devido 2 alteracBo do comportamento das
formigas atacadas e & possivel emissdo de sinais quimicos, ap6s a conclusio de um
experimento em que houve a chegada de um parasitdide, esperamos no minimo 3 h antes de
utilizar novamente as bandejas. Esse procedimento foi adotado para assegurar a
independéncia dos experimentos, embora nfo fosse necessario mais do que 1 h para que as
formigas votassem a apresentar comportamento normal. Ao final de cada experimento
coletamos os forideos com frasco aspirador e identificamos as fémeas observando o
formato de seu ovipositor com uma lupa. N8o ha identificac@o para os machos.

Utilizamos o teste do sinal para averiguar a existéncia de diferenca na chegada de

forideos entre as bandejas.

Atracde a S. invicta e S. saevissima Esmagadas.

Fm marco € abril de 2000, sacrificamos operarias de S. invicta e §. saevissima por
congelamento e colocamos igual quantia de cada espécie em envelopes de papel-de-filtro
de 35 mm x 35 mm. Em parte dos experimentos trabathamos com nimero de individuos
{150 de cada espécie) e em parte com biomassa (65 mg ou 80 mg). Embrulhamos cada
envelope em filme de PVC e os mantivemos esfriados; no laboratério em congelador e,
durante o transporte e no campo, em caixa de isopor com gelo.

No campo, esmagamos as formigas dentro do envelope ainda envolvido com 0
PVC. Retiramos o PVC e colocamos um envelope fechado com S. invicte, um com 8.
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saevissima e um envelope vazio (controle) em placas-de-petri. Posicionamos as placas com
os envelopes ao redor de um ninho de lava-pé a distancias eqiitativas de 40 cm, compondo
os vértices de um tridngulo isdsceles. Em uma ocasifo distribuimos as placas no terreno ao
acaso. Sobre cada placa, colocamos uma armadilha que consistia de um funil transparente
invertido que confeccionamos com a parte de cima de uma garrafa pet de 2 | cortada. Na
base (parte mais larga do funil), atamos pesos para sua estabilizagio e fizemos recortes
formando “janelas” por onde as moscas podiam entrar. Na parte superior (originalmente a
boca da garrafa), atarraxamos um frasco transparente. As moscas atraidas pelas formigas
esmagadas entravam na armadilha pelas “janelas” e, a0 se chocarem com a parte inferna do
funil, tentavam escapar subindo, passande pelo gargalo € entrando no frasco, onde ficavam
aprisionadas e podiam ser identificadas.

Realizamos 9 repetégées em Rio das Pedras e 10 na Serra do Japi. Cada repetigio

teve duracdo de 15 min.
Atracdio a Diferentes Partes do Corpo da Formiga Hospedeira

Com o uso de pinga e bisturi, dividimos formigas operarias mortas por
congelamento em cabega, torax e abdome. Colocamos as partes separadamente em
envelopes de papel-de-filtro, prosseguindo com técnica semelhante ao do experimento
anternor.

Entre janeiro de 1999 e julho de 2000, realizamos 12 repetigdes com cabegas, torax
e abdomes esmagados de S. invicta em Rio das Pedras, e mais 4 repeticdes em areas
proximas. Em uma das repeticdes esmagamos 50 partes de formigas € as eXpusermos por 16
min. Nas demais, esmagamos 100 partes expondo-as por 10 min., adicionando outro
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envelope com 80 partes esmagadas, com mais 10 min. de exposicio. Concomitantemente,
na maioria das oportunidades, perturbamos ninhos e induzimos trilhas de recrutamento a
salsicha para averiguar as espécies de forideos presentes na 4rea de estudo.

Realizamos 9 repetigdes com S. saevissima na Serra do Japi em dezembro de 1997,
marco & maio de 1998 e dezembro de 1999. Em 6 repetighes utilizamos cabegas e abdomes
{descartamos os térax) de 20 a 60 formigas, com tempo de exposi¢dio variando de 3 min. a
15 min. Nas outras 3 repeticdes, esmagamos cabegas, torax ¢ abdomes de 100 formigas e as
expusemnos por 10 min., acrescentamos envelopes com partes esmagadas de mais 80
formigas, mantendo a exposicdo por mais 10 min. Em 2 repeti¢des nfo usamos armadilhas,
coletando as moscas que sobrevoavam as placas-de-petri com o uso de um frasco aspirador.
Nas demais, utilizamos armadilhas come no experimento anterior. Perturbamos ninhos para
averiguar as espécies de forideos presentes na area em 6 oportunidades € em 2 destas
induzimos também a formacio de trilhas de recrutamento a iscas de salsicha.

Adotando postura conservativa, consideramos o mimero de casos € ndo de moscas
como unidades amostrais para os testes estatisticos. Para testar a existéncia de diferenca na
atracio de diferentes partes do corpo das formigas utilizamos o teste do sinal ordenado de

Wilcoxon.
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RESULTADOS

As duas bandejas com 5. invicta vivas utilizadas para atrair forideos néo
apresentaram diferencas atrativas. O primeiro forideo a chegar nas bandejas em cada wmna
das repetiches surgiu em igual freqiéncia entre as duas bandsjas {figura 1.I). O segundo
forideo, contudo, chegou com freqiiéncia significativamente maior na mesma bandeja em
que o primeiro forideo havia chegado (e ainda estava presente) do que na bandeja em que
no havia forideo algum (figura 1.1T). Como invertemos as posicbes das bandejas apos a
chegada do primeiro parasitoide, o efeito do local na chegada dos forideos deve ser
descartado, indicando que o primetro parasitbide aumenta a atratividade das formigas da
bandeja na qual ele estd. As moscas que coletamos nas bandejas foram: 94 Pseudacteon
tricuspis Borgmeier, 19 P. litoralis Borgmeier, 5 P. obtusus Borgmeier, 2 P. curvaius
Borgmeier e 100 machos.

Os envelopes contendo S. invicta ou S. saevissima esmagados atrairam 3 espécies de
forideos, além de machos (tébeia 1). Nenhum dos controles, consistidos de envelopes
vazios, atraiu forideos. Em Rio das Pedras, 4rea de ocorréncia de 5. invicta, capturamos 0s
parasitéides P. tricuspis e P. curvatys. Embora ambos sejam parasitdides de S. invicta
(capitulo 3), P. tricuspis foi atraido também a S. saevissima em duas repetigbes com as
seguintes caracteristicas: em uma delas, ndo surgiram forideos em S. invicta e, a outra,
ocorreu quando distribuimos as armadilhas a0 acaso, ficando elas distantes umas das outras.

Em 320 min. de esfor¢o amostral em Rio das Pedras, o abdome de S. invicta foi
mais atrativo para os seus forideos do que as outras partes do corpo, sendo responséavel por
95,7% das moscas capturadas (tabela 2). Das duas espécies atraidas, P. iricuspis
predominou {49,5% do total de moscas), além dos machos, bastante comuns (50,4%). A
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fregiiéncia de coletas foi, portanto, de 5 min. e 36 s para P. fricuspis, 320 min. para P,
curvatus € S min. e 31 s para machos. Em trilhas de recrutamento acompanhadas por 1604
min., coletamos 5 P. tricuspis (média de uma mosca a cada 320 min. € 48 s, 4 P. curvatus
{401 min.), 8 P. obrusus (200 min. 30 s}, 1 P. litoralis e P. solenopsidis Schrnitz (1604 min.
cada} e 49 machos (32 min. 44 s). Em 160 min. de ninhos perturbados, coletamos 45 P
tricuspis {uma mosca a cada 3 min. ¢ 33 5), 7 P. curvatus (22 min. 51 8), 1 P. obiusus (160
min.), 6 P. litoralis (26 min. e 40 s} e 92 machos (I min. ¢ 44 s).

Na Serra do Japi, trabalhando com §. saevissima em 111 min. de esforgo amostral,
coletamos 16 moscas {média de uma mosca a cada 6 min. € 56 s), todas . wasmanni
Schmitz em cabegas esmagadas {tabela 2). Em 276 min. de trilhas de recrutamento,
coletamos 1 P. wasmanni e 1 P. pradei Borgmeier e em 26 min. de ninhos perturbados, 28
P. wasmanni {mais de uma mosca por minuto) € 2 P. pradei (uma mosca a cada 13 s).
Contudo, nos dias em que as formigas esmagadas atrairam moscas, ndo coletamos os dados
de ninhos perturbados e trilhas de recrutamento. Nos dias em gue coletamos esses dados,

nenhum dos experimentos com formigas esmagadas atraiu forideos.
DISCUSSAOC

Operérias de Solenopsis, quando atacadas por moscas forideas parasitoides, alteram
o seu comportamento exibindo posturas defensivas, incluindoe “gaster flagging” (Williams
et al. 1973, Porter et al. 1995), dispersando veneno no ar (Obin e Vander Meer 1985). As
formigas das proximidades tam‘bém tém o comportamento alterado, provavelmente
respondendo a sinais quimicos emitidos pelas formigas atacadas (Orr ef al. 1997). A maior
fregiiéncia com que um forideo encontra uma bandeja na qual outro forideo chegou
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anteriormente (figura 1) indica que esses sinais quimicos devem ser utilizados pelas moscas
forideas na localizaciio das formigas. Outra possibilidade € o estimulo visual. Contudo, na
presenca do parasitdide, as formigas tendem a permanecer imoéveis (Porter ef al. 1993}, o
que é supostamente um estimulo visual mais fraco do que o exercido por formigas em

movimenio.

A atracio de forideos a formigas esmagadas dentro de envelopes (tabelas 1 ¢ 2),
uma circunstincia sem o estimulo visual da formiga hospedeira, comprova a importancia
do olfato. Contudo, o componente visual deve ter sua importancia na localizagso 2 curta
distancia. Em circunstincias como ninhos perturbados ou trithas de recrutamento
conseguimos, com o uso de um frasco aspirador, capturar forideos com certa facilidade
guando estes pairam por segundos sobre as formigas antes de atacar. Forideos atraidos a
envelopes com formigas esmagadas, contudo, sdo muito dificeis de coletar. Eles passam
sobre os envelopes em voos rasantes rapidos, em linha reta ou em zigue-zague, sem se
deterem. Fm nenhuma ocasiio vimos moscas pousando nos envelopes, tentando ataca-los
ou pairando sobre eles como quando demonstram interesse por uma formiga. Fica clarz a
necessidade do estimulo visual para desencadear o comportamento de oviposigio.

Em condicBes naturais, P. fricuspis ¢ uma espécie s6 encontrada associada a S.
invicta (capitulo 3). Na grande maioria das repetigdes, quando os envelopes se encontravam
proximos uns dos outros, P. tricuspis foi atraido a 8. invicta. Como na Unica repeticdo em
que ela foi atraida & armadilha com S. saevissima nenhum forideo foi encontrado na
armadilha de S. invicta, é possivel que naquela ocasifio fatores como vento € o ponto onde
foi colocada a placa com S. saevissima tenham sido especialmente favordveis. A outra
situacdo em que P. tricuspis foi capturado em S. saevissima foi quando as armadithas foram
distribuidas ao acaso, ficando distantes umas das outras. Nessa oportunidade ambas as
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espécies de formiga atrairam parasitéides. Esses dados comprovam que € possivel ocorrer
atraciio cruzada, contudo parece haver preferéncia por 8. invicta. Quando as placas com as
duas espécies de formigas est@o préximas, P. tricuspis escolhe S, invicta. Porém, na
auséncia dessa espécie, P. tricuspis pode ser atraido também pelo odor de 5. saevissima.

Esse resultado niio é totalmente inesperado uma vez que P. fricuspis pode de atacar,
embora raramente, S. geminata (Gilbert & Morrison 1997, Porter 1998), uma espécie mais
distante de S, invicta do que S. saevissima {Trager 1991}. Em uma ocasifo, quando
transportamos uma colénia de §. saevissima para Rio das Pedras, presenciamos operarias
serem atacadas por um P. fricuspis. Resta saber, entdo, por que essa espécie de parasitoide
nio é encontrada associada também a S. saevissima {capitulo 3}. Uma possibilidade ¢ a de
que P. tricuspis competiria com P. wasmanni, uma espécie associada a 8. saevissima, por
possuirem nichos semelhantes {capitulo 3). Assim, P. tricuspis eliminaria P. wasmanni de
S. invicta e vice-versa. Qutra hipotese é a que P. fricuspis néo ¢é capaz de se desenvolver em
S. saevissima. Todavia, nesse caso, a selecio natural deveria favorecer a evolugio de uma
matior seletividade em P. s:riéuspz‘s. Essa hipétese poderia ser testada: 1- averiguando o
desenvolvimento de P. tricuspis em S. saevissima €; 2- comparando populagdes desse
parasitbide de areas em que as duas espécies de Solenopsis ocorrem juntas, como parece ser
o caso da regifio da cidade de Rio Claro, SP (Porter ef a/. 1995), onde sua especificidade
deve ser maior, com populagdes de Areas em que ocorre apenas S. invicta, como Rio das
Pedras.

P. tricuspis, P. curvatus e P. wasmanni s3o parasitéides que utilizam o odor
emanado da formiga hospedeira, Solenopsis, para a sua localizagio (Tabelas 1 e 2}.
Entretanto, P. litoralis, P. obtusus, P. solenopsidis, P. pradei, P. borgmeieri e P.
nudicornis, espécies que também ocorrem nas dreas de estudo (capitulo 3) nde foram
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atraidas pelas formigas esmagadas. Essa ausé€ncia pode se dever a0 acaso, uma vez que
essas s3o espécies mais raras do que as capturadas. No caso de P. litoralis, que surgiu em
ninhos perturbados com freqiiéncia média de 26°30”, poderiamos esperar que alguns
individuos fossem coletados em 320’ de esfor¢o amostral com formigas esmagadas. Essa
relacio, entretanto, pode ndo ser simples. O estimulo olfativo oferecido por ninhos
perturbados deve ser maior do que o proveniente das formigas esmagadas, uma vez que
mesmo as espécies atraidas a formigas esmagadas s8o mais freqlientes em ninhos
perturbados. As trilhas de recrutamento, por seu lado, devem ser as menos atrativas. P.
tricuspis, espécie destacadamente mais abundante tanto ern formigas esmagadas quanto em
ninhos perturbados, surgem com fregiiéncia muito mais baixa em trilhas. P. obtusus, por
outro lado, surge em fregiiéncia semelhante em trilhas e ninhos perturbados €, néo tendo
sido coletado em formigas esmagadas, sugere que utilize outra forma de localizagio de suas
hospedeiras que ndo a olfativa.

As espécies atraidas por macerados s3o as mesmas que s#o atraidas com maior
freqiiéncia a ninhos perturbados, chamados forideos de ninhos, enquanto as que ndo foram
atraidas s30 as que ocorrem caracteristicamente em trilhas de recrutamento {exceto 7.
litoralis), os forideos de trithas (Orr ef al. 1997, capitulo 3). Um ninho de formiga lava-pé,
a0 ser destruido, expde o seu interior com, geralimente, milhares de formigas adulias e
larvas. Em algumas ocasides, é possivel sentir um cheiro caracteristico, que provavelmente
¢ a mescla de volateis que ja estavam no interior da coldnia, somados a outros, como
veneno e feromdnios de alarme, liberados por ocasifio da perturbagiio. O forideos de ninhos
devem usar o conjunto ou alguns dos volateis que compdem o cheiro para localizar suas
hospedeiras. Os forideos de trilha, por seu lado, devem utilizar outra estratégia. A procura
ao acaso pode ser uma forma eficiente em determinadas situagdes (Vinson 1976).
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Fssas estratégias fazem sentido para cada tipo de recurso explorado. As
perturbagdes de coldnias sdo eventos esporadicos, temporalmente imprevisiveis. Procurar
ativamente por colénias perturbadas seria improdutivo (¢ raro encontrar uma coldnia
perturbada caminhando por locais de ocorréncia de lava-pés —capitulo 1). Assim, manter-se
em héabitats propicios a espera de estimulos olfativos gue indiguem a perturbagfo de
colénias seria uma estratégia mais vantajosa. As trithas de recrutamento, por outro lado, so
eventos tnais fregiientes, mas que provavelmente ndo produzem um estimulo olfativo tao
chamativo quanto uma colénia perturbada. Assim, a busca ativa em ambientes mais
propicios deve ser a estratégia que traz os melhores resultados {caminhando por locais de
sua ocorréncia, ndo é incomum encontrar trithas de lava-pés —capitulo 1}.

A atracio de forideos principalmente a abdomes esmagados de S. invicte indica que
os volateis atrativos devem estar localizados nessa parte do corpo, onde estéo as glandulas
de veneno e de Dufour, produtora do feroménio de tritha (Wilson 1959). Porém, no caso de
S, saevissima, a parte que atraiu os forideos foi a cabega, fonte de ferombnio de alarme
(Wilson 1962). As razdes dessas diferencas poderdo ser esclarecidas com experimentos

utilizando veneno, feromonio de alarme e feroménio de tritha isoladamente.
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Figura 1. Duas bandejas {A e B) repletas de formigas lava-pés Solenopsis invicia expostas
no campo atrairam a primeira mosca foridea parasitéide em igual proporggo (I), indicando
que as bandejas em si néio apresentavam atracio diferenciada. A segunda mosca, contudo,
foi atraida com freqiiéncia significativamente maior {p=0,039; teste do sinal) 2 mesma
bandeja em que o primeiro forideo estava presente do que para a outra, sem nenhuma

mosca {I1). A presenca de primeira mosca facilita a descoberta das formigas pelas demais.
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Tabela 1. Moscas forideas parasitdides de formigas lava-pés atraidas para envelopes
operarias de Solenopsis invicta ou 5. saevissima esmagadas. O nimero de casos, repeti¢Bes
em que determinada espécie de parasitéide foi capturada, encontra-se entre parénteses.
Parasitéides surgiram em 8 das 9 repeticBes realizadas em Rio das Pedras e em uma das 10
na Serra do Japi. Rio das Pedras é um local de ocorréneia de S. invicte ¢ a Serra do Japt de

S saevissima. O forideo Pseudacteon tricuspis é parasita de S. invicia, mas fol atraido

também a 5 saevissima.

N°. de Moscas Forideas (N°. de casos)

Local ;zizlg;a Total
g P. tricuspis  P. curvatus P. wasmanni  Macho
@ S. invicta 13 (6) 1 - 15{(4) 29(7)
=
22 S saevissima 5(2) 0 - 2(2) 7(2)
&
= envelope vazio 0 0 - 0 0
Total 18(7) 1 (1} - 17 (5) 36 (8)
B S. invicta - - 0 - 0
-
S S. saevissima - - 1 (1) - 1 (1)
<
3 envelope vazio - - 0 - 0
Total - - 1(1) - (1)




Tabela 2. A espécie de formiga e a parte esmagada de seu corpo influem significativamente

na atraciio das moscas forideas (p=0,006; teste exato de Fisher). Fémeas de Pseudacieon

tricuspis sio mais atraidas ao abdome de Solenopsis invicta (2=2,728; p=0,006; teste do

sinal ordenado de Wilcoxon} enquanto P, wasmanni tende a ser atraido 4 cabega de &

saevissima (Z=1,841; p=0,066; Wilcoxon).

Locale Partedo N° de Moscas Forideas (N° de casos}
Formiga Corpo Total
Usada Esmagado P. tricuspis  P. curvatus P. wasmanni Macho
v Cabega 3(2) 0 - 2{1 5(2)
B
el 2 Torax g 0 - 0 0
fobes =
£ Abdome 54 (10) 1{) - 56(9) 110(12)
Total 57011 1y - 58 (9} 115 (12}
é‘ < Cabega - - i6(4) - 16 (4)
= £
€w 2 Térax - - 0 - 0
=] -
5 3
# = Abdome - - 0 - 0
Total - - 16 (4) - 16 (4}




CAPITULO 3
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PARTILHA DE RECURSOS E ESTRUTURACAO DA COMUNIDADE DE MOSCAS
PARASITOIDES (DIPTERA: PHORIDAE) DE FORMIGAS LAVA-PES

(HYMENOPTERA: FORMICIDAE)

RESUMO

Os vertebrados talvez fornecam as melhores evidéncias do papel da competi¢iio na partitha
de recursos e estruturacio das comunidades. No caso dos insetos, outros fatores parecem
ser mais importantes. A literatura relata a formiga lava-pé, Solenopsis saevissima F. Smith,
como hospedeira de um excepcional niimero de espécies de moscas parasitéides da familia
Phoridae, 18 no total. Coletando forideos atraidos a trithas de recrutamento para iscas ou
ninhos perturbados de formigas do complexo S. saevissima em 7 diferentes localidades do
Brasil, entre as latitudes 19° S e 28° S ¢ as longitudes 40 W e 57 W, encontramos 11
espécies do género Pseudacteon. Quatro dessas espécies estiveram associados a S.
saevissima, 6 & espécie criptica S. invicta Buren e a ambas as formigas. Uma vez que as
duas espécies de formigas néo ocorreram juntas em uma mesma localidade, as 11 espécies
de parasitéides nunca ocorreram juntas. Contudo, até 5 espécies de Pseudacteon coexistem
em areas de ocorréncia de S. invicta € 4 em areas de S. sgevissima. As espécies simpatricas
de Pseudacteon geralmente diferiram em pelo menos uma caracteristica ecolégica: tamanho
do corpo {diretamente relacionada ao tamanho da formiga que parasita) ou forma de
encontro da formiga hospedeira (em ninhos perturbados ou trithas de recrutamento). Os
dados, apoiados em evidéncias de competicio, nos levam a apontar a partilha de recursos

como sendo um mecanismo importante para a estrutura da comunidade desses insetos,
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INTRODUCAO

Os mecanismos que atuam na manutengdo da diversidade local de espécies € um
tema recorrente da ecologia. Enire os processos ecoldgicos, a competicio interespecifica
temn papel histérico e funcional de destague. De um lado, a competigio ¢ vista como
processo que favorece a divergéncia entre especies € sua utilizacho de recursos (Darwin
1859, Gause 1934, Brown e Wilson 1956, MacArthur 1958} que, devido & redugio dos
efeitos negativos, aumenta as condi¢des para a coexisténcia das espécies. Exemplo classico,
os tentilhfes Geospiza fuliginosa e G. fortis possuem pouca ou nenhuma sobreposico da
amplitude do tamanho do bico nas diversas ilhas do Arquipelago das Galapagos em que sdo
simpatricas. Contudo, as populagbes das ilhas em que cada uma das espécies ocorre sozinha
possuem bicos de praticamente mesmo tamanho (Lack 1947). Estudos ecologicos trazem
fortes evidéncias de que essa diferenca se deve a um deslocamento de caracteres produzido
pela competi¢o interespecifica por alimento resultando numa maior partilha de recursos
alimentares (Grant 1986).

Dos sstudos mais recentes, um dos exemplos mais completos € o dos lagartos do
género Anolis que habitam as ilhas que compdem as Grandes Antilhas. Nas ilhas estudadas,
existem espécies de lagartos utilizando diferentes habitats e praticamente 0 mesmo
conjunto de “ecomorfos” (espécies especializadas no uso de um microhabitat particular)
ocorre em cada ilha (Williams 1983). Analise filogenética realizada por Losos e7 al. (1998)
baseada no DNA mitocondrial revelou que as espécies de lagartos de determinado
ecomorfo presentes em diferentes ilhas no sio aparentados, indicando que a ocupagio dos

diferentes nichos se deu principalmente por irradiacio adaptativa dos lagartos ancestrais.
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(s melhores exemplos apoiando a competicdo como forga estruturadora de
comunidades vém principalmente de pesquisas sobre vertebrados. Em insetos, estudos tém
sugerido que a competicio interespecifica, embora possa existir (Strong er al. 1984,
Ricklefs 1990}, € rara e ssporadica (Shorrocks ef . 1984). Iss0 se deveria ao peculiar
carater de muitos desses organismos de se desenvolverem em recursos efémeros e de
distribuicBo irregular {Shomrocks e Sevenster 1995) ou & manutencio de suas populagles
abaixo do nivel de competi¢Bo, como por conseqgiiéncia da pressgo exercida por mimigos
naturais (Strong et al. 1984).

Em comunidades de Drosophila, organismos tidos como de histéria natural
representativa da ordem dos insetos, existe pouca evidéncia de partilha de recursos, sendo a
agregacio intrasspecifica {modelo de agregacéio) preponderante na sua estruturégéo
(Shorrocks e Sevenster 1995). Vet e van Alphen (1985), embora aparentemente partidarios
da competicio e partilha de recursos, também encontraram fracos indicios destes na
organizacgdo das comunidades de parasitoides de larvas de moscas.

Nos exemplos citadoé, os organismos envolvidos possuem uma grande gama de
possibilidades de exploragfo dos recursos. Os tentilhdes, com sementes de diferentes
plantas, de diferentes tamanhos e durezas (Grant 1986) e os lagartos, com diferentes
ambientes a ocupar, como o solo, arbustos, troncos, galhos e ramos de arvores (Williams
1983). Isso ocorre até mesmo noes casos em que a partilha de recursos ndo ficou clara. As
dros6filas possuem diferentes tipos de substrato {Shorrocks e Sevenster 1995) ¢ 0s seus
parasitoides possuem diferentes espécies de hospedeiros e diferentes substratos para
exploracdo em sua busca (Vet e van Alphen 1985).

Situagio aparentemente diferente se apresenta no caso aqui investigado, o das
moscas da familia Phoridae que parasitam a formiga lava-pé do complexo Solenopsis
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saevissima F. Smith. Esses parasitéides atacam operarias expostas sobre o soio {capitulo 1},
depositando um ovo € cuja larva se desenvolve dentro da cabega da formiga (Porter et al.
19952). Na revisfo feita por Disney (1994), podemos contabilizar registros de 85 espécies
de formigas atacadas por forideos. Para a maioria (57,6%) ¢ relatada apenas uma espécie de
parasitdide associada, enquanto outras (35,3%) possuem de 2 a 6 espécies. Enquanto isso,
no topo da lista sobressai S. saevissima, com 18 espécies de forideos relatados, 8 a mais do
que Labidus praedator, a segunda colocada. Seu carater incomum despertou a admiragio
de Disney {1994, p. 82}: “It seems extraordinary that this ant is attacked by so many
species.”

Esses parasitéides parecem especialmente suigitos & competico interespecifica,
tanto direta, devido a perda de ovos por hiperparasitismo {apenas uma larva se desenvolve
na cabeca de cada formiga lava-pé [Porter ef al. 19952]), quanto indireta, provocando a
fuga das formigas sobre ¢ solo (Orr et al. 1995, Porter ef al. 1995b) e assim diminuindo a
disponibilidade de hospedeiras para ataques subseqiientes. Além disso, ao contrario dos
fungos das quais se alimentam as drosofilas, as formigas representam um recurso
relativamente estavel ao longo do ano. As formigas lava-pés também diferem de alguns
casos de formigas maiores, que podem ter trés espécies de forideos {com pelc menos duas
delas crescendo simultaneamente no mesmo hospedeiro) utilizando diferentes partes de
seus corpos: cabeca, abdome ¢ pernas (Brown 1999) ¢ com formigas de correicio que, por
estarem mais expostas, parecem representar um recurso abundante. Sabendo-se que a
competicio pode levar 2 eliminacdo de espécies de parasitoides {DeBach 1966), esses
fatores tornam ainda mais intrigantes a riqueza de forideos associados as lava-pés.

Contudo, Orr er al. (1997), trabalhando com S. saevissima e uma espécie
aparentada, S. invicta Buren, em dois locais distintos, encontraram indicios de que pode néo
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ser assim, gue mesmo um recurso aparentemente homogéneo como 5. saevissima
apresentam a coexisténcia de diversas espécies de forideos parasitéides com diferentes
nichos. Para que se configure um padrio que permita explicar a coexisténeia de grande
namero de espécies de parasitdides, entretanio, € necessaric que ocorra a repetigdo de dado
fenémeno em diferentes localidades. Averiguar a existéncia desse padrio ¢ o objetivo do

presente trabalho.

MATERIAIS E METODOS

Estudo de moscas e formigas no campo

Realizamos as pesquisas em 7 locais distribuidos por 4 estados do Brasil. Fazenda
Santa Flisa (22° 54° S, 47° 05° W) ¢ Rio das Pedras (a = 7 km da Faz. Santa Elisa),
municipio de Campinas e Parque Estadual de Campos do Jorddo (22° 44° §, 45° 35" W), no
estado de S0 Paulo; Passo do Lontra (19° 347 S, 57° 01” W) e Bonito (21° 08’ 5, 56° 28’
W) no Mato Grosso do Sul; Florianépolis (27° 35° §, 48° 34" W) em Santa Catarina e
Reserva Florestal de Linhares (19° 10° S, 40° 03° W) no Espirito Santo. Dados para a Serra
do Japi (23° 16° §, 47° 00" W) e Mata de Santa Genebra (22°49” §, 47° 06 W),
respectivamente municipios de Jundiai e Campinas, S3o Paulo, foram obtidos de Orr et al.
{1997). Todos os locais, exceto Rio das Pedras (um bairro residencial), sio caracterizados
pela existéncia de extensas matas, embora 0s ninhos de Solenopsis estivessem presentes em
areas perturbadas {geralmente margens de estradas).

Em cada local, coletamos os forideos atraidos a operarias de Solenopsis expostas em

ninhos perturbados ou em trilhas de recrutamento. Usamos frascos aspiradores que
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confeccionamos com um frasco “eppendorf” com a base cortada e telada encaixada a uma
das extremidades de um tubo plastico flexivel de aproximadamente 50 cm de comprimento
e didmetro interno de 10 mm. Sugando pela extremidade oposta do tubo, aspiramos as
moscas para o “eppendorf” que tampévamos ¢ substituiamos imediatamente por outra
vazia, o que possibilitou capturas répidas e individualizadas. Identificamos as moscas
féreas vivas no campo diminuindo sua atividade por resfriamento em caixa de isopor com
gelo e observando o formato do ovipositor com o auxilio de uma lupa de mio (aumento de
20 x). O ovipositor pode ser visto pelo lado ventral da mosca pousada na parede
transparente do “eppendorf”. )

Perturbamos ninhos revolvendo a terra com uma pé de jardinagem, tomando a
perturba-las a intervalos de 10 min a 20 min, tempo decorrido para o nimero de formigas
sobre o solo tornar-se pequeno.

Induzimos trilhas de recrutamento utilizando como iscas pequenas porgdes de atum
em conserva ou fatias de salsicha tipo “Viena”. Para controlar eventuais efeitos temporais,
procuramos sempre intercalar as perturbagdes com a indugéo de trithas. Em Rio das Pedras,
distribuimos aleatoriamente fatias de salsicha em “grids™ ou transectos sobre ¢ solo,
inspecionando-as periodicamente para averiguar a formacfo de trilhas de Solenopsis ¢
coletar os parasitdides. Nas demais localidades, induzimos a formagéo de trilha de
recrutamento colocando uma isca proxima a um ninho de Solenopsis e afastande-a
gradativamente conforme as operarias eram atraidas, até formar uma tritha de 15 cm a 20
crm.

Eventos diversos, formigas competidoras podiam perturbar as Solenopsis de uma
trilha, alterando seu comportamento de forrageamento (caminhar na trilha, recolther
particulas para cobrir a isca, cortar partes da isca ou sorver seu liquido), passando a fugir ou
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exibir posturas de ataque ou defesa (manter-se imovel, curvar o abdome para cima
vibrando-a no ar [“gaster flaging”], mover-se em circulos ou zigue-zague com a cabega
levantada e mandibulas abertas). Classificamos os forideos que chegassem nesse momento
como atraidos a trilhas perturbadas. As moscas que chegassem a trilhas sem perturbacéo
aparente classificamos como atraidas a trithas ndo perturbadas. Em algumas oportunidades
mantivemos uma camera de video filmando uma trilha que mspecionavamos com
freqiiéncia de 15 min a 20 min para coletar as moscas presentes. Posteriormente, utilizamos
o filme para averiguar se a trilha havia sido perturbada. Contudo, coletamos muitos
forideos em trithas ndo acompanhadas (freqlientemente induziamos a formagéo simultinea
de duas ou mais trilhas) e as classificamos como em trithas com perturbagfo indeterminada.
Em Rio das Pedras e Bonito ndo permanecemos junto as trilhas, checando-as em rondas e
coletando os parasitdides nas diversas trilhas formadas simultancamente. Portanto,
classificamos todos os forideos em trilhas dessas localidades como de perturbacio
indeterminada {uma Unica excec¢do em Rio das Pedras).

Devido 2 menor freqiiéncia de forideos em trilthas, para obtermos valores que
permitissem anlises estatisticas, necessitamos dedicar maior esforgo em sua amostragem
do que em ninhos perturbados. Para controlarmos a variavel esforgo amostral, registramos ¢
tempo de observagio de cada ninho perturbado e trilha de recrutamento (exceto em Bonito
¢ Campos do Jorddo), o que nos permitiu calcular o tempo médio necessario para a chegada
de um parasitoide em cada situaggo.

Procuramos amostrar cada ninho uma Gnica vez. Somente perturbamos o mesmeo
ninho do gual haviamos induzido a formacio de trilha de forrageamento quando a trilha néo
atraira nenhum forideo. Esse procedimento restringiu a quantia de dados que podiamos
obter de cada 4rea. Nos locais em que o tamanho amostral foi pequeno, retormamos a
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mesma Area um ano depois, amostrando possivelmente alguns dos ninhos anteriormente
usados. Qutro procedimento foi juntar os dados obtidos de diferentes areas da mesma
localidade (o gue pode ter causado algum viés; veja detalhes em “Resultados”).

Fixamos parte das moscas em alcool 70% e medimos a largura do mesonoto com o
uso de lupa binocular equipada com ocular micrométrica. O mesonoto representa mais da
metade da superficie toracica das Pseudacteon; bem esclerotizada e aparentemente
resistente a deformacdes, sua largura esta diretamente relacionada tanto 4 largura da cabega
da formiga preferida para ovipor (Morrison ez al. 1997) quanto daquela na qual se
desenvolveu (Morrison e Gilbert 1998). Destinamos parte do material 20 taxonomista
Marcelo Mattos {pds-graduacio — Unicamp) que confirmou as identificagles, e parte ficara
armazenada no Museu de Histéria Natural da Universidade Estadual de Campinas
{Unicamp).

De cada local de estudo, coletamos amostras de formigas de algumas das colOnias
perturbadas, fixando-as em alcool 70%. Enicialﬁiente, enviamos boa parte do material a J.C.
Trager para identificagdio, mas apés montada uma colecdo de referéncia de cada localidade,
passamos a realizar as identificagdes com o uso de lupa estereoscopica.

Utilizamos o qui-quadrado para testar a independéncia entre a freqiiéncia das
espécies e a situacdo de ocorréncia dos forideos (ninho perturbado ou trilha de
recrutamento) em cada um dos locais. Nos casos de resultado significativo, analisamos os
desvios padronizados (de cuja soma dos quadrados resulta o valor do qui-quadrado;
portanto os maiores valores positivos e negativos dessa analise revelam os maiores
responsaveis pela significincia do resultado). Embora susceptivel a distorgBes causadas por
valores extremos, que podem mascarar a relevancia de valores menores, essa andlise € util
se avaliada em conjunto com os dados originais.
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Devido a esses eventuais problemas, realizarmos uma analise adicional utilizando
Pseudacteon tricuspis Borgmeier, o forideo dominante nas areas ocupadas por S. invicia,
como espécie padrio de ninhos perturbados. Durante as observacSes padronizadas,
capturamos mais de 100 f8meas de P, sricuspis atraidas a ninhos perturbados, mas apenas
um individuo foi registrado em trilha de recrutamento ndo perturbada. Comparamos £.
tricuspis com todas as demais espécies de forideos de S. invicia utilizando testes de
independéncia {qui-quadrado ou teste exato de Fisher). Consideramos as espécies de
Pseudacteon sem diferenca significativa de P. tricuspis como sendo, & semelhanga deste,
forideos de ninhos perturbados, enquanto as espécies com diferenca significativa
consideramos forideos de trilhas. Realizamos o mesmo procedimento com os forideos
associados a 8. saevissima tomando P. wasmanni Schinitz como espécie padrio de ninho
perturbado. De forma equivalente a P. fricuspis, P. wasmanni foi o forideo dominante nas
areas ocupadas por S. saevissima, prevalecendo em ninhos perturbados com 209
ocorréncias contra 7 em trilhas de recrutamento ndo perturbadas.

Foi possivel testar 2?.centrastes com forideos associados a 8. invicta € & com
forideos de S. saevissima. Assim, utilizando um ajuste Bonferroni para evitar um erro do
tipo 1 excessivamente alto (Underwood 1997), obtivemos Py = 0,05/27 = 0,002 como
probabilidade critica para rejeitar a hipétese nula no caso de forideos de S. invicia € Py =

0,05/8 = 0,00625 no caso de forideos de 5. saevissima.
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Teste de competigdo em laboraidrio

Nas instalagBes do “Brackenridge Field Laboratory”, Universidade do Texas,
simulamos situacdes que poderiam resultar em competicio intraespecifica em P. fricuspis e
interespecifica entre P. tricuspis e . curvatus Borgmeier. Na primeira, colocamos em uma
arena sem abrigo 1,0 g de operdrias de . invicia retirada a0 acaso de uma coldnia coletada
nos arredores da universidade & mantida em laboratorio, expondo-as ac atagque de £,
tricuspis. Essa massa de formigas corresponde a aproximadamente 675 individuos
(pesquisadores do “Fire Ant Laboratory”, “Brackenridge Field Laboratory”, comum.
pessoal), compostos por operarias de diferentes tamanhos. Essas formigas ndo sdo
igualmente susceptiveis aos atagues dos forideos, uma vez que P. tricuspis prefere parasitar
operérias maiores (Morrison ez al. 1997). Ao longo de 30 min., a intervalos de 3 min,,
anotamos o nimero de ataques do parasitoide por 1 min. Expusemos as formigas ao atague
de 1, 2, 4 ou 8 parasitdides seqiienciados em 2 quadrados latinos, perfazendo assim 8
repetigbes para cada numero de forideo. Nos casos com mais de um forideo,
acompanhamos a atividade de um deles, mudando de mosca observada a cada 19 s,
independente dela estar ou néo atacando formigas, evitando assim a possivel tendéncia de
observar desproporcionalmente mais o forideo mais ativo. Apds 0s experimentos, as
formigas foram mantidas em caixas plasticas com suprimento de agua e dieta liquida por 45
dias, separando diariamente as pupas para obtencfo dos parasitéides.

Para testar a competigdo interespecifica, utilizamos protocolo idéntico, expondo 1,0
g de formigas a 8 P. tricuspis, 8 P. curvatus ou a grupo misto de 4 P. tricupis € 4 P.
curvatus, emkseqﬁéncia de 2 guadrados latinos, perfazendo 6 repeticOes para cada

composicio de especies.
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RESULTADGS

Das 18 espécies de forideos relacionadas em Disney (1994, p. 82), encontramos wmn
total de 10 nos 7 locais de estudo, mais uma espécie nio relatada, Pseudacieon conicornis
Borgmeier. Muitas das espécies de moscas provavelmente estdo erroneamente relacionadas
na literatura a S. saevissima. Capluramos P. pradei Borgmeier e P. borgmeieri Schmitz
atraidas a S, saevissima, como relatado na revisio de Disney (1994), além de P. conicornis,
mas $6 encontramos P. tricuspis, P. litoralis Borgmeier, P. obtusus Borgmeier, P.
solenopsidis Schmitz, P. dentiger Borgmeier e P. curvatus atacando S. invicia (a tnica
espécie relacionada a §. invicta em Disney, 1994, é P. obtusus) (devido ao seu tradicional
uso [Shattuck et al. 1999] preferimos aqui adotar a nomenclatura §. invicta a . wagneri).
As excecles foram P. nudicornis Borgmeier e P. wasmanni, atacando as duas espécies de
Solenopsis. Contudo, enquanto P. nudicornis foi consistentemente coletada atacando S.
saevissima na Serra do Japi (Orr et al. 1997) e Floriandpolis e S. invicta em Passo do
Lontra e Bonito, P. wasmanni concentra-se atacando em S. saevissima, tendo sido coletado
apenas um individuo atacando S. invicra (tabela 1).

Cada area de estudo era dominada por uma ou outra espécie de Solenopsis, sendo
muito rara a ocorréncia de §. invicta em érea de S. saevissima e vice-versa. Esse foi um dos
motivos pelos quais as 11 espécies de Pseudacteon nunca ocorreram juntas em uin 1mesmo
local. Contudo, mesmo as espécies pertencentes ao grupo relacionado a uma das especies
de Solenopsis jamais ocorreram todas juntas, com a simpatria variande de um maximo de 5
espécies, como em Bonito, até um minimo de 2 espécies em Linhares (tabela 1).

P. tricuspis e P. wasmanni foram abundantes em ninhos perturbados, estando
presentes em todas as éreas de estudo contendo suas respectivas formigas hospedeiras
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(tabela 1) e sendo, em geral, os forideos dominantes nas suas comunidades. Através da
anéalise dos desvios padronizados dos testes de qui-quadrado e do tempo necessario para o
surgimento do forideo (vide metodologia), € possivel averiguar que geralmente estas duas
espécies ocorrem com maior fregliéneia em colbnias perturbadas e em menor freqiiéneia em
trilhas de recrutamento do que o esperado ao acaso {tabela 1). Em Floriandépolis, £
wasmanni nao fol acusado como influente na significincia do resultado estatistico devido a
sua prevaléncia numérica excepcionalmente alta (representou 88,9% da comunidade), o que
o fez ter enorme influéncia sobre os valores esperados, tornando-os muito proximos do
obtido {guando uma célula da tabela de contingéneia possui valor muito superior 208
demais, ele tem grande influéncia sobre os totais de sua coluna e linha, arrastando o valor
esperado para proximo de si); contudo, com 64 aparicdes em coldnias perturbadas e
nenhuma em trilhas de recrutamento, € inegdvel sua relacfio com a primeira situacio).
Também através das analises dos desvios, pudemos averiguar que P. obtusus, P.
solenopsidis, P. nudicornis e P. conicornis, a0 contrério, ocorriam ¢om maior freqliéncia
em trithas de recrutamento e menor fregiiéncia em coldnias perturbadas do que o esperado
(fig. 1). De forma geral, esses dados foram confirmados pela andlise adicional utilizando 2.
tricuspis ou P. wasmanni como espécies padriio de ninhos perturbados. P. conicornis
apresentou-se bastante variavel, tendo sido detectada grande tendéncia a ocorrer em trilhas
de recrutamento em Floriandpolis, mas que ndo se manteve em Campos do Jordio €
Linhares. O resultado de Campos do Jordidc (p = 0,021, Teste Exato de Fisher), contudo, ¢
devido mais & presenc¢a de uma proporcdo anormalmente grande de P. wasmanni em trilhas
de recrutamento (25%) do que pelo comportamento de P. conicornis (todos os 5 individuos

coletados foram em trithas de recrutamento) {tabela 1).
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P. litoralis havia apresentado tendéncia a maior aparicio em colbnias perturbadas,
mas ndo de forma clara. Contudo, analisando o tempo decorrido até a aparigio do forideo,
constatamos que a tendéncia era concreta. £. Jlitoralis levou 26,3 vezes mals tempo para
surgir em uma trilha de recrutamento do que em uma coldnia perturbada em Faz. Sta. Elisa
{valor superior a de P. fricuspisy e 40,3 vezes em Ric das Pedras. Por esse mesmo critério,
podemos considerar outra espécie, P. curvatus, como tendo maior tendéncia a explorar
colénias perturbadas, levando entre 9,4 ¢ 15,8 vezes menos tempo para SUrgIT em uma
coldnia perturbada do que em uma trilha de recrutamento (fig. 1). Analise adicional com P.
rricuspis corno parmetro comparativo.confirmou esses resultados. Na maiona dos
contrastes, £. litoralis e P. curvatus nio diferiram significativamente de P. tricuspis (a

Gnica exceclo foi P. curvatus em Rio da Pedras [p = 0,0004; v*=12,66]).

P. dentiger ¢ P. borgmeieri foram também espécies com comporiamento irregular,
contudo com maior tendéncia a trilhas de recrutamento. Em Bonito, P. nudicornis, mais
abundante e apresentando tendéncia muito forte a trilhas, teve grande peso na significincia
do resultado estatistico. Isso mascarou a relevancia de P. dentiger, apesar deste contribuir
com expressivos 1/3 dos 21 individuos coletados em trilhas de recrutamento {fig. ).
Situagdo diferente constatamos para P. borgmeieri. Esta espécie, se demonstra grande
tendéncia a explorar trilhas de recrutamento na Serra do Japi, nfo apresentou 0 mesmo
comportamento em Campos do Jorddo (fig. 1). Finalmente, P. pradei ocorreu em
freqiiéncia excessivamente baixa em Florianopolis (tabela 1) e Serra do Japi {dado néo
publicado: em Orr et al. [1997], esta espécie foi excluida das analises devido a sua

raridade), ndo sendo possivel analisar sua tendéncia comportamental.



Podemos separar as espécies de forideos em duas categorias comportamentais: P.
tricuspis, P. wasmanni, P. litoralis e P. curvatus como espécies tipicas de colonias
perturbadas (doravante espécies de coldnias) e P. dentiger, P. nudicornis, P. conicornis, P.
obtusus e P. solenopsidis, como espécies tipicas de trilhas {doravante espécies de trilhas}.
Contudo, elas estdo distribuidas, a rigor, em um gradiente, ficando P. wricuspis e P.
wasmanni em um extremo, P. solenopsidis em outro e as demais espécies em posigles
intermediérias, na ordem apresentada acima. P. borgmeieri pode ser situado entre P.
curvatus e P. dentiger.

As 11 espécies possuem 5 tamanhos diferentes (fig. 2} e, a0 analisarmos esta
varigvel em conjunto com as outras trés (local de ocorréncia, espécie de formiga hospedeira
e situacio atrativa [tritha de recrutamento ou colénia perturbada}), averiguamos que as
espécies de forideos estdo separadas entre si em pelo menos uma varigvel (tabela 2). As
duas tnicas sobreposigdes ocorreram entre P. nudicornis ¢ P. conicornis em Florianépolis e
entre P. wasmanni € P. pradei; a Gltima sem um hébito de encontro da formiga hospedeira
claro, mas que possui o mesﬁlo tamanho de P. wasmanni e que, como esta, ataca S.
saevissima na Serra do Japi (observacio pessoal) e Florianopolis.

Pelo menos um artefato metodolégico importante pode ter ocorrido. Com o obietivo
de manter a independéncia dos dados, procuramos trabalhar com cada ninbo de lava-pé
uma tnica vez. Como o nimero de ninhos de algumas éreas ndo era grande, necessitamos
trabalhar em mais de uma 4rea em algumas localidades e juntar os dados para que
pudéssemos obter valores passiveis de andlise. Contudo, pudemos perceber que algumas
4reas apresentavam diferencas. O caso mais notével foi de Passo do Lontra. Os dados dessa
localidade sio provenientes de 3 areas relativamente proximas e em uma delas parece
ocorrer apenas P. nudicornis, que surgiu em grande freqiiéncia tanto em trilhas de
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recrutamento quanto em coldnias perturbadas. Os dados oriundos dessa irea podem estar
distorcendo o resultado geral da localidade. O procedimento ideal de analisar os dados de
cada 4rea separadamente, entretanto, nio pode ser empregado devido ao pequeno nimero

de coldnias.

Nos testes de laboratorio, P. tricuspis apresentou indicio de competicio
intrasspecifica. O ntmero de prole nfo cresce na mesma proporgio do aumento do nimero
de parasitéides atacando S. invicta (fig. 3). Isso ocorre devido  diminuig3o da eficiéncia de
parasitismo (porcentagem de sucesso com 1 mosca na arena = 19,2%, com 2 = §,1%, com 4
= 6,9% e com & = 4,2%), uma vez que o nfiimero de atagues proferido por cada fémea tende
a aumentar com ¢ aumento do numero de moscas {(com | mosca na arena, taxa de atagues
pormin. = 1,7, com 2= 1,5, com 4 = 2,4 ¢ com 8 = 2,9). Entretanto, a composi¢io mista
{(grapo com 4 P. tricuspis € 4 P. curvatus), que poderia aumentar a eficiéncia dos
parasitéides pela possivel ocorréncia de partitha de recursos, néo foi respaldada pelos dados
experimentais (fig. 4). P. tricuspis tem um tamanho de prole praticamente igual na presenca
de outros 7 P. tricuspis ou com 3 P. tricuspis e 4 P. curvatus. P. curvatus tende a produzir

prole maior em grupo composto por conspecificos do que em grupo misto.

DISCUSSAO

Com as 11 espécies de Pseudacteon que encontramos € possivel esclarecer parte do
mecanismo que suporta a comunidade que despertou a admiracfo de Disney (1994). O
primeiro destaque € que, na realidade, algumas dessas espécies de parasitdides nfo estdo
relacionadas a S. saevissima, mas a uma espécie aparentada, S. invicta. O problema advém,
provavelmente, da similaridade dessas duas espécies, ¢ que levou muitos dos autores
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citados por Disney (1994) a identificarem S. invicia como S. saevissima {no estado de S&o
Paulo, por exemplo, ndo ha registros de S. invicta anterior a 1974 [Buren er al. 1974 ¢ Allen
et al. 19747, embora ela prevaleca em diversas localidades em que trabalhamos). Como
geralmente S. saevissima nio ocorre junto com S, invicta ¢ 10 das 11 espécies de
Pseudacteon dividem-se nitida e consistentemente em duas comunidades associadas a cada
uma das espécies de formiga (P. nudicornis ¢ a Gnica espécie associada a ambas formigas),
elas jamais ocorremn juntas (tabela 1).

Ainda assim, até 5 espécies podem ocorrer juntas. Contudo, as espécies simpatricas
quase sempre diferiram em taranho ou situagfo de encontro da formiga hospedeira (trilha
de recrutamento ou colénia perturbada). Dessa forma, as espécies co-ocomrentes de forideos
parasitoides de formigas lava-pés quase sempre diferiram em pelo menos uma dimens3o de
seus nichos, fato gue pode thes ser vantajoso. P. obtusus, por exemplo, encontra um grande
numero de forideos em geral em colonias perturbadas, mas nfo nas trithas (fig. 1). P.
curvatus, que possui tamanho semelhante, estd em proporgéo de 3 a 7 vezes superior a sua
em coldnias perturbadas, mas em igual a menor proporcio em trilhas. P. conicornis e P.
nudicornis s80 espécies relativamente abundantes em suas comunidades e que, como P.
obtusus, surgem preferencialmente em trilhas e possuem tamanho semelhante. Contudo, P.
obtusus jamais encontra as outras duas espécies, a primeira por ser parasita de S. saevissima
¢ a segunda porque, apesar de parasitar S. invicia, ocorrer apenas em locais em que P.
obtusus esté ausente (fig. 1).

Quando a comunidade de forideos de determinado local foi composta por mais de
urma espécie de forideo de coldnia ou de trilha, estas tinham tamanhos diferentes (tabela 2).
Operérias de S. invicta variam muito em tamanho (Wilson 1978), o mesmo ocorrendo com
8. saevissima. Uma vez que existe correspondéncia direta entre o tamanho do forideo e o
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tamanho da formiga que ele ataca (Morrison et al. 1997), espécies de forideos de diferentes
tamanhos tém menores chances de competir devido a exploragéo diferencial do recurso. Ao
atacarem, 0s forideos induzem a fuga das Solenopsis, reduzindo o namero de formigas
sobre o solo, mas geralmente nfo encerrando por completo as atividades em uma trilha de
recrutamento (Orr ef al. 1995, Porter er al. 1995b). O recurso esté disponivel, porém pode
ser limitado, sobretudo porque a maior fregiiéncia de ataques diminni ainda mais o
forrageamento das formigas (Orr er ¢/, 1997). Embora nio existam estudos comprovando
fuga das formigas em ninhos perturbados, em nossas observagbes de campo notamos
reducio mais acentuada do niimero de formigas expostas na presenga dos parasitéides.
Além disso, ninhos perturbados atraem maior ndmero de forideos e a chegada de um
parasitoide aumenta as chances de chegada do segundo (capitulo 2) aumentando a
possibilidade de competigiio. Nessas condicdes, parasitar formigas de diferentes tamanhos
poderia significar aumento de aptidéo.

A diminuigfio da prole de cada P. mricuspis com o aumento do namero de moscas
atacando formigas, mesmo em condicdes artificiats, sem diminuicdo do ntmero de
hospedeiros disponiveis através de fuga, reforca a possibilidade de ocorréncia de
competicdo em condicOes naturais (fig. 3). Seria de se esperar, entdo, que um grupo
composto por P. tricuspis e P. curvatus, que atacam formigas de diferentes tamanhos
(Morrison et al. 1997), parasitasse maior numero de formigas do que grupos com uma
{inica espécie. Essa hipétese ndo foi respaldada pelos experimentos de laboratorio (fig. 4).
Isso pode ser devido ao estimulo que a presenga de outra mosca parece dar para a atividade
de parasitismo. Quando aumenta ¢ namero de moscas na arena, cada mosca parece mais
ativa, atacando com maior freqiiéncia. Os ataques, contudo, nfo resultam em maior
parasitismo. A diminui¢o da eficiéncia deve ser conseqiiéncia do esgotamento do recurso,
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que deve ser mais sentida por P. tricuspis por esta parasitar formigas maiores ¢ mais
escassas. Para P. curvatus, a seu lado, o nimero de formigas pequenas disponibilizadas no
experimento deve ter sido suficiente para esta espécie usufiuir do aumento de atagues
estimulado por wm maior niimero de forideos sem sofrer as consegiiéncias negativas do
esgotamento do recurso. Em condicGes naturais, entretanto, os efeitos do aumento do
namero de ataques resulta em diminui¢io do nlimero de formigas sobre o solo {Orr ef al.
1997), produzindo resultados negativos mais severos na disponibilidade do recurso.

Apenas dois pares de espécies apresentaram sobreposi¢io de caracteristicas. O
primeiro, P. wasmanni € P. pradei, s&o espécies com mesmo tamanho e que podem se
encontrar em coldnias perturbadas de 8. saevissima na Serra do Japi e Florianopolis. O
segundo, P. nudicornis e P. conicornis, espécies de ecologia semelhante, vivem a mesma
situacio em Floriandpolis, {tabela 1). Nesses locais, contudo, todas as espécies envolvidas,
a excecdo de P. wasmanni, possuem baixas densidades populacionais. P. pradei € a espécie
mais rara dentre as 11 estudadas (tabela 1} e a tinica que possui caracteristicas semelhantes
de P. wasmanni (tabela 2}, uma espécie dominante. P. nudicornis, por sua vez, esteve
presente em duas das quatro areas de S. sgevissima, enquanto F. conicornis esieve em 1rés.
O local em que essas duas espécies de caracteristicas ecolégicas semelhantes co-ocorrem, €
também onde elas sdo menos abundantes (tabela 1}.

A comunidade de Linhares merece nota por ser a menor dentre as estudadas {tabela
1), com apenas duas espécies. Embora P. wasmanni seja um forideo tipicamente
encontrado em colénias perturbadas e P. conicornis em trilhas de recrutamento, em
Linhares nfo revelaram fortes preferéncias (fig. 1). Poderia esta mudanca de
comportamento ser devido a um relaxamento na pressdo competitiva devido ao menor
nimero de espécies nesse local? Analisando o caso isoladamente, ¢ dificil dar uma resposta
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segura a essa pergunta. Dessa mesma forma, ¢ dificil afirmar que a raridade de P. pradei se
deve & competicio com P. wasmanni ou que P. nudicornis e P. conicornis somente podem
coexistir em Floriandpolis por suas populacSes serem baixas naquele local. Entretanto, o
conjunto das informacgdes obtidas constitui forte indicio de que a competicio interespecifica
possui importante papel na estruturacio das comunidades de forideos que atacam essas
duas espécies de Solenopsis.

Se a riqueza de espécies associada as formigas lava-pés se deve a diversidade de
oportunidades de parasitismo que ela oferece, a formiga argentina (Linepithema spp.) € um
excelente sistema comparativo. A semelhanca de Solenopsis, essas formigas fogem da
superficie do solo na presenga de parasitéides (Orr e Seike 1998), sendo por esse motivo
um recurso provavelmente limitado. No entanto, enquanto operarias de Solenopsis possuem
grande variag3o de tamanho, Linepithema € monomérfica (embora na Serra do Japi possa
ter duas formas) (Orr et al. 2001) e, por construir ninhos subterrneos, suas coldnias ndo
s8o tdo susceptiveis a perturbagdo. Assim, trilhas de recrutamento formadas por formigas
de tamanho homogéneo podem constituir a Ginica oportunidade de atague dos forideos.
Linepithema humile (Mayr) ocorre em duas de trés localidades estudadas e ¢ atacada em
ambas por uma Unica espécie de forideo, P. pusillus Borgmeier. Na terceira localidade,
ocorre L. cf. piliferum, atacada unicamente por Pseudacteon sp. (Orr et al. 2001).

Analises filogenéticas baseadas em exame de DNA revelam que P. wasmanni, P.
borgmeieri e P. pradei, espécies associadas a S. saevissima, e ainda P. nudicornis, s80 mais
aparentados entre si do que de outro grupo, formado por P. litoralis, P. tricuspis, P.
curvatus ¢ P. obtusus, espécies associadas a S. invicta (M. R. Orr, comunicag@o pessoal).
Apesar da comunidade ligada a S. invicta ser formada por espécies aparentadas, possuem
diferentes nichos ecoldgicos, nichos equivalentes aos da comunidade associada a S.
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saevissima, sugerindo que a diferenciacio se deve ndo a um eventual parentesco, mas 2
irradiacdo adaptativa sofrida por uma espécie ancestral, promovida possivelmente por

pressdo competitiva {e.g. Losos ef al. 1998}

Nem tudo, porém, pode ser explicado sob 2 éptica da partilha de recursos. Por que
P. nudicornis ¢ t30 abundante em Passo do Lontra, sendo a espécie prevalecente ate mesmo
em colonias perturbadas? (fig. 1) Por que as espécies de colénias existentes nesse local nio
aumentam em abundancia e deslocam P. nudicornis mais para as trilhas, como parece
ocorrer em outros locais? Em Floriandpolis, P. wasmanni € uma espécie altamente
dominante, mas nio surge em trilhas de recrutamento. Apesar disso, as espécies de trilhas
desse local nfo 580 abundantes (tabela 1). Por que?

As dificuldades com essas questdes podem, por um lado, se dever a alguma
informagao perdida, como por resultado de artefatos metodologicos advindos da
necessidade de agrupar, para uma localidade, dados de diferentes areas. Por outro lado, 2
atuacio de fatores como distirbios climaticos e presenca de inimigos naturais (Connell
1975) ou heterogeneidade espacial (Shorrocks e Sevenster 1995) podem também estar
atuando de forma relevante. As comunidades naturais dificilmente estarfio syjeitas a apenas
uma dessas variaveis, mas a importéncia relativa entre elas deve variar. Na estrutura da
comunidade de moscas que parasitam formigas lava-pés do complexo §. saevissima, a
partilha de recursos parece ter papel central.

Para programas de controle bioldgice, como o desenvolvido nos EUA para S.
invicta, podemos dar duas recomendaces bésicas. Em primeiro lugar, deve ser descartado
o uso de P. wasmanni, P. conicornis, P. borgmeieri ¢ P. pradei, se n3o por sua
especificidade a S. saevissima, ao menos pela ineficiéncia em manter populagbes naturais
viaveis em S. invictae. Em segundo, a introducfo de multiplas espécies parece ser ¢
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procedimento mais recomendavel, uma vez que as diferentes espécies sdo capazes de

coexistir explorando . invicta de forma mats ampla, o que supostamente deve trazer maior

impacto sobre sua populagao.
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Figura 1. Moscas forideas atraidas a coldnias perturbadas ou trilhas de recrutamento de
formigas lava-pés S. invicta (A) e S. saevissima (B) em diversas localidades. As
comparaches foram realizadas utilizando o ¥° e as colunas a direita trazem a influéneia
de cada espécie na significancia do teste estatistico: dois sinais positivos ou dois
negativos denotam grande peso (valores de desvio padronizado respectivamente
superiores a +3 ou inferiores a -3); um sinal positive ou negativo denotam peso no
resultado (valores respectivamente entre +2 € +3 ou entre -3 e -2); a letra que sucede o
sinal indica se o desvio ocorreu devido a presenca ou auséncia em ninho perturbado (n)
ou tritha de recrutamento (t} (p.e. “n+" significa mais fregiiente em ninhos perturbados
do que o esperado ou “t--" muito menos freqliente em trithas do que o esperado); “o”
denota baixo peso ou sem contribuigdo (desvio padronizado entre -2 e +2). O primeiro
conjunto de simbolos, presente para todas as comunidades, resulta da analise dos desvios
padronizados do teste de ¥ realizado com as freqiiéncias de moscas, representada nos
graficos de area. O segundo conjunto, presente para as comunidades de S.Elisa,
R.Pedras, P.Lontra e Linhares, resuita de teste realizado com o tempo decornido para a
aparicdo do forideo. Os niimeros abaixo dos simbolos sfo produtes do tempo decorrido
para a aparicio de um forideo em trilhas de recrutamento pelo decorrido até a apari¢do
em colénias perturbadas (p.e. em S.Elisa, P. tricuspis leva 22,8 vezes mais tempo para
surgir em trilhas de recrutamento do que em colonias perturbadas). N* ¢ a espécie
padrio utilizada, em anélise adicional, como pardmetro comparativo para as demais

espécies, sendo N espécies de ninhos perturbados e T espécies de trilhas.

* dados de Mata Sta. Genebra e Serra do Japi trabalhados de Orr ef af. (19973,
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Figura 2. Tamanho das 11 espécies de moscas forideas (largura mesonoto mm * DP)
parasitoides de formigas lava-pés. Letras diferentes acima das barras dos desvios denotam
diferencas significativas detectadas em teste de Tukey. Em geral, o tamanho entre 0s

] . an . 7 .
forideos que surgem com maior fregiiéncia em trilhas de recrutamento 24 ou em ninhos

perturbados [ nfo possuem o mesmo tamanho. N&o foi possivel estabelecer os hébitos de

P. pradei (pra) e P. borgmeieri {bor) _].
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Figura 3. Exposi¢do de formigas lava-pés Solenopsis invicta a nimero crescente de moscas
forideas parasitoides Pseudacteon tricuspis resultou em nlimero crescente de pupas de
parasitoides. Apesar da grande variacio que resultou em baixo coeficiente de determinacio
(r2 = 0,241), a regressdo foi significativa (p = 0,007). O nimero de prole produzido,
contudo, ndo cresceu na mesma proporgdo do niimero de moscas adultas colocadas para
parasitar as formigas (b = 0,604; 7= -1,92; p < 0,05), indicando a existéncia de competicdo

intraespecifica.
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Figura 4. Prole produzida pelos parasitdides Pseudacteon tricuspis e P. curvatus em duas
situacdes: grupos homogéneos (8 P. tricuspis ou 8 P. curvatus) ou grupos mistos (4
individuos de cada espécie). O grafico de barras apresenta, da esquerda para a direifa, 2
prole média de um P. curvatus na presenga de outros 7 individuos da mesma espécie; F.
curvatus na presenca de 3 individuos da mesma espécie e 4 P. tricuspis, P. tricuspis com 3

conspecificos mais 4 P. curvarus e, por fim, P. tricuspis com 7 conspecificos.
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Tabela 1. Freqiiéncia de moscas forideas do género Pseudacteon, parasitdides de formigas
lava-pés, Solenopsis invicta e S. saevissima em diferentes localidades. Cada local foi
caracterizado pela predomindncia de apenas uma das espécies de formiga.

Local — Mata de Santa Geneora - Campinas, SP*

Sp. formiga 5. invicta

Situac\SpMo trifiit obt,  szol.  cuwr. den. wud  was. bor. con.  pra. TOUTAL
Ninho Pert. 40 5 i 45
TriPert/NaoP 12 13 /6 -121
TrilhaTotal** Z 13 6 21
Local — Fazenda Santa Elisa JAC) - Campinas, SP Sp. formiga 5. invicta
MNinho Pert. 39 20 2 i5 H 77
TriPert/NaoP 14/1  2/1 2/4 &/1 2477
TrithaTotal** 23 7 9 12 51
Local — Rio das Pedras - Campinas, SP Sp. formiga §. invicta
Ninho Pert. 58 i0 2 0 7 77
TriPert/NioP  -/- -/ -/~ wfu /- 1/-
TrilhaTotal*™* 2 i ) l 6 16
Local — Pagso do Lontra, Corumba, MS Sp. formiga S invicia
MNinho Pert. 9 5 4 3 27 48
TriPert/NaoP 1/0  2/0 071 1/ 14727 18/29
TrithaTotal** 4 3 ' 4 53 65
Local - Bonito, MS Sp. formiga S, invicta
Ninho Pert. & 8 19 3 i 37
TriPert/NioP /- ~/- - fm wf /-
TrilhaTotal** 0O 0 0 7 14 21
Local — Serra do Japi, SP* Sp. formiga S. saevissima
Ninho Pert. 8 96 . 5 109
TriPert/NaoP : 15 =3 LT -/25
TrilhaTotal** i5 3 T 25
Local — Florianépolis, SC Sp. formiga §. saevissima
Ninho Pert. 3 4 3 L2 2
TriPert/NaoP 06 10 0 10
TrilhaTotal** 0 1 3. 6 4
Local — Campos do Jorddo, SP Sp. formiga 5. saevissima
Ninho Pert. & - Bl 14
TriPert/NaoP O/0 30000 3/0
TrilhaTotal** 2 B s 13
Local — Reserva Florestal de Linhares, ES Sp. formiga 8. saevissima
Ninho Pert. 43 13 57
TriPert/NaoP 8/4 74 15/8
TrilhaTotal** 22 14 36

*Dados de Orr ef af. 1997, **A diferenca entre o nimero na célula “TrilhaTotal” e a soma dos
numeros da célula “TriPert/NaoP” (trilhas perturbadas/ndo perturbadas) reflete o nimero de forideos
registrados em trilhas cuja perturbaciio nio pudemos determinar (p.e. na Reserva Florestal de Linhar
registramos 10 Pseudacteon wasmanni de trilhas com perturbacdo indeterminada [22-8-4=10]).
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Tabela 2. Caracteristicas ecoldgicas importantes para a partilha de recursos de 11 espécies

de moscas forideas (Pseudacteon litoralis [1it], P. tricuspis [t1i], P. curvatus [cur], P.

dedinger [ded], P. solenopsidis {sol}, P. obtusus [obt], P. nudicornis [nud], P. wasmanni

[wasl, P. borgmeieri [borl, P. conicornis [con] e P. pradei [pra]) parasitéides de Solenopsis

invicta (1} ou S. saevissima {8}, que encontram formigas hospedeiras predominantemente

ern coldnias perturbadas (c) ou trilhas de recrutamento (t). Estas pertencem a cinco

categorias de tamanho {a-¢} com sete diferentes co-ocorréncias (a-g). Os dois pares de

espécies destacados com circulos e quadrados (P. nudicornis com P. conicornis ¢ P,

wasmanni com P. pradei) tiveram suas caracteristicas ecologicas coincidentes.

lit.

ded.

Sp. mosca cur. sol. | obt. | nud. | was. | bor. | con. | pra
Formiga Hosped. i i i i i i 1® s ® @
Trilha x Col.Pert. | ¢ c ¢ t t t @ o 700 &
Tamanho e ¢cd| a | de|bc | a @ Bc b | @ | B
Co-ocorréncia abclabec| bec | ¢ a | ab cde dEfg | df |©fg
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RED FIRE ANT Solenopsis invicta Buren FORAGING ABSENCE INSIDE BRAZILIAN

FORESTS

S.H. SEIKE
Pés-graduacdo em ecologia -~ Departamento de Zoologia, IB, Unicamp — Current address:
Faculdades Padre Anchieta — Caixa Ppstal 2068 — CEP 13208-990 — Jundiai, SP, Brazil —

shseike@hotmail com

SUMMARY

1. The aggressive Solenopsis invicta Buren is an abundant pest ant in the areas where it is
exotic and is also common in its native habitat in Brazil.

2. This ant almost always builds its nests in open areas receiving direct insolation.

3. In the present work, undertaken in Brazil, ] placed baits inside forests and in open areas
10 observe the incidence of 8. invicta’s foraging.

4. The data demonstrate that S. invicta does not forage inside the forests and indicate that

this ant is, like weed species, benefited by deforestation.

5. Management of this ant should include the maintenance of natural forests and, where

possible, establishment of shade plants in areas opened by human activity.

KEYWORDS: deforestation, environment, habitat, pest management, Brazil, insecta.
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INTRODUCTION

The red fire ant, Solenopsis invicta Buren, a native of South America, typically
establishes its nests in open, disturbed places (Tschinkel 1988). Its mounds, replete with
galleries where the workers deposit immatures, has termoregulatory function (Holidobler &
Wilson 1990) which it may be the main reason for their location in area of direct insolation.

S invicta commonly lives near residences and other disturbed places. Due to such
proximity and its aggressiveness, accidents with humans are common. Red fire ant poison
can generate serious consequences, depending on the number of stings and the victim’s
sensibility, and can also have negative effects in agriculture (Adams 1986}, although it may
help control some harmful insects (Reagan 1986).

In the USA, where S. invicta is introduced, millions of dollars have been spent on
chemical products in unsuccessfully attempts to control it {(Davidson & Stone 1989)
carrying undesirable secondary effects (Markin et /. 1974, Summerlin, Hung & Vinson
1977). In Brazil, where S. invicta is native, its abundance is at least four times lower than in
the USA (Porter, Fowler & MacKay 1992, Porter er al. 1997), but it can causes occasional
injury to humans.

Because of the restricted effectiveness of chemical control, greater knowledge is
needed on the ecology of 8. invicta (Tschinkel 1986, 1988), particularly investigating the
factors affecting its successes in natural range. In the United States, Tschinkel (1988) found
mounds of S, invicta mainly in disturbed, open places, and very few inside wooded areas.
The related species S. geminata has similar biological aspects and requiremnents to S.
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invicta, but they seldom occur together, probably a competitive outcome mediated by
abiotic factors (Tschinkel 1988). However, as S. invicia has displaced many ant species,
including S. geminata, from many areas since it was introduced 60 years ago (Buren ef al.
1974), it seems more likely that S. geminata remains only on restricted areas less suitable
for the competitive superior §. invicta.

The limit to its spread at the USA it will probably be the frozen temperatures of
north region (Buren ef a/. 1974). In Brazil, the reasons of its restricted distribution on
center-north region and absence on east is an unanswered guestion (Buren ez a/. 1974,
Allen et al. 1974). This data, however, is dubious because my colleges and I have found &
invicta in some sites at S3o Paulo state (J.C. Trager confirmed the identifications), where
Ruren ef al. {1974) and Allen e al. (1974) surveys could not. A possible explanation is a
identification mistake due to taxonomic trouble. In another hand, a late invasion from
center-north ants cannot be discarded, although it is difficuit to explain why it did not
happen before.

Various have searched for S, invicta’s mounds in different habitats (Allen et al.
1974; Summerlin, Olson & Fick 1976; Wojcik 1983; Banks et a/. 1985; Tschinkel 1988;
Porter et al. 1991, 1997; Porter, Fowler & MacKay 1992) but for foragers just in open areas
(Wojcik 1983; Porter e al. 1991, 1997; Porter, Fowler & MacKay 1992). Despite there are
some accounts about occasional findings of S. invicta foragers inside forests (Wojcik 1983),
no one are searched it systematically.

If the characteristic mound of S. invicta’s nest has a termoregulatory function
(Holdobler & Wilson 1990), the absence of direct insolation inside tree-covered areas
could be a non-stimulus for mound construction, hindering the prominent nests.
Furthermore, the soil composition and moisture may affect the mound size, that can be

96



inconspicuous {Banks ef a/. 1985); despite the moister soil inside forests favors mound
construction. To resolve the guestion, if is necessary 1o sample foragers of the relative
occurrence of 8. invicta in woodlands and open areas. The present work is the first to study

the §. invicia’s foraging occurrence inside natural forests in its native range in Brazil.

METHODS

Study was conducted between 1995 and 1998 in three areas of native forest in
Brazil. To compare ant foraging inside natural forests and in open areas, 5. invicta
frequencies at food baits were recorded along roads and trails at Mata de Santa Genebra
(hereafter SG, 22°49'S, 47°06'W), Campinas, S&o Paulo state; and Base de Estudos do
Pantanal, at the Passo do Lontra (hereafier PL, 19°34'S, 57°01'W), and Fazenda Cachoeira,
at Bonito (hereafter BO, approximately 200 km to the south of Passo do Lontra), Mato
Grosso do Sul state.

The baits used at SG consisted of canned tuna placed in 6 mm diameter 10 mm long
plastic tubes glued in the center of 2 60mm diameter circular plastic base. In PL and BO, 1
used | cm thick slices of “Viena” sausages placed directly on the soil. Both, tuna (Hooper
& Rust 1997) and sausage (Porter ef al. 1991, 1997, Porter, Fowler & MacKay 1992) are
attractive to S. invicta and other generalist ants. To help assure independence between
observations, baits were positioned on transect approximately 10 m apart. The presence of
S. invicta and other ants at the baits were recorded one and two hours after the baits were

set out. At each inspection, the presence or absence of S. invicta and of other ant species



was recorded. Due to the large number of ant species encountered, they have not been

separated by species.

At 8G, 101 baits were placed along a road bordering the forest (open area} and
separating it from cropland. Two days later, 21 baits were placed along a trail inside the
forest (tree covered area). Baits on the road were placed along the margin opposite to the
forest border. Both observations, conducted on January 1995, began at 10:00h. At PL, 38
baits were placed along a trail inside a riparian forest and 42 in a trail that crosses an
adjacent open area. The experiment, beginning at 8:50h, was performed on July 1998. At

‘BO,a total of 50 baits were placed along a trail inside the riparian forest, and 46 in two
contiguous deforested areas. The observations of 30 of the baits of forest and 26 of those of
deforested area were did on June 1998, beginning at 15:45h. The observations of another 20
baits belonging each environment were conducted on July 1998, at 10:00h. At both places,
PL and BO, the baits placed along open and forested areas was checked almost
simultaneously, with a 20-30 min delay.

At SG, to better characterize the distribution of §. invicta foragers along the forest
border, four days after the first experiment another one was performed where the incidence
of . invicta was greatest. Tuna baits were placed at intervals of 10 m along both margins of
the road, that was approximately 4 m wide. The roadside bordering cropland will hereafter
be called “field border”, and the one, next to the forest, “forest border”. Those of the fieid
border were located on the edge of the road, whereas the ones on the forest border were
placed 1 m inside the forest. The edge was occupied mainly by dense grass (>1.5m al})
and a knife was used to open small gaps where baits were placed. In total, 11 baits were

used in each habitat over a distance of 100 m, inspected four times at 30 min intervals.
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A third experiment was performed to investigate the response of 8. invicta foragers
to reforestation. At Fazenda Santa Elisa of Instituto Agrondmico de Campinas (hereafter
SE, approximately 5 km from SG), 52 tuna baits were placed at 5 m intervals along a
continuous transect starting in an open grassy field and ending inside a reforested area. Half
were located in the grassy and the other half in the wooded area. Four of them fell clearly in
a transition between the two environments (two in open area under the influence of the
trees, shaded for several hours of the day, and two in wooded area, with direct sun
incidence several hours of the day}. The wooded area was characterized by diversified tall
trees with dense canopy and consequent low sun penetration.

Canopy cover of studied areas at SG and SE was measured using a concave
spherical densiometer at 10 points 10 m apart.

The comparison between open and tree covered areas for presence and absence of S.
invicta at baits was made separately for each location using 2 x 2 chi-square tests for
independence. In cases of low expected frequencies, Fisher Exact test was used. The
percentage values of canopy coverage obtained at SG and SE were arcsine transformed and

compared using ¢ test (Zar 1996).

RESULTS

For simplicity, the term “other species™ will be used to designate all the *“non-

Solenopsis invicta™ species that occurred on the baits. “Other species” include several

species of ants, mainly of the genera Pheidole and Camponotus and of the subfamily
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Ponerinae. In PL, the presence of Linepithema humile (Mayr) was also frequent. In 8G, a

Scarabeidae beetle specie occurred in 5 baits.

Natural Forest vs. Open Area

None of the 21 baits placed along 200 m inside the forest at SG was recruited to by
S invicta. In contrast, S invicta was present at 49% of the 101 baits placed along the road
that separates forest and cropland (table 1), where the largest sequence of baits without §.
invicta did not exceeded a distance 80 m. Bait occupation outside the forest was
significantly greater, evidencing that 5. invicia is favored by forest absence. During the
observation interval, 28 baits were totally removed, mainly by large ants, such as species of
Camponotus and Ponerinae.

The abundance of S invicta was much lower at PL than at SG, but as like there,
only baits placed in the open area were exploited by this ant (Table 1). Although all baits
placed inside the forest were occupied by ants, none was S. invicta (one bait disappeared
early and was excluded from statistics). By the end of 2 h observations, 21 of the baits had
disappeared, mostly (76%) from forest transect. They were possibly removed by birds,
abundant in the study area. The sausage slices éeemed 100 large to be removed in such a
short time between observations by ants, even big Ponerinae and Camponotus species (a
bird was seen eaten a sausage bait during another study in the same place).

At BO, also only baits in the open area attracted S. invicta {Table 1). However,
contrasting with the previous results, a relatively large fraction of baits were not exploited
by any ants in the 2 h observations. Inside the forest, 27 of the 50 baits had ants present in

the first hour, increasing to 36 an hour later (none 3. invicta). Of the 46 baits exposed in the
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open area, § recruited 8. invicta and 25 other species in the first hour, increasing to 7 and

29, respectively, an hour later.

From data of three places together, S. invicta replaced other species in 6 interactions

and was replaced by another species once.

Field Border vs. Forest Border

While 55% of the 11 baits on the field border were occupied by 8. invicta after 2 h,
none of those at the forest border had fire ants (p=0.012, Table 1). However, §. invicta
workers were seen in the proximity of one of the baits at the forest border, indicating that
they are not totally absent in this area, but in lower density at the forest border.

Those baits nitially occupied by S. invicta were avoided by other species, whereas
those initially occupied by a Pheidole sp. or a Camponoius sp. were subsequently
dominated by fire ants. However, the competitive superiority of S. invicta was not absolute.
In some instances, parts of the tuna baits dominated by fire ants was removed by other ant

species (mainly large Ectatomma and Camponotus species).

Reforested Area vs. Grassy Field

In the grassy field, 18 of the 26 baits {69%) were found by S. invicta after 1 h (78%
of all of the baits with ants). Whereas, in the same time, 4 baits (18% of the 22 baits
occupied by ants) had fire ants in the forested area (Fig. 1). It is notable that all of the baits
used by S. invicta in the woods were near the edge. None of the more internal baits had S.
invicta at the first hour.

At the end of the second hour, many baits in the grassy area were abandoned (Fig.
1), seemingly due to the too high insolation for the foragers. Many of the baits abandoned
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by S. invicia still had workers under the plastic base or inside the grass. In the tree-shaded
area, ants did not abandoned any of the baits {to note, the appearance of S. invicza inside the
wooded area, competing by food with a Camponotus and a Pheidole species [bait 110; Fig.
1.

1t is not possible to join data from all measurements for general analyses due fo lack
of independence. Submitting each of the 4 places experiments and the field border vs. forest
horder experiment as independent cbservations to sign test, the result was marginally
significative (p=0.063; Table 1}.

The forest canopy at SG was significantly denser than the reforestation at SE (Table

3).

DISCUSSION

Mean bait occupation by S. invicta in open areas was greater (38%) than that Porter
et al. (1997) found for Solenopsis sp. (23%) at several sites in South America.

The difference might be explained by the fact that I did the present work just on places
where S. invicta was present.

The absence of S. invicta foraging inside forests (Table 1) strongly indicate that the
absence of mounds in this environment (Tschinkel 1988) is not due to hidden nests. The
reasons are not known. It might be because nest termoreguiation, not possible without
direct insolation, is essential for . invicta, restricting its colony to open areas. Since the
size of its territory is not wide (Tschinkel, Adams & Macom 1993}, the foraging area would
be also narrow outside forests. W.S. Buren (in Tschinkel 1988) suggested several
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subterranean predaceous Solenopsis in undisturbed sites may prevent the establishment and
survivor of 8. invicta colonies. The Solenopsis predaceous hypothesis remains to be
investigated.

An interaction between biotic and abiotic variables is another factor that deserves
consideration. In places as PL, vertebrates as birds might be important competitors for
resources as dead insects or worms, common food items for S. invicta (capitulo 1}. The
forest environment, where baits disappeared three times more than in open area, seems has
more birds. Since its introduction at the USA, S. invicia has displaced 5. geminata (Buren
et al. 1974), a potential competitor, Nevertheless, in areas with moderate shading or where
the water table is depth, §. geminaic remains, apparently wining the competition {Tschinkel
1988).

Independently of the reasons, however, the absence of S. invicta foraging inside
Rrazilian forests reinforces Tschinkel’s (1986, 1988) classification of this ant as a weed
species. The human role in increasing opened areas, favorable to the establishment of S.
invicta, probably has enhanc;:d its success {Tschinkel 1986). This might be a principal
reason why S. invicta and some of its relatives occur in sufficient abundance to be
considered pests where they are native.

As open areas are a necessary requirement for S. invicta, the removal of forests
create extensive areas favorable for colonization by this ant. One way to reduce ifs spread is
to conserve and restore natural forests. Although reforestation generally is not compatible
in many cases, as with most of agriculture systems, it is possible at certain level in many
others, such as ranches, parks, and residential and recreation areas. The forested area at SE
decreased the presence of § invicta significantly (Fig. 1}, even though there was enough
space for humans to walk freely. Since this ant species occurs, both in South and North
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America, in places with high temperature {Buren ef af. 1974}, a shaded area with trees
should be welcome. Reforestation is compatible with other control methods, such as
biological or even chemical, and can be helpful for 5. invicza management.

The inverse relationship between the canopy closure and the presence of S. invicia
{Table 2) needs to be confirmed. This study, if made in areas with several degrees of
canopy covering, can establish the optimum level of shading consistent with human

activities and fire ant presence.
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Table 1. Effect of habitat on the frequency of fire ant, Solenopsis invicta, feeding at baits.
The five experiments, conducted at four sites, each compares a forested area (top, shaded
line) with a open habitat (bottom, white line). Baits used were canned tuna (8G and SE) or
sausage disks (PL and BO). The total number of baits sometimes not coincide with the sum
of baits explored by S. invicta and “other species” because there were baits explored by
organisms of both categories that were counted in both columns and baits not explored.
Test results refer 1o contrasts in the frequency of 5. invicie on baits in each within site
between habitat contrast. Due to lack of independence, it was not possible to join all data o
general analyses. Sign test for 5 vs. O places with more S. invicia at open habitat was

marginally significative.

T i
ot AR

MNumber of Baits

Place*  Habitat Total S invicta  other spp. ' r
present present

native forest 21 Rl 2¥

SG' 17.03 <0.001
field border 101 49 61
: native forest 37 0 37

PL *% 0.027
field 42 6 36
i native forest 50 ] 35

BO ®* 0.004
field 46 7 32
5 forest border it 0 11

5G *% 0.012
field border il 6 7
wooded field 26 5 23

SE’® 13.18 <0.001
grassy field 26 18 7

Sign test for 5 experiments 0.063

T —

* the numbers after place name refers to the experiment where the data were collected:
1=natural forest vs. open area, 2=field border vs. forest border; and 3=reforested area vs.
grassy space.

#% cases with too low expected frequency to use Chi-square analysis; replaced by Fisher’s

Exact Test (Zar 1996},
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Table 2. Percentage of canopy cover of SG natural forest and SE tree planted areas. The

statistic analysis was performed on transformed values.

Place cover (%) n S r
Sta. Genebra (8G) 87 10

5.093 <0,001
Sta. Elisa {SE} 77 i0
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Figure 1. Occupation of tuna baits after 2 hours by ants along a 260 m transect ranging
open grassy field and reforested area. Most of the baits with Solenapsis invicta are
located near the edge of wooded environment (baits 101, 102, 104 and 105}. Two cases

in which the bait disappeared during the second hour of exposure are represented by half

complete bars (baits 7 and 26).
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CONCLUSOES GERAIS

Informactes inéditas gue contribuem para ampliar o entendimento da interacio entre

formigas invasoras € moscas parasitoides.

- Revoadas de Solenopsis saevissima, ninhos perturbados, trilhas de recrutamento e
revoadas de Solenopsis invicta consistem oportunidades naturais de parasitismo para

moscas parasitoides Pseudacteon spp. {Diptera: Phoridae).

- A probabilidade de um forideo encontrar um grupo de operanas de S invicia sendo
previamente atacado por outro forideo € maior do que a de encontrar um grupo néo

atacado.

- O olfato € a via de localizagdo de hospedeiros utilizada por pelo menos 3 espécies de
forideos parasitéides de formigas lava-pés (Pseudacteon tricuspis, P. curvatus e P.

wasmanni).

- P.tricuspis e P. curvatus, parasitbides de Solenopsis invicta, sdo atraidos
predominantemente por volateis presentes no abdome da formiga hospedeira, enquanto

P. wasmanni, parasitoide de S. saevissima, tende a ser atraido por volateis da cabega.

- A eficiéncia de P. ricuspis na producdo de prole diminui com o aumento do nGimero de
moscas atacando um grupo de formigas, sugerindo a existéncia de competicéo
intraespecifica.
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Existem duas guildas distintas de forideos associadas ao complexo Sofenopsis
saevissima: uma, composta por P. wasmanni, P. conicornis, P. borgmeieri e P. pradei,
¢ associada exclusivamente a §. saevissima enguanto outra, composta por F. fricuspis,
P. litoralis, P. curvatus, P. solenopsidis, P. obtusus e P. cf. dentiger, € associada
exclusivamente a S, invicta. A Unica espécie associada 2s duas espécies de formiga e P.

nudicornis.

Cada guilda é composta por espécies com caracteristicas ecoldgicas distintas existindo
equivalentes ecolégicos entre as guildas, sugerindo fortemente estruturaglo por partilha

de partitha de recursos.

A existéncia de um nicho ecolbgico distinto para cada espécie de Pseudacteon sugere as
introducdes multiplas como methor estratégia de controle bioldgico de §. invicta nas

areas em que essa formiga € exoética.

S. invicta ndo forrageia dentro de matas, sugerindo fortemente que sua relativa

abundancia no Brasil, onde é nativa, é devido ao menos em parte aos desmatamentos.

Forideos Pseudacteon spp. também suprimem trilhas de recrutamento da formiga

argentina, Linepithema sp.

As formas de Linepithema atacadas por Pseudacteon spp. no Brasil sdo
morfologicamente diferentes de Linepithema humile dos EUA.
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- L. humile dos EUA e as Linepithema do Brasil morfologicamente semelhantes a ela nfo
atraemn Pseudacteon spp., inviabilizando ¢ uso desses parasitéides em programas de

controle biologico da formiga argentina norte-americana.



ANEXOS

Producio cientifica durante o doutorado.
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ANEXO 1.

Ecologia do forrageamento ¢ padrdes de diversificagio de dipteros parasitdides de formigas

lava-pés no Brasil.
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Abstract. 1. At least sixteen species of parasitoid flies in the genus Pseudacteon
(family Phoridae) attack fire ants in the Solenopsis saevissima subcomplex in South
America. Little is known of behavioural or ecological differences among Pseudacteon
parasitoids of fire ants, although their coexistence in multispecies communities would
suggest that important differences exist. Seven Pseudacteon species in two separate
communities were studied in south-east Brazil, The way in which hosts detect and
respond to the presence of parasitoids, attack rates of the parasitoids, and host location
behaviour of the parasitoids were examined.

2. Reductions in fire ant recruiiment were more closely related 1o the number of
ants attacked along a foraging trail than to the amount of time that a phorid was present.

3. Pseudacteon solenopsidis differed from other phorid species by flying backwards
while pursuing ants, by attacking at lower rates than other phorids, and by spending
tonger around fire ant foraging trails than other phorids before departing. Fire ant
recruitment to food often rebounded in the continued presence of P selenopsidis.

4. In each of the two communities. certain Pseudacieon species appeared frequently
al Solenopsis foraging trails, whereas others appeared predominantly at mound
disturbances. Two distinct size classes of phorids were present in each community,
and the community with the larger ant host species also had a third and farger phorid
species. No phorid species from the same community had similar body sizes and similar
host location behaviours, although numerous species from different communities shared
both of these traits.

5. Heterogeneity in host size and in the ecological circumstances under which hosts
are vulnerable to attack appears to have influenced the evolution and perhaps
maintenance of diverse Pseudacteon communities.

Key words. Biological control, host location, parasitoid, Phoridae, Pseudacteon, red
imported fire ant, Solenopsis, species diversity.

possible that the loss of resources ants incur while responding
to phorids may limit their population growth, which makes

Many species of adult ants are attacked by host-specific
parasitoids in the family Phoridae (Disney. 1994} In order to
avoid parasitism by phorids. ants lose competitive interactions
over food {Feener, 1981}, fail to recruit to food resources
(Feener. 1988:; Orr, 1992: Orr eral.. 1995} or abandon food
resources (Feener & Brown. 1992; Porter e al.. 1995a). it is

*Correspondence: Pr Matthew Orr. Department of Biology. San
Francisco State University. San Francisco, CA 94132, U.S. A, E-mail:
morr@sfsu.edu

© 1997 Blackweil Science Lid

phorid parasitoids candidates for biological control of invasive
ants (Borgmeier, 1938: Feener, 1981; O et al., 1995; Porter
et al.. 1996). At least sixteen species of phorid parasitoids in
the genus Pseudacteon attack a narrow range of fire ants in the
Solenopsis saevissima subcomplex in South America (Trager,
1991; Disney, 1994). An invasive ant species in the subcomplex,
the red imported fire ant {Solenopsis wagneri, formerly
Solenopsis invicta (Bolton, 1993): hereafter referred to as
5. invicta because this name has gained common usage] hosts
at least seven Pseudacteon species, which occur in multispecies
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commaunities {Williams. 1980 Orr er al., 1995; Porter eral.,
1995b). Under the definition put forth by Mills (Mills. 1994},
Pseudacteon attacking S, invicta belong to the same guild
because all attack and kill the same host stage after developing
endoparasitically.

The large number of phorid species hosted by 5. invicia and
other ants in the subcomplex exceeds the diversity of phorids
hosted by most other anis {Disney, 1994). One factor influencing
this diversity may be host size polymorphism within colonies
of Solenopsis (Tschinkel, 1988). Pseudacieon complete their
development within the head capsules of fire ants (Porter ez al.,
1995b), and the sizes of different Psewdacienn species correlate
with the sizes of worker ants they choose t¢ attack (Morrison
et al,, 1997). In addition, some Pseudacieon species forage at
different times of day (Pesquerc er gl 1996). Variability in
host size and in the abiotic conditions under which hosts are
vuinerable 1o altack may in part explain Pseudacreon species
diversity, aithough variability in host size exists as well for
less diverse phorid assemblages attacking other anis [e.g. At
(Orr, 1992; Feener & Brown, 1993) and Camponotus].

This study investigates the behavioural and ecological
diversity of Pseudacteon parasitoids of fire ants in South
America. Little is known about differences in behaviour among
these parasitoids in the field, and no atternpts have been made
to understand Pseudacteon communities in the context of
species differences, Species differences may help to explain
why s¢ many parasitoids co-occur in the same guild. In this
study, the three guestions listed below were examined. What
cues do fire ants use to detect or respond to Pseudacteon
parasitoids? Does the auack behaviour of Fseudacieon
parasitoids vary, and, if so, does such variation influence host
ant responses? Does the ecology of host location, attack
behaviour, and phorid body sizes within natural Psendacteon
communities contribute 1o an understanding of Pseudacteon
community diversity?

Methods
Study sites, host ants. and phorid identificarion

Experiments were performed between 27 March and 8
December 1995, Two sites in S#o Paulo State. south-east
Brazil, were used for this study. Serra do Japi {(hereafter Japi;
23°16’S, 47°00" W1 350 km?), is a semideciduous forest ranging
from 700 to 1300 m elevation, 60 km north-east of Sio Paulo.
Mata Santa Genebra (hereafter Genebra; 22°49'S, 47°06"W:
250 ha) is a small semideciducus municipal reserve 30 km
north-east of Japi. Ants studied at Japi were identified as
$. saevissima and colonies at Genebra were identified as
S. invicta by }. Trager (Trager, 1991; Bolton, 1995). Mounds
of each species were found in open areas, particuiarly along
road and trail sides.

Pseudacteon species were captured with an aspirator, killed
in a freezer, and identified urder a dissecting microscope using
Borgmeier (1969} and Borgmeier & Prado (1975). Once the
distinct structure of the ovipositor of each species at a site
became familiar, individuals could be aspirated into small
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plastic tubes, identified quickly with a 10X hand lens. and
released where captured. Psewdacteon solenopsidis was the
only phorid observed that fiew backwards while pursuing ants.
Because of its unigque behaviour, 2 selenopsidis could be
identified without being captured. Pseudacteon litoralis and
P iricuspis were difficolt to distinguish from one another
withont being captured; either could be distinguished from the
other phorids at Genebra, P solenopsidis and the much smaller
E obtusus and P curvatus. Occasionally, individuals that were
either B litoralis or £ tricuspis appeared at a foraging trail and
departed foo quickly to be captured. Hence, for some analysss,
these two species were lumped.

Fire ani responses io phovids

A test was conducted to find out whether reductions in fire
ant recruitment in the presence of phorids were explained
better by the time a phorid was present at a trail or by the
number of aftacks cccurring at 2 trail. To begin the experiment,
a bait was placed 20 cm from either an underground funnel
entrance of a mound, A 25 X 13-cm area between the bait and
the mound or tumnel was covered with sand andfor white
plastic in order to facilitate viewing of phorids when they
arrived. Pieces of tuna small encugh for a few foragers to
carry were placed near the mound or tunnel heles, which
stimulated searching behaviour and discovery of the bait. The
bait consisted of 2 3-mi syringe, with its narrow end cut off
and tuna packed into it to a depth of 3 cm. To maiatain uniform
accessibility of the baits to ants, the plunger of the syringe
was pushed forward as anis depleted the tuna. A plastic box
{25 %X 15 X 5cm) with a fine mesh lid was used to cover the
bait. the tunnel entrance, and the recruitment trail. The box
prevented Pseudacteon from attacking ants prior to the
establishment of steady recruitment. Trails were shaded
naturally or by an umbrella. After 30 min, ant recruitment
(defined hereafter as the number of ants approaching the bait
past a fixed point on the foraging trail} was recorded for a 3-
min period. After the first count of recruitment, the box
protecting the ants from phorid attack was removed.
Recruitment was measured at {5-min intervals thereafter.
Between counts, trails were observed continuously. When a
Pseudacteon artived, it was atlowed to attack ants for up to
5 min, and then removed for identification. An attack was
recorded if a phorid darted down and made contact with an
ant. Immediately after the phorid was removed, ant recruitment
was measured again.

For each trial, change in recruitment was guantified by
dividing recruitment after phorids were removed by the last
count before phorids arrived and plotting this ratio against {i)
the time that the phorid was present and {ii) the number of
attacks. The plots did not conform to the assumptions of
regression analysis because of unequal variance in the
dependent variable at different values of the independent
variable, so categorical divisions were made in the independent
varizbles (< 3.5 or > 3.5min present; < four or > fow
attacks) and dependent variable (recruitment afier phorids
divided by recruitment before < 0.2 or > {(.2) and data were
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Tabie 1. Phorid communities a1 Genebra and Jap. The ecological circumstance wnder which each phorid species commonly appeared {M. mound:
BT, mounds and trails; see Fig. 7) is in parentheses beside each species name, Tength and width measurements are of the mesonotum. Within each
community, body sizes different at the 0.01 level are marked with different alphabetical superscripts. The species of fire ant host present in each
community and the mean head width of its largest workers are listed in column §. Head widths {mm + SD) of 5. sgevissima and §. invicia differed

at the 0.0061 level.

i.ength Width

Community FPseudacteon species x = 5D} (x & 5D n
Santa Genebra P Horalis (WD 051 = H.04° 0.57 = 0.0% 15
S. invicta P tricuspis (M) 0.42 = 5.04" 0.49 + 0,037 15
128 = 007 P sofenopsidis (MT) 6.40 = 0.06° 047 + 0.04° 20
P oobrusius (MT 0.26 = 0.05° 0,35 = 0.04° g
Serra do Japt P osvasmanni (M) 043 = 0047 047 = 3.04° 15
$ smevissima P borgmeieri (MT) .40 = D047 045 = 004° i5
109 = 0.05 F. nudicernis (MT} 029 + 0438 024 + 002" g

apalysed using a2 2 X 2 ¥ -test. The categories in the yP-test
were chosen to minimize the variance in the row and column
totals of the 2 X 2 contingency tables. In all, twenty-six trials
were performed at tunnel entrances and forty-five at mounds.
Tising measurements of tunnel length from North American
colonies (Markin e al., 1973}, it was estimated that fewer than
0% of the tunnels used here belonged o the same colony.
With the exception of two mounds that were each used twice.
no mound was used for more than one trial.

A& similar experiment was performed to investigate whether
differences between study sites existed in the recruitrment
responses of ants to phorids that were present over a long
period. Because both the ants and phorids present at cach site
were different. this experiment could not distinguish effects
caused by different ant species from effects caused by different
phorid species. None the less, it offered a preliminary look
into potential variation in fire ant responses to phorids. The
same experimental protocol as above was used except that
phorids were not removed from foraging trails. Recruitinent
was recorded every 30 min for at least 90 min after a phorid
appeared at a trail. At trails with phorids, minimum counts of
recruitment were always made after phorids arrived. At trails
without phorids, minimum counts of recruitment were not made
unti] after a peak in recruitment. If a phorid departed prior to
90 min after it first appeared, recruitment was recorded for at
least apother 30 min. If a phorid did not arrive within 2 h, the
trail was used as a control to measure recruitment variation
in the absence of phorids. Counts of recruitment were log
ransformed to equalize variances.

During these experiments. ali of the phorids appearing at
irails at Genebra were P solenopsidis, which could be
recognized without being captured because of its behaviour of
flying backwards. Phorids appearing at Japi could not be
identified by behaviour alone: because they were not captured in
this experiment, their species identity was unknown. Therefore
comparisons were made between S.invicta attacked by
P solenopsidis at Genebra and 5. saevissima attacked by ali
other phorids at Japi. For statistical analysis, each recruitment
trail was classified according to its study site (Genebra or Japi)
and whether phorids arrived or did not amive. Data were
analysed using a two facfor Tepeated measures ANGVA. with
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study site and the presence or absence of phorids as the factor
effects, and the high and low counts of ant recruitment at a
trail as repeated measures. Maximum levels of foraging were
afso compared between sites and between trails with and
without phorids using a two way ANOVA.

FPhorid behaviours

Three aspects of phorid behaviouor that might influence the
responses of fire ants are the attack rate of the phorid, the
amount of time that it remains at a trail before departing. and
the ants it chooses to attack. In the above experiments, the
attack rate {attacks/min) of each identified phorid was recorded
for 2-5 min. To include possible effects of host availability on
attack rate, attack rates were analysed using an analysis of
covarance, with phorid species as the classification variable,
ant recruitment (last count before phorid arrival) as the
covariate, and a phorid species X ant recruitment interaction
term. Among species that were not influenced by host
availability, attack rates were square root transformed and
compared using a Kruskal-Wallis test and pairwise comparisons
(Neter er al., 1985).

The amount of time that P, solenopsidis spent at a foraging
trail was compared with the time that species from Japi
remained at foraging trails. Time was divided into four 30-min
intervals and the number of phorids at each site staying for
each time interval was compared using 2 y%-test. The amount
of time that P, solenopsidis chased ants of different sizes was
studied by atiracting ants to small {=3 cm?) pieces of 1wma.
When F solenopsidis arrived at a trail, chase times were
recorded and chased ants were collected. Ant head widths
were measured under a dissecting microscope with an ocular
micrometer, Chase times and head widths were log transformed.
The hypothesis that chase times increase with the size of the
pursted ant was tested using regression analysis.

Phorid host location behaviours and body sizes

During the course of the experiments, it became apparent
that the Pseudacteon species appearing at ant foraging trails
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differed from those secn commoniy at disturbed mounds. In
order to test whether Pseudacteon species differed in their host
location behaviours, flies were collected from disturbed mounds
in the vicinity of experimental sites at foraging trails.
Collections at mounds and trails were interspersed in time;
collections at mounds were often made immediately after
an experiment at a foraging rail ended. Phorid body sizes
(mesonotum width and length) were measured to determine
whether communities exhibited any structure with regard to
the sizes of the phorid species present. F litoralis was the
largest pharid species present in either community. In order to
determine whether it also attacked the larger ant host. samples
of the largest workers of 5 fmvicia and 5 saevissima were
collected by breaking open a mound uniil brood was exposed
and coliecting five of the largest ants visible. Five colonies
from throughout the study area at Japi and five colonies {rom
a field = 5 km from Genebra were used. Mounds from the
field near Genebra were used because the phorid communities
at the field and at Genebra were identical and §. invicra was
not building mounds inside Genebra at the time that colonies
were sampled.

Hesulls
Phorid species and fire ani responses o phorids

‘The phorid species that commonly appeared at Japi and
Genebra during the course of the study are shown in Table [
One P pradei appeared at a foraging trail at Japi and . curvatus
appeared al two mounds at Genebra. Because £ pradei and
P curvatus seldom appeared they were not included in the
analyses, although they may be important components of the
phorid community during seasons or years ouiside this study.
Species composition of the community at Santa Genebra
changed over the course of the study. Psendacteon solenapsidis
was the oniy species that appeared at ant foraging trails from
March 10 July: however, P obmusus was the most common
species at foraging trails when phorid communities were
characterized by making simultaneous coliections at mounds
and trails from September to December.

There was no sign that an ant could detect a phorid uniess
the phorid attempted to oviposit, made incidental contact, or
hovered 1 or 2 mm in front of an ant’s face. With the exception
of P solenopsidis, incidental contact and hovering directly in
front of an amt seldom occurred. After an attack, ants raised
themselves up straight on their legs, terned to their sides, or
raised and sometimes ‘flagged’ their gasters {Obin & Vander
Meer, 1985: Porter et al., 19952). Sometimes attacked ants
remained frozen in these positions for minutes. The difference
in ant recruitment before and afier phorids arrived (75 -+ 47
ants) greatly exceeded the mean number of ants attacked on a
trail {4.7 -+ 4.2). This response by many ants after only a few
attacks along a trail may create the impression that ants detect
phorids without being contacted. However, there was no
relationship between changes in ant recruitment and the time
a phorid was present (Fig. 1a). In contrast, the number of
attacks on a trail ciearly influenced amt recruitment (Fig. 15}
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Fig. 1. The y-axis in both {A} and (B) shows the change in anl
recruitment in the presence of phorids, which was measured as the
number of fire ants recruiting to 2 bait immediately after a phorid was
present divided by the number of ants recruiting before a phoric
arrived; the lower the value, the more foraging diminished in the
presence of phorids. x-axis in (A} shows the time a phorid was presen
at a trail; r-axis in {B) shows the nomber of phorid aitacks. There wa
no relationship between changes in ant recruitment and the time ¢
phorid was present (x* = 0.6, .f. = 1; P = 0.59}. In contrast. change:
in ant recruitment were related to the number of attacks on the rai
(x°= 10.9; df. = 1; P < 0.001). Phorid species are T = Pseudacteor
litoralis or P tricuspis; O = P obtusus; W = F wasmanni, B =
P. borgmeieri; N = P. pudicornis.

Because attacks influenced recruitment more strongly than the
time a phorid was present, it would appear that contacted ant:
communicate the presence of phorids chemically to thei
nestmates.

At trails where phorids were not removed, ne clear differenc
existed between sites in the changes in ant recruitment cause
by the presence of phorids {Fig. 2). The highest jevels of an
recraitment did not differ between sites (F = 145, df. =1
58; P = {0.23) or between trails with phorids and trails withou
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Fig. 2. Maximum ant recruiiment (High) and minimum  ant
recruitment (Low) at a wrail a1 Genebra (Squares) and Japi {Circles).
There was no tendency for variation in recrultment at a trail to differ
between Japi and Genebra, as indicated by an insignificant three way
imteraction befween site. the presence or absence of phorids, ang
repeated measures of foraging (high and low) atatrail {F = 36,41 =
1. 58, P = (.06}, although the interaction was almost significant
Unsurprisingly, there was a lorge effect of phorids on differences
betwesn high and low foraging af a trail (F =62, d.f = 1. 38
P < 0.0001}. Sample sizes are beside each line.

phorids (F =242, d.f. =1, 38. P =0.12), suggesting that
there was no tendency for either ant species to recruit to higher
jevels and no tendency for phorids to find the busiest trails.
Even though sites did not differ in maximum recruitment,
S, saevissima failed to recruit to baits = 25% of the time. and
S. invicta always recruited, whick suggests that the two ant
species did differ somewhat in their motivation to recruit.

Unexpectedly. the depressive effect of P solenapsidis on
S. invicta's recruitment (Fig. 2} often did not last (Fig. 3). At
half (ten of tweniy) of the foraging trails visited by
P solenopsidis, ant recruitment rebourded within 90 min to
levels comparable with recruitment before £ solenopsidis
arrived (Fig. 3). At the other ten trails visited by F. solenopsidis.
rebounds in recruitment occurred after 90 min at two trails; no
decline in recruitment occurred al three wrails; a decline with
no rebound occusred at two trails: and flies departed in less
than 90 min at three trails. Twenty-one flies from eight trails
were captured and identified as P. solenopsidis females. which
confirmed identifications based on behaviour and suggested
that male fies were not abundant at foraging trails. The long-
term effects of other phorid species were not easy to compare
with P solenopsidis because other species remained at trails
for considerably less time (helow).

Phorid behaviours
Attack rates were influenced by a significant interaction

between the phorid species attacking and the number of ants
recruiting to the bait (Fig. 3. Due to the significant interaction.
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Fig. 3. Closed circles show aat recruitment fo 2 bait over 30 min at
ter foraging trails visited by Pseudacteon solenopsidis. Open squares
show the mean number of P solenopsidis present. Time zero was the
Jast count of ant recruitment before P soleropsidis arrived. Despite an
initial decrease, ant recruitment rebounded over %0 min in the continued
presence of P splenopsidis at these ten trails.
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Fig. 4. Fseudacteon atiack rate (attacks/min.) vs. ant availability
{recruitment during 3 min immediately before phorids arrived). Letter
symbols are the same as in Fig. 1. Ant availability interacted with the
phorid species to influence attack rate (F =35 df =35 62, F=
0,008}, However, when phorid species that appeared more often at
disturbed mounds than at foraging trails were not included in the
anaiysis, the interaction (F = 04; d.f. = 3, 53; P = 0.76} and effect
of recruitment (F = 1.6, &f =1, 5% P =0321) disappeared for
recruitment below 1635 ants per min. P solenopsidis (0.15 = 0.i8 3D
attacks permin) attacked at a lower rate than A borgmeieri
(1.77 = 1.33). P nudicornis {093 = 0.57) (P:=005), but not
P obrusus (.50 = 0.30) (P = $.06). Pairwise comparisons of attack
rates among P obusus, P borgmeieri, and P nudicornis were not
significant {P == 0.80 or higher).
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Fig. 5. x-axis shows the time that a phorid remained at an ant foraging
trail before depaning. y-axis shows the number of cbservations for
each time interval. Pseudactean solenapsidis {black bars) remained at
trails longer than the phorid spocies at Japd {open bars: 7t = 14141 =
3 P < 0.003). =

attack rates for alf species could not be compared meaningfully.
However, if species that appeared more commonly at mounds
than at foraging trails (P wasmanni. F. litoralis and P, rricuspis;
see below) were not included in the amalysis, there was no
Jonger any effect of recruitment on attack rate at ant recruitment
levels experienced by all phorid species (< {70 ants per min).
Of the phords that commonly located foraging tmils.
P, solenopsidis attacked more slowly than two of the remaining
three species (Fig. 4).

Pseudacteon solenopsidis remained at trails longer than other
phorids (Fig. 3). Pseudacteon solenopsidis’s low attack rate
and the tendency of S imvicta to continue foraging im its
presence may explain why P solenopsidis did not depart as
quickiy as other phorids. Its tendency te fly immediately in
front of an ant apparently made it easy for an ant (o detect,
and oviposition attempts were frequently preceded by long
chases. During these chases. P solenopsidis purssed and
attacked large ants preferentially (Fig. 6). Only eleven of the
149 ants pursued during 36.3 min of chases in Fig. 6 were
attacked. This attack rate {0.3 attacks per min) is greater than
the rate of P, solenopsidis in Fig. 4, probably because it does
not include time that P selenopsidis spent perched and/or
because larger baits were used. which greatly increased the
availability of potential hosts.

Pseudacteon host location and conumunity composition

Phorid species that visited ant foraging trails least commonly
were most common at mound distarbances, and vice versa
(Fig. 7). It would appear that mound disturbances, either
through the strength or type of cue present, are considerably
mote atiractive than ant foraging trails to P litoralis. P tricuspis
and P wasmanni. In contrasi, the other four Pseudacteon
species arrived more often at foraging trails than at disturbed
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Fig. §. Psendactzon solenopsidis chased large ants longer than small
amis {# = 55 44 = 1, 147, BT = 0.27; P < Q.00C1). The mean head
width of attacked ants (1,07 + 0.04 mm) was greater than the mean
head width of ants that were chased but not attacked (0.69 -+ 0.15 mm;
P < 000011

GENEBRA

disturbed mounds

Fig. 7. Relative abundance of different Pseudccteon species appearing
at foraging treils (top) and disturbed mounds (bottom) at Genebra and
Japi. Species appearing frequently at disturbed mounds appeared less
often at foraging trails at both Genebra (" = 37, 4.0 = 1 P < 0.0001}
and Japi ¥ = 61, &L = 1; P < 0.0001). At foraging trails, only the
first phorid to arfive was included in this figure, since those that
arrived second may have been attracied by the ant response to the first
photid. Letters identify species as in Fig. 1 ¢except L/T = R litoralis
and P tricuspis). Pseudacteon litoralis and P. tricuspis were grouped
because it was uncertain which of the two spucies appeared at trails;
at disturbed mounds. the numbers were fourteen P litoralis, twenty
P, 1ricuspis, and six individuals of either species. # = twenty-one trails
and eightsen mounds at Genebra; twenty-five irails and eight mounds
at Japi.
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Table 2. The phorid species in this table were common at disturbed mounds and uncormon at foraging trails. Listed here are other gcological
circumstances under which these phorid species were present. The circumstances listed here were either not commonly encountersd {e.g. irails
were under attack by another phorid species during only 2.6 h of 54 h of observation) or experimentally avoided (i.e. other inis species wefe
removed from areas around Sefenapsis foraging trails). Nonetheless, these phorids appeared more often under these rare circumstances than during

many hours of observation at unpertwbed foraging trails,

Mumber of instances

Species Circumsiance

Number of individoals

Comments

Foraging trail under
attack by another phorid

P wosmanni

E iitoralis/ Food resource contested by

B rricuspis

F wasmarnni Colonv during mating flight.

4 different trails:
3 different baits;
5. invicta and another ant species 4 individual phorids

3 separate colonies:
P .
23 P owasmanni

Uinantacked trails attracied only three P wasmanni,

G P wesmansi

Tratls were seldom attacked by other ants.

Only one other photid was caught at mating Bights:
10 of 12 phorids at foraging trails in the vicinity were
P, nudicornis.

mounds. The frequent appearances of £ solenopsidis at foraging
trails during certain times of vear are pot included in Fig. 7
because no simulianeous collections were made at mounds
during this peried. Although numerous pairs of phorid species
were similar in body size and host location {e.g. P obfusus-
P nudicomis. B horgmeieri-F. solenopsidis.  F wasmanni-
P tricuspis, Table' 1). no two species occurring together in the
same comrunity were the same for both traits. Genebra, the
comprunity with the larger ant host species, also had the largest
phorid species (Table 1)

P litoralis, P fricuspis and P wasmanni, the species that
appeared primarily at disturbed mounds, appeared relatively
commonly under three additional circumnstances during the
course of the experiments in which phorids were removed
from trails (Table 23. Although the observations in Table 2 are
preliminary, they suggest that certain phorids may be attracted
to foraging trails by chemicals eminted when Solenopsis
interacts with phorids or other ants. An interesting aside on
Psendacteon sex ratios is that many of the phorids caught at
disturbed mounds at Genebra were males, but none of the
phorids captured at disturbed mounds at japi was male. The
absence of males at Japi suggests that males of different species
gither employ very different mate location strategies or are
less active and abundant than females during certain seasons.

Discussion

Overall, the results of this study demonstrate (a) that fire ants
diminish their recruitment to above ground food resources in
response to phorid attacks and not to the mere presence of
phorids; (b) that P solenopsidis differed from other phorid
parasitoids in various aspects of its attack behavicur, and (¢}
that Psendacteon species employ different strategies to locate
hosts, which may in part explain the species diversity of
Pseudacteon guilds. Each of these findings is discussed below.

Fire ant responses to Pseudacteon

After only a few Psesdacteon attacks, many ants ceased
recruitment. suggesting that atlacked workers chemically
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communicated the presence of an attacking fly to nearby nest
mates. There was considerable variation in the recruitment
response of ants when two or fewer attacks occurred at a
foraging trail. This variation may have occurred for @ number
of reasons. First, a colony's level of food satiation may be
inversely correlated with the risks workers are willing to take
while foraging (Nonacs & DiL 1990). Second, attacks do not
always result in parasitism (Porter eral, 1995b; Momison
et al., 1997 the strength of the chemical signal emitted by an
ant may depend on whether an egg is deposited. Finally, attack
location may be important: chemicals refeased by an ant at a
tunne] entrance may have inhibited workers from venturing to
the bait more effectively than the same signal at the end of
the recruitiment trail,

Cne finding that is difficult to explain is the recruitment
rebound by §. invicra after 30-90 min despite the continued
presence of P. solenopsidis. A potential explanation is that as
fiies remain active around a trail, the large workers preferred
by P solenopsidis return underground while small workers
continue to forage, Such caste-specific responses to phond
parasitism occur in leaf-cutier ants (Orr, 1992). whose phorids
also preferentially attack large workers (Feener & Brown,
19933, If the availability of large workers declines during the
time that P selenopsidis is present at a trail, then attack rates
might also diminish, and recruitment consequently rebound.
This hypothesis could be tested by measuring attack rates and
worker body sizes along foraging trails through time.

The results presented here raise a number of questions
regarding the effects of Pseudacteon on the ability of Solencpsis
to harvest and protect food resources. The recruitment rebounds
in the presence of P solenopsidis suggest that the presence of
certain phorids, particularly those with low attack rates, may not
compromise for jong periods of time the ability of Solenopsis to
defend or harvest food resources. Pseudacteon species that
leave after attacking for only 2 short time may aiso have only
an ephemeral effect on the ability of fire ants to defend food.
COverall, the effects of Pseudacteon on the ability of fire ants
to defend food must depend on (a) how often phorids appear
during initial recruitment to a resource; (b) whether the value
or physical nature of a food resource influences ant foraging
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persistence: (¢) the frequency with which a pherid that has left
a site will revisit it if recruitment rebounds: (d} how quickly
or whether competing ant species atiempt to steal a food
resource during phorid-induced troughs in recruitment by
Selenopsis; and {g) whether interactions between Solenopsis
and other ant species attract Psewdacteon to food resources.

The above considerations suggest that the strong suppressive
effects of phorids on fire ant recruitment reported in O eral.
{1995 might have been due to the presence of phorids during
{rather than after) initial ant recrutment. When the chemical
signal along a recruitment trail is weakly established during
initial recruitment. low atlack rates of P solenopsidis may have
an increased lkelihood of causing anis 1o abandon recruitment.
Phorids other than £ sofenopsidis may alse have been present
in Orr eral. {1995). In addition, the tough pieces of heart
muscie used by Orr eral. (1995) could not be torn apart by
ants as easily as the tuna used in this study. Because the
chemical message along Selenopsis foraging trails is maintained
by ants returning (o the colony with food (Wilson, 1962;
Hangartner. 1969). recruitment may be particularly likely ©
shit down in the presence of phorids when the physical nature
of a resource reguires ants to take longer to break off pleces
of food before returning on the recruitment trail. If the physical
nature of a resource influences the response of ants to phorids,
then accurate mensurements of the effects of phorids may
be best made using nawrally occuming food iems such as
arthropods.

Pseudacteon solenopsidis artack behaviour

Pseudacteon solenopsidis behaved very differently from
other trail-visiting phorids. It attacked at lower rates than the
other three species that commeonly visited ant foraging trails.
1t was also unique among the species studied in its tendency
1o fiy backwards while pursuing ants. One other phorid, in the
genus Myrmosicarius, has been observed to fly backwards
while purssing ants in the genus Acromyrmex (D, H. Feener
& B. V. Brown, pers. comm.). By Aying in front of an ant,
P soleropsidis may avoid defensive compounds excreted from
the gaster of the ant (Obin & Vander Meer. 1985). Backward
flight may offer P, solenapsidis some advantage in oviposition
success that compensates for lower attack rates, aithough it
seems likely that oviposition would be easier on a stationary
rather than a fleeing bost. Backward flight may also be a
manipulation of colony-level defensive behaviour. Fire ants do
not usually respond to a phorid hovering behind them, but they
often run when P, solenopsidis hovers directly in front of them.
In order to remain in front of an ant and simultapeously pursue
it, P solenopsidis must fly backwards. The potential benefit of
a chase to P solenopsidis 1s that attacks often occur far from
the foraging trail. When an ant is attacked far from the trail,
any alarm odours it releases are less likely to be detected by
nestrmates, and the supply of suitable hosts along the recruitment
trail may therefore be less likely to dwindie. Under this
explanation. the cost of low attack rates would be compensated
for by a steady sapply of vuinerable hosts. This explanation is
consistent with the results of this study: fire ants communicale
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the presence of phorids chemically; enly direct attacks from
phorids elicit the chemical signal that leads to 2 diminishment
of foragers: and recruitment is often high in the presence of
P solenopsidis.

Phorid variation in hast location

Some Preudactecn  species  commonly  appearsd At
undisturbed foraging trails, whereas others were common at
disturbed mounds but yncommon at foraging trails {Table i},
Differences in visual cues used to locate hosts can be eliminated
as an explanation for differences in host location. Thirty-seven
of the forty foraging trails at Serra do Japi used ants foraging
directly from the mound. It is difficuli to imagine that anls
recruiting to 2 food resource beside a mound and ants running
over a disturbed mound would present a sufficient visual
difference to attract different phorid species. The mound
disturbance itself might have some effect if certain Pseudacteon
species live in mounds and emerge when cclonies are disturbed.
Phorids are commen nest commensals of ants (Disney, 1994}
2 phonid that is not a parasitoid of ants commeonly occurs on
top of fire ant mounds at Japi and enters cracks in the mound
(M. R. Orr. pers. obs.). However, no Pseudacteon parasitoid
of Soienopsis has been recovered fromn mounds or seen (o
enter them.

Based on current knowiedge of the host location behaviour
of phorid parasitoids and of the chemicals used by fire ants,
differences in chemical cues are the most likely explanation
for differences in host location. The phorid Apocephalus
paraporerae is atracted to alarm pherornone extracts from the
mandibular gland of its host ant Paraponera clavaia (Feener
eral., 1996). Fire ants use a variety of chemical signals under
different ecological circumstances. Selenopsis invicta's trail
pheromones are secreted from the Dufour’s gland (Wilson,
1962: Vander Meer et al., 198R), whereas chemicals from the
poison gland are secreted over hrood inside the colony in a
behaviour called “gaster flagging’ (Obin & Vander Meer, 1985).
Phorids that were more common at foraging trails may be
better able to detect Dufour’s gland products, while phorids
that commonly find disturbed mounds may be better able to
detect poison gland products. Fire ants also raise their gasters
in response to competing ants (Obin & Vander Meer, 1985)
and phorids (Orr eral., 1995 Porter eral, 1995a), which
may explain why phorids common at disturbed mounds also
appeared to be more common at perturbed foraging trails
{Tabie 2}. Olfactory cues may also explain the specificity of
some Pseudacteon species to species groups of Selenopsis {e.g.
Geminata vs. Saevissima groups {Gilbert & Morrison, in press)].

Pseudacteon communities

Even though three pairs of phorids from different
communities were the same for both host lecation behaviour
and hody size. no phorids within a commaunity shared both of
these traits (Table 1. Swrong comelations exist between the
sizes of various Pseudacteon and the sizes of Solenopsis

© 1997 Blackwell Science Lid, Ecological Entomelogy. 22, 305-314



workers they atack {Morrison eral, 1997y I phorid
commmunities are merely random assemblages of non-interacting
species (Connmor & Simberioff, 1979). then as more
communities are sampled it should be possible w find
communmities with species of the same size locating hosis
similarly, as well as communities that lack phorids of certain
size groups and host location sirategies. I¥ host size and host
location are important niche dimensions, and if phorid species

interact in their occupation of niche space, then sampling of -

additional phorid communities should reveal patierns consistent
with such interactions {e.g. Graat. 1968} and with the patterns
ohserved hers at Genebra and fapi.

Biplogical contral

Issues addressed by this study are relevamt {o the use of
Pseudacteon for biclogical control of § invicre in North
America. First, the results presented here suggest that
P solenopsidis may have a smaller effect than other phorids
on the ability of fire anis to defend and harvest food rescurces.
$econd, the capacity of cevtain phorids 1o joonte 5 fnvicra may
1e reduced in its introduced range. Many of the areas invaded
by . invicra in North America have few native anis remaiming
(Porter er al., 1990, 1997: Porter & Savignano. 1990}, In such
areas, interactions with other species over food resources are
likely to be uncommon. Mating fights (Morrill, 1974) and
mound disturbances are also relatively rare events. it will
be important to Jearn whether the Pseudacteon species that
principally located anis at disturbed mounds and mating fights
in this study usually depend on interspecific aggression ©
locate hasts around food resources. If they do. then the
host location cues required by these phorid species may be
uncommon in many areas of S invicta's introduced range
where native ants have been reduced or eliminated. Finally,
knowing whether Pseudacieon communities are structured by
interspecific interactions may be useful in the design of
introduced communities (Bhler & Hall, 1982}
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ANEXO Z.

Parasitoides detém forrageamento de formigas argentinas (Linepithema humile) em seu

habitat nativo no Brasil.
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Abstract The Argeniine ant, Linepithema humile, has
invaded sites across Africa, Australia, Furope, and
North America. In its introduced rangss it eliminates
native anis and tends agricultural pests. Few studies
have sxamined the ecclogy of Argentine ants in their
native habitat. This siudy examined the effects of para-
sitoid flies, genus Pseudacteon, on the foraging behavior
of Argeniine ants in part of their native range in
southern Brazil. Pseudacteon parasitoids commonly at-
tacked Argentine ants, but not other ant species, in
daylight at temperatures above 18°C. Argentine ants
abandoned food resources and returned underground in
the presence of parasitoids. Parasitoid attack rates di-
minished as Argentine ants retreated underground.
Where parasitoids were present, Argentine ants were
abundant at food resources only during times of day
when parasitoids were inactive. Where parasitoids were
absent, Argentine ants were abundant at food resources
throughout the day. Overall, the presence of parasitoids
explained observed variation in Argentine ant foraging
far better than temperature, although temperature had
some effect. The results suggest that Pseudacteon para-
sitoids inhibit the ability of Argentine anis to gather
food resources in their native habitat in Brazil.
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introdaction

Because of their abundance and their role as predators
herbivores, commensals, and movers of soil, anis hav
noiable impacts on their biotic surroundings (Félidoble
and Wilson 1990). Invasive anis substantially alter th
ecology of their introduced ranges {Clark ot al. 1582
Porter and Savignano 1990}, The Argentine ant, Line
pithera humile {formerly Iridomyrmex humilis}, is one ©
the most widespread and destructive invasive ants in th
world. Its invasions threaten endemic arthropods ¥
Hawaii (Cole et al. 1992) and eliminate native ants @l
California, Australia, and South Africa (Hattingh 1942
Pasfield 1968; Erickson 1971; Bond and Slngsby 1984
Ward 1987, Holway 1995; Human 1996}. In South Af
rica, Argentine ants repiace native seed dispersing ants
which in turn inhibits the regeneration of an endemi
piant community {Bond and Slingsby 1984). Argentin
ants also iend homopterans and augment their destruc
tiveness in agriculture (Newell and Barber 1913; Wa
1963; Haney 1987; Philiips and Sherk 1991).

Parasitoid flies in the family Phoridae have receive
attention for their potential effects on the ability of ant
to gather and compete for food resources {Feener 1995
Many species of phorid flies are host-specific parasitoid
of adult ants (Disney 1994). Female phorids deposit egg
on or inside of ant workers. Larvae consume the ant’
tissues, and kill the ant upon pupating (Disney 199¢
Porter et al. 1995a). Feener {1981) demonstrated tha
phorid parasitoids can alter the outcome of interspecifi
competitive interactions over food resources by inte:
fering with the ability of their host ant to defend
resource. Studies since have shown that ants recruit t
resources less effectively or forage at reduced levels i
the presence of their phorid parasitoids (Feener 198t
Feener and Brown 1992; Orr 1992; Orr et al 199!
Porter et al. 1995b). Therefore phorids may influenc
their hosts not only through dirsct mortality but also b
depriving them of the resources needed for colon
growth and queen production.
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Despite extensive attention in their introduced ranges
(Erickson 1971; Ward 1987, Holway 1995, Human
1996), Argentine ants in South America arg not well
studied. The only report of natural enemies of Argentine
ants in South America is the description by Borgmeier
{1938) of two species of phorid parasitoids hovering over
an excavated colony of Argentine ants in Brazil. Gal-
lardo (1912) observed Argentine ants displacing all other
ant species from around a house in Argentina, an ob-
servation similar to the description by Erickson (1971}
" of its elimination of North American ants. However
Fowler et al. (1990) lists Argentine ants co-ooourring
with approximately forty other ant species in a small
area in Brazil. If Argentine ants are ever to be controlled
using natural enemies, the ecology of the ant in South
America requires further study.

Here we examined whether Argentine ant foraging in
Brazil is suppressed by the presence of Pseudacteon pa-
ragitoids. The effect of an abiotic factor, temperature,
was also considered. In addition to observing naturai
variation in foraging, effects of temperature and para-
sitoids were measured separately in controlied experi-
ments. Overall, parasitoids appeared ito be more
impottant than temperature in inbibiting the exploita-
tion of food resources by Argentine ants in Brazil This
result offers initial tentative evidence that invasive pop-
ulations of Argentine ants may have escaped natural
factors regulating their populations in their native Tange.

Methods

Study sites and species

Study sites in southern Brazil, their location, and the dates that
experiments were performed at each site were as follows: Campos
do Jorddo (hersafter CJ; 22°44S, 45°35'W; 2000 m elevation; Sao
Paulo State; experiments performed 9-18 April and 13-16 October
1996), Monte Verde (MV; 22°52°S, 46°09'W, 1B00 m elevation;
Minais Gerais State; 21-26 Aprii 1996), Serra do Japi (3J; 23°16'S,
A47°00°W; 1200 m elevation; S3o Paulo State; 24 October 199613
Febuary 1997) and Passo do Lontra (PL; 19°34°S, 57°01" W, Mato
Grosso do Sul; 7-23 November 1996). The same study transect was
used in April and October at CI. PL was inside the Pantanal, 2
targe seasonally flooded wetland. Ali four sites had areas of natural
habitai where Pseudacteon parasitoids of Argentine anls were
present. At CI, MV, and SJ, the phorid was Pseudacteon pusillum,
at PL. the phorid was a closely related undescribed species {Pseu-
dacteon sp., B.V. Brown, personal communication); hereafter we
refer to these two species as Pseudacteon parasitoids {or just pa-
rasitoids). Three of the sites (C}, MV, PL) had areas where Ar-
gentine ants were present and parasitoids were absent, mostly in
grassy arcas adjacent to human habitation. At PL Pseudacteon
parasitoids also were absent from areas of natural forest and
grassland. Study areas with and without phorids were approxi-
mately 0.4 km apart at CJ, 0.3 and 8.5 km apart at MV, and 9 km
apart at PL.

“Fhe above popuiations of Argentine ants showed considerable
morphological variation; everall, their South American taxonomy
is poorly studied. Much of the variation across their native range
has been described by Santschi (1929). The greatest variation was
at PL. where Argentine anis attacked by Pseudacteon parasitoids
were small, light 1n coloration, and consistently had two long hairs
on their pronotum; ants free of parasitoids at PL were larger,

biacker, and without pronotal hairs. Ants at other sites had sor
morphological characteristics in common with each of these va
ants. Further research is required to determine whether mote th
ome species exists across their native range and where variants th
are most similar to the invasive form occur. The invasive form
large, dark, and without pronotal hairs {personal cbservation}. A
and phorid specimens were deposited in the Museum of Zoology
the University of Sao Piulo.

Ant foraging patierns

Becauge litthe is known of the Argentine ani’s ecology in its nat
hebitat, the first objective was to quantify Argentine ant forag
activity under different conditions of parasitoid activity. We p
dicted that if parasitoids suppress foraging, Argentine anl abn
dance ai food resources would be lowest when amd wh
parasitoids were active, Parasitoids were active during dayli
hours at temperatures above 18°C. Foraging was measured um
threes conditions: (1) parasitoids absent; {2} parasiioids present 1
inactive {night or temperatures below 17°C) and {3) parasito
present and active. Parasitoids were eonsidered to be absent fn
an area if none appeared during 2 h of searches among ten or m
Argentine ant recruitment trails, if no phorids wers seen at ¢
other time during 75 days of observing foraging trails in the a1
and {at MV and PL) if no phorids appeared during 30 min
observation at a plastic tray containing an excavated colony
Argentine anis. At MV, the same tray attracted large nunbers {
20} of Psewdacieon parasitoids within 18 min in greas whers
rasitoids visited foraging trails.

Tuna baits were placed at [east 5 m apart alonga fimear trans
2nd Argentine ants were counted 90-180 min later. At Clin A
baits were small pieces of tuna {approx. | om’). As baits were
pleted, tuna was replaced. At all pther times, baits were ©#
nacked inside a l-cm-diameter plastic microcentrifuge tube. At
and MV, ants both at the bait and on the recruitment trail v
counted. At PL. only ants in contact with the bait and bait
were counted because there were 100 many Argentine ants in de
vegetation for counts to be made along foraging trails. Argen
ants covered some baits with dirt at PL. At these baits, the num
of ants on the dirt mound were counted because it was imposs
to see any of the ants on the bait, Since baits and counting meth
varied, statistical comparisons of the number of Argentine ants
bait were made only within sites. A Mann-Whitney U test was1
because large differénces in variance remained even after tn
formations. Baits never visited by Argentine ants were not inclu
in the analyses, but if a bait was visited at least once (e.g. at nigh
was included in all anaiyses {e.z. both night and day means}. In
and all other analyses P values were adjusted {(Pay) for mul!
COMPAriSONS.

Responses {o temperature

Temperature was measured using 2 digital thermometer with
probe placed approximately T em above the soil, or with a mer
thermometer placed on the ground. Because thermometers -
not placed beside each individual trail, the maximum tempers
measured during each experimental treaiment is reported. In t
experiments we studied how temperature influenced Argentine
foraging independently of the presence of parasitoids. Temperz
and insolation were manipulated at ant recruitment trails »
parasitoids were absent {removed upon arrival with an aspira
Paired recruitment trails 540 m apart were established by pk
tuna baits 20 cm from two different colony entrances. One trai
shaded by an umbrelia. The number of Argentine ants at each
and traii was counted every 20 min until the number of ants a
unshaded trail dropped near zero. The umbrelia then was swit
and counts continued unti} the number of ants at the newly exp
trail dropped near zero. The experiment was performed three ti
onee at CJ and twice and 8F,
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Parasitoid abundance

The sbundance of Pseudacieon parasitoids was compared among
sites and Seasons. Ant foraging trails at MV and CJ were checked
gvery 10 min for the appearance of parasitoids. The checks at CJ
were made during experiments on ant responsss to parasitoids
(below). Trails at PL were checked less often, which made it diffi-
cult to estimate the time of parasitoid arrival even though para-
sitoid presencefabsence could be assessed. Trails were monitored
until a phorid arrived, or for 2 maximum of 180 and minimum of
90 min. The number of trails visited by phonids was comparad
between MV, PL, CJ (April} and CI {October) using 2 x 2 con-
tigency tables for all possible paired comparisons. Statistics were
adjusted for multiple comparisons.

Argentine ant responses 1o parasitoids

The foraging response of Argentine ants to Pseudacieon parasitoids
was compared between trails with parasitolds and control trails
lacking parasitoids. Baits were placed into the field either at night
{20 00-22 00 hours) of early morning (06 00-08 00 hours) when
parasitoids were inactive. Omnce Argentine ants recruited to a bait,
the hait was moved to 20 cm from where they emerged from the
ground. Two experiments were performed. In the first experiment,
performed at Cl, between two and eight trails were monitored at
one time. Ants on the bait and foraging trail were counied at every
bait every 10 min. Beginning with the last count hefore a parasitoid
arrived, six consecttive counts were used in the data analysis. At
trails where parasiioids did not arrive, counts concurrent with
thosc at the nearest trail with a parasitoid were used in the analysis.
in the second experiment, performed at 81, shaded trails located 5-
20 m apart were observed in pairs. At one trail in cach pair phorids
never arrived or were removed; at the other trail phorids were
allowed to attack. Counts were made every 20 min. Counts of ants
(log-transformed) at trails with and without phorids were com-
pared using a repeated measures ANGOVAL

To determine whether ant responses to parasitoids reduced their
risk of parasitism, we measured how Argentine ant foraging re-
sponses affected parasitoid attack rates. Ant recruitment trails were
set up as in the previous experiment. When parasitoids arrived,
attacks were counted for 3 min and ants were then recounted
during a 2-min period. This procedure was repeated three times, for
a total of three counts of ant availability and phorid attack rate at
each trail. Attacks were considered as any contact between the
parasitoid and the body of an ant. A total of seven trails were used;
one trail was used twice when ant recruitment rebounded after
parasitoids departed. Four of the observations were from new trails
and four were from trails used in the previous experiments.
Changes in ant availability (iog transformed) and attack rates
through time were analyzed using a repeated measures ANOVA,

Resuits
Argentine ant foraging patterns

Argentine ant abundance at food resources varied con-
siderably, but results among sites were consistent. Con-
sidering first instances without parasitoids, there was
some tendency for ants to be more abundant at night or
early morning (column 1 in Fig. 1) than during the day
{column 2 in Fig. 1}, aithough these differences were not
significant (Fig. 1). More strikingly, Argentine ant for-
aging was lowest at all three sites when parasitoids were
present and active {column 3 in Fig. ). The one excep-
tion to this pattern was CJ in October, when parasitoids
were scarce (see below) and Argentine ants were
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Fig. 1 ¥ axes show mean {+SE) numbers of Argentine ants at food
resources at three sites in Brazil. Bach panel represents a different site
or different time of year. CJ was studied twice, m April {fop panel) and
October (bottom panel). Symbols on x axis represent times when
parasitoids were inactive {resting fly}, areas where parasitoids were
absent (no symbol), and times when phorids were active (hovering
fiy). Within a site, lighter and filled symbols differ at the 0.05 level and
open and filled symbols differ at the 0.0003 level; after adjustment for
multiple comparisons within 2 site, the 0.05 level difference is no
longer significant and the open symbols differ from others at the 0.001
level. Sample sizes include individual and separate baits visited by
Argentine ants at Jeast once (day or night). Sample sizes, from left to
right and top to bottom, were 26, 16, 26; 9,10, 9; 19,32, 1%; 19, 15,19,
Maximum temperatures {°C) for a treatment, from left to right and
top to bottom, were 20, 26, 26: 10, 30, 35; 25, 31, 2%; 6, 18, 19

abundant at baits. The maximum daytime temperature
encountered by ants was similar within each site (Fig. 1,
legend), except at MV, where diminished foraging in the
presence of parasitoids occurred at high temperatures.
In column 3 of Fig. 1, Argentine ants may conceiv-
ably have been scarce at baits either because they never
recruited to baits or because they were expelied by pa-
rasitoids. Where baits were carefully observed at PL and
MYV, the latter explanation is supported. At MV, Ar-
gentine ants recruited to all nine tuna baits. Parasitoids
arrived at eight of the baits; Argentine ants completely
abandoned all eight baits except one, where one ant
remained. At the bait without parasitoids, a minimum of
eight ants continued foraging. At PL, Argentine ants
recruited to at jeast 13 baits. Parasitoids arrived at all 13
baits; Argentine ants completely abandoned 11 of i3
baits, while 1 and 2 ants remained at the other two baits.
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Responses to lemperature

L. humile reduced recruitment to food at temperatures
around 29°C (Fig. 2); recruitment diminished slowly as
temperatures rose, making it difficult to specify a tem-
perature threshold for foraging cessation. Temperature
tolerances may vary among populations: heavy recruit-
ment occurred at MV and PL during midday at tem-
peratures of 30°C or higher; no data from these
populations are included in Fig. 2. Overall, there was no
indication that Argentine ants could not tolerate forag-
ing at all but the very highest temperature reporied in
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Fig. 2 Effects of temperature on number of Argentine ants foraging
at tuna baits through time. Parasitoids were excluded from all ant
recruitment trajls. Each parel shows ant abundance at a pair of baits
{one shaded, one exposed) less than i5m apart and observed
simultaneously. Counts of Argentine ants at the bait are reported
every 20 min. Within 2 panel, different recruitment trails are denoted
by circles and squares. Filled symbols indicate when a recruitment trail
was shaded; operr spmbals indicate when a recruitment trail was not
shaded. Number at the top of a panel indicate temperature in the

shade; numbers at the bottom indicate unshaded temperatures. At all 6

trails, foraging levels were Jower at high temperatures (F < 0.05, sign

test); this result held even when shade was removed from the shaded

recrultment trail and placed over the exposed trail (as indicated by
crossing lines). Overall, Argentine ants did not abandon baits until

temperatares reached approximately 30°C. Top panel, CJ; middle and

botiom panel, 5]

et

Fig. |1, aithough high temperatures cleariy had 2 suf
pressive effect on foraging.

Parasitoid abundance and activity

Pseudacteon patasitoids were active during dayligl
hours at temperatures above 18°C. Argentine ant fo
aging trails were monitored for parasitoid arrival for
least 90 min once temperatures were above 18°C. Over
days in October at Cl, parasitoids did not arrive with
90 min at any of 14 Argentine ant recruitment trail
Relative to their abundance at CJ in October, parasitois
were significantly more common in April at CJ (presen:
at 16 of 17 trails over a 6 day period) and at other sit
(present at 11 of 13 trails over a 6-day period at MV a1
at 13 of 13 traiis in 1 day at PL {Pag; < 0.001 for ¢
comparisons)). Two parasitoids appeared durh
2106 min at CJ in October (an average of 1 parasito
every 1053 min), 25 parasitoids appeared during 690 m
at CJ in April (1 parasitoid/27.6 min), and 16 parasitol
appeared during 580 min at MV (1 parasitoid/36.3 mi1
Fvery closely monitored trail at CI in October expe
enced temperatures of 18-30°C, which encompasses {
general range of temperatures at which parasitoids we
observed at other sites and times of year. Therefore t
temperature at which ants were observed were not liks
to have deterred parasitoid activity.

At MV, a colony from the area without parasitoi
was excavated and transported in an open plastic tray
the area with parasitoids, where it attracted over
parasitoids in 15 min. This suggests parasitoids were 1

@ = parasiioids absent
0= parasitoids present
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Fig. 3 A Mean numbers of Argentine an’s al baits through tim
SJ. At T=10, parasitoids had not yet arrived at any bait. Subseq
observations compare bait occupation where parasitoids attac
{open circlesy and where parasitoids gither did not arrive or -
removed (filled cireles). Baits with and without parasitoids were p:
and observed simultanecusly, one pair at a time {(m = 7 p
Observations were made on cloudy days or recruitment trails
shaded to minimize effects of changing temperatures. B Same :
except data are from MV and CJ, shade was not placed above
recruitment trails, and data were often collected at more than
baits simultanecusly. No observations were made above 3
» = 1% a1 baits with phorids; # = 7 at baits without phorids.

and B, differences between trails with and without phorids wer
significant at T = 0, differences were significant at the 0.01 lev
below at all other times
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absent from the area where the colony was excavated
simply because they were not attracted o the ants there.
A similar transplant of the darker form at PL to an area
where parasitoids visited the lighter form atiracted no
parasitoids, even though parasitoids were abundant at
foraging trails in the area. This suggests that parasitoids
attacking the lighter form may specialize on that form
at PL.

Argentine ant responses {0 parasitoids

The arrival of parasitoids at a foraging trail caused
Argentine ants to abandon recruitment and, in most
instances, abandon the resource (Fig. 3). In the obser-
vations reported in Fig. 3. baits were completely aban-
doned at 18 of the 21 recruitment trails where parasitoids
appeared and at 2 of the 13 trails where parasitoids were
removed or did not appear (yf =163, 4 = 1,
P < 0.0001). By retreating underground, Argentine ants
avoided high rates of parasitoid attack {(Fig. 4).

Discussion

The results of this study demonstrate that Argentine ant
recruitment to food resources diminishes both at high
temperatures in direct sunlight and in the presence
of Pseudacteon parasitoids. At all four sites, Argentine
ants completely abandoned resources in the presence of
parasitoids (Figs. 1,3). Their tendency to return under-
ground appears to allow them to avoid high rates of
parasitism (Fig. 4). Although Argentine ants ofien
ceased foraging at high temperatures (Fig. 2), tempera-
ture alone did not explain the general absence of

-6
B S
+ -5 g
g 5
= L4 g
@ 2
s 2
_3 =
s &
= =
38 4
= -2 3
= ol
= 2
8 5
- 8

0 { T —0

0-5min 5.10min  10- 15 min

Fig. 4 Right y axis and dark line shows mean number of Argentine
ants at a food resource; left ¥ axis and fight line shows number of
parasitoid attacks. During 15 min after parasitoids arrived at a trail,
the number of Argentine ants declined (F = 4% 4f = 2, 14
P = 00000 and the attack rate of parasitoids declined (F = 31;
d = 2,14 P = 0.0001xn = 7 observations. The abandonment of
a food resource by Argentine ants would appear to reduce their risk of
parasitism

Argentine ants from food resources in areas where pa-
rasitoids were present and active (Fig. 1). Argentine ants
were abundant at resources at OJ in October, when
parasitoids were scarce (Fig. 1); therefore the suppres-
sive effects of parasitoids may vary seasonally. Similar
variation in phorid parasitoid abundance and their
suppression of ant activity occurs in the ant Pheidole
titanis (Feener 1988).

At CJ and SJ, Argentine ant recruitment dwindled at
around 30°C (Fig. 2). In one North American study,
Argentine ants foraging in a citrus grove diminished at
temperatures above 32°C (Markin 1970). In the present
study, controlled experiments on the effects of temper-
ature were not performed at PL or MV. However, at
MV, in the area without parasitoids, Argentine ants
recruited heavily at 30°C. At PL, we have seen Argentine
ants recruiting to exposed baits at temperatures as high
as 40°C while ants on adjacent foraging trails visited by
parasitoids had disappeared. These observations suggest
that temperature tolerances of Argentine ants may vary
among popuiations. The wider the temperature toler-
ance of the ant, the more ofien parasitoids, not tem-
nerature, will suppress foraging. Likewise, on cloudy
days or in cool habitats or seasons, Argentine ant for-
aging might be suppressed only by parasitoids.

The taxonomy of South American Argentine anis
and their phorid parasitoids may be in need of revision.
At PL, in southwest Brazil, a different morph of
Argentine ant was attacked by a different Pseudacteon
species than the Pseudacteon that attacks Argentine ants
in southeastern Brazil. This observation raises the pos-
sibility that some of the Argentine ant subspecies de-
scribed by Santschi {1929) may be different species that
have evolved their own Pseudacteon parasitoids. Such
extreme host specificity is common among phorid
parasitoids of ants (Disney 1994). During our observa-
tions, none of the many other ant species interacting
with Argentine ants was attacked by P. pusillum.

The results presented here contribute to a growing
literature on the suppressive effects of phorid fly para-
sitoids on ant foraging (Feener 1981, 1988; Feener and
Brown 1992; Orr 1992; Orr et al. 1995; Porter et aj.
1995b). Considering the abundance of Argentine ants at
food resources in the absence of Pseudacteon parasi-
toids, and their scarcity in the presence of parasitoids, it
is likely that parasitoids influence exploitative competi-
tion among Argentine ants and other ants for food.
During our experiments, ants from many other genera
recruited to resources at the study sites; their interac-
tions with Argentine ants in the presence and absence of
parasitoids merit further investigation. An applied off-
shoot of such studies is that they might provide some
understanding of the competitive superiority of Argen-
tine ants in their introduced ranges. Another potential
application based on the results presented here might be
in Agriculture, where Argentine ants protecting hom-
optera (Way 1963; Phillips and Sherk 1991} conceivably
could be inhibited during the daytime by the introduc-
tion of Pseudacteon parasitoids.
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ANEXO 3.

Especificidade de hospedeiro em Pseudacteon (Diptera: Phoridae), parasitéides que atacam

Linepithema (Hymenoptera: Formicidag) na Ameérica do Sul.
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PorULATION EOOLOGY

Host Specificity of Pseudacteon (Diptera: Phoridae)
Parasitoids That Attack Linepithema
(Hymenoptera: Formicidae) in South America

M. R.ORR, S. H. SEIKE,2 W. W. BENSON.? axp D. L. DAHLSTEN!

Environ. Entomol 30{4): 742747 (2001)
ABSTRACT The Argentine ant, Linepithema humile (Mayr), is native to South America and
invasive in many parts of the world, including North America. Various morphological forms of L.
hugmile exist it South America, and it i possible that some forms may comprise distinct species. In
Brazil, L. humile is reported to be atiacked by parasitoids in the genus Pseudacteon {Diptera:
Phovidae ). I Pseudacteon parasitoids aitack the invasive form of L. humile, they may be candidates
for biological control of this ant. We compared body size, scape length, and pronotal piosity among
populations of L. humile that were attacked by parasitoids and those that lacked parasitoids. Ants that
hosted parasitoids at foraging trails in Brazil tended to have more pronotal hairs and shorter scapes
than ants that did net host parasitoids in Brazil. Argentina, and North America We used paired
experimental trials to determine whether phorid parasitoids exhibit narrow host specificity or
whether they will attack the invasive form of L. humile if given the opportunity. Parasitoids located
their natura! host form but did not locate either North American L. humile or morphologieally similar
ants from Brazil Together these results suggest that varicus forms previously treated as L. humile
are in fact separate species, that L Junnife is not a natural host of the parasitoids studied here, and
that these parasitoids are not candidates for biological control of Argentine ants in North America.

KEY WORBDS  Argentine ant, Linepithema humile, Pseudacteon, Phoridae, biological invasion, host

specificity

THE ARCENTINE ANT. Linepithema humile (Mayr)—for-
merly Iridomyrmex humilis—is native to South Amer-
ica and is invasive in many parts of the world {Bond
and Slingsby 1984, Cole et al. 1992) including North
America (Newell and Barber 1913}. In its introduced
ranges, it has spread widely and displaced native ant
species (Erickson 1971; Ward 1987; Cole et al. 1992;
Holway 1995; Human 1996; Holway 1998, 1999). In
South America, various morphological forms have
been treated as L. humile {Santschi 1929, Borgmeier
1938, Orr and Seike 1998). However, some of the ants
considered in previous studies to be forms of L. humile
may instead be distinct species. For instance, repeat
visits 1o some of our field sites in South America in-
dicate that some forms of L. humile consistently host
parasitoid flies in the genus Pseudacteon (Diptera:
Phoridae), whereas other forms do not (M. O., per-
sonal observation). Although the presence of parasi-
toids may vary because of environmental or seasonal
factors (Feener 1988, Morrison et al. 1999), it also is
possible that the parasitoids are host specific and ants
previously treated as forms of L. humile are instead
distinct species.

The first reported attack of Linepithema humile by
phorid parasitoids in its native range in Brazil was in

T Environmental Science. Policy, and Management. Division of
nsect Biology, 201 Wellman Hall #3110, Berkeley. CA 94720--3110.
2L{P, Departamento de Zoologia, Universidade Fstadual de
Campinas. Caixa Postal 61609, 130893-970 Campinas, 5ao Paulo, Brazil

the 1930s (Borgmeier 1938, 1968). Experiments at the
site used by Borgmeier (1938), as well as other sites in
Brazil, indicated that L. humile abandons food re-
sources and returns underground in the presence of
phorids (Orr and Seike 1998). Responses such as these
have raised the idea that phorids might be useful for
biological control of invasive ants (Feener 1981,
Feener and Brown 1992, Orr et al. 1995, Porter et al.
1995). i phorids are to be considered for biological
control of L. humile, it is important to show that they
attack the invasive form of L. humile.

In this study we searched for parasitoids at foraging
trails of L. humile in southeast Brazil, southwest Brazil,
and northern Argentina. We tested whether morpho-
logical characters distinguish ants that host parasitoids
at foraging trails from ants that did not. Finally, we
used host specificity experiments to determine
whether South American parasitoids attack the form
of L. hurmile that is invasive to the United States.

Materials and Methods

Ant Collections and Phorid Surveys. The sites
where we collected ants and searched for parasitoids
are listed by site, state, country, and latitude/longi-
tude in Table 1. Ants collected in the United States
were dug from shallow nests in 1998. Because of pop-
ulation bottlenecks associated with the invasion of L.
humile {Tsutsui et al. 2000), we infer that the two
populations from California studied here (Table 1) are

£046.225X /81 /0742-0747502.00/ 0 © 2001 Entomological Society of America

134



August 2001 Omr FT AL HosT Seecmicry OF Pseudacteon PHORTS 743
Table 1. Stady sites

Site Country State Latitude/longitude
Costanera Argentina Buenos Aires 34°36' 5, 58728 W
Otarendi 34° 35" 8, 58°46' W
Ceibas £ntre Rios 32 0Y 5, 60738 W
Palmar 31°59° 5, 587 I8 W
Diamante 32703 5, 60°38 W
Serra do Japi Brazil 5S40 Pavle 23018 5, 4T 00 W
Monte Verde Minas Gerais 25 8, 46708 W
Passo do Lontra Mato Grosso do Sul 199347 5, 57701 W
Berkeley United States California 5N, 12T W
Davis 3705 N, 122° 167 W

Costanera = Costanera Sur, a municipal reserve in the city of Buenos Aires; Otamendi = Pargue Nacional Otamendi, near Buenos Alves;
Palmar = Parque Macional Palmar; Diamante = Parque Nacional Diamante; Serva do Japi is = municipal reserve near the city of Jundial. AR

other names refer to cities.

closely related to populations found across the rest of
North America,

Studies in Argentina were performed in the states of
Buenos Aires and Entre Rios in February 1999, At each
of the sites, tuna baits were placed in the feld at 5-m
intervals and left for 60 min. ¥ L. hwmile recruited to
any bait, then all baits were left for an additional 30
min. We chose this ime interval because in a previous
study parasitoids arrived at >80% of L. huwmile’s for-
aging trails within 90 min during times of year that
parasitoids were abundant (Orr and Seike 1998). L.
humile recruited to baits at five sites {Table 1), where
the number of baits recruited to out of the total num-
ber left in the feld were as follows: Costanera, 11 of
33 baits; Otamendi, 24 of 31 baits; Ceibas, 2 of 55 baits;
Palmar, 2 of 55 baits; Diamante, 46 of 51 baits. Ants
were collected from one foraging trail at each site,

in Brazil, ants were studied at three sites in the
states of $ao Paulo and Mato Grosso do Sul {Table 1).
At all three sites, we have conducted studies of L.
humile and phorid behavier over extended periods
{1-3 mo from October 1996 through December 1999).
Our assessment of phorid presence/absence at these
sites is based on these previous studies: any form seen
to be attacked by parasitoids at any time was consid-
ered to host parasitoids. Collections of ants at each site
were made as follows. At Passo do Lontra, L. humile
were collected from each of three locations along a
roughly linear transect from the Base de Estudos do
Pantanal to an open seasonally inundated area ~600 m
from the base. At Serra do Japi, two forms of L. humile
were collected along a 400-m stretch of road. One form
appeared larger and usually was darker than the other.
For each form, collections were made at each of three
tuna baits separated by 30-50 m. At Monte Verde, ants
were collected from two locations separated by =1
km. Ants at Monte Verde that did not host phorids

{Orr and Seike 1998) were not collected. Specimens
were deposited at the Museu de Zoologia, Univer-
sidade de Sao Paulo, Brazil.

Ant Morphology. Head width and scape length
were messured in 10 ants from each collection
(above) using a dissecting microscope and stage mi-
crometer with a digital readout to thousandths of a
millimeter. Head width was compared using analysis
of variance {JMP Start Statistics, SAS Institute, 1997).
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Scape length was compared between ants that hosted
parasitoids and ants that did not using analysis of
covariance to control for effects of body size, with
HEAD WIDTH as the covariate, the presence or ab-
sence of parasitoids (£FLY) as the Bxed effect, and
a = FLY * HEAD WIDTH interaction term. The
number of long (0.05-0.13 mwm) hairs on the anterior
pronoturn also were counted, and compared betwsen
host and nonhost ants using 2 Mann-Whitney U7 test.

Host Specificity. A total of five host specificity ex-
periments were performed at three sites in Brazil:
Passo do Lontra, Monte Verde, and Serra do Japi. In
the first three experiments, parasitoids were presented
a choice between the L. humile form that hosted a
phorid at that site {Linepithema HOST) and the form
of L. humile from Passc do Lonira that was not visited
by phorid parasitoids at foraging trails {Linepithema
TEST). The latter form was chosen for these experi-
ments because it was the Brazilian L. humile that was
morphologically most similar to the invasive form (see
Results). The fourth and fifth experiments were per-
formed at Serra do Japi, and used the natural L. humile
host form at Serra do Japi { Linepithemae BOST) and L.
humile imported to Brazil from Berkeley, CA (Line-
pithema TEST).

The parasitoids in these trials were P. pusillus Borg-
meier at Serra do Japi and Monte Verde, and an un-
described Pseudacteon species (hereafter Pseudacteon
sp.) at Passo do Lontra. P. pusillus attacks L. humile
(Borgmeier 1938). Pseudacteon sp. attacks an ant ten-
tatively identified as L. piliferum {A. Wild, personal
communication 2000}, which we had previcusly con-
sidered a form of L. humile (Orr and Seike 1998).

Except in one experiment, which used crushed ants
(see below), live ants were presented in open-topped
plastic trays that had their walls coated with Fluon
{Northern Products, Woonsocket, RI) to prevent anis
from escaping. Trays were presented in pairs, with
Linepithema HOST in one tray and Linepithema TEST
in another. Fresh ants were used in each experiment
to control for a possible lack of independence between
replicates caused by an attractive effect of attacked
ants. Parasitoids were counted for 3 min, starting when
the first individual descended into the bottom of 2 tray
and hovered closely (<2 em) above the ants. A sign
test was used to compare the frequencies with whick
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Linepithema HOST and Linepithema TEST attracted
more phorids. The sign test treated each paired rep-
Leate as one observation. Paired replicates in which no
parasitoids arrived were not included in the analysis.
Details in methodology varied among sites as foliows.

Tests at Passo do Lontra. Test done at Passo do
Lontra were conducted in September 1999, In trials
with ™300 ants per tray, trays were 24 by 17 by 7.5 cm.
Ants were allowed to hide under a dark 7-cm-diameter
cup, which covered a small piece of moistened plaster.
When a large number of ants were underneath the
cup, it was removed and placed overan identical piece
of moist plaster at the other end of the tray, which
caused the ants to move and exposed them to parasi-
toids. In trizls with fewer than 150 ants per {ray, cir-
cular arenas {8 om diameter by 4 cm high) with a
moistened plaster floor were used. Paired replicates
were placed in the field at various distances {1-8 m)
from one another. I¥ no phorid arrived within 15 min,
pairs were moved to a new location at least 10 m from
the original spot.

Tasts at Monte Verde. Test at Monte Verde were
conducted in November 1999 at three locations, each
=<1 km apart. Trays were circular arenas {10.5 cm
diameter by 4 om high) with moistened plaster bases.
Approximately 100 ants were ysed in each tray. During
these experiments, parasitoid densities at Monte
Yerde were lower than in previous studies at this site
{Orr and Seike 1998). If no parasitoids arrived within
15 min, a single large ant from the genus Camponotus
was placed in each tray with the hope that chemicals
released by Linepithema during aggressive interac-
tions with Camponotus would accelerate phorid at-
traction. If no parasitoids arrived within 40-50 min,
the pair of trays was moved to a nearby location.

Tests at Serra do Japi. Tests at Serra do Japi using
Linepithema TEST collected at Passo do Lontra were
conducted in December 1999 with freeze-killed ants
along a 250-m stretch of road. One hundred individ-
uals of each form were put into a filter paper envelope
(3by 5 cm) and wrapped in cellophane. At the site of
the experiment, envelopes were ground with mortar
and pestle, the cellophane was opened and discarded,
and the closed envelopes were placed on a glass petri
dish {9 cm diameter). Paired petri dishes, each con-
taining one of the forms, were placed 40 cm apart. In
three trials, the experiment was concluded after 19
min. In the remaining 12 trials, the paper envelopes
were opened at 10 min and left for another 10 min with
the ants stuck to the underside of the opened enve-
lope. In one trial, flies arriving within 5 cm of the dish
were collected in an aspirator. In all other trials, petri
dishes were covered with small traps fashioned from
the upper third of a 1-liter plastic soda bottle, with a
3-cm gap between the upper edge of the petri dish and
the bottom of the trap. Flies arriving over the petridish
ascended into a collecting container at the top of the
trap.

Experiments using live Linepithema TEST from
Berkeley, USA. These experiments were conducted at
Serra do Japi in April 2000. Trays used were the same
a5 at Monte Verde {above), and were placed S mapart.
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Fig.1. Toppanelis mean = SD head width; bottom panel
is mean + SD pronotal hairs. Filled circles denote ants that
did not host parasitoids at foraging trails; open circies denote
ants that hosted parasitoids. Abbreviations for Brazilian sites
are listed in Table 2. For sites in Argentina, P = Palmar; Ce =
Ceibas; i = Diamante; Co = Costanera; O = Otamendi. For
sites in the US4, B = Berkeley; Da = Davis.

In the choice experiment, Linepitherna TEST and Line-
pithema HOST were presented simultaneously, as de-
scribed for other experiments above, In the no-choice
experiment, Linepithema TEST and Linepithems
HOST were presented sequentially instead of simul-
taneously. ¥, for instance, Lingpithema HOST was
presented first, then after 6050 min, trays were cov-
ered and removed and Linepithema TEST was pre-
sented for an equal time. In both choice and no-choice
experiments, 5-10 replicates were performed at once,
with each tray checked every 5 min for parasitoids.

Results

Figure 1 shows which forms of L. humile attracted
(open circles) or did not attract (derk circles) para-
sitoids at foraging trails in the field. Head width dif-
fered significantly among colonies (F = 21.4; df = 17,
162: P = {.0001 ), but no consistent differences in head
width were evident between ants that attracted para-
sitoids and ants that did not {Fig. 1). Ants attacked by
phorids had more pronotal hairs (0.77 = 0.9) than ants
that were not attacked by phorids (0.17 £ 053, Z =
~5.4, P < 0.0001), but this pattern was not consistent.
For example, workers from one of the colonies col-
lected at Monte Verde lacked pronotal hairs and were
attacked by phorids, whereas ants from Palmar had
pronotal hairs but were not attacked (Fig. 1). Scape
lengths of ants that hosted phorids were significantly
different from scape lengths of ants that did not (Fig.
23, but overlap existed.

Parasitoids had no difficulty distinguishing HOST
from TEST ants (Table 2). Only one parasitoid arrived
at any of the trays containing Linepithema TEST (Ta-
ble 2): it was observed hovering briefly over a tray, but
did not attack any ants.
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Driscussion

Linepithema humile, the Argentine ant, is not 2 nat-
ural host to the parasitoids studied here. This conclu-
sion is based on two lines of evidence. First, L. humile
collected in North America were more similar to the
South American ants that did not attract Pseudacteon
pusillus and Pseudacteon sp. than to the ants that at-
tracted parasitoids (Figs. 1 and 2; Table 2, rows 1-3}.
Second, the parasitoid P. pusillus did not locate North
American L. humile when given the opportunity dur-
ing specificity trials in the field (Table 2, rows 4-5).

The parasitoid preferences found here indicate that
South American L. humile comprise at least two spe-
cies, one which hosts P, pusillus at Serra do Japi and
Monte Verde and another which did not host parasi-
1oids at Passo do Lontra and at al] sites in Argentina.
%t is possible that in addition to this the two forms that
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hosted P. pusillus at Serra do Japi may be different
species. Further study is required to determine the
total number of species that exist within this complex.

Phorid parasitoids of ants commonly have a narrow
host range {Disney 1994). Host specificity experi-
ments have been used to confirm associations in at
ieast one other system. A number of Pseudacteon spe-
cies which attack the ant Solenopsis invicta Buren
seldom attack S. geminata Forel in cages in the labo-
ratory (Gilbert and Morrison 1997, Porter and Alonso
1999}, One parasitoid of S. invicta, P. curvetus Borg-
meier, attacked S. geminata, but no adult flies emerged
{Gilbert and Morrison 1997).

Pseudacteon pusillus can be encouraged to attack
the invasive form of L. humile under certain circum-
stances. When we placed P. pusillus in a small cage
together with the invasive form of L. humile in the
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Trays attracting more parasitoids {paired comparisons)

Site of trial Cheice or Site TEST e -
no-choice collectad Linepithema HOST Linepithema TEST
{natural host znt) {not natura host ant}
L Choice L 5 {31} B{1
Y Choice PL 13 {31 O {Dyves
8] Choice PL 6 {18} o {9y
k1] Choice Berkeley 18 (22) g {0)F=s
o Mo-choice Berkeley 15 {23} O (e

“Total: 55 {123 LEEY

Linepitheme HOST is the form that naturally hosted a parasitoid at the site where 2n experiment was performed, Linepthema TEST is either
from Berkeley. USA. or is the form that did not attract pavasitoeids to foraging trails at Passo do Lontra, Study site abbreviations are as follows:

PL, = Passo do Lontra; MY = Monte Verde: 8] =

Serra do Japi. Bold numbers show number of paired replicates in which the HOST or the

TEST tray attracted more parasitoids. Numbersin parentheses show total number of parasitoids attracterd. Parasitoids always were more common

at the tray with the natural bost form (%, P < 0.05: %%,

Serra do Japl was P pusillus.

laboratory, 10 out of 112 (9%} of the parasitoids at-
tacked. In the field, both P. pusilius and Pseudacteon sp.
attacked the invasive form of L. humile when it was
placed in a tray with the natural host. These observa-
tions indicate that cues used by phorids to locate hosts
may not prevent them from attacking nonhost ants
once they are in very close proximity. Therefore, host
specificity experiments performed in small cagesina
laboratory may underestimate phorid specificity by
removing oviposition barriers associated with host lo-
cation. The strong host-location preferences that para-
sitoids exhibited in our field experiments suggest that
occasional attacks of the invasive form under artificial
or unusual circumstances are mistakes, and, as with P,
curvatus that attack S. geminata {Gilbert and Morrison
1997), adult flies are unlikely to emerge.

Our study tentatively suggests that the invasive L.
humile may lack phorid parasitoids altogether. If so,
there is no clear explanation why. Although host body
size may set some lower limit on the resources avail-
able for phorid pupal development (Morrison et al.
1997), the nonhost ants studied here were larger thap
many of the ants that hosted phorids (Fig. 1.

One hypothesis for the absence of phorids around
the invasive form is that these ants, like the North
American population, entered the South American
sites studied here from somewhere else, and in doing
so left an unknown phorid species behind. All South
American populations without phorids in our study
inhabited the same river drainage, which extends from
Buenos Aires, a port and a plausible site of introduc-
tion, to Passo do Lontra in Brazil. Therefore, a single
introduction with subsequent spread through the river
drainage would be sufficient to explain their presence
at these sites. However, populations of L. humile
within this drainage exhibit much greater genetic di-
versity than invasive populations in the United States
(Tsutsui et al. 2000), which indicates that they have
been established for a long time. If these ants are
outside of their native range. then the genetic evi-
dence suggests that their spread through South Amer-
ica must have preceded their spread in North America
by a considerable amount of time.

P < 0.0001}. Experiments in the third row used crushed ants; the other experiments
wsed Jive ants, The parasitoid at Passo do Lontra was an unlkmown Pseudacteon parasitoid of L. piliferum;

the parasitoid at Monte Verde and

Another possibility for the absence of phorids
around the invasive form is that its parasitoids were
inactive during our brief observations in Argentina.
Phorid parasitoids, including thoss that attack Linepi-
thema have been found to exhibit strong seasonal
variability in abundance {Feener 1988, Orr and Seike
1998, Morrison et al. 1999). However, cur feld obser-
vations at Passo do Lontra included 3 mo of field
ohservations over 4 yr, and we never saw a parasitoid
around the invasive form at this site even though
parasitoids of L. piliferum always were common.
Moreover, there exist no reports of phorid parasitoids
attacking L. humile in other field observations made in
Argentina (Gallardo 1912; Suarez et al. 1999).

Since the parasitoids studied here do not attack L.
humile in its native range, their absence in North
America cannot explain the Argentine ant’s success
there. To date, the only clear explanation for the ant’s
invasive success is that its decreased genetic variation
in North America (Tsutsui et al. 2000) limits inter-
colony conflict and thereby reduces the tendency for
this ant to self-regulate its populations via intraspecific
competition (Holway et al. 1998). Host-specific nat-
ural enemies of the invasive L. humile, if they exist,
have vet to be discovered.

Acknowledgments

We are grateful to M. Carvalho do Amaral, her colleagues
at UFMS, and the staff at the Base de Estudos do Pantanal for
making it possible for us to work in the Pantanal. At Serra do
Tapi, research was possible thanks to Base Ecologiea at Serra
do Japi and its staff. Thanks to Patricia Folgarait, who led our
research trip in Argentina. Thanks to S. Porter for advice on
maintaining ants during specificity trials; to P. Ward for
pointing out the differences in pronotal pilosity between
forms and for first drawing our attention to the fact that we
were dealing with different species of L. humile in South
America; to A. Wild for the tentative identification of L.
piliferum; and to B. Fisher for use of the stage micrometer and
for comments on the manuscript. A. José dos Santos, R
Xavier de Camargo, and R. Rodrigues de Campos provided
valuable Reld assistance. North American ants were held
before export to Brazil at the UC Berkeley Insectary and
Quarantine Facility with the help of L. Schmidt and }. An-

138



August 2001

drews. F. Tambasco and L. MNogueira de 54 and the EM-
BRAPA Environment Quarantine Laboratory "Costa Lima”
in Brazil provided support for ant importations. Ants were
imported into Brazil under Processo # 21052.006118/69-74
permit # 021/2000 from the Ministério Da Agricultura e do
Abastecimento {MA). Brazil. This research is based upon
wark supported by the Cooperative State Research, Educa-
tion, and Extension Service, US. Department of Agriculture,
under Agreement No. 97-35302- 4565 to MRO, and & Capes
Doctoral Fellowship to SHS.

References Cited

Bond, W., and P. Slingsby. 1984. Collapse of an ant-plant
mutualismm: the Argentine ant {Iridomyrmerx husmilis) and
myrmecochorous proteacese. Ecology 85: 1031-1037.

Borgmeier, T. 1938. Fhorideos parasitas da formiga Argen-
tina (Dipt. Phoridae}. Rev. Entomol. 8: 260262,

Borgmeier, T. 1968, A catalogue of the Phoridae of the
world {Diptera, Phoridae}. Stud. Entomol. 11: 1-367.

Cole, F. R., A. C. Medeiros, L. L. Loope, and W. W, Zuehlke.
1002, Effects of the Argentine ant on arthropod fauna of
Hawaiian high-elevation shrubland. Ecology 73 1313-
132 -

Diisney, RHLL. 1984, Scuttie flies: the Phoridae, Chapman &
Hall, London.

Frickson, 1. 1. 1971. The displacement of native ant species
by the intreduced Argentine ant [ridomyrmex humilis
mayr. Psyche 78: 257-266.

Feener, D. H., Jr. 1981, Competition between ant species:
outcome controtled by parasitic fiies. Science 214: 815~
817.

Feener, £, i, Jr. 1988. Effects of parasites on foraging and
defense behavior of a termitophagous ant, Pheidole titanis
Wheeler (Hymenoptera: Formicidae). Behav, Ecol. So-
ciobiol. 22: 421 427.

feener, . H., jr.,and B. V. Brown. 1992. Reduced foraging
of Solenopsis geminata (Hymenoptera: Formicidae} inthe
presence of parasitic Pseudacteorn spp. (Dipteras Phori-
dae). Ann, Entomol. Soc. Am. 85 80-84.

Gallardo, A. 1912, Observationes sobre una hormiga inva-
sora, fridomyrmex humilis Mayr. Bol. Soc. Physis. 1: 133~
138,

Gilbert, L. E., and L. W. Morrison. 1997. Patterns of host
specificity in Pseudacteon parasitoid flies {Diptera, Pho-
ridae) that attack Solenopsis fire ants {Hymenoptera, For-
micidae}. Eaviron. Entornol. 26: 1149-1154.

Holway, D. A. 1995. Distribution of the Argentine Ant
{Linepithema humile) in Northern California. Consesv,
Biol. 9: 1634-1637.

Holway, D. A. 1998. Effect of Argentine ant invasions on
ground-dwelling arthropods in northern California ripar-
ian woodlands. Oecologia 116: 252258,

IR ET aL.: Host SreciFicry oF Pseudacteon PHORIDS

747

Holway, D. A. 1988, Competitive mechanisms underlying
the displacement of native ants by the invasive Argentine
ant. Ecology 80: 238-251.

Holway, I, A, A. V. Suarez, and T. J. Case. 1998, Loss of
intraspecific aggression in the success of a widespread
invasive social insect. Science. 282: 948 -952.

Human, K. G., and I M. Gordon. 1986. Exploitation and
interference competition between the invasive Argen-
tine ant, Linepithema humile, and native ant species. Oe-
cologia 105: 405412,

Morrison, L. W., C. . Dali'aglic-Holvoreem, and L. E. Gil-
bert. 1897, Oviposition behavior and development of
Pseudacieon Bies {Diptera: Phoridae). parasitoids of So-
lenopsis Bre ants {Hymenoptera: Formicidae). Environ.
Entomeol. 26 716-724.

Morrison, L. W., E. A. Kawazee, B. Guerrg, and L. E. Gilbert.
1090, Phenology and dispersal in Fsemdacieon Hies
{Diptera: Phoridae}, parasitoids of Solenopsis fire ants
{Hymenopters: Formicidae). Ann. Entomol. Soc. Am. 82:
198 -207.

Newell, W, and T. C. Barber. 1813, The Argentineant. U.S.
Department of Agriculture Bulletin 122. Bureau of En-
tomology, USDA, Washington, DC,

Orr, M. R., and §. H. Seike. 1898, Parasitoids deter foraging
by Argentine ants {Linepithema humile) in their native
habitat in Brazil. Oecologia 117: 420425

Orr, M. R, 8. H. Seike, W. W. Benson, and L. E Gilbert.
1895. Fles suppress fre ants, Nature {Lend.) 373 202-
293.

Porter, §. ., and L. E. Alonse. 1999, Host specificity of fre
ant decapitating fies (Diptera: Phoridae) in izboratory
ovipesition tests. . Econ. Entomol. 82: 110114,

Porter, §. ., B K. Vander Meer, M. A. Pesquero, 5. Cam-
picle, and H. G. Fowler. 1995. Solenopsis {Hymenop-
tera: Formicidae) fire ant reactions to attacks of Pseudac-
teon fies (Diptera: Phoridae) in Southeastern Brazil
Ann, Entomol. Soc. Am. 88: 570-575.

Santschi, F. 1929. Nouvelles fourmis de la Republique Ar-
gentine et du Bresil. An. Soc. Cient, Argent. 107: 273-316.

SAS Institute, 1997. User’s manual, JMP version 3.2.1. SAS
Institute, Cary, NC.

Suarez, A. V., N. D, Tsutsui, D. A. Holway, and T. J. Case.
1999, Behavioral and genetic differentiation between na-
tive and introduced populations of the Argentine ant.
Biol. Invasions 1: 43-53.

Tsatsui, N. D, A. V. Suarez, D, A. Holway, and T. J. Case.
2000. Reduced genetic variation and the success of an
invasive species. Proc. Natl. Acad. Sci. 87 5948 -5953.

Ward, P. §. 1987. Distribution of the introduced Argentine
ant {Iridomyrmer humilis) in natural habitats of the
Lower Sacramento Valley and its effects on the indige-
nous ant fauna. Hilgardia 55: 1-16.

Beceived for publication 93 Gctober 2000; accepted § March
2001,

S



