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RESUMO

Parasitoides das familias Braconidae e Figitidae sdo importantes agentes de
regulacdo populacional em sistemas naturais e agricolas com espécies utilizadas em
programas de controle bioldgico das moscas-das-frutas (Diptera: Tephritidae). Muitos
aspectos das relagbes dos parasitoides com seus coespecificos e seus hospedeiros, no
entanto, ainda ndo sdo conhecidos. Assim, este trabalho avaliou a influéncia dos
hospedeiros de origem, Anastrepha fraterculus (Wiedemann, 1830) (AF) e Ceratitis
capitata (Wiedemann, 1824) (CC) no parasitismo de Aganaspis pelleranoi (Bréthes,
1924) (AP) e Doryctobracon areolatus (Szépligeti, 1911) (DA), parasitoides nativos;
mensurou a preferéncia e capacidade de parasitismo de Diachasmimorpha longicaudata
(Ashmead, 1905) (DL), exotico, em larvas de diferentes instares de A. fraterculus e C.
capitata; e, investigou a competicdo intra e interespecifica entre os parasitoides, D.
longicaudata e A. pelleranoi no hospedeiro A. fraterculus. Os bioensaios foram
realizados com insetos provindos de criacbes de laboratorio, em ambientes com
condicdes controladas, em arenas. Para avaliar a influéncia do hospedeiro de origem,
foram realizados testes de dupla escolha, oferecendo-se as larvas das duas espécies de
moscas aos parasitoides com diferentes origens. A preferéncia por instar de D.
longicaudata foi avaliada através de dois testes de mdltipla escolha, o primeiro foi
realizado oferecendo-se um instar por vez, com escolha entre os hospedeiros, e 0
segundo foi realizado oferecendo os trés instares de uma Unica espécie hospedeira. A
competicdo foi avaliada em diferentes regimes de exposicdo dos hospedeiros para as
duas especies (DL e AP), sendo oferecidas a somente uma espécie em uma Unica
ocasido, a um coespecifico em duas ocasides, ou as espécies competidoras, em duas
ocasides, alternando-se a ordem de oferecimento. O parasitoide A. pelleranoi teve
preferéncia pelos hospedeiros de origem, mas alterou a preferéncia ap0s passar uma
geracdo pelo hospedeiro alternativo e D. areolatus demostrou preferéncia somente ao
hospedeiro AF; a razdo sexual foi desviada para machos em A. pelleranoi em ambos
hospedeiros e para D. areolatus com origem em CC. Em relacdo ao instar preferencial,

no teste de escolha simples constatou-se em D. longicaudata maior ndmero de

Xii



parasitoides emergidos e de puparios parasitados em larvas de primeiro e segundo instar
do hospedeiro AF e, para CC, ndo houve diferenca nos instares testados. No teste de
maltipla escolha, as médias de pupérios parasitados e parasitoides emergidos foram
maiores em larvas de segundo instar para AF, e para CC, foi maior em larvas de
segundo e terceiro instar. Na competicdo entre D. longicaudata e A. pelleranoi, as
medias de puparios parasitados e parasitoides emergidos foram maiores nos tratamentos
em que o0s hospedeiros foram oferecidos primeiramente a DL, sendo expostos
posteriormente a um coespecifico ou a AP. Quando os hospedeiros foram submetidos
somente uma vez aos parasitoides, a razdo sexual foi desviada para machos, mas quando
expostos duas vezes, exceto para a prole de D. longicaudata em AP-DL, um maior
nimero de fémeas foi gerado. O indice de parasitismo foi maior para DL tanto em
regime individual de exposi¢édo, quanto na competicdo com AP, independentemente da
ordem de oferecimento. Registrou-se correlacdo positiva entre a média de cicatrizes de
oviposicdo e a média de parasitoides e de fémeas emergidos. Esta tese evidencia que o
hospedeiro de origem é importante para a escolha do hospedeiro, podendo ser alterada
em apenas uma geracdo, o que pode facilitar a criacdo em laboratorio e a utilizagdo no
controle bioldgico. Além disso, D. longicaudata ndo possui um instar preferencial,
parasitando qualquer instar das duas especies testadas, podendo competir com
parasitoides que apresentam especificidade por instares iniciais. Considerando a
competicdo entre D. longicaudata e A. pelleranoi foi evidenciado que pode haver uma
supressdo da espécie nativa gquando ambos parasitam a mesma larva. Para a
implementacao de programas de controle bioldgico é importante ter o conhecimento das
espécies nativas existentes no ambiente, e se existem barreiras abidticas e/ou bidticas
que possam auxiliar na divisdo dos nichos, cuidados que podem auxiliar para que ndo

haja desequilibrio ambiental, com a inclusdo de D. longicaudata no campo.

Palavras-chave: Aganaspis  pelleranoi, Diachasmimorpha  longicaudata,

Doryctobracon areolatus, parasitoides de tefritideos.
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ABSTRACT

Parasitoids of Braconidae and Figitidae families are important agents of
population regulation in natural and agricultural systems with species used in biological
control programs of the fruit flies (Diptera: Tephritidae). Many aspects of the
interactions of parasitoids with their co-specific and their hosts, however, are not yet
known. Thus, this work evaluated the influence of Anastrepha fraterculus (Wiedemann,
1830) and Ceratitis capitata (Wiedemann, 1824) (CC) on the parasitism of Aganaspis
pelleranoi (Brethes, 1924) (AP) and Doryctobracon areolatus (Szépligeti, 1911) (DA),
native parasitoids; measured the preference and parasitic capacity of the exotic
Diachasmimorpha longicaudata (Ashmead, 1905) (DL) on larvae of different instars of
An. fraterculus and C. capitata; and, investigated the intra and interspecific competition
between the parasitoids, D. longicaudata and A. pelleranoi on the host A. fraterculus.
The bioassays were carried out with insects reared in the laboratory with controlled
environmental conditions, in arenas. To evaluate the influence of the host of origin,
double-choice tests were performed, offering the species of fly to parasitoids with
different origins. The choice of D. longicaudata was evaluated using two multiple-
choice tests, the first one being offered one instar at a time, with a choice between hosts,
and the second was performed by offering the three instars of a single host species. The
competition was evaluated in different host exposure regimes for the two species (DL
and AP), being offered to only one species on a single occasion, to a same species on
two occasions, or to the competing species, on two occasions, changing the order of
offering. The parasitoid A. pelleranoi showed a preference for original host, but altered
the preference after passing a generation by the alternative host and D. areolatus
showed preference only to the host AF; the sex ratio was diverted to males in A.
pelleranoi in both hosts and to D. areolatus originated in CC. In relation to the
preferential instar of D. longicaudata in the simple choice test, a higher number of
emerged parasitoids and pupae parasitized were found in first and second instar larvae

of the AF host, and for CC, there was no difference in the tested instars. In the multiple
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choice test, the mean number of parasitized pupae and emerged parasitoids were higher
in second instar larvae for AF, and for CC, it was higher in second and third instar
larvae. In the competition between D. longicaudata and A. pelleranoi, the mean
numbers of parasitized pupae and emerged parasitoids were higher in the treatments in
which the hosts were first offered to the DL and later to a co-specific or the AP. When
the hosts were exposed only once to the parasitoids, the sex ratio was diverted to males,
but when exposed twice, except for the D. longicaudata offspring in AP-DL, there was
a larger number of females. The parasitism index was higher for DL both in the
individual exposure regime and in the competition with AP, regardless of the order of
the offer. There was a positive correlation between the mean number of oviposition
scars and the mean number of parasitoids and emerged females. This dissertation
evidences that the host of origin is important for the choice of the new host, being able
to be altered in only one generation, which can facilitates the rearing in laboratory and
the use in biological control programs. In addition, D. longicaudata does not have a
preferential instar, parasitizing any of the two species tested, being able to compete with
parasitoids that show specificity for initial instars. Considering the competition between
D. longicaudata and A. pelleranoi it was evidenced that there could be a suppression of
the native species when both parasitized the same larvae. For the implementation of
biological control programs, it is important to have knowledge of the native species
existing in the environment, and if there are abiotic and / or biotic barriers that can help
in the division of niches, care that can help to avoid environmental imbalance, with

inclusion of D. longicaudata in the field.

Keywords: Aganaspis pelleranoi, Diachasmimorpha longicaudata, Doryctobracon

areolatus, tephritid parasitoids.
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1 INTRODUCAO

1.1 Parasitoides

Os parasitoides sdo organismos cujas larvas se nutrem exclusivamente de outros
individuos levando-os a morte, enquanto os adultos séo de vida livre (GODFRAY, 1994).
Apenas um hospedeiro € necessario para que completem seu desenvolvimento e, por
vezes, alguns parasitoides se desenvolvem gregariamente sobre um mesmo individuo
(GoDFRAY, 1994). Embora o conceito de parasitoide possa variar um pouco entre 0s
autores (EGGLETON & BELSHAw, 1992), seu modo de vida pode ser entendido como
intermediario entre predador e parasita (GODFRAY, 1994). Dentre 0s insetos, 0sS
parasitoides correspondem a 10% das espécies (GODFRAY, 2007). A classificacdo mais
elevada ainda é instavel, mas um regime atual reconhece 11 superfamilias e 48 familias
(ZuPARKO, 2008). O parasitismo ocorre nos insetos holometabolos, o que pode sugerir
um habito de vida mais recente, enquanto espécies predadoras sdo encontradas em
quase todas as ordens de insetos. Uma espécie parasitoide pode utilizar um grande
namero de espécies hospedeiras de diversas ordens (EGGLETON & BELSHAw, 1992) e
esta diversidade depende do seu carater mais generalista ou especialista.

As ordens com maior numero de espécies parasitoides sdo Hymenoptera,
Diptera, Lepidoptera, Neuroptera e Coleoptera (KALYANASUNDARAM & KAMALA,
2016). Hymenoptera inclui 280 a 320 mil espécies e destas, PENNACCHIO & STRAND

(2006) estimaram que 75% sdo parasitoides. Acredita-se que Hymenoptera seja o Unico



grupo monofilético dentre as trés principais ordens de parasitoides, e que surgiu a partir
de ancestrais micdfagos (EGGLETON & BELSHAw, 1992). Esse é também o grupo de
parasitoides mais estudados, principalmente por desempenharem papel fundamental em
muitos ecossistemas em termos de biodiversidade, impacto ecoldgico e importancia
econdmica, como seu uso no controle bioldgico (VINSON, 1998; HAWKINS et al., 1999;
LASALLE, 2003), inclusive no Brasil (PARRA et al., 2002). Na regido Neotropical ja
foram descritas em torno de 24 mil espécies de Hymenoptera, porém acredita-se que
existam mais de 80 mil (FERNANDEZ & SHARKEY, 2006). No Brasil, foram registradas
84 familias de Hymenoptera, sendo que 64 delas contemplam vespas parasitoides
(RAFAEL et al., 2012).

A localizacdo espacial de hospedeiros e de outros recursos do ambiente, como a
disponibilidade de nutrientes, influenciam as estratégias reprodutivas e a distribuicdo de
adultos dos parasitoides no habitat (GODFRAY, 1994) e, portanto, atuam sobre a resposta
funcional. Durante o forrageamento (busca por hospedeiros) o comportamento realizado
pelo parasitoide envolve algumas escolhas e decisdes, baseadas na identificacdo dos
estimulos para encontrar e reconhecer seus hospedeiros (JERVIS & KIDD, 1996; EBEN et
al., 2000; SILVA et al., 2007; SEGURA et al., 2016). Diversas hipdteses tém sido
sugeridas acerca do comportamento de forrageamento, demonstrando que,
frequentemente, existe uma intrincada relacdo tritrofica entre os insetos fitéfagos, as
plantas hospedeiras e os parasitoides (EBEN et al., 2000; SILVA et al., 2007; SEGURA et
al., 2016). Esse processo pode ocorrer em varios estagios, sendo comumente dividido
em quatro passos: (1) localizacdo do habitat do hospedeiro, (2) localizacdo do
hospedeiro, (3) reconhecimento, e (4) escolha do hospedeiro mais adequado para
oviposicdo (FLANDERS, 1953). Os parasitoides definem uma estratégia de seguir

primeiro as pistas de facil detec¢do, mas que ndo levam diretamente ao hospedeiro, para



depois acompanhar sinais mais especificos, que sdo mais confiaveis, porém dificeis de
detectar a longa distancia (teoria da deteccdo/confiabilidade) (VET et al., 1991).

A utilizacdo dessa estratégia estd vinculada ao uso de pistas quimicas, que
podem ser obtidas através da memoria ou aprendizado (SEGURA et al., 2007; TOGNON et
al., 2013). Além disso, a preferéncia dos parasitoides por hospedeiros especificos esta
relacionada ao seu comportamento de busca inato (VET et al., 1995); no entanto, a
exposicdo sucessiva a um determinado hospedeiro pode alterar a preferéncia, o que
indica aprendizagem (VINSON, 1998). Em sentido amplo, aprendizagem é uma mudanca
de comportamento resultante de uma experiéncia, aumentando a confiabilidade no
reconhecimento das trilhas de localizacdo geradas pelo hospedeiro no espaco e no
tempo, o que aumenta a eficiéncia do forrageamento (VINSON, 1998; CUNNINGHAM et
al., 1999; MASRY et al., 2018b).

Para parasitoides, um hospedeiro individual compreende toda a sua fonte de
alimento larval e pode ser de grande influéncia na performance do adulto. Como o
desenvolvimento depende de recursos limitados (hospedeiro), a preferéncia em adultos
e 0 desempenho larval devem ser correlacionados para maximizar a aptiddo (HARVEY et
al., 2012; 2013). Outros fatores relacionados ao hospedeiro, incluindo seu tamanho,
podem influenciar a adequacdo dos parasitoides, incluindo o nimero de descendentes,
desenvolvimento, longevidade e a proporcdo entre os sexos (MESSING et al., 1993;
LOPEZ et al., 2009; GONCALVES et al., 2013).

Fatores bioticos e abioticos também podem interferir na relacdo hospedeiro-
parasitoide (SIVINSKI et al., 2000). Quando, por exemplo, existe uma sazonalidade
marcante no clima, isso afeta o desenvolvimento e o ciclo vital dos hospedeiros e
consequentemente dos parasitoides, que precisam estar sincronizados para garantir o

sucesso no parasitismo (HANSON & GAULD, 1995). Por isso, fatores ambientais como a



temperatura e a umidade podem afetar vespas parasitoides de forma direta, como no
desenvolvimento (CARTON & CLARET, 1982) ou indireta, alterando a adequacgdo do
hospedeiro ou a sincronizagdo dos ciclos vitais (HANSON & GAULD, 1995; FLEURY et
al., 2004). Vale ressaltar que algumas espécies de parasitoides da regido Neotropical
possuem diapausa, que pode ser mediada por fatores ambientais, reguladores hormonais
e moleculares (CARVALHO 2005; ALUJA et al., 1998; OVRuskKI et al., 2007; 2016),
sendo necessaria para que 0S insetos consigam superar periodos desfavoraveis
(OvRusKI et al., 2016).

Durante a vida os parasitoides podem experimentar interacbes complexas com
predadores, entomopatdgenos e hiperparasitoides e outros parasitoides (BOIVIN &
BRODEUR, 2006). A competicdo entre individuos da mesma espécie é conhecida como
competicdo intraespecifica e pode ocorrer quando varios individuos da mesma espécie
exploram ou podem explorar as mesmas fontes de recursos, as vezes a0 mesmo tempo
(CoucHoux & VAN NoOuHuys, 2014). A interacdo entre espécies de parasitoides
(competicdo interespecifica) ocorre entre aquelas que desenvolveram estratégias
ecologicamente semelhantes (BoIVIN & BRODEUR, 2006); e nestes organismos a
competicdo interespecifica pode desempenhar um papel importante na coexisténcia de
espécies, na ocupacdo e modelagem de estruturas comunitarias (GODFRAY, 1994).
Efeitos competitivos interespecificos podem ocorrer entre parasitoides adultos
(concorréncia extrinseca), ou seja, interacdes entre fémeas que procuram ou exploram
0s mesmos hospedeiros, bem como entre parasitoides imaturos (concorréncia
intrinseca), competicdo que ocorre entre as larvas que se desenvolvem no mesmo
hospedeiro (DE MORAES et al., 1999; WANG et al., 2008). O resultado da competicéo
extrinseca pode ser influenciado por diferengas na capacidade de dispersdo do

parasitoide, de reproducéo, de encontro e de sincronizagdo fenoldgica com o hospedeiro



(DE MORAES et al.,, 1999; WANG et al., 2008; CusuMANO et al., 2011; 2012). A
competicdo intrinseca pode ser afetada por diferencas nas taxas de desenvolvimento dos
parasitoides, no nimero de ovos, fase de desenvolvimento do hospedeiro, na ordem na
qual a oviposicdo ocorre e no intervalo de tempo entre as posturas (MACKAUER, 1990;
WANG & MESSING, 2002). Este tipo de competicdo ocorre dentro de um sistema fechado
e tende a ser assimétrica e letal em parasitoides solitarios, pois cada individuo requer
posse completa do hospedeiro (WANG et al., 2008).

Uma espécie de parasitoide geralmente ganha a competicdo intrinseca contra
outra através de combate fisico ou da supresséo fisiologica (MACKAUER, 1990). Muitas
vespas endoparasitoides possuem mandibulas desenvolvidas ou apéndices caudais,
tipicos durante o primeiro instar, utilizados para atacar fisicamente outras larvas
(LAWRENCE, 1988; MURILLO et al., 2016). Ja a supressao fisiologica pode resultar da
liberacdo de substancias no momento da oviposi¢do, pelo ovo ou larva, inibindo o
desenvolvimento de competidores (MACKAUER, 1986; SILVERS & NAPPI, 1986; VINSON
& HEGAzI, 1998). Esta também pode envolver uma forma sutil de competicdo por
recursos ou asfixia por meio de uma mudanga na hemolinfa do hospedeiro, tornando
inadequado o desenvolvimento de competidores mais jovens (VINSON & HEGAZI, 1998).
Algumas espécies de parasitoides empregam ambos 0s mecanismos (SILVERS & NAPPI,
1986).

Outro fator importante é a capacidade que as fémeas de muitas familias de
parasitoides possuem de discriminar entre hospedeiros parasitados ou ndo (RUSCHIONI
et al., 2015), em sistemas naturais, varias espécies de parasitoides geralmente atacam o
mesmo hospedeiro, produzindo multiparasitismo e competicdo entre 0s imaturos
(CusumANO et al., 2011; 2012). Quando a mesma ou mais de uma espécie de

parasitoide ataca um mesmo hospedeiro, pode ocorrer 0 auto-superparasitismo e o



superparasitismo (a fémea coloca um ovo em um hospedeiro j& parasitado) (MONTOYA
et al., 2000b; 2003; GONZALEZ et al., 2014). Este fendmeno pode ser considerado
natural, mesmo em espécies que demostram capacidade inata de discriminar
hospedeiros ja parasitados, podendo ser considerada uma estratégia adaptativa
(MoNTOYA et al., 2003; 2013). No superparasitismo e auto-superparasitismo pode
ocorrer competicdo fisica ou fisioldgica entre as larvas que compartilham o mesmo
hospedeiro (MONTOYA et al., 2000b). Esse comportamento pode gerar um maior
namero de fémeas, sem afetar parametros demograficos da prole, incluindo longevidade
e fecundidade (GONZALEZ et al., 2007; MONTOYA et al., 2011).

Os parasitoides himenopteros sdo considerados 6timos organismos modelos para
diversos estudos de alocacdo de recursos para diferentes medidas de adaptacdo, como
tamanho corporal e tempo de desenvolvimento (HARVEY, 2005; HARVEY et al., 2012;
2013). No ambiente, os hospedeiros sdo encontrados em diferentes estagios e
densidades, fatores que podem refletir na escolha dos parasitoides (NUNEz-CAMPERO et
al., 2016). Além disso, sabe-se que diversas espécies de parasitoides atacam em
diferentes fases da vida do hospedeiro (ex. ovo, larva) (KALYANASUNDARAM &
KAMALA, 2016). A especializacdo em um determinado estagio, como o larval que
alguns parasitoides de insetos possuem, pode estar intimamente ligada ao tamanho,
idade e espécie do hospedeiro, fatores que podem vir a afetar a prole e o fitness dos
parasitoides, sendo considerados fatores bidticos criticos (MATTIACCI & DICKE, 1995).

O componente mais comum da qualidade do hospedeiro é o seu tamanho
(HARVEY et al., 2012; 2013), em geral, os hospedeiros maiores possuem mais recursos e
sdo considerados qualitativamente superiores (MATTIACCI & DICKE, 1995; OVRUSKI et

al., 2011).



As interagdes entre planta-hospedeiro-parasitoide (EBEN et al., 2000; SILVA et
al., 2007; EITAM et al., 2003; SEGURA et al., 2016; MASRY et al., 2018a; 2018b),
hospedeiro-parasitoide (VAN NIEUWENHOVE & OVRUSKI, 2011; GONGALVES et al.,
2013; 2014; OLIVEIRA et al., 2014; MoONTOYA et al.,, 2011; 2018) e parasitoide-
parasitoide (MONTOYA et al., 2000b; 2003; 2011; 2012; 2013; 2017; 2018) séo de
extrema importancia, pois acrescentam conhecimentos basicos e avancados sobre esses
organismos que se tornam cada vez mais importantes como agentes no controle
bioldgico. Estes estudos sdo um pré-requisito necessario para a selecdo de inimigos
naturais e para a avaliagdo do desempenho destes apds a liberagcdo (LuUck, 1990). Alem
disso, programas de controle biolégico devem considerar as interagdes intraguildas de
parasitoides, uma vez que estas podem alterar o sucesso reprodutivo das espécies e
afetar a mortalidade do hospedeiro (FOLLETT et al., 2000). Alguns autores argumentam
que quanto mais especies sdo introduzidas, maior é o efeito de reduzir a densidade das
pragas (STILING & CORNELISSEN, 2005; MIRANDA et al., 2015), enquanto outros
sugerem que a liberacdo de multiplas espécies pode prejudicar o controle biolégico
(MURDOCH et al., 1998; DENOTH et al., 2002).

Os parasitoides atuam como reguladores naturais das populagdes dos seus
hospedeiros e, indiretamente, das plantas utilizadas como fontes de alimento (AROUCA,
2009). Este efeito regulador ocorre devido a grande diversidade de adaptacbes
fisiologicas e comportamentais, como resultados da associacdo fitofago-parasitoide-
planta (SOLBRIG, 1991). Desta forma, sdo essenciais para a manutencdo da dindmica
ecoldgica e para a diversidade de outros organismos (LASALLE & GAULD, 1993;
GRISSEL, 1999). Além disso, sdo indicadores de biodiversidade, pois sdo faceis de
coletar, atingem um largo espectro de hospedeiros herbivoros e indicam as condi¢des

das comunidades vegetais (LockwooD et al. 1996).



1.2 Moscas-das-frutas (Diptera: Tephritidae)

As moscas-das-frutas pertencem a ordem Diptera, subordem Brachycera, familia
Tephritidae (MCALPINE, 1989). Tephritidae apresenta grande diversidade taxonémica e
distribui-se no mundo em todas as regides temperadas e tropicais, com excecdo das
areas articas e desérticas, onde a vida vegetal é escassa (ZuccHi, 2000). Sdo conhecidas
4.448 espécies e subespécies que sdo agrupadas em 484 géneros, mas esse numero pode
ser maior, ja que muitas permanecem sem descri¢cdo (NORRBOM, 2006).

As moscas-das-frutas sdo consideradas um dos maiores grupos de insetos
fitdfagos com importancia econdmica mundial, com expressivo impacto sobre a
producdo e exportacdo de frutas frescas (DIAS et al., 2018; DOS SANTOS & GUIMARAES,
2018). A maioria das espécies-praga da familia Tephritidae, que atacam frutos no
mundo, pertencem aos géneros Anastrepha Schiner, 1868, Bactrocera Macquart, 1835,
Ceratitis Macleay, 1829, Dacus Fabricius, 1805 e Rhagoletis Loew, 1862 (Diaz-
FLEISCHER & ALUIA, 1999; NORRBOM, 2006; URAMOTO, 2007). Os géneros
representados por espécies economicamente importantes sdo classificados na subfamilia
Trypetinae, tribo Toxotrypanini (Anastrepha) e tribo Carpomyini (Rhagoletis), na
subafamilia Dacinae, tribos Ceratitidini (Ceratitis) e Dacini (Bactrocera e Dacus)
(NORRBOM, 2006; URAMOTO, 2007).

As principais espécies de mosca-das-frutas de importancia econdmica e
quarentenaria no Brasil, pertencem a quatro géneros: Anastrepha, Bactrocera, Ceratitis
e Rhagoletis (ZuccHi, 2000). Anastrepha fraterculus (Wiedemann, 1830) (mosca-das-
frutas-Sul-Americana), seguida por Ceratitis capitata (Wiedemann, 1824) (mosca-das-
frutas-do-Mediterraneo) constituem um dos principais problemas fitossanitarios da

fruticultura brasileira (DA CoSTA et al., 2017; DOS SANTOS & GUIMARAES, 2018). Esses



insetos-praga possuem ampla distribuicdo geografica e estdo associados, além de
frutiferas cultivadas, a varias espécies de plantas hospedeiras espontaneas (DA COSTA et
al., 2017; Dos SANTOS & GUIMARAES, 2018).

Os danos causados por moscas-das-frutas sdo gerados principalmente pelas
larvas e fémeas, unicamente nos frutos (MONTES, 2006). A fémea através oviposicao e,
mesmo sem depositar 0s ovos, pode causar danos irreversiveis no epicarpo de alguns
frutos, deixando cicatrizes (deformacdes) (MONTES, 2006; PARANHOS, 2008). O dano
principal, entretanto, é produzido pelas larvas, que se alimentam do mesocarpo e pelos
agentes patogénicos que atuam em consequéncia da lesdo nos tecidos dos frutos
(MoONTES, 2006). Esses danos reduzem a produtividade e a qualidade dos frutos,
deixando-os improprios tanto para consumo “in natura”, como para a industrializagido
(PARANHOS, 2008). As perdas provocadas pelas moscas-das-frutas chegaram a 120
milhdes de ddlares por ano para a fruticultura brasileira e a mais de dois bilhdes de
dolares no mundo (DE Souza, 2016).

As praticas mais comuns para o controle destas pragas ainda séo a utilizacdo de
inseticidas e/ou de iscas toxicas, no entanto, ha uma busca constante por alternativas,
que acarretou no aumento do uso do controle biolégico (DOS SANTOS & GUIMARAES,
2018). Assim, esse método tem sido incorporado como alternativa valida dentro dos
programas de manejo integrado de moscas-das-frutas (OVRUSKI et al., 2000; WALDER,
2002; MALAVASI et al., 2007)

Dentre os diferentes organismos que efetuam o controle bioldgico de moscas-
das-frutas (virus, bactérias, fungos, nematoides e insetos parasitoides ou predadores), 0s
parasitoides da familia Braconidae sdo os mais efetivos, com utilizacdo pratica em
varios paises (VAN DEN BOSCH et al., 1973). Alguns exemplos bem-sucedidos do uso de

parasitoides sdo relatados por NEWELL & HARAMOTO (1968) e WONG et al. (1983) no



Havai, por BARANOWSKI et al. (1993) e SiviNsKI (1991) na Flérida e por LOPEZ et al.
(1999) e Sivinski et al. (2000), no México. Espécies da familia Figitidae também ja
vém sendo utilizadas como agentes de controle biolégico com um grande potencial de

controle (NAscA, 1973; ALUWIA et al., 2013; GONGALVES, 2013; 2014).

1.3 Braconidae

O maior namero de espécies de parasitoides de tefritideos pertence a familia
Braconidae (WHARTON, 1997), a qual engloba cerca de 17.000 descritas e 42.653
estimadas, distribuidas pelas diversas regides do mundo (JONES et al., 2009). S&o
endoparasitoides coinobiontes, principalmente de Coleoptera, Lepidoptera e de Diptera
(principalmente de Tephritidae), as fémeas ovipositam nas larvas de seus hospedeiros,
que permanecem Vvivas até a fase de pupa, para o completo desenvolvimento do
parasitoide (WHARTON et al., 1997).

N&o parecem ter preferéncia por regiGes temperadas ou tropicais, ocorrendo nos
mais variados ambientes (WAHL & SHARKEY, 1993). S&0 insetos pequenos e ativos, a
maioria com coloracdo preta, castanha ou alaranjada, possuem grau variavel de
especificidade e normalmente sdo associados a apenas um hospedeiro (JONES et al.,
2009; MARINHO et al., 2018).

Em diversos paises da América, o uso de parasitoides pertencentes a Braconidae
tem sido intensificado devido as perdas na producdo e comercializacdo de frutos pelos
tefritideos pragas (OVRUsKI et al., 2000; GONZALEZ et al., 2007). Da mesma forma, nas
Gltimas duas décadas houve significativo aumento no numero de trabalhos sobre
braconideos parasitoides de moscas-das-frutas, relacionados com identificacdo,

distribuicdo e associacdo com tefritideos e plantas hospedeiras em varios estados
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brasileiros (SALLES, 1996; COSTA et al., 2007; JAHNKE et al. 2014; OLIVEIRA et al.,
2014; JUNIOR et al., 2017).

Entre as espécies de Opiinae, 10 estdo associadas com moscas-das-frutas que
provocam danos econdmicos (MARINHO et al.,, 2018). O parasitoide exdtico
Diachasmimorpha longicaudata (Ashmead, 1905) é uma das espécies mais importantes
e mais utilizada, a nivel mundial, em liberacbes massivas para controlar moscas-das-
frutas, estando adaptada a varias espécies de tefritideos de importancia econdémica
(StviNskI et al., 1996; OVRUsKI et al., 2000; MONTOYA et al., 2000b; CARVALHO &
NASCIMENTO, 2002; SCHLISERMAN et al., 2003; CANCINO & MONTOYA, 2004), tem
origem na regido Indo-Australiana, onde parasita, pelo menos, 14 espécies do género
Bactrocera (WHARTON & GILSTRAP 1983).

Diachasmimorpha longicaudata foi importado dos Estados Unidos da América
em 1994 e introduzido no Brasil pela Embrapa Mandioca e Fruticultura Tropical, com o
objetivo de estudar o comportamento e a eficacia deste parasitoide no controle de
moscas-das-frutas, para implementacdo de um programa de controle biolégico no
nordeste brasileiro (CARVALHO & NASCIMENTO, 2002). A escolha de D. longicaudata
para 0 desenvolvimento deste programa, deveu-se a facilidade de criagdo e
multiplicacdo em laboratério e a pouca especificidade com o hospedeiro, podendo
parasitar C. capitata e varias espécies de Anastrepha (CARVALHO & NASCIMENTO
2002). Possui eficiéncia de parasitismo superior a 50% e pode suprimir até 70% das
populacdes de moscas-das-frutas no ambiente, além de ser uma das poucas espécies que
parasita hospedeiros que se encontram no nivel do solo (SivINsKI et al., 1996;
MONTOYA et al., 2000a, GARCIA-MEDEL et al., 2007).

A espécie costuma parasitar larvas de segundo e terceiro instar de tefritideos

(SiviNski et al., 2001; SIME et al., 2006) e sabe-se que este parasitoide pode reconhecer
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se 0s hospedeiros estédo ou ndo parasitados, comportamento que pode ser vantajoso para
0 sucesso da espécie (MONTOYA et al., 2000b; 2003). Além disso, as larvas de D.
longicaudata possuem caracteristicas morfolégicas como, mandibula e capsula cefalica,
bem desenvolvidas, atributos que podem torna-lo mais competitivo (PALADINO et al.,
2010; MuURILLO et al., 2016). Outra estratégia é a diapausa, podendo ocorrer em baixas
temperaturas e umidade no substrato de pupacdo (CARVALHO, 2005; PALADINO et al.,
2010). Trabalhos como de GONzALEZ et al. (2007) e MONTOYA et al. (2011; 2012),
demostraram que o superparasitismo moderado (2-6 cicatrizes de punctura por pupa)
pode ser uma vantagem para D. longicaudata, gerando mais descendentes e uma prole
de fémeas maior.

Outra espécie de braconideo que se destaca é Doryctobracon areolatus
(Szépligeti, 1911), nativo da regido Neotropical, ocorre em varios estados brasileiros e
em algumas regides neotropicais de paises como, Estados Unidos da América e
Argentina, parasitando larvas de Tephritidae (GARCIA-MEDEL et al., 2007; UCHOA,
2012). Esse parasitoide exibe diapausa, 0 que permite expandir seu alcance para regides
com pouca diversidade de plantas (ALUJA et al., 1998; EITAM et al., 2004; OVRUSKI et
al., 2004). Doryctobracon areolatus tem preferéncia por parasitar larvas de final de
segundo e inicio de terceiro instar (CARVALHO et al., 2000).

E comumente encontrada no campo (CANAL DAzZA & ZuccHl, 2000), possui
abundancia naturalmente maior em comparacdo com outras espécies de parasitoides
neotropicais (SCHLISERMAN et al., 2016). Devido a frequéncia, abundancia e a
capacidade de parasitar larvas de moscas-das-frutas em frutos nativos e exdticos, esta
espécie é bastante promissora para compor programas de controle biolégico de

tefritideos em agroecossistemas (NUNES et al., 2011; UCHOA, 2012).
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1.4 Figitidae

A familia Figitidae é constituida por cerca de 3.000 espécies distribuidas em
aproximadamente 255 géneros (RONQUIST, 1995; GUIMARAES et al., 1999; BUFFINGTON
et al., 2007). Esses parasitoides apresentam uma ampla distribuicdo geogréfica e sdo
considerados importantes inimigos naturais de individuos de diferentes espécies de
varias familias de Diptera (GUIMARAES et al., 1999). Segundo GUIMARAES et al. (1999),
devido a essa associacdo desempenham funcdo importante como inimigos naturais das
moscas-das-frutas. A subfamilia Eucoilinae é a maior de Figitidae e os estudos sobre
este grupo, demonstram o potencial desses parasitoides em programas de controle de
moscas-das-frutas (GUIMARAES et al., 1999).

No Brasil, sdo conhecidos aproximadamente 29 géneros e 55 espécies de
Eucoilinae, dentre as quais 11 espécies de seis géneros sdo parasitoides de dipteros da
superfamilia Tephritoidea (GUIMARAES et al., 1999). Devido ao numero reduzido de
amostras de eucoilineos examinadas no Brasil, torna-se prematuro o estabelecimento
preciso da distribuicdo das espécies, porém é bastante provavel que estes parasitoides
estejam presentes em todos os locais de ocorréncia dos tefritideos (MALAVASI &
ZUCCHI, 2000).

O género Aganaspis Lin, 1987 engloba seis espécies, que estdo distribuidas na
regido Neotropical e no Indo Pacifico (DA SiLvA, 2011). Destacando-se a espécie
Aganaspis pelleranoi (Brethes, 1924), nativa da Regido Neotropical, que ocorre do
México até a Argentina, atacando uma ampla variedade de hospedeiros pertencentes as
familias Tephritidae e Lonchaeidae em frutos nativos e exoticos (OVRUSKI, 1994b;
GUIMARAES et al., 1999; OVRUsKI et al., 2000; SIVINSKI & ALUJA, 2003). E uma das
espécies mais abundante no campo, depois de D. areolatus (GONCALVES et al., 2014;

SCHLISERMAN et al., 2016), sendo as fémeas capazes de forragear e atacar seus
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hospedeiros dentro de frutos caidos, penetrando atraves de buracos ou rachaduras na
superficie e infiltrando-se na polpa para encontrar a larva hospedeira (SIVISNKI et al.,
2001).

Parasitam preferencialmente larvas de terceiro instar de tefritideos (OvRUSKI,
1994a; GONCALVES et al., 2013) e sdo capazes de reconhecer se 0 hospedeiro ja foi ou
ndo parasitado (RUSCHIONI et al., 2015). Essa espécie também possui diapausa, que
pode ocorrer em locais onde a temperatura e umidade sdo mais baixas, e com pouca
incidéncia de luz (CARVALHO, 2005; OVRUSKI et al., 2016). Além disso, é considerada
uma especie promissora para compor programas de controle bioldgico de moscas-das-
frutas em agroecossistemas (NASCA, 1973; NUNEz-CAMPERO et al., 2014; GONGALVES

et al., 2016; SCHLISERMAN et al., 2016).

1.5 Objetivos

1.5.1 Objetivo Geral
e Investigar as interacOes entre diferentes espécies de himendpteros parasitoides e

dois tefritideos hospedeiros.

1.5.2 Objetivos Especificos

e Avaliar a influéncia dos hospedeiros de origem, Anastrepha fraterculus e
Ceratitis capitata, na preferéncia e no sucesso de parasitismo de Aganaspis pelleranoi e
Doryctobracon areolatus.

e Mensurar a preferéncia e a capacidade de parasitismo de Diachasmimorpha
longicaudata em larvas de diferentes instares de Anastrepha fraterculus e Ceratitis

capitata.
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e Investigar a competicdo intra e interespecifica entre Diachasmimorpha

longicaudata e Aganaspis pelleranoi, em larvas do hospedeiro Anastrepha fraterculus.
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2 RESULTADOS GERAIS

ARTIGO I: Influence of the original host in the preference of Aganaspis pelleranoi and

Doryctobracon areolatus, parasitoids of Tephritidae larvae.

= Foi observado que os parasitoides A. pelleranoi e D. areolatus quando
originados de A. fraterculus (AF) tiveram preferéncia por parasitar a mesma espécie
hospedeira, AF. Aganaspis pelleranoi com origem em Ceratitis capitata (CC) também
evidenciou preferéncia pelo hospedeiro no qual se originou.

= A razdo sexual para A. pelleranoi foi desviada para machos, variando de 0,11 a
0,42 dependendo da origem e do hospedeiro. Para D. areolatus chegou 0,50 em
individuos originados em C. capitata.

= De uma maneira geral, A. fraterculus se mostrou como um hospedeiro melhor,
pois neste, para ambos os parasitoides, 0 nimero médio de insetos emergidos e de
pupérios parasitados foi maior.

= Para D. areolatus o comportamento inato, relacionado ao hospedeiro original,
parece ter maior influéncia na escolha por parasitismo do que o hospedeiro de origem
do individuo, pelo menos em uma geracgao.

= Aganaspis pelleranoi alterou sua preferéncia apds somente uma geracao
desenvolvida em larvas de outra espécie, indicando aprendizagem associada ao

reconhecimento do hospedeiro de origem.



ARTIGO Il: Does Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera:

Braconidae) have a preferential instar to parasitize Tephritidae (Diptera)?

= No teste de escolha simples, D. longicaudata preferiu larvas de primeiro e
segundo instar de A. fraterculus gerando maior nimero de puparios parasitados e
parasitoides emergidos. Para C. capitata ndo houve diferenca entre os instares testados.

= A razdo sexual foi desviada para machos para ambos os hospedeiros.

= No teste de multipla escolha, a média de puparios parasitados e de parasitoides
emergidos foram maiores em larvas de segundo instar para AF e, para CC, a média foi
maior em larvas de segundo e terceiro instar.

= Arazdo sexual foi desviada para fémeas nos tratamentos com larvas de terceiro
instar para ambos 0s hospedeiros.

= Diachasmimorpha longicaudata apresenta preferéncia pelo segundo e terceiro
instar, mas é capaz de parasitar e ter sucesso em todos os instares de ambas as espécies

de moscas.

ARTIGO IlI: Intra and interspecific competition between Diachasmimorpha
longicaudata (Ashmead) (Hymenoptera: Braconidae) and Aganaspis pelleranoi

(Bréthes) (Hymenoptera: Figitidae).

= O maior nUmero de puparios parasitados ocorreu nos tratamentos em que 0

hospedeiro foi exposto duas vezes aos parasitoides nos tratamentos DL-DL, DL-AP e
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AP-DL; e quando exposto somente para Diachasmimorpha longicaudata, no tratamento
DL.

= A razéo sexual foi desviada para machos quando os hospedeiros foram expostos
uma vez aos parasitoides, mas quando expostos duas vezes independente do tratamento,
exceto DL-AP (parasitoide Diachasmimorpha longicaudata), foi gerada prole com mais
fémeas.

= O indice de parasitismo foi de 41,2% para AP (hospedeiro exposto por quatro
horas para A. pelleranoi); 53,7% para DL (hospedeiro exposto por 40 minutos para D.
longicaudata), 43,5% para AP-AP (hospedeiro exposto para A. pelleranoi por quatro
horas e em seguida para um coespecifico por mais quatro horas), 72,1% para DL-DL
(hospedeiro exposto para D. longicaudata por 40 minutos e em seguida para um
coespecifico por mais 40 minutos), para o tratamento AP-DL foram de 12,6 % (AP) e
de 46% (DL) e para o tratamento DL-AP foi de 60,3% (DL) e 7,9% (AP).

= Houve correlacdo positiva entre a media de cicatrizes de oviposicao e a media de
parasitoides e fémeas emergidos, exceto para os tratamentos AP-DL e DL-AP (AP).

= A espécie D. longicaudata mostra-se superior na competicdo em qualquer

regime de oferecimento dos hospedeiros.
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Influence of the original host in the preference of Aganaspis pelleranoi and

Doryctobracon areolatus, parasitoids of Tephritidae larvae

Roberta Agostini ROHR; Simone Mundstock JAHNKE & Luiza Rodrigues REDAELLI
Programa de Pos-Graduacdo em Biologia Animal, Instituto de Biociéncias,

Universidade Federal do Rio Grande do Sul.

Abstract

The study aimed to evaluate the host preference and success of parasitoids from
different host origins. The Tephritidae parasitoids Aganaspis pelleranoi (AP) and
Doryctobracon areolatus (DA), native to the Neotropical region, were evaluated.
Experiments were performed under laboratory conditions, in dual-choice tests, in which
two oviposition units, each containing 25 larvae of either Anastrepha fraterculus (AF)
or Ceratitis capitata (CC), were offered simultaneously to parasitoids that had emerged
from pupae of both species. The average number of pupae, emerged parasitoids,
parasitized pupae, and sex ratio of the offspring were evaluated. The average number of
parasitoids emerged for A. pelleranoi that originated from A. fraterculus (AP-AF) was
significantly higher in the host A. fraterculus compared with C. capitata. The same
occurred for parasitoids originated from C. capitata (AP-CC), parasitizing larvae of the
host specie C. capitata. The emergence rate of D. areolatus was higher in parasitoids
that originated in A. fraterculus, in the same host species. For A. pelleranoi with origin
in A. fraterculus, a higher average of parasitized pupae was observed for the host of the
same species. Doryctobracon areolatus regardless of the original host, parasitized a
larger number of A. fraterculus pupae. Aganaspis pelleranoi had a male-biased sex

ratio, ranging from 0.11 to 0.42 depending on the origin and the host. The sex ratio for
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D. areolatus was 50%, only in parasitoids originated from C. capitata (DA-CC) and
having host larvae from the same species. The results for A. pelleranoi (AP-AF and AP-
CC) and D. areolatus (DA-AF) indicate that original host origin of female might alter
host preference. In addition, C. capitata was a less suitable host for rearing these species

of parasitoids.

Keywords Anastrepha fraterculus, Ceratitis capitata, Neotropical parasitoids,

preference for host.

Introduction

Parasitoid preference for specific hosts is related to innate search behaviour (Vet
et al., 1995); however, successive exposure to a particular host can alter the preference,
which indicates learning (Vinson, 1998). In the broad sense, learning is a change in
behavior resulting from an experience, increasing the reliability in the recognition of the
location trails generated by the host in space and time, which increases the efficiency of
the foraging (Vinson, 1998; Cunningham et al., 1999; Masry et al., 2018b). For
parasitoids, an individual host comprises its entire source of larval food and can greatly
influence on the adult’s performance. Because development depend on limited
resources (host), adult preference and larval performance must be correlated to
maximize fitness (Harvey et al., 2012; Harvey, 2015). Other host-related factors
including its size can influence the fitness of the parasitoids including the number of
offspring, development, longevity, and sex ratio (Messing et al., 1993; Lopez et al.,
2009; Gongalves et al., 2013).

The influence of the original host on the performance of parasitoids associated

with fruit flies has received little study. Ero et al. (2010), for example, evaluated the
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preference of Diachasmimorpha kraussii (Fullaway) (Hymenoptera: Braconidae) by
four species of the genus Bactrocera Macquart (Diptera: Tephritidae), but the parasitoid
showed no preference in both the choice test and the non-choice test. Ero et al. (2011)
studying the same parasitoid, evaluated the preference on five commercial fruit species
and two species of fruit flies (Bactrocera jarvisi (Tryon) and B. tryoni (Froggatt)). The
parasitoid responded to all infested fruits, regardless of the species of fruit fly, although
it did not show preference. Its offspring preferred guava (Psidium guajava Linnaeus),
peach (Prunis persica Linnaeus), and orange (Citrus sinensis Linnaeus). Ovruski et al.
(2011) evaluated the preference of the parasitoid Diachasmimorpha longicaudata
(Ashmead), originating from the Indo-Australian region, reared on Anastrepha
fraterculus (Wiedemann) (AF) and Ceratitis capitata (Wiedemann) (CC) (Diptera:
Tephritidae), for the host of the same origin. The authors found no difference between
the two hosts in the no-choice test, but in the dual-choice test, there was higher
parasitism in the A. fraterculus larvae. Canale & Benelli (2012) evaluated if Psyttalia
concolor (Szépligeti) created for several generations in C. capitata could affect the
location and parasitism when used against Bactrocera oleae (Rossi). The study did not
show a significant difference in oviposition behavior and host acceptance for parasitoids
without previous experience, but showed that the previous experience in a given host
can influence the choice of the female, prioritizing the host already known. Giunti et al.
(2016) evaluated if the olfactory trails of the original host could affect the preference of
the parasitoid P. concolor and if recognition of a new host could be learned during the
larval stages and in the initial adult stage. The authors demonstrated that there was a
preference for the original host in which the parasitoid developed but that females could
learn. Diachasmimorpha kraussii also showed a significant preference for fruits infested

by larvae of a host species, B. tryoni compared to fruits infested by non-host larvae,
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Drosophila melanogaster (Meigein) (Diptera: Drosophilidae) (Masry et al., 2018a).
Masry et al. (2018b) working with the same parasitoid, parasitizing B. tryoni larvae in
nectarine (Prunus persica var. nucipersica Linnaeus) and tomato (Solanum
lycopersicum, var. Gourmet premium Linnaeus) fruits in an associative learning
experiment, in sequential studies of olfactometer, closed field and open field. The virgin
females showed preference for nectarines, not increased the choice after that had
previous training. However with the same tests, the authors observed that after
experience with the tomato, there was learning and the females began to recognize the
fruit, increasing the choice. The knowledge of these aspects is extremely important
when searching for a biological control agent to control fruit flies. For this Aganaspis
pelleranoi (Brethes) (Hymenoptera: Figitidae) (AP) and Doryctobracon areolatus
(Szepligeti) (Hymenoptera: Braconidae) (DA) have a naturally higher abundance
compared with others Neotropical parasitoids species on the field. In addition, they are
parasitoids on fruit fly larvae in native and exotic fruits, which increases their chances
of success in parasitism (Schliserman et al., 2016). They are found mainly parasitizing
Anastrepha Schiner (native to the American continent) and Ceratitis Macleay (from
Tropical Africa) (Uchda, 2012). Both genera of fruit flies include species that cause
high economic damage to fruit farming, such as the A. fraterculus (South American fruit
fly) and C. capitata (Mediterranean fruit fly) (da Costa et al., 2017; dos Santos &
Guimardes, 2018). Therefore, they are considered promising species for fruit fly
biological control programs (Nunes et al., 2011; Uchéa, 2012; Goncalves et al., 2016).
Many aspects of the life cycle of A. pelleranoi have already been studied, such
as the description of immature stages on A. fraterculus and C. capitata (Ovruski, 1994),
and their mating behaviour (Ovruski & Aluja, 2002). In this species, the females exhibit

a significantly more diverse behavioral repertoire than other species of figitids (Aluja et
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al., 2009). The effect of different temperatures on egg-adult development and biological
parameters such as longevity and adult fertility were also evaluated (Goncalves et al.,
2014). When reared on A. fraterculus, the offspring and female proportion were higher,
the egg-adult cycle shorter, and the survival rate higher, than when reared on C. capitata
(exotic host) (Gongalves et al., 2013).

The parasitoids use a wide range of host-related stimuli to find hosts, usually
chemical stimuli such as microhabitat, host plant, indecisive stimuli associated with host
presence and host-own stimuli (Godfray, 1994). Doryctobracon areolatus also uses
these chemical cues to find its host, as described by Eitam et al. (2003), including
markers of host fruits and fly larvae. The egg-adult development period, sex ratio,
longevity of males and females, pupal survival rate, and parasitism rates against A.
fraterculus have been also evaluated (Nunes et al., 2011). The interspecific competition
has been recorded between this species and the braconid Utetes anastrephae (Viereck),
but without competitive exclusion (Aluja et al., 2013). Furthermore, the natural
parasitism of this species in A. fraterculus has been registered in different fruit trees
(Costa et al., 2007; Jahnke et al., 2014; Janior et al., 2017).

Understanding parasitism preference is important to select a biological control
agent. However, the influence of their original host on the performance and preference
of parasitoids associated to the fruit fly has been insufficiently studied. Thus, the aim of
this study is to evaluate the host preference and success of the parasitoids A. pelleranoi
and D. areolatus in larvae of A. fraterculus and C. capitata as affected by their original

host.

Materials and Methods

Study site
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The study was conducted in the Laboratory of Biology, Ecology, and Biologic
Control of Insects (Bioecolab), at the Federal University of Rio Grande do Sul, under

controlled conditions (26 = 1 °C, 60 = 10% RH), and a photoperiod of 14:10 (L:D).

Host rearing

Rearing of A. fraterculus (AF) and C. capitata (CC) was based on the
methodology described by Teran (1977), with adaptations. The adults of fruit flies were
kept in wooden cages (45 x 30 x 30 cm), covered on the sides with voile tissue and
front opening for manipulation (sleeve), receiving distilled water and a solid diet ad
libitum, which consisted of crystal sugar, hydrolyzed protein, soybean extract (3:1:1),
and vitamin complex, in proportion to two tablets macerated for each 250 g of diet
(adapted from Jaldo et al., 2001). The egg-laying substrate used for C. capitata was a
yellow plastic tube (250 ml), with orifices (FAO/IAEA/USDA, 2003), and for A.
fraterculus the substrate was a bag as described by Meirelles et al. (2016). The eggs
were collected daily and transferred to a polystyrol tray (23.5 x 18 x 1 cm) containing
artificial diet (carrot, beer yeast, corn flour, sugar and distilled water) (modified from
Teran, 1997). After seven days, these were placed inside larger plastic trays (51 x 30 x
9.5 cm), with sterilized sand and covered by voile, where they remained for
approximately seven days for pupation. After this, the sand was sifted and the collected
pupae placed in plastic pots (6.6 x 6.6 x 6 cm) until emergence, under controlled

conditions (26 = 1 °C, 60 = 10% RH), and a photoperiod of 14:10 (L:D).

Parasitoids rearing
To rear A. pelleranoi, araca fruit [(Psidium cattleianum Sabine) (Myrtaceae)]

infested with A. fraterculus was collected from native fruit orchards at Fundagéo
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Estadual de Pesquisa Agropecuaria, in Taquari, RS, Brazil (29° 48' 00" S 51° 51" 35"
0). In the laboratory, the fruit were placed in plastic trays (51 x 30 x 9.5) on a layer of
sterilized sand and covered by voile. The sand was sifted after 15 days and the collected
pupae kept until the emergence of fruit flies or parasitoids at plastic pots (6.6 x 6.6 x 6
cm). Adult parasitoids were placed in wood cages (19.5 x 16.5 x 25.5 cm) and received
water by capillary and honey diluted in water (7:3), offered in Petri dishes with cotton
wicks. The third-instar larvae of the hosts C. capitata or A. fraterculus (approximately 6
and 9 days old, respectively) were offered daily to the parasitoids (5-15 days of life)
(van Nieuwenhove & Ovruski, 2011; Gongalves et al., 2014; Oliveira et al., 2014). The
larvae were placed in oviposition units made of a plastic plate (4 cm of diameter), with a
border of 0.3 mm, wrapped in white voile. After six hours of exposure, the larvae were
placed on artificial diet in a polystyrol tray (15.5 x 15.5 x 1 cm) placed on a plastic tray
(41 x 28 x 7 cm) with sterilized sand covered by voile, where they remained for
approximately seven days for pupation. After this, the sand was sifted and the collected
pupae placed in plastic pots (6.6 x 6.6 x 6 cm) until emergence, under controlled
conditions (26 = 1 °C, 60 £ 10% RH), and a photoperiod of 14:10 (L:D).

The rearing of D. areolatus was established with A. fraterculus parasitized pupae
provided by Embrapa Clima Temperado, Pelotas, RS, Brazil (31° 46' 19" S 52° 20" 34"
0). The colony was maintained under the same conditions cited for A. pelleranoi, in the
A. fraterculus and C. capitata hosts. Except the instar of the larvae offered in the
parasitism units for the maintenance of the breeding, following Eitam et al. (2003),
were second instar (3 days of life for C. capitata and 4 days of life for A. fraterculus),
and the parasitism units were exposed for eight hours (van Nieuwenhove & Ovruski,

2011; Gongalves et al., 2013).
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Experimental design

The experiment was conducted in wooden cages (15 x 15.5 x 20 cm) covered by
voile. Each cage contained five couples of A. pelleranoi (AP) or D. areolatus (DA),
eight days old. The parasitoids received water and food as described previously. Within
each cage, oviposition units were arranged with 25 larvae of A. fraterculus and 25
larvae of C. capitata (from third instar larvae to A. pelleranoi and second instar larvae
to D. areolatus). To assess if there were preference, the following treatments were
adopted with the hosts AF and CC: parasitoid A. pelleranoi with origin from A.
fraterculus (AP-AF); A. pelleranoi with origin from C. capitata (AP-CC); parasitoid D.
areolatus with origin from A. fraterculus (DA-AF); and, D. areolatus with origin from
C. capitata (DA-CC). The experiment was conducted with 40 replicates for AP-AF and
AP-CC; and for DA-AF. For DA-CC 35 replicates were made (the smallest number of
insect replications used here is due to the small laboratory emergency of the parental
generation). The larvae were offered in separate oviposition units, made of a plastic
plate (2.7 cm in diameter), with a border of 0.2 cm, wrapped in white voile. To dispose
the parasitism units inside the cages, small glass jars (2.3 x 2.3 x 3.8 cm) were used as
carriers. The units were exposed for six hours for A. pelleranoi and eight for D.
areolatus, then returned to diet in a polystyrol tray (15.5 x 15.5 x 1 ¢cm) placed on a
plastic tray (35 x 17.5 x 10 cm) with sterilized sand covered by voile, where they
remained for approximately five days (second instar larvae) and seven days (third instar
larvae) for pupation. Next, the sand was sifted and the pupae placed in plastic pots (6.6
x 6.6 x 6 cm) until the emergence of fruit flies or parasitoids, under the same conditions
as described previously.

In the control treatment, second and third-instar larvae were placed in

oviposition units, and positioned in the cages for the same period of time described
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previously, but without parasitoids. Concomitant with the treatments, this procedure
was replicated during five consecutive days to verify larvae mortality, without the
parasitoid action.

We recorded the number of pupae formed, emerged parasitoids, parasitized
pupae (emerged parasitoids from the puparia + dissected puparia with parasitoids

presence) and the sex ratio of the parasitoids.

Data analysis

The mean values of pupae, emerged parasitoids, and parasitized pupae were
tested for normality by Shapiro-Wilk test. Subjected to analysis of variance, the means
being compared by Kruskal-Wallis, followed by a Dunn HSD post-hoc at the 5%
significance level, by the software BioEstat 5.0 (Ayres et al., 2007). The sex ratio was
determined by the following equation: sr = number of females/ number of females +
number of males. The x?2 test of heterogeneity was applied to compare the sr between
the species. The apparent parasitism (ap) was calculated by the equation: ap = number
of emerged parasitoids / total number of emerged insects x 100; and the real parasitism
(rp), by: rp = total number of parasitoids emerged and dissected / total number of insects

% 100.

Results

Aganaspis pelleranoi (AP) (table 1) — Original host influenced the number of
emerged parasitoids, parasitized pupae, and the sex ratio at the AP-AF treatment. This
effect was also observed in the number of emerged parasitoids in AP-CC. The apparent
parasitism was 62.9% in AF hosts and 43% in CC hosts offered to parasitoids

originating from AF. In parasitoids originated from CC, the apparent parasitism was
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6.7% and 9.3 % in hosts from AF and CC, respectively. The real parasitism was 64.2%
in AF hosts and 43.9% in CC hosts, both offered to parasitoids originated from AF. For
AF hosts offered to parasitoids originated from CC, the index was 15.6% and the CC
host, 13.5%.

Comparing parasitoids with the same origin (AP-AF) in relation to the two hosts
(CC and AF), the mean of emerged parasitoids was higher in the AF host (H = 4.9150;
df =1; P = 0.0203). If exposed to the AP-CC treatment, the mean emergence was higher
in the same original host (CC) (H = 3.2170; df = 1; P = 0.0397). Considering the same
host in relation to the different origins of the parasitoids, the mean number of emerged
parasitoids from AF host pupa was higher in the ones exposed to the AP-AF treatment
(H = 47.4457; df = 1; P < 0.0001). Parasitism was higher in CC host offered to the
parasitoids of AF-AP treatment (H = 20.2714; df = 1; P <0.0001). The mean number of
parasitized pupae, considering the emerged parasitoids plus the ones inside the dissected
puparia, was higher in the host AF (H = 7.4370; df = 1; P = 0.0064) when both hosts
were offered to the treatment from AP-AF. There was no difference between the
different hosts (AF and CC) offered for the parasitoids from AP-CC treatment (P >
0.05). Anastrepha fraterculus host larvae, when exposed to parasitoids from the same
origin, resulted in a higher average number of parasitized pupae than those offered to
parasitoids with origin in CC (H = 35.3600; df = 1; P < 0.0001). For CC host when
offered to parasitoids of different origins, the highest mean percentage of parasitism for
the AP species originated from AF host (H = 14.3709; df = 1; P = 0.0002).

The sex ratio (sr) of the offspring obtained in both specie of host larvae,
promoted by parasitoids originated from both treatments (AP-AF and AP-CC), was
male biased (more than 50% were males). Parasitoids from AP-AF treatment that

parasitized AF host larvae, generated a higher number of females (x2 = 58.3; df = 2; . =
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0.05) compared to the parasitoids from the same origin, parasitizing CC host larvae. The
sr of the generated offspring of parasitoids from AP-CC, was superior in AF (x2 = 47.2;
df = 2; @= 0.05). The sr of the offspring were superior in both hosts when the
parasitoids from the AP-AF treatment, compared to the same host species parasitized by
A. pelleranoi with CC origin.

There was no significant difference in the mean number of pupae formed for
both hosts (AF and CC), when offered to parasitoids from the same or distinct origin.
The number of formed pupae also did not differ from the control on the different

treatments (P > 0.05).

Doryctobracon areolatus (DA) (table 2) — When the larvae of AF hosts larvae
were offered to DA-AF treatment, the average number of emerged parasitoids and
parasitized pupae was higher than CC host. Origin affected sex ratio as well: when the
hosts were CC, parasitized by females from DA-CC the sex ratio was higher. The
average number of parasitized pupae reflects the real parasitism, which was 27.8% in
the AF hosts and 18.6% in the CC hosts, both offered to the parasitoids with origin in
AF. For the hosts offered to the parasitoids originated from CC, the ratio was 8.1% in
the AF and 4.6% in the CC. The apparent parasitism (only emerged parasitoids) was
26.4% in the AF hosts and 16.5% in the CC, offered to parasitoids originated from AF.
Those originated from CC achieved 4.0% of parasitism, in the AF host and 2.5% in the
CC host.

For parasitoids from DA-AF treatment in relation to the different hosts, the mean
number of emerged parasitoids was higher in the host AF than in CC (H = 6.1401; df =
1; P =0.0144). There was no difference between the average numbers from the hosts

AF and CC (H =0.3079; df = 1; P = 0.5790) offered to DA-CC treatment. Considering
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the AF host in relation to the different origins of parasitoids (DA-AF and DA-CC), the
emergence was higher when the parasitoids had the same origin of the host (H = 9.8123;
df =1; P = 0.0017). A higher emergence was verified when the CC hosts were exposed
to DA-AF (H =5.9704; df = 1; P = 0.0473), compared to DA-CC. The mean number of
parasitized pupae was higher in the host A. fraterculus compared to C. capitata,
regardless of the parasitoids’ origins (H=4.1706; df = 1; P = 0.0421, AF-DA, and H =
3.2170; df = 1; P = 0.0341, CC-DA). There was a higher number of parasitized pupae in
the host AF when exposed to the treatment DA-AF (H = 5.2238; df = 1; P = 0.0223),
compared to DA-CC treatment. The CC host also had a higher number of parasitized,
when exposed to the treatment DA-AF (H = 3.2284; df = 1; P = 0.0314), than those
originated from DA-CC.

The offspring’s sex ratio was male biased, except in parasitoids emerged from
CC larvae offered to the same origin that generated 50% of females. Parasitoids
originated from DA-AF treatment, did not show sr difference, between the distinct hosts
(AF and CC). The DA-CC treatment generated more females when parasitizing CC (x2
= 47.6; df = 2; a = 0.05). When compared to the same hosts offered to the parasitoids
with different origins, the ones exposed to DA-CC treatment had a higher sex ratio.

No difference was observed in the average number of formed pupae in both
hosts (AF and CC), when offered to DA-AF (P > 0.05). A difference in the average
number of pupae was recorded at the CC host expose to the DA-CC treatment (H =
12.1290; df = 1; P = 0.0005). The average values of formed pupae obtained in the

treatments did not differ from the control in both host species AF and CC (P > 0.05).
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Discussion

The similarity in the number of formed pupae in the treatments in relation to the
control was expected, considering that both species are koinobionts (Ovruski, 1994),
that is, do not immediately Kkill or cause injury in the larval development, allowing
pupation before causing death. It is known that fruit fly parasitoids from the families
Braconidae and Figitidae only emerge in the host’s pupal stage (Guimardes & Zucchi,
2004; Aluja et al., 2013). The number of emerged parasitoids, related to the apparent
parasitism or the female success (Ovruski et al., 2011), of A. pelleranoi originating from
CC was higher in the hosts from the same species, though overall AF was a far superior
host regardless of parasitoid origin. However, for D. areolatus, only females with origin
in AF had more success in hosts from the same species. Considering the real parasitism,
the performance of the parasitoids originated from AF was superior than the CC,
regardless of the host larvae.

The better performance of A. pelleranoi and D. areolatus in A. fraterculus
larvae, when compared to other Tephritidae hosts, was previously mentioned by
Goncalves et al. (2013; 2016), in which the authors report that the number of offspring
was affected by the host species, A. fraterculus being the superior host. The authors
discuss that this occurred due to the bigger larval size of A. fraterculus compared to C.
capitata. According to Ovruski et al. (2004), the parasitoids of the Neotropical region
may not be able to parasitize the larvae of the host C. capitata, and when it does it
harms the development of their offspring. Harvey (2005) and Harvey et al. (2012)
pointed out that the diet used for the host can affect their development and survival too.
However, in our study, both host species were already reared for a long time with the
same diet and adapted very well; therefore, we believe that this would not affect our

results.
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The data on A. pelleranoi indicate that this species may be influenced by the
original host, because the female displayed an oviposition preference for the Tephritidae
larvae (AF or CC) in which it had developed. The choice of the female for different
larvae can be related to variables such as perception of the fruit volatiles (host habitat)
and the hosts (Eben et al., 2000; Silva et al., 2007; Segura et al., 2016). Thus, the use of
chemical cues can be the result of memory or learning (Segura et al., 2007; Tognon et
al., 2013). The learning can occur through the chemical legacy, whereby the parasitoid
that emerged from a specific host is able to distinguish the odor of its original host
(Tognon et al., 2014). Thus, the learning process occurs in a different way in each
species. However, the data from this study was for only one generation, and it is likely
that behavioral changes could occur over the next generations.

Anastrepha fraterculus is the ancestral host of both species and probably there
was a coevolution between them, since the host C. capitata was recently introduced on
the American continent (Ovruski, et al., 2004; Goncgalves et al., 2013), therefore
preference was expected by the AF host. Nevertheless, for A. pelleranoi, after just one
generation in CC, an alteration in the preference was recorded, suggesting that this
species may have learning by chemical legacy (Tognon et al., 2014). Canale & Benelli
(2012) and Giunti et al. (2016) working with P. concolor, observed that the parasitoids
preferred to lay their eggs and were more successful parasitizing the host where they
were reared. This may be due to learning the chemical signals recognition from original
host larvae, because according to Hopkins’ host-selection principle the larval instar of
the parasitoids can learn from their environment and that memory is transported from
pre-imaginary stages to the adult (Barron, 2001; Giunti et al., 2016). Masry et al.
(2018a) working with D. kraussii observed the preference of the parasitoid by the host

in which it is naturally found. The parasitoids used had experience of oviposition,
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suggesting that these wasps learn odors specific to host-infested fruit. The authors
define learning as a change in behavior after an experiment, since the experiment was
not designed to characterize the type of learning.

In this study and others, the larvae were offered in oviposition units, without the
presence of fruit or other substrates (Carvalho et al., 1998). Nevertheless, the parasitism
occurred, indicating that the females are able to recognize the hosts outside natural
conditions. This was already observed in the behavior of Diachasmimorpha tryoni
(Cameron) and D. longicaudata with washed or individualized larvae (Duan &
Messing, 2000). The latter authors also demonstrated that the species examined their
hosts using the ovipositor independent of the substrate type, as well as used larval
vibration as a guide. In the natural environment, however, the larvae are located in fruit,
which certainly influences the search and choice of the parasitoids. Possibly the
parasitoids use chemical clues as a guide, especially those in the fruit peel (Eitam et al.,
2003). According to Eitam et al. (2003), when the peels were removed and the pulps
exposed, there was a drop in the ovipositions by D. areolatus. Thus, the host plants
appear to be an important source of information for parasitoids during their search for
the host, and the parasitoids attracted by plants that provide nutritionally better hosts are
favored by natural selection (Canale, 2003; Segura et al., 2016). This must be
considered when lab rearings are kept using hosts from artificial diets for later release in
the field.

The sex ratio of the offspring, in which the majority of the cases was male
biased, could be an indication that the female considered that host or the environment
conditions were not ideal for the parasitism (Godfray & Shimada, 1999). Despite this
fact, A. pelleranoi produced a higher number of females in the treatments whose host

larvae were AF compared to CC. The sex ratios obtained in this study are similar to
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those obtained by Gongalves et al. (2013), which were 0.42 in the AF host and 0.19 in
the CC host. Although that study did not evaluate the original host, they discuss that the
higher number of females in the AF host could be related to the size or chemical
differences in the hosts.

Diachasmimorpha longicaudata showed higher proportions of females in larvae
from the host AF than in CC, in which size may have favored choice for egg deposition
(Ovruski et al., 2011). It is known that parasitoids lay eggs that result in males in
smaller hosts and eggs that generate females in the larger ones, selecting the better host
for its descendants (Godfray & Shimada, 1999). Another study found interesting results
for D. longicaudata, females that emerged from medium and large-size hosts had
benefits such as longer life expectancy, higher fertility and faster foraging (Lopez et al.,
2009). For D. areolatus, although only in parasitoids originated from CC and having as
hosts larvae from the same species, the sex ratio was 50%, opposing the host size idea
related to the sex ratio. However, the parasitism and emergence rates were significantly
lower in this treatment. Therefore, the smaller sample number of the offspring may be
responsible for this percentage.

Aganaspis pelleranoi and D. areolatus are native and widely distributed in the
Neotropical region and are common parasitoids of A. fraterculus in Brazil (Canal &
Zucchi, 2000; Schliserman et al., 2016). Therefore, it is presumed coevolution between
the species occurred, which could explain the more effective response to this host
compared to the exotic C. capitata. Another factor that could influence the parasitoids
during the choice experiment is the larval size. Because many studies have
demonstrated that the host size can ensure benefits to the offspring (Lépez et al., 2009;
Gongcalves et al., 2013; 2016), and as demonstrated in our study, C. capitata is not a

good host for the rearing of these parasitoids, because it generates fewer offspring and a
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sexual ratio almost always with fewer females. This offspring originating from larger
hosts may be predisposed to have greater reproductive success, as was observed in
parasitoids originated from A. fraterculus, which demonstrated more success in the

parasitism for both hosts (AF and CC).
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Table 1 - Average number (+ SE) of pupae, emerged parasitoids, parasitized pupae ©,

and sex ratio of Aganaspis pelleranoi originating from Anastrepha fraterculus (AP-AF)

and Ceratitis capitata (AP-CC), in A. fraterculus and C. capitata. (N = Number of

larvae per replicate).

Origin: Anastrepha fraterculus

Origin: Ceratitis capitata

Anastrepha Ceratitis Anastrepha Ceratitis

Host fraterculus capitata fraterculus capitata
N =25 N=25 N =25 N =25

Pupae 23.9+0.21 Aa 23.9 +0.45 Aa 23.5+0.28 Aa 24.1 +0.26 Aa
Emerged 98+090Aa  75+094Ba  0.9+019Bb 18044 Ab
Parasitoids
ESEZS;E)ZEO' 122+107Aa  8.1+0.96Ba 2.8 +0.48 Ab 3.0 £0.60 Ab
Sex Ratio 0.42 Aa 0.21 Ba 0.37 Ab 0.11 Bb

Upper case letters compare parasitoids from the same origin in the different hosts.

Lowercase letters compare parasitoids from different origins to the same host. Using the

Kruskal-Wallis test, followed by Dunn (P < 0.05). Sex ratio, tested by 4* for

heterogeneity. (*) parasitoids emerged from the puparia + puparia dissected with

parasitoids presence.
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Table 2 - Average number (+ SE) of pupae, emerged parasitoids, parasitized pupae ),

and sex ratio of Doryctobracon areolatus originating from Anastrepha fraterculus (DA-

AF) and Ceratitis capitata (DA-CC), in A. fraterculus and C. capitata. (N = Number of

larvae per replicate).

Origin: Anastrepha fraterculus

Origin: Ceratitis capitata

Anastrepha Ceratitis Anastrepha Ceratitis
Hosts fraterculus capitata fraterculus capitata
N =25 N =25 N =25 N =25
Pupae 18.7 £0.70 Aa 18.0 £ 0.97 Aa 18.7 £0.76 Aa 129+ 1.18 Bb
Emerged 4.2 +0.89 Aa 2.4+0.73 Ba 0.4 +0.16 Ab 0.2 +0.09 Ab
parasitoids
Parasitized 481096 Aa  29+079Ba  12£032Ab  0.4+0.14Bb
pupae
Sex ratio 0.30 Ab 0.34 Ab 0.38 Ba 0.50 Aa

Upper case letters compare parasitoids from the same origin in the different hosts.

Lowercase letters compare parasitoids from different origins to the same host. Using the

Kruskal-Wallis test, followed by Dunn (P < 0.05). Sex ratio, tested by 4* for

heterogeneity. (*) parasitoids emerged from the puparia + puparia dissected with

parasitoids presence.
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ARTIGO Il: Does Diachasmimorpha longicaudata (Ashmead, 1905)
(Hymenoptera: Braconidae) have a preferential instar to parasitize Tephritidae

(Diptera)? (*)

(*) Manuscrito aceito para publicacdo em Fevereiro de 2019, pelo periodico Iheringia: Série
Zoologia — Normas no Anexo 1.



Does Diachasmimorpha longicaudata (Hymenoptera: Braconidae) have a preferential

instar to parasitize Tephritidae (Diptera)?

Roberta A. Rohr, Simone M. Jahnke & Luiza R. Redaelli

Programa de Po6s-Graduagdo em Biologia Animal, Instituto de Biociéncias, Universidade
Federal do Rio Grande do Sul, Av. Bento Gongalves, 9500, Prédio 43435, 91540-000 Porto

Alegre, RS, Brasil. (robertarohr@gmail.com)

ABSTRACT. Diachasmimorpha longicaudata (Ashmead, 1905) is a koinobiont parasitoid of
Tephritidae larvae, the third instar larvae of which is considered preferential, but it is able to
parasitize other larval stages and compete with native parasitoids. This study investigated the
preference and parasitism capacity of D. longicaudata in larvae of different instar of
Anastrepha fraterculus (Wiedemann, 1830) (AF) and Ceratitis capitata (Wiedemann, 1824)
(CC). The experiments were carried out under laboratory conditions, one instar being offered
at a time in parasitism units, with the following choices among the hosts: 25 AF larvae and 25
CC larvae (first, second and third instar were evaluated). The other test was a multiple-choice
in relation to the instar, for larvae of the same host species, with three parasitism units being
offered, with 15 larvae of each instar. The mean number of formed pupae, emerged
parasitoids, parasitized pupae, unviable pupae and sex ratio were evaluated. In the first
bioassay, the mean number of emerged parasitoids and parasitized pupae in the AF host were
significantly higher in treatments with first and second instar larvae. For CC there was no
difference between the instars tested. In the second bioassay, the mean value of emerged
parasitoids and parasitized pupae, was higher in second and third instar larvae for CC, and for
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AF was in second instar larvae. The sex ratio was biased for males in all treatments in both
bioassays. The results show that D. longicaudata can parasitize and be successful in all
available larval instars, being able to compete with parasitoids of any instar.

KEYWORDS. Anastrepha fraterculus, Ceratitis capitata, exotic parasitoid, tephritids.

RESUMO. Diachasmimorpha longicaudata (Hymenoptera: Braconidae) tem um instar
preferencial para parasitar Tephritidae (Diptera)? Diachasmimorpha longicaudata
(Ashmead, 1905) é um parasitoide coinobionte de larvas de Tephritidae sendo que o terceiro
instar larval € tido como o preferencial, mas pode parasitar outros estagios larvais e competir
com os parasitoides nativos. Este estudo investigou a preferéncia e capacidade de parasitismo
de D. longicaudata em larvas de diferentes instares de Anastrepha fraterculus (Wiedemann,
1830) (AF) e Ceratitis capitata (Wiedemann, 1824) (CC). Os experimentos foram realizados
em condicdes laboratoriais, sendo oferecido um instar por vez em unidades de parasitismo,
havendo escolha entre os hospedeiros: 25 larvas de AF e 25 larvas de CC (foram avaliadas
larvas de primeiro, segundo e terceiro instar). O outro teste foi de multipla escolha em relacdo
ao instar, para larvas da mesma espécie hospedeira, sendo oferecidas trés unidades de
parasitismo, com 15 larvas de cada instar. Avaliou-se o nimero médio de puparios formados,
parasitoides emergidos, puparios parasitados, pupas inviaveis e razdo sexual. No primeiro
bioensaio o numero medio de parasitoides emergidos e puparios parasitados no hospedeiro
AF foram significativamente superiores nos tratamentos com larvas de primeiro e segundo
instar. Para CC ndo houve diferenca entre os instares testados. No segundo bioensaio, o valor
médio de parasitoides emergidos e de pupas parasitadas foi maior nas larvas de segundo e
terceiro instar para CC, e para AF nas larvas de segundo instar. A razdo sexual foi desviada

para machos em todos os tratamentos, nos dois bioensaios. Os resultados demostram que D.
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longicaudata pode parasitar e ter sucesso em qualquer instar larval disponivel, podendo
competir com parasitoides de qualquer instar.
PALAVRAS-CHAVE. Anastrepha fraterculus, Ceratitis capitata, tefritideos, parasitoide

exotico.

Diachasmimorpha longicaudata (Ashmead, 1905) is a solitary, koinobiont,
endoparasitoid from the Indo-Australian region, where it parasitizes at least 14 species of
Bactrocera Macquart, 1835 (Diptera: Tephritidae) (WHARTON & GILSTRAP, 1983). It is
widely used as a biological control agent worldwide for parasitizing species of tephritids
(MoNTOYA et al., 2000; Devescovi et al., 2017). It can be easily reared in laboratory
conditions and it has a low specificity for hosts, being able to parasitize Ceratitis capitata
(Wiedemann, 1824) and several species of Anastrepha Schiner, 1868 (Diptera: Tephritidae)
(CARVALHO & NASCIMENTO, 2002). It shows parasitism hability greater than 50% and can
suppress up to 70% of the fruit fly populations in natural environment (SivINSKI et al., 1996;
MONTOYA et al., 2000).

Diachasmimorpha longicaudata usually parasitizes second and third instar of
tephritids larvae (SIvINSKI et al., 2001; SIME et al., 2006), although there are records of
preference for third instar and pupae (CARVALHO, 2005b; OVRUsKI et al., 2011; MONTOYA et
al., 2017). Due to these specificities, the research groups that advocate this species release to
biocontrol fruit flies argue that this parasitoid would not compete for oviposition sites with
other species, especially the native braconid Doryctobracon areolatus (Szépligeti, 1911)
(Hymenoptera: Braconidae), which has a preference for larvae in early stages of development
(MATRANGOLO et al., 1998; CARVALHO et al., 2000; PARANHOS et al., 2013). Nevertheless,
MURILLO et al. (2015) verified that D. areolatus can also parasitize larvae of up to the third

instar, which brings the niches of these species even closer. Diachasmimorpha longicaudata
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was imported from the United States of America in 1994 and introduced in Brazil by
Embrapa Mandioca e Fruticultura Tropical, with the aim of studying its behavior and
effectiveness to control fruit fly, aiming the implementation of a biological control program,
started in Northeast Brazil (CARVALHO & NASCIMENTO, 2002). However, evaluations carried
out a few years after their release showed that there were alterations in the presence of native
parasitoid species and suggested the existence of interspecific competition in oviposition sites
(CARVALHO, 2005a). On the other hand, MEIRELLES et al. (2016), after release D.
longicaudata in Rio Grande do Sul field, did not detect a negative impact on native parasitoid
populations. Despite parasitizing preferentially third instar larvae (MONTOYA et al., 2018), we
affirm that D. longicaudata is able of parasitizing and succeeding in any instar, differing from
that generally described. The interaction between multiple species of parasitoids in the
environment is not fully understood, and the release of D. longicaudata may be controversial.
Thus, this work aimed to investigate the preference and parasitism capacity of D.
longicaudata in larvae of native Anastrepha fraterculus (Wiedemann, 1830) and exotic C.

capitata from different instars.

MATERIAL AND METHODS

Study site. The study was conducted at the Laboratory of Biology, Ecology and
Biological Control of Insects (Bioecolab), at the Universidade Federal do Rio Grande do Sul,
under controlled conditions of 26 £ 1 °C, 60 + 10% RH, with 14 hours of photophase.

Host rearing. The adults of A. fraterculus and C. capitata were kept in wooden cages
(45 x 30 x 30 cm), covered on the sides with voile fabric, receiving distilled water and a solid
diet on an ad libitum basis, which consisted of crystal sugar, hydrolyzed protein, soybean

extract (3:1:1) and vitamin complex (Lavitan — A-Z®), in the ratio of two macerated tablets
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per 250 g of diet (adapted from Jaldo et al., 2001). As an oviposition substrate for C.
capitata, a 250 ml yellow plastic tube with small perforations (FAO/IAEA/USDA, 2003) was
used. For A. fraterculus, the substrate used was a blue tissue bag covered with silicone, as
described in MEIRELLES et al. (2016). The eggs were collected daily and placed on
polystyrene trays (23.5 x 18 x 1 cm), with an artificial diet based on organic carrot, beer
yeast, corn flour, sugar, distilled water, sodium benzoate (Dinamica®), nipagin (Synth®) and
citric acid (Synth®) (modified from Teran, 1977). After seven days, these were placed inside
larger plastic trays (51 x 30 x 9.5 cm), with sterile sand and covered by organza, where they
remained for approximately seven days for the pupation. Subsequently, the sand was sifted
and the pupae obtained were placed in plastic containers (6.6 x 6.6 x 6 cm) until emergence.

Parasitoids rearing. The rearing has started from the parasitized pupae of A.
fraterculus, from Embrapa Clima Temperado, Pelotas, RS, Brazil. The adults were kept in
wooden cages (19.5 x 16.5 x 25.5 cm), covered with organza material and fed with honey
dissolved in water (7:3), offered in Petri dishes (5 x 5 x 1.5 cm) with cotton, water was
provide by capillarity through a strip of Spontex Resist® fabric. Third instar C. capitata
larvae were placed in parasitism units, which consisted of a circular plastic plate (4 cm in
diameter), with a 0.3 cm border, formed by a small layer of silicone, wrapped with white
organza fabric stuck with a rubber band. After one hour of exposure, the larvae were returned
to the artificial diet in polystyrene trays (15.5 x 15.5 x 1 cm) and stored in plastic trays (41 x
28 x 7 cm) on a layer of sand sterilized until the pupae formation. After five days, the sand
was sifted, and the pupae were packaged in the same manner as for fly breeding, waiting for
parasitoids emergence that were reintroduced to the breeding in new cages.

Parasitism in different instars between two host species. The females preference
was evaluated by concomitantly offering 25 larvae of A. fraterculus (AF) and 25 larvae of C.

capitata (CC) to five couples of parasitoids (eight days old). First, second and third instar
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larvae of the two host species were evaluated. The larvae were offered daily for five days,
completing 60 replicates and totaling 1,500 larvae evaluated by treatment. The couples were
kept in wooden cages (15 x 15.5 x 20 cm), covered with organza, offered water and food. The
larvae were offered in parasitism units, consisting of a circular plastic plate (2.7 cm in
diameter), with a border of 0.2 cm, formed by a small layer of silicone and encased in white
voile, trapped with an elastic band, disposed on pots with 3.8 cm in height as support. The
units were exposed for eight hours, and the larvae were then returned to the artificial diet in
polystyrene trays and placed in plastic containers (35 x 17.5 x 10 cm) on a layer of sand until
pupa formation.

In order to evaluate larval mortality without action of parasitoids (control treatment)
25 larvae of A. fraterculus and C. capitata (total of 50 larvae per cage) were placed in
parasitism units and these remained in cages for eight hours without parasitoids presence.
Following that, the larvae were kept in the same manner as described for breeding.

Multiple-choice parasitism test with different larval instars of the same host. The
preference of D. longicaudata females was evaluated in cages as described previously with
three parasitism units containing 15 larvae of first, second and third instar (total of 45 larvae
per replicate) of one host species — AF or CC — to five couples of parasitoids (eight days old).
The larvae were offered daily for five days, totalizing 30 replicates and 1,350 larvae
evaluated. The units remained exposed for eight hours, and the larvae were then conditioned
as described previously.

To evaluate larval mortality, without action of the parasitoids (control treatment), 15
instar larvae each, totalizing 45 larvae per cage, or A. fraterculus or C. capitata were placed
in parasitism units and keep in the cages for the same time as described above, but without

the presence of parasitoids.
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For both bioassays, after five days, the sand was sifted and the pupae packed in plastic
pots until the emergence of flies or parasitoids. The pupae of which there was no emergence
were dissected for check the presence of parasitoids or flies. The mean numbers of formed
pupae were recorded, as well as parasitized pupae (emerged parasitoids + pupae dissected
with parasitoids), emerged parasitoids, unviable pupae [number of offered larvae - (number
of flies emerged + emerged parasitoids)], sex ratio of parasitoids, and parasitism rate.

Statistical analysis. The mean values were analyzed for normality by the Shapiro-
Wilk test and submitted to analysis of variance, the means being compared by ANOVA,
followed by the Tukey test, with a significance level of 5%.

The sex ratio (Rs) was estimated using the formula: Rs = number of females / number
of females + number of males. The Chi-square (x%) of heterogeneity was used to compare Rs
between treatments. The parasitism index was calculated using the formula: IP = number of
emerged parasitoids / number of pupae formed x 100. The tests were performed using the

BioEstat 5.0 software (Ayres et al., 2007).

RESULTS

Multiple-choice parasitism in different instars between two host species

Anastrepha fraterculus. The mean number of parasitized pupae and emerged
parasitoids was significantly higher (F = 30.5686; df = 2; p < 0.0001, F = 35.4343; df = 2; p <
0.0001, respectively) in larvae of first and second instars when compared to third instar larvae
(Fig. 1) (Tab. I). The parasitism rate was 73.8, 74 and 34% in first, second and third instar
larvae, respectively.

The mean value (x SE) of pupae formed in control treatment (without presence of

parasitoids) was 21.0 £ 0.79 (first instar), 18.6 + 2.10 (second instar) and 23.2 + 1.05 (third

73



instar) and they were not significantly different (p > 0.05) from those that had the presence of
parasitoids. The mean number of pupae, when parasitoids were present, was higher in the
third instar only when compared to the first (F = 6.1750; df = 2; p = 0.0030) (Tab. I). In the
presence of parasitoids, the mean number of unviable pupae was higher when the third instar
larvae were exposed (F = 35.7765; df = 2; p < 0.0001), compared to the other two treatments
(Tab. I). The mean (x SE) of unviable pupae in the control was 6.0 = 1.05; 8.6 + 2.09 and 4.8
+ 1.42, respectively, for the first, second and third instars, lower when compared to larvae of
first and third instars that were exposed to parasitoids (F = 5.6303; df = 1, p = 0.0194, F =
44.3177, df = 1, p <0.0001, respectively).

The sex ratio of the offspring was higher in larvae that were exposed to parasitism in
the second instar (x> = 20.6; df = 5; o = 0.05). In all treatments, there was a higher number of
males (Tab. I).

Ceratitis capitata. The mean number of parasitized pupae and emerged parasitoids
was not significantly different between treatments (p > 0.05) (Fig. 1) (Tab. I). The parasitism
rate was 72.4% in first instar larvae and 71.3% and 71.1% in second and third instar larvae,
respectively.

The mean value (£ SE) of pupae formed in the control was 19.8 = 2.01 in the first
instar, 21.2 + 0.55 in the second instar and 21.7 + 0.63 in the third instar, was not
significantly different among treatments (p > 0.05) from those that had the parasitoids
presence. In the treatments with the parasitoids presence, the average pupae formed was
higher in third instar larvae (F = 10.0897; df = 2; p = 0.0002) (Tab. I). In the treatments with
the presence of parasitoids, there was no difference between the instars in the mean number
of unviable pupae (p > 0.05) (Tab. I). In control, the mean numbers (x SE) were 7.4 £ 1.77;
7.4 £ 1.44 and 5.9 £ 1.95, respectively, for the first, second and third instars. There was no

difference between treatments with parasitoids and their respective controls on larvae of the
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first and third instars (p > 0.05). The third instar had fewer unviable pupae in the control
when compared to the treatment with parasitoids (F = 4.1045; df = 1; p = 0.0440).

The sex ratio of the offspring was higher in larvae exposed to parasitism in the second
instar (° = 13.4; df = 5; a = 0.05). In all treatments, there were a higher number of males
(Tab. I).

Host preference. When comparing the same instar between the two host species, the
mean number of parasitized pupae (F = 32.9505; df = 1; p < 0.0001) (Tab. I) and emerged
parasitoids (F = 38.7731; df = 1; p < 0.0001) was higher in C. capitata (CC) in the third instar
(Fig. 1). Regarding the mean number of pupae formed, there was no difference between AF
and CC in all treatments (p > 0.05). The mean number of unviable pupae was significantly
higher only in the third instar of CC (F = 59.1417; df = 1; p < 0.0001). The sex ratio was
always higher in the host AF (Tab. I), regardless of the instar in which the larvae were
exposed (y° = 22.7; df = 2; o = 0.05 — first instar larvae; y* = 23.0; df = 2; o = 0.05 — second

instar larvae, and y* = 24.2; df = 2; o = 0.05 — third instar larvae).

Multiple-choice parasitism test with different larval instars of the same host

Anastrepha fraterculus. The mean number of parasitized pupae and emerged
parasitoids was significantly higher (F = 9.3968; df = 2; p = 0.0004, F = 9.3969; df = 2; p =
0.0004, respectively) in second instar larvae (Tab. Il). The parasitism rate was 66.9%, 86.9%
and 60.3% in first, second and third instar larvae, respectively.

The mean value (+ SE) of pupae formed in the control was 13.2 + 0.86; 14.0 £ 0.31
and 14.8 + 0.20 for first, second and third instar larvae, respectively. The control was not
significantly different from the others treatments with parasitoids presence (p > 0.05). There
was also no difference in the mean of puparia formed between the instars with the presence of

parasitoids (p > 0.05) (Tab. Il). In the treatments with parasitoids, the mean number of
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unviable pupae was higher in those exposed in the third instar (F = 9.4386; df = 2; p =
0.0004) (Tab. I1). In the control, the mean value (= SE) were of 2.6 £ 0.67; 2.0 = 0.83 and
0.6 £ 0.4 for the first, second and third instars, respectively, being lower than treatments with
parasitoids only in the third instar (F = 23.2425; df = 1; p = 0.0001).

The sex ratio of offspring generated was higher in third instar larvae, with more
females emerged (x* = 47.9; df = 5; o = 0.05) (Tab. II).

Ceratitis capitata. The mean number of parasitized pupae and emerged parasitoids (F
= 16.6636; df = 2; p < 0.0001; F = 16.36637; df = 2; p < 0.0001, respectively) was higher in
the second and third instars (Tab. I1). The parasitism rate was 78.2% for first instar larvae and
85.9% and 79.9% for second and third instar larvae, respectively.

The mean values (x SE) of pupae formed in the control was 12.6 + 0.74; 14.8 £ 0.20
and 14.6 + 0.24 for first, second and third instar larvae, respectively. There was no difference
between control and treatments parasitoids presence (p > 0.05). In the treatments with
parasitoids, the second and third instars were the ones with the highest mean number of pupae
formed (F = 41.3569; df = 2; p < 0.0001) (Tab. I1). The mean number of unviable pupae in
tests with parasitoids presence was higher in first instar larvae (F = 8.2180; df = 2; p =
0.0008) (Tab. II). The control had the mean values (£ SE) of 2.4 £0.74; 0.2 + 0.2 and 0.4 +
0.24 for the first, second and third instars, respectively. All treatments that had the presence
of parasitoids had a higher mean number of unviable pupae, when compared to their controls
(F=6.7424; df = 1; p = 0.0134 for first, F = 5.6186; df = 1; p = 0.0224 for second, and F =
5.0216; df = 1; p = 0.0301 for third instar).

The sex ratio of offspring generated was higher in larvae exposed in the third instar,

with more females emerged (y* = 64.4; df = 5; o = 0.05) (Tab. II).
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DISCUSSION

The lack of difference in pupae number formed between treatments, even with the
presence of parasitoids, is expected, considering that D. longicaudata is a koinobiont
parasitoid (OVRUsKI et al., 2000), that does not Kill the larvae of its hosts immediately,
allowing them to finish their development and pupate before causing death. This is known for
Braconidae fruit fly parasitoids that emerge only at the pupal stage (OVRUSKI et al., 2000;
2003). The higher mortality in some treatments, when compared to the control in this
experiment, may be due to the stress caused to the larvae by parasitism, test punctures or even
by superparasitism (OVRUSKI et al., 2011; HARBI et al., 2018). In our study, when only one
instar was offered, D. longicaudata efficiently parasitized larvae of both the first and second
instars of A. fraterculus, showing that their response may be conditioned to the environment,
differing from other studies that registered their preference for the late larval stages (OVRUSKI
et al., 2011; VAN NIEUWENHOVE & OVRUSKI, 2011; MONTOYA et al., 2017). In addition, D.
longicaudata showed no instar preference in C. capitata larvae when exposed only one at a
time. On the other hand, when the three instars were offered concomitantly, the highest
parasitism was in the second and third instar. In general, parasitoids usually to have a
preferential or single instar to parasitize, as seek to specialize in relation to the species they
use as hosts and can be specialize in certain stages thereof (MATTIACCI & DIKE, 1995;
MONTOYA et al., 2018). In the case of D. longicaudata, there are records that it is able to
parasitize the second and third instars (SivINSKI et al., 2001; SIME et al., 2006). Additionally,
this species has been shown a broad plasticity, adapting easily to environmental conditions
(CARVALHO & NASCIMENTO, 2002).

When the three larval instars of A. fraterculus were exposed simultaneously, the

second instar was preferred, differing from the studies that suggested the third as preferential
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(OVRusKkiI et al., 2011; VAN NIEUWENHOVE & OVRUSKI, 2011; MONTOYA et al., 2017). The
interaction between D. longicaudata and A. fraterculus can be considered as a “new
association”, as they do not share an intense history of coevolution, a factor that may
influence the parasitoid-host relationship (HOKKANEN & PIMENTEL, 1989), and even change
the parasitoid’s preferences for the parasite. The fact that A. fraterculus larvae are larger than
C. capitata (MEIRELLES et al., 2013; OLIVEIRA et al., 2014; SA et al., 2018) or those of many
Bactrocera species (MAU & KESSING, 1992; THOMAS et al., 2001; SINGH et al., 2010), their
original hosts, may cause the D. longicaudata to parasitize also the first instars of the South
American fruit fly, recognizing the youngest larvae as appropriate for their development, with
sufficient nutritional quality and quantity to meet their needs, opposing previous studies
(LoPEz et al., 2009; HARVEY et al., 2012).

In the environment, hosts can be found at different stages and densities inside the
fruits, which may reflect parasitoid choices (NUNEz-CAMPERO et al., 2016). Thus, there is no
ensure that D. longicaudata will not compete for the same oviposition niche of the native
parasitoids. For parasitoids, a single host comprises its entire source of larval food and can
have great influence on the adult’s fitness. In general, larger hosts have more qualitative
resources to supply parasitoid fitness (MATTIACCI & DICKE, 1995; OVRUSKI et al., 2011;
HARVEY et al., 2012). This apparently did not influence in D. longicaudata choice in our
study, being effective even in first and second instar larvae. In this case, possibly even
smaller larvae can guarantee the quantity and nutritional quality for D. longicaudata
development, as their hosts were originally species of Bractocera (WHARTON & GILSTRAP,
1983), smaller than those tested in this study (SINGH & RAMAMURTHY, 2010).

The sex ratio of D. longicaudata offspring grown in both A. fraterculus and C.
capitata was biased for males, indicating that host or environmental conditions may not have

been propper for the parasitoid (GODFRAY, 1994). When different instars of the same host
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species were offered simultaneously, a larger number of females emerged in second and third
instar larvae, respectively. The data found in our study corroborate the records that
Tephritidae parasitoids that parasitize larvae in later stages tend to produce a larger number of
females (EBEN et al., 2000; OVvRuUsKiI et al., 2011; VAN NIEUWENHOVE & OVRUSKI, 2011). On
the other hand, MONTOYA et al. (2011, 2012) argue that larval size influences
superparasitism, which, in turn, influences the sexual ratio of D. longicaudata. When
moderate superparasitism occurs (2-6 scars per pupa), there is a trend of female emergence,
with no detrimental effects on the demographic parameter to offspring, including longevity
and fecundity (GONZALEZ et al., 2007; MONTOYA et al., 2011; 2012). It is possible that this
occurred in our study on the second bioassay, although we did not record the number of scars
left on the larvae, given that it could help to evaluate superparasitism and corroborate this
hypothesis.

When the hosts A. fraterculus and C. capitata were exposed simultaneously, we
observed that in A. fraterculus there was a higher proportion of females. In relation to the
emergence of parasitoids and mortality, however, both had similar means, except for third
instar larvae of A. fraterculus, with a higher mean number of unviable pupae and lower
number of emerged parasitoids. Although C. capitata has been used for a long time in rearing
of D. longicaudata in several places of the world, A. fraterculus has already been used,
showing a good performance as a host (MESSING et al., 1993; VAN NIEUWENHOVE &
OVRUSKI, 2011, MEIRELLES et al., 2016; HARBI et al., 2018), and our study confirms this
data. This aspect is important in mass rearing since studies such as those by SEGURA et al.
(2007) and TOGNON et al. (2013) have demonstrated that parasitoids that are reared in a given
host are easier to recognize through chemical tracks, obtained by memory or learning, which
would provide greater efficiency in the control of the target pest (MATTIACCI & DICKE, 1995;

EBEN et al., 2000).
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Our study demonstrates the plasticity of D. longicaudata at the moment of host
selection, and that it can be considered a good competitor. It is important that D.
longicaudata coexist with other parasitoids, not leading their populations to decline.
Therefore, before releasing exotic wasps species, it is important to know how they respond
(behavior) in the field. Other factors such as biotic and abiotic conditions (SIvINSKI et al.,
2000), chemical tracks of plants (EITaM et al., 2003; SiLVA et al., 2007; SEGURA et al., 2016)
and patch isolation (EITAM et al., 2004) may also interfere in search and parasitism.
Considering that not all environments have abiotic and biotic barriers, which may help in the
niches division, and that D. longicaudata is a competitive species, easily parasitizing any
instar, its introduction into new environments should be well evaluated, so as not to cause

suppression of other species and a subsequent imbalance in the environment.
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Table 1 — Mean number (£ SE) of formed pupae, parasitized pupae, unviable pupae and sex ratio of hosts Anastrepha fraterculus (AF) and

Ceratitis capitata (CC), exposed to parasitism by Diachasmimorpha longicaudata on first, second and third-instar larvae.

Variables evaluated

Instar

First Second

Third

AF CcC AF CC

AF CcC

Formed pupae
Parasitized pupae @
Unviable pupae @

Sex ratio

179+ 0.80bA 18.2+0.65bA 19.6 +0.44 abA 18.5+0.56 bA
13.3+0.68aA 13.2+0.70aA 14.6+0.60aA 13.3+0.61aA
10.4+£0.72bA 9.2+ 0.66 aA 9.6 +0.62bA  10.5+0.58 aA

0.24 bA 0.10 bB 0.31aA 0.21 aB

214+0.78aA 21.7+0.63aA

79+£065bB 134+0.71aA

171+0.71aA 9.4+0.70aB

0.27 bA 0.10 bB

Lowercase letters compare the different treatments with the same host species. Upper case letters compare the same treatments against the two

host species. ANOVA test, followed by Tukey (p < 0.05). Sex ratio, tested by x? for heterogeneity. !) emerged parasitoids + pupae dissected with

parasitoids. ® number of larvae offered — (number of emerged flies + emerged parasitoids).



Table 2 — Mean number (x SE) of formed pupae, parasitized pupae, emerged
parasitoids, unviable pupae and sex ratio of hosts Anastrepha fraterculus and Ceratitis
capitata exposed to parasitism by Diachasmimorpha longicaudata on first, second and

third-instar larvae.

Anastrepha fraterculus

Variables evaluated Instar

First Second Third
Formed pupae 11.4+0.46 a 12.2+0.57a 12.1+0.86a
Parasitized pupae @ 7.6+0.64b 10.6 +0.55 a 7.3+0.59b
Emerged pupae 7.6+£0.64Db 10.6 £0.55a 7.3£059b
Unviable pupae @ 52+0.58b 43+0.54b 7.7+057a
Sex ratio 0.27Db 0.32b 0.70 a

Ceratitis capitata

Formed pupae 10.2+0.50Db 13.9+0.27 a 143+0.15a
Parasitized pupae @ 8.0+0.54b 11.9+043a 114+057a
Emerged pupae 80x054D 11.9+043a 114 +057a
Unviable pupae @ 5.7+0.50 a 2.9+0.45¢ 3.6+057b
Sex ratio 041D 0.45b 0.61a

Lowercase letters compare the different treatments with the same host species. ANOVA
test, followed by Tukey (p < 0.05). Sex ratio, tested by x> for heterogeneity.  emerged
parasitoids + pupae dissected with parasitoids. > number of larvae offered — (number of

emerged flies + emerged parasitoids).
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Figure 1 — Mean number of emerged parasitoids in hosts Anastrepha fraterculus and

Ceratitis capitata, exposed to parasitism by Diachasmimorpha longicaudata on first,

second and third-instar larvae. The bars correspond to the standard error. Bars with

asterisk presented significant difference (ANOVA test, followed by the Tukey test, p <

0.05) of the other instars for the same host species.
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ARTIGO I11: Intra and interspecific competition between Diachasmimorpha
longicaudata (Ashmead) (Hymenoptera: Braconidae) and Aganaspis

pelleranoi (Brethes) (Hymenoptera: Figitidae) (*)

(*) Manuscrito formatado segundo as normas do periddico Biological Control (Anexo
3).
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Abstract

Our study assessed the interspecific competition between the parasitoids
Diachasmimorpha longicaudata (exotic) (DL) and Aganaspis pelleranoi (native) (AP),
in larvae of the host Anastrepha fraterculus (AF). The bioassays were carried out in the
laboratory by offering host larvae to only one parasitoid on a single occasion or on two
occasions, or even to two parasitoid species, alternating the offering sequence. Thus, six
exposure regimes were completed: AP (host exposed for four hours); DL (host exposed
for 40 minutes); AP-AP (host exposed to AP for four hours and then to a co-specific for
a further four hours); DL-DL (host exposed to DL for 40 minutes and then to a co-
specific for a further 40 minutes); AP-DL (host exposed to AP for four hours and then
to DL for 40 minutes); and DL-AP (host exposed to DL for 40 minutes and then
exposed to AP for four hours), with 40 replicates each. The controls consisted of larvae
in the parasitism units, for the same periods, without parasitoids. The mean numbers of
emerged flies, parasitized pupae (emerged parasitoids + pupae dissected with
parasitoids), emerged parasitoids, oviposition scars, sexual ratio of parasitoids and
parasitism rates were compared between the different exposure regimes. The mean
number of emerged flies was higher in controls when compared to treatments, but there
was no significant difference between treatments. The mean number of parasitized
pupae and emerged parasitoids was higher in the DL-DL and DL-AP treatments. When
the hosts were exposed only once to the parasitoids, the sex ratio was diverted to males
(AP and DL treatments); but when exposed twice, the treatments spawned offspring
with more females, except at the AP-DL (DL). The parasitism rate was 41.2% for AP,
53.7% for DL, 43.5% for AP-AP, and 72.1% for DL-DL, as well as 12.6% (AP) and

46% (DL) for the AP-DL treatment and 60.3% (DL) and 7.9% (AP) for the DL-AP
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treatment. There was a positive correlation between the mean number of oviposition
scars and the mean number of parasitoids and emerged females at the treatments AP,
DL, AP-AP, DL-DL and DL-AP (DL). The results show that there may be competition
between the parasitoids, when both parasitize the same host. Irrespective of the order of

occurrence of parasitism, D. longicaudata suppresses the emergence of A. pelleranoi.

Keywords: Anastrepha fraterculus, neotropical parasitoid, exotic parasitoid.

1. Introduction

Parasitoids play a key role in many ecosystems in terms of biodiversity,
ecological impact and economic importance (Vinson, 1998; Hawkins et al., 1999), and
may experience complex interactions with predators, other parasitoids,
entomopathogens, and hyperparasites (Boivin and Brodeur, 2006). The competition
between individuals of the same species is known to be intraspecific competition and
may occur when several individuals of the same species exploit the same sources of
resources, sometimes at the same time (Couchoux and van Nouhuys, 2014). The
interaction between parasitoid species, called as interspecific competition, occurs
among those that have developed ecologically similar strategies (Boivin and Brodeur,
2006), and in these organisms can play an important role in the coexistence of species
and in the occupation and modeling of community structures (Godfray, 1994).
Interspecific competitive effects may occur between adult (extrinsic competition) and
immatures parasitoids (intrinsic competition) (de Moraes et al. 1999; Wang et al.,

2008). This kind of competition occurs within a closed system and tends to be
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asymmetrical and lethal in solitary parasitoids, as each individual requires complete
possession of the host (Wang et al., 2008).

Females from many parasitoid families have the ability to discriminate between
parasitized and non-parasitized hosts (Ruschioni et al., 2015), as in natural systems,
several species may attack the same host, producing multiparasitism and competition
between immature stages (Cusumano et al., 2011, 2012). When the same or more than
one species of parasitoid attacks a single host, self-superparasitism and superparasitism
can occur, possibly due to the physical or physiological competition between the larvae
sharing the same host (Montoya et al., 2000b, 2003; Gonzalez et al., 2009). This
phenomenon can be considered natural, even in species that show an innate ability to
discriminate parasitized hosts, may be considered an adaptive strategy, and can lead to a
higher sex ratio of females, without affecting the demographic parameters of the
offspring, including longevity and fecundity (Gonzélez et al., 2007; Montoya et al.,
2003, 2011, 2013).

Biological control programs should consider the interactions between parasitoid
guilds, since competitive effects may alter the reproductive success of the species,
thereby affecting host mortality (Follett et al., 2000) and establishment of the parasitoid
species in the environment. Understanding how interspecific competition in parasitoids
can affect pest suppression may improve biological control. Some authors argue that the
more species are introduced, the greater is the effect of reducing pest density (Stiling
and Cornelissen, 2005; Miranda et al., 2015), while others suggest that the release of
multiple species may impair biological control (Murdoch et al., 1998; Denoth et al.,
2002).

Braconidae and Figitidae have important agents in biological control, used for

the suppression of fruit flies (Diptera: Tephritidae). The main highlight is
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Diachasmimorpha longicaudata (Ashmead) (Hymenoptera: Braconidae), which is
widely used as a biological control agent in the world; it is natural from the Indo-
Australian region, where it parasitizes at least 14 species of Bactrocera Macquart
(Wharton and Gilstrap, 1983; Montoya et al., 2000a; Devescovi et al., 2017). This
parasitoid is also easy to breed and multiplied in laboratory environments and has little
specificity regarding the host, being able to parasitize Ceratitis capitata (Wiedemann)
(Mediterranean fly) and several species of Anastrepha Schiner (Carvalho and
Nascimento, 2002). It has a parasitism efficiency exceeding 50% and can suppress up to
70% of the fruit fly populations in the environment, besides being one of the few
species that parasitize hosts located at the soil level (Sivinski et al., 1996; Montoya et
al., 2000a, Garcia-Medel et al., 2007).

Aganaspis pelleranoi (Brethes) (Hymenoptera: Figitidae) has a natural
abundance superior to other species of Neotropical parasitoids, and it is considered a
promising species to compose programs of biological control of fruit flies in
agroecosystems (Nasca, 1973; Nufiez-Campero et al., 2014; Gongalves et al., 2016;
Schliserman et al., 2016). Furthermore, they have the ability to parasitize fruit fly larvae
in native and exotic fruits, increasing their chances of success in parasitism (Guimaraes
and Zucchi, 2004; Schliserman et al., 2016). They also parasitize larvae of C. capitata
and several species of the genus Anastrepha and the Lonchaeidae family (Ovruski,
1995; Wharton et al., 1998; Guimaraes et al., 1999; Ovruski et al., 2000, 2004). Females
forage and attack their hosts within fallen or cracked fruits (Sivinski et al., 2000).

Aganaspis pelleranoi and D. longicaudata are both solitary endoparasitoids,
koinobionts, and the adult emerges from the puparia (Wharton and Gilstrap, 1983). Both
are able to recognize whether or not the hosts are parasitized (Montoya et al., 2000b;

Montoya et al., 2003; Ruschioni et al., 2015). Biacheri et al. (2018) verified in
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olfactometry tests, that adults of A. pelleranoi and D. longicaudata responded to the
volatiles emanating from both C. capitata and A. fraterculus larvae, although both
parasitoids preferred the chemical stimulus originated from the combination of the host
larvae and the fruit host. In addition, the two species mainly parasitize third-instar fruit
fly larvae (Ovruski 1994a; Sime et al., 2006; Goncalves et al., 2013), although there are
records of D. longicaudata parasitizing other instars and pupae (Carvalho 2005a;
Ovruski et al., 2011; Montoya et al., 2017).

Studies that address the interaction between A. pelleranoi and other species are
still scarce, such as the works of Aluja et al. (2009), Nufiez-Campero et al. (2014) and
Montoya et al. (2017). The competition between D. longicaudata and other parasitoids
have already been more studied, like the works of Palacio et al. (1991), Baranowski et
al. (1993), Ramadan et al. (1994), Lopez et al. (1999), Sivinski et al. (2000), Eitam et al.
(2004), Wang et al. (2008), Miranda et al. (2015), Murillo et al. (2016), Montoya et al.
(2017, 2018). However, no study records were found regarding the competition between
A. pelleranoi and D. longicaudata. Knowing that A. pelleranoi and D. longicaudata
can parasitize the same larval instar and that the female fruit fly parasitoids recognize
whether or not the host is parasitized, the purpose of this work was to evaluate the
interspecific competition between D. longicaudata and A. pelleranoi, in larvae of the

host A. fraterculus.

2. Material and Methods
2.1. Study site

The study was conducted in the Laboratory of Biology, Ecology, and Biologic
Control of Insects (Bioecolab), at the Universidade Federal do Rio Grande do Sul, under

controlled conditions (26 = 1 °C, 60 £ 10% RH), and a photoperiod of 14:10 (L:D).
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2.2. Host rearing

The adults of Anastrepha fraterculus were kept in wooden cages (45 x 30 x 30
cm), covered with voile fabric, receiving distilled water and a solid diet given on an ad
libitum basis, which consisted of granulated sugar, hydrolyzed protein, soybean extract
(3:1:1) and vitamin complex (Lavitan — A-Z®), in the ratio of two macerated tablets per
250 g of diet (adapted from Jaldo et al., 2001). The oviposition substrate was a blue
tissue bag covered with silicone (30 x 30 cm), having at one end a bottleneck with a
cap, through which water was placed (Meirelles et al., 2016). The substrate was rested
on the upper part of the cage, covered with voile, to obtain the eggs. The eggs were
collected daily and placed in polystyrene trays (23.5 x 18 x 1 cm), with an artificial diet
based on organic carrot, beer yeast, corn flour, sugar, and distilled water (modified from
Teran, 1977). After seven days, these were placed inside larger plastic trays (51 x 30 x
9.5 cm), with sterile sand and covered by voile, where they stayed for approximately
seven days to enable the larvae to leave the diet and soak in the sand. Subsequently, the
sand was sifted and the collected pupae placed in plastic pots (6.6 x 6.6 x 6 cm) until
emergence, under controlled conditions (26 + 1 °C, 60 + 10% RH), and a photoperiod

of 14:10 (L:D).

2.3. Parasitoids rearing

To rear A. pelleranoi, araca fruit [(Psidium cattleianum Sabine) (Myrtaceae)]
infested with A. fraterculus was collected from native fruit orchards at Fundacédo
Estadual de Pesquisa Agropecudria, in Taquari, RS, Brazil. In the laboratory, the fruits
were packed in plastic trays (51 x 30 x 9.5 cm) on a layer of sterilized sand and covered

by voile fabric. The sand was sieved after 15 days, and the puparia obtained were
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conditioned until the emergence of parasitoids. For the establishment of D.
longicaudata, parasitized puparia of A. fraterculus were obtained from the experimental
establishment of Embrapa Clima Temperado, in Pelotas, RS, Brazil. The puparia
obtained were stored in a plastic pot and kept under controlled conditions (26 = 1°C, 60
+ 10% RH, with 14 photophase hours) until the emergence of the parasitoids.

The adults of both species were placed in wooden cages (19.5 x 16.5 x 25.5 cm),
covered with voile fabric, and received water by capillarity and honey dissolved in
water (7:3), offered in Petri dishes (5 x 5 x 1.5 cm) with cotton. The parasitoids of third-
instar A. fraterculus larvae (Ovruski, 1994b; Sime et al., 2006) were offered to the
parasitoids. The larvae were placed in parasitism units, which consisted of a circular
plastic plate (4 cm in diameter), with a border of 0.3 cm, encased in white voile fabric,
fastened with an elastic band. After the exposure, for four hours (for A. pelleranoi)
(based on Goncalves et al., 2016) and 40 minutes (for D. longicaudata) (based on
Suarez et al., 2012), the larvae were returned to the diet in polystyrene trays (15.5 x 15.5
x 1 cm) and placed in plastic trays (41 x 28 x 7 cm) on a layer of sterilized sand and
covered with voile fabric until puparium formation. After a period of five days, the sand
was sifted, and the puparia were packaged in the same manner as for fly breeding,
waiting for the emergence of the parasitoids that were reintroduced to the breeding in

NEW cages.

2.4. Bioassay

The bioassay was performed in arenas constituted of plastic bottles (7 x 10.5 cm
diameters), with an upper opening (6 cm in diameter) covered with voile fabric for
ventilation. Within each arena was inserted, a female of A. pelleranoi or D.

longicaudata, paired and with previous experience of parasitism, with eight days old.
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Females received water and food as described above. For each female, 10 larvae were
offered in parasitism units, which consisted of a circular plastic plate (2.7 cm
diameters), with a border of 0.2 cm, formed by a small layer of silicone and enveloped
with white voile, fastened with an elastic band. To dispose of the parasitism units within
the cages, plastic vials (0.9 x 5 x 1.2 cm) were used as carriers.

To assess the effects of competition among species, different exposure regimes
of A. fraterculus larvae were established: AP — host exposed for four hours to A.
pelleranoi; DL — host exposed for 40 minutes to D. longicaudata; AP-AP — host
exposed to A. pelleranoi for four hours and then to a co-specific for a further four hours;
DL-DL - host exposed to D. longicaudata for 40 minutes and then to a co-specific for a
further 40 minutes; AP-DL — host exposed to A. pelleranoi for four hours and then to D.
longicaudata for 40 minutes; and DL-AP — host exposed to D. longicaudata for 40
minutes and then exposed to A. pelleranoi for four hours. The experiment was
conducted with 40 replicates for each treatment.

After each exposure, in all treatments, the larvae were observed individually
with the aid of a Wild Heerbrugg stereomicroscope, to count the number of oviposition
scars. For treatments with more than one offering, the larvae were placed in the
parasitism units again, and exposed to the second stage of parasitism, being examined
for the second time for scoring. After being offered parasitism in all regimens, the
larvae were returned to the diet in plastic units (4.4 x 0.9 cm in diameter) and packed in
plastic containers (7 x 6.8 x 5.5 cm) on a layer of sand until puparium formation. After
five days, the sand was sifted, and the puparia were packed in plastic pots (6.6 X 6.6 X 6
cm) until the emergence of flies or parasitoids.

To evaluate the mortality of larvae without action of the parasitoids (control), 10

larvae of A. fraterculus, totaling 40 replicates, were placed in parasitism units and
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positioned in the cages for the same periods of time described above, but without the
presence of parasitoids, and are then placed in the same manner as described above.

For all treatments, the puparia of which there was no emergence were dissected
for the presence of parasitoids or flies. Mean numbers of emerged flies, parasitized
puparia (emerged parasitoids + puparia dissected with parasitoids), emerged parasitoids,

oviposition scars and sexual ratio of the parasitoids were recorded.

2.5. Statistical analysis

The mean values of emerged flies, parasitized puparia and emerged parasitoids
were tested for normality by Shapiro-Wilk and homoscedasticity by Bartlett test. After
being subjected to analysis of variance, the means were compared by the ANOVA HSD
post-hoc test, followed by the Tukey test, with a significance level of 5%.

The relationship between the mean number of parasitoids and emerged females,
and the mean number of oviposition scars was tested using the Spearman Correlation
Coefficient (a = 0.05), followed by a polynomial regression.

The sex ratio (SR) was estimated using the formula: SR = number of females /
number of females + number of males. The parasitism rate was calculated using the
formula: PR = number of emerged parasitoids / number of puparia formed x 100. Both
were compared between treatments using the Chi-square () test for heterogeneity. The

tests were performed using the BioEstat 5.0 software (Ayres et al., 2007).

3. Results and Discussion
The number of flies emerged in the controls was significantly higher to all
treatments (Table 1), indicating that the exposure conditions at different time intervals

did not affect larval development and pupation. The natural mortality of the larvae
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ranged from 7% to 19.5%, similar to those reported by Bressan-Nascimento (2001) and
Jaldo et al. (2007).

The mean number of parasitized pupae was higher in the regimens in which the
larvae were twice offered to D. longicaudata (DL-DL) or first to D. longicaudata and
then to A. pelleranoi (DL-AP) (Table 1). Conversely, the lowest mean number of
parasitized pupae was recorded in the treatments in which the larvae were only offered
to A. pelleranoi, either in one or two exposures (AP or AP-AP) (Table 1). Gongalves et
al. (2016), in third-instar larvae of A. fraterculus, with a single exposure to A. pelleranoi
and without choice of instar, found mean values similar to those of our study (3.8 £
0.13). Reflecting this data, the highest parasitism rate was for D. longicaudata when the
larvae were exposed twice to the parasitoid (DL-DL), reaching 72.1%. When exposed
first to A. pelleranoi and then to D. longicaudata (AP-DL), the rate was 12.7% and
46%, respectively. Aganaspis pelleranoi had the lowest parasitism rate, of 7.9%, in the
DL-AP treatment. In fact, for D. longicaudata, a 43.2% parasitism was recorded in A.
fraterculus (Ovruski et al., 2011), indicating the potential of this species.

The high parasitism rate of D. longicaudata reported in our study for the species
individually or in interspecific competition was also reported by Bautista and Harris
(1997) in larvae of another fruit fly species, Bactrocera dorsalis (Hendel), with the
highest offspring percentage (99%) reported when D. longicaudata was the first
parasitoid to have access to the host, followed by the braconid Psyttalia incisi
(Silvestri). Similarly, D. longicaudata, when competing with its congener
Diachasmimorpha tryoni (Cameron), also won the competition, generating more
offspring (Ramadan et al., 1994). This occurring independently of the order in which
the B. dorsalis larvae were offered. The prevalence of D. longicaudata in competitions

appears not to be dependent on the host species, as we verified this in A. fraterculus,
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and the same pattern was observed in the competition between D. longicaudata and D.
areolatus on larvae of Anastrepha suspensa (Loew) (Paranhos et al., 2013) and with D.
crawfordi on other species of Anastrepha (Miranda et al., 2015).

Conversely, irrespective of the host species, the order in which the larvae are
offered to the parasitoid can alter this pattern, as recorded by Wang et al. (2008), who
observed that the greatest number of offspring occurred when D. longicaudata was the
second parasitoid to have contact with the host, C. capitata, its precursor being the egg
parasitoid Fopius ceratitivorus Wharton. In contrast, when competing with U.
anastrephae, if the A. suspensa larvae were first offered to D. longicaudata, the latter
wins the competition, but in a reverse order of oviposition, Utetes anastrephae
(Viereck) generated more offspring (Paranhos et al., 2013). In our study, when
competing with A. pelleranoi, the order did not influence the outcome (Table 1).

Another factor that may influence competition is the specificity of the parasitoid
in relation to the larval instar of the host. In the studies conducted by Ramadan et al.
(1994), on larvae of B. dorsalis, and Paranhos et al. (2013), on the host A. suspensa, the
larvae offered to both D. longicaudata and its competitors were of the third instar.
However, for D. areolatus and P. incisi, the preferred instars are the first and second,
respectively (Murillo et al., 2015; Yang et al., 2018), which may have interfered in the
performance of these parasitoids in relation to D. longicaudata. In our study, the larval
instar offered was the third one, the preference of both parasitoid species for this one
being known, irrespective of the host species, which may be C. capitata, Bactrocera
oleae Gmelin or Anastrepha spp. (Ovruski, 1994b; Sime et al., 2006), a factor that
should not have influenced the parasitoid response in this case.

The competitive superiority of D. longicaudata may also be associated with the

morphological characteristics of larvae of the parasitoid in the early stages, whose
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mandible and cephalic capsule are well developed, these being factors that may make it
more competitive (Paladino et al., 2010; Murillo et al., 2016), although this has not been
evaluated in this study. It is known that D. longicaudata has well-developed mandibles
in its first instars (Murillo et al., 2016), and this may have generated an advantage when
the host larvae were offered before to it and subsequently to A. pelleranoi, as described
for others studies (Palacio et al., 1991; Wang et al., 2008). Furthermore, larvae of D.
longicaudata hatch at around 24 to 48 hours after parasitism, whereas those of A.
pelleranoi, between 78 and 80 hours (Ovruski, 1994b; Paladino et al., 2010), also
promoting an advantage in the initial time of development of the exotic species. In the
DL-AP treatment, the parasitism rate of D. longicaudata was 60.3%, not differing from
the DL treatment, which was 53.7% (P > 0.05).

An interesting aspect regarding A. pelleranoi was that there was no increase in
parasitism when the larvae were exposed twice to the females of this species. The
parasitism rate was maintained on both occasions, with 41.6% (AP) and 43.5% (AP-
AP), with no significant difference (P > 0.05), which may be associated with the
recognition of the co-specific parasitoid by hosts that have already suffered from
parasitism (Ruschioni et al., 2015). Additionally, the mean number of A. pelleranoi
emerged was lower when larvae were also offered to D. longicaudata, irrespective of
order (AP-DL or DL-AP) (Table 1).

Studies that evaluated the competition between A. pelleranoi and D.
longicaudata were not found in the literature, although there are reports that, when
released to the field, D. longicaudata can alter the abundance of A. pelleranoi and other
native parasitoids (Montoya et al., 2017). In this sense, Paranhos et al. (2013) warned
that the establishment or augmentation of D. longicaudata could result in the

elimination of native parasitoids. On the other hand, other studies evaluating the
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releases of D. longicaudata (Carvalho, 2005b; dos Santos et al., 2016; Meirelles et al.,
2016) observed that there was no loss of biodiversity of native species present in the
orchards. Carvalho (2005b) found that there were alterations in the frequency of species,
which may have occurred due to the existence of interspecific competition in the
exploitation of oviposition sites.

The results presented and discussed in this study corroborate the fact that in
intra- and interspecific interactions D. longicaudata is considered as a better competitor
(Miranda et al., 2015, Murillo et al., 2016; Montoya et al., 2017), being able to win in
an intrinsic competition with native parasitoids (Paranhos et al., 2013). It also has great
plasticity, adapting easily to environmental conditions, and can reach higher parasitism
levels than other species (Carvalho and Nascimento, 2002; Paranhos et al., 2013;
Miranda et al., 2015).

The sex ratio (SR) varied in relation to the treatments (Table 1). When the larvae
were only offered once to one of both species, D. longicaudata and A. pelleranoi had an
offspring SR close to 50%. In the treatments in which there were two exposures to the
parasitoid females, both species generated more females. The exception occurred in the
DL-AP treatment, in which D. longicaudata had a higher number of emerged males
(Table 1).

For both species, A. pelleranoi and D. longicaudata, it is known that they
generate more females when they parasite larvae in later and larger instars (Eben et al.,
2000; Ovruski et al., 2011; van Nieuwenhove and Ovruski, 2011; Goncalves et al.,
2013, 2016). This occurs because parasitoids select the best host for their offspring and,
upon finding it, they tend to breed offspring with more females (Godfray and Shimada,
1999). In general, larger hosts have more resources and are considered qualitatively

superior in terms of efficiency to the parasitoid (Mattiacci and Dicke, 1995; Ovruski et
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al., 2011). The most common component in host quality is its size. Females tend to
produce more females in larger hosts and males in smaller ones (Godfray and Shimada,
1999; Harvey et al., 2013). However, because all hosts in our study had approximately
the same size, this factor may not have influenced the results at the treatments AP, DL
and DL-AP (DL).

Another result of our study (Table 1) shows that A. pelleranoi had fewer
emerged parasitoids when compared to D. longicaudata but presented a higher sex ratio
in treatments with two exposures. In an interspecific competition test between D. tryoni
and D. longicaudata, Ramadan et al. (1994), observed that, similarly to our study,
although the second species generated more offspring, it did not have the largest
number of females. The authors inferred that this may have occurred because immature
females of D. tryoni may be better competitors than males, or simply because adults
oviposit more fertilized eggs (eggs that would give rise to females) in case of
competition. It is possible that this applies to A. pelleranoi, with competition among the
larvae, although this aspect has not been evaluated in this study.

The mean number of oviposition scars (Table 1) was higher in the DL-DL
treatment than in all others, which did not differ, except for AP compared to the AP-DL,
again indicating the highest aggressiveness of D. longicaudata in relation to the hosts.

There was a positive correlation between the mean number of oviposition scars
and the mean number of offspring generated, as well as the mean number of emerged
females in the treatments in which the parasitoids only had contact with the hosts or in
the intraspecific interaction (Fig. 1 a-d). In cases where there was an interspecific
interaction, this correlation was not observed for A. pelleranoi offspring, (Fig. 1 e, h),
possibly because a small number of parasitoids emerged from this species. For the

offspring of D. longicaudata, when the hosts were first offered to A. pelleranoi (AP-
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DL) (Fig. 1 f), there was also no correlation between the increase in scars and emerged
individuals, the only indicative of which may have there was interference of the pioneer
species. It is interesting to note that, in all cases where, there was a positive correlation
for the average number of offspring generated, this also applied to the number of
emerged females, corroborating the information of Montoya et al. (2011, 2012),
according to which there is a positive correlation between the number of scars (a
reliable indication of superparasitism) and the number of females generated.

Information on superparasitism in A. pelleranoi is not present in the literature.
Therefore, our study brings new information on the subject, showing that in intra- or
interspecific competitions, A. pelleranoi, despite having a lower average emergence,
resulted in more females in the treatment in which the hosts were exposed twice to the
parasitoid (AP-AP) or in the competitor treatments, AP-DL and DL-AP.

The correlation between oviposition scars and the emergence of parasitoids and
females has also been studied for D. longicaudata (Altafini et al., 2013) in different
hosts. Several studies have indicated that, in moderate superparasitism (2-6 scars per
pupa), there is a tendency for females to emerge (Gonzélez et al., 2007; Montoya et al.,
2011, 2012, 2013), which corroborates our results, in which an average of 2.3 to 5.3
scars per larva was found. These authors also commented that this superparasitism does
not imply in detrimental effects on the demographic parameter of the offspring,
including longevity and fecundity.

To test whether this behavior occurred naturally in the field, Montoya et al.
(2013) collected mango fruits [Mangifera indica L. (Anacardiaceae)] and evaluated the
puparia from these fruits. The authors showed a positive correlation between the fruit
size to the infestation levels of Anastrepha spp. and to the number of pupae parasitized

and superparasitized by D. longicaudata. Superparasitism was also positively correlated

107



with a biased sex ratio for females, demonstrating that superparasitism is present in
natural populations of D. longicaudata. Notwithstanding, in our study, it was observed
that in competition with A. pelleranoi, this pattern was altered (Table 1), as the sexual
ratio of D. longicaudata in the treatment (DL-AP) was 0.41, indicating that, although
the native species generally has a smaller offspring generated in situations of
competition, physical competition or a physiological suppression may occur between
the parasitoid larvae (Mackauer, 1990) by the females, in relation to the larvae of the
competing species.

Due to the similarities in the behavior and preference between A. pelleranoi and
D. longicaudata already described and confirmed in this study, it is important to
conduct experiments on the competition of these species in the field, as although some
works state that D. longicaudata does not compete with native parasitoids (dos Santos
et al., 2016; Meirelles et al., 2016), others state the opposite (Paranhos et al., 2013;
Montoya et al., 2017), leaving questions regarding this issue. Our results show that D.
longicaudata competes and diminishes the emergence of A. pelleranoi when both
species parasitize the same larva. Therefore, there are no guarantees that D.
longicaudata will not compete with native parasitoids in the field. Moreover, other
biotic and abiotic factors should be considered, as they may cause this parasitoid to
coexist with A. pelleranoi. One of the aspects that may interfere in this field competition
is the fact that the ovipositor size of A. pelleranoi has a mean size of 0.2 mm (Tormos et
al., 2013), smaller than that of D. longicaudata (5.27 mm) (Sivinski et al., 2001), which
limits the search of the first species by hosts in fruits with a thicker mesocarp. It is
known that A. pelleranoi exhibits a specific foraging behavior by depositing fruit on

cracked or fallen fruits (Sivinski et al., 2000); however, if host larvae have already been
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parasitized by D. longicaudata, our study shows that the species will not be able to
succeed in the competition.

Given that D. longicaudata is considered a highly competitive species, with ease
of adaptation to new environments and larvae with competitive characteristics, its
introduction into new environments should be carefully evaluated, as it may cause not
only the suppression of A. pelleranoi, but also of other species that are present in the

environment.
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Figure Legend

Fig. 1. Correlation between oviposition scars caused by Diachasmimorpha
longicaudata (DL) or Aganaspis pelleranoi (AP) on larvae of Anastrepha fraterculus
and parasitoids and females emerged in the treatments (a) AP, (b) DL, (c) AP-AP, (d)
DL-DL, (e) AP-DL (progeny of A. pelleranoi), (f) AP-DL (progeny of D.
longicaudata), (g) DL-AP (progeny of D. longicaudata) and (h) DL-AP (progeny of A.

pelleranoi). Spearman correlation coefficient (o = 0.05).
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Table 1. Mean number (x EP) of emerged flies, parasitized pupae, emerged parasitoids by species and total, oviposition scars and sex ratio of
Aganaspis pelleranoi (AP) and Diachasmimorpha longicaudata (DL) parasitizing larvae of the host Anastrepha fraterculus in different intra and

interspecific competition arrangements.

Treatments AP DL AP-AP DL-DL AP-DL DL-AP

Flies emerging in control 9.1+0.14aA 89+0.15abA 8.0+0.19bA 9.0+0.14aA 85%0.17bA 9.3£0.12aA
Flies emerging in treatments  3.9+0.24aB 19+0.19bcB 35+0.23aB 05+0.10dB 1.1+0.16 cdB 25+0.21 bB
Parasitized pupae @ 40+049d 53x050bc 39+023d 6.3+x0.24a 52+0.25¢c 6.2 +0.24 ab
Emerged A. pelleranoi 40+0.24a - 3.9+0.23a - 1.1+0.15b 0.7+0.13c
Emerged D. longicaudata - 51+0.25b - 6.3+0.24a 41+024c 55+0.24b
Total of emerged parasitoids 40+0.24b 51+0.25b 39+023b 6.3£0.24a 52+0.25b 6.2+0.24a
Oviposition scars 23+£0.29¢c 27x026bc 25%x026bc 5.3+0.38a 3.7+0.37D 3.5+0.30 bc

Sex ratio 047D 0.49Db 0.60 a 0.52b 0.602 (AP) 041 (DL)

0.55 a (DL) 0.59 a (AP)

Lowercase letters compare treatments on the same line. Upper case letters compare controls and treatments. ANOVA test, followed by Tukey (P

<0.05). Sex ratio, tested by  for for heterogeneity. (*) parasitoids emerged from the puparia + puparia dissected with parasitoids.



Highlights:

e Our study shows that D. longicaudata competes and decreases the emergence of A.
pelleranoi when both parasitize the same larva.

e An interesting aspect regarding A. pelleranoi was that there was no increase in
parasitism when the larvae were exposed twice to the females of this species, which
may be associated with the recognition of the co-specific parasitoid by hosts that have
already undergone parasitism.

e Aganaspis pelleranoi had fewer emerged parasitoids compared to D. longicaudata

but showed a higher sex ratio in treatments with two exposures.
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4 CONSIDERACOES FINAIS

As interacOes entre parasitoides, assim como suas relagdes com seus hospedeiros
sdo importantes, pois podem afetar o equilibrio do ambiente em que estas espécies
vivem. Os parasitoides, A. pelleranoi e D. areolatus (nativos) e D. longicaudata
(exdtico) sdo considerados promissores para o controle biologico das moscas-das-frutas
(A. fraterculus e C. capitata), na América do Sul.

Sendo D. longicaudata uma das espécies mais utilizadas no mundo, pouco era
conhecido de como esta poderia afetar as espécies nativas. Nossos trabalhos vieram
contribuir para o conhecimento entre as interacfes dos parasitoides entre si e com seus
hospedeiros.

Através destes trabalhos podemos observar que o hospedeiro de origem é
importante, pois os parasitoides A. pelleranoi e D. areolatus (somente quando com
origem em A. fraterculus) demostraram que possuem preferéncia pelo hospedeiro no
qual se originaram. Além disso, verificamos que a preferéncia em A. pelleranoi pode ser
alterada/induzida em apenas uma geracdo, o que pode facilitar a criacdo destes
organismos em laboratério e favorecer sua utilizacdo em campo para o controle
bioldgico.

Outro resultado importante de nosso estudo foi a constatacdo que D.
longicaudata possui grande plasticidade no momento da escolha do hospedeiro em
relacdo ao instar deste, podendo ter sucesso em qualquer instar larval que estiver

disponivel no ambiente. Desta forma, a prerrogativa de que ela ndo competiria com



outras espécies que parasitam diferentes instares, deve ser revista. No trabalho de
competicdo entre D. longicaudata e A. pelleranoi ficou claro que a espécie exotica é
mais agressiva e supera a nativa em condic6es de laboratdrio, indicativo de que pode
haver uma supressdo da espécie autoctone, quando ambos parasitam a mesma larva.
Entretanto, em condicdes de campo, h& outros mecanismos de variabilidade temporal e
espacial, e diferencas ecoldgicas que podem permitir a coexisténcia de vérias espécies
mesmo competindo por um mesmo recurso.

Diachasmimorpha longicaudata € considerada uma espécie superiormente
competitiva e com facilidade de adaptacdo a novos ambientes. Antes que liberacdes
acontecam € importante que os programas de controle bioldgico avaliem quais espécies
nativas existem e qual abundancia e frequéncia das mesmas no ambiente. Da mesma
forma, é necessario observar a existéncia ou ndo de barreiras abidticas e/ou bidticas que
possam auxiliar na divisdo dos nichos entre os parasitoides nativos e o exotico. Todos
esses cuidados sdo essenciais e podem auxiliar para que ndo haja desequilibrio no

ambiente apos a inclusdo de D. longicaudata.
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(*.rtf). Para as imagens utilizar arquivos Bitmap TIFF (*.tif) e resolucdo minima de 300
dpi (fotos) ou 600 dpi (desenhos em linhas). Enviar as imagens nos arquivos digitais
independentes (ndo inseridas em arquivos do MS Word, MS Power Point e outros),
nomeados de forma autoexplicativa (e. g. figuraOLl.tif). Graficos e tabelas devem ser
inseridos em arquivos separados (Microsoft Excel para graficos e Microsoft Word ou

Excel para tabelas). Para arquivos vetoriais utilizar formato Corel Draw (*.cdr).

17. Para cada autor sera fornecido um exemplar da revista. Os artigos também estardo
na pagina do Scientific Electronic Library Online, SciELO/Brasil, disponivel em
www.scielo.br/isz.

N&o ha taxa para submissao e avaliacdo de artigos.
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ANEXO 2

VERVM Ay
STABILE NE-a-
CETERA A

Bulletin of Insectology

Instructions for authors

- General

The articles are published in English. Manuscripts submitted for publication may not be
offered to any other journal for prior or simultaneous publication. The papers will be
available on the web site for free (open access).

- Manuscript

Manuscripts should be submitted in MS Word for Windows by e-mail. The sequence
should be: title, author(s) (names in full, family names/surnames/last names in capital),
author(s) affiliation, abstract, key words, introduction, materials and methods, results (or
results and discussion), discussion (or discussion and conclusions), conclusions,
acknowledgements, references, author(s)’ address(es) (corresponding author’s e-mail
included), table and figure legends, table(s), figure(s). If necessary, it could be possible
to add online supplemental materials.

- Scientific names

Scientific names and authorities must be provided at first mention of each organism in
the abstract and again in the text. Names of authorities should not be abbreviated, except
with L. for Linnaeus and F. for Fabricius (authority name without diacritical marks).
Correct examples: Musca domestica L.; Ostrinia nubilalis (Hubner); Phaonia fuscata
Fallen; Sitochroa palealis (Denis et Schiffermuller).

Incorrect examples: Musca domestica Linnaeus, Ostrinia nubilalis (Hubner), Ostrinia
nubilalis Hbn., Phaonia fuscata Fallén; Sitochroa palealis (Den. & Schiff.).

- Taxonomy or systematics manuscripts

The International Code of Zoological Nomenclature should be followed for formatting
publications on taxonomy and systematics, except for the comma between authority and

year in scientific names, according to the Fauna Europaea (www.faunaeur.org).
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Avoiding comma clearly identify the difference between the reference cited (i.e. Ishii,
1923) and the names of the authorities (i.e. Clausenia purpurea Ishii 1923).

Correct examples: Musca domestica L. 1758; Ostrinia nubilalis (Hubner 1796);
Phaonia fuscata Fallen 1825; Sitochroa palealis (Denis et Schiffermuller 1775);
Tabanus spodopteroides Olsufjev, Moucha et Chvala 1969.

Incorrect examples: Musca domestica Linnaeus, 1758; Ostrinia nubilalis (Hubner,
1796); Ostrinia nubilalis Hbn., 1796; Phaonia fuscata Fallén, 1825; Sitochroa palealis
(Den. & Schiff., 1775); Tabanus spodopteroides Olsufjev, Moucha & Chvala, 1969;
Tabanus spodopteroides Olsufjev et al., 19609.

- Tables

Numbered tables should be provided at the end of the document.

- Figures

Figures should be provided on separate pages and numbered. The lettering of figures
should be in Arial font, large enough to allow reduction. Figures can be reproduced
width 80 or 166 mm. Drawings and morphological illustrations must include a scale bar.
Colour photographs and plates will be available in the online version only, hard copy of
the journal will be printed in black and withe.

- References cited

In the text, refer to author(s) surnames(s) and year of publication. When there are more
than two authors, give the first author surname followed by et al.. References cited
together should be arranged chronologically. In the reference list, the references must be
cited in alphabetical and chronological order for one author or more than two authors; in
alphabetical order by surname of the second author in case of two authors.

Journal titles should be given in full. Some examples are given below:

CAMPADELLI G., 1997.- Cenni sulla biologia di Vibrissina turrita Meigen (Dipt.
Tachinidae) sull'ospite Arge ochropus Gmel. (Hym. Argidae).- Bollettino dell Istituto di
Entomologia "Guido Grandi" della Universita degli Studi di Bologna, 51: 161-170.
CAMPADELLI G., CRUDELE G., 1994. - Alcune osservazioni sulla biologia di Pyrochroa
coccinea L. (Col. Pyrochroidae).- Informatore Fitopatologico, 44 (9): 35-37.
CAMPADELLI G., CIANFICCONI F., MORETTI G. P., 1990. - Nuovi reperti di Tricotteri
nell'appennino Tosco-Romagnolo.- Rivista di Idrobiologia, 29 (2): 547-561.

CHAPMAN R. F., 1998. - The Insect: Structure and Function. - Cambridge University
Press, Cambridge, UK.
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CRONIN J. T., HAYES J. L., TURCHIN P., 2000.- Evaluation of traps used to monitor
southern pine beetle aerial populations and sex ratios.- Agricultural and Forest
Entomology, 2 (1): 69-76.

KNERER G., 1993. - Life history diversity in sawflies, pp. 33-59. In: Sawfly life history
adaptations to woody plants (WAGNER M., RAFFA K. F., Eds).- Academic Press Inc.,
San Diego, California, USA.

SWAIN T., 1977. - The effect of plant secondary products on insect plant co-evolution,
pp. 249-256. In: Proceedings of XV International Congress of Entomology, (PACKER J.,
WHITE D., Eds) Washington D. C., 19-27 August 1976. Entomological Society of
America, College Park, MD, USA.

- Peer reviews

Manuscripts will be reviewed by appropriate referees. Acceptance or rejection,
however, is the decision of the Editor. Authors are responsible for the content of their
article.

- Proofs and reprints

Proofs will be sent to the corresponding author for correction.

No printed reprints are available. Bulletin of Insectology will be available on the web

site for free.

Address for submission and editorial correspondence should be addressed to:
Prof. Stefano Maini e-mail: bullinsect@unibo.it or bullinsect@gmail.com
Bulletin of Insectology

Department of Agricultural and Food Sciences

Alma Mater Studiorum - Bologna University

viale G. Fanin 42

| 40127 Bologna (Italy)

Tel: +39 051 2096701

e-mail: bullinsect@unibo.it or bullinsect@gmail.com
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ANEXO 3

Biological
Co%ltrol

Guide for Authors

Introduction

Biological Control promotes the science and technology of biological control through
publication of original research articles and reviews of research and theory. The focus
includes new and emerging trends in this field. Biological control is defined as the
reduction or mitigation of pests and pest effects through the use of natural enemies.
Biotechnologies dealing with the elucidation and use of genes or gene products for the
enhancement of biological control agents are also of interest.

The journal encompasses biological control of viral, microbial, nematode, insect, mite,
weed, and other invertebrate and vertebrate pests in agricultural, aquatic, forest, natural
resource, stored products, and urban environments. Biological control of arthropod pests
of human and domestic animals is also included. Ecological, behavioral, molecular, and
biotechnological approaches to advancing the understanding of biological control agents

are welcome.

The "rules of 6™

The Editors and Editorial Board have developed the "Rules of 6" for publishing in
BCON. We have produced six clear criteria that each author needs to think about before
submitting a manuscript and setting the whole process of editing and reviewing at

work. Click here.

Types of paper
The following types of original papers only will be considered.
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Regular research papers are hypothesis-driven projects in biological control as defined
above under the "Subject areas of the journal”. These papers constitute the majority of
the articles published in the journal. However, papers which report on routine results of
host specificity studies on new biological control agents, surveys for known or unknown
biological control agents, or screening of natural enemies against a pest species will not
be considered for publication unless the account describes unusual circumstances or
novel methods, or unless the study is placed in a broader perspective. Research papers
should have the following sections: a brief Abstract that contains a concise statement of
the results obtained; Keywords listed immediately after the Abstract; Introduction;
Materials and Methods; Results; Discussion; Acknowledgments; and References.
Further details are provided below under "Preparation of manuscript".
Perspectives papers provide the authors with a forum for discussing topics and trends
in biological control. These articles should raise interesting or unanswered questions,
present arguments about the significance of recent findings, describe the application and
limitations of new methods and technologies, or consider potential interfaces between
biological control and other disciplines in the sciences. These manuscripts should
include the format as listed for the Regular research papers or may deviate by having
the following sections: Abstract, Introduction, appropriate headings, Conclusion, and
References.

Review articles are intended to reach a broad audience of readers from investigators in
the field to new graduate students learning the material for the first time. Review articles
are subject to the same review process as original papers. Manuscripts should be
prepared according to the general guidelines given below. The Materials and Methods,
Results, and Discussion sections may be replaced with appropriate alternatives; an
Abstract is still required. The editors invite inquiries and suggestions for timely and
provocative review articles. In some cases, there may be a number of review articles
(e.g., a symposium topic) in which case a special issue of the journal may be published.
The special issue may include an invited "editor(s)" who invites the authors and selects
the topics, provides the guidelines to the authors, sets deadlines, etc., and submits the
manuscripts to the journal. The journal editor then handles the manuscripts following

normal protocols.

Biological Control does not publish Short Communications or Research Notes.
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Contact details for submission
Manuscripts should be written in grammatically correct English and should be

submitted through the Web site at http://ees.elsevier.com/bcon.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to
the journal for review. Please check the relevant section in this Guide for Authors for

more details.

Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:
* E-mail address
« Full postal address
All necessary files have been uploaded:
Manuscript:
Include keywords
All figures (include relevant captions)
All tables (including titles, description, footnotes)
Ensure all figure and table citations in the text match the files provided
Indicate clearly if color should be wused for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)
Further considerations
Manuscript has been 'spell checked' and ‘grammar checked'
All references mentioned in the Reference List are cited in the text, and vice versa
Permission has been obtained for use of copyrighted material from other sources
(including the Internet)
A competing interests statement is provided, even if the authors have no competing
interests to declare
Journal policies detailed in this guide have been reviewed
Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

Before you begin
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Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for

journal publication.

Policy and ethics

Ethics. Submission of an article implies that the work described has not been published
previously (except in the form of an abstract or as part of a published lecture or
academic thesis), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published
elsewhere in the same form, in English or in any other language, without the written
consent of the copyright holder. Written authorization may be required at the discretion
of the editors. Articles and any other material published in Biological Control represent
the opinions of the authors and should not be construed to reflect the opinions of the
editors or the publisher. A submitted paper will be considered in violation of Elsevier's
Ethics Guidelines, and thus potentially subject to rejection or retraction, in the event of
the following: the study results are inaccurately or deceptively reported, the data from
the study results cannot be produced, the paper submitted is not an original work or it
has plagiarized (by copying or paraphrasing) another work, the paper has been
submitted concurrently to another journal or is elsewhere published, other works
discussed in the paper are improperly cited or un-cited, the list of co-authors is
incomplete or contains those who have not contributed substantially to the work, any
experiments involving human or animal subjects or hazardous chemicals are not ensured
in the paper as having been conducted according to the appropriate guidelines, or
financial or otherwise conflicts of interest are not disclosed. For a comprehensive
explanation of Elsevier's Ethics Guidelines, please
visit http://www.elsevier.com/ethicalguidelines.

Should questions of probity arise under extraordinary and controversial situations, the
editors will reserve the right to subject the authors' data to independent scientific
evaluation.

Upon acceptance of an article, authors will be asked to sign a Journal Publishing
Agreement. (for more information on this and copyright
see http://lwww.elsevier.com/copyright). Acceptance of the agreement will ensure the

widest possible dissemination of information. An e-mail (or letter) will be sent to the
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corresponding author confirming receipt of the manuscript together with a "Journal
Publishing Agreement” form or a link to the online version of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations (please
consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works
are included, the author(s) must obtain written permission from the copyright owners
and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in

these cases: please consult http://www.elsevier.com/permissions.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of
potential competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or other
funding. Authors must disclose any interests in two places: 1. A summary declaration of
interest statement in the title page file (if double-blind) or the manuscript file (if single-
blind). If there are no interests to declare then please state this: 'Declarations of interest:
none'. This summary statement will be ultimately published if the article is accepted. 2.
Detailed disclosures as part of a separate Declaration of Interest form, which forms part
of the journal's official records. It is important for potential interests to be declared in

both places and that the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic thesis, see
'Multiple, redundant or concurrent publication' for more information), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors
and tacitly or explicitly by the responsible authorities where the work was carried out,
and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the
copyright-holder. To verify originality, your article may be checked by the originality

detection service Crossref Similarity Check.
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Preprints

Please note that preprints can be shared anywhere at any time, in line with
Elsevier's sharing policy. Sharing your preprints e.g. on a preprint server will not count
as prior publication (see 'Multiple, redundant or concurrent publication' for more

information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions
about the beliefs or commitments of any reader, should contain nothing which might
imply that one individual is superior to another on the grounds of race, sex, culture or
any other characteristic, and should use inclusive language throughout. Authors should
ensure that writing is free from bias, for instance by using 'he or she’, 'his/her" instead of
'he" or 'his', and by making use of job titles that are free of stereotyping (e.g.

‘chairperson’ instead of ‘chairman’ and 'flight attendant’ instead of 'stewardess’).

Author contributions

For transparency, we encourage authors to submit an author statement file outlining
their individual contributions to the paper using the relevant CRediT roles:
Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision; Validation;
Visualization; Roles/Writing - original draft; Writing - review & editing. Authorship
statements should be formatted with the names of authors first and CRediT role(s)

following. More details and an example

Changes to authorship

Authors are expected to consider carefully the list and order of authors before
submitting their manuscript and provide the definitive list of authors at the time of the
original submission. Any addition, deletion or rearrangement of author names in the
authorship list should be made only before the manuscript has been accepted and only if
approved by the journal Editor. To request such a change, the Editor must receive the
following from the corresponding author: (a) the reason for the change in author list
and (b) written confirmation (e-mail, letter) from all authors that they agree with the

addition, removal or rearrangement. In the case of addition or removal of authors, this
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includes  confirmation  from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the manuscript
has already been published in an online issue, any requests approved by the Editor will

result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a ‘Journal Publishing
Agreement' form or a link to the online version of this agreement. Subscribers may
reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative works, including
compilations and translations. If excerpts from other copyrighted works are included,
the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases.
For gold open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement' (more information). Permitted third party

reuse of gold open access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your

work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the

sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
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in the writing of the report; and in the decision to submit the article for publication. If

the funding source(s) had no such involvement then this should be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow
authors to comply with their funder's open access policies. Some funding bodies will
reimburse the author for the gold open access publication fee. Details of existing

agreements are available online.

Open access

This journal offers authors a choice in publishing their research:

Subscription

Articles are made available to subscribers as well as developing countries and patient
groups through our universal access programs.

No open access publication fee payable by authors.

The Author is entitled to post the accepted manuscript in their institution's repository
and make this public after an embargo period (known as green Open Access).
The published journal article cannot be shared publicly, for example on ResearchGate or
Academia.edu, to ensure the sustainability of peer-reviewed research in journal

publications. The embargo period for this journal can be found below.

Gold open access

Articles are freely available to both subscribers and the wider public with permitted
reuse.

A gold open access publication fee is payable by authors or on their behalf, e.g. by their
research funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same
peer review criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the
following Creative Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised

versions, adaptations or derivative works of or from an article (such as a translation),
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include in a collective work (such as an anthology), text or data mine the article, even
for commercial purposes, as long as they credit the author(s), do not represent the author
as endorsing their adaptation of the article, and do not modify the article in such a way

as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
For non-commercial purposes, lets others distribute and copy the article, and to include
in a collective work (such as an anthology), as long as they credit the author(s) and
provided they do not alter or modify the article.

The gold open access publication fee for this journal is USD 3000, excluding taxes.
Learn more about Elsevier's pricing

policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a
number of green open access options available. We recommend authors see our green
open access page for further information. Authors can also self-archive their
manuscripts immediately and enable public access from their institution's repository
after an embargo period. This is the version that has been accepted for publication and
which typically includes author-incorporated changes suggested during submission, peer
review and in editor-author communications. Embargo period: For subscription articles,
an appropriate amount of time is needed for journals to deliver value to subscribing
customers before an article becomes freely available to the public. This is the embargo
period and it begins from the date the article is formally published online in its final and
fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn™ environment at
Researcher Academy offers several interactive modules, webinars, downloadable guides
and resources to guide you through the process of writing for research and going
through peer review. Feel free to use these free resources to improve your submission

and navigate the publication process with ease.
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Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available from
Elsevier's WebShop.

Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are
required to typeset your article for final publication. All correspondence, including

notification of the Editor's decision and requests for revision, is sent by e-mail.

Preparation

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The
text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the article.
In particular, do not use the word processor's options to justify text or to hyphenate
words. However, do use bold face, italics, subscripts, superscripts etc. When preparing
tables, if you are using a table grid, use only one grid for each individual table and not a
grid for each row. If no grid is used, use tabs, not spaces, to align columns. The
electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier). Note that source files of
figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and

‘grammar-check' functions of your word processor.

Article structure

Subdivision - numbered sections
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Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
'the text'. Any subsection may be given a brief heading. Each heading should appear on

its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a

detailed literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarized, and indicated by
a reference. If quoting directly from a previously published method, use quotation marks
and also cite the source. Any modifications to existing methods should also be

described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt
with in the Introduction and lay the foundation for further work. In contrast, a

Calculation section represents a practical development from a theoretical basis.

Results

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations

and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion

section.
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Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eqg. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eg. (B.1) and so on. Similarly for tables and figures: Table
A.1; Fig. A1, etc.

Essential title page information

Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add
your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail address of each
author.

Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering
any future queries about Methodology and Materials. Ensure that the e-mail address
is given and that contact details are kept up to date by the corresponding author.
Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address’)
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript
Arabic numerals are used for such footnotes.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x 1328
pixels (h x w) or proportionally more. The image should be readable at a size of 5 x 13

cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or
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MS Office files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration Services to ensure the best presentation
of their images and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a separate
editable file in the online submission system. Please use 'Highlights' in the file name and
include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).
You can view example Highlights on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, ‘and’, ‘'of). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.

Consult the latest edition of the CBE Style Manual, Council of Biology Editors, Inc., for
standard abbreviations, names, and symbols for units, as well as for informative
suggestions about grammar, style, and usage. Nonstandard abbreviations should be
minimal and should be defined at first mention. Follow the latest edition of "Webster's
New International Dictionary" for spelling and division of words. Use numerals with
standard units of measurement and for any number above nine. For the sake of
consistency, the journal will use U.S. English. Manuscripts should be typed with the
language set to U.S. English.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,
providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

148


https://www.elsevier.com/graphicalabstracts
http://webshop.elsevier.com/illustration-services/
https://www.elsevier.com/highlights

List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];
and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization
that provided the funding. If no funding has been provided for the research, please
include the following sentence: This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of
units (S1). If other units are mentioned, please give their equivalent in SI.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of
units (SI). If other quantities are mentioned, give their equivalent in SI. You are urged to
consult IUPAC: Nomenclature of Organic Chemistry for further information.
For organisms, the complete taxonomic name including the authority must be given at
first mention in the text. For exceptions to this rule, such as names of bacteria, consult
the editor. The names of insects will be in accordance with the Entomological Society of
America. Wherever a common name for a pesticide exists, it should be used. The
chemical name of the pesticide must be included in parentheses following the first
mention of the common name. Most common names may be found in Guide to the
Chemicals Used in Crop Protection by E.Y. Spencer, Agriculture Canada, 7th ed., 1982,
and more recent entries are found in The Pesticide Manual-A World Compendium (C.R.
Worthington, Ed.; S.B. Walker, Asst. Ed.), 8th ed., British Crop Protection Council,
Binfield, Bracknell, Berks RG 125QE, England. In addition, common names of
insecticides are listed from time to time by the Entomological Society of America; of
herbicides, by the Weed Science Society of America; and of fungicides, by the
American Phytopathological Society. For weed names, use the terminology approved by
the Weed Science Society of America [Weed Science 32 (Suppl. 2), 1-137, 1984]. For
enzymes, the systematic name and number given by the Enzyme Commission (EC)

should be included at the first point of mention for each enzyme of importance in the

149


http://www.acdlabs.com/iupac/nomenclature/

paper. For EC numbers, consult Recommendations (1984) of the Nomenclature
Committee of the International Union of Biochemistry, 1984, Enzyme Nomenclature,
Academic Press.

Gene accession numbers refer to genes or DNA sequences about which further
information can be found in the databases at the National Center for Biotechnical
Information (NCBI) at the National Library of Medicine.

Authors are encouraged to check accession numbers used very carefully. An error in a
letter or number can result in a dead link. Note that in the final version of the electronic
copy, the accession number text will be linked to the appropriate source in the NCBI
databases enabling readers to go directly to that source from the article.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate the position of footnotes in the text and list the footnotes
themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Artwork

Electronic artwork

General points

Make sure you use uniform lettering and sizing of your original artwork.

Embed the used fonts if the application provides that option.

Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

Number the illustrations according to their sequence in the text.

Use a logical naming convention for your artwork files.

Provide captions to illustrations separately.

Size the illustrations close to the desired dimensions of the published version.

Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are

given here.
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Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below): EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
dpi. TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color

or grayscale), keep to a minimum of 500 dpi.

Please do not:

Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;

Supply files that are too low in resolution;

Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are reproduced in color in the
printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the

preparation of electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style images,

as well as a full range of charts, tables and graphs. Image ‘polishing' is also available,

151


https://www.elsevier.com/artworkinstructions
https://www.elsevier.com/artworkinstructions
http://webshop.elsevier.com/illustrationservices

where our illustrators take your image(s) and improve them to a professional standard.
Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions on separate page(s) at the
end of the manuscript. A caption should comprise a brief title (not on the figure itself)
and a description of the illustration. Keep text in the illustrations themselves to a

minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Supply table captions on
separate page(s) at the end at the end of the manuscript. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table
body. Be sparing in the use of tables and ensure that the data presented in them do not

duplicate results described elsewhere in the article. Please avoid using vertical rules.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but may
be mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the
publication date with either 'Unpublished results' or 'Personal communication’. Citation

of a reference as 'in press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,
please be careful as they may already contain errors. Use of the DOI is highly

encouraged. A DOI is guaranteed never to change, so you can use it as a permanent link
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to any electronic article. An example of a citation using DOI for an article not yet in an
issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003).
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela.
Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note
the format of such citations should be in the same style as all other references in the

paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.q., after the reference list) under a different heading if desired, or can be included in
the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript
by citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data

reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley and Zotero, as well as
EndNote. Using the word processor plug-ins from these products, authors only need to
select the appropriate journal template when preparing their article, after which citations
and bibliographies will be automatically formatted in the journal's style. If no template

is yet available for this journal, please follow the format of the sample references and
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citations as shown in this Guide. If you use reference management software, please
ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes.Users of Mendeley
Desktop can easily install the reference style for this journal by clicking the following
link:http://open.mendeley.com/use-citation-style/biological-control

When preparing your manuscript, you will then be able to select this style using the

Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the article number or pagination must be present. Use of DOI
is highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself

they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al.' and the year of
publication.

Citations may be made directly (or parenthetically). Groups of references can be listed
either first alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or,
as demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown
List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a', 'b', 'c', etc., placed after the year of

publication.
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Examples:

Reference to a journal publication: Van der Geer, J., Hanraads, J.A.J., Lupton, R.A,,
2010. The art of writing a scientific article. J. Sci. Commun. 163, 51-59.
https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a  journal  publication  with an  article  number:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific
article. Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book: Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth
ed. Longman, New York.

Reference to a chapter in an edited book: Mettam, G.R., Adams, L.B., 2009. How to
prepare an electronic version of your article, in: Jones, B.S., Smith , R.Z. (Eds.),
Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13
March 2003).

Reference to a dataset:[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T.,
2015. Mortality data for Japanese oak wilt disease and surrounding forest compositions.
Mendeley Data, v1. https://doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Data visualization
Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions hereto find out

about available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit
your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any

stage of the process, please make sure to provide an updated file. Do not annotate any
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corrections on a previous version. Please switch off the 'Track Changes' option in
Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that
validate research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols, methods
and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you
are sharing data in one of these ways, you are encouraged to cite the data in your
manuscript and reference list. Please refer to the "References” section for more
information about data citation. For more information on depositing, sharing and using

research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to link
articles on ScienceDirect with relevant repositories, giving readers access to underlying
data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to
your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of
your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data

(including raw and processed data, video, code, software, algorithms, protocols, and
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methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets
will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional
raw data into one or multiple data articles, a new kind of article that houses and
describes your data. Data articles ensure that your data is actively reviewed, curated,
formatted, indexed, given a DOI and publicly available to all upon publication. You are
encouraged to submit your article for Data in Briefas an additional item directly
alongside the revised version of your manuscript. If your research article is accepted,
your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please
note an open access fee of 500 USD is payable for publication in Data in Brief. Full
details can be found on the Data in Brief website. Please use this template to write your
Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data
is unavailable to access or unsuitable to post, you will have the opportunity to indicate
why during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect.

For more information, visit the Data Statement page.

After Acceptance

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS
Word: in addition to editing text, you can also comment on figures/tables and answer

questions from the Copy Editor. Web-based proofing provides a faster and less error-
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prone process by allowing you to directly type your corrections, eliminating the
potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version.
All instructions for proofing will be given in the e-mail we send to authors, including
alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as accepted
for publication will only be considered at this stage with permission from the Editor. It
is important to ensure that all corrections are sent back to us in one communication.
Please check carefully before replying, as inclusion of any subsequent corrections
cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Linkproviding 50
days free access to the final published version of the article on ScienceDirect. The Share
Link can be used for sharing the article via any communication channel, including email
and social media. For an extra charge, paper offprints can be ordered via the offprint
order form which is sent once the article is accepted for publication. Both corresponding
and co-authors may order offprints at any time via Elsevier's Webshop. Corresponding
authors who have published their article gold open access do not receive a Share Link as
their final published version of the article is available open access on ScienceDirect and

can be shared through the article DOI link.

Author Inquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted

article will be published.
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