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RESUMO

A introducéo de organismos exaticos pode ocorrer de forma natural, através dos processos
de dispersdo ou pelo transito de material promovido pelo homem. Os efeitos dos organismos
invasores no novo ambiente sdo dificeis de mensurar, de forma que por muito tempo apenas se
quantificou perdas econémicas em culturas agricolas. Entretanto, a introducdo de uma espécie
exotica tem efeitos ambientais podendo alterar relagdes ecoldgicas estabelecidas, passando a
competir com a fauna e/ou flora nativa, causando deslocamento ou extin¢do de espécies. No
hemisfério ocidental, ha quase 20 anos, ocorreu a introdu¢do de um acaro exotico Raoiella indica.
Esta espécie é apontada como importante praga agricola de coqueiro e bananeira, duas culturas
extensivamente cultivadas em diversos paises americanos. O cogueiro possui uma rica acarofauna,
e estudos sugerem reducgdo dréstica da riqueza de espécies apds a introducdo de R. indica. Com 0
objetivo de estudar o efeito que R. indica pode potencialmente interferir nas interacfes ecoldgicas
existentes no coqueiro foi selecionado um acaro herbivoro nativo Oligonychus pratensis e um
predador Amblyseius largoensis para realizagdo de diversos

experimentos de interacdo entre espécies. Os resultados apontam que R. indica e O. pratensis sdo



negativamente e assimetricamente afetados pela competicéo por recurso (foliolo). No entanto, ha
indicios que R. indica se beneficia da presenca de O. pratensis quando ndo ha limitagdo de
recurso. Raoiella indica tem preferéncia em permanecer em local com coocoréncia de O. pratensis
e apresenta melhor taxa intrinseca de crescimento na interagdo com O. pratensis. Amblyseius
largoensis tem preferéncia de se alimentar da presa nativa nas mais diversas situagcdes a que foi
exposto. Raoiella indica é capaz de reconhecer pistas de A. largoensis além de apresentar
comportamento antipredacdo na presenca de pistas de A. largoensis. Portanto, o risco de

deslocamento de O. pratensis é suportado pelos dados gerados neste trabalho.

PALAVRAS-CHAVE: Invasor, Antipredacdo, Predacdo, Interespecifica, Deslocamento.
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ABSTRACT
The introduction of exotic organisms can occur naturally, through the processes of dispersion or
through the transit of material promoted by the anthropic trade. The effects of invading organisms
in the new environment are difficult to measure, so for a long time it was quantified economic losses
in agricultural crops. However, the introduction of an exotic species has environmental effects that
can alter established ecological relationships, starting to compete with native fauna and/or flora,
modifying ecosystems, causing displacement or extinction of species. In the western hemisphere,
almost 20 years ago, an exotic mite Raoiella indica was introduced, this mite is considered an
important agricultural pest of coconut and banana, two crops extensively cultivated in the countries
of the Americas. The coconut tree has a rich mite fauna, and studies show a drastic reduction in
species richness after the introduction of R. indica. In order to study the effect that R. indica may
have on the ecological interactions existing in the coconut tree, a native herbivorous mite
Oligonychus pratensis and a predator Amblyseius largoensis were selected to carry out several
interaction experiments between species. The results show that R. indica and O. pratensis are

negatively and asymmetrically affected competition for resource (leaflet). However,



there are indications that R. indica benefits from the presence of O. pratensis when there is no
resource limitation. Raoiella indica prefers to remain at the site with co-ocorrence by O. pratensis
and has a better intrinsic growth rate when interacting with O. pratensis. Amblyseius largoensis
prefers to feed on native prey in the most diverse situations to which it has been exposed. Raoiella
indica is able to recognize A. largoensis clues in addition to showing antipredation behavior in the
presence of A. largoensis clues. Therefore, the risk of displacement of O. pratensis is supported
by the data generated in this work.

KEY WORDS: Invader, Antipredation, Predation, Interspecific, Displacement.
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CAPITULO 1
INTRODUCAO

A introducdo de organismos exoticos em um novo ambiente é naturalmente modelada pela
capacidade de mobilidade e dispersdo dos organismos, fazendo parte de um processo natural de
conquista de novos ambientes (Bush & Whittaker 1991, Mack 2004). Entretanto, a domesticacédo de
animais e plantas pelos humanos levou a um intenso intercambio de material bioldgico,
acompanhando o desenvolvimento civilizatorio e sendo acelerado pela globalizacdo (facilidade de
transporte e comercializacdo) (Crosby 1986, Shigesada & Kwaski 1997, Cohen & Carlton 1998,
Mack et al. 2000, Gaston et al. 2003, Lockwood et al. 2007a). Embora ocorram introducdes
intencionais e ndo intencionais (quando ndo houve deteccdo do organismo) de espécies exoticas,
estima-se que apenas 1% dos organismos invasores consiga efetivamente se estabelecer em um novo
ambiente (Williamson 1996).

Apesar do percentual baixo, tais organismos quando estabelecidos podem causar prejuizos
ecologicos (reducdo de riqueza e abundancia nas interacdes ecoldgicas) (Pimentel et al. 2001,
Gurevitch & Padilla 2004, Hulme 2009, Kenis et al. 2009, Roques et al. 2009, Richardson et al.
2011, Vila et al. 2011) e impactos econémicos (Pimentel et al. 2001, Pimentel et al. 2005, Kenis et
al. 2009) que podem chegar a cifras superiores a 100 bilhdes de ddlares por ano. (Pimentel et al.
2005). Nas ultimas quatro décadas, tem-se dado maior atengdo aos impactos ecolégicos causados
pela intensa invasdo de espécies exoticas (Richardson et al. 2011). Um exemplo de impacto da
introdugdo de inseto exotico muito bem documentado é de Adelges tsugae Annand (Heteroptera:

Adelgidae) que tem efeito letal em trés arvores, na regido florestal do leste da América do Norte,



em particular, de uma espécie endémica Tsuga caroliniana Engelm (Smith & Nicholas 2000, Jenkins
2003, Small et al. 2005, Weckel et al. 2006, Kenis et al. 2009).

Um organismo exaético enfrenta barreiras até conseguir se estabelecer em um novo ambiente.
A primeira trata da legislacdo do local e da fiscalizacdo (fiscalizacdo fitossanitaria), sendo uma
importante barreira (FAO 2017; Ramirez et al. 2020), contudo dependendo da natureza deste
organismo (tamanho, formas de deteccdo, etc) este processo pode ser dificultado. A segunda ¢ a
barreira ecologica, atraves da qual o organismo tem que interagir com a fauna e flora local, podendo
ser eliminado, além de fatores abidticos que podem desfavorecer o organismo exético (Williamson
1996, Lonsdale 1999, Lockwood et al. 2007b). No processo de estabelecimento no novo territdrio,
normalmente, a espécie exotica acaba modificando o ambiente, podendo causar reducdo da riqueza
ou abundancia de espécies (Crystal-Ornelas & Lockwood 2020). A reducdo da riqueza é
normalmente em decorréncia a alta populacéo dos invasores, que pode ser atribuida a auséncia inicial
de fatores reguladores como competidores heteroespecificos, menor defesa do hospedeiro (regulacéo
bottom-up) (Gandhi & Herms 2010) ou auséncia de predadores especializados (regulacdo top-down),
também chamados de “Enemy Free Space” (Liebhold et al. 1995, Davis 2003).

Interacdo competitiva:

O estudo da interacdo entre os organismos se da pela qualificacdo destas relacdes em positivas,
negativas ou neutras, e através da quantificacdo dos efeitos (ganhos e perdas) nosenvolvidos. Estas
interaces podem ser de varios tipos a exemplo de competitiva, mutualistica, amensalistica, dentre
outras (Begon et al. 2006, Price et al. 2011). Tais relagcbes sdo complexas, ocorrendo de forma
simultanea, envolvendo diferentes niveis troficos no ambiente, e sdo assimétricas (os individuos ndo

séo afetados na mesma magnitude) (Price et al. 2011). A



competicdo € uma importante interagdo que promove a estruturacdo das comunidades (Grinnell 1917,
Volterra 1926, Lotka 1932, Gause 1934, Nicholson & Bailey 1935, Kaplan & Denno 2007).

Um dos primeiros teoricos a estudar a interacdo competitiva foi Volterra (1926), que aborda
a competicdo de forma tedrica como uma relacéo de exclusdo (competicdo por exclusédo), onde prediz
que duas espécies que exploram o mesmo nicho ndo podem coexistir, levando a extingdo de uma das
espécies. Posteriormente, Gause (1934) utilizando os preceitos desenvolvidos por Volterraestudou a
competicdo entre duas espécies de protozoarios do género Paramecium, sob-regime de limitacdo de
recurso, confirmando a hipo6tese da competicao por exclusdo. Entretanto, no ambiente a limitagdo de
recurso ndo é algo comum, principalmente no contexto de artrépodes herbivoros. Hairston et al.
(1960) questiona o papel da competicdo na estruturacdo da comunidade de artropodes fitéfagos, e
estes autores argumentam que ndo € observada uma limitac&o de recurso (planta) no ambiente, e que
a influéncia de inimigos naturais é mais preponderante para manutencdo de uma baixa densidade
populacional no segundo nivel tréfico. Outros autores adicionam a existéncia de nichos vagos, 0s
quais estes artropodes poderiam ocupar (Lawton & Strong 1981, Jermy 1985). Posteriormente, com
o desenvolvimento de melhores metodologias de estudo e inclusdo de outras varidveis ambientais,
constatou-se que os herbivoros competem entre si(intraespecifica) e com outras espécies fitdfagas
(interespecificas) (Faeth 1987, Crawley & Pattrasudhi 1988, Denno et al. 1995), expandindo a teoria
de competicdo. Portanto, embora Volterra (1926) e Gause (1934) tenham dado os primeiros passos
para o vasto conhecimento das interagdes competitivas, o resultado destes experimentos ndo tem a
devida aplicagdo no ambiente, pois dificilmente havera um contexto de limitagio de recurso, e de
impedimento de disperséo dos organismos, além de ser necessario considerar a influéncia dos outros
organismos que compdem o ecossistema. Assim, cerca de 80 anos depois, a ideia sobre a interacao

competitiva foi modificada de forma a abranger outras variaveis.



A competicdo na qual os individuos interagem indiretamente um com o outro, explorando um
mesmo recurso, mas em local distinto é denominada exploratdria (Tilman 1982). Na competi¢éo por
interferéncia, os individuos interagem diretamente no mesmo local (Begon et al. 2006). A
competicdo aparente e definida como a interagdo onde individuos que exploram 0 mesmo recurso
(e.g. alimento, parceiro sexual), influenciam negativamente um ao outro, e tendo reducdo do fitness,
sendo mediada por outros fatores regulatérios (clima, inimigos naturais e qualidade do alimento)
(Holt 1977, Begon et al. 2006). Em situag0es como essa, 0 aumento na densidade da espécie “A”
pode fazer com que o inimigo natural opte pela presa mais abundante, aumentando assim a densidade
populacional do predador e, consequentemente levar a uma reducdo na mortalidade da espécie “B”,
pelo menos no curto prazo. Estes conceitos abordam de forma mais ampla e realista as relagdes
competitivas, pois consideram a influéncia dos fatores regulatorios, taiscomo: a mediacdo da planta
(no caso de herbivoros), com inducdo de defesas e modificacdo da qualidade nutricional; atragdo de
inimigos naturais; capacidade exploratoria e de dispersdo dos envolvidos; além da acdo antrépica.

A competicdo estd enquadrada nas relagdes de efeito negativo, contudo diversos autores
discutem sobre os beneficios desta relagdo para o ecossistema de forma a promover a coexisténcia
estavel das espécies (Hanski 1981, Tilman & Pacalas 1993). Um dos principais beneficios é a
capacidade de regulacdo populacional de uma espécie sobre outra no processo coevolutivo, ou até
da mesma espécie, 0 que permite a existéncia de um maior nimero de espécies, formando assim um
ambiente diverso (Chesson 2000). A coexisténcia das espécies € possivel em funcdo tanto da
regulacao populacional pelo efeito deletério que uma causa sobre a outra, quanto pelas suasdiferentes
habilidades competivivas relacionadas as caracteristicas bioldgicas de cada espécie.Além de
promover a coexisténcia das especies, existe a hipotese de que a competicdo influencie sobre os

processos de especiacdo, onde a competicdo atua na necessidade de adaptacao (evolucéo)



das espécies e na necessidade de modificar seu nicho, levando a processos de especiagdo (Lankau
2011).

Na literatura sdo definidos os tipos de competidores de acordo com os modelos estudados.
No modelo proposto por Tilman (1982) (competicdo por exploracdo), em situacdo de limitacdo de
recurso, o competidor dominante € a espécie que consegue se manter a uma menor densidade do que
aquela suportavel para a outra espécie acaba eliminando a outra espécie. J4 no modelo de competicédo
aparente proposto por Holt (1977), o competidor dominante é aquele capaz de manter opredador em
maior densidade de equilibrio, promovendo a exclusdo da outra espécie pelo efeito da predacédo (Holt
& Lawton 1993).

Introducéo de organismos exaticos, um dos casos das Américas:

No continente americano foi introduzido um &caro exoético, Raoiella indica Hirst (Acari:
Tenuipalpidae) (Flechtmann & Etienne 2004, Vasquez et al. 2008, NAPPO 2009). Raoiella indica
é um &caro oriundo do hemisfério oriental (Welbourn 2009, Dowling et al. 2012), apds introducao
no ocidente este acaro é reportado até o0 momento em 23 paises entre América do Norte, Central e
Sul (CABI 2021). No Brasil, R. indica foi detectado pela primeira vez em Boa Vista (RR) em 2009
(Navia et al. 2011) e em 12 anos, encontra-se registro da presenca em 17 Estados brasileiros e
provavelmente em todo o territério nacional (Melo et al. 2018, CABI 2020). Raoiella indica se
destaca por sua alta capacidade dispersdo e adaptacdo a novos hospedeiros, favorecendo a rapida
distribuicdo territorial da espécie (Chandra & Channabasavanna 1984, Hoy et al. 2006, Pefia et al.
2006, Navia et al. 2015). Notoriamente apds a introducdo nas Americas, R. indica passou a ser
reportada em cerca de 91 espécies de monocotileddneas pertencentes as familias: Arecaceae,
Cannaceae, Cicadaceae, Heliconiaceae, Musaceae, Strelitziaceae, Zingiberaceae e Pandanaceae
(Carrillo et al. 2012a, Gondim Jr. et al. 2012). Outro fator que pode conferir sucesso no processo

de invasdo desta espécie € a inicial auséncia de inimigos naturais especializados & alimentacao da
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espécie no novo local colonizado (Domingos et al. 2013). A maior parte dos estudos com R. indica
sdo voltados a mensurar ou prever os danos causados a culturas agricolas e paisagisticas. Entretanto,
devem ser investigados também os impactos da introdugdo de um &caro exdético na fauna nativa, seja
em um contexto agricola, quanto em um contexto ecoldgico.

Desde a introdugdo de R. indica no Brasil sdo realizados importantes trabalhos de
monitoramento de espécie (avaliando riqueza e abundancia) e prospecc¢do de inimigos naturais para
controle desta espécie (Pefia et al. 2009, Carrillo et al. 2012b, Carrillo et al. 2014). Estudos de
levantamento para prospeccdo de inimigos naturais para o controle de R. indica, indicaram o
predador Amblyseius largoensis Muma (Acari: Phytoseiidae) como o mais frequentemente
encontrado e o mais abundante predador associado a praga (Carrillo et al. 2012b; Vasquéz & Moraes
2013, Barros et al. 2020). Amblyseiuis largoensis se enquadra no grupo de predadores com estilo de
vida tipo I11-b (McMurtry et al. 2013), por tanto, € um acaro predador generalista que se alimenta de
diversas presas, além de polen e néctar, possuindo o habito de forragear em ambiente ndo abrigado.
Além do alto consumo de presas e por ser um acaro generalista, A. largoensis é apontado como um
predador capaz de permanecer no ambiente pelo consumo de outras presas, conseguindo manter-se
em foliolos de coqueiro mesmo sobre baixa densidade populacional de R. indica (Araujo et al. 2021).

No Brasil foram realizados trabalhos comparando areas com e sem presenca de R. indica, e foi
observado uma significativa alteracdo tanto na riqueza, quanto na abundancia das espécies
herbivoras, além de ser observado um aumento da populacao de A. largoensis na area compresenca
de R. indica (Barros et al. 2020). Estes resultados séo indicativos de que a introducéo de
R. indica possivelmente altere as relacGes preexistentes entre os acaros herbivoros e predadores no

ambiente nativo. Raoiella indica pode estabelecer relacbes de competicdo com acaros nativos seja



de forma direta pelo uso do mesmo recurso (competicdo por exploracdo ou interferéncia) ou pela
interacdo com A. largoensis (competi¢do aparente mediada por predador).

Com o objetivo de investigar como R. indica interfere na espécie nativa foi selecionado um
acaro herbivoro comumente encontrado nas Américas, Oligonychus pratensis (Banks) (Acari:
Tetranychidea) (Jeppson et al. 1975, Ferreira et al. 2019, Montpellier 2020), e que tem pelo menos
cinco hospedeiros em comum com R. indica além de compartilharem o mesmo inimigo natural A.
largoensis. Raoiella indica e O. pratensis pertencentes a familias distintas, que Ihes conferem
diferentes caracteristicas. Raoiella indica é um tenuipalpideo, cujo tempo de desenvolvimento é
relativamente lento (14 dias a 30C°) (Gomez-Moya et al. 2017), de comprimento inferior (220-240
pum) (Kane et al. 2012), e que ndo produz teia. Oligonychus pratensis é um tetraniquideo, cujo tempo
de desenvolvimento é de aproximadamente cinco dias (Jeppson et al. 1975), comprimento maior
(498 a 570 um) (L. et al. 2018) e produtor de teia complexa (com estrutura irregular e tridimensional
ou estratificada e densa) (Saito 1983). Devido a estas diferencas, hipotetiza-se que
O. pratensis € um competidor dominante, por ter tempo de desenvolvimento menor (por tanto,
crescimento populacional acelerado), e delimitacdo territorial por teia. Entretanto, ao longo do
tempo, apos a introducdo de R. indica, ficou cada vez mais dificil encontrar O. pratensis em
campo, por tanto, nos perguntamos quais fatores moldam a interacdo entre estas espécies. Assim,
buscou-se estudar a interacdo entre o acaro exoético R. indica, o acaro nativo O. pratensis e 0 acaro

predador A. largoensis, tendo o coqueiro como planta hospedeira.
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ABSTRATC - Every year exotic species are introduced into the environment worldwide; some
species succeed, and others do not manage to establish themselves in the new environment. The
introduction of exotic organisms affects ecological relationships, mainly by acting as potential
competitors with native species. In 2004, an exotic mite from America, Raoiella indica, was detected
and has consequently experienced rapid territorial expansion having a high population density. To
understand the effects of the introduction of R. indica on the native mites, we selected the native mite
web producing mite Oligonychus pratensis and evaluated the competition between exotic (R. indica)
and native mites (O. pratensis). Four experiments were conducted to evaluate the effect of
competition on oviposition rate, intrinsic growth rate, behavioral choice of colonization site, and
distributional behavior on plants. The presence of the heterospecific mites had a negative effect on
both species, reducing the oviposition rate. R. indica preferred sites previously colonized by O.
pratensis, but O. pratensis did no prefer sites with or without R. indica colonization. R. indica
exhibited a higher growth rate with some interactions with O. pratensis. The species altered its
distribution pattern on plants when in the presence of the heterospecific mite. In our study, R. indica
appeared to benefit from previous colonization by O. pratensis, which could contribute to its

territorial expansion.

KEY-WORDS: Invader, alien, competition, interspecific, displacement.
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A EXPANSAO DO ACARO INVASIVO Raoiella indica PODE SER MELHORADA PELA

COEXISTENCIA COM Oligonychus pratensis

RESUMO - Todos 0s anos espécies exoticas sdo introduzidas no meio ambiente em todo o mundo;
algumas espécies sdo bem-sucedidas e outras ndo conseguem se estabelecer no novo ambiente. A
introducdo de organismos exaticos afeta as relacdes ecoldgicas, principalmente por atuarem como
potenciais competidores com espécies nativas. Em 2004 foi detectado um &caro exotico na América,
Raoiella indica, apresentou uma a rapida expansao territorial e com alta densidade populacional.
Para entender os efeitos da introducdo de R. indica sobre 0s &caros nativos, selecionamos o acaro
produtor de teias de &caros nativos Oligonychus pratensis e avaliamos a competicdo entre acaros
exoticos (R. indica) e nativos (O. pratensis). Quatro experimentos foram conduzidos para avaliar 0
efeito da competicéo na taxa de oviposicdo, taxa intrinseca de crescimento, escolha comportamental
do local de colonizacdo e comportamento de distribuicdo nas plantas. A presenca dos acaros
heteroespecificos teve efeito negativo em ambasas espécies, reduzindo a taxa de oviposicdo.
Raoiella indica preferiu locais previamente colonizados por O. pratensis, mas O. pratensis nao
apresentou preferencia por locais com ou sem colonizacdo de R. indica. Raoiella indica apresentou
maior taxa de crescimento com algumas interagdes com O. pratensis. A espécie alterou seu padrao
de distribuicdo nas plantas quando na presenca do &caro heteroespecifico. Em nosso estudo, R.
indica pareceu se beneficiar da colonizacéo anterior por O. pratensis, 0 que poderia contribuir para

sua expansao territorial.

PALAVRAS-CHAVE: Invasor, alienigena, competicéo, interespecifico, deslocamento.
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Introduction

The introduction of exotic organisms into the environment is a naturally occurring event that
could happen by air or sea currents, or even through association with vectors (Bush, 1991; Mack,
2004). However, the frequency of introduction has been strongly intensified by anthropic action
(Cohen & Carlton, 1998; Mack & Lonsdale 2001; Gaston et al., 2003; Lockwood et al., 2007a).

In the invasion process, the exotic organisms pass through several barriers until they can
establish themselves in new places and usually have outbreaks populations. These barriers could be
anthropic, sanitary inspection (FAO 2017; Ramirez et al., 2020), or ecological barriers (Williamson,
1996; Lockwood et al., 2007b). Ecological barriers cover several factors, such as climatic
adaptation to new environments, adaptation, detection of new host/food, finding mates, and/or
attaining dispersal capacity (Elton, 1958; Crawley, 1986; Sakai et al., 2001; Lockwood et al.,
2007b). After the establishment of the exotic organisms, population outbreaks are expected because
of the ample food supply, the possible absence of plant defenses (bottom-up regulation) against
herbivorous organisms (Gandhi & Herms, 2010), the initial absence of natural enemy specialists
(top-down regulation) (Connell, 1970; Lawton & Brown, 1986; Hanks & Denno 1993 Liebhold et
al., 1995; Davis, 2003), fewer competitors, and/or a low population density of native species
(Holmes & Wilson 1998).

The impacts of exotic organisms can be evidenced in the short and long time on native
populations (Mooney & Cleland, 2001; Gandhi & Herms, 2010). The displacement of native species
by resource competition (Johnson et al., 2018) and the extinction of native species by increasing
the number of predators (Noonburg & Byers, 2005) are examples of effects caused by invasive
species. The interactions between native and exotic species do not always result in the advancement

of the exotic species (Simberloff et al., 2002; Green et al., 2004; Paini et al., 2008;
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Ward-Fear et al., 2009; Radville et al., 2014) or have harmful effects on the ecosystem (Ewel &
Putz 2004; Hoddle, 2004; Schlaepfer et al., 2011).

The study and monitoring of exotic species are essential to clearly explain how these species
interact with native organisms. To evaluate the effects of the introduction of an exotic mite on a
native species, we used the exotic species Raoiella indica Hirst (Acari: Tenuipalpidae) as a model
invasive species and Oligonychus pratensis (Banks) (Acari: Tetranychidae) as a native species of
America (Jeppson et al., 1975).

Raoiella indica is a native species of the eastern hemisphere (Hirst 1924; Dowling et al.,
2008; Dowling et al., 2012), which was detected in the west in 2004 (Flechtmann & Etienne, 2004;
Véasquez et al., 2008; Nappo 2009; Welbourn, 2009). After the first report in the Martinique
archipelago, R. indica already occurred in 21 other American countries (Cabi 2020). In these areas,
R. indica has attracted the attention of researchers because of its rapid expansion and the increase
in the number of its hosts; however, the coconut tree remains the primary host of R. indica (Carrillo
et al., 2011; Navia et al., 2015; Otero-Colina et al., 2016; Gémez-Moya et al., 2017; Souza et al.,
2020). High populations density of R. indica have been reported on coconut plants in countries
recently invaded by this species, a typical characteristic of the invasion of exotic species (Davis,
2003). Oligonychus pratensis is a typical web-producing mite, the web is used to protect against
predation, environmental factors and is a special colony delimiterand (Helle & Sabelis, 1985).
Besides this, O. pratensis has at least five hosts in common with R. indica, among which is the
coconut tree (Cocos nucifera L.) (Jeppson et al., 1975; Ferreira et al., 2019; Cabi, 2020;
Montepellier, 2020).

In a recent study in Brazil, Barros et al., (2020) compared two coconut tree areas, one
already infested by R. indica and another without infestation. These authors showed that the

presence of R. indica could alter both the diversity and abundance of the mite fauna on the
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coconut trees. In the area without infestation of R. indica the species O. pratensis corresponded to
35% of the individuals collected, in the area infested with R. indica, O. pratensis corresponded to
2.10 % and R. indica 97.81 % of the species collected respectively. To understand the effects and
competitive potential of R. indica on native species, the interaction between R. indica and O.
pratensis was evaluated through biological and behavioral parameters. Therefore, the following
hypotheses were formulated: (i) the exotic species R. indica competes for space, negatively
affecting O. pratensis; (ii) O. pratensis and R. indica compete for space on the leaflets, avoiding
heterospecific colonization sites; (iii) the feeding of O. pratensis on the leaflets may favor the
establishment of R. indica populations; and (iv) competition for space between R. indica and O.
pratensis leads to the displacement of O. pratensis.
Material and Methods

Plants and mites.

Coconut tree seedlings, approximately 2 years old and cultivated in 30l pots, were purchased
from a local market and kept in a greenhouse. To ensure that the seedlings were healthy, without
infestation by any arthropods, the seedlings were visually inspected daily, and allleaflets from all
seedlings were cleaned with a soap and water solution (1%) on cotton. In the experimentation, only
seedlings with three fully open leaves were used. Raoiella indica and O. pratensis were collected
on the campus of the Federal Rural University of Pernambuco (UFRPE; 8°01'S, 34°56'E) and were
transferred to seedlings with the aid of a brush. Raoiella indica and O. pratensis were reared
separately in the greenhouse, where each seedling (R. indica or O. pratensis) was inside a cage (1.5
m x 1 m x 1 m) covered by voil. A fragment of the leaflet containing a small colony from each
rearing was collected and taken to the Acarology Laboratory.Females were removed from the
colony in the quiescent female deutonymphs stage with their respective males (pre-copulatory

guarding behavior exists in males of both species (Cone, 1985;
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Kane et al., 2012)). The couples were left in confinement, and after the emergence of the adult
female, they were left for 48 h to ensure fertilization.

Competition Experiments:

Four bioassays were performed, wherein mite species (R. indica and O. pratensis) were subjected
to two biological assessments and two behavioral assessments. All tests were conducted in the
greenhouse while monitoring temperature and relative humidity (RH) with a Data Logger Graph
©(30+2.4°Cand71.9+5.87% RH).

Direct effects of interspecific competition for the resource:

Experimental unit: The experimental unit consisted of an area of 10 cm? delimited on a leaflet 3 cm
from the proximal part of the rachis (Figure 1a). The delimitation of the experimental unit was
conducted using a mixture of entomological glue (ISCA PEGA®, ISCA Pest Management Tools and
Solutions, Rio Grande do Sul, Brazil) and azadiractin (Azamax®, 12 g a.i./L, emulsifiable
concentrate, DAV Agro, ltuverava, SP, Brazil) (2:1) to prevent mites from escaping from the
experimental unit. Azadiractin was added to repel the mites and prevent them from adhering to the
entomological glue. A brush was used to apply this mixture. The choice of area and number of mites
to be released were established through pre-tests.

Treatments: Three treatments were used: (1) R. indica, where R. indica females were transferred to
the experimental unit and remained alone; (2) O. pratensis, where females of O. pratensis were
transferred to the experimental unit and remained alone; and (3) Interaction, where females of R.
indica and O. pratensis were deposited in the same experimental unit simultaneously.

Bioassay: For each treatment, 10 leaflets from the median region of a fully open leaf of two coconut
seedlings were selected. Each leaflet received only one repetition, and these repetitions were
mounted on the same day (to avoid the plant's response to herbivory). After delimiting the

experimental unit, females were transferred to the respective experimental units with a brush. The
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R. indica treatment received five females to colonize the experimental unit alone. The same was
completed for the O. pratensis treatment. The interaction treatment consisted of simultaneously
depositing five females of each species (R. indica and O. pratensis) in the experimental unit. The
experimental units were evaluated daily by quantifying the number of eggs deposited, and the
evaluations continued for 6 d. Each experimental unit represented one repetition, with 20 repetitions
per treatment. At the end of the experiment, a photographic record of the experimental unit was taken
to compare the injury promoted by each species (complementary material).

Effects of heterospecific mite colonization clues on coconut tree leaflets:

Experimental unit: The experimental units consisted of two circular areas with a diameter of 3 mm
connected by a passage (Figure 1b). The units were delimited with double-sided tape (3M Scotch®).
Circular areas were made with the aid of a perforator, and the passage was cut with a scalpel, allowing
a connection between the areas. One side of the tape face was fixed on the leaflet,and on the other
side of the tape, micro-perforated plastic was fixed, allowing gas exchange and preventing
condensation of water vapor in the experimental unit (Figure 1b).

Treatments: The following treatments were used: (1) preference of R. indica, where one of the
circular areas of the experimental unit contained colonization clues of O. pratensis with the
permanence of the web; (2) preference of R. indica, where one of the circular areas of the
experimental unit contained colonization clues of O. pratensis with the removal of the web; and (3)
preference of O. pratensis, where one of the circular areas of the experimental unit contained
colonization clues of R. indica.

Bioassay: For each treatment, 10 leaflets from the median region of a fully open leaf of two coconut
seedlings were selected. Each leaflet received only one repetition, and these repetitions were
mounted on the same day (to avoid the plant's response to herbivory). For the production of

colonization clues (chemical and physical clues), five females of one species were transferred to
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one of the circular areas of the experimental unit and left to colonize the leaflets for 3 d. After 3 d,
the females were removed, and the passage was opened, allowing the connection of the two circular
areas of the unit (area with and without clues) of the experimental unit. After the production of the
clues and formation of the passage connecting the areas, a heterospecific female was transferred to
the passage of the experimental unit (Figure 1b) and left for 24 h to choose between the colonization
side with or without the clues. After 24 h, the side of the experimentalunit that the female settled
was considered a colonization site (therefore, the female choice). Each female constituted one
replicate, totaling 20 repetitions per treatment. To guarantee the impartialityof the experimental unit,
a validation test of the experimental unit was conducted with both species (R. indica and O. pratensis)
in areas with no heterospecific clues.

Effect of indirect competition on the instantaneous growth rate (ri) of R. indica:

Experimental unit: The experimental unit was similar to that used in the bioassay " Direct effects of
interspecific competition by for the resource.” The experimental unit was composed of a 10 cm?
area delimitation 3 cm from the proximal part of the rachis (Figure 1c).

Treatments: The following treatments were performed: (1) R. indica, where R. indica females were
transferred separately in the experimental unit; (2) Simultaneous colonization, where the twospecies
(R. indica and O. pratensis; Ri + Op) were transferred simultaneously to the leaflet; and

(3) Colonization of R. indica after previous colonization by O. pratensis (Ri-A-Op) (Figure 1c).
Bioassay: After the delimitation of the experimental unit, in the R. indica treatment, five females of
R. indica were transferred and maintained for 21 d in the experimental unit. In the Simultaneous
treatment (Ri + Op), two experimental units next to each other (separated by a mixture of
entomological glue and azadiractin) were demarcated, and five females of R. indica were transferred
to one area and five females of O. pratensis to another area of the experimental unit and confined

for 21 d (Figure 1c). For the Colonization treatment, R. indica colonization
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occurred after that of O. pratensis (Ri-A-Op); 10 females of O. pratensis were transferred and
allowed to colonize the experimental unit for 3 d. After which, all females of O. pratensis, eggs,
and webs produced were removed (constituting a previous colonization of the leaflet), then five
females of R. indica were transferred to the experimental unit and confined for 21 d. Each
experimental unit was considered a repetition. The assessment was conducted by counting the
number of individuals (all active life stages) of R. indica at 7, 14, and 21 d after confinement. The
instantaneous growth rate (ri) was calculated according to the formula proposed by Hall (1964), ri
= In (Nf/Ni) / At, where Nf is the final number of mites, Ni is the initial number of mites, and At is
the time from the confinement of the mites to the evaluation:

Effects of the presence of heterospecifics on colonization behavior on the leaflet:

Experimental unit: Two contiguous leaflets were isolated with entomological glue and azadiractin
(2:1) in the rachis region to allow free movement of the mites on the two leaflets. Each leaflet was
subdivided into three regions (basal, median, and apical, for evaluation purposes), each region
consisted of one-third of the total length of the leaflet (Figure 1d).

Treatments: Three treatments were performed, namely: (1) R. indica, where R. indica females were
transferred separately to the experimental unit; (2) O. pratensis, where the females of O. pratensis
were transferred separately to the experimental unit; (3) interaction, where both mites (R. indica
and O. pratensis) were transferred simultaneously to the experimental unit.

Bioassay: After selecting the leaflets and isolating the experimental units, the mites were transferred
with a brush to the basal region of the right leaflet. For the treatments with R. indica and O.
pratensis, five females of each species (R. indica or O. pratensis) were transferred to the
experimental unit and kept isolated. In the Interaction treatment, five females of each species (R.

indica and O. pratensis) were transferred to the experimental unit. Evaluations were conducted
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every 5 d for 15 d and consisted of observing the presence or absence of mites of each species in
each region (basal, median, and apical regions).

Statistical analysis:

The daily oviposition data of the direct effects of interspecific competition by resource were analyzed
using the generalized linear model mixed (glmm) poisson distribution, link: log. The data from the
test of the effects of heterospecific mite clues on the colonization of coconut palm leaflets were
analyzed using the generalized linear models (glm) binomial distribution, link: logit. The test data
for the effect of indirect competition on the instantaneous growth rate in R. indica were collected,
and the instantaneous growth rate (ri) was calculated. The formula ri = In (Nf/Ni) / At was applied
and subsequently were analyzed using the generalized linear models (glm) using the gaussian
distribution, link: identity, and the levels were separated with contrast analyzed. The data from the
effect of heterospecific tests on the distribution behavior on the leaflet were analyzedusing the
generalized linear models (glm) using the quasibinomial distribution, link: logit. Wasused the
distribution data from the last evaluation performed. For all analyses the significance ofthe
variables were obtained as follows: first, we compared models complex with the simplest obtained
by combining variable levels; if the simplification did not cause significant changes, we accept the
simplest models, maintaining the principle of thrift (Crawley, 2012). All analyses were performed
using the R DEVELOPMENT CORE TEAM. R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing, 2020.

Results

Direct effects of interspecific competition for the resource:

The oviposition of both species was significantly affected by the presence of the heterospecific mite.
Oligonychus pratensis, when in the presence of R. indica, had a 23% reduction in oviposition (*2,3s)
= 6.9; P < 0.008). Raoiella indica, when in the presence of O. pratensis, reduced its
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oviposition rate by 55% (y22;38) = 61.991; P < 0.052) (Figure 2). At the end of the experiment, the
difference in food resource use was evident. Oligonychus pratensis presented web and chlorosis
production at the feeding site (Figure 5at, Complementary material). Raoiella indica did not present
visually detectable injury to the leaflet (Figure 5a2, Complementary material)

Effects of heterospecific mite colonization clues on coconut tree leaflets:

In the area of validation tests for both species, there was no preference for any area of the
experimental unit, indicating impartiality for the experimental unit in the behavior of the mites (y%2,3s)
= 55.051; P = 0.52) (Figure 3a). The preference behavior of O. pratensis was not affected by the
presence of the R. indica clues (y?2,38) = 1; P = 0.52). Raoiella indica showed a preference for the
side previously colonized by O. pratensis, regardless of the presence of a web produced by O.
pratensis: without web (%238 = 40.032; P =0.0001) and with web (y? (2,38) = 9; P = 0.055) (Figure
3h).

Effect of indirect competition on the instantaneous growth rate (ri) in R. indica:

The instantaneous growth rate (ri) of R. indica was affected by the presence of O. pratensis, whether
it was simultaneous or previous occupancy (F@14s) = 4.0601; P < 0.0192) and in the days of
evaluation (F,148) = 776.6950; P < 0.0001)(Table 1). The indirect interaction between R. indica and
O. pratensis was positive for the ri of R. indica, whereas at 7 d of evaluation, there was growthin the
Simultaneous treatment (Ri + Op) (0.1345103 £ 0.0323), which remained zero for the other
treatments (C and Ri-A-Op) (F(,48) = 42.817; P < 0.0001). At 14 d after confinement, R. indica had
a lower ri in the treatment wherein the leaflet was colonized in isolation (0.4790 + 0.01065)
compared to the simultaneous colonization treatments (0.5671 + 0.0072) and after previous
colonization by O. pratensis (0.5753 + 0.0065; F(,4s = 83.423; P < 0.0001). The effect of the
interaction was also observed at 21 d after confinement. In the control treatment and the which

previous colonization by O. pratensis (Ri-A-Op) were a higher ri value occurred (0.5410 +
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0.01200 and 0.5351 + 0.01627 respectivily) compared to that the simultaneous colonization (Ri +
Op) (0.4431 + 0.0087; F(248) = 16.1441; P < 0.0001).
Effects of the presence of the heterospecific mite on the colonization behavior on the leaflet:
When released in isolation in the coconut leaflet, females of R. indica showed a tendency of
colonized the median region of the leaflet (50.8% and 25.83% of probability of finding the species
in the basal, median, and apical regions, respectively 2 257) = 9.617; df: 57; P = 0.002) (Figure 4).
Oligonychus pratensis when colonizing the leaflet alone, it did not exhibit a distribution that differed
from random was regularly distributed in the leflet (22.5%, 22.5% and 52.5% of probability of
finding the species in the basal, median, and apical regions, respectively; Fp57) = 4.7843; df: 57; P =
0.012). In the interaction treatment the distribution of both species when compared to the control
treatment with the interaction maintained the colonization trend (Fes7) = 573.7; df: 57; P = 1),
changing the intensity that colonized the foliole regions. In which the mites were confined
simultaneously in the experimental units, O. pratensis was affected by the heterospecific presence
change the distribution in the leaft showing 64.1%, 19,1% and 16.6% of probability of finding the
species in the basal, median, and apical regions, respectively (Fe 57 = 13.074; df: 57; P =0.0004).
Raoiella indica exhibited a change in distribution from that of the colonization pattern, with 31.6%,
54.16% and 14.1% of probality of the individuos stay distributed in the basal, median, and apical
regions, respectively (y?¢57) = 10.415; df: 57; P=0.0001).
Discussion

In this paper, we report that when R. indica and O. pratensis share the same space, with the
condition of spatial limitation, (1) both mites showed an decrease in oviposition rate. (2) Although
both species exerted deleterious effects, neither R. indica nor O. pratensis exhibited an avoidance
behavior toward the heterospecific species, and (3) R. indica showed a preference for colonizing

the site with clues from O. pratensis regardless of the presence of a web. (4) Raoiella indica had a
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better intrinsic growth rate at 7, 14, and 21 d after confinement when colonizing a leaflet with
interaction with O. pratensis when compared with the control treatment. When space was not limited
(5), the distribution behavior of both species when they interacted with the presence of the
heterospecific, the distribution of mites was affected. The mites showed a higher concentration of
species in the basal region of the leaflet.

Oviposition rates of both species were negatively and asymmetrically affected (reduction of
approximately 55% for R. indica and 23% for O. pratensis) because of the heterospecific mite
presence (Figure 2). A competitive interaction is evidenced when the fitness of the organisms is
affected (Begon et al., 2006); thus, the reduction of oviposition in both species (R. indica and O.
pratensis) was expected, and it is a clear sign of competition. The reduction in the oviposition rate
for the species may have been caused by direct (a physical impediment to feeding and behavior)
and/or indirect (interference with nutritional quality) effects. A physical impediment may berelated,
in part, to the production of a web by O. pratensis. Oligonychus pratensis has the characteristic habit
of weaving a web that works as a shelter for the colony against predation and adverse climatic
conditions (Helle & Sabelis, 1985). Sarmento et al., (2011) documented anincrease in web
production by Tetranychus urticae Koch (Acari: Tetranychidae) when Tetranychusevansi Baker &
Pritchard (Acari: Tetranychidae) was feeding nearby, and the increase in web production served as
a barrier, making it difficult to enter the heterospecific area. Thus, the web produced by O. pratensis
could make it difficult for R. indica to access the resources available under the web. The same is
observed when there is co-occurrence of Tuta absoluta (Meyrick) with Bemisia tabaci Gennadius,
the T. absoluta feeds on the leaf reducing the resource and extinguishing B. tabaci, that is, they
compete for resource and there is a physical impediment for the other species to feed (Bompard et
al. 2013). Additionally, after approximately 2 d of experimentation, the number of active

individuals (those who could eat) of O. pratensis was
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greater (because of the greater speed of development (Congdon & Logan, 1983)) than that of R.
indica (Gonzélez-Reyes & Ramos, 2010; Gémez-Moya et al., 2017; Fidelis et al., 2019). Therefore,
in addition to the greater relative area occupied (delimitation by the web), O. pratensis also exerted
greater pressure (number of individuals) in the colonized area, which could contribute to the
prevalence of the species. The difference in the use of the resource (leaflet) may explain the negative
effects on the oviposition rate of both species. Oligonychus pratensis promoted chlorosis of the
leaflet (Figure 5a Complementary material), whereas where R. indica was released, there was no
apparent injury when feeding (Figure 5a2 Complementary material). Because it was possible to
detect different plant responses to the herbivory of each species, this may represent indirect
interference in the competition of mites. Thus, both the difference in development time andthe use
of the resource associated with the spatial delimitation behavior of O. pratensis may affect
R. indica, presenting a greater reduction in the oviposition rate in relation to that of O. pratensis.
Contrary to our hypothesis, the mites did not avoid each other, which was theoretically expected
as a way of reducing competition. Even with the reduction in the oviposition rate of both species in
the presence of the heterospecific, no species avoided a location with a heterospecific colonization
clue (Figure 3). Oligonychus pratensis did not avoid a site colonized by R. indica, whereas R. indica
showed an intriguing behavior in their preference for sites with previous colonization of O. pratensis.
The preference of R. indica was observed in both treatments, with andwithout the web produced by
O. pratensis, being observed 65 and 80% (treatment with web and without web, respectively) of the
mites in the place that contained O. pratensis clues. The lower percentage of individuals in the
treatment with the web may be related to the physical impediment exerted by the web. In the field,
without experimental intervention, it was observed that when therewas the co-occurrence of species
on a leaflet, a spatial division of the colonies bounded by the web (Figure 5b® Complementary

material).
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To investigate the reasons for the preference of R. indica for the site previously colonized by O.
pratensis, we performed an instantaneous rate of growth (ri) test for R. indica. It was observed that
in treatments in which there was some interaction with O. pratensis (Ri + Op or Ri-A-Op), R. indica
exhibited a gain in fitness with an increase in the rate of ri as compared to the treatment of the isolated
colony (Table 1). At 21 days of confinement, there was a reduction in the rate of ri in the treatments
of interactions (Ri + Op and Ri-A-Op) probably related to the carrying capacity of the leaflet.
Nevertheless, even under the competitive indirect interaction effect, the previous colonization
treatment (Ri-A-Op) showed similar ri value to the control treatment. It has been reported that some
species of Tetranychidae suppress plant defenses when feeding, and the species subsequently
colonizing an area may benefit from the suppression of the host's defenses (Sarmento et al., 2011;
Blaazer et al., 2018). This has already been documented as the case in the relationship between T.
urticae and T. evansi, where T. evansi benefits from the suppression of plant defense promoted by
the herbivory of T. urticae on tomatoes, resulting in significant oviposition gains (Orsucci et al.,
2017; Schimmel et al., 2017). Additionally, Barros et al., (2019) conducted a survey of mite species
in two areas of coconut trees with and without R. indica infestation. In the study, the authors
concluded that in the area with R. indica infestation, a reduction in diversity and an increase in the
abundance of some species were observed. However, in the area with R. indica infestation, 95% of
the individuals collected were R. indica. Therefore, R. indica may benefit from the previous
colonization of herbivores already present in the coconut trees, as appears to be the case in the
present work. Although we did not study the suppression of defenses of the coconuttree, both the
preference behavior of R. indica for the location with a colonization trail and the best rate of ri in the
area previously colonized by O. pratensis appear to be evidence of the suppression of defenses,

although this requires further investigation.
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We performed a test to simulate the colonization pattern for 15 d for each species and to
determine how each species reacted in the presence of the heterospecific species (Figure 4). In the
absence of the heterospecific, R. indica showed a significative probability of colonized the median
region of the leaflet, O. pratensis showed a equitably colonization in the three experimentally
delimited regions. When the species were subjected to interaction with the heterospecific, R. indica
didn’t change your distribution on the leaft, and O. pratensis showed changes in their distribution
pattern. Of the evaluated regions, the basal region increased from 40% to 90% in the concentration
of O. pratensis. The existence of two mite colonies on the same leaflet may exert greater pressure
for the use of food; therefore, the aggregation of mites in the basal region may indicate that this is a
region of greater nutritional support because of the proximity of the rachis, which may allow the
maintenance of the two mite species in the same area. The concentration of O. pratensis in the
basal region doubled in the presence of R. indica. If O. pratensis had no preference regarding the
colonization site for R. indica, this possibly indicated a physical delimitation of competition for space
and a better food resource. The aggregation of species in the same region could be facilitated by the
difference in the cellular region in which these mites feed. It has been reported that R. indicafeeds
on the stomata's guard cells (Rodrigues et al., 2007; Roda et al., 2008; Ochoa et al., 2011; Beard et
al., 2012), whereas the Tetranychidae feed on epidermal cells (Helle & Sabelis, 1985). Consequently,
although both colonized the leaflets, considering the microenvironment that mites feed on, these
species could enjoy distinct cellular regions, and this may represent a form of niche partitioning that
could reduce competition for food, leaving only competition for space. Thepremise used to verify
that the organisms were under competition is provided by the interference ofone species in the other
generated by sharing a resource, which leads to a reduction in the fitness ofthose involved (Begon et
al., 2006). Of note is that the same effect that indicated competition promoted the coexistence of the

species. Chesson (2000) discussed the stabilizing and regulating
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factors for maintaining species diversity. One of the methods to maintain the coexistence of species
is by reducing the fitness of individuals such that there is no depletion of the resource or through the
presence of natural enemies, climate change, and niche partition (it can be temporal byindividuals
use the resource at different times and/or spatial when individuals specialize in different regions or
by-products).

The study of the effects of the introduction of exotic organisms is difficult to measure; here, we
discuss possible short-term evidence promoted by the interaction of R. indica with the native mite
O. pratensis during the colonization of coconut trees in the context of environmental homogeneity
(abiotic factors) and the absence of other regulatory factors (predation and dispersion). In this study,
we verified the competitive interaction between the studied species, expressed in deleterious effects
regarding reducing the oviposition rate in the presence of the heterospecific mite with resource
limitation exerting a 55% reduction in oviposition on the exotic species, R. indica and O. pratensis
being less affected with reduction of 23%. However, despite oviposition effects, when species
interact without resource limitation, they do not avoid each other, and R. indica exhibited a
preference for areas of O. pratensis use and an increased growth rate (ri) when interacting with O.
pratensis. Raoiella indica had a slow development and was affected by the delimitation of space by
O. pratensis (therefore, R. indica could be classified as a weak competitor).

The environment that species share is a complex of tritrophic interactions. Our results indicated
that R. indica benefits from simultaneous colonization with O. pratensis when there was no spatial
limitation (a true condition), in addition to feeding on the stoma guard cells, which could contribute
to its ability to exist on the leaflet even under competitive pressure from another herbivore, these
characteristics can contribute to its permanence and expansion in the field. In the field, high
populations of R. indica and a reduction in the abundance of other herbivorous species have been

observed (Barros et al 2019), therefore it is probable that other organisms are also involved in this
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interaction contributing to the expansion of R. indica. Some studies have shown that when there is
a high population density of R. indica, there is a high population of the generalist mite Amblyseius
largoensis (Muma) (Acari: Phytoseiidae) (McMurtry et al., 2013) associated with this species (Pefia
et al., 2009; Barros et al., 2020), and the influence of this species on native fauna is unknown.
Therefore, it is necessary to continue monitoring R. indica and evaluate its effects on other native

species incorporating the interaction relationships.
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Table and Figures:

Table 1 - Instantaneous growth rate in Raoiella indica

Instantaneous growth rate (ri)

Treatment Rep N; Ri7 ril4 ri2l
Rindicat 17 5 o 0.4790+0.0106" 0.5451+0.01200?
Ri+0p? 15 5 0.1345+0.0323? 0.5671+0.0072% 0.4431+0.0087"
Ri-A-Op? 19 5 0P 0.5753+0.006572 0.5351+0.016272

Rep: number of repetitions; Ni: initial number of individuals; ri7: instantaneous growth rate at 7 d
after confinement ril4: instantaneous growth rate at 14 d after confinement; ri21: instantaneous
growth rate at 21 d after confinement. Treatment with R. indica alone. 2Treatment with
simultaneous colonization of R. indica and O. pratensis. 3Treatment with the colonization of R.
indica after previous colonization by O. pratensis. Averages followed by the same letter did not

differ statistically. (ri = In (Nf/Ni) / At).
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Figure 1. Schematic drawing of the experimental unit developed for the experiments. a:
Experimental unit test "Direct effects of interspecific competition for the resource.” b: Experimental
unit test "Effects of heterospecific mite colonization clues on coconut tree leaflets,” c¢: Experimental
unit test "Effect of indirect competition on the instantaneous growth rate (ri) of R.indica," d:
Experimental unit test "Effects of the presence of the heterospecific mites on colonization behavior

on the leaflet."
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Figure 2. Effects of the presence of the heterospecific mite on oviposition. The lines refer to daily
oviposition, the bars are the average of eggs/female/day. a: Results of O. pratensis oviposition.
Black bar refers to the control treatment, gray bar to the interaction treatment (the two species
together); b: Result of R. indica oviposition. White bar is the control treatment. Gray bar is the

interaction treatment.
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Preference of each species for the heterospecific clues, black bar without clues, white bar with

heterospecific clues.
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of foliole colonization, basal (black bar), median (light gray bar) and apical (dark gray bar). The

means followed by * were significantly different.
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Figure 5. Complementary: Illustrative images — Complementary material. A: Image at the end of
the six days of trial. At Control treatment of O. pratensis. A2 Treatment Control of R. indica. A3,*
Treatment with the interaction of the species R. indica and O. pratensis. B: Illustration of the
distribution of mites studied without human intervention, B* Colony of R. indica colonizingleaflet
alone. B2 Colony of O. pratensis colonizing leaflet alone. B3 Foliole with simultaneous colonization
of R. indica and O. pratensis. C mites: Illustration of the experimental unit of the preference test.
C! Formation of the colonization trail. C2 Removal of mites and opening of the arena. C3 Deposition

of micro-perforated plastic.
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CAPITULO 3
ASSOCIACAO ENTRE A ESPECIE EXOTICA Raoiella indica E O PREDADOR Amblyseius

largoensis PODE CAUSAR DESLOCAMENTO DA ESPECIE NATIVA Oligonychus pratensis?
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‘Calvet, E.C., Melo, D.B., Melo, J.W.S, Gondim, M.G.C. Jr.: A associagio entre espécie exotica
Raoiella indica e o predador Amblyseius largoensis pode causar deslocamento da espécie nativa

Oligonychus pratensis. A ser submetido na Ecology Letter.
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RESUMO - Estudos demonstram que ap0s a introducdo do herbivoro Raoiella indica (exdtico)
nas Américas ocorreu um aumento populacional do predador Amblyseius largoensis. No presente
estudo foi investigada como o predador A. largoensis pode modular a interagdo competitiva entre
a presa exotica (R. indica) e nativa Oligonychus pratensis que compartilham o mesmo hospedeiro
(Cocos nucifera). Duas populagdes de A. largoensis foram estabelecidas, uma criada com a presa
exotica e outra com a presa nativa. Para cada populacdo de A. largoensis foram avaliados: tempo
de desenvolvimento dos imaturos, a oviposicéo, e a eficiéncia de conversdo alimentar (ECA) das
fémeas. Além disso, foram conduzidos testes de preferéncia, e avaliado o tempo para o primeiro
ataque e escolha do local de oviposicdo. A espécie de presa ofertada ndo afetou o tempo de
desenvolvimento dos imaturos nem a oviposicdo das fémeas. Amblyseius largoensis apresentou
ECA superior (11,4) quando alimentado com presa exo6tica comparando com a nativa (3,9). A
populacdo de A. largoensis criado com presa exdtica apresentou preferéncia por ovos da presa
nativa e menor tempo para o primeiro ataque. A populagdo de A. largoensis criada com presa nativa
apresentou preferéncia por ovos da mesma presa e maior tempo para primeiro ataque. Portanto, a
presenca de R. indica como fonte de alimento para A. largoensis pode afetar espécies nativas ndo
sO pelo aumento populacional do predador, mas também, pela preferéncia em se alimentar da presa

nativa, sendo um efetivo risco de deslocamento de O. pratensis.

Palavras-chave: Invasora, Phytoseiidae, espécie alien, predacao, competicdo aparente.
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ASSOCIATION BETWEEN THE EXOTIC SPECIES Raoiella indica AND THE PREDATOR
Amblyseius largoensis MAY CAUSE DISPLACEMENT OF THE NATIVE SPECIES

Oligonychus pratensis

ABSTRACT - After the introduction of the herbivore Raoiella indica (exotic) in the Americas,
there was an increase in the population of the predator Amblyseius largoensis. In this study, was
investigated how the predator A. largoensis can modulate the competitive interaction between the
exotic prey (R. indica) and the native herbivore Oligonychus pratensis that share the same host
(Cocos nucifera) was investigated. Two populations of A. largoensis were established, one reared
with the exotic prey and the other with the native prey. For each A. largoensis populations was
evaluated: development time of immature, the oviposition and feed conversion efficiency (FCE)
of females. In addition, preference tests were conducted, and the time to first attack and choice of
oviposition site were evaluated. The specied of prey offered did not affect the development time of
the immature or the rate of oviposition of the females. Amblyseius largoensis presented a superior
FCE (11.4) with exotic when compared native prey (3.9). The population of A. largoensis reared
with exotic prey showed a preference for eggs from native prey and a shorter time to first attack.
The population of A. largoensis reared with native prey showed a preference for eggs from the
native prey and longer time to first attack. Therefore, the presence of R. indica as a food source for
A. largoensis can affect native species not only because of the predator's population increase, but
also because of the preference to feed on native prey, which is an effective risk of O. pratensis

displacement.

KEY WORDS: Invasive, Phytoseiidae, alien species, predation, apparent competition
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Introducgéo

A maior parte das introducdes de espécies exoticas no ambiente é reconhecidamente deletéria,
acarretando ndo so prejuizos para a economia, mas também alteracdes ecoldgicas nos ecossistemas
(Mack et al. 2000, Asner & Vitousek 2005, Desneux et al. 2010, Ehrenfeld 2011, Ragsdale et al.
2011, Simberloff 2011). O organismo exdtico ao chegar a um novo ambiente precisara superar as
barreiras antropicas (fiscalizacdo fitossanitaria) e ecoldgicas, adaptando-se as diferentes condicbes
bidticas e abidticas para conseguir se estabelecer (Lonsdale 1999). Uma importante barreira
ecologica do ambiente é a “resisténcia bidtica”, que compreende a interagdao entre 0 organismo
exotico e os nativos (Simberloff 1981, Pimm 1989), envolvendo desde a competigdo por exploragao
(Herbold & Moyle 1986, Baltz & Moyle 1993), a resisténcia que o recurso alimentar pode
apresentar (defesas diretas intrinsecas aos organismos) (Strauss et al. 2006, Godinho et al. 2016) e
principalmente a agdo de inimigos naturais (Robinson & Wellborn 1988, Baltz & Moyle 1993,
Reusch 1998, Byers 2002, De Rivera et al. 2005).

Os organismos exoticos também interagem com espécies nativas, através da competicdo
aparente que é uma forma de interacdo indireta, na qual os organismos compartilham um mesmo
inimigo natural (Holt 1977, Holt & Lawton 1994). Assim, a presenca de um organismo exotico
pode servir de fonte adicional de alimento para o predador, proporcionando o crescimento
populacional deste inimigo natural, impactando negativamente as popula¢es das demais presas
nativas compartilhadas (Settle & Wilson 1990, Rand & Louda 2004, Noonburg & Byers 2005,
White et al. 2006). Apds a entrada do organismo exotico trés desfechos séo possiveis, sendo eles:
(i) o organismo exotico ndo consegue se estabelecer; (ii) ele pode alcancar equilibrio populacional
com as espécies nativas; ou (iii) causar reducdo das populacoes nativas.

Um caso recente de introducdo de uma espécie nas Américas € Raoiella indica Hirst (Acari:

Tenuipalpidae), um &caro oriundo do hemisfério oriental (Dowling et al. 2012), relatado pela
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primeira vez no ocidente em 2004 no arquipélago de Martinica (Flechtmann & Etienne 2004).
Raoiella indica coloniza diversas monocotiledoneas, principalmente palmeiras, dentre elas o
coqueiro (Cocos nucifera L.) que é seu principal hospedeiro (Carrillo et al. 2011, Navia et al. 2015,
Otero-Colina et al. 2016, Gémez-Moya et al. 2017, Souza et al. 2020). Raoiella indica tem se
destacado pela alta capacidade de dispersdo, estando até o momento presente em 23 paises da
América do Norte, Central e Sul (CABI 2020). No Brasil, o primeiro relato desse &caro foi em 2009
(Navia et al. 2011), e apesar dos esforcos de sua contencédo através de barreiras sanitarias (MAPA
2007, Instituto Bioldgico 2010, Navia et al. 2015), R. indica esté& presente em pelo menos16 Estados
brasileiros (Melo et al. 2018; CABI 2020). Apds mais de dez anos de sua introducdona Ameérica,
pouco se sabe sobre os efeitos desse acaro sobre a fauna nativa.

Diversos pesquisadores tém considerado Amblyseius largoensis (Muma) (Acari:
Phytoseiidae) o principal predador de R. indica, e um promissor agente de controle biol6gico na
América com base na sua associacdo, coocorréncia e predagdo sobre esta presa em coqueiro
(Carrillo et al. 2010, Gondim Jr. et al. 2012, Moraes et al. 2012, Pefia et al. 2012, Domingos et al.
2013, Mendes et al. 2018, Liraetal. 2021). Além disso, alguns pesquisadores relataram aocorréncia
de um aumento populacional deste fitoseiideo em coqueiro apds a introducdo de R. indica na
América, evidenciando a interacdo entre as espécies (Pefia et al. 2009, Gondim Jr. et al. 2012,
Barros et al. 2020). Entretanto, a associacdo entre A. largoensis e R. indica também é acompanhada
de reducéo da presenca de outros &caros. Levantamentos da acarofauna em palmeiras mostram que
R. indica correspondeu a pelo menos 90% dos herbivoros encontrados e verificou-se também que
0 predador mais abundante associado era A. largoensis (Gondim Jr. et al. 2012, Barros et al.
2020). Contudo, um levantamento onde R. indica ndo era a espéciedominante (apenas 1,7%
dos herbivoros correspondendo a R. indica) sobre o mesmo hospedeiro ndo foi observado a

presenca de A. largoensis (Cruz et al. 2015). O presente estudo investigou se
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a interacdo entre A. largoensis e R. indica pode interferir em um acaro nativo. A acarofauna do
coqueiro € muito bem documentada e possui uma alta diversidade de acaros herbivoros (Lawson-
Balagbo et al. 2008). Para estudar o efeito de R. indica em acaro de coqueiro selecionamos
Oligonychus pratensis (Banks), um acaro herbivoro nativo da América, que tem pelo menos cinco
hospedeiros em comum com R. indica (Montpellier 2020), e ¢ comumente encontrado também em
coqueiro (Jeppson et al. 1975, Ferreira et al. 2019).

Para investigar como e se 0 aumento populacional de A. largoensis ap6s a introducéo de R.
indica pode interferir na populacgéo de O. pratensis foram formuladas as seguintes hipdteses, (1) As
presas diferem qualitativamente quando avaliadas sobre o ponto de vista de fitness do predador; (2)
A presa de melhor qualidade é a presa preferida em detrimento de ser nativa ou exdtica. Portanto,
foram realizados testes ofertando-se a presa nativa (O. pratensis) ou exotica (R. indica) para avaliar
0 tempo de desenvolvimento de A. largoensis, o consumo de presas, aeficiéncia de conversdo
alimentar. Além disso, foram realizados testes comportamentais ofertando as duas presas
simultaneamente para avaliar a: voracidade (tempo para o primeiro ataque) de ataque, preferéncia

por presa e pelo local de oviposicao.

Materiais e Métodos
Obtencdo e criacdo dos acaros: Todos os acaros foram obtidos no campus da Universidade Federal
Rural de Pernambuco (UFRPE) (8°01°S, 34°56°0). Raoiella indica e A. largoensis foram coletados
de foliolos de coqueiro, enquanto que O. pratensis, em funcdo da dificuldade de encontrar a espécie
em coqueiro, enquanto foi coletado de Pritchardia pacifica Seemann & H. Wendl (Arecaceae). Os
dois acaros herbivoros (R. indica e O. pratensis) foram criados em mudas de coqueiro em casa de
vegetacdo por quatro meses até serem usados na alimentacdo de A. largoensis. A criagcdo do

predador foi estabelecida em arenas constituidas por bandejas plasticas,
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espuma de polietileno (1 cm de espessura) e policloreto de vinila (PVC preto), todos com
aproximadamente 15 cm de didmetro, sobrepostos na sequéncia em que foram mencionados. A borda
do PVC foi contornada com algod&o hidrofilico umedecido com &gua destilada. Sobre o algod&o foi
colocada uma fina camada de cola entomoldgica (ISCA PEGA®, ISCA Ferramentas e Solugfes para
Manejo de Pragas, Rio Grande do Sul, Brasil) para evitar a fuga dos acaros. Duas criagdes de A.
largoensis foram estabelecidas, uma alimentada com ovos de R. indica e outra com ovos de O.
pratensis. Amblyseius largoensis € classificado na literatura como um predador generalista que se
alimenta de diversos recursos (estilo de vida tipo 111-b) (McMurtry et al. 2013).E natural que A.
largoensis mantenha o habito de dieta mista, se alimentando também de outras fontes de alimento.
Portanto, buscou-se ofertar condi¢fes semelhantes aquelas encontradas em campo, para um predador
generalista, ofertando pélen de mamona (Ricinus communis L.) e solu¢doagucarada (10%) nas duas
criagdes. As criagdes foram mantidas em diferentes incubadoras para evitar contaminagdes, mantidas
sobre 25,5°C, 70% RH e fotoperiodo de 12 h. No interior de cada estufa foi colocado um registrador
de dados (Data Logger Graph®©). As criacdes de A. largoensis foram mantidas por pelo menos trés
meses até o inicio da experimentacéo.

Unidade experimental: A unidade experimental foi semelhante a utilizada na criacéo, contudo com
apenas 9 cm de diametro. A oferta de ovos da presa foi feita a partir da transferéncia de fragmentos
de foliolo infestados com as respectivas presas, que também continham informacGes quimio/fisico
sensorial de suas colonias.

Tratamentos: Dois tratamentos foram realizados: (1) A. largoensis alimentado com ovos de R.
indica; (2) A. largoensis alimentado com ovos de O. pratensis.

1. Desenvolvimento de ovo a adulto de A. largoensis: Fémeas de A. largoensis foram transferidas

das criacOes para as unidades experimentais e deixadas para ovipositar. Apés 24 h, a fémea foi

retirada, deixando-se apenas um ovo. As larvas obtidas foram criadas até a emergéncia do adulto.
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Cada unidade experimental recebeu diariamente 20 ovos (R. indica ou O. pratensis), além de pdlen
de mamona e solugéo agucarada (10%). As avaliagdes foram realizadas diariamente, contabilizando
0 tempo desde a deposicdo dos ovos até a emergéncia dos adultos. Cada unidade experimental

constituiu uma repeticdo, sendo realizadas 20 repeticGes para cada tratamento.

2. Consumo, oviposicao e eficiéncia de conversdo alimentar: Deutoninfas de A. largoensis foram

retiradas das criacOes, isoladas nas unidades experimentais e acompanhadas até a emergéncia dos
adultos. Fémeas com até 24 h de emergéncia foram confinadas com machos da criagdo por um
periodo de 48 h para o acasalamento. Em seguida, a fémea foi transferida para outra unidade
experimental. Durante 10 dias foi ofertado diariamente 60 ovos da presa (R. indica ou O. pratensis),
pdlen de mamona e solugdo acgucarada (10%). A avaliacdo foi realizada diariamente, contabilizando-
se 0s ovos consumidos (R. indica ou O. pratensis). Os ovos depositados pelas fémeas de A. largoensis
foram contabilizados e recolhidos para determinacdo de sua viabilidade. Cada fémea constituiu uma
repeticédo, sendo realizados 10 repeti¢des para cada tratamento. Com base no consumo e oviposi¢ao
foi calculada a eficiéncia de converséo alimentar (ECA) para cada

n2ovos produzidosx100

tratamento. A ECA foi calculada utilizando a férmula ECA =

descrita por

n2 ovos consumidos

Waldbauer (1968). Adicionalmente, o tamanho do ovo de cada espécie de presa ofertada (R. indica
e O. pratensis) foi mensurado para comparacdo. Um total de 50 ovos de cada espécie, selecionados
aleatoriamente, foram medidos. As medicbes e o registro fotografico foram realizados em um
microscopio estereoscopio NIKON© AZ100 ao qual estava acoplada uma cadmera de captura de
imagem Jenoptik© ProgRes CT5. Os ovos das espécies sao de formatos distintos (O. pratensis
esférico e R. indica eliptico), portanto, para possibilitar a comparagdo dos ovos entre as espécies foi
utilizado o volume do ovo como métrica comparativa. A comparagdo do tamanho dos ovos foi

realizado através da média da medida de 50 ovos observados, utilizando as formulas para
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estimativa de volumes com formatos eliptico Vri= (1/6)nR?L e esférico Vop=4/3nR* para cada
espécie (R. indica e O. pratensis, respectivamente) e calculado o fator de razdo (R) entre as espécies
R= MédiaVq/MédiaVri, onde: Vri= volume ovo de R. indica, R=raio, L=comprimento, Vop=
Volume ovo O. pratensis.

3. Teste de voracidade, preferéncia alimentar e local de oviposicédo por A. largoensis: FEémeas de

A. largoensis foram retiradas das criacdes e isoladas em unidades experimentais para garantir um
tempo de privacdo alimentar de 2 h. Em seguida, cada unidade experimental recebeu dois fragmentos
de foliolo contendo 60 ovos de R. indica e 60 ovos de O. pratensis. Os fragmentos ofertados foram
de mesmo tamanho afim de ndo haver efeito do tamanho do fragmento na escolha. A voracidade foi
avaliada através da observacado de ataque a presa durante os primeiros 15 min de confinamento, além
de anotado a presa escolhida. A segunda avaliacdo foi realizada ao final de 24 h, contabilizando o
consumo de ovos de cada espécie de presa, e anotando-se 0s locais escolhidos para oviposi¢do. Cada
fémea constituiu uma repeticdo, no total foram realizadas 25 repeti¢fes de cada tratamento.
Analise estatistica: A analise do tempo de desenvolvimento foi realizada pela Analise de Deviancia,
seguindo o modelo de Poisson (link: log). Para analisar o efeito da presa em que A. largoensis foi
criado utilizou-se o modelo linear generalizado (GLM) com uma distribuicdo gaussiana do erro
(link= identity) para as variaveis de consumo, taxa de oviposicao e eficiéncia de conversao alimentar
(ECA), tendo como variavel explicativa a espécie com a qual o predador foi criado (R. indica ou O.
pratensis).

O consumo de ovos, preferéncia por local de oviposicédo e preferéncia de escolha de presa
foram analisados utilizando-se GLM com distribui¢cdo binomial do erro (link= logit), ajustando a
distribuicdo do erro com a distribuicdo quasi-binomial quando necesséario; e considerando como

variaveis explicativas a presa (R. indica ou O. pratensis) em que foram criadas as populagdes do
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predador e as espécies ofertadas como presas, tdo quanto a interacdo destas duas variaveis. A
significancia das variéveis foi obtida da seguinte forma: primeiro, comparamos modelos complexos
com os mais simples obtidos pela combinacdo de niveis das variaveis. Caso a simplificagdo ndo
tenha provocado mudangas significativas, aceitamos os modelos mais simples, mantendo o principio
de parcimonia (Crawley, 2012). Em seguida, todos os modelos ajustados foram submetidos a uma
Anélise de Residuos, para verificar a adequagdo da modelagem e a normalidade da distribuicdo do
erro. Para todas as analises, foi considerado um o= 0,05 para avaliar a significancia estatistica. Todas

as anélises estatisticas foram realizadas no software R (R Development Core Team, 2020).

Resultados

1. Desenvolvimento de ovo a adulto de A. largoensis: O tempo médio de desenvolvimento de ovo a
adulto de A. largoensis nao diferiu em relacdo a presa ofertada, sendo em média de 6,95 + 0,23 e
7,20 + 0,23 dias, quando alimentados com O. pratensis e R. indica, respectivamente (x> = 6.10, df
=39, P = 0.76).

2. Consumo, oviposicdo e eficiéncia de conversdo alimentar: Amblyseius largoensis quando

alimentado com ovos de R. indica consumiu em média 160 ovos/fémea/10 dias, média inferior aquela
obtida quando alimentado com O. pratensis que foi de 392 ovos/fémea/10 dias (3> =919.14 df = 99;
P < 0,001) (Fig. 1A e 1B). A taxa de oviposicdo de A. largoensis ndo diferiu em funcdo da presa
ofertada, sendo em média de 13,6 £ 0,15 e 15,8 +0,14 ovo/fémea/dia para os tratamentos R. indica e
O. pratensis, respectivamente (x> = 1.6432, df = 99, P = 0.1999) (Fig. 2A e 2B). Os ovosde A.
largoensis apresentaram 100% de viabilidade, independentemente da presa ofertada. A ECA de A.
largoensis diferiu em fungéo do alimento, sendo de 11,4 e 3,9, quando alimentado com ovos de R.

indica e O. pratensis, respectivamente (df = 99, F= 101.5204, P < 0,0001) (Fig. 3A). O ovo
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de R. indica apresentou em média R= 42,07 + 0,08 um e L= 109,8 + 0,16 um, com volume de
4,05° + 1,353ul3, enquanto o ovo de O. pratensis apresentou em média R= 63,87 + 0,02 um, com
volume de 1,09° + 1,36* 3. A razdo de volume do ovo de O. pratensis em relagio ao ovo de R.
indica foi de 2,67 vezes maior (Fig.3B).

3. Teste de voracidade, preferéncia alimentar e local de oviposicdo por A. largoensis: A

voracidade de A. largoensis foi maior (menor tempo para o primeiro ataque) quando alimentado
com ovos de R. indica, pois 70% dos individuos (18 dos 25 testados) realizaram o primeiro ataque
antes de 10 min de confinamento e aproximadamente 95% destes (17 dos 18 individuos) escolheram
O. pratensis para seu primeiro ataque (Fig. 4). A voracidade de A. largoensis foi menor quando
alimentado com ovos de O. pratensis, pois apenas um individuo dos 25 testados fez o primeiro
ataque até os primeiros 15 min iniciais de confinamento, tendo este optado por atacar esta mesma
presa. Amblyseius largoensis de ambas as cria¢fes, consumiu significativamente mais ovos de O.
pratensis (x> = 15,244; df = 18; P < 0,001 criado em R. indica ¢ x> = 31,837; df = 18; P < 0,0001
criado em O. pratensis) (Fig. 5A) e preferiu ovipositar no fragmento de foliolo com ovos de O.
pratensis (x> = 17; df = 18; P < 0,001 criado em R. indica ey? = 17; df = 18; P < 0,001 criado em

O. pratensis) (Fig. 5B).

Discusséo
Neste trabalho foi constatado que a duracdo do tempo de desenvolvimento de A. largoensis
ndo foi afetado pela presa consumida. Os estagios imaturos de A. largoensis apresentam baixo
consumo de presas, quando comparado com a fase adulta (Domingos et al. 2013, Lira et al. 2021),
portanto a presa pode ndo ter tanta influéncia na velocidade de desenvolvimento dos estagios
inicias em comparacdo a outros parametros bioldgicos frequentemente avaliados na fase adulta.

Sendo assim, os demais itens ofertados (além da presa) podem ter contribuido para que o
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desenvolvimento dos estagios iniciais de A. largoensis fosse semelhante nos diferentes tratamentos
(Mitchell 1981, Huang et al. 2013). Carrillo et al. (2010) verificaram que A. largoensis consegue
completar a fase de larva, atingindo a fase de protoninfa, sem a presenca de presas, apenas com 0
consumo de &gua, além de ser capaz de atingir a fase adulta apenas se alimentando de pélen. O baixo
consumo de presas nos estagios iniciais de desenvolvimento pode conferir vantagens para a
sobrevivéncia da espécie. Por exemplo, em ambientes com baixa densidade de presas, a reducdo da
competicdo intraespecifica com o coespecifico adulto contribui para a permanéncia da espécie no
ambiente (Lalonde et al. 1999, Castafié et al. 2009, Castafié et al.2011).

O consumo de presas pelas fémeas de A. largoensis foi significativamente afetado com a
presa ofertada (Fig. 1A). Amblyseius largoensis consumiu aproximadamente 2,7 vezes mais ovos
de O. pratensis em relacdo ao consumo de R. indica (Fig. 1A2). O menor consumo de ovos de R.
indica torna-se ainda mais expressivo ao comparar o tamanho relativo do ovo de cada espécie, pois
0 ovo de R. indica é 2,67 vezes menor que o ovo de O. pratensis (Fig. 3B). Portanto, além de A.
largoensis consumir um menor nimero de ovos, a ingestdo de volume do alimento é menor (ndo foi
contabilizada a ingestdo de polen e solucdo acucarada).

Apesar da diferenca no consumo, a taxa de oviposicdo ndo foi afetada (Fig. 2A), ficando
préximo ao observado por outros autores (Carrillo et al. 2010, Domingos et al. 2013) e com 100%
dos ovos viaveis. A ECA do predador foi significativamente maior com o consumo de ovos de R.
indica comparado quando com o consumo de ovos de O. pratensis (Fig. 3A). A. largoensisconsome
menos ovos de R. indica para produzir a mesma quantidade de descendentes com a mesma
viabilidade se comparado a O. pratensis. Pouco se sabe sobre constitui¢do nutricional de ovos de
acaros, e em particular nada se sabe sobre as caracteristicas nutricionais das presas aqui estudadas.
Um estudo realizado por Lv et al. (2016) discute que o maior aporte proteico no alimento de

Neoseiulus barkeri Hughes ocasionou um maior consumo e uma melhor taxa de
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oviposic¢do. Portanto, o baixo consumo de ovos de R. indica em relagcdo aos ovos de O. pratensis,
pode ser em funcdo de diferencas na quantidade e/ou qualidade de proteinas encontrados no ovo.
Além de caracteristicas nutricionais, a diferenca na quantidade de ovos consumidos pode ter
relacdo com alguma defesa constitutiva de cada espécie de ovo como estratégia de defesa
antipredacéo (Eisner et al. 2000).

Todos os parametros comportamentais testados (voracidade, consumo e preferéncia por presa
e local de oviposicdo) foram influenciados pela presa ofertada (Fig. 4 e 5). A populacédo de A.
largoensis criada com O. pratensis apresentou baixa taxa de ataque nos primeiros 15 min, pois
apenas uma repeticdo teve ataque de presa nesse periodo (optou por ovo de O. pratensis) (Fig. 4).
Esta populacdo de A. largoensis apresentou preferéncia para ovipositar no fragmento de foliolo onde
estava a col6nia de O. pratensis e apos 24 h apresentou maior consumo de ovos desta espécie (Fig.
5). Apesar de A. largoensis ndo ser um predador especializado em forrageio em ambiente protegido
com teia, a preferéncia entre presa nativa (O. pratensis) e exotica (R. indica) pode ser emfuncéo da
coevolucdo destas espécies. Ja a populacdo de A. largoensis alimentada com R. indica apresentou
maior voracidade (menor tempo ao primeiro ataque) (Fig. 4), surpreendentemente tanto a primeira
presa escolhida em 15 min, quanto o maior consumo nas 24 h foi de ovos foi de O. pratensis (Fig. 4
e 5). Além disso, o local escolhido de oviposi¢do também foi na coldnia da presa nativa (Fig. 4).
Estes resultados divergem dos preceitos que o individuo escolhe o hospedeiro em que foi criado
(Jaenike 1988) e mostram a influéncia da presa exdtica, interferindo no comportamento de
forrageamento de A. largoensis. Esta mudanca comportamental pode estar relacionada ao processo
de adaptacdo a presa exotica ou algum mecanismo de defesa desenvolvido por R. indica. Nos ultimos
anos, observacdes a respeito do local escolhido para oviposicdo por acaros predadores vem sendo
mais estudado, e j& se avancou bastante em termos de elucidar comportamentos antipredacdo por

coespecifico e heteroespecifico (Schausberger 2003, Choh et al.
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2015). A escolha de ovipositar na coldnia do tetraniquideo, tanto pode se relacionar a processos
coevolutivos das espécies, tendo em vista que R. indica € uma espécie recentemente introduzida,
quanto a teia produzida por O. pratensis proporcionar uma protecdo fisica contra predadores e
intempéries ambientais (Okada & Yano 2021).

Na literatura sdo relatados mecanismos de defesa antipredacdo dos ovos, estagio mais
vulneravel a acdo de inimigos naturais (Eisner et al. 2000, Blum & Hilker 2003, Wong et al. 2013).
E interessante observar que o baixo consumo de ovos de R. indica por A. largoensis também é baixo
quando se compara com trabalhos ja realizados por outros autores que gira em torno de 20até 56
ovos/fémea/dia (Carrillo et al. 2010, Domingos et al. 2013, Mendes et al. 2018). Os trabalhos
encontrados na literatura avaliam, normalmente, o consumo de A. largoensis sobre dieta exclusiva
(variados estagios de R. indica), além da oferta de presa ser realizada de forma manipulada, ou seja,
retirando o ovo da coldnia e depositando-o em area. Apesar do bom desempenho predatério de A.
largoensis em laboratorio, as épocas em que se verifica menores densidades populacionais de R.
indica em campo estdo correlacionadas com a ocorréncia de fortes precipitacdes (Gondim Jr. et al.
2012). Lester & Harmsen (2002) apontam divergéncia na predacdo em condicdes de laboratério e
ao que de fato ocorre no campo em funcdo da complexidade de outros fatores envolvidos, como
ambiente e organismos existentes. Portanto, em condi¢cdes de campo com multiplos fatores e
diversidade de presas é possivel que A. largoensis ndomantenha um alto consumo de R. indica.

O tempo de incubacdo do ovo de R. indica é de aproximadamente sete dias, enquanto O.
pratensis aproximadamente 2 dias (Observacdo pessoal; Nusantara et al. 2017). Percebe-se que
sete dias de incubacdo para R. indica € um tempo relativamente longo de exposicao a predacao, e
neste periodo pode-se ter todo o desenvolvimento de uma geracdo de A. largoensis. Apesar disso,

A. largoensis mantem um alto consumo e preferéncia por ovos de O. pratensis, mesmo com a
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presenca da teia, que reconhecidamente funciona como protegéo antipredacgao (Helle & Sabelis 1985,
Lemos et al. 2010). Portanto, é possivel que R. indica tenha desenvolvido ao longo de sua historia
evolutiva alguma defesa antipredacdo nos ovos, contribuindo para sua permanéncia no campo,
mesmo com 0 maior tempo de exposicao. Essa defesa pode ter efeito ndo apenas no comportamento,
mas também em outro aspecto biolégico nos predadores. Raoiella indica excreta uma “goticula” na
extremidade das setas dorsais (Di Palma et al. 2021), ainda ndo se sabe a funcdo desta gota.
Adicionalmente, em observacao da oviposic¢ao de R. indica, foi observado que a fémea deposita gotas
no ovo, sendo possivel que esta substancia exerca efeito sobre o predador, sendo imperativo
investigacoes.

A diferenca no consumo e selecdo de presa por A. largoensis foi afetado pela introducéo de
R. indica. Portanto, é possivel que este efeito impacte diretamente as populacdes de herbivoros
nativos quando € relatado nos levantamentos de espécies a queda de riqueza e abundancia de espécies
na presenca de R. indica (Gondim Jr. et al. 2012, Cruz et al. 2015 Barros et al. 2020). Noonburg &
Byers (2005) elaboraram um modelo para predizer o risco que uma espécie introduzida exerce sobre
uma espécie nativa que compartilha 0 mesmo inimigo natural, aonde as principais forcas exercidas
sdo: 1) preferéncia do predador por presa; 2) eficiéncia de conversdo do predador. Aqui evidenciamos
que A. largoensis ndo consome grande quantidade de ovos de R. indica em campo, mesmo assim a
disponibilidade de alimento proporciona aumento populacional de A. largoensis (apesar do baixo
consumo, a conversao alimentar proporciona a mesma taxa de oviposicdo, conseguindo se manter
no campo em alta densidade). Entretanto, mesmo apds varias geracdes de A. largoensis alimentando-
se com a presa exética R. indica, o predador mantém preferéncia por consumo da presa nativa
(populagdo de A. largoensis criada R. indica), e tem maiorvoracidade no ataque da presa (menor
tempo para primeiro ataque). Portanto, a introducdo de R. indica apresenta alto risco de

deslocamento das espécies nativas. Além de acaros tetraniquideos, o
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coqueiro abriga outras espécies, dentre as quais, algumas sdo mais vulnerdveis a predacdo, como
eriofiideos e tarsonemideos, que possuem dimensdes bem menores que os tetraniquideos (Lawson-
Balagbo et al. 2008). No levantamento realizado em diferentes areas de coqueiro por Barros et al.
(2020), na area sem R. indica, os eriofiideos correspondiam a 64,42% das espécies herbivoras,
enquanto na area com R. indica ndo foram encontrados eriofiideos. Gondim Jr. et al. (2012)
realizaram levantamento de acaros em 19 espécies de plantas e observaram que 94,4% das espécies
correspondeu a acaros herbivoros, e destes, 99,89% eram R. indica. Raoiella indica é apontada como
espécie com potencial para causar danos econdmicos em culturas agricolas, sobretudo o coqueiro,
porém, mais do que uma praga agricola, este caro é potencialmente muito mais danoso ariqueza de
espécies no ambiente. Apresentamos aqui fortes indicios do potencial de R. indica comodeslocadora

de espécies por competicdo aparente.
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Figura 1. Taxa de consumo A: Consumo diario de ovos por A. largoensis fémea/dia, circulo preto corresponde ao tratamento com ovos de
R. indica, circulo branco corresponde ao tratamento com ovos de O. pratensis. B. Consumo médio de ovos durante os 10 dias/fémea. Barra

preta corresponde aos ovos de R. indica, barra branca corresponde aos ovos de O. pratensis.
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Figura 2. A: Oviposicao diaria de A. largoensis. Oviposi¢cdo média fémea/dia durantes 10 dias, circulo preto corresponde ao tratamento
com ovos de R. indica, circulo branco corresponde ao tratamento com ovos de O. pratensis. B. Producdo média de ovos por fémea de A.
largoensis durante 10 dias, barra preta corresponde tratamento com ovos de R. indica, barra branca corresponde ao tratamento com ovos

de O. pratensis.
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Figura 3. A: Eficiéncia de conversdo alimentar (ECA), barra preta corresponde tratamento com ovos de R. indica, barra branca corresponde
ao tratamento com ovos de O. pratensis. B: Registro fotografico para comparagdo dos ovos de cada espécie. A esquerda de coloracdo

vermelha corresponde a espécie R. indica, a direita de coloracdo esbranquicada corresponde a espécie O. pratensis.
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Figura 4. Avaliacdo dos primeiros 15min de confinamento. Tempo para o primeiro ataque e escolha da primeira presa, a esquerda A.
largoensis proveniente da criacdo com R. indica, a direita A. largoensis proveniente da criacdo com O. pratensis. Cada circulo branco
corresponde a uma repeti¢do que escolheu O. pratensis como presa, enquanto o circulo preto corresponde a uma repeticdo que escolheu

R. indica como presa.
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Figura 5. A: Preferéncia de consumo de ovos ap0s 24h, barra branca corresponde a ovos de O. pratensis e barra preta a ovos de R. indica.
Barra acima da linha pontilhada corresponde a populagéo de A. largoensis criada com ovos de O. pratensis, barra abaixo da linhapontilhada
corresponde a populagéo de A. largoensis criada com ovos de R. indica. B: Preferéncia de local de oviposigdo, barra branca corresponde
a coldnia de O. pratensis, barra preta corresponde a colonia de R. indica, barra preta a ovos de R. indica. Barra acima da linha pontilhada
corresponde a populagéo de A. largoensis criada com ovos de O. pratensis, barra abaixo da linha pontilhada corresponde a populacéo de

A. largoensis criada com ovos de R. indica. * Indica significancia estatistica a 95%.
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Abstract

Predator-prey interactions are experienced by all organisms in the environment. The ability of an
organism to defend itself and protect its offspring is closely related to the evolutionary success of
the species. This interaction is shaped by processes of adaptation and selection. In this study, we
examined the responses of Raoiella indica to predation risk using indirect cues from the predator
Amblyseius largoensis. We evaluated the effects of predation risk on oviposition rates and,
behavioral parameters of walking (distance walked, resting time, average speed, and residence time)
of R. indica using choice and no-choice tests in arenas. In no-choice oviposition tests, the presence
of predator cues reduced the oviposition rate of R. indica by half. In the choice oviposition test, the
presence of cues did not change the number of eggs deposited initially (24 h); however, over time,
more eggs were deposited in the area without cues. The walking behavior of

R. indica was altered by the presence of predator cues, with a predominance of residence in areas
without predator cues. No behavioral changes were observed in the no-choice test. Based on our
results, R. indica identified the cues of the predator A. largoensis and changed its behavior to reduce
the risk of predation on its offspring. We clearly evidenced anti-predation behavior of R. indica to
A. largoensis, the predator most associated with R. indica.

Keywords: predator cues, oviposition rate, recognition cues, anti-predator.
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RISCO DE PREDACAO AFETANDO O COMPORTAMENTO E REPRODUCAOQ DE Raoiella indica

HIRST?

RESUMO - As interacOes predador-presa sdo experimentadas por todos oS organismos no
ambiente. A capacidade de um organismo de se defender e proteger sua prole esta intimamente
relacionada ao sucesso evolutivo da espécie. Essa interacdo é moldada por processos de adaptacdo
e selegcdo. Neste estudo, examinamos as respostas de Raoiella indica ao risco de predagédo usando
pistas indiretas do predador Amblyseius largoensis. Avaliamos os efeitos do risco de predagédo nas
taxas de oviposicdo (por 96 h) e pardmetros comportamentais da caminhada (distancia percorrida,
tempo de repouso, velocidade média e tempo de residéncia) de R. indica usando testes com e sem
chance de escolha em arenas. Nos testes de oviposicao sem chance de escolha, a presenca de pistas
de predadores reduziu pela metade a taxa de oviposi¢do de R. indica. No teste de oviposi¢cao com
escolha, a presenca de pistas ndo alterou o nimero de ovos depositados inicialmente (24 h); no
entanto, ao longo do tempo, mais ovos foram depositados na area sem pistas. O comportamento de
caminhada de R. indica foi alterado pela presenca de pistas de predadores, com predominancia de
residéncia em areas sem pistas de predadores. Ndo foram observadas alteragdes comportamentais
no teste sem escolha. Com base em nossos resultados, R. indica identificou as pistas do predador A.
largoensis e mudou seu comportamento para reduzir o risco de predacdo em sua prole.
Evidenciamos claramente o comportamento anti-predacdo de R. indica para A. largoensis, 0
predador mais associado a R. indica.

Palavras-chave: pistas de predador, taxa de oviposicao, pistas de reconhecimento, anti-predador.
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Introduction

The maintenance of a species in the environment depends on its ability to survive and itsstrategies
to resist and overcome environmental challenges. Challenges such as climate change, competition
for food, and predation are part of the life cycle of species and act as pressures for the

selection of traits that help organisms adapt to adversities (Fox and Vasseur 2008; Hoffmann and
Sgro 2011). An example of these adaptations is seen in the predator-prey evolutionary process, with
more efficient predation and antipredation strategies being selected. Strategies for predation and
antipredation involve energy costs (Magnhagen 1991); therefore, it is natural that organisms adapt
to assess the cost benefit and the level of risk to which they are exposed. For example, it is common
for predators to opt for resources that require less energy (e.g., preference for consumingeggs over
active stages) (Carrillo and Pefia 2012a). On the other hand, prey adapt to assess the level of risk,
thus, the stronger and clear the predation signal, the more energy the prey will expend to avoid
predation (Helfman 1989; Lima and Bednekoff 1999).

Prey reduces the chances of being preyed upon by employing mechanisms that prevent
encounters with predators and/or the continuation of predation (Brodie et al. 1991; Lindstedt et al.
2019; Sugiura 2020). Therefore, it is expected that the prey can recognize various signs of the
presence of predators, such as excretions (Calvet et al. 2018), odors (Grostal and Dicke 1999;
Ferrari et al. 2007), and remains of predation (Oku et al. 2003), which can alert about the presence
of the predator. Prey avoid encounters with predators by using confined areas/shelters that
limit/impair the predator’s access (Michalska 2003; Oku and Yano 2007; Lima et al. 2012; Calvet
et al. 2018) or by migrating (Grostal and Dicke 1999; Magalhdes et al. 2002) and escaping
(Humphreys and Ruxton 2019) to locations where they are less likely to encounter predators.

Apart from self-preservation, organisms have developed a series of care strategies for their

offspring to ensure genetic continuity (Tallamy 1984; Wong et al. 2013). These strategies can be
76



expressed in the biological processes of reproduction, e.g., production of unviable eggs (Tigreros
et al. 2017), extraction of chemical compounds from the host to protect oviposition (Eisner et al.
1996; Narberhaus et al. 2005; Opitz and Muller 2009), aggregation of eggs (Ruxton and Sherratt
2004), and the choice of place of oviposition, opting for places with lower predation risk (Stav et
al. 1999; Lemos et al. 2010).

Several studies on tetranychids have been carried out in recent years, contributing to the
understanding of predator-prey interactions in mites. In addition to being able to recognizepredators
through visual, vibratory, and chemosensory cues (Pallini et al. 1999; Azandémeé-Hounmalon et al.
2016), these organisms can also differentiate between specialist and generalist predators (Pallini et
al. 1999; Calvet et al. 2018). Associated with the ability to detect predators, anti-predation strategies
used by these organisms have been reported, for example, migration to hosts with lower risk of
predation (Magalhd&es et al. 2002; Choh and Takabayashi 2007), increasedweb production (Oku et
al. 2003), and increased oviposition on the web (Horita et al. 2004;Lemos et al. 2010; Okada
and Yano 2021). In addition, the aggregation behaviors of individuals result in a reduction in
predation (Dittmann and Schausberger 2017). Studies on other groups of mites are still scarce, due
to greater difficulty in handling and multiplying these organisms. Michalska (2003) studied
eriophyids and observed a climbing behavior in trichomes by Rhinophytoptus concinnus Liro
(Acari: Diptilomiopidae) which helps reduce the risk of predation in the quiescent phase. Calvet et
al. (2018) observed a higher tendency of Aceria guerreronis Keifer (Acari: Eriophyidae) to seek
shelter on coconut bracts when exposed to predator cues. Sudo and Osakabe (2013) reported an
association between Brevipalpus obovatus Donnadieu(Acari: Tenuipalpidae) with trichomes of

Viburnum erosum var. punctatum Franch. et Sav. to reduce the risk of egg predation.

77



In the present study, we evaluated the antipredation response of the herbivorous mite
Raoiella indica Hirst (Acari: Tenuipalpidae), an important pest of palm trees (Melo et al. 2018;
CABI 2020), on the predator cues of Amblyseius largoensis (Muma) (Acari: Phytoseiidae). This
predator was used because of its frequent association with R. indica in several tropical regions of
the world (Rodrigues et al. 2007; Pefia et al. 2009; Carrillo et al. 2010; Carrillo et al. 2012b; Moraes
et al. 2012; Pefia et al. 2012; Carrillo et al. 2014; Barros et al. 2020). Antipredation responses were
investigated by assessing the responses of R. indica to indirect cues from the predator A. largoensis
in terms of oviposition rates for 96 h and choice of location with and without cues to oviposit. In
addition, behavioral parameters of walking (distance walked, resting time, average speed, and

residence time) in areas with and without predator cues were assessed.

Methods
Mite collection
Females of R. indica in the teliochrysalis stage (confirmed by the presence of the male in pre-
copulatory guard behavior, in which the male guards the female until the moment of emergence to
ensure copulation; Kane et al. 2012) as well as males were collected from Roystonea oleracea
(Jacg.) O.F. Cook plants and confined in experimental units until female emergence and
fertilization. The females were used in the experiment after their first oviposition (less than 24 h
after oviposition). Initially, approximately 100 A. largoensis individuals were collected from
coconut leaflets. After collection, the mites were reared in rearing units according to the
methodology described by Galvao et al. (2007).
Oviposition of R. indica in the presence and absence of cues from the predator A. largoensis
Experimental unit: The experimental units consisted of a leaflet fragment of R. oleracea (2 x 2

cm), placed on foam (8 cm in diameter and 1 cm thick), which was placed in Petri dishes (9 cm in

78



diameter). The margins of the leaflets were covered with wet hydrophilic cotton to prevent mites
from escaping (Fig. 1a).

Treatments: (1) control: arenas without cues by A. largoensis; (2) No-choice bioassay: arenas with
cues by A. largoensis; (3) Choice bioassay (hemispheres with and without predator cues): arenas
with cues by A. largoensis.).

No-choice bioassay: In each experimental unit, 25 predators were deposited and left for 4 h for the
deposition of cues (excretions and secretions). After 4 h, all predators were removed from the
experimental unit. Subsequently, a fertilized R. indica female was released in the center of each
experimental unit. A fragment of leaflet without cues from predator was used as control treatment.
The oviposition of R. indica was evaluated 24 h, 48 h, 72 h, and 96 h after its release in the
experimental unit. After each evaluation, the eggs were removed. Each female R. indica was
considered one repetition, and a total of 20 repetitions were performed.

Choice Bioassay: The experimental unit was divided in half with a strip of wet hydrophilic cotton
(Fig. 1b). Twenty-five predators were transferred and kept in one of the hemispheres for 4 h for cue
deposition. After 4 h, the predators were removed carefully. Then, the cotton strip from the center
was removed, and a fertilized adult R. indica female was released in the center of the experimental
unit. The number of eggs laid by R. indica in each hemisphere (with or withoutcues) was evaluated
at 24 h, 48 h, 72 h, and 96 h after confinement. After each evaluation, the eggs were removed. Each

female constituted one repetition, with 24 repetitions performed.
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Fig. 1 Experimental unit “Oviposition of R. indica in the presence and absence of cues from the

predator A. largoensis.” A: Experimental unit with no choice. B: Experimental unit with choice

Walking behavior of R. indica in the presence and absence of cues by the predator A.
largoensis

Experimental unit: The experimental unit was adapted from Calvet et al. (2018) and consisted of a
glass unit (18 x 18 mm), on which a ring formed by 3.5% agar water was deposited, delimiting a
circular area of 13 mm in diameter (Fig. 2a).

Treatments: (1) control: arenas without cues by A. largoensis; (2) No-choice bioassay: arenas with
cues by A. largoensis; (3) Choice bioassay (hemispheres with and without predator cues): arenas

with cues by A. largoensis.).

No-choice bioassay: The deposition of the cues was carried out by releasing and confining 20
predators on the glass (18 x 18 mm) for 4 h. After 4 h, all the predators were removed. Glass was
used to confect the experimental units. After the deposition of the cues, the experimental unit was
placed under a video recording system connected to a computer (ViewPoint Life Sciences,Montreal,
Quebec, Canada), and one R. indica female was released in the center of the experimental unit. A

glass without A. largoensis cues was used for the control treatment. Walking
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behavior was recorded for 10 min, and the parameters recorded for each mite were distance traveled
(mm), resting time (s), and average walking speed (mm/s). Each female constituted one repetition,

and 20 repetitions were performed per treatment.

Choice bioassay: The center of the experimental unit was divided into two hemispheres using a strip
of wet hydrophilic cotton (Fig. 2b). Twenty predators were transferred and kept in one of the
hemispheres for 4 h for cue deposition. After 4 h, all predators and the cotton that divided the arena
were removed. The experimental procedure was similar to that of the no-choice bioassay. Each

female constituted one repetition, with 20 repetitions per treatment.

Cotton to
divise arena

|
Wet cotton/

\ \ /

Ring
Agar -water

Walking area
13 mm@

Fig. 2 Experimental unit “Walking behavior of R. indica in the presence of cues of the predator A.
largoensis.” A: production of No-choice bioassay. B: production of Choice bioassay. C:

experimental unit that was brought to the Viewpoint

Statistical analysis
The number of eggs per R. indica female on each evaluation day in the presence and absence of

predator cues in the no-choice and choice bioassays were analyzed using generalized linear
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models with Wilks’ lambda indicator for both isolated factors (effect of the presence of cues and
time) and for the interaction between factors (SAS Institute 2008).

Behavioral parameters (total walking distance, resting time, and average walking speed)
evaluated in the no-choice bioassay in the presence and absence of predator cues were analyzed
using multivariate analysis of variance (Proc MANOVA, SAS Institute 2008). The residence time
of R. indica in each region of the arena (with or without predator cues) in the choice experiment

was compared using a chi-squared bioassay.

Results

In the no-choice bioassay, the cues affected the oviposition of R. indica (F13s = 42.17; P < 0.001)
with increased oviposition in the absence of predator cues throughout the evaluation period (F3 114
= 97.33; P < 0.0001) (Fig. 3A). In the choice bioassay, no difference was initially detected in the
number of eggs deposited in the areas with and without cues. However, over time, the number of
eggs increased in both areas (Fz 138 = 17.98; P <0001), being more expressive in the area without
cues; thus, in the last evaluation, an increased number of eggs was detected (more than double)

(F146 = 9.85; P = 0.003) (Fig. 3B).
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Fig. 3 Number of eggs produced by R. indica in areas with and without A. largoensis cues in four
evaluations occurring at 24, 48, 72 and 96 h. A: No-choice oviposition bioassay: the white circle
represents the untracked treatment of A. largoensis and the gray circle represents the cued treatment
of A. largoensis. B: chance-of-choice oviposition bioassay: the white circle represents the untracked
treatment of A. largoensis and the gray circle represents the cued treatment of A. largoensis. *** P

<0.0001, **P <0.05

The behavioral parameters of walking (total walking distance, walking duration, andaverage
walking speed) of R. indica were not affected by the presence or absence of predator cueswhen
subjected to no-choice treatments (Wilks’ lambda = 0.91; F =1.10, df = 3.36; P = 0.36) (Fig. 4A).
In the choice treatment, R. indica remained longer in the hemisphere without predator cues than in

the region with predator cues (y* = 15.92, df = 1, P < 0.001) (Fig. 4B).
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and the gray bar represents the tracked treatment of A. largoensis.

Predator-prey interactions are among the main factors in the evolutionary process of species

(Abrams 2000). Prey and predators are in a constant process of co-evolution, adaptation, and
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selection of characteristics that contribute to their survival and the perpetuation of the species. In
the present study, we investigated the response of R. indica to cues from the predator A. largoensis.
Our results showed: (1) reduced oviposition of R. indica when exposed to predator cues; (2)
Raoiella indica preferred oviposition in areas without A. largoensis cues; (3) no change in the
mobility of R. indica (walking distance, duration, and speed) when exposed to predator cuesin the
no-choice bioassay; (4) reduction of the residence time of R. indica in areas with cues from the
predator A. largoensis.

Antipredation strategies are an important mechanism for species to protect themselves from
predators, and this response varies depending on the species and type of exposure. Studies have
shown reduction in the oviposition rate (Ferrari and Schausberger 2013; Li and Zang 2019) or
changes in the incubation duration of eggs (Montserrat et al. 2007; Sudo and Osakabe 2013). The
response of R. indica to the risk of predation was expressed with a drastic reduction in the
oviposition rate, particularly during the first 48 h of evaluation, both in the choice and no-choice
treatments (Fig. 3).

In the no-choice treatment, when R. indica females were confined in arenas with predator
cues, oviposition was severely affected over 96 h of experimentation. In the 96-h evaluation of the
control treatment, females laid an average of 3.85 eggs, while in the treatment with A. largoensis
cues they laid an average of 1.75 eggs (Fig. 3A). The A. largoensis cues affected the oviposition
of R. indica significantly, thus suggesting that R. indica can identify cues that represent strong
predation risk signals (no-choice bioassay), as the effect lasted for at least 96 h. In the no-choice
bioassay, it was evident that the deposition of cues acted as an alert for the indirect presence of the
predator; such cues may contain excreta (Calvet et al. 2018), odors (Grostal and Dicke 1999), and/or
debris from predation (Oku et al. 2003). Amblyseius largoensis is the most reportedpredator species

associated with R. indica in coconuts wordwide (Rodrigues et al. 2007; Pefia et
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al. 2009; Carrillo et al. 2010; Carrillo et al. 2012; Moraes et al. 2012; Pefia et al. 2012; Carrillo et
al. 2014; Barros et al. 2020). Several studies have shown different antipredation responses
according to exposure to specialist and generalist predators. Jacobsen et al. (2016) showed a
difference in the fecundity of Tetranychus urticae Koch (Acari: Tetranychidae) eggs in the presence
of cues from generalist and specialist predators, with greater stress exhibited in response to cues
from the latter. Therefore, with the strong association between R. indica and A. largoensis,besides
this in the absence of a specialist predator, A. largoensis, a generalist, may represent a strong risk
of predation for R. indica.

In the environment, predators and prey interact directly and indirectly; in the present study,
the treatment involving predator cues in the arena, approaches natural scenarios, in which there are
areas with greater or lesser risk of predation. The choice of the oviposition site is shaped by several
factors, such as availability of food resources (Jenkins et al. 1992) and the presence of predators
(Silberbush and Blaustein 2011). In our tests, the oviposition rate of R. indica was affected, and R.
indica was able to distinguish between areas containing A. largoensis cues from those that did not,
thus reducing oviposition in areas with predator cues (Fig. 3B). Choosing a site with the lowest risk
of predation is a strategy used to avoid encountering the predator that has been documented
extensively in arthropods (Grostal and Dicke 1999 2000; Walzer and Schausberger 2011; Ferrari
and Schausberger 2013; Hackl and Schausberger 2014; Freinschlag and Schausberger 2016;
Jacobsen et al. 2016). Avoidance behavior in response to predator cues is expressed not only
through egg laying behavior, but also through immobile stages (chrysalis), asin eriophyids, which
can spend their vulnerable quiescent stage on top of trichomes (Michalska 2003), and tetranychids
where the chrysalides are on the web.

It is interesting that although the presence of a cue affected R. indica, the oviposition rate

in the choice bioassay decreased significantly only in the first 24 h. After 24 h, the females started
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laying eggs in a rate similar to that of the control treatment, opting to lay eggs in a location without
A. largoensis cues. This result is quite consistent with field conditions, because even at risk, the
organism will not stop reproducing, but will choose an area with lower risk for its offspring.
Therefore, the strategy used is to oviposit in locations that provide greater security. Thisis the case
reported by Lemos et al. (2010), who studied the behavior of Tetranychus evansi Bakerand
Pritchard (Acari: Tetranychidae) when exposed to the presence of the predator Phytoseiulus
longipes Evans (Acari: Phytoseiidae) and observed an increase in the deposition of eggs suspended
in the web, which reduced egg predation. It is more likely that organisms have more than one
antipredation strategy and these are related to the type and duration of exposure to predation risk.
In addition to choosing an area with less predation risk, it can be assumed that R. indica has more
strategies to protect its eggs, which have a longer exposure to risks owing to the longer incubation
time (~ 7 days, Nusantara et al. 2017) than the eggs of Tetranychids (~ 2 days, Puspitarini et al.
2021). Raoiella indica exhibits egg aggregation behavior, as the female lays eggsin an area where
another female has already laid eggs (personal observation). Aggregation is considered an
antipredation strategy in several species (Beauchamp 2013). In mites, it has been documented that
egg aggregation by females reduces the attack odds and increases the predator detection odds, when
compared with females that lay their eggs in isolation (Dittmann and Schausberger 2017).
Moreover, R. indica excretes a droplet at the tip of the dorsal setae (Di Palmaet al. 2021), and adult
females deposit droplets on their eggs (personal observation). Somehypotheses have been suggested
about the function of this droplet, e.g., that it may exert repellent effects on predators.

The cue detection by R. indica was also evidenced in the experiment to evaluate its mobility
parameters in response to A. largoensis cues. The results showed that there was no behavioral

change in mobility owing to the presence of predator cues (Fig. 4A). Despite this being
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a test in confinement, it could be suggested that R. indica does not use walking as an escape
mechanism. Otsuki and Yano (2014) showed an increase in the frequency of dispersion and in the
greater distance traveled by Tetranychus kanzawai Kishida (Acari: Tetranychidae) when exposed
to the predator Neoseiulus womersleyi (Schicha) (Acari: Phytoseiidae). The non-escape behavior of
R. indica could be attributed to its lower walking capacity when compared to that of the predator;
therefore, the presence of the predator may not constitute a predation risk that energetically
compensates for an escape process, such as dispersal. Furthermore, the literature shows that
predation of R. indica at the adult stage is low, whereas it is higher at egg and immature stages
(Carrillo et al. 2012; Pefia et al. 2012). Therefore, we suggest that, as the adult phase is less
vulnerable and less mobile (compared to the predator), the investment in defense strategies with
high energy cost, such as dispersion, will be lower. In the treatment where R. indica could choose
between areas with and without predator cues, it remained longer, in terms of resting and walking,
in the area with no A. largoensis cues (Fig. 4B). This result demonstrates the ability of R. indica to
recognize cues accurately and in a relatively short period of time (10 min), and is in agreement with
the results of the oviposition bioassay, where R. indica exhibited higher oviposition rates on the
area that did not contain A. largoensis cues.

It is possible that R. indica can assess the risk of predation by considering the potential risk
and exhibiting an antipredation response proportional to the risk. Raoiella indica has a relatively
long-life cycle (Gdmez-Moya et al. 2017), with very vulnerable stages, so it likely possesses more
than one antipredation strategy. In this study, we showed that R. indica responded in two ways,
depending on the risk to which it was exposed; it avoided oviposition (when it was not presented
with an option to oviposit on a location without predators) and chose a location with lower predation
risk (when presented with the option to do so). Although many studies have examined predation

risk behavior using web-producing mites (Tetranychids), there is a gap in the literature
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regarding the predation risk behavior of non-web-producing mites which are likely to employ
additional antipredation strategies.
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CAPITULO 5
CONSIDERACOES FINAIS

Na natureza, as fronteiras ndo sdo puramente um espaco geografico delimitado em um
mapa, mas sim ecossistemas que envolvem o nicho explorado por cada espécie, abrangendo o
espacgo que esta necessita para alimematacdo, reproducao e suas interacbes. A movimentacdo das
espécies no ambiente é motivada e freiada por diversos fatores ambientais (bi6ticos e abidticos),
portanto a capacidade de adaptacdo a novos ambientes € inerente aos individuos bem como a
resisténcia que o ambiente apresenta a inser¢do de novos organismos. A agdo antrdpica transcende
esses fendmenos naturais de mobilidade dos organismos pois a decisao por dispersar e a escolha do
local passa a ser motivada ndo pela procura de alimento, parceiros ou por melhor condic¢des
ambientais, mas sim pelo movimento humano. A introducdo de organismos exoticos vem sendo
objeto de estudos nas ultimas décadas com observacdes e quantificacdo dos impactos ecolégicos e
financeiros com a introducdo de espécies pragas.

Nesta tese foi estudado o efeito da introducdo do um acaro exdtico R. indica na América,
através de diversas observacGes de campo, formulando-se a hip6tese de que R. indica poderia
deslocar espécies nativas em funcdo das elevadas populacdes verificadas no continente americano
em relacdo a o hemisfério oriental e pela simultanea dificuldade de encontrar uma espécie nativa da
América (O. pratensis) que era comum em coqueiro. Ao fazer uma breve analise das espécies
supracitadas, O. pratensis é uma espécie competidora dominante, por ter superioridade na sua
capacidade reprodutiva, delimitacdo territorial pela producdo de teia, maior tamanho corporal,
maior mobilidade, entretanto, R. indica é a espécie mais abundante atualmente em coqueiro.

Portanto, testamos se as espécies competem por alimento, se tem a reproducdo afetada pela
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presenca da outra. Os resultados mostraram que apesar de R. indica se beneficiar da presenca de
O. pratensis, este mantem suas caracteristicas, sendo menos afetado na competicdo por recurso.
Isto nos levou a pensar como essas espécies interagem na presenca de uma terceira, ou seja, um
predador. Assim, foi testado como as trés espécies interagem através da predacdo. Nossos dados
mostram que o predador Amblyseius largoensis mantém suas caracteristicas biologicas com ambas
as presas, entretanto, mesmo se alimentando de R. indica mantém preferéncia pela presa nativa O.
pratensis (diferente do proposto pelo condicionamento pre-imaginal).

Os dados gerados nesta tese ddo suporte ao observado em campo e aos trabalhos de
levantamento que mostram que na presenca de R. indica tem aumento da populacédo de A.largoensis
e reducdo da abundancia e riqueza de outras espécies de acaros. Concluimos que R. indica é uma
espécie dominante, com alto risco de deslocamento das espécies nativas da America.A introdugédo
de R. indica foi primeiramente relatada em 2004 na Martinica, e passados quase 20 anos desta
introducdo seria interessante novas pesquisas na regido para constatar os efeitos de longo prazo e
como esta a regulacdo das espécies no local. Neste trabalho foram respondidas as perguntas

propostas, e mais outras foram levantadas.
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