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“God does not play dice.”
- Albert Einstein
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CONSERVACAO DE ABELHAS: DIVERSIDADE E VIRUS

Autora: Flaviane Santos de Souza
Orientadora: Dr.2 Maria Angélica Pereira de Carvalho Costa

Resumo: As abelhas possuem importancia global como polinizadoras e pelos
seus produtos consumidos pelo homem. Apini e Meliponini formam dois grupos
altamente eusociais. Dentro do primeiro, esta Apis mellifera, a mais domesticada
e com distribuicdo global. No segundo grupo, estad a abelha sem ferrdo Melipona
subnitida, endémica da regido Nordeste do Brasil. Neste estudo foi avaliada a
diversidade morfolégica de 122 populacdes de M. subnitida coletadas em 12
localidades nos estados de Alagoas, Bahia, Ceara, Pernambuco e Rio Grande do
Norte por meio da variagdo morfométrica intra-especifica da forma e tamanho da
cabeca de operarias (Artigo 1). Houve diferencas significativas (p <0,01) entre as
populacdes continentais e insulares. Os dois primeiros componentes principais
explicaram 69,72% da variacdo total e o método de agrupamento hierarquico
(UPGMA) revelou que os individuos coletados na llha de Fernando de Noronha
diferem das demais locais com 100% de bootstrap. Também foi avaliada a
presenca do virus deformador da asa (DWV) em M. subnitida e A. mellifera, uma
vez que estas espécies frequentemente sdo manejadas em estreita proximidade
(Artigo 2). Investigou-se as prevaléncias e cargas virais das trés variantes mestras
(tipo A, B e C) do DWV em 21 colbnias de M. subnitida e 26 colbénias de A.
mellifera. O DWV foi detectado em todas as colonias. Em M. subnitida foi
encontrada as variantes A e C, enquanto em A. mellifera foi encontrado as
variantes A, B e C, dominando o tipo A. Nas col6nias de M. subnitida introduzidas
em Fernando de Noronha, mesmo a carga de DWV considerada baixa (<1E + 03),
comparado a abelhas europeias sintomaticas, pode-se inferir que uma
transmissao viral minima entre a abelha sem ferrdo e A. mellifera. Além disso, a
presenca onipresente da variante DWV-C em colbnias de M. subnitida, e sua
raridade em A. mellifera, pode sugerir que exista uma troca viral limitada entre

essas duas espécies.

Palavras-chave: Abelha-sem-ferrdo, abelha africanizada, adaptag&o insular,

diversidade populacional, variantes mestras do DWV.



BEES CONSERVATION: DIVERSITY AND VIRUS

Author: Flaviane Santos de Souza
Adviser: Dr.2 Maria Angélica Pereira de Carvalho Costa

Abstract: Bees have global importance as pollinators and for their products
consumed by man. Apini and Meliponini bees form two highly eusocial groups.
Inside the first is Apis mellifera, the most commonly domesticated and globally
distributed. In the second group, is the stingless bee Melipona subnitida, endemic
to the Northeast region of Brazil. In this study we evaluated the morphological
diversity of 122 populations of M. subnitida collected from 12 locations in the
states of Alagoas, Bahia, Ceara, Pernambuco and Rio Grande do Norte by
intraspecific morphometric variation of head shape and size of the workers' heads
(Article 1). There were significant differences (p <0.01) between continental and
island populations. The first two main components explained 69.72% of the total
variation and the hierarchical clustering method (UPGMA) revealed that the
individuals collected on Fernando de Noronha Island differ from the other sites
with 100% bootstrap. It was also evaluated the presence of Deformed Wing Virus
(DWV) in M. subnitida and A. mellifera, as these species are often managed in
close proximity (Article 2). The prevalence and viral load of the three DWV master
variants (type A, B and C) in 21 colonies of M. subnitida and 26 colonies of A.
mellifera were investigated. DWV was detected in all colonies. In M. subnitida
were found variants A and C, while in A. mellifera were found variants A, B and C,
dominating type A. In the colonies introduced in Fernando de Noronha, even the
DWYV load considered low (<1E + 03) compared to symptomatic European bees, it
can be inferred that a minimal viral transmission between stingless bees and A.
mellifera occurred on this island. In addition, the ubiquitous presence of the DWV-
C variant in colonies of M. subnitida, and its rarity in A. mellifera, may suggest that

there is a limited viral exchange between these two species.

Keywords: Stingless bees, africanized bee, geometric morphometrics, insular

adaptation, population diversity, master variant of DWV.



REFERENCIAL TEORICO

Ha mais de 7.000 anos as abelhas sdo manejadas por humanos (BLOCH
et al., 2010) e sdo também um dos grupos de insetos sociais mais estudados
(DANFORTH et al.,, 2006). Pertencentes a ordem Hymenoptera, junto com
formigas e vespas, a popularidade das abelhas é devido a sua grande importancia
para o homem tanto por causa do uso dos produtos apicolas (mel, cera, prépolis,
entre outros) como pelos servigos de polinizacdo que fornecem. Esta polinizagao
proporciona inimeros beneficios, como a manutencao de populacdes de plantas
silvestres, manutencdo da biodiversidade, obtencdo de sementes e frutos
diversificados, além de apoiar valores culturais (POTTS et al., 2016).

As abelhas mais estudadas pertencem ao género Apis, com 11 espécies
descritas (LO et al., 2010), entre as quais Apis mellifera Linnaeus, 1758
(Hymenoptera, Apidae) € a mais domesticada, com distribuicdo global e poliniza
77% das plantas envolvidas na producao de recursos alimentares que sustentam
a populacdao humana (BUCHMANN e NABHAN, 1996).

Outro grupo bastante representativo € formado pelas abelhas sem ferrdo
(Apidae, Meliponini), nativas do Novo Mundo, com distribuicdo pantropical e
notaveis polinizadores em regides tropicais e subtropicais, com 33 géneros e
aproximadamente 400 espécies descritas (MOURE, URBAN e MELO, 2007;
CAMARGO e PEDRO, 2013) dentre os quais, Melipona subnitida € uma das
principais espécies do nordeste brasileiro.

Estas abelhas (Apini e Meliponini) formam dois grupos altamente eusociais,
com formacdo de colbnias, sobreposicdo de geracdes, divisdo de trabalho
reprodutivo em um sistema de castas, cuidado cooperativo da prole. No entanto,
as fémeas Meliponini apresentam o ferrdo e as estruturas associadas a ele
extremamente reduzidas, o que as tornam incapazes de ferroar (KERR e LELLO,
1962) e, por isso sdo conhecidas como “abelhas-sem-ferrao”.

Assim, a presente tese, dividida em dois capitulos, visa explorar a
diversidade bioldgica da abelha sem ferrdo Melipona subnitida e também avaliar a
prevaléncia do Virus Deformador da Asa (Deformed Wing Virus [DWV]) através

destas populagdes de M. subnitida e da abelha africanizada Apis mellifera.



1. Melipona subnitida Ducke, 1910

Popularmente conhecida como jandaira (Figura 1), M. subnitida é uma
espécie nativa e endémica do semiarido brasileiro (CAMARA et al., 2004)
adaptada ao estresse climatico e encontrada ao longo de todos os Estados
nordestinos: Bahia, Alagoas, Paraiba, Ceara, Maranhdo, Pernambuco, Piaui e Rio
Grande do Norte (CAMARGO e PEDRO, 2007), com excecdo do estado de
Sergipe (CORREIA-OLIVEIRA et al., 2017).

Figura 1. Abelha operaria de Melipona subnitida Ducke, 1910. Fonte: Acervo
Insecta/UFRB, 2017.

A Caatinga € um bioma rico em recursos naturais e exclusivo do Brasil,
ocupa mais de 750.000 km? (OLIVEIRA et al., 2012) e contém grande nimero de
espécies adaptadas as temperaturas anuais elevadas, longos periodos de seca
(PRADO, 2003; SILVA et al., 2013) e indices de chuvas extremamente irregulares
ao longo dos anos (KROL et al.,, 2001; LEAL, TABARELLI e SILVA, 2003;
CHIANG e KOUTAVAS, 2004), a exemplo da M. subnitida. Entretanto, € um dos
ecossistemas mais ameacados do planeta, com perda de 61,98% do seu territério
no semiarido (FRANCISCO et al., 2013), principalmente devido ao desmatamento
e exploragdo madeireira, levando a destruicdo dos locais de nidificacdo de
abelhas. Tipicamente, a jandaira constréi seus ninhos em cavidades de arvores
nativas, sendo as espécies de plantas mais frequentes para sua nidificacdo a
Imburana (Commiphora leptophloeos) e a Catingueira (Caesalpinia bracteosa)
(CAMARA et al., 2004; MENEZES, 2006).



O manejo das abelhas sem ferrao, conhecido como meliponicultura
(SILVEIRA, MELO e ALMEIDA, 2002), foi iniciada pelos indios e é hoje também
desenvolvida desde pequenos e médios produtores que utilizam seus produtos
(mel, cera, polen entre outros) para o consumo e comércio (KERR, CARVALHO e
NASCIMENTO, 1996; SANTOS, 2010). O mel de M. subnitida é considerado de
excelente qualidade organoléptica, o que o torna bastante procurado na regido do
semi-arido brasileiro (BRUENING, 2001). E pode ser desenvolvida de forma
integrada a plantios florestais, fruteiras e culturas de ciclo curto, que atraves de
seus servicos de polinizagdo podem contribuir com a producdo agricola e
regeneracao da vegetacao natural (VENTURIERI, RAIOL e PEREIRA, 2003).

A atividade da meliponicultura esta em expanséo e M. subnitida (jandaira),
M. scutellaris (urugu), M. quadrifasciata (mandacaia), M. fasciculata e
Tetragonisca angustula (jatai), M. rufiventris (tujuba), e M. flavolineata (urugu
amarela) sdo algumas das espécies comumente utilizadas na meliponicultura
tradicional (JAFFE et al., 2015).

2. Apis mellifera Linnaeus, 1758

Antes de serem disseminadas ao redor do mundo por humanos, as
populacBes de Apis mellifera eram naturalmente distribuidas na Europa, Africa e
Asia Ocidental (FRANCK et al. 1998). Com base em caracteres morfométricos, 26
subespécies foram identificadas e agrupadas em quatro grandes ramos evolutivos
(RUTTNER et al., 1978; RUTTNER, 1988), amplamente apoiado por estudos
mitocondriais, que depois revelaram uma quinta linhagem adicional (MIGUEL et al
2011).

A A. mellifera do Brasil reflete o cruzamento entre as subespécies
europeias (A. mellifera mellifera e A. mellifera ligustica) importadas pelos
imigrantes europeus durante o século 17 e a subespécie africana A. mellifera
scutellata, importada no ano de 1956 pelo geneticista Prof. Dr. Warwick Estevan
Kerr, com o objetivo de aumentar a produtividade de mel (DE JONG, 1996;
VANDAME et al., 2002). Este cruzamento originarou abelhas polihibridas
denominadas ‘abelhas africanizadas’ (Figura 2), por possuirem caracteristicas
predominantes da subespécie africana (GONCALVES, 1974).



Figura 2. Abelha africanizada adulta, Apis mellifera. Fonte: Acervo Insecta/UFRB,
2019.

As abelhas africanizadas trouxeram algumas vantagens, quando
comparadas as europeias, como adaptabilidade a ambientes
tropicais/subtropicais, multiplicacdo de colénia mais rapida, aliado ao ciclo de
desenvolvimento mais curto que as demais subespécies existentes no Brasil,
resisténcia a doencas, ampla polinizacdo e maior producdo de mel e propolis.
Contudo, as diferencas no comportamento defensivo e relacionado com o habito
de nidificacdo causaram grande preocupacdo em relacdo a acidentes, tanto com
pessoas quanto com animais, e forcaram os apicultores a modificarem suas
técnicas e equipamentos ou abandonarem a apicultura na época da africanizacéo
(DE JONG, 1996; OLIVEIRA e CUNHA, 2005). Porém, ap6s um periodo de
adequacao/reformulacédo das técnicas de manejo com a abelha africanizada, nos
anos 80 o Brasil subiu da 27° colocacdo para a 7° na producdo mundial de mel
(SOARES, 2012) ocupando lugar de destaque no ranking dos paises
exportadores, segundo a Associacdo Brasileira dos Exportadores de Mel
(ABEMEL, 2016).

Quanto aos principais desafios encontrados na criacdo de abelhas estdo o
uso descontrolado de pesticidas (doses letais e sub-letais), alteracbes climaticas,
desmatamentos, queimadas, déficit nutricional, parasitas — como o acaro Varroa
destructor (ANDERSON e TRUEMAN, 2000), e patdbgenos — como virus, bactérias



e fungos (SUMPTER e MARTIN, 2004; GOBLIRSCH, 2018) que causam perdas

de colbnias e o declinio desses polinizadores.

3. Morfometria aplicada em estudos populacionais

O estudo da morfologia em diferentes organismos é uma das formas mais
acessiveis para se obter grandes quantidades de informacbes sobre
biodiversidade (FRANCOY e [IMPERATRIZ-FONSECA, 2010; PORTO,
VILHELMSEN e ALMEIDA, 2016) quando comparado a outras técnicas, por
exemplo a biologia molecular. Assim, a analise morfométrica € um método de
fenotipagem quantitativo para tamanho e forma (DE SOUZA et al., 2015).
Segundo Bookstein (1998), a analise descritiva da variacdo destes caracteres é
uma ferramenta fundamental para estudos de biologia de organismos e melhorou
consideravelmente nos ultimos anos.

Historicamente, os estudos morfométricos utilizavam medidas corporais
com andlise univariada (um carater por vez) para a classificacdo taxonémica e
estudos de diversidade dos organismos, o que tornava dificil a discriminacao
entre os grupos (FRANCOY, 2007). No inicio do século XX, houve uma transicao
do campo descritivo para o campo quantitativo (BOOKSTEIN, 1998), sendo que
na década de 60, comecou a ser utilizada a morfometria multivariada
(fundamentada em Analise de Componentes Principais e Analises Discriminantes)
dando maior robustez aos dados.

A exemplo dos trabalhos com morfometria tradicional, Ruttner (1983)
distinguiu rainhas de operarias através do tamanho da cabeca, mandibula e
basitarsus. A desvantagem desta técnica € que nado considera a forma da
estrutura na analise. Em 2015, através da morfometria geométrica, De Souza et
al. (2015) analisaram diferencas entre castas de A. mellifera, utilizando dentre
varias medidas, a estrutura da cabeca e demonstraram a superioridade desta
técnica em relacdo a morfometria tradicional, quanto a identificacdo e
classificacao de castas de abelhas e intermediarios.

A morfometria geométrica se baseia em coordenadas cartesianas de
pontos anatdomicos (landmarks) geradas em coordenadas x e y, tamanho do

centroide e as deformacoOes parciais e relativas que compdem a matriz de dados



utilizada nas analises multivariadas (ROHLF e MARCUS, 1993). Os marcos
anatdbmicos sao sobrepostos, removidos os efeitos de translacdo, escala e
rotacdo, e assim as configuracdes de referéncia irdo diferir apenas na forma, para
serem analisadas por métodos estatisticos multivariados (TOFILSKI, 2008).

O rapido progresso dessa técnica resultou em grande parte de uma teoria
matematica coerente que leva em consideracdo a curvatura na analise entre as
coordenadas (landmarks) para forma, a qual desempenha importante papel em
muitos estudos biolégicos, e podem sinalizar os diferentes papéis funcionais
desempenhados em respostas a pressdes seletivas, processo de crescimento e
morfogénese. J& a analise do tamanho, calculado matematicamente
independente da forma, considera a escala geomeétrica para determinar a
localizacdo do centro da forma (centroide) e calcular a distancia entre cada ponto
de referéncia e seu centroide (ZELDITCH et al., 2004).

Esta técnica tem apresentado grande quantidade de resultados na
identificacdo e estimativa de diversidade em diversas espécies de abelhas
principalmente utilizando medidas de asa: Apis mellifera (BAROUR e BAYLAC,
2016), género Melipona (FRANCOY e IMPERATRIZ-FONSECA, 2010; PRADO-
SILVA et al., 2016), dentro destas esta M. subnitida (BONATTI et al., 2014; LIMA
et al., 2014).

4. A Perda de colbnias

Durante os ultimos 30 anos, apicultores em muitas partes do mundo vem
experimentando perdas de col6nias, por exemplo na Europa Central, onde foram
reportadas perdas de 25% por ano entre 1985 e 2005 (POTTS et al., 2010) e nos
Estados Unidos (EUA), com perdas anuais em aproximadamente 38% entre 2010
e 2016 (VANENGELSDORRP et al., 2008; BEEINFORMED PARTNERSHIP, 2017).

A maioria das mortes de colbénias em zona temperada (por exemplo,
Europa, EUA e Nova Zelandia) ocorreu durante o inverno, quando as abelhas se
agrupam dentro das colonias para regulacdo da temperatura. Historicamente os
dados de perda de col6nia reportados para o Reino Unido, as perdas anuais
permaneciam constantes entre 5% e 10% durante o inverno, entretanto atingiu

seu pico em meados do ano de 2000, quando a associacdo de apicultores



reportou a perda de 33,8% (British Beekeeping Association (BBKA, 2017)). Para
os EUA as perdas anuais reportadas foram maiores, de 14% no verao e 43,7% no
inverno nos anos 2014/2015 (BEEINFORMED PARTNERSHIP, 2017). Desde
entdo, a tendéncia tem sido gradativamente uma diminuicdo dessas perdas de
colonias, sendo no inverno de 2016/17 o Reino Unido registrou 13,2% (BBKA,
2017) e os EUA, 21,1% (BEEINFORMED PARTNERSHIP, 2017).

Este fendbmeno ficou conhecido mundialmente como ‘Disturbio do Colapso
das Colénias’ (Colony Collapse Disorder [CCD]), se referindo a expressiva perda
de operarias (VANENGELSDORP et al.,, 2009). E muitos fatores foram
relacionados tal como pesticidas, perda de habitat, urbanizacdo, parasitas e
patdgenos (BROWN e PAXTON, 2009; GENERSCH, 2010; HENRY et al., 2012).
Atualmente, estudos apontam a propagacéo do virus Deformador da Asa (DWV)
como principal causa e sua associacdo com um vetor, o acaro Varoa destructor
(HIGHFIELD et al., 2009; CARRECK, BALL e MARTIN, 2010; DAINAT et al.,
2012; MARTIN et al., 2012).

O declinio de colénias no hemisfério norte chamou a atencdo para esta
comunidade de polinizadores, e apesar da apreensao mundial, os continentes da
América do Sul, Africa e Austréalia ndo registraram grandes perdas associadas ao
acaro (NEUMANN e CARRECK, 2010). Para o Brasil e regides tropicais, Varroa
destructor ndo se apresenta como um grande problema (CASTILHO et al., 2019).
Especificamente no Brasil a perda de col6nias é fortemente atribuida ao intenso
uso de pesticidas na agricultura e pouco relacionado a infestacdo pelo acaro,
falhas de manejo e escassez de recursos alimentares (FREITAS e PINHEIRO,
2012; SILVA et al., 2015). Entre os anos de 2013 e 2017 foram registradas altas
taxas de perdas de colbnias (média de 64,7%), sendo que, apenas em 2017, a
taxa média anual foi de 69,7% (CASTILHO et al., 2019).

4.1. Associacao entre as abelhas meliferas e o acaro Varroa destructor

O &caro V. destructor foi originalmente descrito em Java — uma ilha da
Indonésia - e restrito ao sul da Asia (OUDEMANS, 1904; SAMMATARO,
GERSON e NEEDHAM, 2000). Inicialmente, um parasita nativo de Apis cerana,
gue no final dos anos 50 saltou a barreira de espécies para A. mellifera, quando

as abelhas europeias foram mantidas ao lado de col6nias de abelhas asiaticas



(DANKA et al., 1995). Sendo considerado um problema global (SAMMATARO,
GERSON e NEEDHAM, 2000).

Este acaro se alimenta exclusivamente da hemolinfa de abelhas adultas,
larvas do 5° instar e pupa. Em 1952, foi relatado infestando A. mellifera em
colonias da Russia (DANKA et al., 1995); ja na década de 60 foi registrado na
China (SMIRNOV, 1978); e na década de 70, introduzido na América do Sul,
trazido do Japéao para o Uruguai, chegando ao Brasil em 1971; e em 1992 foi
encontrado no México (VANDAME et al., 2002). Nos EUA, as informacfes acerca
da presenca do acaro datam de 1987 (DE GUZMAN et al.,, 1997) e no Reino
Unido, de 1992 (PAXTON, 1992). Existem apenas poucos lugares como Australia,
Havai e ilhas isoladas que permanecem livres do acaro (SAMMATARO, GERSON
e NEEDHAM, 2000; MARTIN et al., 2012).

O equilibrio parasita-hospedeiro evoluiu como resultado da selecdo natural
entre A. cerana e Varroa (PENG et al., 1987). Assim, as abelhas operarias de A.
cerana tém a capacidade de detectar células infestadas por Varroa, mesmo apos
a cria ser operculada. Quando uma célula infestada € encontrada, as operarias
abrem e removem o0s acaros e crias. Esse comportamento é denominado
comportamento higiénico ou de remocdo (PENG et al.,, 1987; RATH e
DRESCHER, 1990) e, mais recentemente, foi chamado de comportamento
sensivel a Varroa (CARRECK, 2011). O crescimento populacional de Varroa é
ainda mais limitado em A. cerana, pois as fémeas de Varroa s6 podem se
reproduzir dentro de células de zangdes, 0 que representa 1-5% de todas das
crias dentro da colénia (ARECHAVALETA-VELASCO e GUZMAN-NOVOA, 2001).
Por outro lado, nas colénias de A. mellifera o 4caro também se reproduz nas
células de crias de operérias, permitindo que as popula¢cdes de acaros aumentem
até 2000 vezes anualmente, podendo causar a morte de colénias em um ano
(MARTIN, 1998).

Normalmente, os apicultores empregam varias técnicas de manejo para
reduzir infestacdo por de Varroa, que envolvem a aplicacdo de acaricidas nos
guais os acaros tem demonstrado desenvolver resisténcia (MILANI, 1995, 1999;
THOMPSON et al., 2002; SAMMATARO et al., 2005) e métodos biotécnicos
envolvendo varias manipulagdes de coldnias, tal como impedir a oviposi¢cdo da

rainha visando reduzir o numero de larvas para reprodugcdo do &caro



(ROSENKRANZ, AUMEIER e ZIEGELMANN, 2010). No entanto, naturalmente
populacdes de A. melifera desenvolveram uma tolerancia a Varroa. Essa
caracteristica também estd ligada ao comportamento higiénico, com remocao
fisica de pupas infestadas e a remoc¢do/dano do 4caro, e constitui importante fator
de resisténcia nas abelhas africanizadas (AUMEIER, 2001) e europeias
(RINDERER et al., 2001).

Em geral, estas populacbes tolerantes sdo de particular interesse para
pesquisadores e programas de melhoramento genético de abelhas, e podem ser
encontradas em todo o mundo: Inglaterra (MORDECAI et al., 2016a), Suécia
(FRIES, IMDORF e ROSENKRANZ, 2006; LOCKE e FRIES, 2011), México
(MONDRAGON, SPIVAK e VANDAME, 2005), Franca (LE CONTE et al., 2007),
América do Norte (SEELEY, 2007) e Brasil, as quais sobrevivem sem o
tratamento contra o acaro (DE JONG, 1996; GUERRA Jr., GONCALVES e DE
JONG, 2000). O clima também é um fator importante, registra-se que em regides
tropicais e subtropicais da América do Sul, os niveis de infestacdo por varroa sao

menores que em regides mais frias (MORETTO et al., 1991).

5. Virus em abelhas

Aproximadamente 23 patogenos virais foram identificados em abelhas
(CHEN e SIEDE, 2007; RUNCKEL et al., 2011; LI et al., 2014). A maioria dos
virus esta presente em baixa carga viral e ndo causa sintomas aparentes da
doenca (assintomaticas). Mdltiplas infeccdes virais podem estar presentes em
uma unica abelha a qualquer momento (TRAYNOR et al., 2016). Estas séo, na
sua maioria, virus RNA de sentido positivo, pertencentes as familias
Dicistroviridae e Iflaviridae e sé@o frequentemente associadas a infestacdo por
Varroa (BAILEY e BALL, 1991; CHEN e SIEDE, 2007; TENTCHEVA et al., 2004),
um eficaz vetor de virus em abelhas, sendo os principais: o Virus da Paralisia
Aguda (ABPV), Virus Caxemira (KBV), Virus Israelense da Paralisia Aguda (IAPV)
e o0 Virus Deformador da Asa (DWV) (BERTHOUD et al., 2010; MARTIN et al.,
2012; SCHROEDER e MARTIN, 2012; FRANCIS, NIELSEN e KRYGER, 2013).

O sentido do virus se refere a polaridade dos acidos nucléicos (5'-3' sentido

positivo e 3'-5' sentido negativo) e determina como eles séo replicados em uma
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célula hospedeira. O RNAm viral € um pré-requisito para a replicacdo do virus,
gue é traduzido nas proteinas necessarias para montar um novo virion. Os virus
gue tem seu genoma composto pela fita simples de RNA podem ser subdivididos
em: a) virus cujo genoma tem a mesma orientacdo do RNAm, chamado genoma
de polaridade positiva; e b) os virus cujo genoma tem a orientacao inversa do
RNAm, chamados de polaridade negativa. Assim, quando a polaridade gendmica
do virus é positiva, seu RNAm é traduzido diretamente pelos ribossomas da célula
hospedeira. Caso o0 RNA tenha sua fita no sentido negativo, esta ndo pode ser
traduzido diretamente pelos ribossomas, sendo necessaria a RNA polimerase
para transcrever/criar o RNAm viral que, por sua vez, sera traduzidos em
proteinas virais (CARTER e GENERSCH, 2008).

5.1 Virus Deformador da Asa (Deformed Wing Virus [DWV])

O virus DWYV, foco do segundo capitulo, pertencente a familia Iflaviridae
dentro da ordem Picornavirales, contém apenas uma copia do genoma em cadeia
simples de RNA, sentido positivo e genoma de 10.140 nt (nucleotideos) (LANZI et
al., 2006).

Inicialmente chamado de Virus da Abelha do Egito (EBV), o DWV foi
encontrado em abelhas adultas assintomaticas em 1977, no Egito (BAILEY,
CARPENTER e WOODS, 1979). Subsequentemente foi isolado em abelhas do
Japao em 1982 e renomeado como virus deformador da asa pelos sintomas que
apresentavam (LANZI et al., 2006). O DWYV ¢ o principal patdgeno viral que afeta
as abelhas em todo o mundo, ja descritas para 18 espécies de abelhas (Quadro
1), incluindo M. subnitida — resultados do capitulo 2 — (GENERSCH et al., 2010;
SCHROEDER e MARTIN, 2012; MARTIN e BRETTELL, 2019). No Brasil, o DWV
teve seu primeiro registro em 2008, nas abelhas africanizadas (TEIXEIRA et al.,
2008).
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Quadro 1. Lista de espécies de abelhas em que a presenca de DWV foi
detectada (adaptada de Martin e Brettell, 2019).

Espécies de Abelhas sociais

(Apidae) Referéncia
Apis mellifera LEVIN et al., 2019.
Apis cerana TEHEL et al., 2016.
Apis florea AMIRI, 2018.
Apis dorsata AMIRI, 2018.

Bombus spp

GENERSCH et al. 2006; FURST et al., 2014: LEVIN
et al., 2019.

Bombus lucorum

FURST et al., 2014; LEVIN et al., 2019.

Bombus sylvarum

LEVIN et al., 2019.

Bombus terrestres

GENERSCH et al. 2006: FURST et al., 2014: LEVIN
et al., 2019.

Bombus vagans

SINGH et al., 2010.

Bombus huntii

TEHEL et al., 2016.

Bombus atratus

REYNALDI et al., 2013; GAMBOA et al., 2015.

Bombus lapidarius

FURST et al., 2014.

Bombus pascuorum

GENERSCH et al. 2006; ZHANG, 2012.

Bombus impatiens

SINGH et al., 2010; SACHMAN-RUIZ et al., 2015

Bombus monticola

FURST et al., 2014.

Bombus ternarius

BONCRISTIANI et al., 2009.

Melipona subnitida

SOUZA et al., 2019 (Resultado do capitulo 2 desta
tese citado pelos autores).

Scaptotrigona mexicana

GUZMAN-NOVOA et al., 2015.

Tetragonisca fiebrigi

ALVAREZ et al., 2018.

Este virus, no entanto, ndo € exclusivo de abelhas, sendo até o momento ja
detectado em 64 espécies, abrangendo oito ordens (Hymenoptera, Hemiptera,
Coleoptera, Diptera, Lepidoptera, Dermaptera, Blattodea e Arachnida), resultando
em uma ampla gama de hospedeiros para um unico patdégeno viral (MANLEY,
BOOTS e WILFERT, 2015; MARTIN e BRETTELL, 2019; SINGH et al., 2010).

Recentemente, o DWYV foi descrito como um comlexo quasiespécie, com
diferentes gendtipos (MORDECAI et al.,, 2016b). Este complexo existe em um
ambiente altamente mutagénico com um namero de variantes mestres, cada uma
tendo seu proprio conjunto de progénies mutantes. Este processo constante de
mutacédo é devido a natureza dos virus de RNA, que tém altas taxas de replicacéo
propensas a erros como resultado do processo de transcricdo
(PALACIOS et al., 2008; LAURING e ANDINO, 2010).

Como uma quasiespécies, o0 DWV existe como trés variantes (genotipos)

reversa

principais intimamente relacionadas: tipo A (LANZI et al., 2006), tipo B (ONGUS et
al., 2004) e tipo C (MORDECAI et al., 2016b). A variante tipo A € a mais
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comumente detectada e tem sido associada ao declinio das colénias (MARTIN et
al., 2012; SCHROEDER e MARTIN, 2012; FRANCIS et al., 2013). O DWYV tipo B
(previamente designado por V. destructor virus-1 (VDV-1)) foi implicado na
sobrevivéncia em longo prazo de uma populacdo de abelhas meliferas infestadas
de acaros no Reino Unido (MORDECAI et al., 2016a), embora outros estudos
sugiram que o tipo B seja o mais letal (MCMAHON et al., 2016a; NATSOPOULOU
et al., 2017). Os efeitos do DWV tipo C ainda sdo desconhecidos, pois é a
variante mais recentemente descrita (MORDECAI et al., 2016b).

O virus DWYV recebeu seu nome devido as abelhas meliferas exibirem o
sintoma da asa deformada, o que dificulta sua capacidade de voo, e para além
desse, os sintomas clinicos podem ser também crescimento atrofiado, reducao do
tamanho do corpo, descoloracdo da cuticula, reducdo do tempo de vida,
anormalidades sociais e comportamentais (BOWEN-WALKER, MARTIN e GUNN,
1999; DE MIRANDA e GENERSCH, 2010). Embora o fenotipo de deformacéo da
asa seja um bom indicador da infeccdo por DWYV, a falta aparente deste sintoma
pode subestimar os niveis de infeccdo, mesmo em colbnias altamente infectadas,
pois a proporcédo de abelhas que apresentam sintomas visiveis é relativamente
baixa (BRETTELL et al., 2017).

A transmissdo do DWYV pode ocorrer de forma vertical e horizontalmente. A
transmissao vertical acontece quando os virus séo transmitidos dos pais para os
descendentes durante a reproducao, via sémen ou na superficie do ovo (CHEN et
al., 2005; 2006; YUE et al., 2006). Essa transmissao é frequentemente associada
a carga viral menor, uma vez que a préoxima geracdo de hospedeiros é necessaria
para a sobrevivéncia e transmisséo do virus a longo prazo (FRIES e CAMAZINE,
2001; EBERT e BULL, 2003).

A transmissdo horizontal ocorre por meio das atividades de alimentacao
das abelhas, com DWYV detectado no pélen e alimento larval (CHEN et al., 2006;
YUE et al., 2007). Essa atividade de alimentacdo é frequentemente associada a
uma infeccdo assintomatica (DE MIRANDA e GENERSCH, 2010). A transmissao
horizontal também ocorre por meio da atividade de alimentacdo dos &caros, que
por sua vez inoculam o DWYV diretamente na hemolinfa das abelhas, podendo
causar infeccdes letais devido a alta carga viral injetada. Esta atividade de

alimentacdo dos &caros nas colonias de abelhas meliferas transformaram esse
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virus benigno em um dos mais difundidos no mundo (HIGHFIELD et al., 2009;
MARTIN et al., 2012; SCHROEDER e MARTIN, 2012).

Desde a descoberta do DWYV, vérias técnicas foram desenvolvidas para
detectar infec¢cdes. A pesquisa inicial empregou o uso de técnicas soroldgicas,
como o ELISA, que foram usadas para detectar a presenca de antigenos
especificos do DWV (BOWEN-WALKER, MARTIN e GUNN, 1999; SHEN et al.,
2005).

Avancos tecnoldgicos recentes levaram ao uso de métodos de reacao em
cadeia da polimerase (PCR), que sdo agora empregados regularmente nas
pesquisas virais com o DWV. O PCR depende do uso de primers especificos, que
atuam como ponto de partida para a sintese de DNA. Esta técnica é usada para
amplificar copias de DNA ou RNA de uma sequéncia genética alvo. Existem
varios métodos de PCR disponiveis. Entretanto, o PCR limita-se a um resultado
negativo / positivo, sendo necessarios resultados quantitativos no campo da
virologia para estabelecer a viruléncia de um virus, uma vez que existe uma
suposicao basica de que quanto maior a carga viral, maior a viruléncia. Portanto,
a PCR quantitativo em tempo real (RT-gPCR) tem sido util na identificacdo do
DWV e amplamente utilizada (TENTCHEVA et al., 2004; GENERSCH, 2005;
GAUTHIER et al., 2007; KUKIELKA et al., 2008; HIGHFIELD et al., 2009;
MCMAHON et al., 2016).

O sequenciamento de dudltima geracdo (NGS) produz uma grande
guantidade de dados relativos a variantes virais, recombinantes e carga. Isso
levou a identificacdo de novas variantes mestras de DWV — quasisespécie -
(MOORE et al., 2011; DALMON et al., 2017; BRETTELL e MARTIN, 2017;
MORDECAI et al.,, 2016b) e como resultado permitiu que pesquisadores
aprofundassem sua compreensdo de como o complexo quasisespécie do DWV
interage com o hospedeiro.

Com os avancgos tecnologicos e devido a descoberta das variantes DWV
(A, B e C), os estudos comecaram a se concentrar na presenca e no papel destas
variantes do DWV, incluindo o desenvolvimento de novos primers especificos a
cada variante (KEVILL et al., 2017), e com o qual foram utilizados na metodologia

do segundo capitulo desta tese.
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Assim, este trabalho teve por objetivos: i) avaliar a variagdo morfométrica
intraespecifica quanto a forma e tamanho da cabeca em populagbes insulares e
continentais de M. subnitida e ii) avaliar a prevaléncia e a carga viral de trés
variantes mestras do DWV (tipo A, B e C) em populacbes de M. subnitida e de A.
mellifera. Dessa forma, os estudos foram divididos nos seguites Artigos:

Artigo 1: Variagdo populacional e efeito de ilha em Melipona subnitida
(Hymenoptera: Apidae); e

Artigo 2: Ocorréncia das variantes do virus deformador da asa nas
populaces da abelha sem ferrdo Melipona subnitida e da abelha melifera Apis

mellifera no Brasil.
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Population variation and island effect in Melipona subnitida

(Hymenoptera: Apidae)

Abstract: We examined the head morphology of island and mainland populations
of the stingless bee Melipona subnitida. We employed geometric morphometrics to
test for differences in head morphology and analyzed 122 colonies. Head
measurements were performed using 25 landmarks and semi-landmarks. For
head shape, landmarks were analyzed by generalized procrustes analysis,
principal component analysis (PCA), Mahalanobis distance, discriminant function
analysis, cross-validation and unweighted pair-group method clustering (UPGMA).
For head size, data were analyzed by analysis of variance (ANOVA), followed by
the Tukey test. In addition, the relations between head shape, head size,
geographical distance and altitude were analyzed using Pearson’s correlation
coefficients. Morphological analyses revealed significant differences (p<.01)
between mainland and island populations. Moreover, island bees differed in head
shape and head size. The first two principal components explained 69.72% of the
total variation, and UPGMA revealed that the individuals collected on the Island of
Fernando de Noronha differed from the remaining locations, with 100% bootstrap
support. Cross-validation correctly classified 84% of the individuals into their
respective locations. The results also indicated structuring of those populations
introduced to and isolated on the Island of Fernando de Noronha for more than 30
years. The characterization of the studied M. subnitida populations, especially the
island populations, alerts us to the fact that isolation may lead to a loss of diversity,
or even of the whole population, in M. subnitida and the remaining meliponines,
possibly negatively affecting biotic interactions, especially plant—pollinator

interactions.

Variacion poblacional y efecto insular en Melipona subnitida (Hymenoptera:
Apidae)

Resumen: Examinamos la morfologia de la cabeza de poblaciones insulares y
continentales de Melipona subnitida. Empleamos morfometria geométrica para

probar las diferencias en la morfologia de la cabeza y analizamos 122 colonias.
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Las mediciones de la cabeza se realizaron utilizando 25 puntos y semi-puntos de
referencia. Para la forma de la cabeza, los puntos de referencia se analizaron
mediante el andlisis procrustal generalizado, el analisis de componentes
principales (PCA), la distancia Mahalanobis, el andlisis de funciones
discriminantes, la validacion cruzada y la agrupacion de métodos de grupos de
pares no ponderados (UPGMA). Para el tamafo de la cabeza, los datos se
analizaron mediante el andlisis de varianza (ANOVA), seguido de la prueba de
Tukey. Ademas, se analizaron las relaciones entre la forma de la cabeza, el
tamafo de la cabeza, la distancia geografica y la altitud utilizando los coeficientes
de correlacibn de Pearson. Los andlisis morfolégicos revelaron diferencias
significativas (p<0,01) entre las poblaciones del continente y de las islas. Ademas,
las abejas insulares diferian en la forma y el tamafio de la cabeza. Los dos
primeros componentes principales explicaron el 69,72% de la variacion total, y la
UPGMA revel6 que los individuos recolectados en la Isla de Fernando de Noronha
difirieron del resto de las localidades, con un 100% de apoyo de bootstrap. La
validacion cruzada clasificO correctamente al 84% de los individuos en sus
respectivas ubicaciones. Los resultados también indicaron la estructuracion de las
poblaciones introducidas y aisladas en la isla de Fernando de Noronha durante
mas de 30 afios. La caracterizacion de las poblaciones estudiadas de M.
subnitida, especialmente las poblaciones insulares, nos alerta de que el
aislamiento puede llevar a una pérdida de diversidad, o incluso de toda la
poblacién, en M. subnitida y los meliponinos restantes, afectando posiblemente
negativamente a las interacciones bioticas, especialmente las interacciones

planta-polinizador.

Keywords: Stingless bees; insular adaptation; head size; population diversity;

geometric morphometrics

Introduction

Understanding the processes that lead to differentiation between

populations is very important in evolutionary biology (Spurgin, lllera, Jorgensen,
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Dawson, & Richardson, 2014). Differentiation may happen due to natural or
human-mediated events. Islands are good environmental systems and provide
natural experiments to test relatively simple hypotheses about population biology
and genetic diversity (Wang et al., 2014; White & Searle, 2007). In addition to
studies at the intra-specific level, the particular nature of these habitats may also
provide evidence of adaptive divergence (Sagonas et al., 2014).

In many cases of isolation, a small number of founder individuals in
combination with the new environmental conditions evolve to an island endemic
form (White & Searle, 2007). Furthermore, the level of genetic differentiation
between populations is positively correlated to the phenotypic divergence caused
by isolation and adaptation (Nosil, Funk, & Ortiz-Barrientos, 2009). Many groups,
such as island bird species, may show decreased flight capacity (McNab, 1994),
loss of dispersal capacity and body size changes (Lomolino, Riddle, & Brown,
2005) becoming smaller than their mainland homologs, as observed in lizard
populations (Roughgarden, 1995; Schwartz & Henderson, 1991). The body size of
island individuals therefore frequently differs from mainland individuals — “the
island rule” (van Valen, 1973) — becoming either smaller or larger.

In 1983, 30 colonies of “Jandaira” stingless bees (Melipona subnitida
Ducke, 1910) were introduced to the Island of Fernando de Noronha (IFN), 345
km from the Brazilian coast. Twenty colonies originated from the municipality of
Fortaleza (Ceara state) and 10 from the municipality of Mossord (Rio Grande do
Norte state) (Kerr & Cabeda, 1985). Recently, Ribeiro and Lima (2015) reported
unmanaged bee colonies by the beekeepers through the years, with neither honey
nor other product being commercialized, also no feral colonies were found.

The relative time to monitoring the consequences of founder effect has
been attempted in few studies. In the wild, the process of bird colonization
(Geospiza magnirostris) in the Galapagos Islands provided evidence of drift and
selection causing morphological divergence (Grant, Grant, & Peetren, 2001). This
divergence occurred after nine years and showed the tendency for faster
modifying morphological traits on islands holds over relatively short time scales
(Millien, 2006). Therefore M. subnitida colonies were successfully established, and

because they have survived in isolation on this island until the present day, they
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are interesting for studies of ecological and evolutionary processes (Lee & Lin,
2012).

Melipona subnitida is native and endemic to Northeast Brazil and is relevant
to environmental conservation because is an important pollinator, honey and
pollen producer, and is resilient to the climatic stress of a semi-arid environment.
Also this stingless bees is important for the meliponiculture throughout the region
(Cortopassi-Laurino et al., 2006).

Bees have been studied using different methods including geometric
morphometrics, which has been found to be effective for bee identification and
diversity estimation, especially when wing measurements are used, such as in
Apis mellifera (Barour & Baylac, 2016; Sousa, Araujo, Gramacho, & Nunes, 2016),
Melipona spp. (Aradjo et al., 2016; Lima Junior, Carvalho, Nunes, & Francoy,
2012; Lima Junior, Carvalho, Nunes, & Santos, 2015; Nunes, Passos, Carvalho, &
Araujo, 2013; Prado-Silva, Nunes, de Oliveira, Carneiro, & Waldschmidt, 2016)
and M. subnitida (Bonatti, Simbes, Franco, & Francoy, 2014; Lima, Nunes,
Ribeiro, & Carvalho, 2014). However, few studies have used head morphometrics
(Souza et al., 2015) or compared island and mainland bee populations (Rivera-
Marchand, Oskay, & Giray, 2012).

The aim of the present study was to evaluate the intra-specific
morphometric variation of head shape and size in island and mainland populations
of M. subnitida and to identify island selective pressures that may shape

phenotypic traits.

Material and methods

Samples

In total, 1058 individuals of M. subnitida, belonging to 122 managed
colonies from 12 different locations in five states of the Brazilian Northeast region,

were evaluated (Table 1, Figure 1).
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Table 1. Information about M. subnitida locations, number of colonies,
geographical coordinates, altitude and Képpen—Geiger climate classification.

Number Climatic

. of Altitude Classification
State Location colonies Lat (S) Long (W) (m) Koppen-
Geiger
Alagoas (AL) Agua Branca 10 9°10'24.7" 37°51'41.9" 380 Aw
Mata Grande 12 9°11°09.3" 37°50'09.8" 424 Aw
Bahia (BA) Joa 06 9°31'08.8" 38°25'36.7" 243 BSh
Séo José 08 9°39'04 8" 38°22'43.2" 243 BSh
Ceara (CE) Fortaleza 06 3°43'02" 38°32'35" 15 Aw
Pernambuco Island of Fernando 12 o " oAt "
(PE) de Noronha 3°50'51.4 32°24'17.7 90 Aw
Cumaru 08 8°1'58.5" 35°45'3.11" 348 Aw
Exu 04 7°20'22.6" 39°54'58.5" 887 Aw
Passira 05 7°55'37.8" 35°30'14.0" 160 Aw
Riacho das Almas 06 8°3'40.7" 35°49'9.62" 413 BSh
Taquaritinga do 12 oEp N ot
Norte 7°56'14.1 36°7'05.7 785 Aw
Rio Grande do o6 33 5°12'34.17"  37°2023.03" 30 Aw
Norte (RN)
Legend:
@ Island of Fernando de Noronha {- Agua Branca
O Cumaru * Mata Grande
O Exu /\ Joa
@ Passira B Séao José
A Riacho das Almas O Mossoro
<> Taquaritinga do Norte ® Fortaleza A
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i_’\ \\,J:(:'t?\'i/ ~ 4///
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(‘A%:ﬁ\ ‘1} \-7—7 %C'A/‘ﬁ'
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Figure 1. Map of the Brazilian Northeast showing the geographical location of the
studied populations of Melipona subnitida.

Head shape and size

Heads of worker bees were removed and placed on slides for microscopy.
Images were captured using a camera coupled to a stereomicroscope (Leica
Application Suite 3.4.1, Wetzlar, Germany). Nine landmarks (1-3 = ocelli, 12-13 =

antennae, and 18-21 = clypeus) and 16 semi-landmarks (4-11 = compound eyes,
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14-17 = clypeus, and 22-25 = compound eyes) were digitized using tpsDIG2
(Rohlf, 2015, Stony Brook, USA) (Figure 2). For head shape, generalized
procrustes analysis, principal component analysis (PCA), discriminant function
analysis and cross-validation were performed by colony average in MorphoJ 2.0
software (Klingenberg, 2011, Manchester, UK). Unweighted pair-group method
cluster analysis (UPGMA), based on the Mahalanobis distance and the cophenetic
correlation coefficient, was performed using Past 1.81 (Paleontological Statistics)
software (Hamer, Harper, & Ryan, 2001, Oslo, Norway), with 10,000 permutations.
For head size, based on centroid size, data were subjected to analysis of variance
(ANOVA) followed by the Tukey test. Relations between head shape and size and
geographical distance and altitude were analyzed by Pearson’s correlation

analysis using Past software (Hamer et al., 2001, Oslo, Norway).

Figure 2. Landmarks (white circles) and semi-landmarks (black circles) in the head
of Melipona subnitida.

Results

Variation in head shape

Principal component analyses revealed differences among the M. subnitida
populations, indicating that head shape characters are effective in separating

populations of this species. The first two principal components explained 69.72%
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of the total variation (PCA1 =51.26% and PCA2 =18.46%) (Figure 3). Principal
component 1 (PC1) separated the PE and CE populations (positive axis) from the
BA and IFN populations (negative axis). Principal component 2 (PC2) separated
the PE population from the CE population and the RN population from the PE, BA
and IFN populations. However, it did not separate the BA population from the IFN

population.

Legend:
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-0.016+
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Figure 3. Principal component analysis scatter plot for Melipona subnitida
populations from the Island of Fernando de Noronha and the Brazilian mainland
(represented by five states).

Thin-plate splines for PC1 showed that most of the morphological
differentiation was associated with the antennae region, clypeus and extremities of
the compound eyes (Figures 4A-B). The individuals located in the positive PC1
showed expansion in the clypeus shape and the lower extremity of the compound
eyes, whereas in the negative axis, the opposite was observed. Thin-plate splines
for PC2 showed that the higher variation was related to the upper part of the head,

especially the ocelli region. The dendrogram generated by UPGMA, based on the
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cophenetic correlation coefficient (79%), revealed that the individuals collected on
the Island of Fernando de Noronha differed from the populations in mainland
natural areas with 100% bootstrap support (Figure 5).

Cross-validation correctly classified 84.55% (p<.01) of the individuals into
their respective groups, with populations collected in Bahia and Rio Grande do
Norte (p<.0001) and between Ceard and IFN (p<.0001), for which 100% of the
individuals were discriminated, being highlighted. The lowest classification
accuracy was observed for individuals collected in Alagoas and Ceara (57.14%;
p<.01) and in Bahia and IFN (57.74%; p<.01). The discrimination rate by cross-
validation for the comparison between island and mainland locations was 84.9%
(p<.01). The highest discrimination rates were observed for the comparison with
populations from Exu and Fortaleza (100%; p<.01); the lowest, with the population
from Cumaru (60.41; p<.01) (Table 2).
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Figure 4. Positive and negative axis thin-plate splines for the first principal
component (PC1) (A, B) and the second principal component (PC2) (C, D).
Vectors indicate direction and sense of variation for each landmark.
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Figure 5. Dendrogram generated by UPGMA for Melipona subnitida populations,
based on Mahalanobis distances for head shape. Cophenetic correlation
coefficient of 79% after 10,000 permutations.

Table 2. Percentage cross-validation for the M. subnitida population from the
Island of Fernando de Noronha compared with mainland populations.

Island of Fernando

Location de Noronha (%) P
Agua Branca (AL) 70.83 p<0.01
Cumaru (PE) 60.41 p<0.01
Exu (PE) 100 p<0.01
Fortaleza (CE) 100 p<0.01
Joa (BA) 91.67 p<0.01
Mata Grande (AL) 79.17 p<0.01
Mossoré (RN) 98.48 p<0.01
Passira (PE) 95.83 p<0.01
Riacho das Almas (PE) 87.50 p<0.01
Sao José (BA) 87.50 p<0.01

Taquaritinga do Norte (PE) 62.50 p<0.01




43

Variation in head size

ANOVA revealed significant differences in head size (p<.001). The
individuals with larger head sizes were collected in AL and BA. Medium size heads
were found in CE, PE and RN, and the smallest head sizes were found in IFN
(Figure 6). Significant correlations were observed among the morphometric data,
geographical coordinates and altitude (p<.01) (Table 3).

6.84

11
s \T{ —
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0
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Ceara
do Norte
Island of

Pernambuco
Rio Grande
Fernando de Noronha

Figure 6. Boxplot for head size, based on centroid size, of Melipona subnitida.
Different letters indicate statistically significant differences according to the Tukey
test.

Table 3. Correlations among head shape, head size, altitude and geographical
distance, using head measurements of M. subnitida.

Matrix comparison R? P
Shape x Size 0.11179 0.00027263**
Shape x Latitude -0.12504 0.000046085**
Shape x Longitude -0.10961 0.00035889**
Shape x Altitude -0.071507 0.02013*
Size x Latitude -0.45756 <0.0001**
Size x Longitude -0.6699 <0.0001**
Size x Altitude 0.27694 <0.0001**

*p<.05; **p<.001.
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Discussion

The present study revealed evidence that the head size (smaller) and
shape of M. subnitida were related to the island effect. This was confirmed by the
high discrimination rates shown with cross-validation between the IFN population
and the populations from Fortaleza-CE and Mossor6-RN — the original source
locations for the island populations — and clustering in an external branch in the
dendrogram.

Colonization of a new habitat by a small number of individuals and
ecological factors such as limited locations for nesting and vegetation and deficient
management practices by the island inhabitants (Ribeiro & Lima, 2015) may play
an important part in insular differentiation, especially because M. subnitida is an
introduced species.

In general, ocean islands may have limited resources (Rivera-Marchand et
al., 2012), and environmental differences are more pronounced if the organisms
travel from the mainland to the island. Islands tend to have more limited resources,
space and predators, which may affect the incoming species (McNab, 1994).

In our results, the Pearson correlation analysis showed that the head shape
and size varied with geographical distance and altitude, indicating a gradual
distribution of these characters in the geographical space. Lima Junior, Carvalho,
Nunes, and Francoy et al. (2015) and Nunes, Pinto, Carneiro, Pereira, and
Waldschmidt (2007) also found differences between Melipona scutellaris colonies
according to the altitude gradient. Lima et al. (2014) and Bonatti et al. (2014)
observed similar results for the wings of M. subnitida from different mainland
populations, indicating that head geometric morphometrics can be used efficiently
to detect small variations and to discriminate between groups of bees.

With regard to migration or considering beekeepers influence, Lima et al.
(2014) also found formation of different groups along geographical zone across
Alagoas, Bahia and Pernambuco, suggesting a lack of genetic flow. Therefore the
analyses presented here share with genetic diversity, little or no gene flow
occurring naturally (Bonatti et al., 2014) indicating populations of M. subnitida are

under a differentiation process in mainland.
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Although geographic barriers have played an important role, climate change
is also an important factor for insects pollinators (Potts et al., 2016). Establishing
representative conservation area is essential, thus the predicted loss of suitable
habitat projected for the year 2050 for M. subnitida, suggest borders of
Pernambuco states as one of the best regions for reconnecting the bees
environment from now to the future, although the total area suitable for this
stingless bee will change a little (Giannini et al., 2017).

Sagonas et al. (2014) analyzed the head morphology of island and
mainland lizard populations and also found differences in head shape but not in
head size. The smallest head sizes were observed for bees collected in the Island
of Fernando de Noronha. Decreases in body size and changes in shape may
indicate insular adaptation to limited resources and reduced territorial competition
(Lee & Lin, 2012).

The restricted flow between islands and the mainland (geographical
barriers) allows inferences about the genetic consequences of isolation and
population differentiation (Wang et al.,, 2007). These consequences are
aggravated by the fact that island populations are much more prone to
disappearance than mainland populations (White & Searle, 2007). Fragmentation
in the distribution of many mainland species due to human activities is worrisome
(Haddad et al., 2015; Maués & Oliveira, 2010) because decreases are expected in
the diversity of local populations, which also leads to decreases in the capacity to
adapt to environmental changes (White & Searle, 2007). The studied population of
M. subnitida from the Island of Fernando de Noronha is therefore a model for
understanding the dynamics of isolated populations in caatinga vegetation
fragments.

Isolation, especially in small areas, may lead populations to death due to
demographic stochasticity (Shafer, 1981). In addition, lower genetic variability due
to the drift effect may cause a loss in adaptive capacity, especially adaptation to
environmental changes (Allendorf & Leary, 1986; Nei, Maruyama, & Chakraborty,
1975). The problem of limited food resources may also increase losses rates, due
to competition for survival spaces. In the case of M. subnitida, this competition is
aggravated because the Island of Fernando de Noronha is not the species’ place

of natural occurrence.
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To the best of our knowledge, our study is the first to analyze the effects of
isolation of M. subnitida on an island and shows that care should be taken with this
species and other meliponines due to isolation effects, which may lead to
population losses and consequent negative effects on biotic interactions and even
on ecosystem stability. Connectivity between habitats and, consequently, between
populations is necessary so that bee communities remain abundant and diverse
(Steffan-Dewenter & Tscharntke, 1999). Moreover, such connectivity is essential
for plant—pollinator interactions in endangered native plant species and
economically important crop plants.
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Occurrence of deformed wing virus variants in the stingless bee Melipona

subnitida and honey bee Apis mellifera populations in Brazil

Abbreviation: DWV, deformed wing virus.
One supplementary figure and one supplementary table are available with the

online version of this article.

Abstract: The global spread of the parasitic Varroa mite has introduced a new
bee to the bee horizontal transmission route for several RNA viruses that
bypasses existing barriers in honey bees. From among these viruses, deformed
wing virus (DWV) is now among the most widespread insect pathogens in the
world. Brazilian stingless bees are a diverse group often managed in close
proximity to honey bees. Therefore, we investigated the prevalence and load of
DWYV in 21 stingless bee (Melipona subnitida) and 26 honey bee (Apis mellifera)
colonies from Brazil. DWV was detected in all colonies with DWV-A and DWV-C
dominating in M. subnitida, while DWV-A dominated in A. mellifera. Average total
viral loads per bee were 8.8E+07 and 6.3E+07 in M. subnitida and A. mellifera,
respectively, which are much lower than DWYV levels (>1E+10) found in honey
bees in the northern hemisphere. In colonies introduced 30 years ago to the
remote island of Fernando de Noronha, the DWV load was low (<1E+03) in honey
bees but we detected higher loads (1.6E+08) in all M. subnitida colonies on the
island. This may suggest that minimal, if any, viral transmission of DWV from
stingless bees to honey bees has occurred on this island. Furthermore, the
ubiquitous presence of the DWV-C variant in M. subnitida colonies, and its rarity in
A. mellifera, may again suggest that limited viral exchange between these two

species is occurring.

Keywords: cross-species transmission; Varroa; viral types.



52

INTRODUCTION

The stingless bees (Apidae: Meliponini) are the most diverse group of
eusocial bees, comprising more than 400 species contained within 60 genera [1].
The majority of species occur in the neo-tropics with colonies typically containing
200-2000 adults and a perennial life cycle [2]. Many species, particularly the large
Melipona species, have a long association with humans that harvest their highly
prized honey [3] but they are also responsible for pollinating 40—90% of the native
flora in some Brazilian regions [4]. The stingless bee, M. subnitida, is a swarm
founding species, brood development takes around 40 days and workers survive
for a few months. This species is endemic to the dryland—shrub forest ‘Caatinga
biome’ found in NE Brazil and is the typical stingless bee maintained by
beekeepers throughout the region, which helps towards the conservation of local
biodiversity as well as providing extra income to the beekeepers [3].

Brazil has a long history of managing honey bees (Apis mellifera) originally
imported from Europe but, in 1957, 26 colonies of imported African A. m. scutellata
escaped quarantine and spread throughout Brazil, hybridizing with existing
honeybees to form the Africanized honey bee [5]. However, when in 1971 the
parasitic Varroa (Varroa destructor) mite arrived in Brazil [6], the Africanized honey
bees were naturally tolerant to the mite whereas the European honeybees
suffered large-scale losses. The death of mite-infested colonies is often associated
with the presence of several viral pathogens [7], of which deformed wing virus
(DWV) has become the most prevalent in Varroa-infested honey bee colonies [8—
11].

Although Varroa is a parasite of only honey bees, it increases DWYV levels
via viral transmission during feeding [12], which can spill over into other species of
bees and wasps that share the same environment [13]. In part, this could explain
why DWYV has been detected in a wide range of non-Apis insects [14-17] and has
even been detected in pollen [18]. However, DWV may also be a generalist insect
virus and not a honey bee-specific pathogen, with the effect of Varroa being to
raise the DWYV loads across the pollinator community [13]. The impact of DWV on

these hosts remains unknown [19], although there is growing concern [17, 20-22].
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Based on consistent variations in both the nucleotide and amino acid
sequences of the polyprotein-encoding region, DWV has now been split into three
master-variants: types A, B (formally called Varroa destructor virus 1) and C [23].
Types B and C share 79% nucleotide identity and 89% identity in amino acid
sequences with the A type. On the other hand, types B and C share 79% in their
nucleotide identity and 90% identity in their amino acid sequences [23]. In South
America, DWV was first detected in 2005 in Uruguay [24] and Brazil in 2007 [25].
Therefore, there have been ample opportunities for cross-species infections to
occur, especially since both honey bees and stingless bees are often managed in
close proximity, especially on the remote island of Fernando de Noronha.

However, despite the importance of stingless bees, relative to honey bees
(Apis spp.) very little is known about their pests and pathogens. Therefore, the aim
of this study was to evaluate the prevalence and viral load from three described
DWYV master-variants (A, B, and C) across a population of stingless bee (Melipona

subnitida) and Africanized honey bees from Brazil.

RESULTS
Prevalence of DWV

We detected DWV in each sample of M. subnitda and A. mellifera.
Negative controls indicated that no contamination had occurred in any of the runs.
Furthermore, the housekeeping gene indicated that all samples contained intact
RNA (Fig. 1) and the sequences from both M. subnitida and A. mellifera aligned
with the controls for each DWV master-variant (Fig. 2). The average Ct values
indicated more B-actin in the A. mellifera samples (19.7Ct+1.91 S.D.) relative to
those from M. subnitida (23.5 Ct+0.70 S.D.).
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Fig. 1. Typical gel showing the presence of 3-actin in all samples of M. subnitida,
A. mellifera and positive controls, confirming that the samples contained intact
RNA.

DWV-A Clone
DWV-A Melipona subnitida (PE-13)

DWV-A Melipona subnitida (BA)
DWV-A Melipona subnitida (PE)
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DWV-A Apis mellifera (AL)

DWV-A Apis mellifera (AM)

DWV-B Clone
B DWV-B Apis mellifera (AM)
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1001 DWV-C Melipona subnitida (PE)

0.020

Fig. 2. A bootstrapped neighbour-joining tree summarizing relationships of the
DWYV variants A, B and C in M. subnitida and A. mellifera from Brazil (this study)
against control sequences for each strain derived from A. mellifera in the UK [23].
The numbers indicate the collection location of the sequenced samples. The tree
was inferred from nucleotide sequences (Fig. S1, is available in the online version
of this article) that are based on a 98 bp section of the RdRp gene of which the
number of nucleotide differences between DWV-A and DWV-B is 16, with 20
between DWV-A and DWV-C and 21 between DWV-B and DWV-C.
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DWYV viral loads

The A and C master-variants were detected in the M. subnitida population
only (Fig. 3). The DWV-A variant was dominant in 78% of the colonies (Fig. 3),
with the C-variant dominating the remaining 22%. On the other hand, in A.
mellifera 92% of colonies were dominated by the A variant and only one colony
(4%) each was dominated by either the B or C variant. The DWV-B variant was
quantifiable in only three A. mellifera colonies (Figs 3, 4), while DWV-C was
guantifiable in only five (Figs 3, 4). The total estimated DWYV viral load detected
per bee averaged 3.6E+07 and 6.3E +07 in M. subnitida and A. mellifera,
respectively, on the Brazilian mainland. However, on Fernando de Noronha, where
the honey bees are heavily infested with VVarroa destructor mites, a previous study
[26] found that DWV loads remained at borderline levels of detection (~1E+03) in
these honey bees. In contrast, the M. subnitida colonies were dominated by both
DWV-A and DWV-C variants with an average viral load per bee of 1.6E+08, which

is many orders of magnitude higher than for the honey bees on the island.
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State Code City Code Date N State Code City Code Date N
Pernambuco PE Exu 2 18/07/13 1 Rio Grande RN Mossono 12 20/08/16 1
Ceara CE Fortaleza 3 I 1'16 2 Paraiba PB Areial 13 1609/ 16 2
Pemambuce PE-f Fernando de 4 20011713 9 Pernambuco PE Garanlmns 14 1500317 2
Meronha Is. Alagoas AL Pirankas 15 L703/17 2
Alagoas AL Mata Grande 5 09/08/12 1 Sergipe SE Sd0 Cristoviio 16 17/08/16 2
B Grande RN Mossord ] 810716 2 Bahia BA Cruz das Almas 17 1501717 3
Pemambuco PE Passira 7 180713 1 Bahia BA Seabra 18 26/01/18 1
Bahia BA Paulo Afonso 8 10V08/ 12 1 Mmas Gerais MG WVigosa 19 L0615 1
Pemambuco PE Riacho das Almas 9 13/07/13 1 Goids GO Goilinia 20 14/07/15 2
Pemambueo PE Taquaritinga 10 1307/13 1 Sao Panlo SP Piracicaba 21 10/06/15 2
Alagoas AL Agua Branca 11 02/08/12 1 Sania Catarina sC Videira 22 02914 1
Mato Grosso MS Trés Lagoas 23 02/02/15 1
Amazonas AM Manans 24/25 22006/ 16 3
Amazonas AM Rio Negro 26/27 15/1/18 2
Roraima RR Boa Vista 28 26/7/14 z

Fig. 3. Proportion and viral load of DWV-A (red), B (blue) and C (green) variants
detected in each colony of either A) Melipona subnitida or B) Apis mellifera from
across Brazil. The collection dates, location and number of colonies sampled from
each location throughout Brazil are given in the table. Each colony sample
consisted of ~30 individual bees, of which 10 bee heads were pooled from each

colony for RNA extraction.
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Fig. 4. A box plot alongside the individual data showing the mean viral load (log
scale) for each DWV master-variant detected in the 21 M. subnitida and 26 A.
mellifera colonies collected from Brazil. Each colony sample consisted of a pool of
ten bee heads. Type A=red, type B=blue and type C=green.

DISCUSSION

This study indicates that DWV is prevalent in the stingless bee, M.
subnitida, but was not detected in other species from this genus, including M.
guadrifasciata, M. torrida [27] and M. scutellaris [28]. However, DWV has
previously been found in the stingless bees Scaptotrigona mexicana from Mexico
[29] and Tetragonisca fiebrigi from Argentina [27].

The high prevalence of DWV in A. mellifera was expected, since DWV is
consistently the most prevalent viral pathogen of European and Africanized honey
bees [11].

The A type was also the dominant form of DWV in 23 individual bees
sampled from Cruz das Almas, Bahia, NE Brazil, as well as in the pooled bee

samples in this study [26]. Outside of Brazil, a comprehensive study using 168
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DWYV transcriptomes deposited in public databases also found the A type to be
more abundant than the B type in all but two cases [30], which mirrors the situation
found in US honey bees in 2010 [31]. Although type B appears to be replacing
type A in the USA [31], and is common in Europe [32], it was detected in any
quantity in only three colonies in this study (Fig. 3). This is despite the likely long-
term infection of both stingless and honey bees in Brazil. The rarely detected C
variant [31, 33] was present in almost all the M. subnitida colonies but only in five
of the 26 honey bee colonies.

Interestingly, on the remote island of Fernando de Noronha, where both M.
subnitida and A. mellifera were artificially introduced in the mid-1980s [34, 35] and
have been maintained in close proximity over the past 34 years, DWV-A
dominated all nine M. subnitida colonies with a mean viral load of 1.6E+08. On the
other hand, the European honey bees on this island have very low (~1E+03) viral
loads and a diverse range of DWV variants [36]. This provides further evidence
that DWV may be a general hymenopteran or insect virus rather than a honey bee
pathogen that has spilled over into the pollinator community. Again, the ubiquitous
presence of the DWV-C variant in M. subnitida colonies and rarity in A. mellifera
colonies on the mainland may suggest limited viral exchange between these two
species. The chance of transmission between species may be reduced due to the
low DWYV viral loads, per bee, present in both the stingless (8.83E+07) and honey
bees (6.25E+07) investigated in this study (Figs 3, 4), relative to those found in
asymptomatic (2.4E+09) and symptomatic (6.9E+11) European honey bees [37].
When these high DWYV loads are present in honey bees, DWV was found to
appear in neighbouring wasps and solitary bees [13]. The low DWYV loads in the
Brazilian honey bees relative to those in the northern hemisphere could be linked
with their ability to tolerate the Varroa mite, or possibly being better adapted to

maintaining lower levels of viraemia.

METHODS

Samples

Pools of 30 M. subnitida workers were collected directly at the entrance of

24 colonies from meliponaries at ten different locations across the NE Brazil (Fig.
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3), which covers the natural distribution of this species. In addition, pools of ten M.
subnitida workers from nine colonies located on the remote oceanic island of
Fernando de Noronha were collected in November 2013 using the same method.
These latter samples are interesting, since this population was originally
established from 30 colonies brought to the island in 1983 from the mainland
states of Ceard and Rio Grande do Norte [34]. Also, in 1984 a small population of
European honey bees established on Fernando de Noronha [34] were accidentally
infested by the Varroa mite, although the typically high levels of DWV were not
present in either the honey bees or Varroa [35].

In addition, pools of 30 healthy Africanized honey bee adult workers were
collected from the brood area of 26 colonies across Brazil (Fig. 3). All samples
were collected in absolute ethanol and stored at -20 °C, before transportation in

liquid nitrogen using a Vapour shipper to the UK for analysis.

Detection and quantification of DWV variants

Total RNA was extracted from a pool of ten heads per colony for both
stingless and honey bees. DWV types A and B are both known to replicate in the
heads of asymptomatic honey bees [38] as well as in their bodies (thorax +
abdomen), and this was supported by ref. [39] which also found both types in the
heads and bodies. Furthermore, honey bee head extracts were successfully used
to conduct a survey of DWV in 1104 bee colonies from Germany [8]. All the
foregoing studies, including the current one, used either column-based extraction
kits (RNeasy, Qiagen, Germany) or a purification step. This is required since when
RNA is extracted from honey bee heads using Trizol, pigments from the eye can
inhibit the PCR reaction resulting in false-negative results [40]. The heads were
ground in liquid nitrogen into a fine homogeneous powder and RNA was extracted
from a 30 mg sub-sample using the RNeasy mini kit (Qiagen), which was
enhanced using a QIAshredder kit (Qiagen) for the M. subnitida samples [41].
Nanodrop (8000 series, Thermo Fisher Scientific, MA, USA) quantification was
used to standardize the amounts of total RNA to 50 ng pl™* using RNase free

water, before storage at -80 °C.
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In order to quantify the viral load of each DWV master-variant we used a
recently developed method [33]. Briefly, cDNA was synthesized using a one-step
SensiFAST SYBR No ROX One-step kit (Bioline, London); the reactions contained
1 ul RNA at a concentration of 50 ng pl=* per sample, 10 yl SensiFAST mix, 0.2 p
reverse transcriptase, 0.4 pyl RNase inhibitor, 0.75 pmol of each primer [DWV F
and R-Types A, B and C (Table S1)] and 7.5 pl of H20. Reactions were run on a
Rotor-Gene Q Thermocycler (Qiagen) with an initial reverse transcription stage at
45 °C for 10 min and a denaturation step of 95 °C for 10 min, followed by 35
cycles of denaturation for 15 s at 95 °C, annealing for 15 s at 58 °C for primers A
and B and 61.5 °C for primer C, and extension for 15 s at 72 °C. A final
dissociation melt curve was performed at 72-90 °C, in 0.5 °C increments, each
with a 90 s hold. The melt curve was used to ensure that a single targeted product
was amplified and that no contamination was present in either the reverse
transcription negative controls or the no-template controls. A selection of PCR
products from both stingless and honey bees were verified by sequencing and
aligned against DWYV type A, B and C sequences from UK honey bees [33]. The
multiple alignment file (Fig. S1) was analysed with MEGA v7.0 software [42] to
build a bootstrapped neighbour-joining tree [43] to confirm the identity of the three
DWYV variants. The threshold cycle (Ct) value was determined for each sample
using the Rotor-Gene Q Series Analysis software (Qiagen), and viral quantification
was done using serial dilutions of the standard DWV RNA, ranging from 1E+03 to
1E+08 copies of DWV per reaction. All samples were run in triplicate and the
average taken. Those samples with a standard deviation of =23 Ct were repeated.
Furthermore, PCR products were run on a 2% agarose gel stained with 0.001%
GelRed to confirm that bands of the correct size had been amplified. A control
housekeeping gene b-actin [37] was also run to ensure that no degradation of the
samples had occurred, due to the great distances over which these samples were
transported, both within and between countries. Genome equivalents per bee were
calculated per sample using the following equation:

Genome equivalents = (average copy number)

X (RNA dilution factor)
X (elution volume of RNA)

X (proportion of bee material)
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SUPPLEMENTAL DATA

Table S1. Primers used in this study were developed by [33].

Target Primer Name Sequence (5' - 3") Size of product (bp)
DWYV Forward DWVnew-F1 TACTAGTGCTGGTTTTCCTTT
DWV Type A DWVA-R1 CTCATTAACTGTGTCGTTGAT 155
DWV Type B DWVB-R1 CTCATTAACTGAGTTGTTGTC 155
DWV Type C DWVC-R1 ATAAGTTGCGTGGTTGAC 152
DWV-A Clone ATGGTTGTTTGATATTGAGCTACAAGATT

DWV-A Melipona subnitida (PE-3) o
DWV-A Melipona subnitida (BA) S
DWV-A Melipona subnitida (PE) . C e e
DWV-A Apis mellifera (AL) C
DWV-A Apis mellifera (AM) s S
DWV-B Clone o AT

DWV-B Apis mellifera (AM) AT
Dwv_C_Honeybee G. . . . A . AT . G.
DWV-C Melipona subnitida (PE) G.. . .. A ... ... ... AT.G.

CGGGATGTTATCTCTTGCGTGGAATGCGTCCCGAACTTGAGAT

AL G AL A
A T ... A AL G . A A T
..... T..A._ A. T T.A. A
_____ T..A. . A. T T.A. A

T
.G. . AC.T. _A.
.G. . AC.T. _A.

P>
OO0 > >

Fig. S1. The multiple alignment file of the seven samples of either honey bee or
stingless bee aligned against the DWV master-variants standard. This shows the
almost perfect alignment of the Brazilian samples with DWV-A (red), DWV-B (blue)
or DWV-C (green) types. The number of nucleotide differences in this 98bp
section between DWV-A and DWV-B are 16, 20 between DWV-A and DWV-C,
and 21 between DWV-B and DWV-C.



66

CONSIDERACOES FINAIS

No presente trabalho foi possivel verificar a diversidade morfoldgica entre
as populagbes de M. subnitida introduzidas na llha de Fernando de Noronha e
nas populacdes continentais.

Os resultados indicam que as modificacbes na forma e tamanho (menor)
da cabeca em M. subnitida estdo relacionados ao efeito ilha. Bem como, esses
caracteres variaram com a distancia geogréfica e a altitude, indicando uma
distribuicdo gradual desses caracteres no espaco geografico do continente.

Os efeitos do isolamento de M. subnitida na ilha mostram que cuidados
devem ser tomados com esta espécie e outros meliponineos quanto aos efeitos
de isolamento, perdas populacionais e consequentes efeitos negativos nas
interacdes bidticas do ecossistema, diante dos resultados que uma restricdo de
fluxo génico ja ocorre entre as populacdes em sua area de distribuicdo natural.

Nos estudos moleculares, a presenca do virus DWV em M. subnitida,
abelha sem ferrdo e nativa do Brasil, amplia as considera¢cfes de que este virus
nao é especifico de Apis, mas sim um virus comum a insetos, tendo sua
propagacédo ocorrido de forma oportunista, associada ao acaro Varroa, como um
eficiente vetor viral nas abelhas A. mellifera.

Este projeto promoveu interessantes resultados acerca da distribuicdo do
virus DWV e suas variantes mestras (quasiespécies) em espécies do Brasil. Para
M. subnitida, ocorrendo apenas as variantes DWV-A e DWV-C. Para A. mellifera,
ocorrendo a presenca das 3 variantes (inclusive DWV-B), sendo o tipo A em
maiores concentracgoes.

A presenca do DWV-C em M subnitida, e muitas vezes sua dominancia em
algumas localidades, contrasta com a prevaléncia viral na espécie A. mellifera,
sugerindo que diferentes variantes do DWV podem variar a depender do
hospedeiro e sua susceptibilidade.

As baixas cargas de DWV na abelha A. mellifera em relacdo as do
hemisfério norte podem estar ligadas a sua capacidade em tolerar o 4caro Varroa,
ou possivelmente adaptadas a manter os niveis virais baixos. Ndo obstante, a

preocupacdo dos efeitos do DWV em espécies de abelhas brasileiras, faz-se
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necessario também enfatizar a importancia da conservagdo dos biomas, do
manejo sustentavel das abelhas e do controle sobre o uso de pesticidas, para a
conservacao e manutencdo das espécies.

Um dos principais desafios para os futuros programas de pesquisa é
continuar a rastrear o virus DWV, acompanhando sua evolucao e impactos que
cada variante (ja descritas ou emergentes) tém sobre os varios hospedeiros de
insetos (MARTIN e BRETTELL, 2019).

Adicionalmente aos capitulos apresentados, também participei do estudo
intitulado “DWV-A Lethal to Honey Bees (Apis mellifera): A Colony Level Survey of
DWYV Variants (A, B, and C) in England, Wales, and 32 States across the US”,
publicado no periodico cientifico Viruses (ISSN 1999-4915)
(DOI:10.3390/v11050426), cujo objetivo foi investigar a prevaléncia sazonal, a
carga viral e mudancas na distribuicdo das trés principais variantes do DWV
(DWV-A, -B e -C) dentro das colbnias de abelhas da Inglaterra, Pais de Gales e
32 estados nos Estados Unidos. Alcangcando como principais resultados a relagéao
de prevaléncia e alta carga viral do DWV-A em colénias que morreram nos
Estados Unidos quando comparadas as colonias sobreviventes. Enquanto que na
Inglaterra e no Pais de Gales, a prevaléncia e dominancia do DWV-B coincidiu
com baixas perdas de col6nias durante o inverno, corroborando a letalidade do
DWV-A.
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