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RESUMO

As espécies invasoras sao uma das maiores causas de perda de biodiversidade no planeta.
Acredita-se que as invasdes continuardo a crescer no mundo. Um exemplo recente de invasdo
na América do Sul ¢ a chegada da mosca Drosophila nasuta Lamb 1914. Em cerca de uma
década de invasdo, a espécie ja ocupa 4,6 milhdes de km? no Brasil, cerca de 55% do pais.
Drosophila nasuta apresenta um padrao ecologico diferente de outros drosofilideos exoticos,
preferindo locais conservados, sendo a possivel responsavel por reducdes na abundancia de
drosofilideos nativos apds a sua invasdo. Andlises genéticas demonstraram diferenciacao
populacional de D. nasuta nas areas coletadas. A morfologia alar dos drosofilideos pode ser
modificada por meio de diversos fatores, bioticos e abidticos. As asas apresentam vantagens
nos estudos de morfologia, por serem estruturas resistentes e 2D, e ja foram usadas extensiva-
mente em estudos com drosofilideos. O objetivo do trabalho foi observar se D. nasuta j& apre-
senta diferenciacdo na morfologia alar nas areas. Foram analisadas 240 asas direitas de ma-
chos de D. nasuta, coletados em oito localidades. Cada asa foi fotografada e digitalizada, pos-
teriormente sendo realizadas 11 medidas a partir de pontos de referéncia. Foram realizadas
Andlises de Variancia (ANOVA) e um teste de Tukey a posteriori para se observar se as areas
diferiram de forma estatisticamente significativa. As areas que ndo diferiram significativa -
mente foram posteriormente agrupadas e foi realizada uma analise discriminante linear. Além
disso, foi realizado um teste de Correlacdo de Pearson com fatores abiodticos: temperatura mi-
nima, maxima, e pluviosidade. As andlises formaram dois grupos, um com asas maiores (Ca-
atinga, Cerrado e Mata Atlantica Sul) e outro com asas menores (Amazonia ¢ Mata Atlantica
Norte). Uma explicagdo para esse resultado ¢ que as asas maiores permitam uma maior
capacidade de sobrevivéncia em ambientes frios. Os resultados demonstraram que D. nasuta
apresenta diferencas na morfologia alar nos diferentes locais coletados, indicando que a

espécie se encontra bem adaptada aos biomas brasileiros.

Palavras-chave: Invasdes Biologicas, Microevolucdo, Morfometria.
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ABSTRACT

Invasive species are one of the biggest drivers of biodiversity loss on the planet. It is believed
that invasions will continue to increase around the world. A recent example of invasion in
South America is the arrival of the fly Drosophila nasuta Lamb 1914. After about a decade of
invasion, the species already occupies 4.6 million km? in Brazil, around 55% of the country.
D. nasuta presents an ecological pattern different from other exotic drosophilids, preferring
conserved locations, being possibly responsible for reductions in the abundance of native dro-
sophilids after its invasion. Genetic analyses show population differentiation of D. nasuta in
the collected areas. The morphology of drosophilids can be modified through several factors,
biotic and abiotic. Wings have advantages in morphology studies, as they are resistant and 2D
structures, and have already been used extensively in studies with drosophilids. The objective
of the work was to observe whether D. nasuta already presents differentiation in wing mor-
phology in the areas. 240 right wings of males of D. nasuta, found in eight locations. Each
wing was photographed and digitized, and 11 measurements were subsequently taken from
reference points. Analysis of Variance (ANOVA) and an a posteriori Tukey test were perfor-
med to observe whether the areas differed in a statistically significant way. Areas that did not
differ significantly were subsequently grouped and a linear discriminant analysis was perfor-
med. Furthermore, a Pearson Correlation test was performed with abiotic factors: minimum
and maximum temperature, and rainfall. The analyzes formed two groups, one with the largest
(Caatinga, Cerrado and South Atlantic Forest) and the other with the smallest (Amazonia and
North Atlantic Forest). It is believed that a bigger wing allows better survivability in cold en-
vironments. The results demonstrated that D. nasuta presents differences in wing morphology

in the different locations found, showing that the species is well adapted to Brazilian biomes.

Keywords: Biological invasion, Microevolution, Morphometry.
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1. FUNDAMENTACAO TEORICA
1.1 INVASOES BIOLOGICAS

Espécies exoticas sdo aquelas que sairam de sua area de distribui¢ao original e passa-
ram a ocupar novos territorios (ONU, 2002), sendo grande parte das introdugdes provocadas
de forma deliberada ou nao-intencional por seres humanos (VITOUSEK et al. 1997). Nas
areas introduzidas essas espécies passam a ser submetidas a diversas condi¢des bidticas ou
abidticas que podem limitar ou favorecer sua dispersdao e adaptagdo (BLACKBURN, 2011).
Do ponto de vista da diversidade genética, as espécies exoticas podem sofrer o chamado
“efeito fundador” quando colonizam novos ambientes, uma vez que apenas uma pequena
quantidade da variabilidade genética encontrada em sua area de distribuicao original podera
estar presente no local invadido (WEAVER et al. 2021).

Caso as espécies exdticas comecem a causar prejuizos financeiros, afetem negativa-
mente a saude humana, ou provoquem danos ecoldgicos na nova area colonizada, essas espé-
cies passam a ser designada como invasoras (ONU, 2002). Muitos sdo os exemplos de inva-
soes biologicas que causaram algum, ou varios, desses problemas (FERRONATO et al.
2018). Em relagdo a satide humana, pode-se citar o0 mosquito Aedes aegypti, antes encontrado
exclusivamente na Africa (POWELL et al. 2018) ¢ hoje distribuido em regides tropicais de
todo o planeta, sendo um dos principais vetores da dengue, uma doencga infecciosa viral res-
ponsavel pela morte de dezenas de milhares de pessoas ao redor do mundo (ZENG et al.
2021).

O fendmeno das espécies invasoras € o segundo maior causador da perda de biodiver-
sidade no mundo, ficando atras apenas da destrui¢do de habitats (BELLARD et al. 2016). Por
ndo terem coevoluido com as espécies da regido colonizada, as espécies invasoras sao respon-
saveis por desequilibrios ecologicos nas areas invadidas, o que acaba por pressionar as espéci-
es nativas, e, em casos extremos, leva-las a extingdo (SAX et al. 2007). Tais processos sao
ocasionados, por exemplo, pela exclusao competitiva, na qual a espécie invasora se sobrepoe
competitivamente em relagdo a uma nativa que possua um nicho ecologico similar, de modo
que a espécie nativa reduz sua abundancia, ou sua area de distribuicdo (CHORNESKY e
RANDALL, 2003). Como exemplo, pode-se citar um estudo com moscas-varejeiras necrofa-
gas da Familia Calliphoridae, no qual foi observado que larvas de uma espécie nativa comeca-
ram a sofrer consequéncias negativas conforme se aumentava a presenca da larva de uma es-

pécie invasora competidora (CARMO et al. 2018).



Outros exemplos de processos deletérios ocasionados por espécies invasoras sao o
aumento da pressdao de predacdo sobre as nativas, a disseminagdo de doengas pelas espé-
cies introduzidas, ou a hibridizagdo destas com as espécies nativas (CHORNESKY e RAN-
DALL, 2003, TODESCO, 2016). Uma espécie de roedor que exemplifica os processos cita-
dos é Rattus rattus, originario da Asia, atualmente presente em varios continentes e ilhas do
planeta, sendo responsavel por perdas de biodiversidade através de predacao, transmissao de
doencas, hibridizacdo e exclusao competitiva. (WYATT, 2008; HARPER ¢ BUNBURY,
2015;HEMAMALI e BOYAGODA, 2020).

As espécies invasoras também s3o responsaveis pelo fendmeno da homogeneizagao
biotica, em que as comunidades de organismos de diferentes locais se tornam cada vez mais
similares em sua composicao de espécies, com o aumento da presenca de espécies cosmopoli-
tas e diminuicao das nativas (OLDEN, 2008). A riqueza de espécies pode diminuir ou aumen-
tar nesse processo, mas a biodiversidade sempre ¢ prejudicada (OLDEN et al. 2004; NIEL-
SEN et al. 2019). A homogeneizacdo apresenta outras consequéncias como diminui¢ao da
variabilidade genética e extingdo de certas relagdes ecologicas (PETSCH, 2016).

O impacto financeiro das invasdes biologicas ¢ enorme, e paises como Brasil e Austra-
lia gastam dezenas de bilhdes de ddlares anualmente em decorréncia de prejuizos causados
por espécies invasoras (ADELINO et al. 2021; BRADSHAW et al. 2021). Tais custos finan-
ceiros podem derivar de espécies invasoras que se comportam como pragas agricolas, como o
percevejo asidtico (Halyomorpha halys) que tem a capacidade de se alimentar de pelo menos
170 espécies de plantas nas areas de invasdo, inclusive algumas com importancia agricola,
como a macieira (SPARKS, 2020). Custos também sao gerados através de espécies que modi-
ficam o ambiente de forma indireta pela sua densidade populacional. ou por padrdes compor-
tamentais, gerando gastos em medidas de controle populacional ou pela degradagdo ambien-
tal. como os coelhos na Australia (ALVES et al. 2022). Assim como outras causas, por exem-
plo, o tratamento de doengas ocasionadas por organismos invasores (RODRIGUEZ et al.
2015).

O processo de globalizagdo, que favorece a circulagdo de mercadorias, materiais biolo-
gicos e pessoas ao redor do mundo, tem contribuido para o aumento no nimero de espécies
invasoras (VENETTE e HUTCHISON, 2021). Estimativas apontam para um incremento de
36% nos casos de invasdes ao redor do mundo até 2050 (SEEBENS et al. 2020).

Nos insetos, um caminho importante para a chegada de organismos potencialmente
invasores em novos locais € o comércio internacional de frutas e vegetais (LICHTENBERG e
OLSON, 2019). O comércio desses itens também ajuda a aumentar a disseminagdo de tais

organismos dentro de um pais, embora alguns desses insetos possuam a capacidade de
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difundirem-se em grandes distancias sem a interferéncia humana (BENITO et al. 2016). Os
insetos constituem o grupo animal mais diverso do planeta, com mais da metade das espécies
descritas dentro desse reino (SOLLAI e SOLARI, 2022). Dentro da classe Insecta, ha também
as chamadas ordens megadiversas, que possuem mais de 80 mil espécies (RAFA- EL et al.
2009; PELLI e PIMENTA, 2019). Cinco ordens sdo reconhecidas como megadiver- sas:
Coleoptera, Lepidoptera, Diptera, Hemiptera e Hymenoptera (PELLI e PIMENTA, 2019).

A ordem Diptera apresenta uma estimativa de 195,000 espécies descritas, que repre-
sentam cerca de 10-15% da biodiversidade animal. e estdo divididas em 190 familias vi-
ventes (BADII, 2019). Varias espécies pertencentes a essa ordem sdo invasores conhecidos,
como o ja citado Aedes aegypti, mas também pragas agricolas importantes, como Ceratits

capitata, uma mosca da familia Tephritidae que ataca frutas cultivadas (DE MAYER et al.

2002)
1.2 DROSOFILIDEOS

Os insetos da Familia Drosophilidae pertencem a Ordem Diptera, subordem Brachyce-
ra, sendo conhecidos popularmente como ‘’moscas-da-fruta’’(HELFRICH- FORSTER et al.
2018). Apresenta mais de 4600 espécies descritas, distribuidas ao redor do mundo, sendo cer-

ca de 300 encontradas no Brasil (BACHLI, 2023).

Os drosofilideos medem entre 2-4 mm, apresentam cores pouco chamativas variando
entre amarelo, marrom ou preto (PERVEEN, 2018). Utilizam como fonte principal de
alimentacdo leveduras provenientes de varias fontes, como frutas em decomposi¢ao, cogu-
melos, flores, etc (SANTA-BRiGIDA et al. 2019). Esses substratos também servem como
locais de oviposi¢do e alimentagdo dos individuos na fase larval (SANTA-BRIGIDA et al.
2019). Algumas espécies apresentam dimorfismo sexual. sendo as fémeas ligeiramente maio-
res que os machos, existindo a possibilidade desses portarem, adicionalmente, pentes tarsais
e/ou padrdes de coloragdo diferenciados nas asas (PERVEEN, 2018).

Esses animais possuem um ciclo de vida inteiramente terrestre, geralmente com dura-
¢do de dias ou semanas, dependendo da espécie e de fatores como temperatura (AMOUD et
al. 1991; PERVEEN, 2018). Uma fémea adulta coloca cerca de 400 ovos, que demoram entre
12 e 15 horas para eclodir (PERVEEN, 2018). Passam cerca de quatro dias no estagio larval. e
de dois a trés dias em fase de pupa (PERVEEN, 2018).

Os drosofilideos sdo considerados organismos modelo em diversas areas da biologia,

devido, entre outros aspectos, ao ciclo de vida curto, a facilidade de captura na natureza
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e a simples manuten¢do dos organismos em laboratério (STEPHENSON ¢ METCALFE,
2013). O padrao de venacdes das asas desses insetos também tem favorecido estudos ecoldgi-
cos, genéticos e evolutivos (CORREA, 2015; NASCIMENTO et al. 2021). As asas dos droso-
filideos possuem um formato eliptico, com cinco venagdes longitudinais e duas transversais,
um padrio que se mantém em toda a Familia, embora haja variagdes de formato (CORREA,

2015; VIEIRA, 2019; ANTSON et al. 2022)
1.3 DROSOFILIDEOS INVASORES NO BRASIL: DROSOPHILA NASUTA

No Brasil sdao conhecidas 14 espécies de drosofilideos exoticos (YUZUKI e TIDON,
2020; CAVALCANTI et al. 2021). Algumas dessas espécies se tornam invasoras, ocasionan-
do danos para a fruticultura do pais (SANTOS, 2014; ANDREAZZA et al. 2016) e possiveis
desequilibrios ecoldgicos (GARCIA et al. 2008). Apenas na ultima década, trés drosofilideos
invasores foram descobertos no pais: Drosophila suzukii (Matsumura, 1931), Zaprionus tu-
berculatus Malloch, 1932; e D. nasuta Lamb, 1914 (DEPRA et al. 2014; VILELA e GONI,
2015; CAVALCANTI et al. 2021).

A espécie asiatica D. suzukii, conhecida como “drosofila-da-asa-machada”, foi regis-
trada pela primeira vez no Brasil no bioma Mata Atlantica em 2013 (DEPRA et al. 2014),
atualmente ocorre também no Cerrado (VIANA et al. 2023). E considerada uma praga para a
fruticultura brasileira, causando prejuizos para as plantagcdes de morango, goiaba e pitanga
(SANTOS, 2014; ANDREAZZA et al. 2016).

Zaprionus tuberculatus é uma espécie nativa da Africa (EPPO, 2020) sendo exdtica na
regido neotropical. em relagdo ao territorio brasileiro, foi relatada inicialmente no Cerrado
(CAVALCANTI et al. 2021) e, logo apdés na Mata Atlantica da regido Sudeste do pais
(MATEUS e MACHADO, 2022; MONTES e VILELA, 2022; FARIA & BITNER-MATHE,
2023). E considerada uma praga secundaria de frutos (EPPO, 2020), depositando seus ovos
preferencialmente em frutos danificados por pragas primarias, como D. suzukii, e elevando os
prejuizos econdmicos para a fruticultura (AMIRESMAEILI et al. 2019).

Drosophila nasuta é uma espécie originaria da Asia, presente também na Africa (KI-
TAGAWA et al. 1982; GARCIA et al. 2022) notificada no Brasil em amostragens realizadas
em 2013 no Cerrado, em Brasilia (LEAO et al. 2017). Considerando as invasdes de drosofi-
lideos ocorridas nos ultimos dez anos no Brasil, D. nasuta ¢ a espécie que apresenta maior
potencialidade de expansdo geografica, tendo invadido diferentes biomas do pais, como a
porcdo norte e sul da Mata Atlantica (VILELA e GONI, 2015; BATISTA et al. 2016; SILVA
et al. 2020), o Cerrado (DEUS e ROQUE, 2016; LEAO et al. 2017), a Caatinga
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(MONTES et al. 2021), a Amazénia (MEDEIROS ef al. 2022), o Pantanal (MARTINS et
al. 2023) e at¢ mesmo a ilha de Fernando de Noronha (RAFAEL et al. 2020), ocupando
mais de 4,6 milhdes de km? no Brasil (MEDEIROS et al. 2022; MARTINS et al. 2023).

Embora ndo cause prejuizos para a fruticultura, tem sido observada a preferéncia de D.
nasuta por ambientes conservados nas dreas invadidas (SILVA et al. 2020). Em areas no nor-
te da Mata Atlantica também foi observada uma reducao da abundancia relativa de drosofi-
lideos nativos apos a chegada dessa invasora, especialmente na estacdo de maior pluviosida-
de, quando D. nasuta ¢ mais abundante; um padrdo pouco comum nas outras espécies de dro-
sofilideos exoticos da area (OLIVEIRA, 2021).

A espécie tem preferéncia por areas com temperaturas entre 12°C a 30°C, e de pluvio-
sidade maiores que 100 mm (GARCIA et al. 2022). A area de distribui¢do da espécie tende a
aumentar com as mudancas climéaticas (GARCIA et al. 2022). Estudos genéticos com D. na-
suta demonstraram que ela ja apresenta diferencas de estruturagdo populacional entre os bio-

mas invadidos no Brasil (SANTOS et al. 2021).

1.3 BIOMAS BRASILEIROS COM OCORRENCIA DE DROSOPHILA NASUTA

As regides biogeograficas sdo grandes delimitagdes territoriais compostas de varios
ecossistemas terrestres, que possuem similaridade na sua composicao biologica, e passado
evolutivo comum (UDVARDY, 1975; KREFT e JETZ, 2010). Sao reconhecidas oito regides
biogeograficas no planeta (UDVARDY, 1975), sendo a América do Sul incluida na regido
Neotropical. que também engloba a maioria dos paises da América Central ¢ o México
(KREFT e JETZ, 2010). Esta regido ¢ composta por varios biomas (NAVARRO et al. 2023),
que sdo ecossistemas de larga escala, com biota caracteristica, assim como 0s processos evo-
lutivos e fatores abidticos que a moldaram ou criaram (MUCINA, 2018; NAVARRO et al.
2023).

O IBGE (2019) classifica os ambientes terrestres brasileiros em seis biomas, sendo
eles: Amazonia, Mata Atlantica, Cerrado, Caatinga, Pampa e Pantanal. Nos quatro primeiros
e, recentemente, no Pantanal, ha registro de D. nasuta (MEDEIROS et al. 2022; MARTINS
et al. 2023).

A Amazobnia ¢ a maior floresta equatorial do planeta, abrangendo nove paises da
América do Sul, e sendo um dos biomas com maior biodiversidade do mundo (MEIRELLES-
FILHO, 2004). Apresenta desde areas ao nivel do mar, at¢ montanhas de quase 2900 m,
temperaturas médias variando entre 15°C e 26°C a depender da regido, e alta pluviosidade,
com a maioria das areas atingindo entre 1800-3000 mm anuais (AB’SABER, 2002;
CARVALHO et al. 2020). Esse bioma abrange 59% do territorio brasileiro (IBGE, 2019).
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A Mata Atlantica é uma floresta tropical imida que ocupa aproximadamente 13% do
territorio brasileiro, estendendo-se por 15 estados (IBGE, 2019). Apresenta alta precipitagao
anual (entre 1000 ¢ 4000 mm), temperaturas médias anuais que variam de locais com
aproximadamente 10°C até locais acima de 29°C, e altitudes comecando no nivel do mar, até
locais mais altos que 1600 m (CAMARA, 2003; TABARELLI, 2012; FERREIRA, 2020).
Trata-se de um dos biomas com maior riqueza do mundo, apresentando muitas espécies
endémicas e ameagadas de extingdo (TABARELLI et al. 2005), o que a coloca como um dos
35 hotspots mundiais (MITTERMEIER ef al. 2004).

No Brasil, o Cerrado ¢ o segundo maior bioma em extensdo, ocupando 24% do territd-
rio nacional. concentrando-se principalmente no planalto central brasileiro (IBGE 2019). E a
savana mais biodiversa do planeta (WALTER et al. 2008). A temperatura média varia entre
18 e 27°C, a pluviosidade oscila entre 1300 e 1600 mm anuais e a altitude entre 300 e 1600
m (ALMEIDA et al. 2008). Esse bioma ¢ reconhecido internacionalmente como um dos Aots-
pots para conservacao (MITTERMAYER et al. 1999).

A Caatinga ¢ o Unico bioma exclusivamente brasileiro, ocupando aproximadamente
10% do territério nacional (IBGE, 2019). Esse bioma ocorre principalmente na regido Nor-
deste do Brasil e apresenta precipitagdo média anual entre 450 ¢ 650 mm, temperatura média

que varia entre 18 e 29°C e a altitude média entre 400 e 700 m (FREIRE, 2018).

1.4 ASAS DE DROSOFILIDEOS E ESTUDOS MORFOMETRICOS

Os insetos sdo os primeiros animais alados do planeta e suas asas sao 6rgaos essenciais
para sua sobrevivéncia, pois, além do voo, auxiliam na escolha de parceiros, na recepgao sen-
sorial e na termorregulacdo (LAMBERT, 1982; PASS et al. 2018). Como consequéncia de
tantos atributos, as asas desses organismos sdo fortemente moldadas por forgas evolutivas,
incluindo seu formato e tamanho (HERNANDEZ et al. 2010, ONDER e AKSOY, 2022). As
asas dos insetos tém sido utilizadas em estudos morfométricos para diversos fins, como avali-
ar aspectos adaptativos, reconhecer populacdes e linhagens evolutivas, ou identificar espé-
cies com importancia médica (HENRIQUES et al. 2019; SOUZA et al. 2020).

As asas dos drosofilideos vém sendo utilizadas como objeto de estudo em trabalhos de
morfometria por uma série de vantagens praticas, como sua resisténcia, seu padrao bidimensi-
onal. o fato de serem translicidas e por apresentar uma morfologia simples, com padrao
de venacdo conservado intra e interespecificamente nesta familia (HOULE ef al. 2003; COR-

REA, 2015; NASCIMENTO et al. 2021).
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Nos drosofilideos variagdes populacionais na morfologia alar foram identificadas e
interpretadas como resultantes da acao de diversos fatores ambientais, como altitude, latitude,
temperatura ou umidade e diferencas sazonais (LOH e BITNER-MATHE, 2005;
PRZYBYLSKA et al. 2014; FARTYAL et al. 2018; ONDER e AKSOY, 2022). A dieta
também pode causar modificagcdes no formato das asas, especialmente se a populacdo estd ha
muitas geracdes exposta & mesma dieta (TRAJAKOVIC et al. 2013). Esses efeitos também
tém sido relatados para espécies invasoras. Em apenas duas décadas de invasao na Amé-
rica do Sul a espécie nativa da Europa D. subobscura apresentou uma clina de variagdo no
tamanho alar, apresentando asas maiores que em sua area de distribui¢do original (GILCH-
RIST et al. 2004).

Geralmente, as espécies de drosofilideos apresentam asas maiores em locais secos,
com alta altitude, ou frios, e asas menores em locais quentes e umidos (KENNINGTON et al.
2003, KLEPSATEL et al. 2013, ONDER e AKSOY, 2022). Nesses insetos, asas maiores tém
sido associadas a uma maior capacidade de voo, populagdes com asas maiores conseguem
levantar voo mais facilmente em ambientes frios (FRAZIER et al. 2008; PRZYBYLSKA et
al. 2014). Corpos e asas maiores também estao relacionados com a termorregulacdo, pois en-
quanto um maior tamanho do corpo proporciona mais armazenamento de lipidios, asas maio-
res fazem com que o gasto energético de levantar voo e manté-lo seja reduzido (FRAZIER et
al. 2008; SHEARER et al. 2016). Corpos maiores também sao menos suscetiveis a disseca-
¢do, sendo vantajoso em ambientes com menor umidade (PRZYBYLSKA et al. 2014).

Estudos realizados com machos de D. melanogaster demonstraram que individuos
com asas alongadas conseguem se reproduzir com maior sucesso, pois sao mais atrativos para
as fémeas em comparagio aos machos com asas arredondadas (TRAJAKOVIC et al. 2013).

Variagdes na morfologia alar dos drosofilideos sdo reconhecidas como bons indicado-
res demonstrativos de seu potencial adaptativo em diferentes territérios (GILCHRIST et al.
2004; LOH e BITNER-MATHE, 2005; PAJAC et al. 2018).

Uma espécie, como a D. nasuta, que ocupa ambientes tdo heterogéneos como os bio-
mas de Mata Atlantica, Caatinga, Cerrado, Amazonia e Pantanal (VILELA e GONI. 2015;
DEUS e ROQUE, 2016; MONTES et al. 2021; MEDEIROS et al 2022;
MARTINS et al. 2023), esta submetida a uma série de fatores ambientais e hereditarios que

podem afetar sua morfologia alar e facilitar seu sucesso adaptativo nessas areas.
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Abstract

Invasive species threaten biodiversity on a global scale. The success of invasions

depends on the species’ adaptation to the different environmental conditions of new

territories. Studies show that invasive insects present evolutionary changes in wing

morphology in areas they are introduced to in response to abiotic conditions. In the last

decade, the Asian Drosophila nasuta fly invaded and spread widely throughout Brazil.

This insect has preferences for conserved environments and is related to the likely

reduction in the abundance of native drosophilids in the Atlantic Forest. Ecological niche
modeling analyzes showed that rainfall and temperature are the main factors which

delimit the geographic distribution of this species. Herein, we verified the existence of
significant differences in the wing sizes of D. nasuta in Brazil and evaluated the

influence of abiotic factors (rainfall and temperature) on the observed patterns. We

conducted 11 measurements on the right-side wings of 240 D. nasuta males collected in

the Amazon Forest, Caatinga, Cerrado and Atlantic Forest. Statistical analyzes revealed

the existence of two groups: one with larger wings, which brought together samples from
locations with the lowest temperatures; and one with smaller wings, which corresponded
to places with a hotter climate. One explanation for this result is the fact that large wings
favor greater heat capture by flies in colder climates, increasing their survival chances in

these environments. These rapid evolutionary changes in D. nasuta in this first decade of
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invasion in Brazil reveal the enormous adaptive potential of this species in this

megadiverse country.

Keywords: abiotic factors; Brazilian biomes; exotic species; insects; microevolution;

morphometry.

Introduction

Biological invasions cause global changes due to their impacts on ecosystems and
biodiversity (Pysek et al., 2020), being one of the main threats to species extinctions
(Mollot et al., 2017). International trade, transport and tourism have contributed to an
exponential increase in invasive species worldwide in recent decades (Seebens et al.,
2018).

Invasive species must present adaptive responses to different selective pressures
faced in the environments where they are introduced in order to ensure their survival
and colonization of new habitats (Schifer et al., 2018). Studies on rapid evolutionary
changes in invasive species are of great interest because they can identify phenotypic
characteristics which favor dispersal and successful colonization of new habitats
(Rejmanek and Richardson, 1996).

Evolutionary studies with invasive insect species have widely used wing
morphology (Huey et al., 2000; Gilchrist et al., 2004; Loh et al., 2008; Laparie et al.,
2016). This is an attractive structure for this kind of investigation, since wings are of
wide importance in a variety of aspects of an insect’s life, such as reproduction,
territorial display, foraging, defense mechanisms, thermal regulation and aerodynamics

(Bettsand and Wootton, 1988; Wootton, 1992; Berwaerts et al., 2006; Pass, 2018).
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Changes in environmental conditions are capable of promoting quantitative
variations in the wing size of insects from the Drosophilidae family. Several studies
have demonstrated that abiotic parameters (such as temperature) influence the wing size
of invasive drosophilid species, with flies developing larger wings as an adaptive
response to occupying environments with lower temperatures (Karan et al., 1999; Huey
et al., 2000; Gilchrist et al., 2004; Gilchrist and Huey, 2004; Loh et al., 2008).

The Asian Drosophila nasuta (Diptera: Drosophilidae) fly is an invasive species
in Brazil with a notable ability to expand its geographic distribution in this area of
introduction (Martins ef al., 2023). The first record of this species in Brazil occurred in
the Cerrado (savanna), approximately 10 years ago (Ledo ef al., 2017). Since then, D.
nasuta has spread throughout different Brazilian biomes, such as the Atlantic Forest
(Vilela and Goiii, 2015; Silva et al., 2020), the Caatinga (xeric shrubland) (Montes et
al., 2021), the Amazon Forest (Medeiros et al., 2022) and the Pantanal wetlands
(Martins et al., 2023). The species currently occupies more than half of Brazil’s area
(Martins et al., 2023). Genetic studies in Brazil indicate population structuring of D.
nasuta (Santos et al., 2021), reflecting its evolutionary potential in this territory.

Some possible effects of ecosystem imbalances caused by D. nasuta in Brazil
have been observed in the north of the Atlantic Forest, where a reduction in the
abundance of native drosophilids was reported after this species arrived (Oliveira,
2021). Furthermore, D. nasuta shows a preference for preserved environments
compared to anthropized areas (Silva et al., 2020), which represents a threat to the
biodiversity of invaded territories.

Ecological niche modeling data projected the geographic expansion of D. nasuta
in different invasion areas, especially in conservation units in Central and South

America. These data also indicated that rainfall and temperature parameters are mainly
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responsible for limiting the global distribution of this species (Garcia et al., 2022).

In this work, significant differences in the wing size of Brazilian D. nasuta
populations obtained in Amazon Forest, Caatinga, Cerrado and Atlantic Forest areas
were evaluated. The influence of abiotic factors known to be important for the

geographic distribution of D. nasuta, such as rainfall and temperature, were tested to

understand the geographical pattern of the observed morphological variation.

Materials and methods

D. nasuta sampling locations and capture method
Drosophilids were collected in Brazil in areas within the Amazon Forest, Caatinga,
Cerrado and Atlantic Forest biomes (Fig. 1). Sampling was always performed during
periods of greater rainfall in the areas investigated between 2019 and 2021 in order to
remove the morphological variation associated with seasonality (Przybylska et al.,
2014) (Table 1).

Drosophilids were captured with traps containing banana bait (Tidon and Sene,
1988) in the different investigated locations, and then stored in 70% ethanol. D. nasuta
specimens were identified according to Vilela and Goiii (2015) by their light body color,
the presence of a longitudinal brown stripe in the middle dorsal area of the pleura, a
silvery and whitish fringe in the head region when viewed from the front, a row of

cuneiform setae on the anteroventral side of the femur on the forelegs, wings with a

costal index of about 3.1, and male terminalia characteristics.

Morphometric and statistical analyzes

The D. nasuta individuals collected were separated by sex and geographic origin. Flies
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were discarded if they had torn or wrinkled wings. A total of 30 male individuals from
each population were dissected with a 70% ethanol solution. The right-side wing of
each individual was removed by squeezing the wing joint with tweezers and pulling the
wing away from the body, using a pair of tweezers to hold the body in place. Only the
right-side wings were used to avoid fluctuating asymmetry variations.

The dissected wings were placed on microscope slides with the ventral side
facing down and covered with a 1:1 solution of absolute ethanol and glycerol. Slides
were covered with coverslips and any air bubbles were gently removed by pressing the
coverslip with forceps. The wings were digitally photographed on an Instrutherm MBB-
200 microscope at 40x magnification.

Next, 11 measurements were taken from the digitized images on each wing from
reference points at the junction or termination of the venations, following the
parameters of Bitner-Mathé and Klaczko (1999) (Fig. 2). Measurements were
performed using the tpsDIG program (Rohlf, 2016). The wings of all specimens were
mounted, photographed and measured by the same person in order to minimize possible
errors in morphometric analyses, in accordance with the recommendations of Fox et al.
(2020).

Arithmetic means and standard deviations were obtained for each of the 11 wing
measurements for samples from different geographic locations. Analysis of Variance
(ANOVA) was performed with the Tukey a posteriori test to observe possible
differences in wing measurements between locations. The wing measurements of
individuals from locations which did not show statistical differences in previous tests
were grouped. The established groups were analyzed using a linear discriminant
function. Pearson’s correlation test was performed between wing measurements and

abiotic factors (rainfall and maximum and minimum temperatures). All of these
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analyzes were carried out using the PAST version 4.3 program (Hammer et al., 2001)

and a significance level of p < 0.05 or p < 0.001 were used in the statistical tests.

Results

The lowest averages for the 11 wing measurements evaluated in 240 D. nasuta
individuals were observed for the populations of the Amazon Forest (Altamira and
Manaus) and the north of the Atlantic Forest (Igarassu). The Caatinga (Caruaru and
Belo Jardim), the Cerrado (sensu strictu and Gallery Forest) and the south of the
Atlantic Forest (Itatiaia) populations presented the highest averages for these
measurements (Table 2).

The two groups observed by analyzing the mean D. nasuta wing measurements
were also verified by ANOVA and the subsequent Tukey’s test (Table 3,
Supplementary Table 1). One of the groups was formed by populations from the
Amazon Forest (Altamira and Manaus) and the north of the Atlantic Forest (Igarassu),
with no significant difference between these samples. Another group brought together
populations from the Caatinga (Caruaru and Belo Jardim), the Cerrado (sensu strictu
and Gallery Forest) and the south of Atlantic Forest (Itatiaia), also without significant
differences between the wing measurements of these populations. Comparisons of wing
measurements between the populations of these two groups showed significant
differences (p < 0.001) (Table 3).

The groupings formed in the previous analyzes were evaluated using a linear
discriminant function, which confirmed the existence of these two distinct groups. In
this analysis, 91.67% of individuals were correctly identified in their corresponding

groups by the cross-validation test (Table 4).
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The group of individuals with the smallest wings coincided with the locations
with the highest maximum and minimum temperatures detected. The group with the
largest wings corresponded to the areas with the lowest maximum and minimum
temperatures (Table 1). A high negative and significant correlation was observed
between maximum temperatures and four of the 11 wing measurements investigated, as
well as for all wing measurements and minimum temperatures. No significant

correlation regarding rainfall was observed with any of the wing measurements

analyzed (Table 5).

Discussion

The Asian D. nasuta fly invaded Brazil approximately 10 years ago (Ledo et al., 2017).
The species has already expanded over an area of 4.6 million km? in this short period,
which corresponds to 55% of the Brazilian territory (Martins et al., 2023). Data from 11
wing measurements taken on 240 individuals of this species from different Brazilian
biomes in the present study revealed statistically significant differences between the
geographic samples.

The variations in wing sizes observed herein resulted in forming two groups of
D. nasuta. Other invasive drosophilids in the Neotropical region also showed significant
differences in wing morphology in different areas of introduction. Loh and Bitner-
Mathé (2005) detected variations in the wing size and shape of the African Zaprionus
indianus fly in areas recently invaded by the species in Brazil. Some authors have
observed significant differences in the morphometry of drosophilid wings in comparison
with invaded areas, and in comparing these areas with locations where the species are

native; for example, in studies conducted with Z. indianus (David et al., 2006; Yassin et
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al., 2009) and D. suzukii (Fraimout et al., 2018). Taken together, our results and those
of these investigations reveal the capacity for morphological differentiation in the wings
of invasive drosophilids in introduced areas.

D. nasuta individuals with larger wings were observed in locations with colder
temperature extremes (Caatinga, Cerrado and south of Atlantic Forest) and those with
smaller wings occurred in locations with higher minimum and maximum temperature
extremes (Amazon Forest and north of the Atlantic Forest). Changes in environmental
temperature conditions are recognized to promote quantitative variations in drosophilid
wing morphology. As pointed out by our results, other studies have shown that invasive
drosophilids have larger wings in areas with lower temperatures in places of
introduction. For example, this has been observed for the European species D.
subobscura in invaded areas in North and South America (Huey et al., 2000; Gilchrist et
al., 2004; Gilchrist and Huey, 2004) and for the African species Z. Indianus in invaded
areas in India (Karan et al., 1999) and South America (Loh et al., 2008). These authors
deemed that changes in the wing size of invasive drosophilids in response to
temperature variations were associated with an adaptive process.

Our results revealed a high negative correlation between wing measurements
and maximum temperatures, and especially for minimum temperatures. Fraimont et al.
(2018) tested the influence of different temperatures (16°C, 22°C and 28°C) in a
laboratory on the wing morphology of the Asian species D. suzukii from samples
collected in its area of origin in Japan and in two invasion areas, France and the United
States. As observed in the present study for D. nasuta, the extreme minimum
temperature most influenced the wing size of D. suzukii, resulting in individuals with
larger wings compared to those at temperatures of 22°C and 28°C (which did not

present significant differences in wing morphology between them). The importance of
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minimum temperatures for the occurrence of D. nasuta has been highlighted by Garcia
et al. (2022) in an ecological niche modeling study. These authors revealed that cold
temperatures explain 21% of the global geographic distribution model of this species.
Thus, colder minimum temperatures seem to influence the wing morphology of
different drosophilid species, and at the same time, account for the geographic
distribution capacity of D. nasuta.

Why were the largest wings of D. nasuta observed in individuals occupying
locations with the lowest minimum temperatures? This probably occurs because large-
winged insects are more effective at absorbing heat, making this trait advantageous in
areas with more extreme cold conditions where obtaining and retaining heat are critical
for survival (Heinrich, 1974; Douglas, 1981). Thus, the phenotypic variation found in
the wings of D. nasuta individuals could be the result of an adaptive process related to
temperature.

The present study is a pioneer in describing a morphological variation pattern in
the wing size of D. nasuta, sampling individuals from a large part of the geographic

distribution of this recent invasive species in Brazil. This condition reveals the adaptive

potential of D. nasuta in introduced areas.
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Figure and table legends
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Figure 1. On the left, map of Brazil with an indication of its biomes. On the right,

partial enlargement of the map, indicating the sampling locations of Drosophila nasuta.

| ]
0.25mm

Figure 2. Right wing of a male Drosophila nasuta with indications of the measurements

that were taken from six reference points: OA, OB, OE, AB, AE, BC, BD, BE, CD, CE

and DE.
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Table 1. Drosophila nasuta biomes and sampling locations in Brazil with data on

geographic coordinates, sampling dates and climate characterization (temperature and

rainfall). The codes for the locations are the same as those used in Figure 1.

Table 2. Arithmetic means (in mm) and standard deviations for the different reference
point measurements of the right wings of Drosophila nasuta males from different

biomes and locations in Brazil. The reference points for wing measurements are

illustrated in Figure 2.

Table 3. Tukey’s test (p < 0.001) for measurements of the right wings of Drosophila
nasuta males collected in different locations in Brazilian biomes. The codes for the

locations are the same as those used in Table 1, and the reference points for wing

measurements are illustrated in Figure 2.

Table 4. Classification by discriminant function analysis followed by cross-validation
for the two groups obtained by analysis of means and ANOVA/Tukey’s test, based on
measurements of the right wings of Drosophila nasuta males collected in different
Brazilian locations and biomes. Group 1= Populations from the Amazon Forest
(Altamira and Manaus) and the north of the Atlantic Forest (Igarassu); and Group 2 =

Populations from the Caatinga (Caruaru and Belo Jardim), the Cerrado (sensu strictu

and Gallery Forest) and the south of the Atlantic Forest (Itatiaia).

Table 5. Pearson’s correlation between measurements of the right wings of Drosophila
nasuta males collected in different biomes in Brazil and abiotic factors (rainfall,

maximum and minimum temperatures). Temperature and rainfall data are shown in
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Table 1 and wing measurements are shown in Figure 2. P-values are shown in

parentheses. *p <0.05.

Supplementary material

Supplementary material Table 1. Anova’s tests for the 11 measurements of the right

wings of Drosophila nasuta males collected in different locations in Brazilian biomes.

The reference points for wing measurements are illustrated in Figure 2.
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Table 1

Table 1. Drosophila nasuta biomes and sampling locations in Brazil with data on geographic coordinates, sampling dates and climate

characterization (temperature and rainfall). The codes for the locations are the same as those used in Figure 1.

Mean Mean
maximum minimum Annual
Biomes Locations Codes Coordinates Sample date annual annual rainfall
temperature temperature (mm)
(°C) (°O)
Ammazon Altamira National Forest Altamira 4°21°S/52°25°W  January/2020 30.8* 23.2% 1.904°
Forest Federal University of Manaus  3°06°S/59°58°'W January/2021  30.7° 238" 2.931"
Amazonas
Experimental Station of
the Agronomic Institute of Caruaru 8°14°S/35°55°W  July 2019 28.0° 19.7¢ 572¢
Caatinga Pernambuco
Bituri Farm Private Belo Jardim 8°14'S/36°22'W  July/2019 28 4¢ 18.6¢ 428¢
Natural Heritage
Reserve Sensu stricto  15°54’S/47°52°W  January/2020 27.1¢ 17.1¢ 1.502¢
Corrad Ecological Station of the
erraao Brasilia Botanical Garden = Gallery Forest 15°53’S/47°49°W  January/2020 27.1¢ 17.1° 1.502°
Aflantic  Clarles Dﬁg&gf“’l‘)gm lgarassu  7°48'S34°5T°W  July/2019 28.4° 23.0f 965"
Forest
Itatiaia National Park Itatiaia 22°26”S/44°37°W_January/2020 24.4¢ 15.5¢8 2.547¢

* Climatempo (2024a) Climatologia historica de Altamira, Amazonas. https://www.climatempo.com.br/climatologia/228/altamira-br (Accessed 20 january 2024).

® Climatempo (2024b) Climatologia histérica de Manaus, Amazonas. https://www.climatempo.com.br/climatologia/25/manaus-am (Accessed 20 january 2024).

¢ Climatempo (2024c) Climatologia histérica de Caruaru, Pernambuco. https://www.climatempo.com.br/climatologia/764/caruaru-pe (Accessed 20 january 2024).

¢ Climatempo (2024d) Climatologia histdrica de Belo Jardim, Pernambuco. https://www.climatempo.com.br/climatologia/2179/belojardim-pe (Accessed 20 january
2024).

¢ Climatempo (2024¢) Climatologia historica de Brasilia, Distrito Federal. https://www.climatempo.com.br/climatologia/61/brasilia-df (Accessed 20 january 2024).

" Climatempo (2024f) Climatologia histérica de Igarassu, Pernambuco. https://www.climatempo.com.br/climatologia/1256/igarassu-pe (Accessed 20 january 2024).

¢ Climatempo (2024g) Climatologia historica de Itatiaia, Rio de Janeiro. https://www.climatempo.com.br/climatologia/303/itatiaia-rj (Accessed 20 january 2024).



Table 2

Table 2. Arithmetic means (in mm) and standard deviations for the different reference point measurements of the right wings of

Drosophila nasuta males from different biomes and locations in Brazil. The reference points for wing measurements are illustrated in

Figure 2.
Wing measurements
Biomes  Locations OA OB OE AB AE BC BD BE CD CE DE
Altamira 0.22 1.36 1.03 1.21 1.03 0.36 0.48 0.87 0.2 0.85 0.69
Amazon +0.02 +006 +005 +005 +006 +002 +£0.02 +£0.04 +£0.01 +004 +0.03
Forest Manaus 0.21 1.37 1.03 1.22 1.02 0.37 0.49 0.88 0.21 0.87 0.7
+0.02 +007 £005 £006 £005 +0.02 +£002 +0.04 +0.02 £004 =+£0.04
Caruaru 0.24 1.6 1.19 1.42 1.17 0.4 0.54 1.00 0.23 0.97 0.78
Caatinga +0.02 +007 +£005 +007 +005 +£0.02 +£0.02 +£0.05 +£0.03 +0.05 +0.04
Belo 0.23 1.57 1.17 1.41 1.16 0.4 0.54 0.99 0.24 0.97 0.78
Jardim + 0.02 +008 +£006 *+£008 +£006 +0.03 +£003 +0.05 +001 +£004 =+£0.04
Sensu 0.24 1.55 1.17 1.37 1.14 0.38 0.52 0.97 0.23 0.95 0.77
Cerrado stricto +0.02 +006 +004 +006 +004 +002 +£0.02 +£0.04 +£0.02 +0.05 +0.04
Gallery 0.24 1.58 1.19 1.41 1.18 0.4 0.54 0.99 0.23 0.96 0.78
Forest +0.02 +006 *£005 *£005 =£005 +0.02 +£003 +0.04 +001 £004 +£0.03
Igarassu 0.22 1.4 1.06 1.24 1.04 0.37 0.49 0.89 0.21 0.87 0.7
Atlantic +0.01 +007 *£005 *£007 *£005 +0.02 +£003 +0.05 +0.02 +£005 =+0.04
Forest Itatiaia 0.24 1.55 1.16 1.38 1.14 0.4 0.53 0.97 0.23 0.96 0.77

+0.02 +0.09 + 0.06 +0.08 +£0.06 003 +0.03 +£0.05 +0.02 +£005 +0.04




Table 3

Table 3. Tukey’s test (p < 0.001) for measurements of the right wings of Drosophila
nasuta males collected in different locations in Brazilian biomes. The codes for the
locations are the same as those used in Table 1, and the reference points for wing

measurements are illustrated in Figure 2.

Wing measurements

Locations OA OB OE AB AE BC BD BE CD CE DE
Altamira x Manaus nS NS NS NS NS NS NS NS ns ns ns
Altamira x Caruaru * * * 0k ¥ ook ok ok * * *

Altamira x Belo Jardim ns ¥ * 0k ¥ ooox% ok * * *
Altamira x Sensu stricto * * * 0k ¥ ook ok ok * * *
Altamira x Gallery Forest *oO® ook Rk kxR ok
Altamira x Igarassu ns nS NS ns nS NS NS NS ns ns ns
Altamira x Itatiaia * * ook ok Rk * * 0%
Manaus x Caruaru * * * 0% * ook kK * * *
Manaus x Belo Jardim * * * ok ¥k %% * * *
Manaus x Sensu stricto * * k¥ ok % pg kK * * o0k
Manaus x Gallery Forest ook ox R kxR R R x ok
Manaus x Igarassu NS NS NS NS NS NS NS NS ns ns ns
Manaus x Itatiaia * * * 0¥ ¥ oox% ¥k * * *
Caruaru x Belo Jardim * nS ns nsS NS NS NS nS NS NS ns
Caruaru x Sensu stricto ns ns ns ns ns ns * ns ns ns ns
Caruaru x Gallery Forest ns nS NS NS NS NS NS NS NS ns ns
Caruaru x Igarassu * * ook ook k% *oook X
Caruaru x Itatiaia nS NS NS NS nS nS NS NS ns ns ns

Belo Jardim x Sensu stricto  ns ns ns ns ns ns * ns ns ns ns
Belo Jardim x Gallery Forest ns ns ns ns ns ns ns ns ns ns ns

Belo Jardim x Igarassu ns * ook ok k% *oookO%
Belo Jardim x Itatiaia ns NS NS NS NS NS NS NS NS NS ns
Sensu stricto x Gallery Forest ns ns ns ns ns * * ns ns ns ns
Sensu stricto x Igarassu *oO® * ook ok pg xRk kO
Sensu stricto x Itatiaia ns ns ns ns ns ¥ ns ns ns ns ns
Gallery Forest x Igarassu *ooOk ook ok ko ok ok kK
Gallery Forest x Itatiaia ns NS NS NS NS NS NS NS NS NS ns
Igarassu x Itatiaia *oO® Kook Rk ok kxR ok

ns = Not significant. * = Statistically significant.



Table 4

Table 4. Classification by discriminant function analysis followed by cross-validation
for the two groups obtained by analysis of means and ANOVA/Tukey’s test, based on
measurements of the right wings of Drosophila nasuta males collected in different
Brazilian locations and biomes. Group 1= Populations from the Amazon Forest
(Altamira and Manaus) and the north of the Atlantic Forest (Igarassu); and Group 2 =
Populations from the Caatinga (Caruaru and Belo Jardim), the Cerrado (sensu strictu

and Gallery Forest) and the south of the Atlantic Forest (Itatiaia).

Group 1 Group 2 Total

Group 1 82 8 90
Group 2 12 138 150
Total 94 146 240
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Table 5

Table 5. Pearson’s correlation between measurements of the right wings of Drosophila nasuta males collected in different biomes in Brazil

and abiotic factors (rainfall, maximum and minimum temperatures). Temperature and rainfall data are shown in Table 1 and wing

measurements are shown in Figure 2. P-values are shown in parentheses. *p <0.05.

Wing measurements

Abiotic factors
OA OB OE AB AE BC BD BE CD CE DE

Rainfall 2020 -045 050 -044 045 050 -047 -044 044 040 040
(0.637) (0.261) (0.206) (0.275) (0.261) (0.208) (0.242) (0.281) (0.277) (0.327) (0.324)

Maximum temperatures -0.79 -0.76 -0.70 -0.73 -0.74 -0.65 -0.69 -0.68 -0.67 -0.69 -0.66
(0.020*) (0.030*) (0.053) (0.040*) (0.037*) (0.081) (0.057) (0.062) (0.067) (0.058) (0.073)

Minimum temperatures  -0.79  -0.88  -0.84  -0.89  -0.88  -0.72  -08%8  -086 -084  -086  -0.83
(0.020%) (0.004*) (0.008*) (0.003*) (0.004*) (0.043*) (0.004*) (0.006*) (0.010%) (0.007*) (0.011%*)
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Supplementary files for online publication only

Supplementary material Table 1. Anova’s tests for the 11 measurements of the right
wings of Drosophila nasuta males collected in different locations in Brazilian biomes.

The reference points for wing measurements are illustrated in Figure 2.

Wing measurements F df p
OA 11.33 7,232 <0.001
OB 59.69 7,232 <0.001
OE 58.63 7,232 <0.001
AB 59.28 7,232 <0.001
AE 50.81 7,232 <0.001
BC 15.3 7,232 <0.001
BD 30.94 7,232 <0.001
BE 48.65 7,232 <0.001
CD 16.9 7,232 <0.001
CE 39.73 7,232 <0.001

DE 37.51 7,232 <0.001




CONSIDERACOES FINAIS

O presente trabalho trouxe um maior conhecimento sobre os caracteres morfologicos
de Drosophila nasuta provenientes de diversos biomas invadidos na regido Neotropical. tendo
sido inédito em estudar a morfologia alar dessa espécie em areas invadidas. Sendo uma
espécie com cerca de uma década de invasao na América do Sul, o drosofilideo j& apresentou
diferen- cas significativas em suas medidas alares entre as areas avaliadas. Espécimes da
Amazonia e norte da Mata Atlantica apresentaram medidas alares menores, enquanto os do
Cerrado, Caatinga e sul da Mata Atlantica apresentaram medidas alares maiores.

Os resultados observados sdo corroborados por outros estudos realizados em drosofili-
deos e outros insetos que, no geral. apresentam uma relagdo inversamente proporcional entre
temperatura e medidas alares. Acredita-se que asas maiores favorecam a sobrevivéncia de
drosofilideos em ambientes mais frios, indicando a adaptagdo da espécie D. nasuta aos novos

ambientes invadidos.
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