f E UNIVERSIDADE FEDERAL DO MARANHAO
a& PROGRAMA DE P(')S-GRADUACAO EM BIODIVERSIDADE
(o)
s o

E BIOTECNOLOGIA - REDE BIONORTE

DISTRIBUICAO, RECURSOS E EFEITOS DAS MUDANCAS
CLIMATICAS SOBRE AS ABELHAS CARPINTEIRAS (APIDAE:
XYLOCOPINI) EM AREAS DE TRANSICAO, MARANHAO, BRASIL

LUCIANO ANDRE CHAVES FERREIRA

Sao Luis — MA
2024



LUCIANO ANDRE CHAVES FERREIRA

DISTRIBUICAO, RECURSOS E EFEITOS DAS MUDANCAS
CLIMATICAS SOBRE AS ABELHAS CARPINTEIRAS (APIDAE:
XYLOCOPINI) EM AREAS DE TRANSICAO, MARANHAO, BRASIL

Tese de doutorado apresentada ao Curso de
Doutorado do Programa de Pos-Graduagdo em
Biodiversidade e Biotecnologia — Rede
BIONORTE, na Universidade Federal do
Maranhao, como requisito parcial para a obtencao
do Titulo de Doutor em Biodiversidade e

Biotecnologia.

Orientadora: Prof. Dra. Patricia Maia Correia de
Albuquerque

Coorientadores: Prof. Dra. Tereza Cristina
Giannini e¢ Prof. Dr. Fernando César Vieira
Zanella

S3o Luis — MA
Fevereiro/2024



Ficha gerada por meio do SIGAA/Biblioteca com dados fornecidos pelo(a) autor(a).
Diretoria Integrada de Bibliotecas/lUFMA

Ferreira, Luciano André Chaves.

Di stri buicdo, recursos e efeitos das nudancas
climiticas sobre as abel has carpinteiras Apidae:
Xyl ocopi ni em &reas de transi ¢do, Maranhdo, Brasil /
Luci ano André Chaves Ferreira. - 2024.

210 f.

Coorientador(a) 1: Tereza Cristina G annini.

Coori entador(a) 2: Fernando César Vieira Zanell a.

Orientador(a): Patricia Maia Correia de Al buquerque.

Tese (Doutorado) - Programa de Pés-graduacao em Rede -
Rede de Bi odi versi dade e Biotecnol ogi a da Amazéni a
Legal / ccbs, Universi dade Federal do Maranhdo, S&o Luis,
2024.

1. Biogeografia. 2. Conservac¢do. 3. Manangava. 4.
Pol i ni zagdo. 5. Sistematica. |I. Al buquerque, Patricia
Maia Correia de. Il. Gannini, Tereza Cristina. III.




LUCIANO ANDRE CHAVES FERREIRA

DISTRIBUICAO, RECURSOS E EFEITOS DAS MUDANCAS
CLIMATICAS SOBRE AS ABELHAS CARPINTEIRAS (APIDAE:
XYLOCOPINI) EM AREAS DE TRANSICAO, MARANHAO, BRASIL

Tese de doutorado apresentada ao Curso de
Doutorado do Programa de Po6s-Graduagdo em
Biodiversidade e Biotecnologia — Rede
BIONORTE, na Universidade Federal do
Maranhao, como requisito parcial para a obtengao
do Titulo de Doutor em Biodiversidade e

Biotecnologia.

Aprovada em: 23/02/2024

Banca examinadora

Documento assinado digitalmente

ub PATRICIA MAIA CORREIA DE ALBUQUERQUE
g Data: 29/02/2024 11:50:21-0300
Verifique em https://validar.iti.gov.br

Profa. Dra. Patricia Maia Correia de Albuquerque (Orientadora)
Universidade Federal do Maranhao

Documento assinado digitalmente

“b VERA LUCIA IMPERATRIZ FONSECA
g Data: 29/02/2024 16:09:17-0300

Verifique em https://validar.iti.gov.br

Profa. Dra. Vera Lucia Imperatriz-Fonseca
Universidade de Sdo Paulo

Documento assinado digitalmente

ub FAVIZIA FREITAS DE OLIVEIRA
g Data: 29/02/2024 17:29:54-0300

Verifique em https://fvalidar.iti.gov.br

Profa. Dra. Favizia Freitas de Oliveira
Universidade Federal da Bahia

Documento assinado digitalmente

ub EVANDSON JOSE DOS ANJOS SILVA
g Data: 29/02/2024 20:23:42-0300
Verifique em https://validar.iti.gov.br

Prof. Dr. Evandson José dos Anjos Silva
Universidade do Estado de Mato Grosso

Documento assinado digitalmente

“b JOSE MANUEL MACARIO REBELO
g Data: 01/03/2024 14:48:31-0300

Verifique em https:/ fvalidar.iti.gov.br

Prof. Dr. José Manuel Macario Rebélo
Universidade Federal do Maranhao



TERMO DE AUTORIZACAQO PARA PUBLICACAOQO

Eu, Luciano André Chaves Ferreira, autorizo a publicacdo da versdo final

aprovada de minha Tese de Doutorado intitulada “Distribuicdo, Recursos e Efeitos das

Mudancas Climaticas sobre as abelhas carpinteiras (Apidae: Xylocopini) em areas de transicdo,

Maranhdo, Brasil” no Portal do Programa de Poés-Graduagdo em Biodiversidade e

Biotecnologia — Rede BIONORTE (PPG-BIONORTE), bem como no repositério de Teses da

CAPES ou junto a biblioteca da Institui¢do Certificadora.

Sao Luis, 06 de marco de 2024

Documento assinado digitalmente

b LUCIANO ANDRE CHAVES FERREIRA
g L Data: 06/03/2024 09:37:28-0300
Verifique em https://validar.iti.gov.br

Luciano André Chaves Ferreira

CPF: 037.029.343-67
RG: 16304422001-5



Dedico esta tese 2 memoria de meu pai, o
melhor amigo que ja tive. Que Deus o
tenha, amo voceé!



AGRADECIMENTOS

A Coordenacio de Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES)
pela concessdo da bolsa (Codigo de Financiamento 001) e a Fundacdo de Amparo a Pesquisa e
ao Desenvolvimento Cientifico e Tecnologico do Maranhao (FAPEMA) pelo financiamento
dos recursos logisticos.

Ao Programa de Pos-Graduagdo em Rede BIONORTE (Biodiversidade e
Biotecnologia), especialmente ao polo Maranhdo, pela oportunidade de crescimento
académico, profissional e moral durante estes ultimos anos.

Ao professor Glécio Machado Siqueira, na ocasido de Coordenador Estadual —
Maranhao, pelo profissionalismo e sobretudo pela sua forca, durante a resolu¢do dos mais
variados problemas, além das conversas, conselhos e oportunidades dadas ao longo desta etapa.

Ao professor Jorge Luiz Silva Nunes, que acreditara no meu potencial mais do que eu
mesmo. Por ter sido parceiro em alguns trabalhos de disciplinas (culminando inclusive em uma
publicacdo), e posteriormente, pela amizade estabelecida.

A todos os demais professores e palestrantes convidados que fizeram parte da minha
formagao nesta etapa, Marlucia Bonifacio Martins, Leonardo Gongalves de Lima, Carolina
Rodrigues da Costa Doria, Isaque Medeiros Siqueira, Guillaume Rousseau, Livio Martins Costa
Jr, Philip M. Fearnside, Jessica Viana, Carlos Martinez Ruiz, Jos¢é Manuel Macario Rebelo,
Flavio Bezerra Barros, Charles R. Clement, Cintia Mara Costa de Oliveira, Dimas José Lasmar,
Ana Lucia Delgado Assad, Augusto César Barreto Rocha, Celso Luiz Salgueiro Lage, Daniel
Reis Armond de Melo, Rosana Zau Mafra, Lidio Gongalves de Lima Neto, Osmar Lameira,
Helaine Pires, Danielle Celentano, Eniel Cruz, Roselany Correa, Luciana Gatto, Jadiel Lins,
Luis Claudio do Nascimento, Valério Monteiro Neto, Rita de Cassia M. de Miranda, Bruno
Barreto, Lucieta Guerreiro Martorano, Marina Zanin, Rafael Lindoso, Felipe Polivanov Ottoni,
Jodo Marcelo da Silva Abreu, Jonas Pereira Souza-Filho, Mariluce Messias, Wenceslau
Geraldes Teixeira, Getulio Rincon Filho, Vidal Haddad Junior, Li Chang Shuen, Leidyane
Ramos, Jens Hegg, Sidney Pereira, Leandro Valle Ferreira, Flavia Cristina Aratjo Lucas,
Manoel dos Santos Filho, Natascha Wosnick, Raimunda Nonata Fortes Carvalho Neta, Eduardo
Bezerra de Almeida Junior, Lina Bufalino, Jackson Ronie Sa da Silva, Dilmar Kistemacher, Iris
Maria Ribeiro Porto, Carlos Erick Brito de Sousa, Jodo Batista Bottentuit Junior, Tereza
Cristina Giannini e André Luis Acosta, pelos valiosos ensinamentos repassados ao longo das

disciplinas e seminarios.



A minha querida orientadora Patricia Maia Correia de Albuquerque que ha tanto tempo
me conduz pelo caminho da ciéncia. Sdo licdes acumuladas por mais de 10 anos, que me
fizeram chegar neste nivel de amadurecimento, algo que eu jamais imaginava ao entrar, pela
primeira vez, no Laboratério de Estudos sobre Abelhas, em janeiro de 2013. Muito obrigado,
Patricia, pelo acolhimento, pelo incentivo, pela confianga, por acreditar no meu potencial e por
me apoiar nas horas mais dificeis. Obrigado por essa parceria de longa data, e saiba que seu
nome para sempre estard marcado na minha historia.

A Tereza Cristina Giannini, na condigdo de coorientadora, que ouviu atentamente as
minhas primeiras ideias e foi determinante no direcionamento dos objetivos deste trabalho.
Além disso, sua experiencia em estudos de modelagem climatica foram fundamentais na
preparacdo do terceiro capitulo desta tese. Agradeco muito a sua dedicagdo.

Ao Fernando César Vieira Zanella, na condicdo de coorientador, que prontamente
aceitou colaborar com este trabalho e que me recebeu de bragos abertos em Foz do Iguagu, para
me ensinar os primeiros passos na sistematica e identificagao das abelhas do género Xylocopa.
Agradeco pelas ideias incrementais, sugestoes, criticas, e por sempre encontrar um tempo para
discutirmos, com profundidade, os resultados encontrados.

Aos curadores Francisco Limeira-de-Oliveira (CZMA), Orlando Tobias Silveira
(MPEQG) e Gisele Garcia Azevedo (LESPP), pela recepgao, prestatividade e empréstimos dos
materiais concedidos no decorrer deste estudo.

Aos pesquisadores que ja contribuiram para o conhecimento das abelhas Xylocopa no
Maranhao, Adolpho Ducke, Jodo Camargo, Patricia Albuquerque, Marcia Régo, José Rebélo,
Sérgio Brenha, Murilo Drummond, Lenira Lacerda e seus orientados, Rosilene Ferreira,
Claudia dos Santos, Ronald da Cruz, Luciana Sodré, Suelen Botdo, Fernanda Machado,
Albeane Silva, Gustavo da Concei¢do, Fabiana Oliveira, Rafael Pinto, Miriam Apocalypse,
Ciclene Brito, Jos¢ Mendonga, Andréia de Araujo, Silmary Gongalves, Claudia Pereira,
Rosiane Pinto, Emanuelle de Souza, Adriana Martins, Marina Ramos, Marcio Mendonga,
Bruna Serra, Camila de Jesus, Francisco da Silva, Marcia Vidigal, Ana Carolina Aratjo, Gracy
Carvalho, Luana Gostinski, Joana dos Anjos, Ingrid Santana, Carlos Neves e Harryson Barros.

Ao professor Alessandro Wagner Coelho Ferreira por sua generosa ajuda com a coleta
de alguns espécimes em areas de dificil acesso.

Ao professor David Barros Muniz pelo auxilio durante as fotografias na lupa e apoio
técnico no Laboratorio de Estudos sobre Abelhas. Além disso, agradeco pelas discussdes
construtivas e boas ideias com rela¢ao aos mapas e graficos.

Aos meus colegas de turma, Ana Rita, Marcos Eduardo, Almerinda Medeiros, Katiane

Lobo, Denise Mendes, Gustavo Lima, Washington Lima, Ismael Alves, Karla Batista, Hetty



Salvino, Suelen de Oliveira e Janilde Nascimento, pela companhia durante as disciplinas,
conversas e risadas distrativas em um momento tao devastador que foi o ano de 2020.

Aos meus colegas de laboratorio, Albeane Almeida, Denilson Martins, Rafael Pinto e
Naize Reis, principalmente pela companhia e momentos de descontrag¢do, mas também por todo
o suporte académico, afinal de contas sdo verdadeiros veteranos nos estudos de abelhas.

Um obrigado especial a Karla Lopes, pela companhia durante boa parte das coletas e
por sempre ter ficado, literalmente, ao meu lado em cada etapa da construcdo desta tese. Este
foi um tempo de qualidade fundamental quando eu confrontava toda e qualquer dificuldade.
Obrigado por entender e apoiar este sonho, ao deixar de lado tantas e tantas oportunidades de
sair e se divertir, para me fazer companhia no monotono e lento processo de analise e escrita
cientifica. Por segurar a minha mao nas horas mais dificeis, por todo amor e carinho, obrigado.

Aos meus familiares que reconhecem a importancia da educagao e sempre priorizaram
os meus estudos, independentemente de qualquer coisa. Meus agradecimentos a todos que
contribuiram indiretamente para a conclusdao deste trabalho, destaco aqui os meus tios,
Francisco, Antdnio, Julio, Celino, Jocivaldo, Junielson, Clodoaldo e Jorge (in memoriam), e
tias, Tereza, Teresa, Raildes, Cota, Socorro e Edna, que ndo medem esforgos para ajudar no
que for preciso. A Joaninha, minha querida Dindinha, pela fé depositada em mim, e pela alegria
de compartilhar cada conquista. Aos meus irmaos, Hugo, Kennedy e Kelly, os quais tenho muita
admiracdo e em troca recebo todo o cuidado e atengdo por ser o irmao cagula.

A Marinelza Aroucha, carinhosamente chamada de Mariazinha, por tanto amor dado a
mim, por tanta atengdo, preocupacao e esperanga por tudo que ha de melhor nessa vida. Talvez
eu nao consiga retribuir tudo o que ja foi, e continua sendo feito por mim, mas fica aqui essas
modestas palavras de gratidao.

A Maria Chaves, minha mae, pela minha existéncia, e tudo o que fizestes por mim até
os dias de hoje. Obrigado por ter me proporcionado o privilégio de uma boa educagdo, e
consequentemente, por ter chegado até aqui. Por cada material escolar, cada livro didatico, cada
capa de trabalho feito @ mao, cada reunido de pais e professores. Obrigado por me ensinar a
admirar a natureza e me ensinar o conceito de “poliniza¢do” logo na primeira infancia.
Obrigado por todos os cuidados e manuten¢ao da minha felicidade.

A Jodo Ferreira (in memoriam), meu pai, a quem dedico este trabalho e que infelizmente
ndo estard no dia da defesa para se emocionar com a avaliacdo final. Agradeco profundamente
por tanto trabalhar para me proporcionar conforto, do comego ao fim. Cabe dizer, que, logo no
inicio das disciplinas, em plena pandemia, reformou pela Gltima vez o meu ambiente de estudo.
Agradeco por ter me ensinado tanto sobre a vida e ter tentado responder tantos porqués. Por

cada historia contada e cada licao de generosidade. Muito obrigado pai, por tudo, tudo mesmo.



Meus sinceros agradecimentos a todos que contribuiram para a concretizagao deste trabalho!

“We can do what we want
We can live as we choose
You see there is no guarantee
We've got nothing to lose”

(Paul McCartney)



i
FERREIRA, Luciano André Chaves. Distribuicdo, Recursos e Efeitos das Mudancas
Climaticas sobre as abelhas carpinteiras (Apidae: Xylocopini) em areas de transicao,

Maranhio, Brasil. 2024. 210 f. Tese (Doutorado em Biodiversidade e Biotecnologia) —
Universidade Federal do Maranhdo, Sdo Luis, 2024.

RESUMO

As abelhas carpinteiras de grande porte exercem um papel crucial, em diferentes tipos
de ecossistemas, atuando como agentes polinizadores de uma ampla variedade de espécies
vegetais. O Maranhao se destaca por ser um ponto de convergéncia entre distintas fisionomias
dos biomas Amazodnia, Cerrado e Caatinga, tornando-o uma regido com alto valor bioldgico e
biogeografico. Considerando que ainda ndo existe uma lista abrangente e organizada das
espécies de Xylocopa encontradas nessas areas de transicdo, o objetivo central desta tese foi
revisar e atualizar os registros de ocorréncia de Xylocopa, investigar a diversidade e os padrdes
de distribuicdo, além de identificar os recursos florais utilizados por elas, com foco tanto em
cenarios climaticos atuais quanto em cendrios futuros, levando em conta as proje¢des de
mudangas climdticas. As informacdes foram compiladas através de inumeros inventarios
realizados neste territorio, além da consulta direta em cole¢des cientificas (CEDU, CZMA,
LEACOL, LESPP e MPEG), os quais contam com muitos registros ndo publicados. Foram
listadas 12 espécies pertencentes a trés subgéneros: Xylocopa (Neoxylocopa) amazonica
Enderlein, 1913, X. (N.) aurulenta (Fabricius, 1804), X. (N.) cearensis Ducke, 1910, X. (N.)
frontalis (Olivier, 1789), X. (NV.) grisescens Lepeletier, 1841, X. (N.) hirsutissima Maidl, 1912,
X. (N.) nigrocincta Smith, 1854, X. (N.) transitoria Pérez, 1901, X. (Schonnherria) macrops
Lepeletier, 1841, X. (S.) muscaria (Fabricius, 1775), X. (S.) subcyanea Pérez, 1901 e X.
(Stenoxylocopa) sp. n. Destas, duas espécies sdo reportadas como primeiros registros para o
Maranhao (X. hirsutissima e X. subcyanea), uma para o Brasil (X. transitoria) e uma para a
ciéncia (X. (Stenoxylocopa) sp. n. — ainda ndo publicada). As abelhas foram coletadas em 109
espécies de plantas, pertencentes a 77 géneros ¢ 36 familias. Uma rede ditréfica com 193
interagdes demonstrou uma correlacdo significativa entre a abundancia de abelhas coletadas e
a riqueza de plantas visitadas. As espécies de abelhas generalistas foram X. cearensis (61,5%
de todas as plantas observadas), X. frontalis (37,6%) e X. nigrocincta (22%). Em contraste, X.
aurulenta e X. amazonica visitaram apenas duas espécies de plantas cada. As plantas com mais
registros de visitacdo foram Chamaecrista hispidula (9,9% dos individuos), C. ramosa (9,2%)
(Fabaceae) e Passiflora foetida L. (7,8%) (Passifloraceae). Com a utilizacdo de modelos de
distribuicdo de espécies para prever possiveis impactos das mudancas do clima, descobriu-se

que dez das doze espécies de Xylocopa que ocorrem na regiao, potencialmente, enfrentardao uma
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reducdo de adequabilidade climatica no periodo de 2041 a 2060. As espécies que ocorrem
apenas em florestas tropicais serdo as mais afetadas, como a X. aurulenta que podera perder
toda a sua area de ocorréncia no Maranhdo, mesmo no cenario mais otimista. Por outro lado,
duas espécies se beneficiardo no futuro, X. hirsutissima aumentara cerca de 23% de sua area
total de ocorréncia no estado, enquanto X. grisescens se expandira por mais da metade de sua
area, cobrindo mais de 80% do Estado do Maranhdo, em todos os cenarios. Apesar das
mudangas previstas, a X. frontalis, provavelmente, continuara sendo a espécie com a maior
distribui¢do na regido. Observou-se ainda que, embora as espécies de Xylocopa tenham
distribuicdes desiguais, a maioria delas estd concentrada nas areas do norte do estado, muitas
das quais sdo legalmente protegidas. Por outro lado, as demais areas de adequabilidade futura,
sem protecao, que incluem o Cerrado na parte sul do estado e as areas de transi¢ao intermediaria
na regido central, serdo fundamentais para o movimento das espécies e necessitam da
implementa¢do de planos de manejo e praticas agricolas amigéveis para garantir a

disponibilidade de recursos e, em ultima analise, a conservacao desses polinizadores.

Palavras-chave: Mamangava; biogeografia; sistematica; polinizagdo; conservagao.
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f. Tese (PhD in Biodiversity and Biotechnology) — Federal University of Maranhdo, Sao Luis
— MA, Brazil, 2024.

ABSTRACT

Large carpenter bees are crucial in different types of ecosystems, acting as pollinators
for a wide variety of plant species. Maranhao stands out as a point of convergence between
different physiognomies of the Amazon, Cerrado and Caatinga biomes, making it a region of
high biological and biogeographic value. Considering that there is still no comprehensive and
organized list of Xylocopa species found in these transitional areas, the central objective of this
thesis was to review and update the records of Xylocopa occurrence, study diversity and
distribution patterns, and identify the floral resources used by them, with a focus on both current
and future climate scenarios, taking into account climate change projections. The information
was gathered through numerous inventories carried out in the area, in addition to direct
consultation of scientific collections (CEDU, CZMA, LEACOL, LESPP and MPEG), which
contain many unpublished records. Twelve species belonging to three subgenera have been
listed: Xylocopa (Neoxylocopa) amazonica Enderlein, 1913, X. (N.) aurulenta (Fabricius,
1804), X. (N.) cearensis Ducke, 1910, X. (N.) frontalis (Olivier, 1789), X. (N. ) grisescens
Lepeletier, 1841, X. (N.) hirsutissima Maidl, 1912, X. (N.) nigrocincta Smith, 1854, X. (N.)
transitoria Pérez, 1901, X. (Schonnherria) macrops Lepeletier, 1841, X. (S.) muscaria
(Fabricius, 1775), X. (S.) subcyanea Pérez, 1901 and X. (Stenoxylocopa) sp. n. Of these, two
species are reported as first records for Maranhdo (X. hirsutissima and X. subcyanea), one for
Brazil (X. transitoria) and one for science (X. (Stenoxylocopa) sp. n. - not yet published). Bees
were collected on 109 plant species belonging to 77 genera and 36 families. A ditrophic network
with 193 interactions showed a significant correlation between the abundance of collected bees
and the richness of visited plants. Generalist bee species were X. cearensis (61.5% of all
observed plants), X. frontalis (37.6%) and X. nigrocincta (22%). In contrast, X. aurulenta and
X. amazonica visited only two plant species each. The plants with the most records were
Chamaecrista hispidula (9.9% of individuals), C. ramosa (9.2%) (Fabaceae) and Passiflora
foetida L. (7.8%) (Passifloraceae). Using species distribution models to predict the possible
impacts of climate change, it was discovered that ten of the twelve Xylocopa species in the
region will potentially face a reduction in climate suitability between 2041 and 2060. Species

that only occur in tropical forests will be the most affected, such as X. aurulenta, which could



iv
lose its entire range in Maranhdo, even in the most optimistic scenario. On the other hand, two
species will benefit in the future: X. hirsutissima will increase by around 23% of its total area
of occurrence in the state, while X. grisescens will expand by more than half of its area, covering
more than 80% of Maranhdo in all scenarios. Despite the predicted changes, X. frontalis will
probably continue to be the most widely distributed species in the region. It was also observed
that, although Xylocopa species have uneven distributions, most of them are concentrated in the
northern areas of the state, many of which are legally protected. On the other hand, the
remaining unprotected areas of future suitability, which include the Cerrado in the southern part
of the state and the intermediate transition areas in the central region, will be fundamental for
the movement of the species and require the implementation of management plans and friendly
agricultural practices to guarantee the availability of resources and, ultimately, the conservation

of these pollinators.

Keywords: Mamangava; biogeography; systematics; pollination; conservation.
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1. INTRODUCAO

As abelhas da tribo Xylocopini compreendem cerca de 400 espécies reunidas em um
unico género, Xylocopa Latreille. Elas apresentam uma ampla distribuicdo geogréfica,
ocupando todos os continentes, mas sdo mais diversas nas regides tropicais ¢ subtropicais
(HURD, 1978; MICHENER, 2007).

As espécies deste género sdo popularmente conhecidas como mamangavas de toco ou
abelhas carpinteiras, pois, as fémeas da maioria das espécies possuem o habito de escavar seus
ninhos em madeira viva ou morta, ramos ou em cavidades de bambu (HURD; MOURE, 1963).
No geral, essas abelhas sdo consideradas solitarias, em que as fémeas sdo autdbnomas em todas
as etapas de construcdo e aprovisionamento de seus ninhos. No entanto, algumas espécies
podem formar ninhos agregados, onde varias fémeas compartilham o mesmo substrato, mas em
fases reprodutivas diferentes (GERLING et al. 1989; HOGENDOORN e VELTHUIS, 1993).

As mamangavas também sdo conhecidas pelo seu porte corporal notavelmente robusto,
tendo em média 20 a 30 mm de comprimento, o que lhes permite enfrentar ventos fortes e voar
por distancias mais longas em busca de alimento (GERLING ef al. 1989). Uma das razdes da
qual sdo considerados organismos poliléticos € o habito de visitarem diversas espécies botanicas
durante a coleta de seus recursos florais, desempenhando assim um importante papel de
polinizador em ambientes naturais e agricolas (ROUBIK, 1995; NABHAN ¢ BUCHMANN,
1997), podendo, inclusive, transportar o pélen por distdncias maiores do que aquelas alcangadas
por outras abelhas de porte corpdreo menor.

Estes servicos ecossistémicos, no entanto, estdo enfrentando uma crescente
vulnerabilidade devido as interven¢des humanas aos seus habitats, além dos impactos causados
pelas mudangas climaticas (GIANNINI etz al. 2012, 2017). O declinio das populacdes destes
polinizadores pode trazer sérias consequéncias na manutencdo da diversidade genética de
plantas (MEERBEEK et al. 2014), causar a redugdo da producao agricola (GARIBALDI et al.
2011; GIANNINI et al. 2017), ameagar o bem-estar e a satde humana (NELSON et al. 2013),
além de desestabilizar o ecossistema por conta da ruptura ou modificacdes das interagdes
ecologicas (INNES et al. 2013; SCHENK et al. 2018). Assim, compreender os componentes
(condigdes e recursos) necessarios para permanéncia destas espécies nos ambientes naturais ¢
fundamental.

Apesar de sua importincia, o conhecimento sobre a ecologia da maioria das espécies
desse grupo de abelhas ¢, entretanto, incipiente (BROWN e PAXTON, 2009; MURRAY et al.
2009). A falta de estudos de base em muitos taxons, ou a concentra¢dao de estudos realizados

em locais de facil acesso, seja por questdes logisticas ou de conveniéncia, criam lacunas de
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conhecimento (Déficit Wallaceano) que dificultam, em ultima analise, as tomadas de decisdes
para a conservagdo e uso sustentado desses polinizadores (OLIVEIRA et al. 2016). Nesse
contexto, tornou-se necessario a criagao de novos métodos ou instrumentos que pudessem
avaliar ou inferir a ocorréncia das espécies em locais onde ndo houvesse registros prévios.

Os modelos computacionais que sdo baseados em testes estatisticos e probabilisticos
tornaram-se uma ferramenta com grande potencial de preencher essas lacunas (ELITH et al.
2006; PHILLIPS e DUDIK, 2008). Para informagdes sobre ocorréncia de espécies, 0 mais
adequado e usual sdo os modelos de distribui¢do de espécies (MDE) (ELITH ef al. 2006).

Os MDE surgiram ao longo do avango tecnoldgico da computagdo, com o intuito de
auxiliar o entendimento dos padrdes de adequabilidade ambiental dos organismos (GUISAN e
THUILLER, 2005; ELITH e LEATHWICK, 2009). Essencialmente, os MDE consistem em
associagdes entre variaveis ambientais de diferentes pontos de ocorréncia de uma espécie-alvo,
para definir os graus de tolerancia, dentre os quais, as populacdes dessa dada espécie podem
ser mantidas indefinidamente (GIANNINI ez al. 2012a). Dessa forma, através de diferentes
algoritmos e fung¢des, podemos projetar em um mapa a probabilidade de presenca ou auséncia
de determinada espécie em uma dada regido geografica (OLIVEIRA et al. 2019).

Através desse poder preditivo, os modelos nos permitem extrapolar ou interpolar
informagdes para compreender a distribui¢do potencial das espécies-alvo, a fim de se localizar
locais prioritarios para sua conservagdo, ou mesmo a suscetibilidade de espécies bioinvasoras
a determinados ambientes (WHITTAKER et al. 2005; SILVA et al. 2014; FERNANDEZ ¢
HAMILTON, 2015; ACOSTA et al. 2016; OLIVEIRA et al. 2017; BELLARD et al. 2018).

Além do mapeamento das distribuigdes no cenario atual, podemos utilizar as varidveis
ambientais como projecdes de cendrios futuros, demostrando tendéncias inerentes as dinamicas
populacionais das espécies, como aumento, diminui¢do ou deslocamento em funcao das
alteragdes climéticas ou da paisagem (JIMENEZ-VALVERDE et al. 2011; PORFIRIO et al.
2014; MARTINS et al. 2015; SILVA et al. 2015).

As mudangas climaticas tém gerado preocupacao crescente em escala global. Estagdes
meteoroldgicas em todo o mundo apontam um aumento significativo da temperatura média do
planeta a cada ano (WMO, 2022). No entanto, os efeitos reais dessas mudancas ainda ndo sdao
compreendidos por completo para a maioria das espécies, especialmente nas regides tropicais
que abrigam uma grande diversidade de espécies e, consequentemente, teias ecoldgicas mais
complexas (FEARNSIDE, 2008; ANTONELLI et al. 2018; PIRES et al. 2018).

Com intuito de suprir essas lacunas de conhecimento, este trabalho analisou os padrdes
de distribui¢do das espécies de Xylocopa e seus recursos florais no Estado do Maranhao (MA),

regido onde ocorre o encontro de trés importantes biomas brasileiros (Amazonia, Cerrado e
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Caatinga). Além disso, este trabalho contém informagdes sobre biogeografia, sistematica, redes
de interacdo e sazonalidade das espécies.

Esta tese estd organizada em trés capitulos, no Capitulo 1 foi feita a revisdo e
atualizacdo dos registros de ocorréncia de Xylocopa no Estado do Maranhao, a partir da anélise
taxondmica de material disponivel em cole¢des bioldgicas. Além disso, investigou-se a
diversidade ¢ os padrdes de distribuicdo por meio de mapas de ocorréncia e foi oferecido
subsidios taxondmicos, através da confeccdo de chaves de identificagdo para as espécies
registradas.

No Capitulo 2 foi feita a identificacdo dos recursos florais utilizados pelas espécies
de Xylocopa nas fitofisionomias do Maranhao. Para isso analisou-se as métricas de interacao
ditréfica, como a conectancia, grau médio e aninhamento e verificou-se informagdes gerais
sobre os tipos de recursos, estratos verticais e padrdes sazonais envolvidos nas interagdes.

No Capitulo 3 foi feita uma modelagem de distribuicdo de espécies, com a utilizacao
das informagdes constatadas nos capitulos anteriores. Com os modelos referentes ao cenario
atual, foi avaliado o grau de adequabilidade climatica das espécies em escala espacial e com os
modelos referentes aos cendrios futuros, foi possivel analisar potenciais alteragdes na faixa de

distribuicdo das espécies, como expansao, reducao ou deslocamento.

1.1 OBJETIVO GERAL

Avaliar de forma abrangente a diversidade, distribuicdo geografica e os recursos
alimentares das abelhas pertencentes ao género Xylocopa Latreille, 1802, em areas de transicao
no Estado do Maranhdo. O foco foi examinar esses aspectos tanto em cenarios climaticos atuais

quanto em cenarios futuros, levando em conta as proje¢des de mudangas climaticas.

1.2 OBJETIVOS ESPECIFICOS

e Reunir informagdes sobre a diversidade das abelhas Xylocopa registradas no Maranhao;

e Identificar lacunas de amostragem e conduzir novas coletas nestas areas;

e Revisar e atualizar as identificagdes das espécies encontradas no Maranhio;

e Confeccionar chaves de identificacdo dos subgéneros e espécies de Xylocopa da regido;

e Indicar os recursos florais utilizados pelas espécies de Xylocopa do Maranhao;

e Analisar as interacdes exercidas entre as espécies de Xylocopa e suas plantas visitadas;

e Verificar o compartilhamento de nicho alimentar entre as espécies de Xylocopa;

e Construir modelos de adequabilidade climatica para as espécies de Xylocopa em cenarios
atuais e futuros, de acordo com as projecdes globais de mudangas do clima;

e Indicar as areas prioritarias para a conservagdo das espécies de Xylocopa no Maranhao.



2. REVISAO BIBLIOGRAFICA

2.1 EMERGENCIA CLIMATICA E SUAS IMPLICACOES

A interferéncia humana no meio ambiente, especialmente a partir da industrializagao,
vem alterando os padrdes climaticos em larga escala. Desde o final do século XVIII, o aumento
das emissoes de gases de efeito estufa na atmosfera resultou em um incremento médio de 1,1°C
na temperatura global. Segundo o 6° Relatério (AR6) apresentado pelo IPCC (Painel
Intergovernamental sobre Mudancgas Climaticas — 2021), ha ainda uma previsao de mais 2 a 5
°C até 2100, caso as taxas de emissao ndo sejam controladas.

As alteracdes climaticas podem ocasionar diversos desarranjos nos ecossistemas, como
mudancas nos padrdes migratdrios, € na composi¢ao e estrutura de comunidades (PECL et al.
2017). HARVEY et al. (2023) chamam aten¢do para os efeitos deletérios do aquecimento
climatico enfrentados pelos insetos, em termos de fisiologia, comportamento, fenologia,
distribuicdo e interagdes. Os insetos sao componentes fundamentais no ambiente, contribuindo
de diversas maneiras para o funcionamento e fornecimento de servigos ecossistémicos, como a
reciclagem de nutrientes, controle de pragas e a polinizagao cruzada (DEVOTO et al. 2009;
SCHOWALTER, 2013; SCHOWALTER et al. 2018; CONSTANTINO, 2024).

Estudos realizados ao longo dos tltimos anos tém associado o aumento da temperatura
média global a mudancgas na fenologia de plantas (GILMAN et al. 2012; PIAO et al. 2019;
KEHRBERGER 2021), o que, por sua vez, pode resultar na dessincronizacdo de seus
polinizadores (SCHENK et al. 2018; BEZERRA et al. 2019; FREIMUTH et al. 2022; HUANG
et al. 2023). Estes impactos, juntamente com a degradacdo direta dos habitats, sdo apontados
como as principais ameacgas as populacdes de abelhas (ZATTARA e AIZEN, 2021).
Considerando que as abelhas constituem o grupo mais importante de insetos polinizadores, o
declinio de suas populagdes representa um sério risco para a seguranga alimentar humana a
médio e longo prazo (POTTS et al. 2016; BROWN et al. 2016; SETTELE et al. 2016).

No Brasil, ha pelo menos 10 anos, j& se projetava perdas de adequabilidade para varias
espécies de abelhas (GIANNINI ez al. 2012). Mais tarde, um estudo concluiu que polinizadores
de pelo menos 13 culturas agricolas economicamente importantes sofrerao declinio em mais de
90% dos municipios produtores (GIANNINI ez al. 2017) e, mais recentemente, uma avaliagao
das espécies de abelhas da Amazdnia Oriental demostrou uma reducdo de suas areas de
ocorréncia em até 95% (GIANNINI ez al. 2020). Diante desse cenario, mesmo as espécies
amplamente distribuidas e reconhecidamente generalistas, sofrerdo algum impacto negativo.
Este ¢ o caso das abelhas carpinteiras, organismos pertencentes ao género Xylocopa, que

constitui um dos principais grupos de polinizadores agricolas (GIANNINI ez al. 2013, 2015).



2.2 CARACTERISTICAS GERAIS DO GENERO XYLOCOPA

2.2.1 Aspectos morfolégicos

As abelhas carpinteiras da tribo Xylocopini sdo geralmente reconhecidas pelo porte
corporal grande, associado a coloragdo predominantemente preta do tegumento. Por conta
disso, elas sdo frequentemente confundidas com besouros (Coleoptera), chamadas em muitas
cidades do nordeste brasileiro de “besouro do maracuja” (SUSSI, 2017). Esta associagao, apesar
de discrepante, ¢ compreensivel, pois, embora haja espécies de Xylocopa relativamente
pequenas (menores que 15 mm), a sua grande maioria mede em torno de 20 a 30 mm, e algumas
espécies estdo entre as maiores e mais robustas abelhas do mundo (MICHENER, 2007). No
entanto, em termos de coloracao, ha muito mais variagdes do que apenas as formas totalmente
melanicas (Fig. 1A) (HURD e MOURE, 1963). Em muitas espécies, hd uma associagdo da
pubescéncia preta com faixas brancas, amarelas, laranjas, vermelhas ou azuis, localizadas
geralmente no térax e tergos metassomais (Fig. 1B-F). Além disso, existem padrdes de
manchas no tegumento em varias espécies, € em alguns subgéneros os seus representantes
possuem uma coloragdo metéalica brilhante no corpo, variando entre os tons azulado e
esverdeado (Fig. 1G-I) (HURD e MOURE, 1963).

As asas geralmente apresentam pigmentacdo marrom-escuro, acompanhada de uma
iridescéncia violacea, mas exibem uma ampla variagdo com marcantes reflexos metélicos, que
podem assumir tonalidades azuis, verdes ou violeta, (Fig. | A—F) muitas vezes formando um
gradiente da base ao apice da asa (Fig. 1K). Por outro lado, também existem espécies sem
nenhum desses padrdes de cores e suas asas sao totalmente acobreadas (Fig. 1G) ou mesmo
hialinas (Fig. 17J).

Outra caracteristica marcante do género Xylocopa ¢ o dimorfismo sexual. Em alguns
grupos, como os representantes do subgénero Neoxylocopa, as fémeas sdo predominantemente
pretas, enquanto os machos apresentam tegumento com coloracdo amarelada ou ferruginea
(Fig. 1J e 1M), além da pilosidade totalmente amarelada, e sdo extremamente semelhantes entre
si, dificultando qualquer associagdo ou identificagdo especifica (SILVEIRA et al. 2002;
SCHLINDWEIN et al. 2003). Os machos dos demais subgéneros sdo dissociados das fémeas,
geralmente, pela presenca de manchas amarelas ou brancas na face, geralmente em estruturas
como clipeo, labro, mandibulas e antenas (Fig. IN-O). Em alguns casos, como o0s
representantes do subgénero Schonnherria ha também um forte processo de convergéncia na

distancia interorbital superior (Fig. 1N) (VILLAMIZAR et al. 2020).



Figura 1: Diversidade de coloragdo no género Xylocopa. Registros do iNaturalist: (A) X. (Neoxylocopa)
nigrocincta Q Brasilia — DF, Brasil, © Silvio Wolff; (B) X. (4/loxylocopa) phalothorax @ Aberdeen Reservoir,
Hong Kong, © Keon Chiew; (C) X. (Neoxylocopa) frontalis @ Buzios — RJ, Brasil, © Jesus Macchi; (D) X.
(Koptortosoma) lateritia Q@ Oichili, — KM, Comores, © Frank-Roland FlieB3; (E) X. (Koptortosoma) caffa §
Ngquza — EC, Africa do Sul, © suncana; (F) X. (Cyaneoderes) caerulea @ Timur Laut — MY, Malasia, ©
CheongWeei Gan; (G) X. (Schonnherria) splendidula @ Cordillera — RM, Chile, © Peter Peterson; (H) X.
(Xylocopoides) cyanea & Zitacuaro — MC, México © Yizuz Arriaga; (I) X. (Lestis) bombylans @ Witta — QLD,
Australia, © Larney Grenfell; (J) X. (Neoxylocopa) sonorina & Orange — CA, Estados Unidos, © Ramon(Ray)
Evans; (K) X. (Platynopoda) tenuiscapa & Pune — MH, India, © Vishal Jadhav; (L) X. (Lestis) aerata & Blue
Mountains — NS, Austrdlia, © Nature Lover; (M) X. (Neoxylocopa) augusti & Cordillera — RM, Chile, ©
Cristian Trejos Guerra; (N) X. (Schonnherria) micans & Travis — TX, Estados Unidos, © Ken-ichi Ueda; (0O) X.
(Schonnherria) viridigastra & Urubamba — CS, Peru, © Diego Balbuena.
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No aspecto geral, as abelhas carpinteiras do género Xylocopa podem ser distinguidas

dos demais gé€neros através da seguinte diagnose (modificada de MICHENER 2007):
Abelhas robustas, comprimento médio de 13 a 30 mm, asas com célula marginal estreita
e alongada, presenca de trés células submarginais, estigma ausente e terco apical da asa
fortemente papilado. Cabega geralmente arredondada lateralmente, com a face superior
achatada; clipeo plano ou ligeiramente convexo; proboscide curta, antenas com o primeiro
flagelomero mais comprido do que o segundo e o terceiro juntos; mandibulas bi ou tridentadas.
Fémeas com escopa cerdosa, bem desenvolvida nas tibias e nos basitarsos das pernas

posteriores, ardlios ausentes.
2.2.2 Distribuicao geografica

O género Xylocopa ¢ um dos grupos de abelhas mais diversificados e amplamente
distribuidos em todo o mundo. Essas abelhas sdo consideradas cosmopolitas, pois estdo
presentes em todos os continentes, embora sejam mais numerosas nas regides tropicais e
subtropicais (MICHENER, 2007). Com mais de 400 espécies validas posicionadas em 31
subgéneros, estes organismos alcangam uma faixa geografica aproximada de 50°N — 40°S,
através de uma variedade de habitats, desde areas abaixo do nivel do mar como no Vale da
Morte, Califérnia (X. californica arizonensis Cresson), regides montanhosas como Hindu Kush
no Afeganistdo a 5.000 metros de altitude (X. valga Gersticker) e vegetacdes isoladas na
Cordilheira dos Andes (X. viridigastra Lepeletier) (HURD JR, 1978).

Algumas espécies possuem uma ampla distribuicao ao longo de extensdes continentais,
como a X. frontalis Olivier, por exemplo, ocupando uma area enorme que abrange boa parte
das Américas, estendendo-se do norte da Argentina até o México. Essa espécie ¢ capaz de
atravessar grandes distancias ao longo de diferentes ecossistemas, incluindo regides savanicas,
costeiras e florestas umidas, como a Floresta Atlantica e Amazdnica (GONZALEZ et al. 2009).
Outras espécies, no entanto, apresentam distribuigdes geograficas muito restritas como os casos
de endemismo da X. darwini Cockerell nas Ilhas Galapagos, X. clarionensis Hurd nas Ilhas
Revillagigedo e X. bomboides Smith nas montanhas de Taiwan (HURD, 1958, 1978).

De acordo com HURD e MOURE (1963), alguns subgéneros podem expandir suas areas
de ocupacdo em regides de transi¢cdes limitrofes. Aparentemente, as abelhas carpinteiras sao
potencialmente capazes de se estabelecerem com sucesso em novas areas, se as barreiras fisicas
ou ecolodgicas intervenientes puderem ser ultrapassadas. A colonizagdo das espécies do
subgénero Neoxylocopa em diversos arquipélagos do continente americano fortalece a hipotese
em questdo. No entanto, a auséncia dessas espécies no Pacifico Central pode ser atribuida as

grandes distancias de dispersao (HURD, 1958).
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E muito provavel que, além das condigdes climéticas favoraveis, outros componentes

do nicho ecolédgico das espécies também exergam limitagdes em relagdo as suas distribuigdes
em uma regido especifica. Nesse contexto, a disponibilidade de locais adequados para

nidifica¢do, além dos recursos alimentares sao fundamentais para a manutengao das populagdes

(GERLING et al. 1989).
2.2.3 Utilizacao de recursos

A maioria das espécies de abelhas dependem essencialmente dos recursos florais
oferecidos pelas plantas, os quais sdo fundamentais para sua sobrevivéncia (MICHENER, 1977;
MINCKELY e ROULSTON, 2006). O pdlen e o néctar sdo os principais alimentos explorados
pelas abelhas (ROUBIK, 1989; MICHENER, 2007; VIT et al. 2018). Esses recursos sao
utilizados na alimentagao dos individuos adultos e imaturos em fase de desenvolvimento (NEFF
e SIMPSON, 1981; BUCHMANN, 1983; AUGUSTO e GAROFALO, 2003; MINCLEY e
ROULSTON, 2006; PEREIRA e GAROFALO, 2010).

Devido ao tamanho corporal, as espécies do género Xylocopa tornaram-se os
polinizadores ideais de plantas que produzem flores grandes, como a castanheira-do-Para
Bertholletia spp. (MAUES, 2002) e o maracujazeiro Passiflora spp. (CAMILLO 2003), os
quais dependem deste processo para se reproduzir. Por outro lado, essas abelhas ndo dependem
exclusivamente das plantas com essas caracteristicas, pois, no geral, as espécies de Xylocopa
sdo consideradas poliléticas, e visitam uma ampla variedade de plantas com antese diurna
(HURD, 1978), as quais apresentam diferentes atributos, como tipos de recursos, cores, habitos
e padrdes sazonais (ALBUQUERQUE et al. 2007; ALMEIDA et al. 2022).

Em algumas comunidades estudadas, estas abelhas estabeleceram redes de interagdes
altamente entrelacadas, sendo apontadas como organismos-chave destes ecossistemas (COSTA
et al., 2002; PIGOZZO et al., 2007; NEVES et al., 2021). No entanto, algumas espécies sao
mais bem reconhecidas do que outras, e, apesar desta generalizagdo, as relacdes das abelhas
carpinteiras com a comunidade floristica ndo sdo totalmente compreendidas (HURD, 1978;
GERLING et al. 1989).

Alguns estudos envolvendo espécies de Xylocopa presentes na polinizacao agricola
demostraram os efeitos de sobreposicao do nicho alimentar, em que os individuos particionam
a preferéncia dos recursos florais de acordo com a sua disponibilidade no ambiente (PIGOZZO
e VIANA, 2010; ARAUJO et al., 2021).

O apontamento feito por HURD (1978), de que todas as espécies de Xylocopa do
hemisfério ocidental sdo potencialmente poliléticas, continua relevante. No entanto, ¢

fundamental realizar estudos mais detalhados para avaliar os efeitos da competi¢do entre
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espécies, especialmente considerando a limitagdo de recursos ou restrigdes geograficas (a
exemplo das espécies insulares) (HURD, 1958).

Embora os recursos florais sejam imprescindiveis para as abelhas, outro recurso
igualmente fundamental para estas populacdes sdo os substratos adequados para nidificagdo
(KROMBEIN, 1967; GERLING et al. 1989). Como o nome sugere, os sitios de nidificagcdo das
abelhas carpinteiras incluem madeira macica, troncos de arvores vivas, ramificagdes ou troncos
em decomposi¢ao (CAMILLO e GAROFALO, 1982; CAMILLO et al. 1986). Os
representantes do subgénero Stenoxylocopa, por exemplo, sdo conhecidos pela utilizagdo de
colmos de bambu e plantas relacionadas em sua nidificagao (SILVEIRA, 2002; SILVEIRA et
al. 2002).

HURD e MOURE (1963) discutiram a relacao entre a disponibilidade de locais de
nidifica¢do adequados com a limitagdo geografica das espécies de Xylocopa. Segundo os
autores, a destrui¢do dos habitats destes polinizadores pode extinguir as espécies localmente,
até que os substratos voltem a estar disponiveis. A degrada¢ao ambiental, portanto, altera a
dinamica populacional destas espécies, frequentemente, isolando umas das outras e criando
desarranjos ecoldgicos (LINSLEY, 1958).

Por outro lado, na mesma propor¢do em que os ambientes naturais sdo enfraquecidos
pela ocupacdo humana, novos locais de nidifica¢do tém sido oferecidos, através dos materiais
utilizados na edificagdo de assentamentos, como madeiras estruturais e alvenaria. Alguns casos
de dispersdo geografica por conta da maior disponibilidade de substratos foram registrados
desde o século passado, como a dissemina¢do de X. violacea (Linnaeus) em toda a Europa, X.
latipes (Drury) em ilhas asiaticas (HURD, 1958; HURD JR, 1978) e mais recentemente o
deslocamento de X. pubescens (Spinola) através do Mar Mediterraneo (CATANIA, 2023).

Atualmente, ha muito mais interferéncia humana na distribuicao de certos grupos de
abelhas, especialmente as espécies sociais como Apis spp. € Bombus spp. sendo utilizadas como
subsidios incrementais na producao agricola (WINTER et al. 2006; GARIBALDI et al. 2017).
Para as espécies solitarias, a estratégia de manejo mais conhecida sdo os hotéis de abelhas, em
que consistem em estruturas artificiais, geralmente de madeira, que simulam os substratos de
nidificacdo de vérias espécies, incluindo as abelhas carpinteiras (MACIVOR e PACKER,
2015). No entanto, em alguns casos, elas parecem ser pouco atraidas (GESLIN et al. 2020;
GONZALEZ-ZAMORA et al. 2021) ou apenas poucas espécies acabam nidificando em
armadilhas adaptadas (PEREIRA ¢ GAROFALO, 2010; JUNQUEIRA, 2012; RIBEIRO,
2022).
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2.3 HISTORICO TAXONOMICO DAS ESPECIES NEOTROPICAIS

Por se tratar de um grupo muito diversificado e com ampla distribui¢ao geografica, as
espécies do género Xylocopa ja passaram por inumeras revisdes taxondmicas € sistematicas.
Historicamente, os seus representantes sdo divididos em subgéneros do hemisfério oriental e
ocidental, também designados como Velho ¢ Novo Mundo, respectivamente (MICHENER,
2007). Dentro de cada continente hé ainda a divisdo por regides zoogeograficas, que consistem
em areas delimitadas por condigdes fisicas e composicdo faunistica e floristica similares
(SCLATER, 1858; BAILEY, 1998). A Regido Neotropical que abrange a América do Sul e
Central (incluindo os arquipélagos) e parte Sul do México, ¢ reconhecida como uma das areas
de maior diversidade biologica do mundo, apresentando ecossistemas complexos ¢ muitos
centros de endemismo (MORRONE, 2014). As espécies de Xylocopa presentes nesta regido
constituem um grupo distintamente isolado das espécies orientais, e por conta disso, nenhum
subgénero ocorre naturalmente em ambos os hemisférios (MICHENER, 2007).

Até o inicio da década de 50, as espécies de Xylocopa do continente americano eram
tratadas no sentido amplo, juntamente com outras espécies ao redor do mundo, sem uma
sistemdtica fundamentada. MICHENER (1954), em seu estudo sobre as abelhas do Panama,
dividiu as espécies do Novo Mundo em trés subgéneros (Neoxylocopa, Schonnherria e
Xylocopoides). Posteriormente, os subgéneros Notoxylocopa e Stenoxylocopa foram propostos
por HURD (1956) e HURD e MOURE (1960), respectivamente.

Uma revisao extensa e detalhada das abelhas carpinteiras de todo o mundo foi produzida
por HURD e MOURE (1963). Na proposta geral de classificagdo das abelhas carpinteiras de
grande porte, eles reconheceram trés géneros: Lestis, Proxylocopa e Xylocopa, reunidos em 51
subgéneros (17 no Novo Mundo e 34 no Velho Mundo). Essa foi a principal contribui¢do para
o reconhecimento da maioria dos subgéneros presentes na Regido Neotropical, e serve de base
para estudos sistematicos até os dias atuais.

De forma complementar, HURD (1978) publicou um catidlogo com informagdes
relevantes sobre a historia natural das abelhas carpinteiras presentes no Hemisfério Ocidental.
Por meio da consulta de espécimes em varias colegdes renomadas, Hurd incluiu detalhes de
suas anotacdes sobre os registros de ocorréncia das espécies, os substratos de nidificacdo e as
relagdes com parasitas e predadores. Além disso, neste mesmo trabalho, o subgénero
Stenoxylocopa foi revisado e atualizado com novos registros.

Em 1998, MINCKLEY realizou um abrangente estudo filogenético utilizando
caracteres morfologicos. Nesse estudo, ele tratou Xylocopa como um tnico género, enquanto

Lestis e Proxylocopa foram considerados subgéneros. Além disso, Minckley propds uma nova



11
classificac¢do, reduzindo para 11 subgéneros no Novo Mundo e 19 no Velho Mundo. Neste
mesmo trabalho, o subgénero Megaxylocopa na qual inclui trés das maiores abelhas da regido,
foi interpretado como sindnimo de Neoxylocopa. Posteriormente essas relagdes filogenéticas
foram revisadas com andlises moleculares feitas por LEYS ez al. (2000, 2002).

OSPINA (2000) compilou um quadro sindptico das abelhas carpinteiras da Regido
Neotropical e listou um total de 96 espécies validas distribuidas em 12 subgéneros. Neste
trabalho, foi apontado algumas lacunas de conhecimento, especialmente em relagdo aos machos
e a distribui¢do de certas espécies.

Em 2002, SILVEIRA et al. publicaram o livro “Abelhas Brasileiras: sistematica e
identificagdo”, uma obra que incluiu varios aspectos do estudo das abelhas, desde a morfologia
basica, historia natural, procedimentos de coleta ¢ montagem e classificagdo taxondmica. Sao
apresentadas 5 familias de abelhas para o Brasil, da qual o género Xylocopa se insere em Apidae
— Xylocopinae — Xylocopini. Baseado na classificacdo de Minckley, neste livro foram listadas
50 espécies agrupadas em 10 subgéneros (Cirroxylocopa, Dasyxylocopa, Diaxylocopa,
Monoxylocopa, Nanoxylocopa, Neoxylocopa, Schonnherria, Stenoxylocopa, Xylocopoda e
Xylocopsis). Os autores ressaltaram a necessidade de uma revisdo mais aprofundada dos
grandes grupos Neoxylocopa e Schonnherria, devido a escassez de informacdes especificas que
pudessem sustentar uma analise sistematica, bem como a produgdo de chaves de identificagdo
para as espécies brasileiras.

Nos ultimos 20 anos, diversos estudos na Regido Neotropical tém enriquecido o nosso
conhecimento sobre as abelhas carpinteiras, como: listas de espécies regionais
(SCHLINDWEIN et al. 2003; SILVA et al. 2009; RAMIREZ-FREIRE et al. 2012; MARCHI
e ALVES-DOS-SANTOS, 2013; LUCIA et al. 2015; MAWDSLEY, 2018; OLIVEIRA e
ZANELLA, 2020), novas descri¢cdes (ZANELLA e SILVA, 2010; LUCIA et al. 2014; LUCIA
et al. 2015; MELO, 2016, 2017; LUCIA ¢ GONZALEZ, 2017; VILLAMIZAR et al. 2020;
MERIDA-RIVAS et al. 2022; MELO, 2023), registros de ocorréncia (MONTALVA et al.
2013; MAWDSLEY, 2018; VILLAMIZAR, 2020) e modelagem de distribui¢do
(NASCIMENTO et al., 2022).

Existem outros subsidios importantes para o estudo das abelhas neotropicais, das quais
incluem: a obra revisada de MICHENER (2007) “The Bees of the World”, a qual representa
um acervo de conhecimento a nivel global, e o Catalogo de Abelhas Moure (MOURE et al.
2007) que reune informagdes sobre classificagdo e registros de ocorréncia, com foco na
apifauna brasileira. E digno de nota que este Catalogo possui uma versio online
(http://moure.cria.org.br/catalogue) (MOURE e MELO, 2023), tornando-se uma valiosa fonte

de referéncia atualizada.
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2.4 REGISTROS PREVIOS NO ESTADO DO MARANHAO

O Maranhao (MA) ¢ um estado brasileiro que se encontra em baixas latitudes da Regido
Neotropical (1° — 10° S), com area superior a maioria dos paises europeus. O clima ¢
predominantemente quente e imido — Aw (KOEPPEN, 1948) e seu relevo ¢ dividido em
planicies e chapadas relativamente pequenas. Por outro lado, a cobertura vegetal ¢ constituida
pelo encontro de trés grandes biomas (Amazonia, Cerrado e Caatinga) resultando em diferentes
tipos de fitofisionomias de transi¢cdo (ver sessdo “Material and Methods — Sampling area” do
capitulo 1), tornando o Maranhdo uma regido de grande interesse para estudos bioldgicos.

Os primeiros registros formais das abelhas do género Xylocopa no MA foram feitos por
Adolpho Ducke no comego do século XX, por ocasido de suas exploragdes botanicas e
entomologicas ao longo do norte e nordeste brasileiro (DUCKE, 1902, 1908, 1910). Durante
esse intervalo, Ducke descreveu a espécie X. cearensis e fez os primeiros relatos de X. frontalis
Olivier, na capital Sdo Luis, além de X grisescens Lepeletier, X. barbata Fabricius (sindnimo
de X. muscaria) e X. viridis Smith no interior do estado. E notavel que, esta tltima espécie,
apesar de possuir uma ampla distribuigdo na Regido Neotropical, ndo foi mais registrada no
Maranhao desde entao.

Ao longo das décadas seguintes, observou-se apenas ocorréncias ocasionais destas
mesmas espécies amplamente distribuidas. Somente a partir do final dos anos 80, com o
estabelecimento do curso de Ciéncias Bioldgicas na Universidade Federal do Maranhdo, que
levantamentos sistematicos ganharam impulso (Fig. 2) (FERREIRA et al. 2020).

GOTTSBERGER et al. (1988) registraram pela primeira vez, nas dunas de Sao Luis, a
X. carbonaria Smith (considerada nesta tese como X. cearensis) e X. orthogonaspis Moure, que
assim como X. viridis, nao foi mais observada posteriormente.

REGO et al. (2000) registraram pela primeira vez X. aurulenta Fabricius em uma area
de floresta ombrofila aberta, localizada na Baixada Maranhense. Neste estudo, X. aurulenta foi
consideravelmente menos abundante que as outras espécies do mesmo género, entretanto, ela
foi mais expressiva em floresta ombrofila densa, em estudos posteriores (ANJOS, 2018;
FERREIRA et al. 2019). Os registros de REGO et al. (2000) parecem ter sido o limite de
ocorréncia dessa espécie para leste do dominio amazonico.

Anos depois, REGO et al. (2007) conduziram um levantamento pioneiro na regido mais
ao sul do Maranhdo, em uma area de Cerrado tipico. Neste estudo, apenas espécies de grande
porte foram observadas, dentre elas, uma forma indeterminada. Mais tarde foi esclarecido que
se tratava da X. amazonica Enderlein, uma espécie que tem poucos registros ao longo das baixas

latitudes da América do Sul, incluindo o nordeste brasileiro (HURD, 1978).
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Xylocopa suspecta Moure & Camargo (considerada nesta tese como X. nigrocincta
Smith) foi inicialmente identificada nos trabalhos de OLIVEIRA e SILVA (2010). No entanto,
mesmo que seu primeiro registro para o MA s6 tenha sido formalmente publicado alguns anos
depois (GOSTINSKI et al. 2016), essa espécie foi, por muito tempo, confundida com X.
carbonaria, sendo observada desde os primeiros levantamentos (ALBUQUERQUE et al. 2001;
APOCALYPSE, 1995; REBELO, 1995; SERRA, 2005).

Mais recentemente, FERREIRA et al. (2019) realizaram um inventario estruturado no
extremo noroeste do MA, em uma area fragmentada de floresta ombroéfila densa, caracteristico
do bioma Amazonia. Neste trabalho foi relatado a primeira ocorréncia de X. macrops para o
estado, que posteriormente foi ampliado por NEVES et al. (2021) em areas de restinga do
litoral.

Muitos destes estudos originaram-se de trabalhos de conclusdo de curso, e por isso, nem
todos foram publicados em periodicos cientificos (REBELO et al. 2003; REGO e
ALBUQUERQUE, 2012). Contudo, todos os registros resultantes desses esforgos foram
centralizados em uma unica colecao (LEACOL — UFMA), simplificando a analise dos grupos
e fornecendo um valioso material de referéncia de &mbito regional (FERREIRA et al. 2020).

Analisando o conjunto de dados depositados na LEACOL foi possivel constatar que as
abelhas carpinteiras do género Xylocopa t€m tido uma presenga constante em praticamente
todos os levantamentos realizados no Maranhao. De modo geral, alguns padrdes de distribuicao
puderam ser visualizados: Xylocopa frontalis foi registrada em todas as localidades estudadas,
o que ¢ esperado, considerando a sua ampla distribuigdo (MOURE e MELO, 2022); Xylocopa
cearensis foi registrada massivamente em 4reas litoraneas, dominando varias comunidades de
restingas (ALBUQUERQUE et al. 2007; OLIVEIRA et al. 2010; GOSTINSKI et al. 2016;
NEVES et al. 2021); Xylocopa aurulenta foi observada exclusivamente em areas florestais, em
contraste com X. grisescens, que esteve associada as areas abertas; X. nigrocincta foi observada
apenas nas regides setentrionais, em contraste com os poucos individuos de X. amazonica na
regido meridional. Até entdo, havia apenas uma espécie do subgénero Schonnherria, X.
muscaria sendo registrada predominantemente em areas de florestais abertas.

Dessa forma, até o inicio desta tese, apenas sete espécies de Xylocopa haviam sido
registradas no Maranhdo. Apesar dos esforgos recentes para digitalizar os dados da LEACOL
(FERREIRA et al. 2020), nenhum desses registros estava disponivel em plataformas online,

como o Specieslink ou GBIF.
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Figura 2: Estudos sistematizados de abelhas realizados no Estado do Maranhdao (MA) com registros de Xylocopa
enumerados em ordem cronologica. 1 — GOTTSBERGER et al. (1988); 2 — REBELO (1986); 3 — ARAUJO
(1994); 4 — BRITO (1994); 5 — FERREIRA (1994); 6 — MENDONCA (1994); 7 — APOCALYPSE (1995); 8 —
SANTOS (1996); 9 — ALBUQUERQUE (1998); 10 — PEREIRA (1998); 11 - BARBOSA (2003); 12 - MARTINS
(2003); 13 — SERRA (2005); 14 — REGO et al. (2007); 15 — OLIVEIRA (2008); 16 — ARAUJO (2010); 17 —
OLIVEIRA (2010); 18 — SILVA (2010); 19 — GOSTINSKI (2011); 20 — ARAUJO (2014); 21 — OLIVEIRA
(2016); 22 — FERREIRA (2016); 23 — ANJOS (2018); 24 — SANTANA (2018); 25 — PINTO (2020); 26 — NEVES
et al. (2021).
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Abstract. We present a list of Xylocopa Latreille species that occur in Maranhao State, a region
where several physiognomic formations characteristic of the Amazon, Cerrado, and Caatinga
biomes overlap. The information was compiled through numerous surveys conducted in this
territory, in addition to direct consultation in scientific collections, which have many
unpublished records. Twelve species belonging to three subgenera were documented: Xylocopa
(Neoxylocopa) amazonica Enderlein, 1913, X. (N.) aurulenta (Fabricius, 1804), X. (V.)
cearensis Ducke, 1910, X. (N.) frontalis (Olivier, 1789), X. (N.) grisescens Lepeletier, 1841, X.
(N.) hirsutissima Maidl, 1912, X. (N.) nigrocincta Smith, 1854, X. (N.) transitoria Pérez, 1901,
X. (Schonnherria) macrops Lepeletier, 1841, X. (S.) muscaria (Fabricius, 1775), X. (S.)
subcyanea Pérez, 1901 and X. (Stenoxylocopa) sp.. Of these, two species are reported as first
records for Maranhdo (X. hirsutissima and X. subcyanea), one for Brazil (X. transitoria), and
one for science (X. (Stenoxylocopa) sp.— not yet published).

Key words: Anthophila, biogeography, conservation, diversity, systematics.
Introduction

The genus Xylocopa Latreille, 1802 consists of usually quite large bees widely distributed on
all continents; however, they are more diverse in the old world and more abundant in tropical
and subtropical regions where temperatures are higher (Hurd 1978; Michener 2007). Xylocopa
comprises approximately 400 species, distributed in 31 subgenera, although there are estimates
of up to 700 extant species (Silveira et al. 2002). Thus, this group is considered one of the
largest evolutionary lineages of bees (Hurd & Moure 1963; Plant & Paulus 2016).

Xylocopa bees are popularly known as carpenter bees, as females make their nests in
dead wood, twigs, or bamboo cavities, with the exception of the subgenus Proxylocopa, which
nests in the soil (Hurd & Moure 1963). Some species are strictly solitary and may form
aggregate nests (Sakagami & Laroca 1971; Pereira & Garo6falo 2010), while others have
facultatively social habits, in which females usually live together in the same nest but at

different reproductive stages (Hogendoorn & Velthuis 1993; Richards 2011; Duff et al. 2023).
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In general, carpenter bees are remarkably robust, reaching over 30 mm in length. For
this reason, these bees can overcome the resistance of strong winds and can fly long distances,
reaching radii of more than 10 km in search of food (Gerling ef al. 1989). During this routed,
flowers of various species can be visited, because these bees are polylectic and thus act as
effective pollinators of many species of native and cultivated plants (Roubik 1995). Perhaps the
best-known example is their role in passion fruit production, as, due to their morphometric
adaptations, size, and abundant hairs, these bees act as a pollinator of Passiflora flowers, while
smaller bees can only be robbers (Sazima & Sazima 1989; Camillo 2003). Other crops of
commercial interest, such as tomato, pumpkin, and acerola are also pollinated by Xylocopa,
making them an important agricultural pollinator (Giannini et al. 2020).

However, the ecosystem services provided by these bees are increasingly vulnerable due
to human modifications to their habitats, making the need for baseline studies urgent (Schmeller
& Bridgewater 2016). The lack of knowledge about taxonomic richness (Linnean Deficit) and
geographic distribution (Wallacean Deficit) is an impediment to more in-depth studies, such as
on ecological aspects, as well as an obstacle to decision-making aimed at environmental
conservation (Neto & Loyola 2016).

Brazil holds an impressive diversity of Xylocopa and Silveira et al. (2002) called
attention to the need for a broad taxonomic revision for the group. However, few papers have
been published aiming to investigate the richness and distribution of Brazilian carpenter bees.
Of these we highlight, the list of Xylocopa species from Rio Grande do Sul (Schlindwein et al.
2003), Sao Paulo (Marchi & Alves-dos-Santos 2013), the Northeast (Silva et al. 2009), and the
Amazon Basin (Mawdsley 2018), the last two being poorly detailed, without distribution maps
and with a large gap of records in the extreme eastern Amazon, where the State of Maranhao
(MA) is located.

Régo & Albuquerque (2012) listed several species of bees that occur in the transition
zones of MA, among them, seven species of Xylocopa, one without indication of specific
identity. This information was provided from structured surveys conducted in the territory of
Maranhao between 1994 and 2010, however, several unpublished data, such as graduation
monographs and occasional studies, as well as historical information such as the first surveys
in the region (Ducke 1910; Gottsberger et al. 1988), were disregarded. In addition, most surveys
were conducted in the northern region of the state (Rebélo et al. 2003), and although other
works have been produced in the last 10 years (Gostinski ef al. 2016; Ferreira et al. 2019; Neves
et al. 2021), the bias of records concentrated to the north of MA remains.

This spatial under-sampling is particularly negative from a biogeographical point of

view as it is an extremely heterogeneous region, which enables the overlapping of conditions
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and resources of the bordering biomes (Amazon, Cerrado, and Caatinga), thus supporting the
occurrence of species with different niches (Rebélo & Silva 1999).

Thus, the present study aims to review and update the records of the occurrence of
Xylocopa in Maranhao State, based on the taxonomic analysis of a large amount of material
available in the collections. Furthermore, we intend to investigate the diversity and distribution
patterns by means of occurrence maps and to offer taxonomic subsidies by providing

identification keys for the species, to facilitate future inventories in the region.

Material and Methods
Sampling area

Maranhio is the eighth largest Brazilian state, being 329.651 km?, comparable to the size of
Germany, and is situated in the Northeast Region of Brazil, between 01°01 ' — 10°21 ' S and
41°48 ' — 48°50 ' W (IBGE, 2021).

The state is divided into two very distinct topographical regions, the mid-north,
characterized by coastal plains and lowlands and the mid-south, marked by the presence of
plateaus, highlands, and tablelands. While the relief changes according to the latitude, the
climate changes according to the longitude, that is, the predominant climate type is tropical hot,
but it can be divided into three large regions: Humid Equatorial in the western portion, which
corresponds to three dry months during the year, on average; Tropical Semi-humid Equatorial
Zone, in the central portion, in which there are four dry months; and Tropical Semi-arid
Equatorial Zone, in the eastern portion of the state, in which there can be up to six dry months
throughout the year (NuGeo, 2021). The combination of these physical characteristics ends up
promoting the establishment of distinct types of vegetation cover or phytophysiognomies in the
different regions.

According to the Environmental Information Database (BDiA — IBGE, 2021), 32.41%
of the territory of Maranhdo is made up of contact areas or ecological tension, in the form of
floristic interpenetration (ecotone or mixture) or interpenetration of physiognomies, without
mixing (enclave). These contact areas permeate the following typologies: Ombrophylous Forest
(30.41% of the territory), found especially in the west of the state, with an Amazonian
vegetation characteristic, consisting of perennial macro and mesophanerophytes, the climate is
hot and humid and under natural conditions suffers few changes throughout the year;
Park/Wooded Savanna (43.25%), extending from the northeast to east and occupying almost
the entire southern part of the state, characteristic of the Cerrado stricto sensu, where there is a
predominance of grasses vegetation and shrubs with twisted trunks, that may occur in isolated

form or grouped in small "islands", and, when associated with water bodies gallery forests or
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riparian forests with open-canopy are formed; Steppic Savanna (0.57%), in a small spot in the
central-eastern portion of the state, that has typical elements of the Caatinga, with water scarcity
resulting from the double climatic seasonality, presenting long dry periods during the year,
followed by irregular rains, the vegetation, in turn, has xerophytic characteristics that are
strategic to avoid water loss; Decidual Seasonal Forest (10.02%), is found in the eastern part of
the state and is recognized for occupying restricted areas in climatic transition zones, defined
by disjunctions or large discontinuous areas by the contact of ombrophilous forests and
savannas; Pioneer Formations (4.09%), restricted to the extreme north of the state, where the
coastline is located, with first occupation vegetation, which establishes itself on pedologically
unstable soils and is in constant succession, in MA it occurs under the marine influence and
dune formations (restingas), under the fluviomarine influence (mangrove and salt fields), and,
under the fluvial or lacustrine influence, forming seasonally flooded fields, known as “Baixada
maranhense” (Figure 1).

The percentage estimates of these areas are considered natural or predominant
formations, this is because, according to the RADAM Project (Radar na Amazonia) from BDiA
(2021), the regions of anthropic influences in Maranhdo have a total of 48.54%, being
composed of: Agricultural Sectors (30.28%), Secondary Vegetation (18.05%), and
Urbanization (0.21%) (Figure 2). Deforestation and forest burning for pasture creation are the
main sources of degradation of natural areas (Martins & Oliveira 2011). The most recent annual
report on deforestation in Brazil shows an increasing rate of destruction of original formations,
mainly in the forest (-24.5%) and savannah areas (-10%), placing Maranhao in 4th position in

the national deforestation ranking (BDiA, 2021; MapBiomas 2022).

Occurrence records

The records were mostly obtained from the analysis of material deposited in the Colegao de
Abelhas da Universidade Federal do Maranhao, Sao Luis, MA (LEACOL), as a result of
significant field research in different localities, particularly involving many structured surveys,
with systematic collections (biweekly or monthly) during at least twelve months, and carried
out since 1994 (Rebélo 1995; Gongalves et al. 1996; Sodré et al. 2000; Albuquerque et al. 2001,
2007, 2010; Jesus et al. 2007; Régo et al. 2007; Oliveira 2008; Pinto et al. 2011; Aratjo 2014;
Gostinski et al. 2016; Ferreira et al. 2019; Neves et al. 2021). The collection also includes
material from case studies, where collections were conducted according to the flowering period
of a particular botanical species (Serra & Drummond 2006; Oliveira 2014; Oliveira et al. 2016;
Santana 2018; Pinto et al. 2020), as well as sporadic collections (Ferreira et al. 2020). The

Xylocopa specimens were selected and examined, and the provenience information, such as
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date and georeference, was extracted from individual labels, when possible, compared with the
information contained in their respective papers.

Additional records were obtained from the following collections: Colegao
Entomoldgica Dantncia Urban, Universidade Federal da Integracdo Latino-Americana, Foz do
Iguacu, PR (CEDU); Cole¢do Zoologica do Maranhdo, Universidade Estadual do Maranhao,
Caxias, MA (CZMA); Cole¢ao do Laboratério de Ecologia e Sistematica de Insetos
Polinizadores e Predadores, Universidade Federal do Maranhdo, Sao Luis, MA (LESPP), and
Museu Paraense “Emilio Goeldi”, Belém, PA (MPEG).

In a complementary approach, point collections were performed in areas with sampling
gaps, aiming to achieve greater representativeness of the points in the state, as well as to reduce
the effects generated by spatial concentration. For this, the bees were collected while visiting
flowers, using an entomological net, at rest or in flight. They were then sacrificed and sent to
the laboratory where they were subject to the identification process and incorporation into the

collection (LEACOL).

Systematics

The individuals were examined based on the original descriptions of each species, with the
support of the identification keys proposed by Schlindwein et al. (2003); Lucia &
Abrahamovich (2010); Marchi & Alves-dos-Santos (2013); Mawdsley (2018); Villamizar &
Vivallo (2020) and Mérida-Rivas et al. (2022) and through comparison with the material
deposited at CEDU and LEACOL. Taxonomic classification and terminology were adopted
according to revisions by Hurd & Moure, (1963) and Minckley (1998).

We considered previous identifications of Xylocopa (Neoxylocopa) carbonaria Smith,
1854 from northeastern Brazil as a melanistic variation of X. (Neoxylocopa) cearensis Ducke,
1910b (Zanella 2000; Silva et al. 2009) and X. (Neoxylocopa) suspecta Moure & Camargo,
1988 as a melanistic variation and junior synonym of X. (Neoxylocopa) nigrocincta Smith, 1854
(Agostini 2021).

The following terminology was used: N = number of species; n = number of individuals;
BL =body length; T = terga, and S = sterna, enumerated for each segment in the anteroposterior
direction (e.g. T1, T2, T3... S1, S2, S3). The punctation, when mentioned, was designated as:
Dense = distance between punctures smaller than its diameter; Moderate = distance between
punctures equivalent to its diameter; and Sparse = distance between punctures larger than its
diameter.

The iridescence of the wings was analyzed under the same light conditions (fluorescent

light-bulb, with direct and indirect light, under dorsal and lateral view) and the coloration
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patterns (VL = Dark brown/Violet; GVL = Dark brown/Violet-Greenish; BVL = Dark
brown/Violet-Bluish; GG = Dark brown/Greenish-Golden; HC = Hyaline/Coppery) were
established according to the predominance observed with or without the presence of associated
metallic spots, in the base-apex direction (Figure 3).

Image capture and body length measurements of the bees deposited at LEACOL were
performed using the software AxioVision (ver. SE64 Rel. 4.9.1), with the AxiCam ICc 1
coupled to the Zeiss Discovery V.8 stereoscopic microscope. The images obtained were
enhanced with Adobe Photoshop® (ver. 23.4) and Adobe Lightroom® (ver. 11.4).

The maps were produced using QGIS Software (ver. 3.28) with layers of the
phytoecological regions made available by the Environmental Information Database (BDiA —
IBGE, 2021), with the symbology adapted, and the occurrence points of Xylocopa overlapping.
To distinguish the density of the points, we used the heat map feature (kernel interpolation),
with an estimator radius of 10 km and pixel size X of 400 as reference.

The labels were transcribed under the “Material examined” section in the following
format: (n) COUNTRY, STATE: Municipality, (n) Specific locality, geographic coordinate,
date, collector, COLLECTION, identification, responsible for identification (det.), year of

identification.
Results

We analyzed 3515 individuals belonging to twelve species and three subgenera: Xylocopa
(Neoxylocopa) amazonica Enderlein, 1913 (n = 12), X. (Neoxylocopa) aurulenta (Fabricius,
1804) (n=11), X. (Neoxylocopa) cearensis Ducke, 1910 (n=2053), X. (Neoxylocopa) frontalis
(Olivier, 1789) (n = 924), X. (Neoxylocopa) grisescens Lepeletier, 1841 (n = 127), X
(Neoxylocopa) hirsutissima Maidl, 1912 (n = 27), X. (Neoxylocopa) nigrocincta Smith, 1854
(n = 197), X. (Neoxylocopa) transitoria Pérez, 1901 (n = 21), X. (Schonnherria) macrops
Lepeletier, 1841 (n = 9), X. (Schonnherria) muscaria (Fabricius, 1775) (n = 117), X.
(Schonnherria) subcyanea Pérez, 1901 (n =5), and X. (Stenoxylocopa) sp. (n =12).

Of these, two species are reported as first records for MA (X. hirsutissima and X.
subcyanea), one for Brazil (X. transitoria) and one for science (X. (Stenoxylocopa) sp.) — not
described, but being studied in a review of the subgenus).

In total, 180 occurrence points were recorded, distributed in 53 municipalities of MA.
Of this set, only 49.3% of occurrences were in relatively preserved areas, 35.9% in areas with
some urban influence, 12.9% in secondary vegetation, and 1.9% under direct influence of the

agricultural sector. This results reflects the fact that the majority of the records were allocated
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in the northern portion of the state, in areas of urban influence, mainly in the region of the
capital Sao Luis.

Despite this, it was possible to note the presence of Xylocopa in all sectors of Maranhao,
including all areas with the main vegetation types (Figure 4). The physiognomy with the highest
abundance was Pioneer Formation, characterized by dunes and restingas (n = 1871; 53.2% of
the total) and the highest richness was Park/Wooded Savanna (N = 10; 83.3%)).

Records had a time range of 117 years (1905-2022), although 67.7% of individuals were
recorded between 2000 and 2022. This is reflected by the increase in baseline studies in the
state since then, as 63.8% of all Xylocopa bees were collected in standardized surveys, 14.3%
in pollination ecology studies, and another 21.8% in occasional collections. According to data
obtained exclusively from the surveys, Xylocopa species were frequent in all months of the
year, being slightly more abundant at the end of the rainy season and the beginning of the dry

season (May, June, and August).

Systematics

Genus Xylocopa Latreille, 1802
Subgenus Neoxylocopa Michener, 1954

Apis (Ancylosoma) Dalla Torre, 1896: 206. Name not available, see: Michener (1997)
Xylocopa (Neoxylocopa) Michener, 1954: 157. Type species: Apis brasilianorum Linnaeus,
1767, by original designation.
Xylocopa (Megaxylocopa) Hurd & Moure, 1963: 151. Type species: Apis frontalis Olivier,
1789, by original designation. Minckley, 1998: 38, Neoxylocopa synonymy.
Diagnosis (Modified from Michener 2007). Its representatives are characterized by a strong
sexual dimorphism in which the integument and pubescence are usually dark-colored in females
and yellow or ferruginous in males. Including medium to large bees that have the following
characters: apex of mandible bidentate, lower tooth equal to or larger than upper tooth; raised
impunctate strip accompanies the whole epistomal suture; metasomal sterna with longitudinal
carina; clypeus usually delimited by continuous smooth ridge. In males, posterior thoracic
declivity begins on base of propodeum and mesosomal gland extremely large.
Distribution. It is the subgenus with the greatest diversity and geographic distribution in the
Neotropical Region, with at least 50 described species, occurring from Argentina to the
Southern United States and extending into more isolated island regions such as the Galapagos
Islands and the West Indies (Vargas ef al. 2015; Meurgey 2016). In Maranhao, it was the most

diverse (N = 8) and most widely distributed subgenus, being found in basically all

phytophysiognomies.
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Xylocopa (Neoxylocopa) amazonica Enderlein, 1913
(Figures 5, 17B, 17H)
Xylocopa amazonica Enderlein, 1913: 159-160. Holotype: Muzeum Instytut Zoologii, Warsaw,

Poland (f#). Type locality: Brazil, Para, Obidos.

Diagnosis. Medium to large-sized bees, BL approximately 28.3 mm (25.2-29.5; n = 10);
Females: integument and pubescence entirely black (Figure 5B-D); wings dark brown and
iridescence predominantly GG; large inter-alveolar carina with "nose" shaped (Figure 5F),
contrasting with small X. nigrocincta carina; dorsal surface of scutellum convex and smoothly
rounded, transition with posterior surface forming a curved edge with an obtuse to right angle
(Figure 5E), posterior surface with sparse punctation; T2 with moderate punctation on discal
area. Males: medium-sized intra-alveolar carina; middle ocelli approximately the size of lateral

ocelli (Figure 17B); metasomal terga with dense or moderately sparse punctation (Figure 17H).
Variation. Wings with iridescence GG in 72.7% of the individuals and GVL in 27.3%.

Distribution. Present along the Amazon Basin, in the states of Amapa, Amazonas, Para, Mato
Grosso, and Rondonia, however, it has been recorded outside this domain, in other areas of
northeastern Brazil, such as Ceara and Paraiba states (Hurd 1978; Moure & Melo 2022; Oliveira
& Zanella 2020). In Maranhao, 75% of the 12 individuals analyzed were recorded in regions
where savanna predominates and 25% in areas of ombrophilous forest. Of the total, 83.3% of
the bees were collected in areas without anthropic influence and 8.3% in secondary vegetation
and urban areas (Figure 5A). As for seasonality, X. amazonica occurred in the months from

June to December, a period characterized by the rainless period in the region.

Comments. In general, X. amazonica is very similar to X. frontalis (in body size) and X.
nigrocincta (in the iridescent color of the wings), causing some erroneous identifications. It is
probably for this reason that this species has not been reported in any of the surveys already
conducted in MA (Régo & Albuquerque 2012). The presence of a prominent inter-alveolar
carina in females also occurs in X. nasica Perez, 1901, according to the original description of
this species, which has Chiriqui in Panama as its type locality. Thus, it is possible that they are
closely related species or synonyms. But for caution, at this time, without analyzing material
from Central America and intermediate regions, we chose to consider those from northern and

northeastern Brazil as X. amazonica.

Material examined. (11f# 1m#) BRAZIL, Maranhao: Balsas, 3f# 1m# Povoado Santa Luzia,
15-VI, 17-VI and 15-1X-2001, Régo & Ramos, LEACOL, one female with label: Xylocopa
(Neoxylocopa) frontalis. Buriticupu, 1f# Reserva Florestal da CVRD, 13-VIII-1996, Pereira
& Pinto, LEACOL. Carolina, 1f# Riacho Estiva, 7°06'59.8"S 47°21'21.0"W, 15-VII-2013,
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Limeira-de-Oliveira, F., CZMA. Chapadinha, 2f# 15-X and 13-XI-1994, Brito & Régo,
LEACOL. Cururupu, 2f# 21-VIII and 23-VIII-2015, Dos Anjos, J.V., LEACOL\CEDU, with
label: Xylocopa (Neoxylocopa) suspecta. Formosa da Serra Negra, 1f# Parque Estadual do
Mirador, 02-XI1-2009, Maia, C.M., LEACOL, with label: Xylocopa (Neoxylocopa) nasica,
Silveira, F.A. det, 2015. Mirador, 1f# 11-X-2014, Costa, S.S., LEACOL.|

Xylocopa (Neoxylocopa) aurulenta (Fabricius, 1804)
(Figure 6)

Bombus aurulentus Fabricius, 1804: 351. Lectotype: University of Copenhagen Zoological
Museum, Copenhagen, Denmark (f#). Subsequent designation: Moure, J. S. 1960: 143.
Type locality: 'America meridionalis'.

Xylocopa medionitens Cockerell, 1916: 461. Holotype: American Museum of Natural History,
New York, USA (f#). Type locality: Maroni, French Guiana.

Diagnosis. Medium to small-sized bees, BL approximately 20.5 mm (19-23.5; n = 10);

Females: integument entirely black and mesosoma with strongly orange pubescence (Figure

6B-D); mesoscutum with smooth discal area; wings light-brown with distinctive HC pattern;

pubescence of T1 entirely black; T2 with moderate punctation on discal area.

Distribution. Present along the Amazon Basin, there are records in Guyana, French Guiana,
Peru, Suriname, and in Brazil, in the states of Acre, Amapa, Amazonas, Paré, Rio Branco, and
Rondonia (Hurd 1978; Moure & Melo 2022). In Maranhao, the first records of X. aurulenta
were reported by Ferreira et al. (2019), the distribution was recorded in the western portion, in
ombrophilous forest (63.6%) and flooded fields (36.4%), areas which are currently under
anthropic pressure converted into secondary vegetation and agricultural sectors, respectively
(Figure 6A). The individuals of this species occurred from April to September, a period

characterized by the transition between the rainy and dry seasons.

Comments. In general, X. aurulenta can be confused with X. cearensis - typical form, but it
differs by the orange mesosomal pubescence and by the more translucent wing membrane,
slightly brown, type HC. Xylocopa aurulenta has a distribution restricted to the Amazon biome,
and the record in Maranhao possibly corresponds to the limit of occurrence to the east. Most
records were collected in the 1990s, where, at the time, the collection sites were still preserved
(Silva & Rebélo 1999). Therefore, considering the annual degradation rates of this region, it is
possible that the future occurrence of X. aurulenta in MA will be restricted to Protected Areas,
such as the Gurupi Biological Reserve (REBIO) or Indigenous lands, such as Alto Turiagu and

Araribbia.
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Material examined. (11f#) BRAZIL, Maranhio: Buriticupu, 6f# Reserva Florestal da
CVRD, 20-1V, 18-V, 20-VI, 27-VII, 24-VIII and 07-1X-1996, Pereira & Pinto, LEACOL, all
with label: Xylocopa (Neoxylocopa) aurulenta, Silveira, F.A. det, 2015. Carutapera, 1f# Sitio
do Prata, 03-1X-2014, Ferreira, L.A.C., UFMG, with label: Xylocopa (Neoxylocopa) aurulenta,
Silveira, F.A. det, 2015. Vitéria do Mearim, 4f# Margem da ferrovia SLZ-Carajas, 24-1V and
15-VI-1992, Ferreira & Santos, LEACOL, with label: Xylocopa (Neoxylocopa) aurulenta,
Silveira, F.A. det, 2015.

Xylocopa (Neoxylocopa) cearensis Ducke, 1910

(Figures 7, 17F, 171)

Xylocopa cearensis Ducke, 1910: 85. Lectotype: Museu Paraense 'Emilio Goeldi', Belém,
Brazil (f#). Subsequent designation: Nascimento, P. T. R. 1979: 9. Type locality: Brazil,
Ceara, Caridade.

Xylocopa branneri Cockerell, 1912: 42. Holotype: American Museum of Natural History, New
York, USA (f#). Type locality: Brazil, Rio Grande do Norte, Natal.

Diagnosis. Medium to small-sized bees, BL approximately 18.9 mm (16-25.5; n = 2035);

Females: integument entirely black, mesosoma with whitish-yellow pubescence - typical form

(Figure 7B-D) or black to dark brown - melanic form (Figure 7E-F); wings dark brown and

iridescence predominantly VL; dorsal surface of scutellum flattened, transition to posterior

surface largely rounded (Figure 7E); posterior surface with dense punctation (Figure 7F); T2
with moderate to dense punctation on discal area. The typical form is similar to X. grisescens

but is always smaller sized. Males: ventral surface of posterior tibia with a weak declivity and

blackish pubescence (Figure 17F); metasomal terga with dense punctation (Figure 171).

Variation. Wings with iridescence VL in 84.9% of the individuals, BVL in 11.6% and GVL in
3.4%. In females, 97.6% of the individuals had the melanic form and only 2.4% the typical

form.

Distribution. Present across a wide geographic range, there are records in the Amazonian
domain, as in the states of Amazonas, Rondonia, Mato Grosso, and Para, however, the largest
concentration is in the northeast of Brazil, in the states of Ceara, Rio Grande do Norte, Paraiba,
Pernambuco, Bahia, and extending to Minas Gerais (Hurd 1978; Moure & Melo 2022). In this
region, bees were recorded predominantly in Caatinga areas, dunes, and restingas (Zanella
2000; Viana et al. 2002; Viana & Kleinert 2005). In Maranhao, this pattern was reinforced, as
79.7% of the individuals were collected on the coast, in dunes (47.7%) and restingas (32%).
Another 12.6% were from ombrophilous forest, 5.1% from park savanna, 2.1% from flooded
fields, and 0.6% from deciduous seasonal forest. Of the total, 55.1% of the bees were collected
in areas without anthropic influence, 39.1% in urban areas, and 5.8% in secondary vegetation

(Figure 7A). This was the species with the highest abundance observed in the state, accounting
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for 58.4% of all Xylocopa recorded, and even when we removed the information from specific
surveys (which could bias this analysis), this species still represented 25% of the total
abundance. Depending on the physiognomy, X. cearensis exhibited different seasonal patterns:
in areas of ombrophilous and deciduous forests and savannas they were more frequent in the
months of January to June, when there is more rainfall; in flooded fields it was the opposite,
being more frequent in the second half of the year; and in areas of dunes and restingas they
were abundant all year round (Gostinski ef al. 2016). The melanic form of X. cearensis occupies
a wide range of distribution in the mid-north sector of the state, concentrating mainly in areas
of dunes and restingas, however, with no records in the flooded plains of the "Baixada
maranhense". Otherwise, the typical form of the species has a more restricted distribution and
is concentrated in flooded fields. Only two sites were common to both forms, the Sao Luis
beaches and the extreme northeastern part of the state, and in these communities the melanic

form was notably dominant.

Comments. In general, X. cearensis has numerous variations and therefore there are many
incorrect identifications, in LEACOL this species was listed with at least five different names,
and most (melanic) individuals were considered to be Xylocopa (Neoxylocopa) carbonaria
Smith, 1854. Although the type locality of this species is from Para (Rio Tapajos), this name
was recognized by Moure (see Silva et al. 2009) and various authors (Rebélo et al. 2003) for
the melanic individuals from the northeast with dense T2 punctation. However, Zanella (2000)
interpreted that entirely black specimens from the Caatinga and coast of the northeast
correspond to the melanic form of X. cearensis, suggesting the need for revision with analysis
of material covering the type locality area of the two nominal species, with two main
possibilities, the occurrence of two valid species, with X. carbonaria restricted to or
predominantly in the Amazon basin and X. cearensis predominantly in the Northeast, but with
two forms (typical and melanic). Alternatively, they may be synonyms, in which case X.
carbonaria will be the valid name. In MA, melanic individuals exhibited variation in T2
punctation from moderate to dense, the same pattern observed in individuals of the typical form

of X. cearensis.

Material examined. (1945f# 108m#) BRAZIL, Maranhao: Anajatuba, 28f# Povoado Sao
Benedito, 27-1X, 25-X, 22-X1, 21-X1I, 26-VI and 25-VII-2009, Araujo & Carvalho, LEACOL,
two females with label: Xylocopa (Neoxylocopa) cearensis, Silveira, F.A., 2015. 1m# Ibidem,
12-X1I1-2008, Oliveira & Vidigal, LEACOL. 12f# Ibidem, 14-1X, 19-1X, 01-X, 17-X, 13-VIII
and 18-1X-2009, Oliveira, F.S., LEACOL, one female with label: Xylocopa (Schonnherria)
subcyanea, Silveira, F.A., 2015. 2f# Centro, 13-VII and 11-VIII-2015, Oliveira, F.S.,
LEACOL. Barreirinhas, 6f# 20-I1X, 29-11, 29-111, 27-VI and 22-VIII-1992, Brito & Mendonga,
LEACOL, one female with label: Xylocopa (Neoxylocopa) carbonaria. 5t# Atins, 01-V, 30-1V,
17-VI and 18-VI-1989, Drummund, M.S., LEACOL. 4f# Ibidem, 16-VI, 17-VI and 18-
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VI-1989, Glauco, LEACOL. 2f# Ibidem, 01-X-1987, Lacerda, L.M., LEACOL. 1{# Ibidem, 15-
VI-1989, Sousa, D.C., LEACOL. 1f# 07-1-2015, Carvalho, G.C.A. LEACOL, with label:
Xylocopa sp. 11# 01-1X-1987, Mauricio, LEACOL. 12f# Lengdis, 20-X1-2000, Régo, M.M.C.,
LEACOL, one female with label: Xylocopa sp. 11f# I[bidem, 07-VIII-2001, Cantanhede,
LEACOL, four females with label: Xylocopa sp. 49f# 3m# Ponta do Mangue, 16-1, 17-1, 18-1,
19-1, 25-1, 13-11, 14-11, 17-11, 25-11, 26-11 and 27-11-2015, Oliveira, F.S., LEACOL. 98f# 4m#
Ibidem, 20-1, 18-11, 18-II1, 25-1V, 19-V, 17-VI, 08-VII, 05-VIII, 05-1X, 09-X, 03-XI and 09-
XII-2017, Pinto, R.S., LEACOL. 2f# Ibidem, 14-X1-2000, Régo, M.M.C., LEACOL. 1f#
Ibidem, 04-1-2015, Silva, A.G., LEACOL, with label: Xylocopa sp. 67f# 7m# Povoado
Cantinho, 30-VII, 21-VIII, 22-VIII, 25-IX, 29-X, 20-XI, 21-XI, 19-XII and 20-XI1-2009, 13-I,
30-1, 04-11, 05-I1, 04-I1I, 05-III, 05-1V, 06-1V, 01-V, 02-V, 06-V, 01-VI, 02-VI, 30-VI and 01-
VII-2010, Gostinski & Carvalho, LEACOL\CEDU, four females with label: Xylocopa
(Neoxylocopa) cearensis, four females with label: Xylocopa (Neoxylocopa) cfr. carbonaria,
Silveira, F.A., 2015, two females with label: Xylocopa (Neoxylocopa) aurulenta, Silveira, F.A.,
2015. 2f# Ibidem, 02-11-2008, Ribeiro, E., LEACOL, two females with label: Xylocopa
(Neoxylocopa) cfr. carbonaria, Silveira, F.A., 2015. 1f# Ibidem, 16-V-2009, Silva, F.M.A.,
LEACOL. 2f# Povoado Queimado, 30-VIII-1989, Drummund, M.S., LEACOL. 4f# Povoado
Rancharia, 28-VIII-1989, Drummund, M.S., LEACOL. Buriticupu, 20f# 22-I, 23-1 and 24-
[-1999, Pereira, C.Q.B., LEACOL\CEDU, three females with label: Xylocopa sp. Cachoeira
Grande, 1f# 07-VII-2019, Ferreira, A.L., LEACOL. Caxias, 1f# Centro, 11-VI-2009, Moraes,
P.AM., CZMA. 1f# COHAB, 17-V-2009, Luz, L.A., CZMA. 1f# Morro do Alecrim, 26-
VII-2011, Santos, A.A., CZMA. 1f# Seriema, 29-V-2009, Luz, L.A., CZMA. Codo, 8f#
Centro, -4.457083 -43.879667, 21-111-2022, Ferreira, L.A.C., LEACOL. Imperatriz, 5f#
Centro, -5.531528 -47.492250, 19-1V-2022, Ferreira, L.A.C., LEACOL. Morros, 1f# 20-
X1-2010, Lima, J., LEACOL. Pa¢o do Lumiar, 2f# 03-V-2010, Santos, D.F.P., LEACOL. Peri
Merim, 1f#Parque AE. de Buritirana, -2.639500 -44.847600, 26-X-2013, Sardinha, T.L.M.,
LESPP. Raposa, 1m# Centro, 06-1-2006, Mendes & Santos, LEACOL, with label: Xylocopa
(Neoxylocopa) carbonaria. 3t# Ibidem, 06-1 and 30-1X-2006, Santos, B.E., LEACOL, all with
label: Xylocopa (Neoxylocopa) cearensis, Silveira, F.A., 2015. 60f# Ilha de Curupu, 04-VII,
15-VIII, 12-1X, 02-X, 03-X, 07-XI, 04-XII, 10-1, 09-11, 11-I1I, 12-III, 08-IV, 06-VI and 07-
VIII-2000, Souza & Martins, LEACOL, one female with label: Xylocopa (Neoxylocopa)
carbonaria. Rosario, 1f# 28-V-1991, Ferreira, K., LEACOL. Sao Bento, 1f# 08-1X-1982,
Brenha, S., LEACOL, with label: Xylocopa (Neoxylocopa) cearensis, Camargo, J.M.F. 1982.
Sao José de Ribamar, 1f# Miritiua, 08-X-2009, Chaves, E.B., LEACOL. 2f# Praia de
Panaquatira, Fabi & Carol, LEACOL. 2f# Ibidem, 22-X11-2016, Ferreira, L.A.C., LEACOL.
1f# Ibidem, 19-VII-2005, Mendonga & Rodrigues, LEACOL. 323f# 36m# Ibidem, 07-V, 08-
V, 14-V, 22-V, 11-VI, 12-VI, 16-VI, 26-VI, 02-VII, 03-VII, 16-VII, 17-VII, 06-VIII, 07-VIII,
13-VIII, 14-VIII, 16-VIII, 27-VIII, 28-VIII, 18-1X, 24-IX, 25-IX, 06-X, 09-X, 22-X, 06-XI, 22-
X1, 23-X1, 07-XII, 16-XII and 17-X11-2005, 08-1, 11-1, 14-1, 15-1, 28-1, 29-1, 12-11I, 25-II, 12-
I, 25-II1, 26-111, 14-IV, 15-1V, 29-1V, 30-1V, 14-V, 27-V, 28-V, 25-VI, 25-VIII and 18-
IX-2006, Oliveira & Mendongca, LEACOL\CEDU, six females with label: Xylocopa
(Neoxylocopa) cearensis. 1f# Ibidem, 26-V1-2017, Santana, [.B.P.A., LEACOL, with label:
Xylocopa sp. 9t# 1m# Ibidem, 09-V, 17-V, 08-VII, 04-VIII, 16-VIII and 14-1X-2014, Viana &
Lacerda, LEACOL, four females with label: Xylocopa sp. Sao Luis, 1f# Bairro de Fatima, 30-
IX-1991, Ribeiro, S., LEACOL. 1f# Centro, 26-VII-1985, Régo, F., LEACOL. 1f# Ibidem, 01-
VIII-1987, Almeida, F, LEACOL. 1{# Ibidem, 11-1X-1991, Ribeiro, S., LEACOL. 1{# Ibidem,
18-X-1992, Gama, LEACOL. 1f# Ibidem, 21-X1-1992, Muniz, Z.M., LEACOL. 1f# Cidade
Operaria, 25-VI-1995, Isabel, LEACOL. 1f# UEMA, 01-VIII-1987, Eugénio, W., LEACOL.
7t# Ibidem, -2.574909 -44.206159, 28-1V-2022, Ferreira, L.A.C., LEACOL. 1{# 04-1V-1984,
Silma, LEACOL. 1f# 28-VII-1984, Muniz, LEACOL. 1f# 28-VII-1985, Rodrigues, J.O.,
LEACOL. 1f# 23-1-1987, Lopes, A., LEACOL. 1f# 24-1-1987, Lopes, A., LEACOL. 1f# 01-
VIII-1987, Ribeiro, V., LEACOL. 1f# 01-VIII-1987, LEACOL. 1f# 23-XI-1987, Willian,
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LEACOL. 1f# 10-VIII-1988, Matos, R., LEACOL. 1{# 12-V-1991, Fecury, LEACOL. 1# 29-
VII-1991, Brito, C., LEACOL. 1f# 17-VIII-1991, Trindade. G, LEACOL. 1f# 21-X-1991,
Carvalho, G, LEACOL. 1f# 14-XII-1992, Sousa, LEACOL. 1f# 18-XII-1992, Sousa,
LEACOL. 1f# 14-VII-1995, Mourao, LEACOL. 1f# 31-VII-1999, Gomes, LEACOL. 1f# 04-
IV-2001, Cutrim, F, LEACOL. 1f# 04-1V-2001, Mendes, F., LEACOL. 1m# 26-1V-2001,
Santos, R., LEACOL. 1m# 30-X-2001, Mendes, LEACOL. 1f# 23-V-2002, Morais, L.,
LEACOL. 1f# 20-XII-2002, Santos, LEACOL. 1{# 16-11-2003, Fonseca, LEACOL. 1f# 17-
VII-2003, Campos, LEACOL. 1f# 15-VIII-2003, Sousa, LEACOL. 1f# 15-X-2003, Campos,
LEACOL. 1f# 15-XII-2003, Luso, A.G.P, LEACOL. 1f# 15-XII-2003, Mascarenhas, L,
LEACOL. 1m# 15-XII1-2003, Sousa, LEACOL. 1f# 23-VI-2004, Ramos, LEACOL. 1f# 08-
1-2007, Azevedo, LEACOL. 2f# 08-1-2007, Soares, E.A.S., LEACOL. 2{# 25-V-2007, Muniz,
D.B., LEACOL. 1f# 15-XI-2007, Aratjo & Carvalho, LEACOL. 1f# 22-11-2008, Medeiros,
R.P., LEACOL. 1f# 19-IV-2008, Bezerra, A.C., LEACOL. 1f# 05-V-2008, Miranda, A.P.R.,
LEACOL. 1f# 06-V-2008, Franga, C., LEACOL. 1f# 15-V-2008, Sousa, A.C., LEACOL. 1f#
27-V-2008, Moreira, A.F.S., LEACOL. 1f# 05-VI-2008, Martins, A.P.B., LEACOL. 1f# 08-
VI-2008, Sousa, F.M., LEACOL. 2f# 25-X-2008, Dutra, LEACOL. 1{# 03-XI-2008, Santos,
J.,, LEACOL. Im# 10-XI-2008, Santana, LEACOL. 1m# 11-XI-2008, Dutra, LEACOL. 2{# 14-
X1-2008, Martins, LEACOL. 1f# 15-X1-2008, Tayllon, R, LEACOL. 1f# 28-X1-2008, Santos,
J., LEACOL. 3f# 05-XII1-2008, Pacheco, LEACOL. 1f# 10-XII-2008, Santana, LEACOL. 2m#
11-XII-2008, Martins, LEACOL. 1{# 22-1V-2009, Soares, M.D.S., LEACOL. 1f# 25-1V-2009,
Lima, N.F.M., LEACOL. 1f# 03-V-2009, Castro, M.C., LEACOL. 1f# 17-V-2009, Amorim,
I.LF., LEACOL. 1f# 20-V-2009, Mendes, R.J.A., LEACOL. 1f# 27-V-2009, Aratjo, W.A.,
LEACOL. 1f# 29-V-2009, Miranda, R.B., LEACOL. 1f# 10-VI-2009, Saraiva, C.C.F.,
LEACOL. 1f# 14-VI-2009, Serra & Sousa, LEACOL. 1f# 23-VIII-2009, Serra, B.V.C.,
LEACOL. 1f# 26-1X-2009, Aratjo, A.C.M., LEACOL. 1f# 15-X-2009, Amorim, LF.,
LEACOL. 1f# 17-X-2009, Firmino, A.G.L., LEACOL. 1f# 24-X-2009, Aratjo, A.C.M.,
LEACOL. 1f# 05-X1-2009, Lindoso, N., LEACOL. 1f# 15-X11-2009, Serra, B.V.C., LEACOL.
1f# 10-IV-2010, Oliveira, C.C., LEACOL. 1f# 10-1V-2010, Silva, J.A., LEACOL. 1f# 20-
V-2010, Sousa, E., LEACOL. 1f# 02-VI-2010, Calvet, LEACOL. 1f# 06-VI-2010, Sousa, E.,
LEACOL. 1f# 19-VI-2010, Silva, LEACOL. 1f# 27-1V-2011, Martins, K., LEACOL. 1{# 27-
IV-2011, Serra, S., LEACOL. 1f# 15-VI-2011, Silva & Liborio, LEACOL. 1f# 16-VI-2011,
Silva & Liborio, LEACOL. 1f# 16-VI-2011, Silva & Mendonga, LEACOL. 1f# 22-VI-2011,
Silva & Mendonca, LEACOL. 1f# 24-VI-2011, Serra, S., LEACOL. 1f# 01-V-2015,
Francileide, LEACOL. 1f# 20-VI-2016, LEACOL. 1f# 29-VI-2016, LEACOL. 1f# 08-1-2017,
Veloso, S.R., LEACOL. 1f# 25-V-2017, Camargo, S.P., LEACOL. 1f# 08-VI-2017, Junior,
W.R.D.S., LEACOL. 5f# 09-VI-2017, Ferreira, L.A.C., LEACOL. 1f# 15-X1-2018, Noleto,
LEACOL. 1f# 29-VI-2019, Mendes, M.R., LEACOL. 5f# Trindade, E., LEACOL. 1f#
COHAB, 28-1X-1991, Gongalves, LEACOL. 1f# COHAJAP, 14-VII-1985, Ramos, M.,
LEACOL. 20f# 1m# Estacdao Ecolédgica do Rangedor, 29-V, 12-VI1, 30-VII, 25-VIII, 27-VIII,
10-IX, 11-1X, 29-IX, 11-XII and 12-X11-2010, 16-I, 29-1, 13-III, 18-III, 31-IIT and 16-1V-2011,
Silva & Conceicdo, LEACOL, six females with label: Xylocopa sp. 1f# Olho d'dgua, 01-
XI1-1992, LEACOL. 1f# Praga Gongalves Dias, 29-V-1991, Gongalves, LEACOL. 576f#
13m# Praia de Sao Marcos, 23-XI, 24-XI, 25-XI and 23-XI1-1993, 21-1, 19-II, 20-I1, 14-I1I1, 20-
I, 18-IV, 18-V, 15-VI, 14-VII, 12-VIII, 09-IX, 10-IX, 08-X, 09-X, 18-X, 20-XI and 12-
XII-1994, Albuquerque & Ferreira, LEACOL, eleven females with label: Xylocopa
(Neoxylocopa) cearensis, Silveira, F.A., 2015, three females with label: Xylocopa
(Neoxylocopa) carbonaria. 1f# Recanto Vinhais, 17-VIII-1992, Félix, W., LEACOL. 4f#
Reserva Florestal da CVRD, 05-VI, 12-VI and 20-VI-1991, Rodrigues, J.O., LEACOL. 2f#
Mata da CAEMA, Azevedo, A, LEACOL. 1f# Reserva Florestal do Sacavém, 13-I-1986,
Brenha & Rebélo, LEACOL, with label: Xylocopa (Schonnherria) subcyanea, Silveira, F.A.
det., 2015. 3f#1m# Ibidem, 18-VIII and 27-XI1-1982, 17-VII and 01-VIII-1983, Brenha, S.,
LEACOL, one female with label: Xylocopa (Neoxylocopa) carbonaria, Camargo, J.M.F.
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det.,1982. 3f# Ibidem, 27-X1-1990 and 04-XI1-1992, Lobato, A., LEACOL. 2f# Ibidem, 29-
111-1984, Régo, M.M.C., LEACOL. 11f{# Santa Barbara, 24-II1, 30-III, 09-1V, 16-1V, 07-V, 07-
V and 28-V-2005, Machado & Botdao, LEACOL. 1{f# Sao Francisco, 01-VIII-1987, Moreira, H,
LEACOL. 40f# 23-1 and 24-1-1999, Brenha & Rebélo, LEACOL. 3f# Tirirical, 08-X, 14-X and
16-X-1992, Oliveira, LEACOL.1{# Turu, 26-11-1983, Albuquerque, P.M.C., LEACOL. 1f#
Ibidem, 20-V1-1985, Monteiro, S., LEACOL. 1f# Vinhais, 13-XI1-1992, Lobato, A., LEACOL.
Tuté6ia, 395f# 33m# Ilha Grande do Paulino, 11-VII, 12-VII, 23-VIII, 23-IX, 30-X, 31-X, 27-
X1, 28-X1, 27-XI11, 28-XII, 19-1, 23-11, 24-11, 17-111, 18-I1I, 17-1V, 18-1V, 22-V, 23-V, 10-VI,
24-VI, 25-VI, 15-VII, 16-1X, 14-X, 18-X1I and 09-XII-2018, Neves JR & Barros, LEACOL, all
with label: Xylocopa (Neoxylocopa) cearensis, Santos-Junior, J.E. det., 2018. Urbano Santos,
Margem da MA-224, -3.243100 -43.424500, 10-X1-2005, Maia, C.M., LESPP.

Xylocopa (Neoxylocopa) frontalis (Olivier, 1789)
(Figures 8, 17A, 17D, 17G)

Apis frontalis Olivier, 1789: 64. Holotype: locality unknown (f#). Type locality: French Guiana,
Cayenne.

Xylocopa fasciata Lepeletier, 1841: 202. Holotype: Museum Natural d’Histoire Naturelle Paris,
France (m#). Type locality: Brazil.

Xylocopa nitens. Lepeletier, 1841: 176. Holotype: locality unknown (f#). Type locality: French
Guiana, Cayenne.

Xylocopa frontalis quadrimaculata Meunier, 1890: 64. Holotype: locality unknown (m#). Type
locality: Ecuador, Pichincha, Quito.

Xylocopa morio callichlora Cockerell, 1911: 287. Holotype: American Museum of Natural
History, New York, USA (f#). Locality: Peru, Piura.

Xylocopa frontalis var. coeruleomicans Enderlein, 1913: 158. Holotype: Academie Polonaise
des Sciences, Warsaw, Poland (f#). Type locality: Brazil, Espirito Santo.

Xylocopa frontalis var. viridimicans Enderlein, 1913: 158. Holotype: Academie Polonaise des
Sciences, Warsaw, Poland (f#). Type locality: Panama, Chiriqui.

Xylocopa frontalis fabricii Cockerell, 1926: 658. Holotype: American Museum of Natural
History, New York, USA (f#). Locality: French Guiana, Maroni.

Xylocopa frontalis roseata Cockerell, 1926: 658. Syntypes: National Museum of Natural
History, Washington, D.C., USA (f#). Type locality: Ecuador.

Xylocopa frontalis trinitatis Cockerell, 1926: 658. Syntype: American Museum of Natural
History, New York, USA (m#). Type locality: Trinidad and Tobago.

Xylocopa frontalis var. obscuripennis Cockerell, 1949: 484. Holotype: National Museum of
Natural History, Washington, D.C., USA (m#). Type locality: Honduras, Zamorano.

Xylocopa frontalis var. purpureipennis Cockerell, 1949: 484. Holotype: National Museum of
Natural History, Washington D.C., USA (m#). Type locality: Honduras, Zamorano.

Xylocopa americana Prance 1976: 238. (nomen nudum).

Xylocopa (Megaxylocopa) frontalis, Hurd & Moure, 1963: 151; Minckley 1998: 151.

Diagnosis. Large bees, BL approximately 31.2 mm (19.8-36; n = 902); Females: integument
black with reddish bands on metasoma - typical form or entirely black - melanic form, and black
pubescence (Figure 8B—-D); wings dark brown and varied iridescence; presence of subocellar
carina forming two arc-shaped elevations on frons (Figure 8F); inter-alveolar carina absent, in

contrast to X. amazonica carina; lateral margins of clypeus elevated; upper line of mesosoma,

in lateral view, strongly rounded (Figure 8E); posterior surface with dense punctation; T1
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glabrous and T2 with sparse punctation on discal area. Males: middle ocellus smaller than the
inter-lateral ocelli distance (Figure 17A); ventral surface of posterior tibia with a strong

declivity (Figure 17D); metasomal terga with finer and sparser punctation (Figure 17G).

Variation. Wings with iridescence GVL in 37.5% of the individuals, GG in 20.6%, VL in
20.4%, and BVL in 4.4%. In females, 96.3% of the individuals had the melanic form and only
3.7% the typical form.

Distribution. This is the species with the greatest geographic range and occurs in most of the
continental neotropical region. It is distributed from Buenos Aires, Argentina to southern
Mexico (Mérida-Rivas et al. 2022). In Maranhao, X. frontalis was recorded in all systematic
surveys, covering 102 of the 180 sampled points, along all physiognomies, except the steppic
savanna. Of the total, 36.4% of the bees were recorded in ombrophilous forest, 32.3% in
savannas, 21.2% in dunes and restingas, and 8% in flooded fields, in addition to occasional
records in other ecosystems. Of this contingent, 45.9% of the bees were collected in areas
without anthropic influence, 30.5% in urban areas, and 21.8% in secondary vegetation (Figure
8A). As for seasonality, X. frontalis was frequent in all months of the year, regardless of

physiognomy.

Comments. Variations in the iridescence of the wings of X. frontalis have caused many invalid
descriptions (Hurd 1978), therefore, the use of this character is not recommended for
identification. However, X. frontalis is easily recognized by the presence of the subocellar
carina on frons, there are two other species with similar characteristics, X. (Neoxylocopa)
fimbriata Fabricius, 1804, with elevated prominences adjacent to ocelli with appearance of
"horns" and X. (Neoxylocopa) nautlana Cockerell, 1904, in which the carina is narrower, and
the median ocelli is above the upper margin of the eyes. Xylocopa fimbriata occurs in Brazil,
in areas north of the Amazon and extends through Central America, while X. nautlana is
restricted to Central America and Mexico (Mérida-Rivas ef al. 2022). These three species form
the subgenus Megaxylocopa Hurd & Moure (1963) which was included in Neoxylocopa by
Minckley (1998).

Material examined. (887f# 37m#) BRAZIL, Maranhéo: Acailandia, 1f# Margem da BR-
222, -4.798861 -47.227528, 26-11-2022, Ferreira, A.W.C., LEACOL. Alcantara, 1f# Centro,
29-XI1-1984, Brenha, S., LEACOL. 2f# Pepital, 21-VI and 20-VIII-1992, Aratjo & Gongalves,
LEACOL. Anajatuba, 7f# Centro, 09-X-2005, 15-1-2011, 12-VII and 11-VIII-2015, Oliveira,
F.S., LEACOL. 22f# 2m# Povoado Sao Benedito, 29-VII, 27-IX, 25-X, 20-XII and 21-
XII-2008, 23-1, 24-1, 25-1V, 26-1V, 26-VI and 23-X-2009, Aratjo & Carvalho, LEACOL. 26f#
om# Ibidem, 09-X-2005, 11-VIII, 14-VIII, 17-VIII, 12-X, 17-X and 05-XI1-2008, 27-VIII, 18-
IX, 07-X and 09-X-2009, 15-1, 12-VII, 11-VIII and 15-VIII-2015, Oliveira, F.S., LEACOL.
Arari, 1f# 23-11-2019, LEACOL. Axixa, 2f# 11-V-2014, Moura, LEACOL. Bacabal, 1{#
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Fazenda Estiva, 05-1-1989, Cazuza, MPEG. Bacabeira, 1f# Estreito dos mosquitos, 10-
VI-2016, Fontes, E., LEACOL. Balsas, 1f# Centro, 01-1I-2011, LEACOL. 4f# Povoado Santa
Luzia, 12-VI, 14-VI and 15-VI-2001, Régo & Ramos, LEACOL. 7f# Serra do Gado Bravo, 09-
VI, 22-VII, 22-VIII and 24-1X-2006, 23-1, 27-11 and 25-I11-2007, Jesus & Silva, LEACOL.
Barra do Corda, 1f# 12-VI-1978, Franga, W., MPEG. 2f# 20-1V-1986, Kerr, W.E., LEACOL.
Barreirinhas, 18f# 20-1X-1991, 18-X, 18-XI, 19-XI, 20-XI-1991 and 30-IV-1992, Brito &
Mendonga, LEACOL. 1m# Ponta do Mangue, 18-11-2017, Pinto, R.S., LEACOL. 3f# Ibidem,
14-X1-2000, Régo, M.M.C., LEACOL. 1m# Povoado Cantinho, 31-VII-2009, Gostinski &
Carvalho, LEACOL. 49f# 2m# Ibidem, 16-V and 18-VII-2008, 16-V, 21-V, 12-VI, 18-VII and
19-VII-2009, 22-1V, 23-1V, 22-V, 25-V, 29-VI, 30-VI and 22-1X-2010, Silva, FM.A.,
LEACOL. 4f# Ibidem, 01-VI-2003, 29-11 and 23-1V-2004, Silva, O., LEACOL. 50f# Povoado
Tabocas, 31-1, 03-111, 04-I11, 08-II1, 15-II1, 25-111, 14-1V, 16-1V, 22-VI, 04-VIII, 22-XI and 07-
XII-2005, 12-II, 26-III, 30-IV and 28-V-2006, Serra, B.D.V., LEACOL. Buriticupu, 1f{#
Centro, 02-X-1978, Frang¢a, W., MPEG. 1f# Ibidem, 16-VIII-1984, Melo, A., LEACOL. 47f#
Reserva Florestal da CVRD, 27-11, 14-111, 23-1II1, 06-1V, 15-1V, 15-VI, 07-VII, 10-VII, 13-VII,
27-VII, 29-VII, 10-VIII, 13-VIII, 14-VII, 27-VIII and 02-XII-1996, Pereira & Pinto,
LEACOL. Cachoeira Grande, 1f# 07-VII-2019, Costa, T.E.B., LEACOL. Cajari, 1{f# 10-
IV-2009, Serra & Sousa, LEACOL. Carolina, 1f# 01-VIII-2013, Limeira-de-Oliveira, F,
CZMA. Carutapera, 8f# Sitio do Prata, 03-IX, 23-X, 24-X, 29-X1-2014 and 08-XII-2018,
Ferreira, L.A.C., LEACOL. Caxias, 1f# Trezidela, 31-V-2009, Silva, M.M.L., CZMA.
Chapadinha, 3f# 25-X1-2011, Barbosa & Pinto, LEACOL. Colinas, Centro, -6.029053 -
44.239475, 24-111-2022, Ferreira, L.A.C., LEACOL. Cururupu, 44f# 21-VIII, 22-VIII, 23-
VIII and 29-1X-2015, 09-1V, 07-V, 23-VII, 24-VII, 27-VIII and 28-VIII-2016, Dos Anjos, J.V.,
LEACOL. 1f# 19-VIII-2014, Azevedo, G.G., LESPP. 3f# 19-VIII and 22-VIII-2014, Marinho,
D.P, LESPP. Formosa da Serra Negra, 1{# 25-1X-2009, Muniz, D.B., LESPP. 1f# Parque
Estadual do Mirador, 29-X1-2009, Maia, C.M., LEACOL. 1{# Ibidem, 03-X11-2009, Mendonca,
M.W.A., LEACOL. 1f# Ibidem, 10-XI1-2012, Araujo & Brito, LEACOL. Fortaleza dos
Nogueiras, 1f# Fazenda Santa Maria, 07-V-2010, Ferreira, A.C.S., CZMA. 1f# Margem da
MA-006, -7.226917 -45.892472, 23-11-2022, Ferreira, A.W.C., LEACOL. Grajau, 1f# Centro,
-5.817687 -46.138721, 20-1V-2022, Ferreira, L.A.C., LEACOL. Icatu, 1f# -2.792224 -
43.853261, 21-111-2022, Ferreira, A.W.C., LEACOL. Lago da Pedra, 1m# Fazenda Gloriosa,
17-11-2022, Jonna, LEACOL. Lima Campos, 1f# 19-1I-2021, Ribeiro, R., LEACOL.
Maranhaozinho, 1# Ximborenda, 08-XII-2000, Régo, M.M.C., LEACOL. Matinha, 2f# 15-
X-2007, Farias & Pinto, LEACOL. Pa¢o do Lumiar, 1f# 03-V-2010, Santos, D.F.P.,
LEACOL. Peri Mirim, 1m# Parque AE. de Buritirana, -2.639500 -44.847600, 20-V-2013,
Azevedo, G.G., LESPP. 2f# 1m# Ibidem, -2.639500 -44.847600, 26-V-2013 and 08-1V-2014,
Sardinha, T.L.M., LESPP. Raposa, 2f# Ilha de Curupu, 07-XI-1999 and 07-VII-2000, Souza
& Martins, LEACOL. 1f# 29-VI-2018, Borges, P.D., LEACOL. Riachao, Margem da BR-230,
-7.410556 -46.376111, 23-11-2022, Ferreira, A W.C., LEACOL. Reosario, 1f# 03-11-1995,
Silva, A., LEACOL. Santa Inés, 2f# 26-X-2000, Carvalho & Luz, LEACOL. Santo Amaro
do Maranhao, 1f# 10-IV-2009, Oliveira, K.K.C., LEACOL. 1f# 07-XII-2009, Costa, D.S.F.,
LEACOL. Sao Joao dos Patos, 2f# Centro, -6.487472 -43.694750, 24-111-2022, Ferreira,
L.A.C.,LEACOL. Sao José de Ribamar, 1m# Miritiua, 07-XI-2009, Chaves, E.B., LEACOL.
1f# Parque Vitéria, 05-V-1998, Coelho, LEACOL. 2f# Praia de Panaquatira, 22-XII-2016,
Ferreira, L.A.C., LEACOL. 114f# 1m# Ibidem, 07-V, 08-V, 22-V, 12-VI, 17-VI, 26-VI, 03-
VII, 07-VIII, 13-VIII, 14-VIII, 28-VIII, 06-1X, 24-1X, 25-1X, 09-X, 21-X, 06-XI, 23-XI, 06-
XII and 07-X11-2005, 07-1, 08-1, 11-I, 14-I, 15-1, 28-1, 29-1, 02-11, 11-II, 12-II, 24-II, 25-11, 12-
I, 26-II1, 14-1V, 15-1V, 30-1V, 14-V, 22-V, 28-V, 28-VI and 23-XI-2006, Oliveira &
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Mendonga, LEACOL. 21f# Ibidem, 22-1, 28-V, 25-VI, 30-VII, 27-VIII, 27-IX and 30-
XII-2017, Santana, I.B.P.A., LEACOL. 1{# Ibidem, 28-V-2006, Silva & Concei¢ao, LEACOL.
Lf# Ibidem, 30-VIII-2014, Viana & Lacerda, LEACOL. 1f# Sitio Aguahy, 22-X-2007,
Azevedo, G.G., LESPP. 2f# Ibidem, 13-X1-2010, Castro, M.C., LEACOL. 1f# Ibidem, 19-
X-2007, Lacerda, L.M., LESPP. 1f# Ibidem, 20-X-2006, Soares, E.A.T., LEACOL. 1{# 06-
I11-1983, Brenha, S., LEACOL. 1f# 16-V-2010, Silva, A.P.S., LEACOL. 1f# 24-VI-2017,
Gabriella, R., LEACOL. 1f# 16-11-2019, LEACOL. Sao Luis, 1f# Bacanga, 18-XI-1992,
Gama, LEACOL. 1f# 1m# Bairro de Fatima, 09-IV-1991, Ribeiro, S., LEACOL. 1{# Centro,
12-V-1991, Ferreira, K., LEACOL. 1f# Ibidem, 12-X-1992, Gama, LEACOL. 1f# Ibidem, 17-
X-1989, Glauco, LEACOL. 3f# Ibidem, 27-X-1989, Glauco, LEACOL. 10f# UEMA, 28-
IV-2022, Ferreira, L.A.C., LEACOL. 31f# Estacao Ecoldgica do Rangedor, 25-111-2006, 29-
1-2009, 29-V, 29-X, 10-XII, 11-XII, 12-XII and 28-XI1-2010, 03-1, 15-1, 16-1, 28-1, 29-1, 09-
VI and 03-1-2012, Silva & Concei¢cdo, LEACOL. 33f# Alumar, 22-VIII, 27-XI, 28-XI, 29-XI,
05-XI1I, 06-XII, 12-XII, 19-XII, 26-XII and 28-XI1-2002, 03-I and 09-1-2003, Carvalho, C.C.,
LEACOL. 3f# Ibidem, 30-X and 12-XI-1999, Cruz & Sodré, LEACOL. 1f# Itapiraco, 14-
IX-1992, Oliveira, LEACOL. 1f# Maracana, 20-VII-2013, Ferreira, L.A.C., LEACOL. 1{#
Maracana, 08-VI-2019, Lima, L.S., LEACOL. 1f# Praca Gongalves Dias, 17-11-1991,
Apocalipse, M.S., LEACOL. 1# Ibidem, 02-V-1991, Aratjo, A., LEACOL. 46f# Praia de Sao
Marcos, 24-X1-1993, Albuquerque & Ferreira, LEACOL. 24-X1-1993, 21-1, 10-11, 19-1I, 20-I1,
18-1V, 18-V, 15-VI, 14-VII, 12-VII, 10-IX and 09-X-1994, Albuquerque & Ferreira,
LEACOL. 5f# 1m# Reserva Florestal da CVRD, 27-11, 23-VII, 05-VIII, 23-VIII, 18-IX and 21-
XII-1991, Apocalipse & Rodrigues, LEACOL. 31f# Im# Reserva Florestal do Sacavém, 17-
VII, 01-VIII, 12-X, 23-X, 06-XI, 21-XI and 18-XII-1983, 04-11, 21-II, 11-III, 28-1V, 21-VI, 21-
VII, 16-IX and 23-VII-1985, Brenha & Rebélo, LEACOL. 1f# Turu, 03-VIII-2002, Aragao-
Filho, W.C., LEACOL, with label: Xylocopa (Neoxylocopa) grisescens. 3f# UFMA, 17-
X1-2003, Souza, LEACOL. 1# Ibidem, 12-VII1-2016, Barros, H.C., LEACOL. 1f# Ibidem, 09-
VI-2017, Ferreira, L.A.C., LEACOL. 1f# Ibidem, 08-11-2018, Pereira, G.C.S., LEACOL. 2f#
Ibidem, 03-1V-2019, Ferreira, A.W.C., LEACOL. 1f# 12-I-1980, Lima, LEACOL. 1f# 01-
VIII-1987, Pacheco, R., LEACOL. 1f# 10-VII-1988, Garcia, LEACOL. 1f# 27-X-1989,
Glauco, LEACOL. 1f# 20-X-1990, Nogueira, LEACOL. 1f# 11-XI-1990, Macedo, R.,
LEACOL. 1f# 15-X1-1990, Ferreira, LEACOL. 1f# 15-XI-1990, Silva, S., LEACOL. 1{# 20-
XI1-1990, Garcia, R.S., LEACOL. 1f# 28-X1-1990, Lobato, A., LEACOL. 1f# 05-XII-1990,
Sousa, S., LEACOL. 1f# 23-VII-1991, Rodrigues, J.O., LEACOL. 1f# 05-VIII-1991,
Rodrigues, J.O., LEACOL. 1f# 29-VIII-1991, Brito, C., LEACOL. 1f# 17-XI1-1992, Boas, V.,
LEACOL. 1f# 18-VIII-1994, Bessa, C.N., LEACOL. 1f# 26-VI-1995, Francinaldo, LEACOL.
1f# 16-VI-1996, Lira, M.C., LEACOL. 1f# 17-VI-1996, Aratjo, J.C., LEACOL. 1f# 26-
VII-1999, Gomes, LEACOL. 1f# 20-IV-2001, Maia, C., LEACOL. 1f# 26-V-2001, Viana,
LEACOL. 1f# 25-1V-2002, Patricio, LEACOL. 7f# 15-XI1-2003, Vasconcelos, G, LEACOL.
1f# 04-1V-2005, Miranda, W.S., LEACOL. 1f# 29-VI-2005, Carneiro, E., LEACOL. 1f# 28-
[-2007, Mendes, LEACOL. 1f# 25-V-2007, Costa, B.R.R., LEACOL. 1f# 14-VI-2007, Souza,
A.B., LEACOL. 1f# 17-VII-2007, Muniz, D.B., LEACOL. 1f# 27-X-2007, Ribeiro & Silva,
LEACOL. 1f# 02-XI-2007, Ferreira, D.I.S., LEACOL. 1f# 04-XI-2007, Ferreira, D.L.S.,
LEACOL. 1f# 05-V-2008, Medeiros, R.P., LEACOL. 1f# 20-X-2008, Oliveira, D., LEACOL.
1f# 05-X1-2008, Costa, C., LEACOL. 1f# 28-X1-2008, Lopes, L., LEACOL. 1{# 03-XI1-2008,
Oliveira, D., LEACOL. 1f# 12-XII-2008, Cardoso, LEACOL. 1f# 12-XII-2008, Santos, J.,
LEACOL. 1f# 18-1V-2009, Sena, J.J.B., LEACOL. 1{# 08-V-2009, Lemos, A.W.S., LEACOL.
1f# 10-V-2009, Ferreira, B.R.A., LEACOL. 1f# 16-V-2009, Ferro, J.C.B., LEACOL. 1f# 19-
V-2009, Flgueiredo, C.E.C., LEACOL. 1f#27-V-2009, Silva, W.F., LEACOL. 1{#27-V-2009,
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Silva, W.S., LEACOL. 1f# 29-V-2009, Serra & Sousa, LEACOL. 1f# 06-VI-2009, Carlos,
LEACOL. 1f# 14-VI-2009, Coelho, P.L., LEACOL. 1f# 15-VI-2009, Ferro, J.C.B., LEACOL.
1f# 17-1X-2009, Aguiar, [.R.G., LEACOL. 1f# 12-X-2009, Santos, W.C., LEACOL. 1f# 17-
X-2009, Amorim, I.LF., LEACOL. 1f# 18-X-2009, Coelho, R.C., LEACOL. 1f# 28-X-2009,
Serra, F.C.V., LEACOL. 1f# 10-XI-2009, Carvalho, L.M., LEACOL. 1f# 21-XI-2009,
Firmino, A.G.L., LEACOL. 1f# 22-XI-2009, Santos, W.C., LEACOL. 1f# 05-XII-2009,
Santos, W.C., LEACOL. 1f# 29-111-2010, Bandeira, M, LEACOL. 1{# 31-111-2010, Silva, R.S.,
LEACOL. 1f# 16-1V-2010, Silva, R.S., LEACOL. 1f# 24-1V-2010, Aragjo, B.O., LEACOL.
1f# 24-1V-2010, Tavares, D.B., LEACOL. 1f# 30-IV-2010, Oliveira, L.K., LEACOL. 1f# 04-
V-2010, Silva, R.S., LEACOL. 1f# 17-V-2010, Bandeira, M, LEACOL. 1f# 31-V-2010,
Martins, S.S., LEACOL. 1f# 04-VI-2010, Bras, X.L., LEACOL. 2f# 04-VI-2010, Cerqueira,
A.S., LEACOL. 1f# 04-VI-2010, Rodrigues, R.C., LEACOL. 1f# 06-VI-2010, Calvet,
LEACOL. 1f# 06-VI-2010, Seixas & Silva, LEACOL. 2f# 06-VI-2010, Sousa, E., LEACOL.
1f# 09-VI-2010, Almeida, C., LEACOL. 1f# 11-VI-2010, Rodrigues, R.C., LEACOL. 1f# 11-
VI-2010, Santos, R.M., LEACOL. 1f# 16-VI-2010, Oliveira, F.F., LEACOL. 1{# 17-VI-2010,
Almeida, C., LEACOL. 1f# 18-VI-2010, Sousa, E., LEACOL. 2f# 20-VI-2010, Sousa, E.,
LEACOL. 1f# 15-1X-2010, Pereira, D.M., LEACOL. 1f# 17-X-2010, Rocha, T.K.M.,
LEACOL. 1f# 06-1V-2011, Ferreira, LEACOL. 1f# 27-1V-2011, Martins, K., LEACOL. 1f#
05-V-2011, Oliveira, C.B.C., LEACOL. 1f# 15-V-2011, Silva & Liborio, LEACOL. 1f# 06-
VI-2011, Silva, W.C., LEACOL. 1f# 18-VI-2011, Silva & Mendon¢a, LEACOL. 1f# 09-
1-2012, Carvalho, G.C.A., LEACOL. 14f# 14-111-2014, Silva, W & Carvalho, J, LEACOL. 1{#
08-VI-2014, Silva, A., LEACOL. 1f# 22-VI-2014, Oliveira, F., LEACOL. 1f# 07-VII-2016,
LEACOL. 1f# 15-VIII-2016, LEACOL. 1f# 04-VII-2017, Aratjo, T.C., LEACOL. 1f# 26-
VII-2017, Veloso, R.S., LEACOL. 1f# 24-V-2018, Araujo, A.C.C., LEACOL. 1f# 24-V-2018,
Souza, E.R., LEACOL. 1f# 15-VI-2019, Silva, S.P., LEACOL. 1f# 29-VI-2019, Ferreira, G.F.,
LEACOL. Timon, 1{# Centro, -5.108167 -42.833889, 22-111-2022, Ferreira, L.A.C., LEACOL.
Tutoia, 2f# Ilha Grande do Paulino, 19-1-2018 and 24-11-2018, Neves JR & Barros, LEACOL.
Urbano Santos, 8f# 1m# Fazenda Paineiras, 18-V, 26-IX and 13-XI1-2003, Mendes & Ramos,
LEACOL, one female with label: Xylocopa (Neoxylocopa) grisescens. 90f# Povoado Cajueiro,
27-X1-2004, 31-1, 03-111, 04-III, O8-III, 09-I11, 15-1II, 21-III, 24-III, 25-11I, 14-IV and 16-
IV-2005, Serra, B.D.V., LEACOL. Vitéria do Mearim, 7f# Margem da ferrovia SLZ-Carajas,
20-1I, 04-VI, 24-VI, 25-VI, 28-VIII, and 24-X-1992, Ferreira & Santos, LEACOL\CEDU, one
female with label: Xylocopa (Neoxylocopa) frontalis. 1f# 04-VI-1991, Régo, M.M.C.,
LEACOL. 1f# 04-VI-1991, Santos, C.S., LEACOL.

Xylocopa (Neoxylocopa) grisescens Lepeletier, 1841
(Figures 9, 17C, 17E)

Xylocopa lanigera 1lliger, K. 1806: 151 (nomen nudum).

Xylocopa grisescens Lepeletier, A. L. M. 1841: 178. Holotype: Museo Regionale di Scienze
Naturale, Torino, Italy (f#). Type locality: 'Patrie inconnue’'.

Diagnosis. Large bees, BL approximately 30 mm (26-32.5; n = 84); Females: integument

entirely black, mesosoma with whitish-yellow pubescence (Figure 9B-D); wings dark brown

and iridescence predominantly GVL; central axis of the vertex with a distinct elevation (Figure

9F) and posterior margin with whitish-yellow pubescence; T2 with dense punctation on discal
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area (Figure 9E). Males: middle ocelli larger than the lateral ocelli (Figure 17C); vertex with

sparse and short pubescence; metasomal terga with dense punctation.

Distribution. Present in Paraguay and Brazil, in the states of Alagoas, Amap4, Bahia, Cear4,
Goias, Maranhao, Mato Grosso, Minas Gerais, Paraiba, Para, Pernambuco, Piaui, Rio Grande
do Norte, Sergipe, Sdo Paulo, and Tocantins (Hurd 1978; Moure & Melo 2022). In Maranhao,
X. grisescens had a wide distribution with a predominance of records in open areas, 71% of the
individuals were recorded in park savanna, 12.1% in restingas, 4% in flooded fields, and 2.4%
in deciduous seasonal forest. There were no records in the northwest, where there is influence
of the Amazon Rainforest, but the number of records of any species in this sector is limited. Of
the total, 49.2% of the bees were collected in areas without anthropic influence, 39.5% in urban
areas, and 8.9% in secondary vegetation (Figure 9A). Xylocopa grisescens was frequent in all

months of the year, regardless of physiognomy.

Comments. In a general aspect, X. grisescens is very similar to X. cearensis - typical form,
with a clear difference in size between them, however, although X. grisescens has few
morphological variations, some individuals exhibited sizes smaller than 28 mm, which may
generate uncertainty in the identification. This species is common in open areas, and is
predominant in northeastern Brazil, in areas of Cerrado and Caatinga (Zanella 2000; Silva et

al. 2009).

Material examined. (124f# 3m#) BRASIL, Maranhio: Arari, 1f# Lago da Morte, 25-
X1II-2021, Ferreira, L.A.C., LEACOL. Bacabal, 2f# Fazenda Estiva, 03-I-1989, Cazuza,
MPEG. Balsas, 5f# Povoado Santa Luzia, 12-VI and 14-VI-2001, 16-1X, 17-IX and 18-
IX-2002, Régo & Ramos, LEACOL. 5f#Serra do Gado Bravo, 23-1-2006 and 27-11-2007,
Carvalho & Jesus, LEACOL. 8f# Ibidem, 23-1-2006 and 27-11-2007, Jesus & Silva, LEACOL.
Barreirinhas, 11{# 19-11, 09-VIII, 28-IX and 28-XI1-1991, 29-11I, 30-IV, 20-V, 26-VI and 22-
XI1-1992, Brito & Mendonga, LEACOL. 3f# 04-1-2015, Carvalho, G.C.A., LEACOL. 1f#
Lengois, 05-VIII-2001, Cantanhede, LEACOL. 6f# Ponta do Mangue, 17-1, 18- and 19-1-2015,
Oliveira, F.S., LEACOL. 8f# Ibidem, 20-1, 18-III, 25-1V, 19-V, 08-VII, 05-VIII and 09-
XII-2017, Pinto, R.S., LEACOL. 1f# Povoado Cantinho, 30-VI-2010, Silva, F.M.A., LEACOL.
4f# Ibidem, 01-VI-2003, 24-1V and 13-VII-2004, Silva, O., LEACOL. 1m# Povoado Tabocas,
22-VI1-2005, LEACOL. Carolina, 1{f# 28-XI1-2020, Isabela, LEACOL. Caxias, 1f# Centro,
21-1V-2011, Ferreira, A.C.S., CZMA. 35f# Centro, CZMA. Codo, 2f# 21-V-1907 and 18-
VI-1907, Ducke, A., MPEG. Formosa da Serra Negra, 8f# Parque Estadual do Mirador, 09-
XII-2011, 03-1II1, 04-V, 09-VI, 09-VII and 11-VII-2012, Aratjo & Brito, LEACOL. 1{# Ibidem,
03-XI1-2009, Mendonga, M.W.A., LEACOL. Imperatriz, 1f# 13-VI-1978, Franca, W.,
MPEG. Riachao, 1f# Centro, 24-11-2022, Ferreira, A.W.C., LEACOL. Sao Bento, 2m# 08-
IX-1982, Brenha, S., LEACOL, with label: Xylocopa (Neoxylocopa) grisescens, Camargo,
J.ML.F. det, 1982. Sao Luis, 4f# Esta¢ao Ecoldgica do Rangedor, 23-1V, 29-VI and 30-VI-2010,
Silva & Conceicao, LEACOL. 9f# Reserva Florestal do Sacavém, 04-IX, 06-1X and 08-
IX-1982, 21-XI-1983 and 19-1V-1984, Brenha & Rebélo, LEACOL. Sitio Novo, 1f# 26-
IX-2009, Muniz, D.B., LESPP. Tutoéia, 1# Ilha Grande do Paulino, 08-XI1-2019, Barros, H.C.,
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LEACOL. Urbano Santos, 1f# 18-V-2003, LEACOL. 1f# 26-1X-2003, LEACOL. 1{# 27-
I1-2004, LEACOL. Vitéria do Mearim, 1f# Margem da ferrovia SLZ-Carajés, 12-VIII-1991,
Ferreira & Santos, LEACOL.

Xylocopa (Neoxylocopa) hirsutissima Maidl, 1912
(Figure 10)

Xylocopa hirsutissima Maidl, 1912: 315. Syntype: Naturhistorisches Museum in Wien, Wien,
Austria (f#). Type locality: Paraguay, 'San Luis'.

Diagnosis. Medium-sized bees, BL approximately 23.2 mm (21.1-24.9; n = 10); Females:

integument entirely black, mesosoma with black and plumose pubescence (Figure 10B-D);

wings dark brown and iridescence predominantly BVL; metasoma with long dense pubescence,

with a velvety appearance (Figure 10E-F).

Distribution. Present in Bolivia, Paraguay, and Brazil, in the states of Bahia, Goias, Mato
Grosso, Mato Grosso do Sul, Minas Gerais, Parana, Para, Piaui, Rio de Janeiro, Rond6nia, and
Sao Paulo (Hurd 1978; Moure & Melo 2022). For Maranhdo we present the first records,
distributed in park savanna (81.5%), deciduous seasonal forest (11.1%), and steppic savanna
(7.4%). Of this total, 59.3% of the bees were collected in urban areas, 33.3% in preserved areas,
and 3.7% in secondary vegetation (Figure 10A). As for seasonality, X. hirsutissima was
recorded in all months of the year, but more frequently during the months of March to June, a

period characterized by the rainy season in the region.

Comments. In general, X. hirsutissima can be confused with X. cearensis - melanic form but
can be easily recognized by the long and dense pubescence on the metasoma. The occurrence
of X. hirsutissima is more extensive and occupies other transition areas (Marchi & Alves-dos-
Santos 2013), frequently associated with open areas. In Maranhao, X. hirsutissima was the only
species recorded in steppic savanna and in contact areas with Caatinga, and a notable

concentration of records was observed in the southern Cerrado of the state.

Material examined. (27f#) BRAZIL, Maranhio: Balsas, 4f# Serra do Gado Bravo, 24-
IX-2006, 27-I1 and 25-111-2007, Jesus & Silva, LEACOL\CEDU, one female with label:
Xylocopa (Neoxylocopa) frontalis, three females with label: Xylocopa (Neoxylocopa) cearensis.
21# Ibidem, 25-X and 26-XI-2006, Silva, F M.A., LEACOL. Barao de Grajau, 2f# Centro, -
6.754583 43.023750, 23-111-2022, Ferreira, L.A.C., LEACOL. Caxias, 1f# Cangalheiro, 17-
IV-2009, Costa, A.L., CZMA. 1f# Centro, 14-V-2004, Silva, V.M., CZMA. 2f# Ibidem, 13-
IV-2009, Moraes, P.A.M., CZMA. 1f# Ibidem, 01-V-2009, Bezerra, F. A., CZMA. 1{# Ibidem,
01-VI-2009, Santos, F.J.L., CZMA. 1{# Ibidem, 05-VI-2009, Pinho, A.N., CZMA. 1f# Centro,
13-VI-2009, Moraes, P.A.M., CZMA. 1f# Fazenda Bode, 18-1-1997, Oliveira, F.L., CZMA.
1f# Morro do Alecrim, 10-VI-2009, Barbosa, E.A.S., CZMA. 1f# Ibidem, 30-VI-2011,
Barbosa, E.A.S., CZMA. 1f# Multirdo, 24-V-2011, Lima, E.S., CZMA. 1f# Povoado Coités,
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31-VII-2015, Limeira-de-Oliveira, F., CZMA. 1f# Povoado Pogo Dantas, 29-V-2010, Reis,
L.L.,CZMA. 1f# Volta Redonda, 04-VII-2011, Nascimento, D.C., CZMA. Formeosa da Serra
Negra, 2f# Parque Estadual do Mirador, 03-XII-2009, Régo, M.M.C., LEACOL. Parnarama,
1f# Povoado Brejo de Sao Félix, 5°29'44.6"S 43°29'30.9"W, 03-VI-2010, Sousa, S.S.S.,
CZMA. Timon, 1f# Centro, -5.108167 -42.833889, 22-111-2022, Ferreira, L.A.C., LEACOL.

Xylocopa (Neoxylocopa) nigrocincta Smith, 1854
(Figure 11)

Xylocopa nigro-cincta Smith, 1854: 354. Holotype: locality unknown (f#). Type locality: 'South
America'.

Xylocopa nigrocinta jujuyensis Bréthes, 1916: 410. Lectotype: Museo Argentino de Ciencias
Naturales (f#). Subsequent designation: Hurd & Moure 1961: 183. Type locality:
Argentina, Jujuy.

Xylocopa schulthesii Dusmet & Alonso, 1924: 52. Holotype: Museo Nacional de Ciencias
Naturales, Madrid, Spain (f#). Type locality: Brazil, Rio Grande do Sul.

Xylocopa (Neoxylocopa) suspecta Moure & Camargo, 1988: 209. Holotype: Departamento de
Zoologia, Universidade Federal do Parana, Curitiba, Brazil (f#). Type locality: Brazil,
Ribeirdo Preto. synonymy by Agostini, 2021: 52.

Diagnosis. Medium-sized bees, BL approximately 22.7 mm (20-25.2; n = 159); Females:
integument black with reddish bands on metasoma — typical form or entirely black — melanic
form, and black pubescence (Figure 11B-D); wings dark brown and strong metallic iridescence,
predominantly GG and GVL; small inter-alveolar carina and absence of subocellar carina;
dorsal surface of scutellum convex and smoothly rounded, transition with posterior surface
forming a curved edge with obtuse angle (Figure 11E); posterior surface with sparse punctation;
T2 with moderate punctation on discal area. Males: ventral surface of posterior tibia with

entirely yellowish pubescence; metasomal terga with moderately sparse punctation.

Variation. Wings with iridescence GG in 41.7% of the individuals, GVL in 40.2%, BVL in
10.6%, and VL in 7.6%. All individuals listed had only the melanic form.

Distribution. Present in Argentina, Bolivia, Uruguay, Paraguay, and Brazil, in the states of
Acre, Amapa, Amazonas, Bahia, Distrito Federal, Espirito Santo, Goids, Maranhdo, Mato
Grosso, Mato Grosso do Sul, Minas Gerais, Para, Paraiba, Parana, Pernambuco, Piaui, Rio de
Janeiro, Rio Grande do Sul, Roraima, Santa Catarina, S3o Paulo, and Tocantins (Hurd 1978;
Moure & Melo 2022). In Maranhdo, X. nigrocincta was first reported by Gostinski et al. (2016)
(identified as X. suspecta). The listed records are mostly distributed in the northern region of
the state and are in the following physiognomies: ombrophilous forest (50.5%), park savanna
(24.7%), tflooded fields (18.6%), and dunes/restingas (5.1%). Most records were in areas with

anthropic influence: 42.3% in urban areas, 26.8% in secondary vegetation, and 4.6% in
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agricultural sectors (Figure 11A). In MA, X. nigrocincta exhibited different seasonal patterns
depending on the physiognomy: in forested areas, they were more frequent in the months of
June to September, an interval characterized by the end of the rainy season and the beginning
of the dry season; in savanna areas, the opposite pattern was observed, that is, the highest
frequency was in the first semester, especially in March and April, when there is the highest

rainfall in the state.

Comments. In general, X. nigrocincta has distinct variations, the iridescence of the wings, for
example, can be presented in almost all the patterns listed here. It is likely that due to this, many
individuals have been incorrectly identified, such as X. cearensis associated with pattern VL
and X. frontalis with pattern GVL or BVL. For these cases, the dissociation is due to the
scutellum form and punctation of its posterior surface and the absence of the subocellar carina,
respectively. In Maranhdo, X. nigrocincta had only the melanic form, previously designated as
X. suspecta, where it was recently synonymized by Agostini (2021), based on morphological
and molecular data. The typical form, therefore, presents the same pattern of reddish bands on
metasoma of X. frontalis - typical form and its distribution is concentrated in southern Brazil

and northern Argentina (Lucia et al. 2014).

Material examined. (194f# 3m#) BRAZIL, Maranhio: Anajatuba, 2f# 11-VIII and 12-
VIII-2015, Oliveira, F.S., LEACOL. 7f# Povoado Sao Benedito, 27-VIII, 27-1X, 25-X and 21-
XII-2008, 25-1V, 26-1V and 25-VI-2009, Aratjo & Carvalho, LEACOL, all with label:
Xylocopa (Neoxylocopa) frontalis. 7Tt# Ibidem, 14-1X, 01-X and 05-XI-2008, 20-I1I, 18-IX and
07-X-2009, Oliveira & Vidigal, LEACOL\CEDU, four females with label: Xylocopa sp. 11{#
Ibidem, 01-11, 14-VIII, 17-X and 05-XI-2008, 14-VIII, 27-VIII, 28-VIII, 18-IX, 17-X, 11-VIII
and 12-VIII-2015, Oliveira, F.S., LEACOL, three females with label: Xylocopa sp. Bacabal:
1f# Fazenda Estiva, 04-1-1989, Cazuza, MPEG. 1f# Ibidem, 05-1-1989, Torres, M.F., MPEG.
Balsas: 1{# 22-VIII-2006, Jesus & Silva, CEDU, with label: Xylocopa (Neoxylocopa) frontalis.
Barra do Corda: 2f# 12-VI-1978, Torres, M.F., MPEG. Barreirinhas: 1{# Atins, 19-VI-1989,
Cordeiro, J., LEACOL. 1# Ibidem, 19-VI-1989, Drummond, M.S., LEACOL. 2f# Ibidem, 16-
VI and 17-VI-1989, Glauco, LEACOL. 4f# Lencdis, 14-XI and 20-XI-2000, Régo, M.M.C.,
LEACOL, all with label: Xylocopa sp. 1t# 31-VII-2010, Silva & Concei¢ao, LEACOL, with
label: Xylocopa (Neoxylocopa) suspecta. 11# Régo, M.M.C., CEDU, with label: Xylocopa sp.
2t# Ponta do Mangue, 18-III and 09-X-2017, Pinto, R.S., LEACOL. 4f# Povoado Cantinho,
20-XI1-2009, 13-I and 05-11-2010, Gostinski & Carvalho, LEACOL. 1f# Ibidem, 11-1X-2010,
Ribeiro, E., CEDU, with label: Xylocopa (Neoxylocopa) cfr. carbonaria, Silveira, F.A. det.,
2015. 15f# Ibidem, 12-VI-2009, 22-1V, 23-1V, 21-V and 30-VI-2010, Silva, F.M.A.,
LEACOL\CEDU, six females with label: Xylocopa sp. 1f# Ibidem, 01-V1-2003, Silva, O.,
LEACOL, with label: Xylocopa (Neoxylocopa) frontalis. 17t# Povoado Tabocas, 11-1I, 04-III,
25-III, 16-IV and 31-V-2005, Serra, B.D.V., CEDU, three females with label: Xylocopa
(Neoxylocopa) suspecta, Zanella, F.C.V. det., 2009, seven females with label: Xylocopa
(Neoxylocopa) carbonaria and seven females with label: Xylocopa sp. Carutapera: 1f# Sitio
do Prata, 12-VIII-2013, Ferreira, L.A.C., LEACOL, with label: Xylocopa (Neoxylocopa)
suspecta. Caxias: 1f# Reserva Ecoldgica Ilhamum, 17-IV-2009, Santos, S.M., CZMA.
Chapadinha: 1f# Centro, 25-VI-2011, Barbosa & Pinto, LEACOL, with label: Xylocopa sp.
Morros: 1f# 22-111-2022, Ferreira, A.W.C., LEACOL. Peri Mirim: 1f# 1m# Parque AE. de
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Buritirana, -2.639500, -44.847600, 08-III and 02-1V-2014, Sardinha, T.L.M., LESPP. Santa
Inés: 1f# 05-X-1978, Neto, R.B., MPEG. Sao José de Ribamar: 1f# 30-VI-2017, Santos,
A.L.G., LEACOL. 1f# Sitio Aguahy, 13-X-2007, Lacerda, L.M., LESPP. 1m# Ilbidem, 23-
[-2011, Trindade, O., LESPP. Sao Luis: 1f# Bacanga, 20-1V-1998, Pinheiro, LEACOL. 1f#
01-X1-1992, Melo, R., LEACOL. 1{# 12-VIII-1999, Franga, LEACOL. 3f# UEMA, -2.574909
-44.206159, 28-1V-2022, Ferreira, L.A.C., LEACOL. 1f# 17-IV-2005, Sousa, R.M.S.,
LEACOL. 1f# 10-IX-2007, Abreu, J., LEACOL. 1f# 01-V-2008, Medeiros, R.P., LEACOL.
1f# 01-V-2008, Oliveira, L.P., LEACOL. 1f# 03-V-2008, Medeiros, R.P., LEACOL. 1{# 05-
V-2008, Moraes, L.S., LEACOL. 1f# 08-V-2008, Freitas, M., LEACOL. 1f# 24-V-2008,
Pinheiro, L, LEACOL. 1f# 14-VI-2009, Franca, H.S., LEACOL. 1f# 21-IX-2009, Silva,
T.H.D., LEACOL. 1f# 29-I11-2010, Siqueira, A.LN., LEACOL. 1f# 03-VI-2010, Santana,
I.LB.P.A., LEACOL. 1f# 21-X-2010, Gomes, L., LEACOL. 1f# 03-XII-2010, Carvalho, L.M.,
LEACOL. 1f# 06-IV-2011, Fonseca, LEACOL. 1{# 08-V-2017, Silva, L.A.S., LEACOL. 1f#
01-VII-2017, Marques, L.L., LEACOL. 1f# 05-VI-2018, Silva-Filho, A.F.A., LEACOL. 1f#
Ferreira, R.G., LEACOL. 45f# Estacao Ecolédgica do Rangedor, 15-IV-2006, 30-VII, 31-VII,
27-VIII, 28-VIII, 10-IX, 11-IX, 24-1X, 29-X, 30-XI1-2010 and 16-1-2011, Silva & Conceigao,
LEACOL, eight females with label: Xylocopa sp., Silveira, F.A. det., 2015, one female with
label: Xylocopa (Neoxylocopa) suspecta. 15t# Alumar, 21-VIII, 04-IX, 18-IX and 16-XI1-1999,
11-1II, 27-V, 09-VI, 24-VI, 10-VII, 09-X and 30-X-2000, Cruz & Sodré, LEACOL, two
females with label: Xylocopa sp. 1f# Praia de Sao Marcos, 18-V-1994, Albuquerque & Ferreira,
LEACOL. 1f# Reserva Florestal da CVRD, 26-VI-1991, Apocalipse & Rodrigues, CEDU, with
label: Xylocopa (Neoxylocopa) suspecta, Zanella, F.C.V. det., 2009. 6f# Reserva Florestal do
Sacavém, 14-XI1-1982, 02-1, 30-VIII 16-IX-1984, Brenha & Rebélo, LEACOL. Urbano
Santos: 1f# 08-1-2000, LEACOL. 1f# Povoado Cajueiro, 03-111-2005, Serra, B.D.V., CEDU,
with label: Xylocopa (Neoxylocopa) carbonaria. 1f# Ibidem, 24-111-2005, Serra, B.D.V.,
CEDU, Xylocopa sp. Viana: 1{# 31-X-2009, Carvalho, L.G., LEACOL. Vitéria do Mearim:
7f# Margem da ferrovia SLZ-Carajas, 30-11I-1992 and 24-1V-1992, Ferreira & Santos,
LEACOL, all with label: Xylocopa sp. 1f# Ibidem, 04-V1-1991, Régo, M.M.C., LEACOL.

Xylocopa (Neoxylocopa) transitoria Pérez, 1901
(Figure 12)

Xylocopa transitoria Pérez, 1901: 95. Holotype: Muséum National d'Histoire Naturelle, Paris,
France (f#). Type locality: 'Argentine, Mérida (Vénézuele)'.

Xylocopa submordax Cockerell, 1935. Holotype: Natural History Museum, London, England
(f#). Type locality: Trinidad & Tobago, 'Patos Island'.

Diagnosis. Medium-sized bees, BL approximately 22.4 mm (21.2-25; n = 16); Females:

integument and pubescence entirely black (Figure 12B-D); wings dark brown and iridescence

predominantly GVL; dorsal surface of scutellum concave, transition with posterior surface

forming a carinate edge with an acute angle (Figure 12E—F); T2 with moderate punctation on

discal area.

Distribution. Present in northern South America, it is present in Colombia, Dominica, French
Guiana, Guyana, Trinidad and Tobago, and Venezuela (Moure & Melo 2022). We present the
first records for Brazil, in Maranhdo occurrence was mainly in areas of ombrophilous forest

(71.4%), dunes (14.3%), flooded fields (9.5%), and wooded savanna (4.8%). Of the total, 81%
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of the bees were collected in areas with anthropic influence: 47.6% in secondary vegetation,
28.6% in urban areas, and 4.8% in agricultural sectors (Figure 12A). In MA, X. transitoria did
not show a clear seasonal pattern, although it was more frequent in the months of June to

August.

Comments. In general, X. transitoria resembles the other entirely melanic species listed here,
but it is easily recognized by the scutellum form, which has a concavity that extends to the
margin, forming an acute angle between the dorsal and posterior surfaces. This character is
found in Xylocopa (Neoxylocopa) orthogonaspis Moure, 2003, a species that occurs in the
Amazon basin, however, this species presents light brown wings, following the HC pattern, in
contrast to the dark brown with GVL iridescence of X. transitoria (Moure 2003; Mawdsley
2018). In one of the first inventories conducted in MA, Gottsberger ef al. (1988) recorded the
supposed occurrence of X. orthogonaspis on the coast of Sdo Luis, but the species had not yet
been formally described, and, although we did not have access to the specimens of this work,
we know from the publication of Moure (2003), that there was no individual from the type
series from Maranhdo. Our data suggest a probable sympatry in the Amazon basin between
these species, a fact that should be investigated with new surveys in the region, as well as a

nominal revision between them.

Material examined. (21f#) BRAZIL, Maranhao: Alcantara, 1f# 05-V-1990, Bezerra &
Fernandes, LEACOL. Anajatuba, 1f# Povoado Sdao Benedito, 29-VIII-2009, Aratjo &
Carvalho, CEDU, Xylocopa (Neoxylocopa) frontalis. Carutapera, 2f# Sitio do Prata, 13-
VIII-2013 and 03-1X-2014, Ferreira, L.A.C., LEACOL\CEDU, all with label: Xylocopa
(Neoxylocopa) suspecta. Godofredo Viana, 1f# 06-XII-2019, Rodrigo, LEACOL. Sao
Domingos do Azeitdo, 1# -6.783333 -44.483333, 01-1V-2015, Pereira, J.R.M.S., LESPP. Sao
José de Ribamar, 3f# Praia de Panaquatira, 08-V-2005, 26-III and 14-V-2006, Oliveira &
Mendonga, LEACOL\CEDU, two females with label: Xylocopa (Neoxylocopa) cf. transitoria,
Silveira, F.A. det., 2015 and one female with label: Xylocopa (Neoxylocopa) cearensis. Sao
Luis, 1f# UEMA, -2.574909 -44.206159, 28-1V-2022, Ferreira, L.A.C., LEACOL. 1f# UFMA,
15-VI-2007, Costa, B.R.R., LEACOL. 1{# Ibidem, 07-VI-2009, Saraiva, C.C.F., LEACOL. 1{#
Ibidem, 23-X-2009, Amaral, L.P.R., LEACOL. 5{# Alumar, 21-VIII and 18-1X-1999, 11-III,
09-VI and 10-VII-2000, Cruz & Sodré, LEACOL, all with label: Xylocopa (Neoxylocopa) cf-
transitoria, Silveira, F.A. det., 2015. 2f# Reserva Florestal da CVRD, 23-VII and 21-VIII-1991,
Apocalipse & Rodrigues, LEACOL, one female with label: Xylocopa (Neoxylocopa)
carbonaria. Vitéria do Mearim, 1f# Margem da ferrovia SLZ-Carajés, 04-VI-1991, Régo,
M.M.C., LEACOL.

Subgenus Schonnherria Lepeletier, 1841

Schonnherria Lepeletier, 1841: 207. Subsequent designation: Sandhouse, 1943: 598. Type
species: Xylocopa micans Lepeletier, 1841, by subsequent designation.

Schonherria Dalla Torre, 1896: 202. (unjustified emendation of Schonnherria Lepeletier,
1841).
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Schoenherria Hurd, & Moure, 1963: 118. (unjustified emendation of Schonnherria Lepeletier,
1841).

Diagnosis (Modified from Michener 2007). Including small to medium bees that have the
following characters: tegument usually metallic; gradulus only present on T1; metasomal sterna
without longitudinal carina; clypeus without a continuous smooth ridge; In males, eyes
converge upwards.

Distribution. It is the second most diverse subgenus of the Neotropical Region, with at least
30 recognized species, and is widely distributed in the Americas, especially in the tropical
regions (Hurd 1978; Silveira et al. 2002; Villamizar et al. 2020). In Maranhdo, according to
Moure & Melo (2022), four species of this subgenus are listed, however, the species Xylocopa
(Schonnherria) viridis Smith, 1854 was observed by Ducke (1910a) and has not been recorded
since, even with the numerous surveys already mentioned. In addition, no specimens of X.
viridis were found in our examined material, justifying its exclusion from the listing. Thus, we
report three species of X. (Schonnherria) in MA, distributed predominantly in the north in

forested areas and flooded fields.

Xylocopa (Schonnherria) macrops Lepeletier, 1841

(Figures 13, 18B, 18D)

Xylocopa macrops Lepeletier, 1841: 209. Holotype: locality unknown (m#). Type locality:
Brazil.

Xylocopa crotalariae Schrottky, 1901: 212-214. (nomen nudum).

Xylocopa crotalariae Schrottky, 1902: 472. Holotype: Museu de Zoologia, Universidade de
Sao Paulo, Sao Paulo, Brazil (f#). Type locality: Brazil, Sio Paulo, Campinas.

Diagnosis. Medium to small-sized bees, BL approximately 19.7 mm (18.4-21.1; n = 9);
Females: integument black with barely perceptible bluish sheen and black pubescence (Figure
13B-D), except for white hairs on S3—5; wings dark brown and iridescence predominantly VL;
genal area and T1-2 with very sparse punctation (Figure 13E—F). Males: superior interocular

distance small, similar to the middle ocellus diameter; scape with yellowish patch (Figure 18B);

whitish or yellowish pubescence on T1 (Figure 18D).

Distribution. Present in Argentina, Bolivia, Colombia, Paraguay, Peru, and Brazil in the states
of Amazonas, Bahia, Ceara, Espirito Santo, Goias, Maranhao, Mato Grosso, Minas Gerais,
Parana, Para, Pernambuco, Rio Grande do Sul, Rio de Janeiro, Rondonia, Santa Catarina, and
Sao Paulo (Hurd 1978; Moure & Melo 2022). In Maranhdo, X. macrops was first reported by
Ferreira et al. (2019), in an area of ombrophilous forest, however, most records are from dunes
and restingas (77,8%). Of this total, only 22% of the bees were collected in areas with anthropic

influence (Figure 13A). Xylocopa macrops was collected in January, February, June, July,
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September, and December and did not show a clear seasonal pattern, since it was considered an

occasional species in the respective surveys, Ferreira et al. (2019) and Neves et al. (2021).

Comments. The barely perceptible bluish sheen of X. macrops viewed superficially, may be
confused with other entirely melanic bees, e.g., X. cearensis by the body size (this is the largest
species of Schonnherria listed here). However, they are easily separated by considering the
whole distinct set of characters between the subgenera. This is a species that did not show
relevant variations, however, it is necessary to consider the limited number of records. Only
one individual was collected occasionally, thus, we highlight the importance of conducting
structured surveys, especially in still preserved areas, to increase the contingent of X. macrops

and better understand the ecological patterns of this species in transition areas.

Material examined. (9f#) BRAZIL, Maranhio: Carutapera, 1f# Sitio do Prata, 14-
VII-2013, Ferreira, L.A.C., LEACOL. Sao Bento, 1{# 08-1X-1982, Brenha, S., LEACOL, with
label: Xylocopa (Schonnherria) macrops, Camargo, J.M.F. det., 1982. Tutéia, 7f# Ilha Grande
do Paulino, 19-1, 24-1I and 25-VI-2018, 08-XII-2019, Neves JR & Barros, LEACOL.

Xylocopa (Schonnherria) muscaria (Fabricius, 1775)

(Figures 14, 18A, 18E)

Apis muscaria Fabricius, 1775: 386. Holotype: Natural History Museum, London, England
(m#). Type locality: 'Nova Hollandia'.

Xylocopa barbata Fabricius, 1804: 341. Lectotype: University of Copenhagen Zoological
Museum, Copenhagen, Denmark (f#). Subsequent designation: Moure, 1960: 140. Type
locality: 'America meridionalis'.

Xylocopa affinis Lepeletier, 1841: 210. Holotype: Museo Regionale di Scienze Naturale,
Torino, Italy (m#). Type locality: French Guyana, Cayenne.

Diagnosis. Small bees, BL approximately 14.2 mm (12-16.5; n = 108); Females: integument

black with barely perceptible bluish sheen and black pubescence (Figure 14B-D), except for

plumose white hairs on paraocular and genal area, S4-5 and T4-5, (Figure 14E—F); dark brown
wings and iridescence predominantly VL. Males: superior interocular distance small, less than
the middle ocellus diameter; scape entirely black (Figure 18A); blackish pubescence on T1

(Figure 18E).

Distribution. Present in Bolivia, Colombia, Costa Rica, Ecuador, El Salvador, Guyana, French
Guiana, Guatemala, Honduras, Mexico, Panama, Paraguay, Peru, Trinidad and Tobago,
Venezuela, and Brazil in the states of Alagoas, Amapd, Amazonas, Bahia, Ceara, Espirito
Santo, Goids, Maranhdo, Mato Grosso, Mato Grosso do Sul, Parana, Paraiba, Para,
Pernambuco, Rio Grande do Norte, Rio de Janeiro, Rondonia, Sdo Paulo, and Tocantins (Hurd

1978; Moure & Melo 2022). In Maranhdo, X. muscaria was the species with the highest
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abundance and distribution among the bees of the subgenus Schonnherria. Its records were
distributed in most physiognomic forms but were more frequent in ombrophilous forest (57.2%)
and flooded fields (35.9%), the coastal areas (dunes and restingas) had only 3.7% of
occurrences. The wide distribution of X. muscaria is reflected in 83.8% of the records in areas
with anthropic influence, of which 59% is secondary vegetation, 14.5% urban areas, and 10.3%
agricultural sectors (Figure 14A). As for seasonality, X. muscaria was most frequent in the

months from June to December, characterized by the rainless period in the region.

Comments. In general, X. muscaria has no relevant variations, it is a small species and can be
easily identified by the dense white pubescence on the genal area, because of this, most
individuals were correctly identified. According to Rebélo et al. (2003), X. muscaria is one of
the most frequent species in MA, and can move between different physiognomies in the

northern part of the state.

Material examined. (109f# 8m#) BRAZIL, Maranhao: Alcantara, 2f# Pepital, 21-VI-1992
and 28-11-1993, Aratijo & Gongalves, LEACOL. Anajatuba, 4f# 19-1X-2000, 11-VIII and 12-
VIII-2015, Oliveira, F.S., LEACOL, one female with label: Xylocopa (Schonnherria) muscaria,
Silveira, F.A. det., 2015. 5f# Povoado Sao Benedito, Aratjo & Carvalho, LEACOL, all with
label: Xylocopa (Schonnherria) muscaria, Silveira, F.A. det., 2015. 21t# Ibidem, 12-VIII, 13-
VIII, 14-VIII, 01-X, 07-X, 17-X, 05-XI, 26-VIII and 18-1X-2009, Oliveira, F.S., LEACOL, all
with label: Xylocopa (Schonnherria) muscaria, Silveira, F.A. det., 2015. Barreirinhas, 1f#
Povoado Cantinho, 20-XII-2009, Gostinski & Carvalho, LEACOL, with label: Xylocopa
(Schonnherria) muscaria, Silveira, F.A. det., 2015. 2f# 1m# 28-XII-1991 and 29-1V, 26-
VI-1992, Brito & Mendonga, LEACOL. Carutapera, 4f#Sitio do Prata, 13-VIII, 14-VIII and
23-XI1-2013, Ferreira, L.A.C., LEACOL. Cururupu, 11{# 19-VI and 28-1X-2015, 18-VI and
27-VII-2016, Dos Anjos, J.V., LEACOL\CEDU, three females with label: Xylocopa
(Schonnherria) muscaria. Peri Mirim, 2f# Parque AE. de Buritirana, -2.639500 -44.847600,
28-VI and 30-VII-2013, Sardinha, T.L.M., LESPP. 1m# Ibidem, 26-X-2013, Muniz, D.B.,
LESPP. 1f# [bidem, 28-1X-2014, Azevedo, G.G., LESPP. Santa Inés, 3m# 26-X-2000,
Carvalho & Luz, LEACOL. 1{# Ibidem, Mauricio, P., MPEG.Sao Domingos do Azeitdo, 1{#
-6.783333 -44.483333, 01-IV-2015, Pereira, D.M., LESPP. Sao José de Ribamar, 1f# Sitio
Aguahy, -2.645700 -44.141300, 2010, Ferreira, B.R.A., LESPP. Sao Luis, 27f# 2m# Alumar,
21-VIII, 13-X, 30-X and 01-XII-1999, 04-VI, 09-VI, 24-VI, 10-VII and 25-VII-2000, Cruz &
Sodré, LEACOL, all with label: Xylocopa (Schonnherria) muscaria, Silveira, F.A. det., 2015.
1f# Ibidem, 03-1-2003, Carvalho, C.C., LEACOL, with label: Xylocopa (Schonnherria)
muscaria, Silveira, F.A. det., 2015. 1f# Praia de Sdo Marcos, 12-VIII-1994, Albuquerque &
Ferreira, LEACOL. 2f# Estagdo Ecoldgica do Rangedor, 12-VI-2010, Silva & Conceicao,
LEACOL, one female with label: Xylocopa (Schonnherria) muscaria, Silveira, F.A. det., 2015.
2f# Reserva Florestal da CVRD, 21-X and 21-XI-1991, Apocalipse & Rodrigues, LEACOL.
1f# 25-VIII-1991, Santos, LEACOL. 1f# 03-XI-2007, Farias & Pinto, LEACOL. 1f# 06-
VI-2010, Silva, LEACOL. 1f# 11-VI-2010, Tavares, D.B., LEACOL. Tutéia, 2f# 1m# Ilha
Grande do Paulino, 31-X-2017 and 08-XII-2019, Neves JR & Barros, LEACOL. Urbano
Santos, 1f# 25-1X-2003, Mendes & Ramos, LEACOL, with label: Xylocopa (Schonnherria)
muscaria, Silveira, F.A. det., 2015. Vitéria do Mearim, 12f# Margem da ferrovia SLZ-
Carajas, 13-VIII and 09-X1-1991, 31-1I11, 24-1V, 25-1V, 21-V, 25-VI and 29-VIII-1992, Ferreira
& Santos, LEACOL. Z¢é Doca, 1# 06-X-1978, Torres, M.F., MPEG.
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Xylocopa (Schonnherria) subcyanea Pérez, 1901

(Figures 15, 18C)

Xylocopa caerulea lliger, 1806:150. (nomen nudum).

Xylocopa subcyanea Pérez, 1901:74. Holotype: Muséum National d'Histoire Naturelle, Paris,
France (f#). Type locality: Brazil, Mato Grosso.

Xylocopa burmeisteri Friese, 1903: 203. Syntype: Museum fiir Naturkunde, Humboldt-
Universitdt zu Berlin, Berlin, Germany (f#). Type locality: Argentina, 'Banda Oriental'.
Brazil, Sao Paulo.

Xylocopa melanopogon Moure, 1949: 452. Holotype: Departamento de Zoologia, Universidade
Federal do Parand, Curitiba, Brazil (f#). Type locality: Brazil, Sdo Paulo, Rio Claro.

Diagnosis. Small bees, BL approximately 14.2 mm (13—16; n = 4); Females: tegument black

except for barely perceptible bluish sheen on metasoma; pubescence black (Figure 15B-D),

except for white hairs on S3—4; wings light brown and iridescence predominantly VL; genal
area with very dense punctation (Figure 15F), contrasting with sparse punctation genal area of

X. macrops; T2 with moderate to dense punctation on discal area (Figure 15E). Males: superior

interocular distance large, more than 5x the middle ocellus diameter; yellowish paraocular area

extending beyond the lateral ocelli (Figure 18C); genal area with moderate black pubescence.

Distribution. Present in Argentina, Bolivia, Paraguay, Uruguay, and Brazil in the states of
Alagoas, Bahia, Espirito Santo, Goids, Mato Grosso, Minas Gerais, Parand, Paré, and Sao Paulo
(Hurd 1978; Moure & Melo 2022). For Maranhdo we present the first records, distributed
exclusively in open areas: wooded savanna (80%), without anthropic influence, and park
savanna (20%), with urbanization influence (Figure 15A). X. subcyanea was collected in April,
May, June, and December, and did not have a clear seasonal pattern due to the limited number

of records.

Comments. For patterns of the genus Xylocopa, X. subcyanea is a considerably small species,
some individuals exhibited below-average sizes observed by Mawdsley (2018) and Villamizar
et al. (2020). In addition to the very small body size, this species can be separated from the
other X. Schonnherria by the presence of very dense punctation on the genal area. Xylocopa
subcyanea has a very dispersed distribution, in Brazil it occurs in the South American dry
diagonal from northwestern Argentina to northeastern Brazil. Silva et al. (2009) recorded its
presence in areas of dunes and restinga and called attention to its absence in areas of the
northeastern Cerrado. In MA, the records demonstrated the opposite pattern, since no
individual, until then, was observed in the coastal regions. Despite this sample increment for

the northeast, we reinforce the need to expand studies on bees in Cerrado areas.
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Material examined. (4f# 1m#) BRAZIL, Maranhao: Balsas, 1{# 09-VI-2006, Jesus & Silva,
LEACOL. Barreirinhas, 1f# Povoado Cantinho, 15-XII-2003, Silva, O., LEACOL, with label:
Xylocopa (Schonnherria) subcyanea, Silveira, F.A., 2015. Formosa da Serra Negra, 1f{#
Parque Estadual do Mirador, 03-XII-2009, Maia, C.M., LEACOL, with label: Xylocopa
(Schonnherria) subcyanea, Melo, G.A.R., 2009. Sdo Domingos do Azeitao, 1f# 01-1V-2015,
Sardinha, T.L.M., LESPP. Urbano Santos, 1m# 17-V-2003, LEACOL.

Subgenus Stenoxylocopa Hurd & Moure, 1960

Stenoxylocopa Hurd, & Moure, 1960: 809. Type species: Xylocopa artifex Smith, 1874 by
original designation.

Diagnosis (Modified from Michener 2007). Including small to medium-sized bees which have

similar characteristics to Neoxylocopa such as: metasomal sterna with longitudinal carina;

clypeus usually delimited by a continuous smooth ridge; the apex of the mandible is bidentate,

however, differing in the size of the upper tooth, which is larger than the lower tooth. (Figure

16E-F).

Comments. Three species are present in Brazil, Xylocopa (Stenoxylocopa) artifex Smith, 1874
and X. (S.) nogueirai Hurd & Moure, 1960 are distributed in the south-central part of the
country, while X. (S.) ruficollis Hurd & Moure, 1963 is restricted to the Amazon basin. In
Maranhao, Zama & Silveira (2015) were responsible for the first record of this subgenus,
discovering a new species (not yet published) (Figure 16B-D). In this paper, we expand the
distribution records of Xylocopa (Stenoxylocopa) sp. n (Figure 16A).

Material examined. (10f# 2m#) BRAZIL, Maranhio: Balsas, 1{# 24-1X-2006, Jesus &
Silva, LEACOL. 1{# Povoado Santa Luzia, 26-XI1-2006, Silva, F.M.A., UFMG. Barreirinhas,
7t# 2m# Povoado Cantinho, 05-1I, 04-1II and 07-VIII-2010, Gostinski & Carvalho,
LEACOL\UFMG. Tutéia, 1f# 05-1-1986, Brenha, S., UFMG.

Discussion

We recognized 12 species in Maranhdo, of which one species is reported as a first record for
Brazil (X. transitoria) and one for science (X. (Stenoxylocopa) sp.). Two species (X. viridis and
X. orthogonaspis) have been recorded previously (Ducke 1908; Gottsberger et al. 1988), but
were not found in the material examined, so their presence must still be confirmed.

The distribution of phytophysiognomies is complex in Maranhdo, since in this state
there is the contact of three major biomes from Brazil, and extensive transition areas (Figure
1). This scenario was more complex due to anthropization of many areas (Figure 2), wich can
be assumed to favor the expansion of open vegetation species. Additionally, the mapping of

Cerrado and Caatinga, do not indicate the presence of evergreen forests, in the form of enclaves
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or riparian forest. Most of bee surveys, especially those most structured (monthly collections
for 24 consecutive months conducted in the last two decades (Régo & Albuquerque 2012) were
undertaken in transition areas, mainly in the northeastern and in the region near the capital Sao
Luis.

Although the sampling effort is very uneven across the sectors of the state, it was able
to detect evidence for different patterns of distribution between species. Xylocopa aurulenta
was recorded almost exclusively in areas of ombrophilous forest and represent a sample from
the Amazonian fauna. It is possible that X. transitoria is another representant of this fauna, but
the records in Maranhdo includes transition areas in the region of Sao Luis, and one isolated
point in the south of the state, in an area that includes Cerrado vegetation and transition areas.
We suggest that it is occurrence in this area must be verified, in order to confer it is in an enclave
of ombrophilous forest.

In contrast, X. grisescens, X. hirsutissima, X. subcyanea and X. sp. were only found in
open vegetation areas. Xylocopa grisescens was intensively collected in the northeastern region
and near Sao Luis, in dunes and restinga and also transition areas. For this species the absence
of records in the extensive areas of savanna in the southern region is interpreted as the result of
limitation of surveys since it is broadly distributed in Cerrado and Caatinga vegetations (Zanella
2000; Silva et al. 2009). X. hirsutissima was apparently more associated to savanna vegetation,
since it was the only species recorded in the southern Cerrado of the state. It was also recorded
in some transition areas in central eastern area, but it is also notable its absence in other areas
of open vegetation, in the north, where most of collection effort was done.

Xylocopa cearensis can be included in this group, since most of the records were near
the coast in dunes and restinga vegetation and in transition areas near Sdo Luis. Its southern
records were in transition area and one in ombrophilous forest was in an anthropized area
(Figure 1 and 7A). The same for X. nigrocincta, also with a high number of records in open
vegetation areas in the northeastern region and near Sdo Luis, but with a record in the extreme
northwestern region and in southern region, in transition zones (Figure 1 and 11A). The clearest
case of a broad distribution in the state is X. frontalis, what is expected since the extensive
records of this species in Brazilian biomes (Moure & Melo 2022).

In this study we expanded the knowledge about the distribution and systematics of bees
of the genus Xylocopa in Maranhdo, a strategic region for the study of biological diversity and
conservation plans, due to its complex transition zones between three major biomes from Brazil.
The taxonomic resources provided will be valuable support for future research involving the

precise recognition of species of the genus Xylocopa in this region.
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Key to subgenus of the Xylocopa present in Maranhao State

Females:

(Modified from Silveira et al. 2002)

1.

Metasomal sterna with distinct longitudinal carina; clypeus delimited by a continuous
smooth ridge along the epistomal suture; integument without bluish sheen.......... 2
Metasomal sterna with indistinct or without longitudinal carina; clypeus without a
continuous smooth ridge along the epistomal suture; integument with barely perceptible
bluishsheen...... ... ... .. . . Schonnherria

Mandible with the lower tooth equal to or larger than the upper tooth . . . .. Neoxylocopa
Mandible with the lower tooth smaller than the upper tooth (Fig. 16E—F) . Stenoxylocopa

Males:
(Modified from Minckley 1998)

1.

g

Integument and pubescence predominantly yellowish-orange ............ Neoxylocopa
Integument predominantly black; pubescence predominantly blackish, sometimes partly
whitish, oryellowish . .. ... ... . e 2

Integument usually metallic sheen; clypeus entirely yellowish.......... Schonnherria
Integument without metallic sheen; clypeus yellowish only on the sides . . Stenoxylocopa

Key to species of the Xylocopa (Neoxylocopa) present in Maranhao State

Females:

Subocellular carina present (Fig. 8F); inter-alveolar carina absent; lateral margins of
clypeus elevated and with broad smooth glossy band above in paraocular; upper line of
mesosoma, in lateral view, strongly rounded (Fig. 8E) ................... X. frontalis
Subocellular carina absent; inter-alveolar carina present (Fig. 5F); lateral margins of
clypeus flat; upper line of mesosoma, in lateral view, smoothly rounded (Fig. 7E) . ... 2

Dorsal surface of scutellum flattened, transition to posterior surface largely rounded;
posterior surface with dense punctation (Fig. 7F) . .. ....... ... ... ... ... .. ..... 3
Dorsal surface of scutellum smoothly rounded, transition to posterior surface forming a
curved edge with obtuse to a right angle (Fig. S5E) or acute angle (Fig. 12E); posterior
surface with sparse punctation, with smooth areas between points larger than its diameter
(Fig. 1LF) oo e e 6

Punctation of genal area and vertex, sparse and moderate, respectively . ............ 4
Punctation of genal area and vertex, moderate and dense, respectively.............. 5

Mesosoma with orange pubescence (Fig. 6B-D); wings light brown with a coppery
PAtICIN. . . .ot e X. aurulenta
Mesosoma with whitish-yellow pubescence (Fig. 7B-D) or dark brown (Fig. 7E-F);
wings dark brown with a violaceous pattern. .. ....................... X. cearensis
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5.  Central axis of the vertex without elevation; mesosoma with black and plumose
pubescence (Fig. 10B-D); metasoma with dense and long pubescence (Fig. 10E-F) . . ..
........................................................... X. hirsutissima

— Central axis of the vertex with a distinct elevation (Fig. 9F); mesosoma with whitish-
yellow pubescence (Fig. 9B-D); metasoma with dense and short pubescence . . ... .. ..
............................................................ X. grisescens

6.  Dorsal surface of scutellum concave, transition with posterior surface forming a carinate

edge with an acute angle (Fig. 12E-F) . ....... ... ... ... ......... X. transitoria
— Dorsal surface of scutellum convex, transition with posterior surface forming a curved
edge with obtuse to aright angle (Fig. SE) . .. ... .. .. .. ... . . 7

7.  Large inter-alveolar carina, with "nose" shaped (Fig. 5F); metasoma always entirely black
............................................................. X. amazonica
— Small inter-alveolar carina; metasoma entirely black (Fig. 11C-D) or with reddish bands
(Fig. 8C—D) . oo X. nigrocincta

Males:

Note: Because of the absence of keys that include several species of Neoxylocopa, the key
presented is based on a few characters that are easier to visualize, based on the analysis of
specimens from Maranhdo, combined with some data from other papers: Lucia et al. (2014)
and Merida-Rivas et al. (2022). Xylocopa aurulenta, X. hirsutissima and X. transitoria are not

known from material studied.

1.  Large-sized bees, length approximately 30 mm ... ............................. 2
— Small to medium bees, length lessthan25mm ... ............................. 4

2.  Middle ocellus smaller than the inter-lateral ocelli distance (Fig. 17A); ventral surface of
posterior tibia with a strong declivity (Fig. 17D); metasomal terga with finer and sparser
punctation (Fig. 17G) ... ... X. frontalis

- Middle ocellus size similar to the inter-lateral lateral ocelli distance; ventral surface of
posterior tibia with a moderate (Fig. 17E) to weak declivity (Fig. 17F); metasomal terga
with dense or moderately sparse punctation .. ............ ... ... ... ... ..., 3

3.  Medium-sized intra-alveolar carina; middle ocellus approximately the size of lateral
ocelli (Fig. 17B); vertex with long and dense pubescence; metasomal terga with
moderately sparse punctation (Fig. 17H) . ....... ... ... ... ... .... X. amazonica

- Small-sized intra-alveolar carina; middle ocelli larger than the lateral ocelli (Fig. 17C);
vertex with short and sparse pubescence; metasomal terga with dense punctation.. . ... ...
............................................................. X. grisescens

4.  Medium overall body size, length approximately 23 mm; ventral surface of posterior tibia
with entirely yellowish pubescence; metasomal terga with moderately sparse punctation
............................................................ X. nigrocincta

- Smaller overall body size, length approximately 20 mm; ventral surface of posterior tibia
with blackish pubescence (Fig. 17F); metasomal terga with dense punctation (Fig. 171) .
.............................................................. X. cearensis
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Key to species of the Xylocopa (Schonnherria) present in Maranhio State

Females:

1.  Medium-sized bees, length approximately 20 mm, genal area with sparse punctation and

hairs (Fig. 13F) .. ..o X. macrops
— Small bees, length less than 15 mm, genal area with dense punctation and hairs (Fig. 15F)

...................................................................... 2
2.  Genal area with dense white pubescence (Fig. 14F); vertex and metasoma with moderate

and sparse punctation, respectively; white hairs on S-T4-5 (Fig. 14E) .. ... X. muscaria
— Genal area without white pubescence but with dense punctation (Fig. 15F); vertex and

metasoma with dense punctation (Fig. 15E); white hairson S3—4........ X. subcyanea
Males:

(Modified from Villamizar et al. 2020)

1.  Superior interocular distance large, more than 5x the middle ocellus diameter; yellowish
paraocular area extending beyond the lateral ocelli (Fig. 18C); genal area with moderate
black pubescence . . ...t X. subcyanea

- Superior interocular distance small, similar or less than the middle ocellus diameter;
yellowish paraocular area extending only to the antennal sockets (Fig. 18A—B); genal area
with dense white pubescence . . ............ . i e 2

2. Overall body size length approximately 20 mm; scape with yellowish patch (Fig. 18B);

whitish or yellowish pubescence on T1 (Fig. 18D) ........... ... ... ... X. macrops
- Overall body size length less than 15 mm; scape entirely black (Fig. 18A); blackish

pubescence on T1 (Fig. I8E) .. ... ... ... ., X. muscaria
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Legends of illustrations

Figure 1. State of Maranhao highlighting the main original vegetation typologies. The Amazon
(AMZ), Cerrado (CER) and Caatinga (CAA) biomes are represented by color gradients: green,
orange and yellow, respectively. Source: BDiAWeb — Vegetacao (1° nivel).

Figure 2. State of Maranhao highlighting the main original vegetation typologies, and areas of
anthropic influence. The Amazon (AMZ), Cerrado (CER) and Caatinga (CAA) biomes are
represented by color gradients: green, orange and yellow, respectively. Source: BDiAWeb —
Vegetacao (2° nivel).

Figure 3. Coloration patterns (Color/Iridescence) of the wings of Xylocopa individuals recorded
in Maranhao State. A = Dark brown/Violet (VL); B = Dark brown/Violet-Greenish (GVL); C
= Dark brown/Violet-Bluish (BVL); D = Dark brown/Greenish-Golden (GG); E =
Hyaline/Coppery (HC).

Figure 4. Distribution records of Xylocopa in Maranhao State; Kernel density: red points = 100
individuals; Estimator radius: 10 km. Source: BDiAWeb — Vegetagao.

Figure 5: (A) Occurrence records of Xylocopa (Neoxylocopa) amazonica in Maranhdo, kernel
index: red dots = highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E)
Scutellum in lateral view; (F) Inter-alveolar carina in profile. Scale bar: 2 mm.

Figure 6: (A) Occurrence records of Xylocopa (Neoxylocopa) aurulenta in Maranhdo, kernel
index: red dots = highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus.
Scale bar: 2 mm.

Figure 7: (A) Occurrence records of Xylocopa (Neoxylocopa) cearensis in Maranhdo, kernel
index: red dots = highest density; (B) Frontal view — typical form; (C) Dorsal habitus — typical
form; (D) Lateral habitus — typical form; (E) Scutellum in lateral view — melanic form; (F)
Scutellum in frontal view — melanic form. Scale bar: 2 mm.

Figure 8: (A) Occurrence records of Xylocopa (Neoxylocopa) frontalis, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Scutellum in
lateral view; (F) Subocellar carina in frontal view. Scale bar: 2 mm.

Figure 9: (A) Occurrence records of Xylocopa (Neoxylocopa) grisescens, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasoma in
dorsal view; (F) Vertex in frontal view. Scale bar: 2 mm.

Figure 10: (A) Occurrence records of Xylocopa (Neoxylocopa) hirsutissima, kernel index: red
dots = highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasomal
pubescence in dorsal view; (F) Metasomal pubescence in lateral view. Scale bar: 2 mm.

Figure 11: (A) Occurrence records of Xylocopa (Neoxylocopa) nigrocincta, kernel index: red
dots = highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Scutellum
in lateral view; (F) Scutellum in frontal view. Scale bar: 2 mm.

Figure 12: (A) Occurrence records of Xylocopa (Neoxylocopa) transitoria, kernel index: red
dots = highest density; (B) frontal view; (C) dorsal habitus; (D) lateral habitus; (E) Scutellum
in lateral view; (F) Scutellum in frontal view. Scale bar: 2 mm.

Figure 13: (A) Occurrence records of Xylocopa (Schonnherria) macrops, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasoma in
dorsal view; (F) Genal area in lateral view. Scale bar: 2 mm.
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Figure 14: (A) Occurrence records of Xylocopa (Schonnherria) muscaria, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasoma in
dorsal view; (F) Genal area in lateral view. Scale bar: 2 mm.

Figure 15: (A) Occurrence records of Xylocopa (Schonnherria) subcyanea, kernel index: red
dots = highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasoma
in dorsal view; (F) Genal area in lateral view. Scale bar: 2 mm.

Figure 16: (A) Occurrence records of Xylocopa (Stenoxylocopa) sp. n., kernel index: red dots =
highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Mandible teeth
in frontal view; (F) Mandible teeth in profile. Scale bar: 2 mm.

Figure 17: Middle ocellus size of (A) X. frontalis, (B) X. amazonica and (C) X. grisescens;
lateral view of posterior tibia of (D) X. frontalis, (E) X. grisescens and (F) X. cearensis;
metasoma punctation of (G) X. frontalis, (H) X. amazonica and (I) X. cearensis. Scale bar: 2
mm.

Figure 18: Head details of (A) X. muscaria, (B) X. macrops and (C) X. subcyanea; T1
pubescence of (D) X. macrops and (E) X. muscaria. Scale bar: 2 mm.
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Figure 1. State of Maranhdo highlighting the main original vegetation typologies. The Amazon
(AMZ), Cerrado (CER) and Caatinga (CAA) biomes are represented by color gradients: green,
orange and yellow, respectively. Source: BDiAWeb — Vegetagdo (1° nivel).
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Figure 2. State of Maranh@o highlighting the main original vegetation typologies, and areas of
anthropic influence. The Amazon (AMZ), Cerrado (CER) and Caatinga (CAA) biomes are
represented by color gradients: green, orange and yellow, respectively. Source: BDiAWeb —

Vegetacdo (2° nivel).



Figure 3. Coloration patterns (Color/Iridescence) of the wings of Xylocopa individuals recorded
in Maranhédo State. A = Dark brown/Violet (VL); B = Dark brown/Violet-Greenish (GVL); C =
Dark brown/Violet-Bluish (BVL); D = Dark brown/Greenish-Golden (GG); E = Hyaline/Coppery
(HO).
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Figure 4. Distribution records of Xylocopa in Maranhéo State; Kernel density: red points = 100
individuals; Estimator radius: 10 km. Source: BDiAWeb — Vegetacio.
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Figure 5: (A) Occurrence records of Xylocopa (Neoxylocopa) amazonica in Maranhdo, kernel
index: red dots = highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E)
Scutellum in lateral view; (F) Inter-alveolar carina in profile. Scale bar: 2 mm.
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Figure 6: (A) Occurrence records of Xylocopa (Neoxylocopa) aurulenta in Maranhdo, kernel
index: red dots = highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus. Scale
bar: 2 mm.
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Figure 7: (A) Occurrence records of Xylocopa (Neoxylocopa) cearensis in Maranhdo, kernel
index: red dots = highest density; (B) Frontal view — typical form; (C) Dorsal habitus — typical
form; (D) Lateral habitus — typical form; (E) Scutellum in lateral view — melanic form; (F)
Scutellum in frontal view — melanic form. Scale bar: 2 mm.



Figure 8: (A) Occurrence records of Xylocopa (Neoxylocopa) frontalis, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Scutellum in
lateral view; (F) Subocellar carina in frontal view. Scale bar: 2 mm.
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Figure 9: (A) Occurrence records of Xylocopa (Neoxylocopa) grisescens, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasoma in
dorsal view; (F) Vertex in frontal view. Scale bar: 2 mm.
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Figure 10: (A) Occurrence records of Xylocopa (Neoxylocopa) hirsutissima, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasomal
pubescence in dorsal view; (F) Metasomal pubescence in lateral view. Scale bar: 2 mm.



Figure 11: (A) Occurrence records of Xylocopa (Neoxylocopa) nigrocincta, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Scutellum in
lateral view; (F) Scutellum in frontal view. Scale bar: 2 mm.
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Figure 12: (A) Occurrence records of Xylocopa (Neoxylocopa) transitoria, kernel index: red
dots = highest density; (B) frontal view; (C) dorsal habitus; (D) lateral habitus; (E) Scutellum
in lateral view; (F) Scutellum in frontal view. Scale bar: 2 mm.
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Figure 13: (A) Occurrence records of Xylocopa (Schonnherria) macrops, kernel index: red dots =
highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasoma in dorsal
view; (F) Genal area in lateral view. Scale bar: 2 mm.
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Figure 14: (A) Occurrence records of Xylocopa (Schonnherria) muscaria, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasoma in
dorsal view; (F) Genal area in lateral view. Scale bar: 2 mm.
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Figure 15: (A) Occurrence records of Xylocopa (Schonnherria) subcyanea, kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Metasoma in

dorsal view; (F) Genal area in lateral view. Scale bar: 2 mm.



Figure 16: (A) Occurrence records of Xylocopa (Stenoxylocopa) sp. n., kernel index: red dots
= highest density; (B) Frontal view; (C) Dorsal habitus; (D) Lateral habitus; (E) Mandible teeth
in frontal view; (F) Mandible teeth in profile. Scale bar: 2 mm.
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Figure 17: Middle ocellus size of (A) X. frontalis, (B) X. amazonica and (C) X. grisescens; lateral
view of posterior tibia of (D) X. frontalis, (E) X. grisescens and (F) X. cearensis; metasoma
punctation of (G) X. frontalis, (H) X. amazonica and (1) X. cearensis. Scale bar: 2 mm.
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Figure 18: Head details of (A) X. muscaria, (B) X. macrops and (C) X. subcyanea; T1 pubescence
of (D) X. macrops and (E) X. muscaria. Scale bar: 2 mm.

73



74

CAPITULO 2: FLORAL PREFERENCES OF CARPENTER BEES (APIDAE:
XYLOCOPINI: XYLOCOPA) FROM MARANHAO, NORTHEAST BRAZIL

Manuscrito publicado na Revista Studies on Neotropical Fauna and Environment (A4)
ISSN 1744-5140
doi: 10.1080/01650521.2023.2265630

Submissdo: 07/06/2023
Aceite: 23/09/2023
Publicacao: 09/11/2023



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

75

Floral preferences of carpenter bees (Apidae: Xylocopini: Xylocopa) from
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Abstract

The current study aimed to recognize the floral resources used by bees of the genus Xylocopa
in transition physiognomies. We compiled the information available from biological
collections and analyzed metrics of dystrophic interaction. We listed 2547 records of
Xylocopa in flowers, across twelve identified bee species. The bees were collected from 109
plant species, belonging to 77 genera and 36 families. An interaction network was constructed
based on 193 interactions. In which there was a significant correlation between the abundance
of bees collected and the richness of plants visited. The most generalist bees were X. cearensis
and X. frontalis, and the plants with the most records were Chamaecrista hispidula and C.
ramosa. Significant seasonality was observed in the total number of individuals. On the other

hand, there was a weak similarity among Xylocopa species according to plant species, despite
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the clear relationship of the bees according to physiognomies. The interaction network proved
to be highly nested, indicating a functional partitioning that allows several species to occur in
the same environment. The contribution made by the current work for its regional scope

stands out, dealing with areas that have distinct characteristics.

Keywords: solitary bees, pollination, plant-pollinator, interaction network, ecotone.

Introduction

Large carpenter bees, also known as mamangava bees, are represented by the genus Xylocopa
Latreille, 1802 (Michener, 2007). These bees are of medium to large size, usually nest in dead
wood, and are characterized by solitary behavior with cooperatively breeding (Gerling et al.
1989; Danforth et al. 2019). The species in this genus are widely distributed around the world,
with the greatest diversity found in tropical zones (Hurd & Moure 1963), with approximately
480 species distributed in 31 subgenera (Plant & Paulus 2016; Lucia et al. 2020).

Xylocopa species are dependent on the floral resources and nesting substrates (Hurd
1978; Sazima & Sazima 1989). Their body size, life cycle and long foraging distances make
them essential pollinators (Silva et al. 2019; Harano et al. 2023), especially for botanical
species that produce large flowers, such as Bertholletia spp. (Cavalcante et al. 2023) and
Passiflora spp. (Barrera et al. 2021).

Because of this service provision, especially with respect to the productive increase
in crops with high economic value in Brazil (Giannini et al. 2015), some studies have been
conducted to research and conserve large carpenter bees, such as X. frontalis and X.
grisescens (Pereira & Garéfalo 2010; Giannini et al. 2020; Araujo et al. 2021; Farias-Silva &

Freitas 2021; Costa et al. 2022). These and all other species of the genus, are considered
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polyletic, meaning that they potentially visit a wide variety of plant species in search of food
(Keasar 2010; Lucia et al. 2017; Villamizar et al. 2020).

In Northeast Brazil, several works have identified plant species used by Xylocopa in
dune and restinga areas (Silva & Martins 1999; Viana et al. 2002; Viana & Kleinert 2006;
Albuquerque et al. 2007; Pigozzo et al. 2007; Ramalho & Rosa 2010; Santos et al. 2013;
Figueiredo et al. 2013). However, little is known about the use of floral resources in other
ecosystems, such as savannas, forests, and, especially, in transitional areas.

The State of Maranhao (MA) is located in the Eastern Amazon, where it is
represented by the convergence of the humid vegetation of the ombrophilous forest and the
dry and open vegetation of the savanna, characterized by the Brazilian Cerrado. These
convergences have created a great diversity of ecosystems, including different types of
physiognomies, leading to the region representing a point of biogeographic interest (Eiten
1994).

The records of Xylocopa spp. in MA are derived from some structured surveys
(Rebélo 1995; Régo et al. 2000; Albuquerque et al. 2007; Oliveira et al. 2010; Gostinski et al.
2016; Neves et al. 2021) and case studies (Oliveira et al. 2016; Pinto et al. 2020), mostly
concentrated in coastal areas, and not all report information on the associated plant species.
Although other surveys have been carried out in the different physiognomies of MA (Régo &
Albuquerque 2012), a more comprehensive analysis of the resources exploited by species of
the genus Xylocopa in these environments is still needed.

Therefore, considering that as well as knowledge of taxonomy and distribution,
biotic interactions have been pointed out as an important gap to be filled in ecological
research (Giannini et al. 2012; Hortal et al. 2015), the current study aimed to identify the
floral resources used by Xylocopa species in different physiognomies of MA. As specific
objectives, the study aimed to [1] quantify and qualify the interactions exerted by bees; [2]

provide general information on the types of resources, habits (vertical stratification), and
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seasonal patterns involved in the interactions; and [3] analyze the degree of similarity of bees

according to the resources used and the physiognomies studied.

Materials and methods

Study area

Maranhaio is a northeastern Brazilian state located between 01°01’ — 10°21" S and 41°48’ —
48°50" W (IBGE 2012). The topography varies with latitude, with the mid-north characterized
by plains and coastal formations, and the mid-south by the presence of plateaus, uplands, and
tablelands. The climate varies with longitude, with a tropical hot climate type — Aw (Koeppen
1948), divided into a humid equatorial zone in the western portion; a semi-humid tropical
equatorial zone in the central portion; and a semi-arid tropical equatorial zone in the eastern
portion (IBGE 2012; NUGEO 2021). The combination of these characteristics is reflected in
the direct influence of adjacent biomes (Amazon, Cerrado, and Caatinga), which promote the
establishment of different types of vegetation cover or transitional physiognomies (IBGE
2012).

Originally, the Ombrophylous Forest occupied approximately 30.4% of the territory,
concentrated in the western part of the state, but in recent decades it has suffered serious
impacts due to the agricultural frontier and urban expansion (Martins & Oliveira 2011).
Currently, the remnants of primary vegetation characteristic of the Amazon are concentrated
in indigenous lands and protected areas (MapBiomas 2022).

The Park Savanna is characterized by shrub vegetation and occupies the entire central-
southern part of MA (43.2% of the territory). It consists of the complexity of the Cerrado
stricto sensu, where it can assume both formations associated with water bodies and humid
forest, as well as drier formations. The vegetation has high diversity and environmental

heterogeneity (Silva et al. 2008) and is considered fundamental for the maintenance of
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populations of different animal groups (Barreto 2007). The Steppic Savanna is a variation of
this physiognomy that occupies a small area in the east of the state (0.5%) and corresponds to
the typical elements of the Caatinga, where the vegetation is resistant to the warmer climate
and water deficit (IBGE 2012). The contact areas or enclaves are characterized by the
Deciduous Seasonal Forest (10%), which occupies the central-eastern part of the state, where
there is a strong presence of Babassu palm trees (Attalaea speciosa Mart.) and large
discontinuous areas (mosaics) adapted to climatic transitions (Barreto 2019). These elements,
combined with the pedological characteristics of the northern coast, make up the Pioneer
Formations (4.09%), which can occur under marine (Dunes and Restinga), fluviomarine
(Mangroves), and fluvial or lacustrine influence (Flooded Fields) (NUGEO 2021). The typical
vegetation of these areas includes a high diversity of herbaceous and liana plants, which are
considered important environmental stabilizers, as restingas have been identified as one of the

most threatened ecosystems today (Serra et al. 2016; Amorim et al. 2023).

Data collection
Information on the distribution and floral resources of Xylocopa spp. was obtained directly
from the labels of individuals deposited at the Cole¢cdo de Abelhas da Universidade Federal
do Maranhdao (LEACOL — UFMA), where most of the bee records for Maranhao are found
(Ferreira et al. 2020). These data were compared with the inventories conducted in the state,
which were based on the list of plant species visited by bees. Although some of these
inventories were not formally published, the information is available in specialized literature
such as technical reports, monographs, dissertations, and thesis (Ferreira et al. 2020).
Occasional collections were also considered if they contained information on provenance,
date, and associated botanical species.

Records were categorized by phytophysiognomy, according to the classification of the
Environmental Information Database (BDiA 2021), with additional information on

provenance (municipality), date (collection interval), richness (number of Xylocopa species),
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dominance (Xylocopa species with the greatest number of individuals), and relative
interaction (observed interactions of Xylocopa spp. in relation to the total number of bees).

Some taxonomic inconsistencies were corrected based on the original descriptions of
each Xylocopa species, through the identification keys proposed by Schlindwein et al. (2003),
Marchi & Alves-dos-Santos (2013), Lucia et al. (2014), Lucia et al. (2015), Mawdsley (2018),
Villamizar et al. (2020), Mérida-Rivas et al. (2022) and by comparison with the material
deposited at the Cole¢ao Entomologica Danuncia Urban, Universidade Federal da Integragao
Latino-Americana, Foz do Iguagu, PR (CEDU) and the Cole¢do de Abelhas da Universidade
Federal do Maranhao, Sao Luis, MA (LEACOL).

The listed plants were classified according to habit, resource, pollination syndrome,
and origin, using as a reference: Faegri & van der Pijl (1979) and Almeida et al. (2022)
generically, in addition to the online bases RCPol (2013) and Flora do Brasil (2020). The
classification system used was APG IV (2016), and the revision and updating of species
names was based on the database provided by IPNI (1999).
Data analysis
A bipartite interaction network between bees and visiting plants was constructed using R Core
Team software, version 4.2.3 (R development core team 2019), with the bipartite package
(Dormann 2020). The following metrics describing a trophic interaction network were
calculated: [1] connectance (C), which measures the proportion of observed interactions (IO)
to the total possible interactions (IP), where C = 10 x 100/IP (Pigozzo & Viana 2010), and [2]
average degree (k), which corresponds to the average number of observed interactions as a
function of bee (A) and plant (P) richness, where kA = IO/A and kP = IO/P (Bliithgen et al.
2008). To assess the degree of nestedness of the network, the N and NODF (Nestedness
metric based on Overlap and Decreasing Fill) indices were calculated using Aninhado
software, version 3.0.3 (Guimaraes Jr & Guimaraes 2006). The N index was obtained from

the T index (temperature), which is inversely proportional to the degree of nestedness: N =
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(100-T)/100. This measure varies from 0 to 1, with values closer to 1 indicating greater
nesting and values closer to 0 indicating the opposite (Bascompte et al. 2003). The NODF
index, on the other hand, considers the overlapping and decreasing filling of a binary matrix
and indicates the number of unexpected presences and absences, with values varying from 0
to 100 (Almeida-Neto et al. 2008). For this calculation, 1000 simulations were performed.

In addition, we evaluated the relationship between the abundance of each bee species
and the number of interactions per plant species using an R-squared correlation plot (R?). The
trend line was plotted based on series-logarithmic where it best fits the input data.

To evaluate the seasonality of Xylocopa spp. we used the Rayleigh (Z) uniformity test
(Zar 1999) to analyze bee activity, based on the date of occurrence of the interactions. In this
calculation, the index r is presented as a measure of unimodal clustering on a set of points
within a circle. A low value of r indicates that the points are uniformly distributed around the
circle, while a high value indicates that the points are clustered in one or more directions, i.e.,
a seasonal pattern (Morellato et al. 2000). Circular statistics were performed using Oriana -
Circular Statistics software, version 4.02 (Kovach 2011a).

The similarity between Xylocopa species as a function of plant species used as
resources and physiognomies was calculated with the Sorensen index or Coefficient of
Association (CA), which is defined as the ratio between twice the number of species common
to both samples (c) and the total sum of the number of species in both samples (a + b), where
CA =2c/a+ b x 100. This index can range from 0 to 1, where 0 indicates no similarity
between the samples and 1 indicates total similarity, i.e. when the two samples share exactly
the same species. For this cluster analysis, only binary data (presence and absence) were used
to avoid biases caused by uneven sampling in the different physiognomies. The similarity
dendrogram was generated using the software MVSP — MultiVariate Statistical Package,

version 3.22 (Kovach 2011b).
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Results

In total, we listed 2547 records of Xylocopa on flowers in Maranhao over a 40—year interval
(1982-2022), through 15 structured surveys (77.2% of individuals), seven case studies
(20.5%), and 16 occasional collections (2.3%) (Table 1). From these records, we identified
three subgenera and 12 bee species: Xylocopa (Neoxylocopa) amazonica Enderlein, 1913; X.
(N.) aurulenta (Fabricius, 1804); X. (N.) cearensis Ducke, 1910; X. (N.) frontalis (Olivier,
1789); X. (N.) grisescens Lepeletier, 1841; X. (N.) hirsutissima Maidl, 1912; X. (N.)
nigrocincta Smith, 1854; X. (N.) transitoria Pérez, 1901; X. (Schonnherria) macrops
Lepeletier, 1841; X. (S.) muscaria (Fabricius, 1775); X. (S.) subcyanea Pérez, 1901; and X.
(Stenoxylocopa) sp., distributed in 23 municipalities. The physiognomies with the highest
Xylocopa abundance values were Dunes (44.7%) and Restinga (30.6%); and the highest
richness values were Park Savanna (75%) and Ombrophylous Forest (58.3%).

Bees were collected visiting 109 plant species, distributed in 77 genera and 36
botanical families (Table 2). The most representative families were Fabaceae (34 spp.),
Malvaceae (8 spp.) and Asteraceae and Convolvulaceae (5 spp. each). Another 17 families
were represented by only one species. Within this richness, 87% are native plants, of which
9.2% are considered endemic to Brazil, and the others are of exotic origin, naturalized (6.4%)
or cultivated (2.7%).

The vertical stratification consisted of herbaceous plants (28.7%), shrubs (27.7%),
trees (17.5%), lianas (16.6%), and subshrubs (7.4%). Regarding the availability of the
resources offered, almost half of the visited plants offer nectar as the main attraction (49%),
followed by pollen (23.1%) and the combination of these two resources (20.3%), while floral
oils were offered by only 4.6% of the species. As for the pollination syndromes, most plants
present melitophilia as the main system (85.1%), the others present a combination of

melitophilia with other pollinating insects (7.4%) and chiropterophily (2.7%).
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The interaction network (Figure 1) consisted of 12 bee species and 109 plant species,
resulting in 1308 possible interactions, however, only 193 interactions were observed,
resulting in a connectance of 14.7%. The generalist bee species were X. cearensis (61.5% of
all observed plants), X. frontalis (37.6%), and X. nigrocincta (22%). In contrast, X. aurulenta
and X. amazonica visited only two plant species each, representing only 1.8% of the total. In
addition, five other Xylocopa species visited less than 10 plant species.

The most visited plants in terms of bee abundance were Chamaecrista hispidula
(Vahl) H.S.Irwin & Barneby (9.9% of individuals), Chamaecrista ramosa (Vogel) H.S.Irwin
& Barneby (9.2%), and Passiflora foetida L. (7.8%); in terms of species richness, the highest
values were found for Chamaecrista ramosa (50% of species), and Tecoma stans (L.) Juss.
Ex Kunth, and Crotalaria retusa L. (41.6% each).

The average degree of visiting bees to plants (kA) was 16.08 and the average degree of
plants to bees (kP) was 1.77. The interaction network showed a high nestedness degree, N =
0.90 and NODF = 36.1. In addition, the correlation graph (Figure 2) showed a clear
relationship between the abundance of bee species collected and the number of visited plant
species, according to the R? value = 0.923.

The seasonality of the bee species is presented with a circular distribution histogram
(Figure 3), which showed the low number of species active throughout the year. The Rayleigh
test indicated a significant distribution in relation to the total number of individuals (Z =
19.33), with May presenting the average range of interactions. The species with the most
significant results were X. frontalis (Z = 28.54) and X. muscaria (Z = 16.10) (Table 3). The
species X. subcyanea and Xylocopa sp. showed low significance in the Z test due to the
limited samples.

The similarity between Xylocopa species according to the plant species visited (Figure
4A) showed a 40% similarity between two groups: X. transitoria with X. nigrocincta, and X.

frontalis with X. cearensis, respectively, while the other species showed 70% or more
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similarity. Similarity between Xylocopa species according to physiognomic forms (Figure 4B)
showed that eight of the 12 species had more than 60% similarity, with two well-defined
groups (CA = 1): X. muscaria with X. nigrocincta, and X. frontalis with X. cearensis. Among
species with the highest number of records, X. muscaria is the most dissimilar species when

we consider the proportion of plants visited per physiognomy.

Discussion
The genus Xylocopa is well represented in Maranhdo and was present in all surveys
previously conducted in this territory, including those that were not included in our analysis
due to lack of botanical information (Rebélo et al. 2003; Régo et al. 2007; Ferreira et al. 2019)
or due to individuals not being deposited in LEACOL (Ducke 1908; Gottsberger et al. 1988)
and which, therefore, could not be verified. However, the distribution of abundance proved to
be very uneven, since most of these works were carried out in the northern and northeastern
part of MA (Rebélo et al. 2003), and bee communities in the dunes and restingas areas were
dominated by the species X. cearensis (Silva et al. 2001; Albuquerque et al. 2007; Oliveira et
al. 2010; Gostinski et al. 2016; Neves et al. 2021). The dominance of X. cearensis has also
been observed in other areas of Brazil with the same phytophysiognomic characteristics
(Viana et al. 2002; Silva & Viana 2002; Pigozzo et al. 2007; Ramalho & Rosa 2010;
Figueiredo et al. 2013; Silva et al. 2019).

On the other hand, Xylocopa richness was slightly higher in park savannas (Régo et al.
2007), despite the deficit of systematized sampling in this physiognomy. In this context,
occasional or incremental collections play an important role in filling sampling gaps
(Huybrechts et al. 2022). In our study, 66% of the richness was concentrated in only 2.3% of

the individuals recorded by this method.
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Xylocopa species were observed to visit several botanical families with a high
proportion of mellitophilous species, including Fabaceae, Malvaceae, and Asteraceae. These
families represent a significant part of the diversity of the Brazilian flora (BFG 2021) and are
important for maintaining biodiversity and ecosystem functioning (Bawa 1990; Frankie et al.
2005). In the transitional areas of Maranhao, most of the plants visited by Xylocopa bees are
of native origin, indicating that the historical relationship between native species still prevails
over exotic or invasive species, even in areas of high urban occupation (Almeida et al. 2022;
Amorim et al. 2023).

However, some exotic plant species can be very attractive, especially to generalist
bees, due to mass flower production or the density of individuals that dominate the
environment (Silva et al. 2007; Stout & Morales 2009). In our records, Tecoma stans, a plant
native to Mexico and the southern USA, attracted five of the 12 Xylocopa species present in
MA. However, three of these species (X. frontalis, X. grisescens, and X. nigrocincta) were
found to be nectar robbers in a study of their floral visitors (Silva et al. 2007). On the other
hand, for Crotalaria retusa, a native Asian plant commonly found in tropical coastal areas
(Riet-Correa et al. 2011; Amorim et al. 2023), X. frontalis and X. grisescens were shown to be
effective pollinators (Jacobi et al. 2005).

Among the ten Brazilian native and endemic plants visited by Xylocopa in MA, the
most representative were Lepidaploa arenaria and Asemeia hirsuta in dune areas
(Albuquerque et al. 2007) and Cenostigma bracteosum in restinga. Endemic species are
generally adapted to the specific environmental and climatic conditions of their area of
occurrence, as well as to the species to which they are related, and often function as key-
species in local ecosystems (Martins 2002; Gogler et al. 2009; Miranda et al. 2015).

Another fundamental component in maintaining ecological relationships is
environmental heterogeneity, which refers to the diversity of conditions and resources within

ecosystems (Palmer & Dixon 1990; Tamme et al. 2010). In the case of plants, variation in
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floral resources along vertical strata can generate a complementarity effect among local
pollinators (Almeida et al. 2022), in some cases avoiding niche overlap (Araujo et al. 2021).
In MA, the stratification of resources was variable, and plants with herbaceous and subshrub
habits stood out, attracting 47.2% of individuals, mainly among small to medium-sized
species, while tree-sized species attracted just under 15% of individuals, regardless of bee
size. This same frequency was observed in dune (Gottsberger et al. 1988) and Cerrado
(Gottsberger & Silberbauer-Gottsberger 2018) areas, respectively, and overall, this difference
may be influenced by the availability and type of resources provided (Almeida et al. 2022).

According to our results, nectariferous plants formed the largest group of species and
were visited more uniformly than polliniferous plants. In the latter, a very high visitation
frequency was observed, but only in a few plant species, especially in representatives of the
genera Chamaecrista, Bixa and Senna. The collection of protein through pollen usually
involves some specialization on the part of the pollinating organism (Linsley 1958). In the
case of bees, especially solitary bees, the most common strategy is collection by vibration,
also known as "buzz pollination" (Buchmann 1983; Vallejo-Marin 2019; Rosi-Denadai et al.
2020).

For some highly generalist carpenter bee species, the offered resource is only optional
and seems to be consumed for convenience, according to the degree of local competition
(Araujo et al. 2021). The interactions between Xylocopa species and plants in the MA were
found to be heterogeneous, due to the concentration of many plant species visited by few bees
and vice versa. Although this is a regional dataset, this pattern has also been observed in local
studies (Pinto et al. 2020; Neves et al. 2021). The asymmetry observed in the interaction
network, where five bee species visited more than the average number of plants, was mainly
caused by X. cearensis and X. frontalis. This type of dominance is an expected characteristic
of bipartite networks of mutualistic interactions (Pigozzo & Viana 2010; Diniz & Buschini

2015).
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According to the correlation of the number of bee individuals per plant species, there
is no evidence of specialization in the use of floral resources for any Xylocopa species, either
by visiting a large number of plant species or by the small number of individuals analyzed, as
is the case for X. amazonica, X. subcyanea, and X. aurulenta.

Only when we consider exclusive data from structured surveys can we analyze, for
example, the effects generated by seasonal and geographic patterns on some species
(Biesmeijer et al. 2005; Teixeira et al. 2007).

Our results revealed that more than half of the Xylocopa species in MA reached some
level of significance with respect to seasonality. Some species, such as X. cearensis, X.
frontalis, and X. grisescens, had regular records throughout the year, indicating possible
multivoltinism, when there is overlap between generations (Ramalho et al. 2004), while other
species, even those with a reasonable number of records, such as X. muscaria, showed a
partitioned frequency over the months.

In general, Xylocopa species were more frequent between the months of February and
June, a period marked by the highest rainfall in the state. This event is probably related to the
availability of poricid flowers in coastal regions, also verified by Viana et al. (2002). The
pollen supply provided by species of the genus Chamaecrista throughout the rainy season
corroborates the study of Almeida et al. (2022), in which the authors discuss the temporal
relationship of this resource as a complement to the abundant nectariferous species in the dry
season.

Considering the Xylocopa-plant interactions according to the different types of
resources, vertical stratification, and seasonal patterns, low similarity was found among most
of the bees, indicating that on average they compete for only 25% of the resources. This is the
case even among the most similar species in terms of physiognomy, such as X. frontalis and
X. cearensis, which overlapped strongly in the dunes/restinga environments, and X. muscaria

and X. nigrocincta in the flooded fields.
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The nestedness, observed by the significant values of the N and NODF indices,
indicates the presence of a functional partitioning, in which the establishment of interactions
between the less abundant bee species adjusts to the secondary resources of the most abundant
species, thus supporting the permanence of both in the same environment (Bascompte &
Jordano 2007; Pigozzo & Viana 2010; Pinto et al. 2020).
Although sampling biases are inherent in the historical data available and should be
interpreted with caution, we can conclude from the analysis of the most abundant species that
the diversity of floral resources is a crucial factor for Xylocopa populations, the transitional
areas of the MA can assume an important function as a stronghold for restricted species. The
conservation of these natural environments is therefore essential for the protection and

conservation of these pollinators.
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Table 1. Records of species of the genus Xylocopa collected from plants in Maranhdo State,
deposited at the Cole¢do de Abelhas da Universidade Federal do Maranhao (LEACOL -
UFMA). PH — Physiognomies: SS — Steppic Savanna; DS — Deciduous Seasonal Forest; FF —
Flooded Fields; A4m — X. (Neoxylocopa) amazonica, Au — X. (N.) aurulenta, Ce — X. (N.)
cearensis, Fr — X. (N.) frontalis, Gr — X. (N.) grisescens, Hi — X. (N.) hirsutissima, Ni — X. (N.)
nigrocincta, Tt — X. (N.) transitoria, Ma — X. (Schonnherria) macrops, Mu — X. (S.) muscaria,
Su — X. (S.) subcyanea, St — X. (Stenoxylocopa) sp.; S — richness; D — dominant species: P% —
relative frequency of plants visited in surveys; REF — references.

PH Municipalities Collectors Year S D P% REF

Alcantara Aratgjo & Gongalves 1992-1993 2 Fr 7.6 1

z Buriticupu Pereira, C.Q.B.** 1999 1 Ce - 2

E Carutapera Ferreira, L.A.C.** 2014 3 Fr - 3

2 Cururupu Dos Anjos, J.V. 2015-2016 1 Fr 11.1 4

'& Séo Luis Brenha & Rebélo 1982-1983 4 Fr 157 5

fc;u Cruz & Sodré 1999-2000 4 Mu 14.8 6

S Apocalypse & Rodrigues 1991-1992 5 Fr 156 7

g Machado & Botao* 2005 1 Ce - 8
Ferreira, L. A.C.** 2022 4 Ce - 9
Balsas Jesus & Silva 2006-2007 6 Gr - 10

Barreirinhas Brito & Mendonga 1991-1992 4 Fr 75.0 11

Serra, B.D.V.* 2005-2006 3 Fr - 12

s Caxias Pinho, A.N.** 2009 1 Hi - 13
§ Chapadinha Brito & Régo** 1994 1 Am - 14

3 Barbosa & Pinto** 2011 1 N - 15
é Formosa da Serra Negra  Araujo & Brito 2011-2012 2 Gr 2.56 16
A Grajau Ferreira, L.A.C.** 2022 1 Fr - 17
Sdo Jodo dos Patos Ferreira, L. A.C.** 2022 1  Fr - 18
Urbano Santos Mendes & Ramos** 2003 2 Mu - 19
Serra, B.D.V. * 2005-2006 2 Fr - 20

SS Bardo de Grajat Ferreira, L.A.C.** 2022 1 Hi - 21
Codo Ferreira, L. A.C.** 2022 1 Ce - 22

DS Colinas Ferreira, L. A.C.** 2022 1  Fr - 23
Imperatriz Ferreira, L.A.C.** 2022 1 Ce - 24

Timon Ferreira, L.A.C.** 2022 2 Hi - 25
Sdo José de Ribamar Oliveira & Mendonga 2005-2006 3 Ce 66.6 26
8 Ferreira, L.A.C.** 2016 2 Ce - 27
A Santana, .B.P.A.* 2017 2 Fr - 28
Sdo Luis Albuquerque & Ferreira 1993-1994 4 Ce 63.6 29
§ Barreirinhas Gostinski & Carvalho 2009-2010 5 Ce 203 30
g Silva, F.M.A* 2009-2010 4 Fr - 31
E 5 Silva, O.** 2011 Sy - 3
= Oliveira, F.S.* 2015 2 Ce - 33
S Pinto, R.S.* 2017 4 Ce - 34
é Raposa Souza & Martins 1999-2000 2 Ce 46.1 35
Tutdia Neves JR & Barros 2017-2018 4 Ce 73.6 36
Anajatuba Aratjo & Carvalho 2008-2009 4 Ce - 37
- Oliveira, F.S.* 2008-2009 4 Fr - 38
Vitoéria do Mearim Ferreira & Santos 1991-1992 5 Mu 40.0 39

*Case studies; ** Occasional collections; Publications with botanical data: 5 — Rebélo (1995); 11 — Albuquerque e
Mendonga (1996); 12, 20 — Serra e Drummond (2006); 29 — Albuquerque et al. (2007); 33 — Oliveira et al. (2016); 34
— Pinto et al. (2020); 35 — Silva et al. (2001); 36 — Neves et al. (2021); 38 — Oliveira (2014); 39 — Régo et al. (2000);
Publications without botanical data:: 10 — Régo et al. (2007); 30 — Gostinski et al. (2016); 26 — Oliveira et al. (2010);
Unpublished data: 1, 4, 6, 7, 8, 10, 16, 28, 31, 37.
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Table 2. Floral resources used by species of the genus Xylocopa in Maranhao State, deposited at the Cole¢ao de Abelhas da Universidade
Federal do Maranhao (LEACOL — UFMA). Habit: Tr — tree, Sh — shrub, Ss — subshrub, Hb — herbs, Cr — creeper; Resource: Ne — Nectar,
Po — Pollen, Ol — Oil; Syndrome: Mel — melitophilia, Psi — psicophilia, Myo — myophilia, Chi — chiropterophily, Orn — ornithophily;
Origin: Nv — native, Nz — naturalized, Ct — cultivated; Xylocopa species: Am — X. (Neoxylocopa) amazonica, Au — X. (N.) aurulenta, Ce —
X (N.) cearensis, Fr — X. (N.) frontalis, Gr — X. (N.) grisescens, Hi — X. (N.) hirsutissima, Ni — X. (N.) nigrocincta, Tr — X. (N.) transitoria,
Ma — X. (Schonnherria) macrops, Mu — X. (S.) muscaria, Su— X. (S.) subcyanea, St — X. (Stenoxylocopa) sp.; REF — references in Table 1.

© 0 Xylocopa species
o 2 g g
. . . ) 3 o Bl
CODE / Family / Botanical Species G o 3 2 REF
am § 5 O Am Au Ce Fr Gr Hi Ni Tr Ma Mu Su St
Amaranthaceae
1 Alternanthera tenella Colla Hb Po Mel Nv X 26
Anacardiaceae
2 Anacardium occidentale L. Tr Po+Ne Mel Nv X X 10, 11, 30, 35, 36
Apocynaceae
3 Allamanda blanchetii A.DC. Sh  Ne Mel  Nv* X X 11
4 Funastrum clausum (Jacq.) Schltr. Cr Po Mel+Psi Nv X 35
Asteraceae
5 Centratherum punctatum Cass. Hb Ne Mel Nv X 39
6 Lepidaploa arenaria (Mart. ex DC.) H.Rob. Ss  Ne Mel  Nv* X X 29
7 Lepidaploa rufogrisea (A.St.-Hil.) H.Rob. Sh  Ne Mel  Nv* X X 30, 38
8  Praxelis kleinioides (Kunth) Sch. Bip. Hb Ne Mel Nv X 6
9 Tilesia baccata (L.) Pruski Sh  Ne Mel Nz X 29
Bignoniaceae
10 Adenocalymma subincanum Huber Cr Ne Mel Nv X X 7
11 Fridericia platyphylla (Cham.) L.G.Lohmann Sh  Ne Mel Nv X 29
12 Tecoma stans (L.) Juss. Ex Kunth Sh Ne Mel Nz X X X X X 6,9,17,18, 21, 22,
23, 24, 25
Bixaceae
13 Bixa orellana L. Sh  Po Mel Nv X X X 4,6,20
Boraginaceae
14 ggﬁliorca polyphylla (Lehm.) J.LM.Melo & Hb  Ne Mel Nv < X 29,35, 36
15 Varronia multispicata (Cham.) Borhidi Sh Po+tNe  Mel  Nv* X 1
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Table 2. Continued

Xylocopa species

- E =
CODE / Family / Botanical Species :'c.: 5 -§ & REF
y P an § £ S Am Au Ce Fr Gr Hi Ni Tr Ma Mu Su St
n
Bromeliaceae
16 Bromeliaceae sp. - - - - X 10
Burseraceae
17  Protium heptaphyllum (Aubl.) Marchand Sh  Ne Mel+Chi Nv X 29,35
Caryocaraceae
18 Caryocar cuneatum Wittm. Tr PotNe Chi+Psi Nv* X X 11
Chrysobalanaceae
19 Hirtella racemosa Lam. Sh  Ne Psi Nv X 6
Convolvulaceae
20 Ipomoea asarifolia (Desr.) Roem. & Schult Hb Po+tNe  Mel Nv X 37
21 Ipomoea maurandioides Meisn. Cr Po+tNe  Mel Nv X 36
22 Ipomoea mauritiana Jacq. Cr Ne Mel Nv X 29
23 Ipomoea pes-caprae (L.) R.Br. Hb Ne Mel Nv X 26, 35
24 Jacquemontia tamnifolia (L.) Griseb. Cr PotNe  Mel Nv X 36
Euphorbiaceae
25 Cnidoscolus urens (L.) Arthur Hb Ne Mel+Psi Nv X 26
26 Euphorbiaceae sp. - - - - X 19
Fabaceae
27 Ancistrotropis peduncularis (Kunth) A. Delgado Cr  Ne Mel Nv X X 36
28 Andira surinamensis (Bondt) Splitg. ex Amshoff Tr  Ne Mel Nv X 36
29 Bauhinia sp. Sh  Ne Mel+Psi Nz X 10
30 Bowdichia sp. Tr Ne Mel Nv X 11
31 Calopogonium sp. Hb Ne Mel Nv X X 9
32 Canavalia rosea (Sw.) DC. Cr Ne Mel Nv X X X 26,29
33 Canavalia sp. Hb Ne Mel Nv X 36
34 Cassia sp. Tr Po Mel Nv X X 11
35 Cenostigma bracteosum (Tul.) Gagnon & Tr  Ne Mel  Nv* < « X X 30,31, 38
G.P.Lewis
36 Centrosema brasilianum (L.) Benth. Cr Ne Mel Nv X 3,12
37 Centrosema plumieri (Turpin ex Pers.) Benth. Cr Ne Mel Nv X 10
38 Centrosema sp. Cr Ne Mel Nv X 28,29
39 Chamaecrista diphylla (L.) Greene Ss  Po Mel Nv X 39
40 Chamaecrista hispidula (Vahl) H.S Irwin & s Po Mel Nv X X X 26,29

Barneby
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Table 2. Continued

Xylocopa species

- E =
CODE / Family / Botanical Species :'c.: 5 -§ :ED REF
s § g S Am Au Ce Fr Gr Hi Ni Tr Ma Mu Su St
)

41 Chamaecrista ramosa (Vogel) H.S.Irwin & s Po Mel Nv X X X X X X 10,35, 36

Barneby
42  Crotalaria retusa L. Hb Ne Mel Nz X X X X X 5,28, 29, 35, 39
43  Crotalaria sp. Hb Ne Mel Nv X 1
44 Dioclea sp. Cr Ne Mel Nv X 4
45 Dioclea virgata (Rich.) Amshoff Cr Ne Mel Nv X X X 5,7,39
46 Fabaceae sp. - - - - X X 10, 37
47 Galactia jussiaeana Kunth Ss Ne Mel Nv X 29
48 Hymenaea parvifolia Huber Tr Pot+Ne Chi Nv X 30
49 Macroptilium atropurpureum (Sessé & Moc. ex Cr Ne Mel Nz X 29

DC.) Urb.
50 Macroptilium lathyroides (L.) Urb. Hb Ne Mel Nv X 39
51 Parkia platycephala Benth. Tr Ne Chi Nv* X 11
52 Pueraria phaseoloides (Roxb.) Benth. Hb Ne Mel Nz X 39
53 Senna alata (L.) Roxb. Sh  Po Mel Nv X X X X 5,39
54 Senna latifolia (G.Mey.) H.S.Irwin & Barneby = Sh  Po Mel Nv X X 5
55 Senna obtusifolia (L.) H.S.Irwin & Barneby Ss  Po Mel Nv X X 37,39
56 Senna occidentalis (L.) Link Sh  Po Mel Nv X 37
57 Senna reticulata (Willd.) H.S.Irwin & Barneby Sh  Po Mel Nv X X 39
58 Senna silvestris (Vell.) H.S.Irwin & Barneby Sh  Po Mel Nv X 16
59 Senna sp. Sh  Po Mel Nv x X 4
60 Vatairea sericea (Ducke) Ducke Tr PotNe  Mel Nv X X X X 11

Gentianaceae
61 Coutoubea spicata Aubl. Hb Po Mel Nv X X X X 6,7

Humiriaceae
62 Humiria balsamifera (Aubl.) A.St.-Hil. Tr Ne Mel Nv X 30
63 Humiria balsamifera var. floribunda (Mart.) Tr  Ne Mel Nv X X X X 34

Cuatrec.

Hypericaceae
64 Vismia guianensis (Aubl.) Choisy Sh Po+Ne  Mel Nv X 1

Lamiaceae
65 Marsypianthes chamaedrys (Vahl) Kuntze Hb Ne Mel Nv X 29
66 Mesosphaerum suaveolens (L.) Kuntze Hb Ne Mel Nv X 39

Lecythidaceae
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Table 2. Continued

Xylocopa species

= % % g
. . . ° = =]
CODE / Family / Botanical Species S § —a 5 dm Au Ce Fr Gr Hi Ni Tr Ma Mu Su St REF
%)
67 Gustavia augusta L. Tr Po Mel Nv X 29
Loganiaceae
68 Spigelia anthelmia L. Hb PotNe  Mel Nv X 36
Loranthaceae
69 Phthirusa sp. Hb Ne Mel Nv X 2,
70 Psittacanthus robustus (Mart.) Mart. Hb Ne Ormnt+Chi Nv X 16, 30
Lythraceae
71  Cuphea mimuloides Cham. & Schitdl. Hb Ne Mel Nv X X 30
72 Cuphea sp. Hb Ne Mel Nv X X 13,30
Malpighiaceae
73 Banisteriopsis nummifera (A.Juss.) B.Gates Cr Pot+tOl  Mel Nv X 7
74 Byrsonima crassifolia (L.) Kunth Tr PotOl  Mel Nv X X X 6,36
75 Malpighia glabra L. Tr PotOl  Mel Ct X 37
Malvaceae
76 Eriotheca globosa (Aubl.) A.Robyns Tr PotNe  Mel Nv X X X 5
77 Eschweilera decolorans Sandwith Tr Ne Mel Nv X X 11
78 Gossypium L. Sh Po+Ne  Mel Nv X 32
79 Hibiscus sabdariffa L. Sh Po+Ne  Mel Nz X 8
80 Malvaceae sp. - - - - X X X 39
81 Pavonia cancellata (L.) Cav. Hb Po+Ne  Mel Nv X 39
82 Sida acuta Burm.f. Ss Po+tNe  Mel Nv X 4
83  Sida sp. Ss PotNe  Mel Nv X X 6
Melastomataceae
84 Comolia villosa (Aubl.) Triana Sh  Po Mel Nv X 30
85  Mouriri acutiflora Naudin Tr Po+Ol Mel Nv X X X X 30, 37, 39
86 Mouriri guianensis Aubl. Sh Po+Ol  Mel Nv X X 33
Myrtaceae 39
87 Myrtus sp. Sh  Ne Mel:My Ct X 10
Ochnaceae
88 Ouratea hexasperma (A.St.-Hil.) Baill. Tr Po Mel Nv X X X X 11,36
89 Ouratea racemiformis Ule Tr Po Mel  Nv* X X X X X 6,30
90 Ouratea semiserrata (Mart. & Nees) Engl. Sh  Po Mel Nv* x 14
91 OQuratea sp. Sh  Po Mel Nv X X 15,19
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Table 2. Continued

Xylocopa species

= % % g
. . . i) e )
CODE / Family / Botanical Species E § —a 5 Am Au Ce Fr Gr Hi Ni Tr Ma Mu Su St REF
%)
Oxalidaceae
92  Oxalis juruensis Diels Sh Po+Ne  Mel Nv X 39
Passifloraceae
93  Passiflora acuminata DC. Cr Ne Mel Nv X 37
94 Passiflora edulis Sims Cr Ne Mel Nv X 3
95 Passiflora foetida L. Cr Ne Mel Nv X X 26,29
96 Passiflora sp. Cr Ne Mel Nv X X 27,35
Polygalaceae
Asemeia hirsuta (A.St.-Hil. & Moq.
97 JF.B.Pastore & J(.R.Abbott @ Hb  Ne  Mel  Nv¥ X 29
Rubiaceae
98 Borreria verticillata (L.) G.Mey. Hb Po+Ne Mel+Psi Nv X X X X 4,7,29, 35,36
99 Diodia sp. Hb Ne - - X 28
100 Mitracarpus sp. Hb Po+Ne Mel+Psi Nv X 35
Sapindaceae
101 Pseudima frutescens (Aubl.) Radlk. Sh  Ne Mel Nv X 29
Sapotaceae
102 Manilkara sp. Sh  Ne Mel Nv X 36
Solanaceae
103 Solanum jamaicense Mill. Sh  Po Mel Nv X X X 37
104 Solanum nudum Dunal Sh  Po Mel Nv X X 29
105 Solanum subinerme Jacq. Sh  Po Mel Nv X X 5
Talinaceae
106 Talinum sp. Hb Po Mel Nv X 26
Turneraceae
107 Piriqueta cistoides (L.) Griseb. Hb PotNe  Mel Nv X X X 26, 30, 35, 38
108 Turnera melochioides Cambess. Hb Po+Ne Mel Nv X 29, 36
109 Turnera ulmifolia L. Hb PotNe Mel Ct X 37
Total interactions n 2 2 67 41 17 4 24 7 4 20 3 2
% 1.8 1.8 61.5 37.6 156 3.7 22 64 3.7 183 28 1.8

*endemic species to the Brazilian territory according to Flora do Brasil (2020)
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Table 3. Rayleigh test of uniformity (Z) applied to Xylocopa species recorded from plants in
Maranhao State, Brazil.

Length of mean

Xylocopa species Mean vector (p) Month vector (R) Rayleigh test (Z)
Total number 122.801° May 0.087 19.33**
X. amazonica 261.738° September 0.789 2.489
X. aurulenta 118.898° April 0.912 3.325%
X. cearensis 136.835° May 0.044 3.323%*
X. frontalis 99.448° April 0.226 28.54%*
X. grisescens 100.182° April 0.09 0.434
X. hirsutissima 67.631° March 0.563 2.221
X nigrocincta 127.848° May 0.249 6.401%*
X transitoria 163.713° June 0.549 3.310%
X. macrops 49.792° February 0.739 3.273*
X. muscaria 226.117° August 0.463 16.109%**
X. subcyanea 135° May 0.337 0.341
X sp. 45° February 0.337 0.341

%p < 0.05; **p < 0.001.
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Figure Captions

Figure 1. Bipartite interaction network: interactions between Xylocopa species (left) and
plants (right) in transition areas of MA. The vectors represent the interactions between these
species. The thickness of the vectors is proportional to the relative abundance of the visiting
bees.

Figure 2. Relation between the number of individuals and the species of plants visited by
Xylocopa spp. recorded in Maranhao State, Brazil. Species abbreviations in Table 2.

Figure 3. Circular distribution histogram of Xylocopa species collected from plants in
Maranhao State, Brazil. The standard deviation is represented by the line at the top of the
vector.

Figure 4. Sorensen similarity between (A) Xylocopa species according to plants visited and
(B) Xylocopa species according to physiognomies in MA, Brazil.
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Distribution patterns of large carpenter bees (Apidae: Xylocopini: Xylocopa) in
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Abstract. Carpenter bees are important crop pollinators in Brazil and are under threat
from anthropogenic activities. We aim to predict the impact of climate change on twelve
Xylocopa species previously recorded in transitional areas of three major biomes in the
Brazil, Amazon rainforest, Cerrado and Caatinga (state of Maranhdo, northeast Brazil).
We used species distribution models, forecasting the impact of climate change for the
period 2041-2060. The models revealed that ten out of the twelve Xylocopa species that
occur in this region will face a potential decrease in their occurrence areas, due to the
negative impact of climate change on habitat suitability. Species occurring only on
rainforests will be the most affected. Xylocopa aurulenta is expected to potentially lose
its entire area of occurrence in Maranhdo, even in the optimistic scenario, while X.
amazonica will potentially suffer a reduction of up to 95% of its distribution. On the other
hand, our models showed that two species will benefit in future scenarios. Xylocopa
hirsutissima will increase about 23% of the total area of Maranhdo, while X. grisescens
will expand over more than half of its area, covering more than 80% of Maranhdo in all
scenarios. Nevertheless, X. frontalis will probably still be the species with the largest
distribution in region. We observed that, although Xylocopa species have uneven
distributions, most species are concentrated in the northern areas of the state and most of
these areas are legally protected. Other areas of future suitability include the Cerrado in
the southern part of the state and the intermediate transition areas in the central region.
These areas require special attention, and we propose the implementation of management
plans and friendly agricultural practices be implemented to ensure the availability of

resources and, ultimately, the conservation of these pollinators.

Key words: Maranhao, predictive models, climate suitability, global warming, crop

pollinators.
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Introduction

Bees are crucial to ecosystems, serving as the primary pollinators in natural and
agricultural environments (Klein et al. 2007). They play a vital role in worldwide crop
production by relying on pollen to feed their larvae, ensuring consistency and fidelity in
their floral visits (Ollerton et al. 2011; Garibaldi et al. 2013; Kennedy et al. 2013; Alves-
dos-Santos et al. 2016).

Carpenter bees, represented by the genus Xylocopa Latreille, 1802, are a group of
solitary bees of generally robust in size that nest in substrates associated with wood, such
as trunks and dead trees (Hurd 1978; Sazima and Sazima 1989). It is a diverse genus, with
more than 470 species described in 31 subgenera (Michener 2007; Plant and Paulus
2016), and widely distributed throughout the world, predominantly occupying tropical
regions with high temperatures and diverse environments (Hurd and Moure 1963; Silveira
et al. 2002).

In Brazil, this genus are important crop pollinators (Giannini et al. 2015, 2020a),
but despite this, most Xylocopa species, are not well known (Silveira et al. 2002;
Mawdsley 2018). Fundamental information such as plant-bee interactions (Pigozzo and
Viana 2010; Yamamoto et al. 2012; Ferreira et al. 2023), geographic distribution
(Schlindwein et al. 2003; Silva et al. 2009; Marchi and Alves-dos-Santos 2013), and even
taxonomic knowledge (Zanella and Silva 2010; Melo 2016, 2023) are scarce, limiting
more in-depth studies and contributing to the overall biodiversity crisis (Wilson 1985).
The unprecedented loss of species richness could destabilize ecosystems and cause
irreversible problems for the planet (Lovejoy and Nobre 2018; White et al. 2020). There
are three main causes of this problem: (1) the habitat destruction; (2) introduction of
invasive species and (3) climate change, all resulting from anthropogenic activities
(Prakash and Verma 2022).

Recent studies have attributed the increase in average global temperature to
changes in the phenology of botanical species (Piao et al. 2019), and consequently to the
desynchronization of their pollinators (Schenk et al. 2018; Freimuth et al. 2022). In
addition, spatial distribution (Marshall et al. 2018), which can alter the dynamics of local
ecosystems, with increased competition for resources (Montalva et al. 2023) and cases of
increased susceptibility to the occurrence of invasive species (Acosta et al. 2016;
Nascimento et al. 2022) were also reported. Extreme events are expected to be

increasingly frequent and intense. We are already facing an increase in global
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temperature, estimated to be 1.5 to 4.4°C higher than current averages by 2100 due to
greenhouse gas emissions (IPCC — Intergovernmental Panel of Climate Change, 2021).

The global decline in bee populations is currently attributed to anthropogenic
impacts, including climate change (Sanchez-Bayo and Wyckhuys 2019; Zattara and
Aizen 2021; Lima et al. 2022), and represents a significant threat to safeguard food
security (Potts et al. 2016; Giannini et al. 2020a). In Brazil, estimates suggest that the
majority of crop pollinators will face reductions in their areas of occurrence (Giannini et
al. 2012). In Cerrado biome, where knowledge of pollinators is inversely proportional to
degradation rates, passion fruit pollinators could decline by up to 90% (Giannini et al.
2013). And recently, in the first predictive study of bees in the Brazilian Amazon, it was
observed that the species will lose suitable habitats in areas of rainforest (Giannini et al.
2020b).

Given the need to anticipate the consequences of these catastrophic scenarios, the
use of Species Distribution Modeling (SDM) has been useful and is consistent (Elith et
al. 2006; Elith and Leathwick 2009; Valavi et al. 2021). Essentially, SDM delineates the
interrelationship among environmental variables of the suitable habitats of a target
species (Phillips et al. 2006). Its primary objective is to establish the range of tolerance
levels, guaranteeing the sustainability of populations within these defined limits in the
long term (Oliveira et al. 2019).

In performing these procedures, certain algorithms offer significant benefits when
working with species that have sampling deficits (Phillips et al. 2006). This is particularly
relevant in tropical areas, where high biodiversity can pose challenges to comprehensive
data collection. Due to the complexity of tropical ecosystems, logistical limitations, and
the sheer variety of species present, datasets are often incomplete or sparse (Oliveira et
al. 2016; Carvalho et al. 2023).

Data concerning Xylocopa species in the lower latitudes of Brazil has
predominantly been derived from sporadic collections and historical expeditions (Ducke
1908, 1910). It wasn't until the late 1980s that systematic surveys began to gain traction,
marking a significant turning point in the comprehensive understanding of these species
in the region (Pereira et al. 2021). However, reviewing and digitizing this information
into public data is necessary for climate modeling studies (Canhos et al. 2015, 2022).

Taking this into consideration, a comprehensive review (Ferreira et al. 2024) was
undertaken for the Xylocopa species on an ecotonal region where the Amazon rainforest,

Cerrado (Park Savanna) and Caatinga (Steppic Savanna) Brazilian biomes intersect
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(Maranhdo state). This study included 20 structured surveys, each one with monthly
surveys, for at least one year. In addition, researchers conducted six case studies that
focused on the floral visitors of specific plants, that resulted on new records for Xylocopa
species.

We aim here to predict the impact of climate change on twelve Xylocopa species
previously recorded in transitional areas of three biomes in the Brazil, Amazon rainforest,
Caatinga and Cerrado (state of Maranhdo, northeast Brazil). Specifically, we aim: (1) to
analyze the potential changes in the distributional areas of Xylocopa species and (2) to

indicate the priority areas for the conservation of these species.

Material and methods
Study area

The study focuses on a region that hosts diverse vegetation types and transitional
landscapes as a result of the convergence of three primary biomes (Amazon, Cerrado, and
Caatinga) in the Maranhdo State (northeastern Brazil). The area has 329.651 km? and is
located between 01°01" to 10°21’ S and 41°48" to 48°50" W (Fig 1A). The vegetation cover
is heterogeneous, characterized by remnants of ombrophilous forest in the west, park
savanna covering the center-south, steppic savanna in the east, and pioneer formations
adapted to marine, fluvial and lake influence in the north. The contact areas are formed
by physiognomic interpenetrations and large discontinuous areas (BDiA 2021).

The study area has a warm tropical climate type — Aw (Koeppen 1948), and the
climatic variation follows a longitudinal pattern combining with the vegetal
physiognomies. It is divided into a humid equatorial zone in the western portion; a semi-
humid tropical zone in the central portion; and a semi-arid tropical zone in the eastern
portion (Fig 1A) (IBGE, 2002). The average temperature shows little variation throughout
the year (17.5 °C —29.5 °C) but is slightly warmer in continental regions (Fig 1B). During
the dry season, the maximum temperature typically hovers at around 32°C, but recently it
was recorded at over 40°C (Cerqueira 2023), as a result to the impact of the current El
Nifio event (Bennett et al. 2023).

This region has two well-defined seasons, varying from east to west respectively:
six dry months with average annual precipitation of 700 — 1.000 mm and eight rainy
months with precipitation of 2.500 — 2.900 mm (Fig 1C). Humidity is high especially

along the coast and decreases in the central and southeast areas, ranging from 85 — 70%
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an annual average (Fig 1D). The central areas are characterized by extreme events of
prolonged droughts and short periods of torrential rains, classifying these areas as

potentially climatically aggressive (Filho 2014).

Occurrence data acquisition

We based our study on the list of Xylocopa species recorded in the Maranhao state
in a previous study (Ferreira et al. 2024), which counted twelve species distributed in
three subgenera: Neoxylocopa (X. amazonica Enderlein; X. aurulenta Fabricius; X.
cearensis Ducke; X. frontalis Olivier; X. grisescens Lepeletier; X. hirsutissima Maidl, X.
nigrocincta Smith; X. transitoria Pérez); Schonnherria (X. macrops Lepeletier; X.
muscaria Fabricius; X. subcyanea Pérez) and Stenoxylocopa (X. sp). This study presents
the most complete occurrence data for the Maranhdo and was obtained from the following
collections: Colecao de Abelhas da Universidade Federal do Maranhao — UFMA, Sao
Luis, MA (LEACOL), Cole¢ao do Laboratério de Ecologia e Sistematica de Insetos
Polinizadores ¢ Predadores, UFMA, Sao Luis, MA (LESPP), Cole¢ao Zooldgica do
Maranhao, UEMA, Caxias, MA (CZMA), Museu Paraense Emilio Goeldi (MPEG),
Belém, PA (MPEG) and Cole¢ao Entomologica Dantncia Urban, UNILA, Foz do Iguacu,
PR (CEDU).

Records of the complete distribution area of Xylocopa bees, apart from Maranhao,
were obtained from the main public biodiversity data providers: Global Biodiversity
Information Facility — GBIF (doi.org/10.15468/dl.ezbew4) and Specieslink
(specieslink.net/search/download/20231010141931-0007074). The  DarwinCore-
formatted dataset has undergone filters to exclude incomplete or inconsistent information.
Occurrence data was compared with information available in systematic catalogs (Hurd
1978; Moure and Melo 2023). From the GBIF, we excluded the data extracted from the
citizen science platform iNaturalist because it is a group that is difficult to identify
through photographs (especially males and melanic females).

The collections that providing most of the data followed by the specialists who
identified the species, were: American Museum of Natural History (AMNH), John
Ascher; Snow Entomological Collection (SEMC), Robert Brooks; National Museum of
Natural History (USNM), Paul Hurd Jr. The latter institution also includes photographs
of the dorsal habitus of the individuals that can be examined and compared. The Brazilian
collections with the most occurrence records of the selected species (with the exception

of above mentioned) include: Cole¢do Entomologica do Departamento de Sistematica e
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Ecologia (UFPB), Fernando Zanella (UNILA); Museu de Zoologia (USP), Pe. Moure
(UFPR) and Cole¢ao Entomoldgica do Laboratério de Abelhas (UFC), Favizia Oliveira
(UFBA). In addition, data from specialized literature was included, especially taxonomic
and systematic studies (Lucia et al. 2014, 2015; Mawdsley 2018; Villamizar et al. 2020;
Mérida-Rivas et al. 2022). The list of occurrence records can be accessed at

Supplementary Material A.

Climatic data acquisition

Climate layers for the current scenario (baseline) were extracted from WordClim
2.1 database (worldclim.org/data/worldclim21.html) (Fick and Hijmans 2017). We
obtained 19 bioclimatic layers and altitude with a 2.5 minutes arc resolution (cell size ~5
km?) that define mean climate data for 1970-2000. We used VIF (Variance Inflation
Factor) collinearity test (Zuur 2009) using R v.4.3.2 (R development core team 2019) to
remove the least-correlated layers, minimizing noise and ensuring the models robustness
(Aguirre-Gutiérrez et al. 2013; Tourne et al. 2019). The following layers were selected:
Altitude (ALT), Mean Diurnal Range (BIO 02), Isothermality (BIO 03), Temperature
Seasonality (BIO 04), Temperature Annual Range (BIO 07), Mean Temperature of Driest
Quarter (BIO 09), Annual Precipitation (BIO 12), Precipitation of Wettest Month (BIO
13), Precipitation of Driest Month (BIO 14), Precipitation Seasonality (BIO 15),
Precipitation of Warmest Quarter (BIO 18) and Precipitation of Coldest Quarter (BIO
19).

Climate layers for the future scenarios were also extracted from WorldClim 2.1
and resulted from the Coupled Model Intercomparison Project Phase 6 (CMIP6)
considering future projections (Eyring et al. 2016). The climate information was
represented through global circulation models (GCM) and Shared Socio-economic
Pathways (SSPs) considering the general trends presented in the latest IPCC report (IPCC
— Intergovernmental Panel of Climate Change, 2021). We chose the GCM HadGEM3-
GC31-LL from the Hadley Center, UK (Roberts 2017), which has been used in modeling
studies and demonstrated good simulation performance (Jackson et al. 2022; Li et al.
2023). We used two scenarios, SSP245 and SSP585 considered optimistic and pessimistic
scenario respectively, for the period 2041-2060. This medium-term scenarios are more
suitable for supporting management and conservation plans (Giannini et al. 2017, 2020b;

Martinez-Lopez et al. 2021).
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Species distribution modeling

To perform SDM, we used the Biomod2 package v. 4.2-4 (Thuiller et al. 2023) in
R (R development core team, 2019). Modeling relied on two algorithms: Maximum
entropy (MAXENT) which uses entropy to estimate the probability of occurrence of a
species in a location (Phillips et al. 2006), and Generalized linear model (GLM) which
uses a linear relation between variables and the response, creating a linked function to
adjust the distribution probability (McCullagh and Nelder 1989). The use of these
algorithms is justified by their robustness (mainly for restricted occurrence records) and
their frequency use which has generated increasing validation (Giannini et al. 2020b;
Kaky et al. 2020; Zhang et al. 2021; Ahmadi et al. 2023).

With the unavailability of true absence data for the selected species, we generated
five datasets of pseudo-absences containing ten times the number of presence data
randomly distributed (Barbet-Massin et al. 2012). The modeling procedure was based on
randomly partitioned 80% of the data for training and 20% for evaluation, this random
process was repeated ten times, in order to obtain a significant number of replications
(Kindt 2018). As a result, we obtained 300 models per species, considering the current
scenario and two future scenarios.

The generated models were evaluated using the True Skill Statistic (TSS), which
measures sensitivity (presence accuracy rate) and specificity (pseudo-absences accuracy
rate). Their values range between -1 to 1, indicating null and high prediction accuracy
respectively (Allouche et al. 2006). Therefore, in this study we consider a cutoff threshold
equal to 0.7, to discard low-quality models and filter only the most consistent ones

(Hijmans 2012).

Ensemble forecast and suitability estimates

After performing the distribution modelling, a weighted consensus method
(ensemble forecast) was used. This procedure combines the filtered models from the
distribution modeling into a unique and more robust result (Acosta et al. 2016). We used
a function available in the Biomod2 to generate ensemble forecast for each
species/scenario based mean of probabilities over the selected models (Thuiller et al.
2023). Subsequently, the models were binarized according to the modeling cutoff
threshold (0.7), in order to facilitate comparison with the rates of gain and loss in future

projections (Lira et al. 2020).
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Finally, we combined (stacked) the final binary model of the current scenario with
the final model of each future scenario to calculate the proportional change in the size of
the occurrence in the study area. We calculated X current area and X future area in
proportion to the total study area, and then the total balance of suitability areas was
obtained using the following formula: [(X future area - X' current area) + X current area]
* 100. All spatial analyses, area classifications in the binary models and final visual

representations were produced in ArcMap 10.5 (ESRI 2015).

Results

The final occurrences dataset was composed of 2349 records for twelve species,
which generated models that were considered accurate with an overall average of TSS =
0.806, Sensitivity = 88.131 and Specificity = 87.699 (Tab 2). The Maxent algorithm
performed slightly better than GLM for most species. Among the climatic layers, the
Isothermality (BIO 03) had the highest responsiveness while Precipitation of Warmest
Quarter (BIO 18) had the lowest (Tab 2).

According to models under current conditions, we observed different sizes of
climate suitability between Xylocopa species. The species with higher potential
distribution area in Maranhao state were X. frontalis (91.9%) followed by X. amazonica
(68.3%) and X. grisescens (56.8%). Small potential distributional area was obtained for
X. macrops (10.9%), X. sp. (17.7%) and X. aurulenta (20.4%) (Tab 1).

The models projected under future conditions revealed that ten out of the twelve
Xylocopa species will be affected by reductions in their areas of occurrence. Xylocopa
aurulenta is expected to potentially lose its entire area of occurrence in Maranhao, even
in the optimistic scenario (Fig 2B). Another species with a high potential loss of
occurrence area is X. amazonica, losing between 72.3% and 95.3% of its range (Fig 2A).

In general, Xylocopa species potentially affected will have considerably different
responses depending on the SSP scenario. On average, these species will loss 41.2% of
suitable areas in the optimistic scenario and 65% in the pessimistic scenario. Some species
as X. nigrocincta and X. subcyanea exhibit a potential difference of 40 and 50% on the
future distributional area considering both scenarios (Tab 1).

On the other hand, even with a slight reduction, X. frontalis will remain widely
distributed in Maranhdo (Fig 2D), in addition, two other species will benefit in future
scenarios. Xylocopa hirsutissima will maintain its current range and will potentially

increase it, expanding its current distribution area nearly on 23%, mainly in the southern
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region of Maranhao state (Fig 2F). Xylocopa grisescens will potentially lose only 2% of
its current distribution under future scenarios. However, its future distribution will
potentially expand more than half of its current area, covering more than 80% of
Maranhao state in all scenarios (Fig 2E).

Although Xylocopa species have uneven distributions, most species were recorded
predominantly in the northern areas of the Maranhdo state, possibly associated with
spatial sampling biases. However, the species X. hirsutissima and X. subcyanea
compensate for the suitable areas in the central region (Fig 2F-K).

According to the forecast combining all Xylocopa species, we found that eight
species overlap in the north region of the study area (Fig 3). Some species will become
less susceptible in these areas and shift towards the southern regions.

In general terms, the Amazon biome, in the west portion of study area, probably
will lose its climate suitability for all the species studied. In contrast to the Cerrado biome
and the dry transition areas characteristic of the Caatinga biome (north and central areas)
that will probably become more attractive to the species. Coastal areas, to a lesser extent,

will remain suitable for at least half of the Xylocopa species found in the studied area.

Discussion

This study addresses the potential impact of climate change on the future
distribution of Xylocopa species in transition areas of eastern Amazon. Our results
reflected the richness and distribution patterns of Xylocopa species under current and
future climate conditions.

Under current conditions, X. frontalis is the most widely susceptible species,
covering almost the entire state of Maranhao. This was to be expected, as it is distributed
throughout South and Central America, with many occurrences in different types of
environments (Lucia et al. 2014; Mérida-Rivas et al. 2022). In Maranhdo, X frontalis has
the highest number occurrence points, since it has been recorded in all the surveys already
conducted (Ferreira et al. 2024).

On the other hand, X. amazonica, despite having few occurrences, also has a large
area of suitability, with almost 70% of the total area of the state. This species is not only
restricted to the Amazon basin (Silva et al. 2009) and their under-sampling is probably
associated with a taxonomic impediment (Engel et al. 2021). Other two species (X.
aurulenta and X. grisescens) are clearly contrasting, the former occupying forested areas

of the Amazon basin, while the latter mainly open areas, present in transition regions,
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Cerrado and Caatinga of the northeast. Xylocopa macrops had the smallest range of
suitability in Maranhao, restricted to the coast and small isolated areas in the south. This
species presents the unclear distribution pattern (probably another taxonomic limiting
factor), occurring predominantly in southern Brazil and northern Argentina, but has some
widespread records in the interior of Brazil, including in the Amazon basin (Schlindwein

et al. 2003; Lucia et al. 2015; Moure and Melo 2023).

Potential changes in the distributional areas of Xylocopa species under climate change

Our models for future scenarios indicate the potential reduction in the distribution
area of ten Xylocopa species, showing that those restricted to Amazon forests will likely
be the most affected. Most records of X. aurulenta are concentrated in the 1990s (Rebélo
et al. 2003), in places that were conducive to its survival, was rediscovered 10 years ago
in areas on the extreme northwestern border (Ferreira et al. 2019), and will potentially
completely lose its areas of occurrence in Maranhdo over the next 20 years. Xylocopa
amazonica, which currently has high suitability, could continue to be under sampled if
new surveys are not conducted, as it will also be drastically affected.

We observed that some of the species with the highest proportion of potential
losses are generally less studied. There is a scarcity of knowledge, for example, about
bee-plant interactions of X. aurulenta, X. amazonica, X. subcyanea, X. macrops and X.
sp. in the transitional areas mentioned (Ferreira et al. 2023). As with most bee species in
the Amazon, the lack of basic information about their resources is worrying, because it
makes it difficult to understand the degree of threat they will face (Giannini et al. 2020b).
Since even the restricted areas that will be suitable for bees in the future may not be
suitable for the plants that subsidize their food sources (Kuhlmann et al. 2012; Giannini
etal. 2013).

As expected, the intensity of the losses faced by the species will be proportional
to the scenarios, so we can direct optimistic expectations towards 25% fewer losses for
most of these species. Nevertheless, international policy efforts are not keeping pace with
short- and medium-term temperature trends (O’Neill 2022), that way, the pessimistic
scenario has been considered the closest to reality (Kemp et al. 2022), based on the indices
presented in the indices presented in the latest IPCC AR6 assessment (2021). Under these
circumstances, the trend for most Xylocopa species will be one of intermittent decline,

even those that are currently more climatically adjusted (Farias-Silva and Freitas 2021).
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Two species showed a different result. Our models showed the X. grisescens and
X. hirsutissima will potentially double their areas of occurrence in Maranhdo. This
expansion is probably due to the increase in temperature of currently humid regions,
which will result in drier (Maia et al. 2020) and more homogeneous environments
(Giannini et al. 2020b). Despite this, a climate modeling study carried out previously
indicated X. hirsutissima as one of the species most negatively affected by climate change
in the Cerrado (Giannini et al. 2013). In the same study, X. grisescens also showed
potential losses, but with less intensity.

In general, some loss rates were partially offset by increases in areas in other
directions. The shift in their geographic distribution will occur in a north-south direction.
The loss of suitability in the Amazon region of Maranhdo is aggravated by the fact that,
in addition to the climatic factor, the rate of environmental degradation is increasing to
alarming levels (Silva Junior et al. 2020). Considered as an important component of
transition areas, this forest environment could perhaps allow the occurrence of other
species restricted to the Amazon basin. For example, X. viridis probably occurred at the
extreme edge of the eastern Amazon at the beginning of the century (Ducke 1908), and
over time its range became more restricted. Today, its easternmost occurrence is limited
to the state of Pard, and it continues to decline (Mawdsley 2018; Giannini et al. 2020b).

From all the Xylocopa species recorded in the Amazon basin (Mawdsley 2018),
only 41% are found in Maranhao, and these are the species with the widest distribution.
On the other hand, 80% of the species recorded in the Caatinga (Silva et al. 2009) are
found in the state. In view of this, our results suggest that Maranhao will have more

characteristics associated with the Brazilian semi-arid region.

Priority areas for the conservation of Xylocopa species analyzed

In the future, certain areas where Xylocopa species can thrive are protected, such
as the Leng6is Maranhenses National Park and Environmental Protection Areas (APA)
located on the northern coast (in addition to the Restingas' Integral Protection) and the
Mirador State Park and Chapada das Mesas National Park located in the southern region.
However, the connection between these two regions is composed of vast discontinuous
and fragmented areas under pressure from the agricultural and urban frontier (Bastos et
al. 2019). These ecotone areas are complex and will be fundamental to the movements of

these species in the future.
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Management plans for agricultural practices could potentially be implemented in
these regions. One approach could involve utilizing plant species identified by Ferreira et
al. (2023) while considering floral resources, pollinator preferences, and seasonality. This
would ensure resources are available throughout the year and reduce the competition
generated by niche overlaps (Aratjo et al. 2021). Other conservation aspects of these
pollinators, proposed for species in the Brazilian Cerrado (Giannini et al. 2013), can also
be applied here. These include considering the availability of nesting substrates (dead
trees, logs, stumps, and wood in general) near managed areas, or provide artificial nesting
boxes (Freitas and Oliveira Filho 2003) and trap nest as solitary bee hotels (Pereira and

Gardfalo 2010; Ribeiro and Gaglianone 2021).

Caveats and future steps

Even after accounting for sampling limitations in southern Maranhao, the models
were found to be suitable, for the majority of species, in the northern portion of the state.
Filling in distribution gaps could enhance the reliability of the results. Conducting new
surveys in regions where information is scarce, such as the far south and west of the state,
would be beneficial. A possible way of increasing our comprehensive knowledge of these
pollinators would be to encourage citizen-science recordings (Theobald et al. 2015),
especially from places that are difficult to access.

In addition to climate predictions, it is necessary to consider details regarding the
ecological niche of the species, such as insect-plant interaction networks and habitat
changes, especially considering the heterogeneous characteristics of transition areas,
given the high rates of environmental degradation (MapBiomas 2022). These findings
can be used to spread awareness among the general public and particularly to guide

conservation strategies for decision-makers through public policies.

Conclusions

This study presents the expected effects of climate change on the distribution of
Xylocopa species in the Eastern Amazon. Most species are likely to suffer a reduction in
their range, especially those that have restricted habitats in humid forests, such as X
aurulenta, which may completely lose its range in Maranhdo. On the other hand, X.
grisescens and X. hirsutissima may expand their range as temperatures rise. Xylocopa
frontalis will probably still be the species with the largest distribution area and is

considered to be an important pollinator of various plant species. These findings are
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highly significant for the conservation of Xylocopa species in the Eastern Amazon and it
is essential to identify and protect the areas that will remain suitable for these species in
the future. We identified three areas of future suitability, which include the coastal areas,
which will serve as sanctuaries for most species, the Cerrado located in the southern part
of the state and the intermediate transition areas in the central region. These areas require
special attention, and it is suggested that management plans and friendly agricultural
practices be implemented to ensure the availability of resources and, ultimately, the

conservation of these pollinators.
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Table 1. Xylocopa species climate suitability, current and future scenarios in Maranhao.
All values in percentages. (X Ca) Current area; (X Fa) Future area; (+/-) Rates of loss (-)
or gain (+); Xylocopa species: Am — X. (Neoxylocopa) amazonica, Au—X. (N.) aurulenta,
Ce — X. (N.) cearensis, Fr — X. (N.) frontalis, Gr — X. (N.) grisescens, Hi — X. (N.)
hirsutissima, Ni — X. (N.) nigrocincta, Tr — X. (N.) transitoria, Ma — X. (Schonnherria)

macrops, Mu — X. (S.) muscaria, Su— X. (S.) subcyanea, St — X. (Stenoxylocopa) sp.

Xylocopa 2041-2060
species 2 Ca . SSP 245 ‘ SSP 585
Gain Loss XFa +/- Gain Loss XYFa  +/-
Am 68.3 104 597 189 -723 210 672 3.17 -953
Au 20.4 — 20.4 — -100 — 20.4 — -100
Ce 51.1 092 198 322 -369 0.03 297 145 -67.1
Fr 91.9 035 129 793 -13.7 041 232 683 -25.6
Gr 56.8 3.0 144 864 521 253 246 822 44.7
Hi 45.2 21.0 — 66.2 464 250 — 70.2  55.3
Ni 41.8 145 225 338 -191 460 351 113 -729
Tr 28.1 045 114 17.1 -39.1 — 16,6 11.5 -59.0
Ma 10.9 6.04 10.8 6.07 -443 342 109 342 -68.6
Mu 53.7 251  26.8 385 -283 112 256 234 -564
Su 43.1 141 214 356 -174 596 327 16.1 -62.6
St 17.7 0.74 811 103 -41.8 0.50 804 10.1 -42.9
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Table 2. Statistical analyses of model quality, mean evaluation scores and variables
importance. Climatic variables: 1 = more explanatory; | = less explanatory; BIO 02 =
Mean Diurnal Range; BIO 03 = Isothermality; BIO 07 = Temperature Annual Range;
BIO 09 = Mean Temperature of Driest Quarter; BIO 12 = Annual Precipitation; BIO 14
= Precipitation of Driest Month; BIO 15 = Precipitation Seasonality; BIO 18 =

Precipitation of Warmest Quarter; BIO 19 = Precipitation of Coldest Quarter.

Evaluation scores

Variables importance

Xylocopa
species TSS Sensitivity Specificity ™ J
Am 0.896 95.652 93.913 BIO 04 BIO 15
Au 0.755 83.505 91.925 BIO 14 BIO 09
Ce 0.803 92.152 84.223 BIO 19 BIO 03
Fr 0.882 89.573 83.127 BIO 03 BIO 18
Gr 0.749 85.185 89.691 BIO 07 BIO 15
Hi 0.814 96.610 84.788 BIO 03 BIO 19
Ni 0.711 82.143 80.503 BIO 12 BIO 07
Tr 0.840 95.238 88.793 BIO 07 BIO 18
Ma 0.719 85.600 77.206 BIO 03 BIO 18
Mu 0.707 77.510 84.805 BIO 07 BIO 14
Su 0.801 86.275 93.755 BIO 03 BIO 09
St 0.997 100.00 99.667 BIO 14 BIO 02
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Figure 1. A) Climate typologies and the arrangement of regional weather stations in the
Maranhdo state. The Amazon Biome (AMZ) are mainly under the influence of the
Equatorial humid climate, while the Cerrado area (CER) under the influence of Semi-
humid and scattered spots of Caatinga (CAA) under Semi-arid climate (See Ferreira et al.
2024). The color gradients are divided by the number of dry months (dm). Source: IBGE,
2002; B) Average annual temperature (C°); C) Average annual precipitation (mm); D)
Average annual humidity (%). Source: UEMA/NUGEOQO, 2009.
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Figure 2. Current and future ranges for the Xylocopa species under optimistic (SSP 245) and
pessimistic (SSP 585) scenario. Color gradients are proportional to the occurrence probability
of each species: 1 = suitability; 0 = unsuitability.
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Figure 3. Overlapping current and future ranges for the Xylocopa richness from Maranhdo
state under optimistic (SSP 245) and pessimistic (SSP 585) scenarios.
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4. DISCUSSAO INTEGRADORA

Neste estudo buscamos contribuir para o entendimento da diversidade, distribui¢do e
ecologia das abelhas do género Xylocopa no estado do Maranhdo. Ao longo de trés capitulos,
exploramos aspectos relacionados a taxonomia, padrdes de distribuicao, interacdes alimentares
e impactos das mudangas climaticas sobre essas espécies. Além disso, direcionamos estratégias
de conservacao considerando os cenarios atuais e futuros mais realistas.

No primeiro capitulo, identificamos 12 espécies distribuidas em trés subgéneros
(Neoxylocopa, Schonnherria e Stenoxylocopa), destacando a importancia das areas de transi¢ao
e a complexidade da distribui¢do em um estado caracterizado pela confluéncia de trés grandes
biomas brasileiros (Amazonia, Cerrado e Caatinga). Os padrdes de distribui¢do observados
indicaram uma associacao entre a antropizagao e a expansao de espécies adaptadas a ambientes
abertos, por outro lado, espécies restritas as areas florestadas podem ser mais afetadas. Estes
indicios, no entanto, foram tratados com cautela, devido aos vieses amostrais inerentes aos
levantamentos realizados no estado, que, em sua maioria concentrou-se na por¢cao norte e
nordeste.

A auséncia de algumas espécies previamente observadas sugere que elas podem estar
ameacadas ou extintas localmente. Isso destaca a necessidade de confirmagao e a importancia
de futuras pesquisas para compreender melhor a dinamica dessas populagdes. Além disso, o
registro de uma nova espécie (Stenoxylocopa) ressalta a relevancia da pesquisa taxondmica para
a compreensdo integral da biodiversidade, fornecendo subsidios basicos para estudos mais
aprofundados.

No segundo capitulo, reforcamos o generalismo alimentar ja conhecido do género
Xylocopa. As espécies analisadas visitaram uma ampla gama de espécies botanicas e
promoveram o compartilhamento de parte destes recursos. Foi observado um particionamento
funcional nas interagdes destas abelhas, sugerindo estratégias adaptativas que possibilitam a
coexisténcia de espécies generalistas € menos generalistas no mesmo ambiente. No geral, as
espécies botanicas mais atrativas foram Chamaecrista hispidula e C. ramosa como
fornecedoras de polen e Passiflora foetida e Canavalia rosea como fontes de néctar. A rede de
interacdo se mostrou diferente conforme a fitofisionomia analisada, mas no geral, foram
dominadas por pelo menos duas espécies de abelhas (X. cearensis e X. frontalis).

Em escala regional foi possivel identificar espécies tipicas tanto do nordeste semidrido,
quanto da bacia amazonica, garantindo, portanto, recursos variados necessarios para a

manutengdo da diversidade de polinizadores no Maranhao.
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No terceiro capitulo, examinamos os potenciais efeitos das mudangas climéticas na
distribuicdo das espécies de Xylocopa nesta regido limitrofe da Amazonia Oriental. As
projegoes indicaram provaveis alteracdes para a maioria das espécies. Espera-se, por exemplo,
que X. aurulenta perca potencialmente toda a sua area de ocorréncia no Maranhdo, mesmo no
cendrio mais otimista. Outra espécie com alto potencial de perda de 4rea de ocorréncia ¢ X.
amazonica, perdendo entre 72,3% e 95,3% de sua distribui¢do. Apenas duas espécies (X.
hirsutissima e X. subcyanea), aparentemente, tendem a expandir suas areas de adequabilidade.
O contraste ambiental entre essas espécies € expressivo nos modelos projetados para o futuro.
De acordo com as representagdes climaticas, as espécies adaptadas a ambientes imidos, como
florestas ombrofilas, podem enfrentar desafios significativos para sobreviver. Isso ocorre
porque as espécies associadas a areas mais secas e com caracteristicas savanicas tendem a
ganhar espaco em curto e médio prazo.

Apesar dos cendrios de mudancas, ha pelo menos uma espécie com padrao de distribui¢ao
constante. Xylocopa frontalis ¢ a espécie com maior distribuicdo, sendo amostrada em
praticamente todos os pontos de coleta, o que ja era esperado, uma vez que essa espécie ocorre
em grande parte da América do Sul e Central. As projecdes evidenciam uma adequabilidade
ambiental muito alta, independente da fitofisionomia, e mesmo considerando o pior dos
cendrios, ela provavelmente continuard a dominar toda a regiado.

Quanto a riqueza total, os modelos finais e sobrepostos identificaram pelo menos trés
areas com potencial de adequabilidade no futuro. Estas incluem as areas costeiras, que
funcionardo como santudrios para a maioria das espécies, o Cerrado no sul-sudeste do estado e
as areas intermediarias de transicdo na regido centro-leste. Constituem-se de pontos focais
prioritarios para conservacao, os quais sao apenas parcialmente protegidos. A regido central é
caracterizada por areas ecotonais complexas que serdo fundamentais para os movimentos destas
espécies no futuro, no entanto, ¢ composta por vastas areas descontinuas e fragmentadas sob
forte pressdo da fronteira agricola e urbana.

Sugere-se, portanto, uma atengdo especial nesta regido, através, por exemplo, da
implementagdo de planos de gestdo para praticas agricolas amigaveis, com a utilizagdo
preferencial das espécies botanicas mais atrativas, identificadas no segundo capitulo. Além
disso, ¢ necessario considerar a disponibilidade de substratos de nidificagcdo (arvores mortas,
troncos, tocos e madeira em geral) perto das areas manejadas, ou o fornecimento de caixas de
nidificagdo artificiais e ninhos-armadilha adaptados nos chamados “hotéis de abelhas”. Em
ultima andlise, considera-se como ideal a delimitacdo legal dessas areas, levando em conta as

condicdes e recursos mencionados neste trabalho.
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5. CONSIDERACOES FINAIS

Apresentamos aqui o primeiro estudo sistematico sobre as abelhas carpinteiras do género
Xylocopa em areas de transicdo da Amazodnia Oriental. A diversidade do género no estado do
Maranhao abrange diversas fisionomias, com espécies associadas a areas secas e abertas, como
X. cearensis, X. grisescens e X. hirsutissima, e outras pertencentes a ambientes de floresta
umida, como X. aurulenta e X. transitoria. Adicionalmente, espécies amplamente distribuidas,
como X. frontalis, X. muscaria ¢ X. nigrocincta, incrementam a composi¢ao dessa riqueza.

Apesar das limitagdes impostas pelo processo de amostragem em locais de dificil acesso,
os resultados deste trabalho possuem alta representatividade espacial. Assim, identificamos as
areas prioritarias para a conservacao dessas espécies, além de suas preferencias fitofisionomicas
e alimentares. Estas sdo informagdes valiosas no sentido mais amplo de entendimento do nicho
ecoldgico do grupo, especialmente se tratando de areas de transi¢ao caracterizadas por elevados
indices de degradagao ambiental.

Esperamos que as chaves de identificagdo e ilustracdes fornecidas sirvam como estimulo
e facilitador para futuros inventdrios na regido. Recomendamos a realizacdo de novas
expedicdes, especialmente, no sul e oeste do Maranhdo, onde os niveis de ocupacao e uso da
terra sdo inversamente proporcionais ao conhecimento basico sobre a maioria das espécies.

A lista de espécies botanicas apresentada podera servir como orientacao para planos de
manejo, recuperagdo de areas degradadas e até mesmo no aprimoramento das praticas agricolas
de subsisténcia. Incentivamos ativamente a participagdo da comunidade em projetos de ciéncia
cidada, especialmente em locais de dificil acesso, a fim de enriquecer o conhecimento com
novos registros e relatos sobre esses importantes polinizadores.

Por fim, os modelos climaticos foram atenciosamente desenvolvidos por meio de mapas
didaticos de facil compreensdo, com o propoésito claro de guiar, de forma predecessora,
planejamentos ¢ estudos da area ambiental. Destacamos, portanto, a relevancia dessas
descobertas como alicerce informativo para moldar politicas publicas direcionadas as
estratégias de conservacdo. Além disso, ressaltamos o potencial desses resultados em
sensibilizar ndo apenas a comunidade académica e técnicos analistas, mas também o publico
em geral. Assim, em ultima analise, cooperamos para a valorizagdo e conservagao da

biodiversidade maranhense.
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Anexo 1: Normas da Zootaxa (Capitulo 1)

Aim and scope

Zootaxa is a peer-reviewed international journal for rapid publication of high quality
papers on any aspect of systematic zoology, with a preference for large taxonomic
works such as monographs and revisions. Zootaxa considers papers on all animal taxa,
both living and fossil, and especially encourages descriptions of new taxa. All types of
taxonomic papers are considered, including theories and methods of systematics and
phylogeny, taxonomic monographs, revisions and reviews, catalogues/checklists,
biographies and bibliographies, identification guides, analysis of characters,
phylogenetic relationships and zoogeographical patterns of distribution, descriptions of
taxa, and nomenclature. Open access publishing option is strongly encouraged for
authors with research grants and other funds. For those without grants/funds, all
accepted manuscripts will be published but access is secured for subscribers only. All
manuscripts will be subjected to peer review before acceptance. Zootaxa aims to
publish each paper within one month after the acceptance by editors.

Based on length, two categories of papers are considered.
1) Research article

Research articles are significant papers of four or more printed pages reporting original
research. Papers between 4 and 59 printed pages are published in multi-paper issues of
60, 64 or 68 pages. Monographs (60 or more pages) are individually issued and bound,
with ISBNs.

Zootaxa encourages large comprehensive taxonomic works. There is no upper limit on
the length of manuscripts, although authors are advised to break monographs of over
1000 pages into a multi-volume contribution simply because books over 1000 pages
are difficult to bind and too heavy to hold.

Very short manuscripts with isolated descriptions of a single species are generally
discouraged, especially for taxa with large number of undescribed species. These short
manuscripts may be returned to authors without consideration. Short papers on species
of economic, environmental or phylogenetic importance may be accepted at the
discretion of editors, who will generally encourage and advise authors to add value to
the paper by providing more information (e.g. checklist of or key to species of the
genus, biological information......). Short papers of 4 or 5 pages accepted for
publication may be shortened for publication in the Correspondence section.

2) Correspondence

High quality and important short manuscripts of normally 1 to 4 pages are considered
to fill blank pages in multi-paper issues. Zootaxa publishes the following six types of
correspondence:
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e opinions and views on current issues of interests to systematic zoologists
(e.g.Zootaxa 1577: 1-2)

o commentary on or additions/corrections to papers previously published
in Zootaxa(e.g. Zootaxa 1494: 67-68)

o obituary in memory of deceased systematic zoologists (e.g. Zootaxa 545: 67-
68)

» taxonomic/nomenclatural notes of importance

o book reviews meant to introduce readers to new or rare taxonomic monographs
(interested authors/publishers must write to subject editors before submitting
books for review; editors then prepare the book review or invite colleagues to
prepare the review; unsolicited reviews are not published)

« and short papers converted from manuscripts submitted as research articles but
are too short to qualify as formal research articles.

These short contributions should have no more than 20 references and its total length should
not exceed four printed pages (except editorials). Neither an abstract nor a list of key words
should be included; major headings (Introduction, Material and methods...) should NOT be
used, except for new taxon heading and references. A typical correspondence should consist
of (1) a short and concise title, (2) author name and address (email address), (3) a series of
paragraphs of the main text,and (4) a list of references if any. For correspondence of 3 or 4
pages, the first or last paragraph may be a summary.

Commentaries on published papers are intended for scholarly exchange of different views or
interpretations of published data and should not contain personal attack; authors of concerned
papers may be invited to reply to comments on their papers.

Special issues

Special issues with collected papers such as a Festschrift (see Zootaxa 1325 and Zootaxa
1599) within the scope of the journal are occasionally published. Guest editors should send
the proposal to the chief editor for approval and instructions. Although guest editors for
special issues are responsible for organising the peer review of papers collected within these
issues, they must follow Zootaxa's style, stardard and peer review procedures. If any papers
by the guest editors are to be included in the special issue, then these papers must be handled
by editors/colleagues other than the editor(s) involved. Special issues must be 60 or more
pages. Normally funding is required to offset part of the production cost. Author payment for
open access is strongly encouraged. Reprints can be ordered for the entire issue or for
individual papers.

Preparation of manuscripts

1) General. All papers must be in English. Authors whose native language is not English are
encouraged to have their manuscripts read by a native English-speaking colleague before
submission. Nomenclature must be in agreement with the International Code of Zoological
Nomenclature (4th edition 1999), which came into force on 1 January 2000. Author(s) of
species name must be provided when the scientific name of any animal species is first
mentioned (the year of publication needs not be given; if you give it, then provide a full
reference of this in the reference list). Authors of plant species names need not be given.
Metric systems should be used. If possible, use the common font Times New Roman and use
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as little formatting as possible (use only bold and italics where necessary and indentions of
paragraphs except the first). Special symbols (e.g. male or female sign) should be avoided
because they are likely to be altered when files are read on different machines (Mac versus PC
with different language systems). You can code them as m# and f#, which can be replaced
during page setting. The style of each author is generally respected but they must follow the
following general guidelines.

2) The title should be concise and informative. The higher taxa containing the taxa dealt with
in the paper should be indicated in parentheses: e.g. A taxonomic revision of the
genus Aus (Order: family).

3) The name(s) of all authors of the paper must be given and should be typed in the upper
case (e.g. ADAM SMITH, BRIAN SMITH & CAROL SMITH). The address of each author
should be given in italics each starting a separate line. E-mail address(es) should be provided
if available.

4) The abstract should be concise and informative. Any new names or new combinations
proposed in the paper should be mentioned. Abstracts in other languages may also be
included in addition to English abstract. The abstract should be followed by a list ofkey
wordsthat are not present in the title. Abstract and key words are not needed in short
correspondence.

5) The arrangement of the main text varies with different types of papers (a taxonomic
revision, an analysis of characters and phylogeny, a catalogue etc.), but should usually start
with an introduction and end with a list of references. References should be cited in the text
as Smith (1999), Smith & Smith (2000) or Smith ez al. (2001) (3 or more authors), or
alternatively in a parenthesis (Smith 1999; Smith & Smith 2000; Smith ez a/. 2001). All
literature cited in the text must be listed in the references in the following format (see

a sample page here in PDF).

A) Journal paper:
Smith, A. (1999) Title of the paper. Title of the journal in full, volume number, issue number
if possible & page range.

B) Book chapter:
Smith, A. & Smith, B. (2000) Title of the Chapter. In: Smith, A, Smith, B. & Smith, C.
(Eds), Title of Book. Publisher name and location, pp. x—y.

C) Book:
Smith, A., Smith, B. & Smith, C. (2001) Title of Book. Publisher name and location, xyz pp.

D) Internet resources
Author (2002) Title of website, database or other resources, Publisher name and location (if
indicated), number of pages (if known). Available from: http://xxx.xxx.xxx/ (Date of access).

Dissertations resulting from graduate studies and non-serial proceedings of
conferences/symposia are to be treated as books and cited as such. Papers not cited must not
be listed in the references.
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Please note that:
(1) journal titles must be written in full (not abbreviated)
(2) journal titles and volume numbers are followed by a ","

(3) page ranges are connected by '""n dash", not hyphen "-", which is used to connect two
words.

For websites, it is important to include the last date when you see that site, as it can be moved
or deleted from that address in the future.

On the use of dashes: (1) Hyphens are used to link words such as personal names, some
prefixes and compound adjectives (the last of which vary depending on the style manual in
use). (2) En-dash or en-rule (the length of an ‘n’) is used to link spans. In the context of our
journal that means numerals mainly, most frequently sizes, dates and page numbers (e.g.
1977-1981; figs 5—7) and also geographic or name associations (Murray—Darling River; a
Federal-State agreement). (3) Em-dash or em-rule (the length of an ‘m”) are used far more
infrequently, and are used for breaks in the text or subject, often used much as we used
parentheses. In contrast to parentheses an em-dash can be used alone; e.g. What could these
results mean—that Niel had discovered the meaning of life? En-dashes and em-dashes should
not be spaced.

6) Legends of illustrations should be listed after the list of references. Small illustrations
should be grouped into plates. When preparing illustrations, authors should bear in mind that
the journal has a matter size of 25 cm by 17 cm and is printed on A4 paper. For species
illustration, line drawings are preferred, although good quality B&W or colour photographs
are also acceptable. See a guide here for detailed information on preparing plates for
publication.

7) Tables, if any, should be given at the end of the manuscript. Please use the table function
in your word processor to build tables so that the cells, rows and columns can remain aligned
when font size and width of the table are changed. Please do not use Tab key or space bar to
type tables.

8) Keys are not easy to typeset. In a typical dichotomous key, each lead of a couplet should be
typed simply as a paragraph as in the box below:

1 Seven setae present on tarsus | ; four setae present on tibia I; leg I longer than the body; legs
black in color ... Genus A

- Six setae present on tarsus I; three setae present on tibia [; leg I shorter than the body; legs
brown in color ... 2

2 Leg Il longer than leg I ... Genus B

- Leg II shorter than leg I ... Genus C

Our typesetters can easily convert this to a proper format as in this PDF file.
Deposition of specimens

Whenever possible, authors are advised to deposit type specimens in national or international
public museums or collections. Authors are also advised to request registration numbers of
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deposited material in advance of the acceptance of papers to avoid unnecessary delay of
publication. Some countries (e.g. Australia) require that primary type specimens be deposited
in collections of the country of origin; authors are advised to take this into consideration.

Submission

Please follow the above basic guidelines and check if your manuscript has been prepared
according to the style and format of the journal. Authors are encouraged to submit
manuscripts by e-mail as attachments to the subject Editors responsible for your taxa or
subject areas; manuscripts on small insect orders without subject editors should be submitted
to Dr Ernest Bernard (ebernard@utk.edu) or Dr Andrew

Whittington (awhittington@flyevidence.co.uk); manuscripts on other invertebrate taxa
without subject editors should be submitted to the Chief editor.

Prior to submitting a manuscript and figures to an editor, please check our website if there are
two or more editors per subject, and then contact one of these to announce your intention to
submit a manuscript for review. Please indicate the size of the manuscript, the number of
figures and the format of these files. Your editor can then respond with special instructions,
especially for the submission of many image files.

When you submit your manuscript to your editor, it will be more expedient to the review
process if you offer the names of three or more potential reviewers with their complete postal
and email addresses. It is also important to include the following statements in your cover
letter:

1) All authors agree to its submission and the Corresponding author has been authorized by
co-authors; 2) This Article has not been published before and is not concurrently being
considered for publication elsewhere (including another editor at Zootaxa); 3) This Article
does not violate any copyright or other personal proprietary right of any person or entity and it
contains no abusive, defamatory, obscene or fraudulent statements, nor any other statements
that are unlawful in any way.

Otherwise, your manuscript will not be processed.

For manuscripts with numerous illustrations, which might be saved as separate TIFF or JPG
files, for the purpose of review, it will be easier and more efficient for the subject editors and
reviewers to have the figures converted into one larger PDF (Portable Document Format) file,
instead of requiring the subject editor to save many files, cutting and copying these into a
string of messages/files to the reviewers. You should retain the original figures in a higher
resolution format for the final production of the accepted paper. For the text, PDF file along
with RTF (Rich Text format) files are preferred. The advantage of submitting a rtf file for the
text part of the manuscript is that the reviewers can emend the manuscript electronically. If
you can not prepare PDF files, then submit text in RTF and the figures in TIFF (line drawing
scanned at 600 dpi and half tone at 300 dpi; please use LZW compression, if you can, to
reduce the size of e-files for easy transmission); if halftone TIFF files are too big (exceeding 2
MB), then submit them in jpeg. See here for detailed information on preparing plates for
publication.

Vector files (charts, maps etc) are best submitted as EMF.
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If you do not have access to e-mail, you can send three copies of the manuscript by post.
Please double space your ms and leave ample margins for printed manuscripts.

Authors of accepted papers will be asked to submit an electronic version of the manuscript so
that the publisher needs not to re-key or scan the ms. At this stage, the text part of the ms must
be submitted as RTF or MS Word files and figures as TIFF files. Authors please be aware that
line drawings must be scanned at 600 to 1200 dpi as line art (=1 bit); they must NOT be
scanned as 8 bit or full colour images. Please read details here.

In submitting the final version of revised manuscript to editors, authors are asked to provide
the following information to all proper typesetting and indexing of the manuscript:

1) All the authors' names, emails and orcids. (https://orcid.org/)

2) Author last name and running title (<60 characters; to be used in footer)

3) High taxon name (i.e. taxon section in Zootaxa website) and number of new taxa described
in the paper

Authors need to complete and return an Assignment of Copyright form when paper is
accepted for publication. Authors of institutions that do not allow transfer of copyrights to
publishers (e.g. government institutions such as USDA, CSIRO) should attach a copyright
waiver or similar documents.

Review process

When a manuscript is received by the Editor, he/she will have it reviewed by at least two
peers qualified to evaluate the manuscript and he/she normally asks the reviewers to complete
the review in one month. However, the reviewing process will normally take longer,
depending on the length of the manuscript and reviewer's responses.

Publication

Once the manuscript is accepted by your subject editor, final files, produced according

to Zootaxa requirement, will be forwarded by your subject editor to the chief editor, who will
then link with author and the printer to ensure that the paper is published without unnecessary
delay. Normally the proof will be sent to the author for checking 1 to 3 weeks after the final
files are accepted. The paper will usually be published with two weeks (for larger papers it
will take longer) once the corrections to the proof are received.

Page charge and colour plates. There is no page charge for publishing with Zootaxa.
Publication of colour figures/photographs in online edition is also free of charge (print
version in black and white). If colour plates in the print edition are desired, authors will be
asked to contribute towards the full cost. Current rates: 100 USD for 1 colour page; 25% off
for 2 or more colour pages.

Order colour plates here: https://store.mapress.com/author-service/65-colour-plates.html

Open access. Zootaxa endorses the open access of taxonomic information and has published
more open access taxonomic papers than any other journal. Authors who have funds to
publish are strongly encouraged to pay a fee of 20 USS$ per printed page to give free online
access of their papers to all readers at this site or their own site. Open access papers are read
by more people and are expected to have higher citation rates.
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All open access papers are licensed under a Creative Commons Attribution-NC 4.0 Unported
License.

Order open access here: https://store.mapress.com/author-service/51-open-access.html
Reprints. Each author will be given a free e-reprint (PDF) for personal use (printing a copy
for own use or exchange with other researchers, but not for deposition in a library/website/ftp-
site for public access).

Printed copies of each paper/monograph in the form of the regular reprint can also be
produced by the Publisher for purchase by authors at cost to authors, with a discount based on
the number of copies ordered.

Order reprints here: https://store.mapress.com/author-service/66-reprints.html

Order hard copies here: https://store.mapress.com/hard-copies/67-hard-copy.html

A designated cover image will appear as the online issue cover image or printed volume cover
image when published. If you would like your image to be put there please visit:

Order Designated cover image here: https://store.mapress.com/author-service/68-244-
designated-cover.html

Quick Downloads

Recommendations about nomenclature for papers submitted to Zootaxa
Guide (one page PDF) for preparing final files for publication
Quick guide (one page PDF) for reference style

EndNote output style for Zootaxa (prepared by Paulo Petry)
Recommended form for listing corrections to proof

Copyright form

Important links

International Code of Zoological Nomenclature (4th edition 1999)
Nomenclator Zoologicus

ZooBank

Privacy Statement

The names and email addresses entered in this journal site will be used exclusively for the
stated purposes of this journal and will not be made available for any other purpose or to any
other party.
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Winnipeg, Manitoba
Canada R3T 2N2
T: 204 474 7485
FROM: Jason Gibbs, Associate Professor, jason.gibbs@umanitoba.ca

Curator, J.B. Wallis/R.E. Roughley Museum of Entomology

SUBJECT: Zootaxa submission 2023-08-03

Dear Luciano André Chaves Ferreira,

| am pleased to tell you that your manuscript “Carpenter bees (Apidae: Xylocopini: Xylocopa)
from Maranhao, northeast Brazil” has been accepted for publication in the journal Zootaxa.
Your paper will appear in a special volume dedicated to Dr. Fernando Silveira, expected later

this year.

Sincerely,

Dr. Jason Gibbs

Zootaxa Editor for bees
Associate Professor
Department of Entomology
University of Manitoba

umanitoba.cal/agricultural-food-sciences/entomology
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Carpenter bees (Apidae: Xylocopini: Xylocopa) from Maranhio, Northeast
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Abstract

We prasent a list of Xylocopa Latreille species that occur in Maranhio State, 3 region where several physiognomic
formations characteristic of the Amazon, Cerrado, and Caatinga biomes overlap. The information was compiled through
mumeareus surveys conducted in this termitory, in addition to direct consultation in scientific collections, which have many
unpublished records. Twelve species belonging to three subpenera were documented: Xylocopa (Neoxylocopa) amazenica
Enderlein, 1913, X (W) aurnlenta (Fabricius, 1804), X (V) cearensizc Ducke, 1910, X (V) frostalis (Olivier, 1788), X
(W) grisescens Lepeletier, 1841, X0 (V) hirsurizzima Maidl, 1912, X (V) nigrocinera Smith, 1854, X (V) transitoria
Perez, 1901, X (Schonnherria) macrops Lepeletier, 1841, X (5.) muscaria (Fabricins, 1775), X (5) subcyanea Perez,
1901 and X (Stenoxylocopa) sp. Of these, two species are reported as first records for Maranhdo (X hircurizsimg and X
subcyanea), one for Brazil (X franziroria), and one for science (X, (Stenoxylocopa) sp.—aot yet published).

Eey words: Anthophila, bicgeography, conservation, diversity, systematics

Introduction

The gemms Xylecopa Latrealle, 1802 consists of usually quute large bees widely distmbuted on all continents; however,
they are more diverse m the old world and more abundant in fropical and subtropical regions where temperatures are
higher (Hurd 1978; Michener 2007). X3locopa compnises approxmately 400 species, distributed in 31 subgenera,
although there are estimates of up to 700 extant species (Silveira er al. 2002). Thus, this group 15 considered one of
the largest evolutionary lineages of bees (Hurd & Moure 1963; Flant & Paulas 2016).

Aylocopa bees are popularly known as carpenter bees, as females make thewr nests in dead wood, twigs, or
bamboo cavifies, with the exception of the subgenus Proxylecopa, which nests m the soul (Hurd S Mowre 19637,
Some species are stnctly solitary and may form aggregate nests (Sakagami & Laroca 1971 Perewrz & Garofalo
2010}, while others have facultatrvely soctal habits, in which females wsnally live together m the same nest but at
different reproductive stages (Hogendoorn & Velthuws 1993; Richards 2011; Duff er al. 2023).

In generzl. capenter bees are remarkably robust, reaching over 30 mm m length. For this reason, these beas
can overcome the resistance of strong winds and can fly long distances, reaching radu of more than 10 km m search
of food (Gerling er al. 1989). During thas routed, flowers of vanious species can be visited, becanse these beas
are polylectic and thus act as effective pollinators of many species of native and cultivated plants (Roubik 1995).
Perhaps the best-known example 15 their role in passion frurt produchon, as, due to ther morphometme adaptations,

14 Accepted by J. Gibbs: 20 Nov. 2023; publizhed: 23 Jan. 2024
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ABSTRALT

The current study aimed to recognize the floral resources used by bees of the genus Xyfocopa in
transition physiognomies. We compiled the information available from biological collections and
analyzed metrics of dystrophic interaction. We listed 2547 records of Xylocopa in flowers, across
twelve identified bee species. The bees were collected from 109 plant species, belonging to 77
genera and 36 families. An interaction network was constructed based on 193 interactions. In
which there was a significant correlation between the abundance of bees collected and the
richness of plants visited. The most generalist bees were X, cearensis and X, frontalis, and the
plants with the most records were Chamaecrista hispiduia and C. ramosa. Significant seasonality
was observed in the total number of individuals. On the other hand, there was a weak similarity
among Xylocopa species according to plant species, despite the clear relationship of the bees
according to physiognomies. The interaction network proved to be highly nested, indicating
a functional partitioning that allows several species to occur in the same environment. The
centribution made by the current work for its regional scope stands out, dealing with areas
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that have distinct characteristics.

Introduction

Large carpenter bees, also known as mamangava bees,
are represented by the genus Xvlocopa Latreille, 1802
(Michener 2007). These bees are of medium to large
size, usually nest in dead wood, and are characterized
by solitary behavior with cooperatively breeding
(Gerling et al. 1989; Danforth et al. 2019). The species
in this genus are widely distributed around the world,
with the greatest diversity found in tropical zones
(Hurd & Moure 1963), with approximately 480 species
distributed in 31 subgenera (Plant & Paulus 2016; Lucia
et al. 2020).

Xylocopa species are dependent on the floral
resources and nesting substrates (Hurd 1978; Sazima
& Sazima 1989). Their body size, life cycle and long
foraging distances make them essential pollinators
(Silva et al. 2019; Harano & Hrneir 2023), especially
for botanical species that produce large flowers, such as
Bertholletia spp (Cavalcante et al. 2023) and Passiflora
spp (Barrera et al. 2021).

Because of this service provision, especially with
respect to the productive increase in crops with high

economic value in Brazil (Giannini et al. 2015), some
studies have been conducted to research and conserve
large carpenter bees, such as X. frontalis and X. grisescens
(Pereira & Garéfalo 2010; Giannini et al. 2020; Aratjo
etal. 2021; Farias-Silva & Freitas 2021; Costa et al. 2022).
These and all other species of the genus, are considered
polyletic, meaning that they potentially visit a wide vari-
ety of plant species in search of food (Keasar 2010; Lucia
et al. 2017; Villamizar et al. 2020).

In Northeast Brazil, several works have identified
plant species used by Xylocopa in dune and restinga
areas (Silva & Martins 1999; Viana et al. 2002; Viana &
Kleinert 2006; Albuquerque et al. 2007; Pigozzo et al.
2007; Ramalho & Rosa 2010; Santos et al. 2013;
Figueiredo et al. 2013). However, little is known
about the use of floral resources in other ecosystems,
such as savannas, forests, and, especially, in transitional
areas.

The State of Maranhio (MA) is located in the
Eastern Amazon, where it is represented by the con-
vergence of the humid vegetation of the ombrophilous
forest and the dry and open vegetation of the savanna,
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