ISSN 2317-6237

E MUSEU PARAENSE EMILIO GOELDI

CIENCIAS

=
LLI
—d

BO

Intera¢oes interespecificas com vespas sociais






Boletim do Museu Paraense Emilio Goeld,

Ciéncias Naturais

v.20,n.2
maio-agosto
2025



e BOLETIM DO MUSEU PARAENSE EMILIO GOELDI.
ERTY CIENCIAS NATURAIS (ISSN 2317-6237)

IMAGEM DA CAPA
Vespas da espécie
Pseudopolybia vespiceps.
Foto: Fernando
Carvalho Filho.

2 [A (redimensio).

O Boletim do Museu Paraense de Histéria Natural e Ethnographia foi criado por Emilio
Goeldi e o primeiro fasciculo surgiu em 1894. O atual Boletim é sucedaneo daquele.

EDITOR CIENTIFICO
Fernando da Silva Carvalho Filho

EDITORES ASSOCIADOS

Adriano Oliveira Maciel

Alexandra Maria Ramos Bezerra
Alexandre Felipe Raimundo Missassi
Aluisio José Fernandes Junior

Ana Carla Feio dos Santos

Ana Kelly Koch

André dos Santos Braganca Gil
Débora Rodrigues de Souza Campana
Divino Bruno da Cunha

José Nazareno Aratijo dos Santos Junior
Layla Jamylle Costa Schneider
Leonardo de Sousa Miranda

Milena Marilia Nogueira de Andrade
Priscila Sanjuan de Medeiros Sarmento
Sue Anne Regina Ferreira Costa
Valéria Juliete da Silva

William Leslie Overal

CONSELHO EDITORIAL CIENTIFICO

Ana Maria Giulietti - Universidade Estadual de Feira de Santana - Feira de Santana - Brasil
Augusto Shinya Abe - Universidade Estadual Paulista - Rio Claro - Brasil

Carlos Afonso Nobre - Instituto Nacional de Pesquisas Espaciais - Sdo José dos Campos - Brasil
Douglas C. Daly - New York Botanical Garden - New York - USA

Hans ter Steege - Utrecht University - Utrecht - Netherlands

Ima Célia Guimaréaes Vieira - Museu Paraense Emilio Goeldi - Belém - Brasil

John Bates - Field Museum of Natural History - Chicago - USA

José Maria Cardoso da Silva - Conservagao Internacional - Belém - Brasil

Laurent Polidori - 'Ecole Supérieure des Géometres Topographes - Le Mans - Franga

Lauro Valentim Stoll Nardi - Universidade Federal do Rio Grande do Sul - Porto Alegre - Brasil
Miguel Trefaut Rodrigues - Universidade de Séo Paulo - Sdo Paulo - Brasil

Nelson Papavero - Museu de Zoologia - Universidade de Sao Paulo - Sdo Paulo - Brasil

Peter Mann de Toledo - Instituto Nacional de Pesquisas Espaciais - S3o José dos Campos - Brasil
Philippe Kok - Royal Belgian Institute of Natural Sciences - Brussels - Bélgica

Roberto Dall’Agnol - Universidade Federal do Para - Belém - Brasil

Rui Cerqueira - Universidade Federal do Rio de Janeiro - Rio de Janeiro - Brasil

William Woods - University of Kansas - Lawrence - USA

NUCLEO EDITORIAL

Assistente editorial - Rafaele Lima

Editoracao, versao eletrénica e capa deste nimero - Talita do Vale

Normalizagdo - Adrienny Souza, Diana Gomes Lopes, Luiz Ramiro Cardoso e Rafaele Lima
Apoio em revisdo ortografica - Adrienny Souza, Diana Gomes Lopes e Luiz Ramiro Cardoso
Projeto Grafico - Elaynia Ono



Ministério da Ciéncia, Tecnologia e Inovacdo
Museu Paraense Emilio Goeldi

Boletim do Museu Paraense Emilio Goeld,

Ciéncias Naturais

ISSN 2317-6237

Bol. Mus. Para. Emilio Goeldi Cienc. Nat. ‘ Belém ‘ v. 20 ‘ n.2 ‘ maio-agosto 2025




ENDERECO PARA CORRESPONDENCIA:
Museu Paraense Emilio Goeldi

Ndcleo Editorial - Boletim do Museu Paraense Emilio Goeldi
Av. Perimetral, 1901

Terra Firme — CEP 66077-530

Belém - PA - Brasil

Telefone: 55-91-3075-6186

E-mail: boletim.naturais@museu-goeldi.br

INDEXADORES

CAB Abstracts

IBSS - International Bibliography of the Social Sciences

DOA| - Directory of Open Access Journals

LATINDEX - Sistema Regional de Informacién en Linea para
Revistas Cientfficas de América Latina, el Caribe, Espand y Portugal
Zoological Record

VERSAO ONLINE DA REVISTA:
https://boletimcn.museu-goeldi.br
http://issuu.com/bgoeldi_cn

SUBMISSAO DE TRABALHOS:
https://boletimcn.museu-goeldi.br/ojs/?journal =
bcnaturais&page =login

AQUISICAQ:
Permuta: mgdoc@museu-goeldi.br
Venda: livraria@museu-goeldi.br

Né&o ¢ permitida a reproducdo parcial ou total de artigos ou notas
publicadas, sob nenhuma forma ou técnica, sem a prévia autorizacao
do editor. Ficam isentas as copias para uso pessoal e interno, desde
que ndo destinadas a fins promocionais ou comerciais. As opinides

e consideragdes emitidas nos artigos assinados sdo de inteira
responsabilidade dos autores, e ndo refletem necessariamente a
posicao dos editores ou da instituicdo responsavel pela publicado.

Dados Internacionais de Catalogacdo na Publicagao CIP

Boletim do Museu Paraense Emilio Goeldi. Ciéncias Naturais. 2025. — Belém: MPEG, 2025.v. 20 n. 2., v. il.

Semestral: 1984-2002
Interrompida: 2003-2004
Quadrimestral a partir do v. 1, 2005.

Titulos anteriores: Boletim Museu Paraense de Histéria Natural e Ethnographia 1894-98; Boletim Museu Paraense de Histéria Natural e Ethnographia (Museu
Goeldi) 1902; Boletim do Museu Goeldi (Museu Paraense) de Histdria Natural e Ethnographia 1906-1914; Boletim do Museu Paraense Emilio Goeldi de Histéria
Natural e Etnografia 1933; Boletim do Museu Paraense Emilio Goeldi 1949-2002, série Zoologia, série Botanica e série Ciéncias da Terra; Boletim do Museu
Paraense Emflio Goeldi, série Ciéncias Naturais, em 2005. A partir de 2006, Boletim do Museu Paraense Emilio Goeldi. Ciéncias Naturais.

ISSN 2317-6237

1. Botanica. 2. Ecologia. 3. Entomologia. 4. Herpetologia. 5. Ornitologia. 6. Taxonomia. 7. Zoologia. I. Museu Paraense Emilio Goeldi.

CDD-21%.ed. 500

© Direitos de Cépia/Copyright 2025 por/by MCTI/Museu Goeldi
Publicado em setembro de 2025

e

CNPq

Iho Nacional de D I

Cientifico e Tecnolégico

MINISTERIO DA
EDUCAGAO

NG

MUSEU GOELDI

MINISTERIO DA
CIENCIA, TECNOLOGIA

MOBEC

Associagdo Brasileira de Editores Cientificos

GOVERNO FEDERAL

plABIL

UNIAO E RECONSTRUGCAO

E INOVAGAO


https://boletimcn.museu-goeldi.br/ojs/?journal=
bcnaturais&page=login
http://issuu.com/bgoeldi_cn
https://boletimcn.museu-goeldi.br/ojs/?journal=
bcnaturais&page=login
https://boletimcn.museu-goeldi.br/ojs/?journal=
bcnaturais&page=login

CARTA DO EDITOR

No sumadrio da segunda edicao de 2025 do Boletim do Museu Paraense Emilio Goeldi. Ciéncias Naturais, a diversidade
tematica dos trabalhos publicados reflete a amplitude e a vitalidade das pesquisas em ecologia, etologia, histéria natural e
conservacao no Brasil e em paises vizinhos. Os artigos e as notas cientfficas abordam desde registros inéditos da fauna e
interacdes ecoldgicas raras até analises detalhadas de acervos historicos e levantamentos sistematicos de biodiversidade.
As contribuicdes aqui reunidas ndo apenas ampliam o conhecimento cientffico sobre diferentes grupos taxonémicos e
ambientes, como também destacam a importancia do monitoramento continuo, da valorizacao de colec¢des bioldgicas
e da formacdo de redes de pesquisa para a conservacao da biodiversidade sul-americana.

Na é&rea da ecologia, Luz e colaboradores, no artigo “Efeitos do ambiente sobre a diversidade beta de percevejos
semiaqudticos em riachos amazonicos sob influéncia de extracdo de bauxita’, avaliaram como diferentes usos do solo —
floresta, pastagem e mineracio — influenciam a diversidade beta de percevejos semiaquéticos do grupo Gerromorpha.
Este estudo foi conduzido na regido amazdnica, municipio de Paragominas, Pard, Brasil. Embora ndo tenham sido
detectadas diferencas significativas na estrutura ambiental entre os tipos de uso do solo, foi observado que a diversidade
beta e, especialmente, a substituicdo de espécies foram fortemente associadas a varidveis locais do habitat, como largura
do canal, cobertura de dossel e temperatura da agua. Tais resultados indicam que a heterogeneidade ambiental dos
riachos é um fator-chave para a manutencio da diversidade de insetos aquéticos, independentemente do uso do solo
ao redor. Os autores conclufram que a diversidade beta de percevejos semiaquéticos € uma ferramenta sensivel para
avaliar impactos ambientais, com implicagdes relevantes para estratégias de conservacdo e monitoramento em areas
sob influéncia de mineragdo na Amazénia.

Alves e colaboradores, no artigo “Dieta de Athene cunicularia (Strigidae) no campus da Universidade Federal
do Rio de Janeiro, ilha do Fundao, Brasil”, apresentaram uma andlise qualitativa da dieta da coruja-buraqueira (nome
cientffico: Athene cunicularia) em ambiente urbano antropizado junto ao prédio da Reitoria da Universidade Federal
do Rio e Janeiro (UFR]), na llha do Fundéo, Rio de Janeiro. As amostras foram obtidas por meio da coleta de 47
pelotas regurgitadas nas proximidades de ninhos. A andlise revelou a presenca de artropodes em 100% das pelotas
e de vertebrados em 85,1%. Coledpteros (besouros), ortdpteros (gafanhotos e grilos) e aranhas foram os principais
invertebrados identificados. Dentre os vertebrados, destacaram-se lagartixas, camundongos e anuros (sapos, ras e
pererecas). Esses dados reforcam a caracteristica generalista da espécie, bem como seu papel potencial no controle
de popula¢bes de pequenos vertebrados e artropodes em ambientes urbanizados.

O artigo de Navega-Goncalves e colaboradores, “Avifauna do Jardim Botanico de Piracicaba (Area I - Santa Rita),
Sao Paulo, e sua importancia na restauracdo e conservacio da Floresta Estacional Semidecidual”, traz os resultados de
um levantamento sistematico da avifauna realizado entre 2020 e 2023 no Jardim Botanico de Piracicaba (Area [ - Santa
Rita), Sao Paulo, Brasil. Foram registradas 131 espécies de aves, distribuidas em 18 ordens e 41familias, incluindo espécies
endémicas da Mata Atlantica, exdticas e migratérias. O estudo identificou pelo menos 39 espécies com potencial para
atuar como dispersoras de sementes, polinizadoras ou ambas, ressaltando sua relevancia ecoldgica para a restauragao



e a conservagao da Floresta Estacional Semidecidual, bioma-alvo do Jardim Botanico. Além do inventario taxondmico,
0 artigo traz dados comportamentais, como interacdes reprodutivas, uso da drea como habitat e pressao antrépica.
A presenga significativa de aves insetivoras e onivoras, aliada a importancia da lagoa existente na area, reforca a fun¢ao
ecoldgica do espaco como refligio e corredor ecoldgico. Os resultados evidenciam a necessidade de medidas de protegdo
e manejo, bem como a relevancia do monitoramento continuo da avifauna como ferramenta de gestdo ambiental.

Cardoso e colaboradores apresentam, em “The invisible architects: evaluating our understanding of planktonic
tunicates in the Atlantic”, uma revisao bibliogréfica abrangente sobre os invertebrados marinhos da classe Appendicularia,
com foco especial na regido do Atlantico Sudoeste, em particular na costa brasileira. Apesar de sua reconhecida importancia
nos ciclos biogeoquimicos e no transporte vertical de carbono, esses organismos ainda sio pouco estudados, especialmente
em aguas brasileiras. Foram analisadas 83 publicagdes, das quais apenas 13,3% se dedicavam especificamente ao grupo.
Foram identificadas 34 espécies nas ecorregides brasileiras, sendo Oikopleura dioica, O. fusiformis, O. longicauda e O.
rufescens as mais frequentes. A andlise revelou uma lacuna significativa na formagéo de grupos de pesquisa especializados
no Brasil, contrastando com a presenca consolidada de um grupo argentino atuante no Atlantico Sul. Os resultados
evidenciam a necessidade urgente de investimentos em infraestrutura, formagdo de taxonomistas e aproveitamento de
cole¢bes zooldgicas existentes. Reforca-se, ainda, a importancia de compreender o papel ecoldgico desses organismos
nos ecossistemas marinhos brasileiros e de inclui-los em agendas nacionais de pesquisa oceanogréfica.

Ainda sobre revisdes sistematicas, o estudo de Moura e Simdes, intitulado “Publication trends on vocalizations
of anurans in Northeastern Brazil”, apresentou o estado da arte da bioacUstica de anuros no Nordeste do Brasil,
reunindo e analisando 123 publicacdes entre 2000 e 2020. Foram identificadas tendéncias temporais, lacunas de
conhecimento e padrées de colaboracio cientffica. O nimero de estudos aumentou significativamente na Ultima
década, acompanhado de um crescimento na participacdo de instituicdes nordestinas e no nimero médio de autores
por artigo, refletindo maior colaboracdo. No entanto, a qualidade metodoldgica das publicagdes manteve grande
variabilidade, sem tendéncia clara de melhoria, especialmente no reporte de informacgdes essenciais, como tamanho
corporal dos individuos, nimero de chamados analisados, coordenadas geogréficas e temperatura ambiental — dados
fundamentais para comparacdes reprodutiveis. A maioria dos trabalhos concentrou-se nos biomas Mata Atlantica e
Caatinga, sendo escassos os registros no Cerrado e na Floresta Amazonica, evidenciando lacunas geogrdficas importantes.
Também foi detectada baixa frequéncia de depdsito dos arquivos sonoros em cole¢des cientfficas, pratica essencial para
a preservacao e o reuso dos dados. Os resultados oferecem subsidios para orientar futuras pesquisas, priorizar regides
e espécies pouco estudadas e melhorar a padronizagdo metodoldgica, visando ampliar a robustez e a aplicabilidade
dos estudos de bioacUstica na conservagdo e taxonomia de anuros.

Além dos artigos, essa edicdo é composta por sete notas cientfficas. A primeira delas, de autoria de Folha-Ferreira
e colaboradores, “Nesting of Partamona helleri (Friese, 1900) (Apidae) in an abandoned nest of Polybia scutellaris (White,
1841) (Vespidae) in Southeastern Brazil”, relatou um caso inédito de reutilizacio de ninho de vespa social (nome
cientffico: Polybia scutellaris) por uma abelha sem ferrdo (Partamona helleri), observado em uma area antropizada no sul
de Minas Gerais. A coldnia de abelhas ocupou completamente o ninho previamente abandonado pelas vespas, sem
utilizar suas células de cria, mas reaproveitando a estrutura externa, provavelmente como abrigo e economia energética
na fase inicial da coldnia. O estudo sugere que a arquitetura protetora dos ninhos de vespas sociais pode favorecer
sua reutilizacdo por outras espécies, especialmente em ambientes degradados, e destaca a plasticidade ecoldgica na
construgao de ninhos por P helleri.



A nota cientffica de Souza e colaboradores, “Occupation of Chartergellus communis Richards, 1978 (Vespidae,
Polistinae) nest by Nasutitermes unduliceps Mathews, 1977 (Termitidae, Nasutitermitinae)”, também registrou a reutilizagio
do ninho de um inseto social, vespa da espécie Chartergellus communis, por outro grupo de insetos, no caso, cupins
da espécie Nasutitermes unduliceps. Este é o segundo registro conhecido da reutilizagdo de ninhos de vespas sociais
por cupins, sendo que o primeiro envolve essas duas espécies. O caso foi documentado no Parque Nacional Grande
Sertdo Veredas, Minas Gerais, Brasil, onde um ninho previamente ativo de C. communis foi encontrado abandonado
e posteriormente ocupado por cupins da espécie N. unduliceps, que utilizaram a estrutura como ninho satélite. Este
relato amplia o conhecimento sobre as interacdes ecoldgicas entre vespas sociais e cupins, ressaltando a importancia da
reutilizacdo de estruturas como estratégia de economia energética por parte de cupins arboricolas. O estudo também
reforca a necessidade de mais observacdes para determinar se os cupins se limitam a reutilizar ninhos abandonados
ou se também podem invadir ninhos ainda ativos.

Na nota “Honeydew of Aethalion reticulatum (Linnaeus, 1767) (Hemiptera: Aethalionidae) as a food resource for
social wasps (Vespidae: Polistinae) in an urban area within the Atlantic Forest-Cerrado ecotone”, Oliveira e colaboradores
apresentaram informacdes sobre a interagdo interespecifica entre a cigarrinha-do-pedinculo (nome cientffico:
Aethalion reticulatum) e vespas sociais da subfamilia Polistinae em drea urbana, localizada no ecétono entre Cerrado e
Mata Atlantica, no Sudeste do Brasil. Foram registrados 54 individuos de dez espécies de vespas sociais consumindo
a substancia acucarada excretada pela cigarrinha-do-pedinculo, revelando ndo apenas a utilizacdo simultdnea desse
recurso por multiplas espécies, mas também comportamentos etoldgicos distintos relacionados a competicdo e ao
acesso ao recurso. Esses dados contribuem para o entendimento das interagbes tréficas em ambientes urbanizados e
destacam a importancia das excretas agucaradas produzidas por insetos hemipteros como fonte alimentar alternativa
para vespas sociais, reforcando o papel ecoldgico desses insetos em ecossistemas urbanos e ecotonais. Os resultados
ainda indicam que a interacao observada pode ser interpretada como cleptobiose ou comensalismo, variando conforme
o contexto comportamental das espécies envolvidas.

A nota cientifica de Schunck e Santos, intitulada “Documentation of feeding associations of the Purple Gallinule,
Porphyrio martinica (Aves: Rallidae), and the Wattled Jacana, Jacana jacana (Aves: Jacanidae), with the capybara,
Hydrochoerus hydrochaeris (Mammalia: Hydrochaeridae), facilitated by its beating behavior”, documentou o primeiro
registro da associagdo alimentar entre o frango-d’agua-azul (nome cientifico: Porphyrio martini) e a capivara (nome
cientffico: Hydrochoerus hydrochaeris), além de novas observacdes da jd conhecida associagdo com a jagand (nome
cientffico: facana jacana). As observacdes foram realizadas em uma area alagada no Sudeste do Brasil, onde aves aquéticas
acompanharam capivaras em deslocamento para capturar invertebrados no substrato perturbado pelo movimento dos
mamiferos — comportamento conhecido como ‘batedor’. Em um dos registros, o frango-d'4gua-azul foi observado
alimentando-se de carrapatos diretamente no corpo da capivara, o que representa uma interacdo inédita para a espécie.
O estudo levanta questdes relevantes para a ecologia e a salde publica, dado o papel dos carrapatos como vetores
da febre maculosa. A documentacao inclui registros fotogréficos e videos depositados na Macaulay Library, ampliando
a base de dados para futuras investigagdes.

Na nota “Ocorréncia de Catharus fuscescens, sabiazinho-norte-americano (Passeriformes: Turdidae), no sul do
estado de Minas Gerais, adendos sobre sua drea de invernada no ecétono Brasil”, Moura e colaboradores trazem o
primeiro registro do péssaro sabiazinho-norte-americano (nome cientffico: Catharus fuscescens), que é uma espécie

migratdria, para o municipio de Lavras, sul de Minas Gerais, Brasil. Apesar de ser uma das regides mais bem estudadas



do ponto de vista ornitoldgico, este € o primeiro registro formal dessa ave para a regido. O registro fotogréfico ocorreu
por meio de armadilhas fotogréficas instaladas para estudos de mamiferos, em area de cerrado stricto sensu, localizada
em zona ecotonal, entre os biomas Cerrado e Mata Atlantica. A observacdo amplia significativamente o conhecimento
sobre a area de invernada da espécie no Brasil, indicando que regides ecotonais do Sudeste podem estar incluidas
em sua rota migratdria. A nota ressalta a relevancia de estudos complementares sobre aves migratérias em areas de
transicdo entre biomas, contribuindo para a conservagdo da avifauna e para o delineamento de politicas pUblicas voltadas
a protecdo desses habitats.

Cusi Martinez e colaboradores apresentaram, na nota “First record of the Normandia Caecilian Caecilia crassisquama
Taylor, 1968 (Amphibia: Gymnophiona: Caecilidae) from Peru”, o primeiro registro de uma cecilia da espécie Caecilia
crassisquama para o territorio peruano. Um exemplar foi encontrado em floresta montana a 1.990 m de altitude, no
Santudrio Nacional Tabaconas Namballe, departamento de Cajamarca, representando também o registro mais ao sul
da espécie, a 345,5 km da localidade onde ela foi inicialmente encontrada no Equador. Além de apresentar o padrdo
de coloracdo da espécie em vida, com base em observacdo de campo e andlise morfoldgica detalhada, os autores
confirmaram sua identidade por meio da comparacdo com o holétipo (espécime utilizado na descricdo da espécie). Esse
registro eleva para sete o nimero de espécies do género Caecilia conhecidas para o Peru e reforca a importancia de
expedicbes cientfficas em &reas de floresta montana, ainda pouco exploradas. Os autores sugerem que C. crassisquama
seja incluida nas futuras avaliagdes de conservacdo da herpetofauna sul-americana, dado o habito subterraneo, a
distribuicdo restrita e a caréncia de dados ecoldgicos disponiveis sobre a espécie.

Paixao e colaboradores documentaram, em “First documented record of interaction between vampire bat, Desmodus
rotundus (E. Geoffroy, 1810), and the Greater Naked-tailed Armadillo, Cabassous tatouay (Desmarest, 1804), Brazil”, uma
interacdo inédita entre o morcego-vampiro comum (nome cientifico: Desmodus rotundus) e o tatu-de-rabo-mole (hnome
cientffico: Cabassous tatouay), registrada por armadilha fotografica em um fragmento de Floresta Atlantica no estado da
Paraiba, Brasil. O evento foi registrado em setembro de 2023, durante um projeto de monitoramento de longo prazo da
fauna de mamifferos, e revelou o vampiro interagindo com um individuo de tatu-de-rabo-mole em atividade noturna de
forrageio. A cena capturada indica uma tentativa de ataque, seguida de resposta defensiva do tatu. Este registro contribui
para o entendimento das relagdes ecoldgicas entre predador e presa, especialmente envolvendo espécies cripticas, como
o tatu-de-rabo-mole, cujo comportamento e ecologia ainda sdo pouco conhecidos, além de expandir o espectro tréfico
documentado de D. rotundus, destacando a importancia do uso de armadilhas fotogréficas para detectar interacdes raras
e pouco observaveis em campo, principalmente em ecossistemas ameagados por acdes antropicas.

Na secado Memria, o artigo intitulado A colec¢do histdrica do Herbario do Museu Paraense Emilio Goeldi: histéria,
vulnerabilidade e conservacdo”, de autoria de Rocha e Gil, teve como objetivo analisar a trajetdria do acervo histérico
do Herbério do Museu Paraense Emilio Goeldi, o mais antigo da Amazonia, com foco em suas origens, crescimento,
periodos de inatividade e desafios relacionados a conservagdo. O estudo revelou que mais de 21% das exsicatas
registradas nos livros-tombo entre 1895 e 1918 ndo constam na atual base de dados informatizada. Foram investigadas
as causas desse desaparecimento, com destaque para a vulnerabilidade de determinadas familias botanicas aos ataques
de insetos e fungos. Com base nos dados histdricos e levantamentos internos, as familias Apocynaceae, Asteraceae,
Bignoniaceae, Clusiaceae, Euphorbiaceae, Fabaceae, Malpighiaceae, Malvaceae e Orchidaceae foram identificadas
como as mais suscetiveis a degradacdo. O estudo propde uma classificagdo preliminar de vulnerabilidade das familias
e reforca a importancia da manutengdo preventiva e do monitoramento continuo dos acervos botanicos na regiao



amazonica. Ele contribui para a reflexdo sobre politicas de conservagdo em herbarios tropicais e poderd subsidiar agdes
de preservacdo em colecdes cientfficas histdricas.

Para concluir esta carta, reitero meus agradecimentos aos avaliadores de diversas instituicdes do Brasil, pela
valiosa dedicagdo a leitura e a avaliagdo dos textos publicados nesta edicdo. Sou grato também aos editores de secdo
pelo cuidadoso trabalho de editoracdo dos artigos aceitos: Dra. Alexandra Maria Ramos Bezerra, Dr. Alexandre Felipe
Raimundo Missassi, Dra. Layla Jamylle Costa Schneider, Dr. Leonardo de Sousa Miranda e Dra. Valéria Juliete Silva.
Estendo também meu reconhecimento a Adrienny Souza, Diana Gomes Lopes, Luiz Ramiro Cardoso, Rafaele Lima
e Talita do Vale, pelo empenho e cuidado no trabalho de editoracao.

Fernando da Silva Carvalho Filho
Editor Cientffico
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Efeitos do ambiente sobre a diversidade beta de percevejos semiaquaticos em
riachos amazénicos sob influéncia de extracao de bauxita
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Resumo: A mineragdo de bauxita na Amazdnia representa uma atividade econdmica com potencial de impactar a biodiversidade
aquatica. Neste estudo, foram avaliados os efeitos da alteracdo de riachos em areas de mineracdo de bauxita e pastagem
sobre a diversidade de insetos semiaquéticos na Amazdnia, onde foram testadas as hipdteses de que: i) a estrutura ambiental
dos riachos sera diferente em areas afetadas pela pastagem e pela mineragdo; ii) a diversidade beta sera relacionada as
variaveis ambientais do habitat e da vegetacdo riparia. Nossos resultados mostraram que as variaveis ambientais dos riachos
ndo foram diferentes entre riachos de floresta, pastagem e mineracdo. Contudo, a diversidade beta total e a substituicdo
de espécies foram associadas as variaveis de habitat, indicando relagdo com a variacdo ambiental. A diversidade beta em
riachos impactados foi mais relacionada a riachos com maiores larguras e temperaturas, enquanto riachos mais preservados
apresentaram maior cobertura de dossel. Areas de exploracdo de bauxita e depdsito de rejeitos foram semelhantes
quanto a diversidade beta. A diversidade beta de percevejos semiaquaticos € importante no estudo de dreas alteradas
devido as mudancas que ocorrem no habitat em riachos, podendo indicar direcionamentos em politicas de conservagdo
de riachos afetados pela mineragdo de bauxita na Amazonia.

Palavras-chave: Biodiversidade. Gerromorpha. Ecossistemas l6ticos. Insetos aqudticos. Mineragdo.

Abstract: Bauxite mining represents in the Amazon an economic activity with the potential to impact aquatic biodiversity. In this study,
we evaluate the effects of environmental change in areas of bauxite mining and pasture on the diversity of semiaquatic
insect communities in Amazonian streams. For this, we tested the following hypotheses: i) the environmental structure
of streams will differ between different land uses and cover (pasture, mining and forest), ii) beta diversity will be mainly
affected by environmental variables related to habitat and riparian vegetation. Our results showed that the characteristics
of the streams studied were not different between forest, pasture, and mining streams. On the other hand, the total
beta diversity, and species replacement were associated with habitat variables, promoted by the environmental variation.
Beta diversity in impacted streams was related to streams with greater widths and temperatures, while more preserved
streams had greater canopy cover. More altered areas, such as mining, showed similar beta diversity, mainly in the area of
bauxite exploration and tailings deposit. Our results indicate that the beta diversity of semiaquatic bugs contribute to the
study of altered areas, in addition, could inform conservation policies in streams affected by bauxite mining in the Amazon.

Keywords: Biodiversity. Gerromorpha. Lotic ecosystems. Aquatic insects. Mining.
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Efeitos do ambiente sobre a diversidade beta de percevejos semiaqudticos em riachos amazénicos sob influéncia de extracdo de bauxita

INTRODUCAO

A Amazdbnia contém inUmeros ecossistemas aquaticos
com grande biodiversidade associada, mas a maioria
ainda € pouco conhecida do ponto de vista ecoldgico.
Esses sistemas sdo muito conectados a matriz circundante
e alguns deles — como os de pequenos riachos — sao
dependentes da energia que ¢ fornecida pela vegetacdo
marginal (Juen et al., 2016). Nos Ultimos anos, a
mudanca do uso do solo em decorréncia do uso de
recursos pelo homem, como agricultura, pecuaria,
mineracdo e urbanizagdo, tem gerado graves alteracdes
nos ecossistemas aquaticos (Callisto et al., 1998; Petsch
et al., 2021). Em sistemas aquéticos, a modificacdo da
cobertura do solo impulsiona a perda de biodiversidade
(Allan, 2004; Dudgeon et al., 2006; Dala-Corte et al.,

2020). Os corpos d'agua sio afetados principalmente
por mudancas na estrutura da vegetacdo ribeirinha, o
que causa assoreamento do canal e altera as condi¢des
quimicas, fisicas e a qualidade da dgua (Fares et al., 2020).
Além disso, os efeitos do uso da terra promovem a
, 2018),

reduzindo a quantidade de matéria organica aléctone dos

homogeneizacdo da paisagem (Castro et al.

riachos, alterando, assim, o fluxo de matéria e energia
nos ecossistemas aquaticos (Juen et al., 2016). Tais efeitos
prejudicam a dinamica bioldgica dos pequenos riachos,
visto que ambientes mais preservados, dentro do riacho,
tendem a ter maior complexidade e disponibilidade
de microhabitats, afetando diretamente a estrutura e
a composicdo da biota aquética local (Dias-Silva et al.,
2020a; Fares et al., 2020; Guterres et al., 2020).

Na Amazdnia, embora a mineracdo ndo seja um
dos usos do solo com maior amplitude no bioma, estd
entre os que geram impactos mais intensos, devido
ao grande volume de solo removido, aos processos e
substancias utilizados e a elevada demanda por dgua ao
longo de todas as etapas (Callisto et al., 1998; Castello &
Macedo, 2015; Moura et al., 2021; Martins et al., 2022;
Rivera-Pérez etal., 2023). A extracdo de minério envolve

a modificacdo de extensas areas e o uso significativo de

agua em atividades como processamento, transporte,
separacao de minerais e residuos, supressao de poeira,
lavagem de equipamentos, entre outras, a depender do
tipo de minério explorado (Kemp et al., 2010).

Mesmo ocorrendo em ambiente terrestre e/ou
longe das margens dos riachos, as dreas mineradas
exigem uma grande drea de exposicao do solo para a
exploracdo e a construgao de infraestrutura, como para o
depdsito de rejeitos. Assim, a quantidade de uso do solo
dentro das microbacias onde ocorrem as atividades de
mineracdo pode afetar direta ou indiretamente os padroes
de biodiversidade dos sistemas aquéticos, mudando a
sua dindmica (Wang et al., 2020), pois podem afetar
a disponibilidade e o nivel do lencol fredtico. Estudos
anteriores destacam aumento na turbidez, deposicao de
sedimentos e contaminacdo da dgua por metais pesados,
fatores que degradam a qualidade fisica e quimica do
habitat, afetando a estrutura e a distribuicdo da dgua para
a comunidade (Callisto et al., 1998; Fares et al., 2020;
Yadamsuren et al., 2020).

Apesar da possibilidade de causar danos a biota
local, esse tipo de empreendimento permanece como
forca motriz na economia devido a importancia que
possui. Contudo, conhecer os efeitos das atividades
de extracdo de minério sobre a diversidade local e
regional das comunidades aqudticas tem se destacado
como urgente, tendo em vista a importancia do uso
sustentavel dos recursos hidricos na Amazénia (Espinosa
etal., 2023; Fares et al., 2020; Faria et al., 2021; Rivera-
Pérez et al., 2023).

Os macroinvertebrados aquéticos podem servir
como bioindicadores para responder a conjuntos
2010),

possibilitando a obtenc¢do de uma visdo ecoldgica do estado

complexos de condi¢bes ambientais (Li et al.,

atual de riachos ou rios (Dias-Silva et al., 2020a), uma vez
que respondem bem a variagdes das condicdes ambientais
(Cunhaetal., 2015; Juenetal., 2016; Lietal., 2010). Insetos
aquaticos sao organismos dependentes das caracteristicas
do ambiente, apresentando grande especificidade quanto
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ao habitat (Li et al.,
ambiente aquatico podem levar a mudancas na abundancia

2010). Alteracdes na qualidade do

das espécies (Giehl et al., 2015), nimero de espécies —
diversidade alfa (a) (Cunha et al., 2015) —, estruturas da
comunidade (Guterres et al., 2020, 2021), composicao de
espécies — diversidade beta (B) (Paiva et al., 2021) — e perda
da diversidade funcional (Castro et al., 2018; Yadamsuren et
al., 2020). As alteracdes no ambiente local e na paisagem
de ecossistemas aquaticos tém grandes efeitos sobre a
diversidade regional, afetando a diversidade beta (Dias-
Silva et al., 2020b), além de afetarem a diversidade local,
como a riqueza de espécies (Cunha et al., 2015). Dessa
maneira, a substituicio de espécies e a diferenca na riqueza
das espécies podem ser causadas por essas alteracdes no
habitat, levando a uma menor diversidade beta ou mesmo
auma homogeneizacio bidtica nesses ecossistemas (Dias-
Silva et al., 2020b; Petsch, 2016).

Comunidades de percevejos semiaquéaticos
respondem as flutuacdes na variagdo ambiental (Giehl et
al., 2015). Essas abundancias estio relacionadas a tolerancia
desses organismos e também ao grau de integridade
ambiental (Cunha et al., 2015; Guterres et al., 2020). O
nivel de preservacado do habitat esta relacionado ao fato
de que a qualidade da dgua é diretamente influenciada
pela intensificacdo do uso do solo (Castro et al., 2017;
, 2021). A perda de integridade do solo
implica a perda de heterogeneidade ambiental,

Guterres et al.
eliminando
algumas espécies e alterando indiretamente a composicao
de caracteristicas das assembleias (Dias-Silva et al., 2020b;
Cunha & Juen, 2017; Castro et al., 2018). Portanto, riachos
preservados possuem melhores condi¢des para abrigar
maior diversidade de espécies por toda extensdo de
drenagem, devido a sua maior disponibilidade de recursos
, 2015).

Em contrapartida, riachos perturbados tém menos habitat

para manter espécies especialistas (Cunha et al.

e condigdes pouco adequadas para a permanéncia dos
organismos aquaticos (Juen et al., 2016), restringindo-o a
maior abundancia de espécies generalistas e/ou tolerantes
(Giehl et al., 2020; Guterres et al., 2021).

O objetivo deste estudo foi avaliar os efeitos da
alteracdo do ambiente aquatico em areas de atividade
de mineracao de bauxita e areas de pastagem sobre
a qualidade dos riachos e a diversidade beta das
comunidades de insetos semiaquaticos amazdnicos,
utilizando variaveis de habitat e de qualidade da dgua que
podem explicar os padrdes de distribuicdo dos percevejos
ao longo dos ambientes amostrados. Foram testadas
as seguintes hipdteses: i) havera diferenca na variacdo
ambiental entre riachos de floresta, pasto e mineracéo,
uma vez que a paisagem no entorno dos riachos ¢
importante para a estrutura do habitat e a qualidade da
agua em riachos; ii) a diversidade beta (3) de percevejos
semiaquéaticos sera afetada pelas varidveis ambientais
locais, visto que as consequentes modificagdes nos fatores
fisico-quimicos da 4gua e da estrutura do riacho afetam a
heterogeneidade ambiental, essencial para a estruturagao
da diversidade beta dos percevejos semiaquaticos.

MATERIAL E METODOS

AREA DE ESTUDO
O estudo foi realizado no municipio de Paragominas,
localizado no nordeste do estado do Pard. Na regido,
predominam planaltos amazdénicos rebaixados e
dissecados (Watrin & Rocha, 1992). A maior parte da
regido encontra-se entre 50 a 150 m acima do nivel do
mar (Pinto et al., 2009). De acordo com a classificagdo
de Képpen-Geiger (Peel et al., 2007), o clima é tropical
Umido do tipo Am. A regido é classificada como Floresta
Ombrdfila de Terra Firme e a precipitagdo anual é de
aproximadamente 2.000 mm por ano, com umidade
elativa do ar de 80% (Veloso et al., 1991). A hidrografia
local é constituida por duas bacias principais, pertencentes
aos rios Capim e Gurupi. As coletas foram concentradas
na bacia do rio Capim, que ¢ de grande importancia
para o municipio de Paragominas, pois concentra-
se em seus arredores a maior parte das atividades
industriais, de mineracdo, extrativistas e agropecuarias
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(Paca et al., 2013). As alteragbes da paisagem vém
ocorrendo com maior intensidade desde a década de 1960,
tornando a regido um mosaico com distintas atividades
antrdpicas, como agricultura, silvicultura (por exemplo,
Eucalyptus spp.), agropecuaria, exploracdo de madeira,
bem como extracdo mineral de bauxita e caulim
(Gardner et al., 2013; Oliveira-Junior et al., 2017;
Paiva et al., 2021).

Foram amostrados 18 riachos, distribuidos na bacia
do rio Capim, localizados em um gradiente de alteragdo
ambiental em dreas de floresta, pastagem e mineracdo
(Figura 1). As microbacias correspondem as areas da
empresa Norsk Hydro Brasil, responsavel pela extracao
de bauxita na regidao. A Hydro Paragominas opera na regiao
desde 2007, com producdo, no ano de 2021, de 10,9
milhdes de toneladas de bauxita (Hydro, 2022). As jazidas
localizadas em Paragominas possuem vida Util estimada de
41 anos, localizadas a aproximadamente 70 km do centro
de Paragominas, no Platd Miltonia 3.

DELINEAMENTO AMOSTRAL E

VARIAVEIS AMBIENTAIS

As coletas foram realizadas em 18 riachos durante o més
de julho de 2017. Em cada riacho, foi delimitado um trecho
fixo de 150 m para amostragem biolégica e para aferi¢ao

das varidveis ambientais. Cada trecho foi dividido em 15
secdes de 10 m, a fim de facilitar a amostragem.

Foram mensuradas nove varidveis ambientais
relacionadas a morfologia do canal, aos aspectos fisico-
quimicos da 4gua e a integridade fisica do habitat do
riacho (Nessimian et al., 2007) (Tabela 1). Tais variaveis
ambientais ja se mostraram importantes para a distribuicdo
das espécies das assembleias de Gerromorpha (Cunha et
al., 2015; Juen et al., 2016; Guterres et al., 2020).

AMOSTRAGEM DAS COMUNIDADES
Aamostragem dos percevejos semiaquaticos ocorreu com
busca ativa ao longo de cada trecho de 150 m, limitada
pelo tempo de uma hora nos diferentes habitats ao longo
de toda superficie e margens do canal dos riachos. Os
espécimes foram coletados através de uma varredura na
superficie da dgua ao longo de cada secio, utilizando uma
rede de mao (18 cm de didametro e malha de 1 mm) (Cunha
&Juen, 2017). Os individuos foram identificados até o nivel
de espécie por meio de chaves taxonémicas especializadas
(Nieser, 1994; Moreiraetal., 2011; Magalhdes et al., 2016;
Floriano et al., 2017) e conservados em élcool 80%.
Apds a identificacdo, o material foi depositado na Colecao
Zoolbgica do Laboratdrio de Ecologia e Conservagdo da
Universidade Federal do Pard (LABECO/UFPA).

Tabela 1. Variaveis ambientais mensuradas nos 18 riachos amostrados na bacia do rio Capim, em Paragominas, Par4, Brasil.

Table 1. Environmental variables measured in the 18 streams sampled in the Capim River basin, in Paragominas, Pard, Brazil.

Variével Unidade Média E«'ﬁgg Minimo Méximo
Temperatura da dgua °C 24,918 1,736 22,870 29,870
pH - 5,049 0,746 3,927 6,157
Condutividade elétrica da 4gua mS/cm 0,033 0,007 0,022 0,044
Oxigénio dissolvido na 4gua mg/L 7,144 1,402 4,153 9,120
Profundidade do canal cm 33,229 13,302 11,419 58,109
Largura do canal m 3,355 1,195 1,714 5,586
Declividade do trecho cm 2,764 2,131 0,330 8,360
Dossel sobre o canal % 86,527 10,047 64,973 97,059
indice de Integridade do Habitat (IIH) - 0,540 0,072 0,392 0,710
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ANALISES ESTATISTICAS

Neste estudo, cada riacho é considerado uma amostra,
perfazendo, portanto, um total de 18 unidades amostrais.
Previamente as andlises estatisticas, foram selecionadas
as variaveis ambientais mensuradas, utilizando uma
andlise de correlagdo de Pearson para retirar as variaveis
correlacionadas, considerando um corte de 70%.
Somente as variaveis de profundidade e largura do
canal apresentaram correlagdo significativa (r, = 0,723).
Portanto, a profundidade foi removida das andlises em

virtude da multicolinearidade com a largura.

Para verificar como é a variabilidade ambiental
nos riachos amostrados, foi realizada uma andlise de
componentes principais (Frincipal Component Analysis - PCA)
(Legendre & Legendre, 2012). Os dados ambientais foram
previamente padronizados e, como critério de selecao de
eixos da PCA, foi adotado o critério de broken-stick, que
avalia se a variacdo observada nos eixos da PCA é diferente
da variacao estimada ao acaso. Em seguida, para avaliar se ha
diferengas ambientais entre os riachos de floresta, pastagem
e mineragdo, uma matriz de distdncias euclidianas com as
varidveis ambientais foi submetida a uma andlise de varidncia

Tabela 2. Abundancia total e frequéncia de ocorréncia em cada igarapé referentes as espécies de percevejos semiaquéticos coletados em

Paragominas, Pard, Brasil.

JTable 2. Total abundance and frequency of occurrence in each stream for semi-aquatic bug species collected in Paragominas, Pard, Brazil.

Familia Espécie Abundancia Ocorréncia
Gerridae Brachymetra lata Shaw, 1933 12 8
Cylindrostethus palmaris Drake & Harris, 1934 145 15
Limnogonus aduncus Drake & Harris, 1933 4 3
Limnogonus recurvus Drake & Harris, 1930 8 3
Neogerris magnus (Kuitert, 1942) 17 5
Neogerris sp. 1 1
Rheumatobates minutus flavidus Drake & Harris, 1942 20 6
Tachygerris adamsoni (Drake, 1942) 22 4
Tachygerris celocis Drake & Harris, 1931 21 5
Telmatometra fusca Kenaga, 1941 54 3
Jelmatometra retusa Kenaga, 1941 17 4
Hydrometridae Hydrometra guianana Hungerford & Evans, 1934 1 1
Mesoveliidae Mesovelia amoena Uhler, 1894 9 5
Mesovelia mulsanti White, 1879 4 2
Veliidae Callivelia conata (Hungerford, 1929) 1 1
Rhagovelia elegans Uhler, 1894 164 8
Rhagovelia evidis Bacon, 1948 86 7
Rhagovelia humboldti Polhemus 1997 32 4
Rhagovelia sp. 10 3
Rhagovelia jubata Bacon, 1948 64 7
Stridulivelia astralis (Drake & Harris, 1938) 1 1
Stridulivelia quadrispinosa (Hungerford, 1929) 1 1
Stridulivelia tersa (Drake & Harris, 1941) 13 7
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multivariada permutacional (PERMANOVA; Anderson,
2001), com significancia de o < 0,05, definida pelo teste
de Monte Carlo com 9.999 permutacdes.

As varidveis ambientais foram selecionadas pela
forward selection (fungao forward.sel.par — Blanchet et al.,
2008), com base na matriz de abundancia logaritimizada
de percevejos semiaquéticos. Calculou-se a diversidade
beta (B) utilizando a matriz de abundancia logaritmizada
(x + 1). Desse modo, calculou-se uma matriz de
dissimilaridade D, que corresponde a diversidade beta
total (B,), e essa matriz foi decomposta em duas matrizes
complementares, substituicao (B, ) e diferenca de
abundancia (B, ) (Podani & Schmera, 2011), por meio
da funcédo beta.div.comp do pacote R adespatial (Dray
et al., 2018). Além disso, foi calculada a porcentagem
de colaboragao de cada particao da diversidade
beta (substituicio e diferenca de abundancia). Em
seguida, para testar a relagdo das varidveis ambientais
selecionadas pelo forward selection com BT, B, e B, o
foi utilizada uma andlise de redundancia baseada em
distancia (dbRDA - Legendre & Anderson, 1999), por
meio da funcdo capscale, pacote vegan. A dbRDA é um
método multivariado que permite analisar varidveis que
podem ndo apresentar relacdes lineares (Legendre &
Anderson, 1999).

Todas as andlises feitas foram executadas no programa
R (R Core Team, 2021), com uso dos pacotes vegan
(Oksanen et al., 2020) e adespatial (Dray et al., 2018).

RESULTADOS

Foram coletados 807 individuos de Gerromorpha
pertencentes a quatro familias e 12 géneros, distribuidos
em 22 espécies. A familia com maior abundancia e
diversidade foi Gerridae, com 423 individuos coletados,
distribuidos em 12 espécies, seguido da familia Veliidae,
representada por nove espécies (n = 370). A familia
Mesoveliidae foi representada por duas espécies (n = 7)
e afamilia Hydrometridae apresentou apenas um individuo
na amostragem. A espécie mais abundante foi Rhagovelia

elegans Uhler, 1894 (Velidae, n = 164), ocorrendo em oito
riachos, contudo a espécie Cylindrostethus palmaris Drake
& Harris, 1934 (Gerridae, n = 145) foi a mais frequente,
ocorrendo em 15 dos 18 locais amostrados.

VARIACAO DO AMBIENTE

Os dois primeiros eixos da PCA representaram 49,25%
da variacdo do ambiente. O primeiro eixo explicou 29,8%
da variagdo do ambiente e foi relacionado principalmente
as variaveis de condutividade elétrica e dossel, mostrando
maior relagdo com os riachos de floresta (Tabela 3, Figura
2). O segundo eixo explicou 19,5% da variacdo do
ambiente e apresentou maior relacdo com as varidveis
de declividade e largura do canal, mostrando relacao
positiva com riachos de pastagem e relacdo negativa
com riachos em areas de mineracao (Tabela 3, Figura 2).
Além disso, ndo houve diferengas entre os tratamentos
de acordo com as caracteristicas ambientais dos riachos
estudados (PERMANOVA: Pseudo-F = 1,126; R? =
0,131, p = 0,357).

Tabela 3. Resultados das correlacdes entre os eixos da PCA e
varidveis ambientais selecionadas para descricdo dos igarapés
amostrados em Paragominas, Pard, Brasil. O negrito representa
correlacdes significativas.

Table 3. Results of correlations between the PCA axes and environmental
variables selected to describe the streams sampled in Paragominas,
Pard, Brazil. Bold represents significant correlations.

Variaveis Eixo 1 Eixo 2
Temperatura 0,319 -0,537
pH 0,466 -0,580
Condutividade -0,782 -0,180
Oxigénio dissolvido 0,460 -0,465
Largura 0,544 0,661
Declividade 0,281 0,735
Dossel -0,812 0,027

IH -0,522 0,158
Explicacdo (%) 29,77 19,48
Autovalor 2,977 1,948
broken stick 2,929 1,929
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Figura 2. PCA das variaveis ambientais dos 18 riachos amostrados
em Paragominas, Parda, Brasil.

Figure 2. PCA of environmental variables of 18 streams sampled in
Paragominas, Pard, Brazil.

DIVERSIDADE BETA

O método forward selection selecionou as varidveis
de largura, dossel e temperatura da dgua em relacdo
a abundancia de individuos (log x + 1) (Tabela 4). Os
resultados indicam que ha uma alta diversidade beta na
drea amostrada e que ¢ estruturada principalmente pela
substituicdo de espécies (63%), e o restante pela diferenca
de abundancia entre os riachos amostrados (37%). A
diversidade beta total foi associada a variacdo do ambiente
(R?=0,281; F = 3,219; p = 0,001), mostrando uma relacdo
entre a variagao da composicao total com o gradiente
ambiental representado pela largura, pelo dossel e pela
temperatura (Figura 3A). Em relacdo aos componentes
da diversidade beta, a substituicdo de espécies também

apresentou relacio com a variagio do ambiente (R? =
0,433; F = 5,332; p = 0,001) (Figura 3B), contudo a
diferenca de abundancia ndo foi explicada pelo ambiente (R?
=-0,098; F = 0,492; p = 0,726). Além disso, riachos de
floresta apresentaram diversidade beta total e substituicao
de espécies mais similar, além de estarem mais associados a
riachos com maior cobertura de dossel. Em contrapartida,
riachos de mineracado com maiores impactos, como o
Hyl09 (&reas de exploragdo de bauxita) e o Hyl10 (depdsito
de rejeitos), apresentaram diversidade beta mais similar
entre si e foram mais associados a maiores temperaturas

e menores coberturas de dossel.

DISCUSSAO

Os resultados mostram uma grande variagdo na estrutura
ambiental e bioldgica da regido estudada, indicando como
principais fatores, na estruturacio dos ambientes e da
comunidade, as varidveis do habitat de largura e dossel.
A primeira hipdtese deste estudo nao foi corroborada,
uma vez que, apesar da variagdo ambiental dos riachos
ser explicada por fatores predominantemente do habitat,
ndo houve diferengas entre os tratamentos avaliados.
No entanto, a segunda hipdtese foi corroborada, uma
vez que a diversidade beta total e a substituicdo de
espécies foram associadas as varidveis locais dos riachos,
indicando relagdo com a variacdo ambiental. Assim, os
resultados mostram que as comunidades de percevejos
semiaquaticos apresentam relacdo com o gradiente de
variagdo ambiental, mesmo que essa variagdo ndo seja
totalmente explicada pela paisagem do entorno dos
riachos (Dias-Silva et al., 2020a).

Tabela 4. Varidveis selecionadas a partir da abundancia de percevejos semiaquéticos através do método forward selection.

Table 4. Variables selected from the abundance of semi-aquatic bugs using the forward selection method.

Variavel resposta Variaveis selecionadas R? ajustado F p
Abundancia (Log . ,) Dossel 0,090 2,676 0,003
Largura 0,133 1,805 0,036
Temperatura 0,188 2,009 0,01

F=¢=*
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Figure 3. Ordinations generated by distance-based redundancy analysis (dbRDA), showing the variation of: (A) total beta diversity (BT); and (B)
the species replacement component (B, ). as a function of the environmental variables selected by forward selection.

Apesar da variacdo na estrutura dos riachos, tais
mudancas em relacdo a paisagem no entorno dos riachos
(floresta, pasto e mineracdo) foram dificeis de serem
observadas. Isso ocorre principalmente pela diferenca de
intensidade de alteracdo nos riachos amazdnicos (Ledo et
al., 2020). A maior heterogeneidade ambiental em riachos
amazonicos nem sempre estd relacionada a ambientes
preservados, por exemplo, riachos com pastagens e de
mineracdo podem apresentar vegetacdo riparia integra,
capaz de manter a diversidade local das espécies aqudticas
(Ledo et al., 2020; Guterres et al., 2021; Faria et al.,
2023). Contudo, a variacdo entre as comunidades locais
(diversidade beta) pode capturar essas modificagdes no
habitat, geralmente ndo representadas na diversidade local
(diversidade alfa) (Ledo et al., 2020; Bomfim et al., 2023).

A diversidade beta total e a substituicdo de espécies
foram fortemente relacionadas a variagdo da largura,
temperatura e dossel dos riachos. Tais elementos sdo
frequentemente apontados em outros estudos como

importantes para a diversidade beta dos percevejos
semiaquaticos (Cunha & Juen, 2017; Dias-Silva et al.,
2020b) ou de outros insetos aquaticos, como as Odonata
(uen & Marco Jr, 2011). Vale ressaltar que somente as
variaveis locais ligadas ao habitat fisico dos igarapés foram
importantes para a diversidade beta das comunidades de
percevejos semiaquaticos, indicando que a preservagio da
vegetacao riparia pode ser um dos principais elementos para
a manutencio da diversidade nesses igarapés. Além disso,
os riachos Hyl09 (drea de exploragdo de bauxita) e Hyl10
(depdsito de rejeitos) apresentaram menor cobertura de
dossel e maiores temperaturas da dgua, mostrando que
esses casos extremos afetaram fortemente a diversidade
beta total e a substituicdo nesses riachos.

Apesar de ndo ter sido detectada uma relacio entre
as variaveis de largura, temperatura e dossel com a riqueza,
essas caracteristicas fisicas influenciam na distribuicdo
das espécies. A largura dos riachos esta intimamente
relacionada com o grau de integridade do habitat. Riachos
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com maior integridade oferecem condi¢es favoraveis para
abrigar Gerromorpha, pois apresentam vegetacao marginal
préoxima, onde presas e abrigo podem ser facilmente
encontrados, representando locais ideais para oviposicao
e forrageio (Dias-Silva et al., 2010). Além disso, o dossel
reflete diretamente a preservagdo da vegetacdo riparia,
essencial para a manuten¢do da maioria dos processos
bioldgicos que ocorrem nos riachos, como entrada de
matéria organica, regulacdo da temperatura, estabilidade
das margens e entrada de sedimentos (Juen et al., 2016).
Vale ressaltar que o estilo de vida (sobre a superficie da
agua) de Gerromorpha torna-o mais susceptivel aos
estresses ambientais causados pela perda de integridade
ambiental (Dias-Silva et al., 2013, 2020b). Por isso, a
preservacdo da vegetacdo riparia é fundamental para
manter estaveis gradientes fisico-quimicos importantes,
tal como temperatura, a fim de garantir a abundancia de
Gerromorpha (Dala-Corte et al., 2020; Guterres et al.,
2021).

A substituicdo de espécies foi responsavel por
compor a maior parte da diversidade beta, o que faz sentido
do ponto de vista ecoldgico, uma vez que a substituicio de
espécies esta associada com a heterogeneidade ambiental,
e a diversidade beta é determinada pelas variagdes
ambientais entre os habitats (Dias-Silva et al., 2020b). Logo,
pode-se afirmar que a diversidade taxonémica e funcional
das comunidades de insetos aquaticos esta intimamente
ligada a complexidade ambiental, visto que esta oferece
uma maior disponibilidade de microhabitats. Em virtude
disso, pode abrigar uma maior abundancia de espécies em
razao da variedade de recursos e substratos disponiveis
para espécies de diferentes nichos (Cunha & Juen, 2017;
Dias-Silva et al., 2020b; Juen et al., 2016). Vale destacar que
a conversao da paisagem natural provoca uma diminuicdo
na heterogeneidade ambiental (Castro et al., 2018; Cunha
et al., 2015; Paiva et al., 2021).

A diversidade beta indicou maior relacdo da
diversidade de percevejos com as variaveis locais (Cunha &

Juen, 2020). Os insetos aquaticos tém uma estreita relacdo

com o tipo de substrato onde podem ser encontrados,
em riachos, uma vez que esta relacionado a preferéncia
das espécies por microhabitats (Guterres et al., 2020).
Esses cenarios propiciam diferentes formas de alimentacio
e abrigo contra correnteza e predadores, sendo um dos
principais fatores que afetam a distribuicdo e a abundancia
de Gerromorpha (Dias-Silva et al., 2013). Além disso, os
diferentes usos do solo na regido estdo causando mais
efeitos nas métricas ambientais de dentro dos corpos
d’dgua do que nas métricas de paisagem do entorno.
Ampliar os estudos e tentar isolar as diferentes influéncias
dos usos do solo sdo agbes essenciais para minimizar a
perda da biodiversidade e pensar em a¢des de conservacao

mais eficientes.

CONCLUSAO

Em sintese, este estudo destacou como as variaveis
ambientais dos riachos sao importantes para a composicao
da comunidade de insetos aquéticos em riachos amaznicos,
0 que se deve ao fato de a reproducdo e o desempenho
de nicho de percevejos semiaqudticos dependerem das
condigbes ambientais do habitat. Dessa maneira, pode-se
concluir que as caracteristicas do habitat atuam como filtros
ambientais, ao passo que flutuagdes nos gradientes fisico-
quimicos alteram as condi¢des ideias para a permanéncia de
determinadas espécies. Alem disso, as variaveis selecionadas
neste estudo estdo intimamente ligadas a vegetacdo
ribeirinha, salientando a importancia da preservagao da zona
de amortecimento em riachos de cabeceira. Por fim, este
estudo indicou a importancia do estudo da diversidade beta
de percevejos semiaquaticos por evidenciar sua relacdo com
avariacao local dos riachos. Além disso, tais respostas podem
contribuir para tomadas de decisdes e politicas de conservacdo
em dreas de mineracdo de bauxita na Amazénia.
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Dieta de Athene cunicularia (Strigidae) no campus da Universidade Federal do
Rio de Janeiro, ilha do Fundao, Brasil
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Resumo: A coruja-buraqueira (Athene cunicularia) possui habitos diurnos e noturnos, com ocorréncia do sul do Canada a Terra
do Fogo e em todo o Brasil. E uma predadora generalista de habito carnivoro-insetivoro. A descoberta de ninhos em
area descampada, proxima ao prédio da Reitoria no campus da Universidade Federal do Rio de Janeiro (UFRJ), nos
levou a fazer coletas ad /ibitum nos meses de abril e maio de 2016. Neste artigo, descrevemos qualitativamente a dieta
dessa espécie em um ambiente antropizado. Foram coletadas 47 pelotas contendo itens alimentares ndo digeriveis,
como exoesqueletos de artrépodes, ossos, pelos, penas e dentes. As amostras foram conservadas em etanol a 70% e
posteriormente triadas sob microscopio estereoscédpico. Artropodes estavam presentes em 100% das pelotas, enquanto
vertebrados em 85,1%. Coleoptera (besouros) e Orthoptera (gafanhotos) foram os Insecta mais abundantes na dieta,
constando, respectivamente, em 46 e 44 do total de 47 amostras analisadas. Aranhas (ordem Araneae) foram encontradas
em 43 amostras, lagartixas (ordem Squamata), em 29 amostras, pequenos roedores (ordem Rodentia), em 11 amostras
e ras (ordem Anura), em quatro amostras. Esses resultados concordam com a prevaléncia de invertebrados, relatada na
literatura, para a dieta dessa espécie, contudo indicam predominio de répteis dentre os vertebrados predados.

Palavras-chave: Ecologia alimentar. Area urbana. Strigidae.

Abstract: The burrowing owl (Athene cunicularia) is a diurnal and nocturnal owl, distributed from southern Canada to Tierra del
Fuego and throughout Brazil. It is a generalist predator with a carnivorous-insectivorous diet. The discovery of nests in
an open area, close to the Rectory building on the UFR] campus prompted ad /ibitum collections during April and May
2016. This study aims to qualitatively describe the diet of this species in an anthropized environment. 47 pellets containing
non-digestible food items such as arthropod exoskeletons, bones, hair, feathers and teeth were collected. The samples
were preserved in 70% ethanol and subsequently examined under a stereoscopic microscope. Arthropods were present
in 100% of the pellets while vertebrates in 85.1%. Coleoptera, beetles and Orthoptera, grasshoppers, were the most
abundant Insecta in the diet, appearing, respectively, in 46 and 44 of the total of 47 samples analyzed. Spiders, Order
Araneae, were found in 43 samples; Order Squamata, geckos, in 29 samples, small rodents, Order Rodentia in 11
samples and frogs, Order Anura, in four samples. These results agree with the prevalence of invertebrates, reported in
the literature, for the diet of this species, however, they indicate a predominance of reptiles among the vertebrate prey.

Keywords: Food ecology. Urban area. Strigidae.
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Dieta de Athene cunicularia (Strigidae) no campus da Universidade Federal do Rio de Janeiro, ilha do Fundao, Brasil

INTRODUCAO
A coruja-buraqueira, Athene cunicularia (Molina, 1782),
com cerca de 30 cm de comprimento e peso variando
de 145 a 185 g (Develey & Endrigo, 2004), é uma ave
terricola e pernilonga, ocorrendo do sul do Canadd a Terra
do Fogo, excetuando os ambientes florestais (Sick, 1997).
Atualmente, ha registros fotograficos em todos os estados
do Brasil, incluindo a bacia amazdnica, possivelmente
como uma consequéncia do desmatamento na regidao
(Gomes et al., 2013; Wikiaves, s.d.). Ocupa campos,
pastos e restingas, areas abertas em geral, com vegetacao
rasteira (Sick, 1997). Seu comportamento nio sofre
grandes alteracdes com a maior ou menor presenga
do ser humano, ndo sendo drasticamente alterado em
areas habitadas (Turcatto, 2015), nem mesmo com
desenvolvimento urbano acentuado (Baladrén et al.,
2020). Contudo, para Crivelaro et al. (2015), a presenca
constante de pessoas perto dos ninhos acarreta o
aumento da frequéncia de comportamento de defesa
em relacdo aos comportamentos de caca e cuidados
parentais. Essa espécie apresenta habitos diurnos, sendo
mais ativa durante o crepusculo e o inicio da noite
(Motta-Junior, 2006). E predadora generalista de hébito
carnivoro-insetivoro, consumindo presas em funcdo de
sua disponibilidade (Silva-Porto & Cerqueira, 1990; Vieira
& R. Teixeira, 2008), definindo-se como oportunista.
Devido a sua dieta generalista, a coruja-buragueira pode
ser considerada um excelente biocontrolador de pragas
em areas urbanas e de atividades agropecuérias (Moraes
et al., 2004; Vera & Tuarez, 2019).
No presente trabalho, descrevemos
qualitativamente a dieta dessa espécie em um
ambiente antropizado: a ilha do Fundao, préxima
a baia de Guanabara, na cidade do Rio de Janeiro,
estado do Rio de Janeiro. Tais informagées, mesmo que
pontuais, somam-se aos poucos registros de seus itens
alimentares no estado do Rio de Janeiro, contribuindo
para uma maior compreensdo da histéria natural dessa

espécie, tdo amplamente distribuida.

MATERIAL E METODOS

AREA DE ESTUDO

Na cidade do Rio de Janeiro, em uma area descampada, com
vegetacdo rasteira, composta, principalmente, por gramineas
e proxima ao prédio da Reitoria da UFR] (latitude 22° 86’
66,8" S; longitude 43° 22" 38,5” W), foram encontradas
tocas de A. cunicularia em meio a amontoados de pedras
existentes no terreno (Figura 1). Foram feitas coletas ad
libitum de pelotas nos meses de abril e maio de 2016.

METODOLOGIA

Essa corujinha, como outras aves de rapina, regurgita
pelotas ou egagrépilas formadas por partes de dificil digestao
dos itens consumidos (Figura 2), como exoesqueletos de
artrépodes, ossos e pelos de vertebrados (F Teixeira &
Melo, 2000). As pelotas (N = 47) foram coletadas nas
proximidades dos ninhos, levadas ao laboratério, onde
foram pesadas, medidas e armazenadas em frascos
com etanol a 70%. As amostras foram desmanchadas
manualmente e analisadas em duas etapas: primeiramente,
foram separadas as partes reconheciveis de artropodes
(cabecas, mandibulas, membros, élitros e asas) dos restos
de vertebrados. As subamostras de quitina foram mantidas
em etanol, como nas etapas anteriores. Os 0ssos foram
secos e separados em outros frascos. As analises de
invertebrados foram apenas qualitativas e as de vertebrados
foram também quantitativas, ambas feitas com auxilio de
microscopio estereoscédpico. Especialistas ajudaram na

identificacdo dos itens das amostras.

RESULTADOS E DISCUSSAO

O tamanho médio das pelotas foi de 29,4 mm x 13,2 mm,
variando de 21,0 mm a 43,7 mm no comprimento e de
11,0213,9 mm na largura. O peso médio, considerando-se
somente as pelotas integras (N = 31), foi de 1,3 (= 0,6) g.
Esses resultados encontram-se na mesma faixa de tamanho e
peso das pelotas analisadas por Schlatter et al. (1980), Koppe
(2004), Santos et al. (2017) e Mansur e Ferreira (2019).
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Figura 1. Situacdo geogréfica, vista aérea (Google Maps) e fotografias da area estudada.

Figure 1. Geographical location, aerial view (Google Maps) and photos of the studied area.

Em relagdo aos componentes principais da dieta,
artrépodes estavam presentes em 100% das pelotas
(Tabelas 1 e 2, Figuras 3 e 4), nem sempre identificaveis,
enquanto vertebrados (Tabelas 1 e 2, Figuras 5, 6 e 7)
limitaram-se a 85,1% das amostras. Em uma das pelotas
estudadas, havia 27 cabecas de Coleoptera (Scarabaeidae).
Em nenhuma outra amostra a representatividade de
um Unico tipo de presa foi to expressiva (Figura 4). O
predominio de invertebrados nas amostras foi também
destacado por Silva-Porto e Cerqueira (1990), F Teixeira
e Melo (2000), Koppe (2004), Moraes et al. (2004),
Zilio (2006), F Silva (2006), Motta-Junior (2006), Vieira
e R. Teixeira (2008), Carvalho (2010), Schwaida (2012),

Menezes e Meira (2012), Menezes e Ludwig (2013),
Rasche (2017) e Otero (2019).

Neste estudo, Coleoptera e Orthoptera foram os
Insecta mais abundantes na dieta, constando, respectivamente,
em 46 e 44 dototal de 47 amostras. Essas duas ordens foram
as de destaque também para Koppe (2004), Bastian et al.
(2008), Vieira e R. Teixeira (2008), Menezes e Meira (2012),
Menezes e Ludwig (2013), Rasche (2017), Santos et al. (2017)
e Otero (2019). Mansur e Ferreira (2019) citam coledpteros
como os invertebrados mais encontrados nas pelotas,
principalmente representantes da familia Scarabaeidae; para
Carvalho (2010), os invertebrados mais presentes foram
os himendpteros; ja Motta-Junior (2006) cita isdpteros.
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Figura 2. Egagropila integra (A) e desfeita (B) para separagdo dos itens alimentares.

Figure 2. A whole pellet (A) and a dismantled one (B) for analysis of food items.

Tabela 1. Percentagem dos téxons identificados nas pelotas de Athene cunicularia. (Continua)
Table 1. Percentage of taxa identified in the pellets of Athene cunicularia. (Continue)
Ne total = 47 amostras N %
Orthoptera 44 93,6
Orthoptera nao identificado 38 80,9
Ensifera 5 10,6
Caelifera 1 2.1
Blattodea 1 2,1
Coleoptera 46 97,9
Coleoptera ndo identificado 25 53,2
Larvas de coleoptera 11 23,4
Scarabaeidae 20 42,6
Carabidae 6 12,8
Cerambycidae 1 2,1
Chrysomelidae 1 2.1
Passandridae 3 6,4
Hymenoptera 8 17,0
Nao Formicidae 1 2,1
Formicidae 7 14,9
Diptera - Stratyomiidae 7 14,9
Araneae 43 91,5
Diplopoda 1 2,1
===
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Tabela 1 | 7able 1.

(Conclusdo) | (Conclusion)

Ne total = 47 amostras

%

Rodentia

ik

234

Mus musculus

"

234

Squammata

30

63,8

Hemidactylus mabouia

29

61,7

Tropidurus torquatus

2,1

Anura

8,5

Tabela 2. Presas identificadas por pelota.

lable 2. Prey identified by pellets.

(Continua)
(Continue)

N° da pelota Data de coleta

Grupo encontrado

Taxon identificado

1 12/04/2016

Invertebrado

Orthoptera

Larva de Coleoptera

Coleoptera

Hymenoptera - Formicidae

Vertebrado

Mus musculus

2 12/04/2016

Invertebrado

Orthoptera

Larva de Coleoptera

Coleoptera

Hymenoptera - Formicidae

Araneae

Vertebrado

Mus musculus

3 12/04/2016

Invertebrado

Coleoptera

Coleoptera Passandridae

Araneae

Vertebrado

Mus musculus

4 12/04/2016

Invertebrado

Orthoptera

Coleoptera

Hymenoptera - ndo Formicidae

Araneae

Vertebrado

Mus musculus

5 12/04/2016

Invertebrado

Orthoptera

Blattodea

Coleoptera

Araneae

Vertebrado

Mus musculus

6 12/04/2016

Invertebrado

Orthoptera

Coleoptera
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Tabela 2 | Table 2. (Continua) | (Continue)
N° da pelota Data de coleta Grupo encontrado Téxon identificado
Hymenoptera - Formicidae
Invertebrado
6 12/04/2016 Araneae
Vertebrado Mus musculus
Orthoptera
Larva de Coleoptera
Coleoptera
Invertebrado
7 27/04/2016 Coleoptera - Cerambycidae
Diptera Stratyomiidae
Araneae
Vertebrado Hemidactylus mabouia
Orthoptera
Larva de Coleoptera
Invertebrado Coleoptera
8 27/04/2016 —
Hymenoptera - Formicidae
Araneae
Vertebrado Mus musculus
Orthoptera
Coleoptera
Invertebrado
Hymenoptera - Formicidae
9 27/04/2016
Araneae
Anura
Vertebrado
Hemidactylus mabouia
Orthoptera
Invertebrado Coleoptera
10 27/04/2016
Araneae
Vertebrado Hemidactylus mabouia
Orthoptera
Invertebrado Coleoptera
11 27/04/2016
Araneae
Vertebrado Mus musculus
Orthoptera
Invertebrado Coleoptera
12 27/04/2016
Araneae
Vertebrado Hemidactylus mabouia
Orthoptera
13 27/04/2016 Invertebrado Coleoptera
Coleoptera Passandridae
===
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Tabela 2 | Table 2. (Continua) | (Continue)
N° da pelota Data de coleta Grupo encontrado Téxon identificado

Invertebrado Araneae
13 27/04/2016

Vertebrado Mus musculus

Orthoptera

Coleoptera

Invertebrado

Coleoptera - Scarabaeidae
14 12/05/2016

Araneae

Anura

Vertebrado
Hemidactylus mabouia

Orthoptera

Coleoptera

Invertebrado
Coleoptera - Scarabaeidae

15 12/05/2016
Araneae

Anura

Vertebrado
Hemidactylus mabouia

Orthoptera

Orthoptera - Ensifera

Larva de Coleoptera

Invertebrado
16 12/05/2016 Coleoptera

Coleoptera - Scarabaeidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera

Invertebrado Coleoptera - Scarabaeidae
17 12/05/2016

Diptera Stratyomiidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Invertebrado Coleoptera

18 12/05/2016 ,
Coleoptera - Cerambycidae

Vertebrado Mus musculus

Orthoptera

Coleoptera

19 12/05/2016 Invertebrado :
Coleoptera-Scarabaeidae

Hymenoptera - Formicidae

Diptera - Stratyomiidae
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Tabela 2 | Table 2. (Continua) | (Continue)
N° da pelota Data de coleta Grupo encontrado Téxon identificado

Invertebrado Araneae

19 12/05/2016
Vertebrado Hemidactylus mabouia

Orthoptera

Orthoptera - Ensifera

Larva de Coleoptera

20 12/05/2016 Invertebrado Coleoptera

Coleoptera - Scarabaeidae

Diptera - Stratyomiidae

Araneae

Orthoptera

Coleoptera

21 12/05/2016 Invertebrado - -
Diptera - Stratyomiidae

Araneae

Orthoptera

Coleoptera

Invertebrado Coleoptera - Carabidae

22 12/05/2016
Coleoptera - Scarabaeidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera

Invertebrado
23 12/05/2016 Coleoptera - Scarabaeidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Orthoptera - Ensifera

Larva de Coleoptera

Invertebrado Coleoptera
24 12/05/2016

Coleoptera - Carabidae

Coleoptera - Scarabaeidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera

25 12/05/2016 Invertebrado
Coleoptera - Scarabaeidae

Diptera - Stratyomiidae
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Tabela 2 | Table 2. (Continua) | (Continue)
N° da pelota Data de coleta Grupo encontrado Téxon identificado

Invertebrado Araneae

25 12/05/2016
Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera

Invertebrado
26 12/05/2016 Coleoptera - Scarabaeidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera

27 12/05/2016 Invertebrado : »
Diptera - Stratyomiidae

Araneae

Orthoptera

Orthoptera - Ensifera

Larva de Coleoptera

Invertebrado
28 12/05/2016 Coleoptera

Coleoptera - Scarabaeidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Invertebrado Coleoptera

29 12/05/2016
Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Invertebrado Orthoptera - Caelifera

30 12/05/2016

Coleoptera

Vertebrado Mus musculus

Orthoptera

Coleoptera

Invertebrado
31 25/05/2016 Coleoptera - Passandridae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera

32 25/05/2016 Invertebrado Coleoptera-Scarabaeidae

Coleoptera - Chrysomelidae

Araneae
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Tabela 2 | Table 2. (Continua) | (Continue)
N° da pelota Data de coleta Grupo encontrado Téxon identificado

32 25/05/2016 Vertebrado Hemidactylus mabouia

Orthoptera

Larva de Coleopt
33 25/05/2016 Invertebrado arva de Coleoptera

Hymenoptera - Formicidae

Araneae

Orthoptera

Larva de Coleoptera

Coleoptera

Invertebrado
34 25/05/2016 Coleoptera - Carabidae

Coleoptera - Scarabaeidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera

Invertebrado
35 25/05/2016 Coleoptera - Carabidae

Coleoptera - Scarabaeidae

Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera

Coleoptera - Carabidae

Invertebrado
36 25/05/2016 Coleoptera-Scarabaeidae

Araneae

Diplopoda

Vertebrado Hemidactylus mabouia

Orthoptera

Coleoptera
37 25/05/2016 Invertebrado

Coleoptera - Scarabaeidae

Araneae

Orthoptera

Coleoptera

Invertebrado
38 25/05/2016 Coleoptera - Scarabaeidae

Araneae

Vertebrado Hemidactylus mabouia

Orthoptera

39 25/05/2016 Invertebrado

Coleoptera

10
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Tabela 2 | Table 2. (Condlusio) | (Conclusion)
N° da pelota Data de coleta Grupo encontrado Téxon identificado
Invertebrado Araneae
39 25/05/2016
Vertebrado Hemidactylus mabouia
Orthoptera
Invertebrado Coleoptera
40 25/05/2016
Araneae
Vertebrado Hemidactylus mabouia
Orthoptera
41 25/05/2016 Invertebrado
Araneae
Coleoptera
42 25/05/2016 Invertebrado
Araneae
Orthoptera
Larva de Coleoptera
Invertebrado Coleoptera
43 25/05/2016
Coleoptera - Scarabaeidae
Araneae
Vertebrado Hemidactylus mabouia
Orthoptera
Invertebrado Coleoptera
44 25/05/2016
Araneae
Vertebrado Hemidactylus mabouia
Orthoptera
Orthoptera - Ensifera
Invertebrado Coleoptera
45 25/05/2016
Coleoptera - Scarabaeidae
Araneae
Vertebrado Hemidactylus mabouia
Orthoptera
Invertebrado Coleoptera
46 25/05/2016 Araneae
Anura
Vertebrado
Hemidactylus mabouia
Orthoptera
Invertebrado Coleoptera
47 25/05/2016 Araneae
Hemidactylus mabouia
Vertebrado
Tropidurus torquatus
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Figura 3. (A) Cerambycidae — cabega e élitros, (B) Diplopoda — segmentos, (C) Araneae — queliceras, (D) Diptera — larva, (E) Scarabaeidae
— membros, (F) Orthoptera — mandibulas, (G) Passandridae — cabega, (H) Coleoptera — mandibula da larva.

Figure 3. (A) Cerambycidae — head and elytras, (B) Diplopoda — segments, (C) Araneae — cheliceras, (D) Diptera — larva, (E) Scarabaeidae —
limbs, (F) Orthoptera — mandibles, (G) Passandridae — head, (H) Coleoptera — larval mandible.

—t—F= H ==
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Figura 4. Cabegas de Coleoptera em uma Unica pelota.

Figure 4. Coleoptera heads in a single pallet.

Merece destaque ainda o consumo de Araneae,
presente em 43 amostras analisadas (Tabela 1). Dentre
os demais autores, que também citam o consumo de
aracnideos, Silva-Porto e Cerqueira (1990), no estado
do Rio de Janeiro, registraram a ordem em 84% das
egagropilas. Em outras regides do pals, F Teixeira e Melo
(2000), E Silva (2006), Motta-Junior (2006), Bastian et
al. (2008), Vieira e R. Teixeira (2008) e Schwaida (2012)
apontaram a baixa frequéncia de ocorréncia de Araneae
nas amostras que estudaram.

Para Sherry e Mcdade (1982), a predominancia de
insetos na dieta de predadores de pequeno porte pode
ser atribuida a maior facilidade de manipulacio, abundancia
e previsibilidade do recurso. O trabalho desses autores
nao foi realizado com a coruja-buraqueira, mas com um
galbuliforme da familia Buconidae, Monasa morphoeus
(Hahn & Kstrer, 1823), e um passeriforme da familia
Tyranidae, Attila spadiceus (Gmelin, 1789), mas a justificativa
pode ser adequada a A. cunicularia. Outra possibilidade

para a predomindncia de invertebrados em nossa
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amostragem seria uma resposta funcional e numérica a
baixa densidade ambiental de pequenos mamiferos, como
o sugerido pelo estudo de longo prazo com a espécie
desenvolvido no Chile (S. Silva et al., 1995).

Quanto ao consumo de vertebrados (Tabelas 1e 2),
apenas mamfferos Rodentia (Figura 5), répteis Squamata
(Figura 6) e anfibios Anura (Figura 7) tiveram registro
neste estudo. Encontramos 45 espécimes de vertebrados
registrados em 40 amostras. Lagartixas (Hemidactylus
mabouia - Gekkonidae) e camundongos (Mus musculus -
Muridae) foram as presas mais frequentemente consumidas,
seguidas por anuros de espécie nao identificada e calango
(Tropidurus torquatus - Tropiduridae).

Hemidactylus mabouia mereceu nossa atencao
como o vertebrado mais presente nas amostras que
estudamos (Tabela 1). Espécie de origem africana, ainda
ndo se sabe ao certo desde quando e como chegou
ao Novo Mundo. Para Kluge (1969) e Vanzolini (1978),
as hipdteses mais provaveis sdo a de ter atravessado
O oceano em canoas naturais, trazidas pelas correntes
marinhas, ou em navios portugueses em transito pelo
Atlantico. Muito conhecida por frequentar residéncias
urbanas, habita igualmente ambientes naturais, como
registrado no estudo de Anjos e Rocha (2008), em
Valinhos, Sdo Paulo. Essa populagdo utilizou dez tipos
diferentes de microhdbitats, seis deles sobre pedras,
tendo sido este o seu microhabitat preferencial.
Hemidactylus mabouia tem habito de vida noturno e sua
dieta é composta basicamente por artrépodes, incluindo
insetos, aracnideos e crustaceos (Anjos & Rocha, 2008).
Possivelmente, a presenca de lagartixas nas pedras
proximas as tocas contribuiu para que H. mabouia se
tornasse a presa vertebrada mais consumida por A,
cunicularia em nosso estudo. Segundo Martins e Egler
(1990), a coruja-buraqueira é uma espécie predadora
generalista de artrépodes e pequenos vertebrados,
aproveitando-se de presas que estdao mais disponiveis
em seu habitat, ndo as escolhendo, o que minimiza seu

esforco durante a captura.

Figura 5. Fragmentos de ossos de Mus musculus Linnaeus, 1758: (A)
dentario, premaxila, maxila e basisfenoide, (B) flio-isquio-pUbis, fémur
e tibia-fibula, (C) escapula, Umero e ulna escapular.

Figure 5. Bone fragments of Mus musculus Linnaeus, 1758: (A) dental
bones, premaxilla, maxilla, basisphenoid, (B) ilium-ischium-pubis, femur
and tibia-fibula, (C) escape, humerus and ulna.

F=¢=*
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Figura 6. Fragmentos de ossos de Squamata: (A) ossos do cranio de
Hemidactylus mabouia Moreau de Jonnés, 1818, (B) cintura pélvica
de H. mabouia, (C) cintura escapular de H. mabouia, (D) mandibula
de Tropidurus torquatus.

Figure 6. Bones fragments of Squamata: (A) skull bones of Hemidactylus
mabouia, Moreau de Jonnes, 1818, (B) pelvic girdle of H. mabouia, (C)
shoulder girdle of H. mabouia, (D) mandible of Tropidurus torquatus.

Em nosso estudo, a segunda presa vertebrada mais
capturada foi Mus musculus (Tabela 1). Predadores de
topo de cadeia alimentar, como as corujas, influenciam
no controle populacional de presas como roedores
(Motta-Junior et al., 2004). Este habito alimentar é de
grande utilidade para o homem, uma vez que colabora
para o controle da densidade populacional de roedores

Figura 7. Fragmentos de ossos de anfibios Anura: (A) mandibula e
maxila, (B) flio-fsquio-pubis, tibiofibula e urdstilo, (C) radioulna e
dmero.

Figure 7. Bones fragments of Anura: (A) mandible and maxilla, (B)
ilio-ischio-pubis, tibiofibular, (C) radioulna and humerus.

F=¢=*
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nas cidades, além de pragas em dreas agricolas (Moraes
et al., 2004; Santos et al., 2017; Vera & Tuarez, 2019). A
Tabela 3 apresenta a listagem de vertebrados identificados
em outros estudos de dieta de A. cunicularia.
Entendemos que a diversidade de vertebrados
encontrados na dieta de A. cunicularia depende
substancialmente de caracteristicas fisicas das areas de
estudo, do clima, da época do ano, dos movimentos

migratérios de presas (por exemplo, das aves) e de
outras variantes. Os estudos de Menezes e Ludwig (2013)
concluem que a adaptacdo da coruja-buraqueira a grande
diversidade de presas pode ser a chave para o sucesso
da espécie, mesmo em dreas alteradas. Tal caracteristica
aponta que a oportunidade e a disponibilidade sao as
principais caracteristicas da ecologia alimentar da coruja-

buraqueira, mais do que a preferéncia.

Tabela 3. Listagem de vertebrados identificados em outros estudos quanto a dieta de A. cunicularia.

lable 3. List of vertebrates identified in other studies carried out regarding the diet of A. cunicularia.

Referéncia Estado Area de estudo Vertebrados
Sllva—Por‘(t1093(§erquelra RJ Restinga Pisces, Amphibia, Reptilia, Aves, Mammalia
Teixeira e Melo (2000) MG Areas urbanas, arredores de Uberlandia Amphibia, Reptilia, Mammalia

Koppe (2004) PR Dunas em Pontal do Sul Amphibia, Reptilia, Aves, Mammalia
Moraes et al. (2004) PR Dunas em Pontal do Sul Amphibia, Reptilia, Aves, Mammalia
Zilio (2006) RS Praias e dunas Pisces, Amphibia, Reptilia, Aves, Mammalia
F Silva (2006) PR Curitiba e regléo metropolitana, cinco Amphibia, Mammalia
areas urbanas
Motta-Junior (2006) SP Arredores de S3o Carlos e Luiz Anténio Amphibia, Reptilia, Aves, Mammalia
Vieira e Teixeira (2008) ES Pastagens de Elig'acr': costeiras em Pieces, Amphibia, Reptilia, Aves, Mammalia
. Campus da Universidade do Vale do Rio " " .
Bastian et al. (2008) RS dos Sinos (UNISINOS) em So Leopoldo Amphibia, Reptilia, Aves, Mammalia
Carvalho (2010) PE Vitdria de Santo Antdo, zona da mata Amphibia, Reptilia, Aves, Mammalia
Schwaida (2012) SC Séo Francisco do Sul, restingas urbanizadas Pieces, Amphibia, Reptilia, Aves, Mammalia
Menezes e Meira (2012) Sp Campus da Un|ver5|dadle Paulista (UNIP) Marmmalia
em Assis
Menezes € Ludwig SP Arredores de Maracaf Aves, Mammalia
(2013)
Campus da Universidade Estadual de . . "
Santos et al. (2017) BA Maringa (UEM) em Cruz das Almas Reptilia, Aves, Mammalia, Amphibia
Campus da Universidade do Vale do .
Rasche (2017) RS Taquari (UNIVATES) Mammalia
Mansur e Ferreira (2019) MG Regido urbana em Patrocinio Aves, Mammalia
Otero (2019) DF Campos abertos, pastos e parques Reptilia, Aves, Mammalia
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Resumo: Este estudo teve como objetivo realizar o levantamento da avifauna do Jardim Botanico de Piracicaba (Area [ - Santa Rita),
Séo Paulo, e coletar dados que demonstram o uso de recursos locais pelas aves. O trabalho foi realizado entre os anos
de 2020 a 2023. Foram identificadas 131 espécies, distribuidas em 18 ordens e 41 familias, sendo duas espécies endémicas
da Mata Atlantica. Ao menos 39 espécies de aves registradas podem contribuir para a restauracdo e a conservagao da
Floresta Estacional Semidecidual, devido ao potencial para dispersao de sementes e polinizacdo, ou ambas, segundo
referéncias bibliogréficas. A drea, sujeita a fortes presses antrdpicas, requer medidas de protecdo e manejo de seus
espagos. O monitoramento continuado da avifauna pode ser uma ferramenta importante nesse processo.

Palavras-chave: Aves de areas imidas. Cuidado parental. Guildas tréficas. Nidificagdo.

Abstract: This study aimed to survey the avifauna of the Piracicaba Botanical Garden (Santa Rita - Area I), Sdo Paulo and to collect
data that demonstrates the use of site resources by birds. The survey was conducted between 2020 to 2023 and 131
species were identified, distributed in 18 orders and 41 families, 2 of which are endemic species of the Atlantic Forest.
At least 39 bird of the recorded bird species can contribute to the restoration and conservation of the Semideciduous
Seasonal Forest, due to their potential for seed dispersal, pollination or both, according to bibliographic references. The
area, which is subject to significant anthropic pressures, requires protection and management measures of its spaces and
continuous monitoring of avifauna can be an important tool in this process.
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Avifauna do Jardim Botanico de Piracicaba (Area | - Santa Rita), Sdo Paulo, e sua importincia na restauragao e conservacao da Floresta Estacional Semidecidual

INTRODUCAO

Aves que habitam areas urbanas sdo atraidas pela
disponibilidade de alimentos, locais e materiais para
nidificacdo, abrigo e protecdo contra a predagdo. O
fator que mais favorece a ocorréncia desses recursos é
a cobertura vegetal. Assim, a presenca de areas verdes
no entorno ou em meio a malha urbana representa
um potencial atrativo para a avifauna, como tem sido
demonstrado em varios estudos (J. Scherer et al., 2010;
Fontana et al., 2011; Alexandrino et al., 2013; Rodrigues
et al., 2018; Barbosa et al., 2019; D’Angelo & Sazima,
2019; Navega-Gongalves & Trevisan, 2021; Lima &
Navega-Gongcalves, 2022).

A diversidade avifaunistica do municipio de
Piracicaba, Sdo Paulo, estd diretamente relacionada a
presenca e as caracteristicas da vegetagdo remanescente,
além das areas Umidas existentes, como o rio Piracicaba, e
dos demais cursos d’agua e lagoas que oferecem recursos
variados, necessarios a sobrevivéncia das aves (Negri et
al., 2009; Navega-Gongalves & Trevisan, 2021; Lima &
Navega-Gongalves, 2022). A riqueza de aves estimada
para o municipio é de 387 espécies, segundo dados
disponibilizados na plataforma cidadd WikiAves até o
més de maio de 2024 (Wikiaves, 2024a), o que equivale
a 47,7% das espécies registradas para o estado de Sao
Paulo (811 espécies) (WikiAves, 2024b).

Dentre as areas verdes urbanas, destacam-se os
jardins botanicos, que sdo locais com predominio de
vegetacdo arbdrea destinados ao cultivo, a manutencdo e
a conservagao de espécies vegetais, nos quais é permitida
a visitagao publica com o intuito de aproximar as pessoas
da flora (Queiroz et al., 2011; Souza et al., 2019). Assim,
a criagdo do Jardim Botanico de Piracicaba (JBP) tem a
finalidade de conservar a biodiversidade da flora regional,
constituida especialmente pela Floresta Estacional
Semidecidual, a qual compde o bioma Mata Atlantica
(Prefeitura do Municipio de Piracicaba, 2018).

As aves, reconhecidas como importantes agentes

polinizadores e dispersores de sementes, sdo essenciais

quando o objetivo é a conservacdo e/ou a recuperacao
de uma érea de floresta, uma vez que a interacdo fauna-
flora é um dos processos que mantém a dindmica de
um ecossistema (Reis & Kageyama, 2003; E. Machado
etal., 2006: C. Machado & Rocca, 2010; Pizo & Galetti,
2010; Silva et al., 2010).

Nesse contexto, este estudo teve como objetivo
principal realizar o levantamento da avifauna do JBP Area | -
Santa Rita, que se encontra em fase de implementacéo,
bem como coletar dados que demonstrem o uso do
local pelas aves na obtencdo de recursos e algumas
das interagdes que estabelecem. De posse dessas
informagdes, buscamos responder a seguinte pergunta:
quais espécies de aves presentes no local poderiam
contribuir para a restauragdo e a conservacao da Floresta
Estacional Semidecidual?

MATERIAL E METODOS

JARDIM BOTANICO DE PIRACICABA

O JBP Sdo Paulo, foi criado através do Decreto n°
17.377, de 26 de janeiro de 2018, e estd atualmente
vinculado a Secretaria Municipal de Agricultura,
Abastecimento e Meio Ambiente, anteriormente
denominada Secretaria Municipal de Infraestrutura e
Meio Ambiente de Piracicaba (SIMAP). Além do principal
objetivo, que é a conservacdo da Floresta Estacional
Semidecidual, outros, descritos no artigo 5° do decreto,
dizem respeito a protecdo da fauna silvestre local e
aos interesses sociais, como a garantia de espacos
para pesquisa, educacdo ambiental, cultura, lazer e
turismo ecoldgico, atendendo a Resolucado CONAMA
n® 339/2003 (Prefeitura do Municipio de Piracicaba,
2018; CONAMA, 2003).

Trés dreas preexistentes e com caracteristicas e
finalidades distintas foram estabelecidas para compor o |BR
para cumprir os objetivos propostos no Decreto n® 17.377;
sdo elas: (1) Santa Rita, (2) Engenho Central e (3) Parque
Natural de Santa Terezinha (Piracicaba, s.d.).

F=¢=*
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A drea Santa Rita foi priorizada para o
desenvolvimento das atividades de jardim boténico.
Trata-se de uma Area de Preservacdo Permanente
(APP) e que inclui, em suas adjacéncias, o viveiro
municipal, que produz mudas para a arborizagdo urbana
e projetos de restauragdo ecoldgica. As outras duas
areas serdo implantadas futuramente (Piracicaba, s.d.).

AREA DE ESTUDO

O levantamento da avifauna foi realizado na area situada
ao redor da lagoa do Santa Rita, a qual se refere ao
‘Sistema de Lazer 41 e Area de Protecio Permanente I
(22°45' 24" S, 47° 35 09" W), no bairro Santa Rita, com
226.351 m? (IPPLAR 2017), incluindo o Viveiro Municipal
de Mudas de Piracicaba. A lagoa, que ocupa mais de 1/3
da area, é um reservatério de dgua artificial, decorrente
do represamento de um curso d'dgua perene (Juliana
G. Gragnani, comunicacio pessoal, 25 set. 2024). Tem
aproximadamente 82 mil m? e cerca de 1.200 m de
perimetro, medidos pelo software Google Earth (2024).
Para efeito deste estudo, o local foi denominado ‘Area | -
Santa Rita’ (Figura 1).

Figura 1. Jardim Botanico de Piracicaba, Sdo Paulo, Area I - Santa
Rita. A delimitagio em amarelo refere-se ao Sistema de Lazer 41
e Area de Protecdo Permanente [, conforme consta no memorial
descritivo (IPPLAP 2017). Fonte: modificado de Google Earth (2024).

Figure 1. Piracicaba Botanical Garden, SP Santa Rita - Area I. The yellow
delimitation refers to Leisure System 41 and Permanent Protection Area
1, as stated in the descriptive memorial (IPPLAPR 2017). Source: modified
from Google Earth (2024).

O local, cujo acesso esteve aberto durante toda
a realizacdo do trabalho, é frequentado principalmente
por moradores do bairro e do entorno, que utilizam o
espaco para caminhadas, pratica de esportes, pescarias
e outras atividades de lazer e cultura. Uma sede
administrativa ja foi construida e possui 100 m?, contendo
recepcdo, sala administrativa, copa e sanitarios.

O levantamento das espécies vegetais da éarea
ja foi realizado, bem como a definicio de estratégias
com relacdo ao plantio de espécies nativas da Floresta
Estacional Semidecidual e a remocao de determinadas
espécies exdticas e/ou que possam causar riscos de
queda e provocar acidentes (Souza et al., 2019).

COLETA DE DADOS

No més de outubro de 2020, foi feito um reconhecimento
da area a ser amostrada quando a sede administrativa
estava sendo construida. O levantamento sistematizado
(inventério) da avifauna foi realizado entre os meses
de novembro de 2020 e marco de 2023. Na primeira
etapa do trabalho (novembro de 2020 a dezembro
de 2021), as visitas ao local ocorreram semanalmente
e, na segunda etapa (fevereiro de 2022 a marco de
2023), mensalmente, preferencialmente no periodo da
manha (entre 7 h e 12 h), mas foram realizadas também
observa¢des no periodo da tarde (entre 16 h e 18 h) e
apenas uma observacdo noturna (entre 18 h e 20 h). O
esforco amostral didrio foi de cerca de duas horas a cada
visita ao local, totalizando 142 horas.

A coleta de dados foi realizada em percursos feitos
no interior da mata e préximos a margem da lagoa, em
toda a area delimitada no mapa (Figura 1) e, por vezes,
percorrendo as ruas ao redor da area. As aves foram
avistadas com ou sem o uso de bindculo (Zenith 8x30),
fotografadas sempre que possivel (Cadmera Nikon digital
60x), e algumas tiveram suas vocalizacdes gravadas.
A identificacdo, quando necesséria, foi feita através de
guias ornitolégicos (Develey & Endrigo, 2011; Sigrist,
2014) e através das plataformas digitais WikiAves (s.d.) e
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eBird(s.d.), que disponibilizam imagens e registros sonoros.
Posteriormente, foram agrupadas taxonomicamente e
nomeadas cientificamente segundo a lista comentada
das aves do Brasil pelo Comité Brasileiro de Registros
Ornitolégicos (CBRO) (Pacheco et al., 2021).

Observacoes ad libitum (Altman, 1974) relacionadas
ao comportamento de nidificacdo, entre outras referentes
ao cuidado parental, foram registradas, quando possivel,
durante o inventério avifaunistico.

Posteriormente, foram feitas visitas ocasionais (até o
final de 2023) e incluidos registros fortuitos, disponibilizados
por alguns observadores de aves de Piracicaba, a fim de
compor a riqueza total e de confirmar algumas espécies.
Deste modo, foram considerados registros do entorno
imediato, desde que distando até 500 m (aproximado)
do perimetro da area de estudo, tendo em vista que
as adjacéncias sdo compostas por paisagem urbana e
as espécies encontradas em tais ambientes, em geral,
apresentam grande potencial de deslocamento, podendo
utilizar a drea de estudo. Ainda, espécies que apenas
sobrevoaram o local, no momento da amostragem, foram
consideradas na riqueza, devido a utilizacio do espaco aéreo.

Foram indicadas as guildas tréficas conforme
constam nos estudos realizados por Alexandrino et al.
(2013, 2017); para algumas espécies que ndo constam da
listagem dos autores citados, foram utilizadas informagdes
disponibilizadas nas plataformas cidadas eBird (s.d.) e
WikiAves (s.d.). Também foram indicadas as aves de dreas
Umidas (cf. Accordi, 2010), as espécies endémicas ao bioma
(cf. Vale et al., 2018), as espécies exdticas (cf. Sigrist, 2014)
e as espécies migratdrias (cf. Somenzari etal., 2018, 2022).

RESULTADOS E DISCUSSAO

Foram identificadas, na Area | - Santa Rita, do JBP 131 espécies
de aves, pertencentes a 18 ordens e 41 familias (Tabela 1),
com predominio das familias Traupidae e Tyrannidae,
com 16 e 15 espécies, respectivamente, corroborando
resultados de outros estudos realizados em areas urbanas
no municipio (Alexandrino et al., 2013; Navega-Gongalves

& Lima, 2020; Navega-Goncalves & Trevisan, 2021) e em
demais levantamentos de aves em ambientes urbanos de
diferentes biomas do pals. Essas familias incluem espécies
que denotam grande capacidade de adaptacdo a ambientes
modificados, com alto grau de influéncia antrdpica, mas
que oferecem recursos para a sobrevivéncia dos individuos
(Navega-Goncalves & Trevisan, 2021).

Duas espécies sao endémicas da Mata Atlantica:
Aramides saracura e Tachyphonus coronatus (Vale et al.,
2018). A primeira é encontrada em areas alagadas, mas
também ocupa trechos de mata desprovidos de dgua ou
areas abertas préximas usadas para alimentacdo (Sick,
1997; Taylor & Bonan, 2020; Wikiaves, 2024¢). A segunda
ocorre em areas semiabertas, nas matas do Sul e Sudeste
do Brasil (Hilty, 2020). Duas espécies sdo exdticas — Passer
domesticus e Estrilda astrild (Sigrist, 2014) —, comumente
encontradas em areas urbanizadas.

Trinta e uma espécies (31) sdo aves de areas Umidas,
atraidas pela presenca da lagoa no local (Tabela 1), das quais
28 foram indicadas por Accordi (2010). Incluimos Bubulcus
ibis, Syrigma sibilatrix e Cranioleuca vulpina como espécies
de areas Umidas, com base em observacdes pessoais e
em outras fontes. Bubulcus ibis e S. sibilatrix sdo aves que
podem habitar dreas alagadas em busca de alimento ou
locais para nidificar (Reitor; 2020; Telfair I, 2023), embora
ndo seja um requisito necessario; assim como C.vulpina,
cujo ninho é construido sobre a vegetacao proxima as
areas alagadas (Sigrist, 2014; Navega-Gongalves & Trevisan,
2021; Remsen Jr. & Kirwan, 2020).

Sabe-se que as aves de dreas Umidas sio dependentes
de dreas alagadas para obtencio de alimento, construcao
de ninhos, repouso ou pernoite (Accordi, 2010), entretanto
ha uma gradacao no uso e na dependéncia desse tipo de
ambiente por parte das aves, de maneira que populacdes
de algumas espécies fazem uso desses espacos de forma
oportuna, sendo atraidas pela disponibilidade local de
alimento (peixes, anfibios, moluscos, insetos entre outros)
e/ou pela presenca da vegetacdo ribeirinha, que oferece
abrigo e sftio para nidificagao.
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Tabela 1. Lista de espécies de aves (cf. Pacheco et al., 2021) observadas na Area - Santa Rita e entorno, no Jardim Boténico de Piracicaba
(Piracicaba, Sao Paulo). Legendas: espécies de area Umida (AU); guilda tréfica (GT) — CAR = carnivora, FRU = frugivora, GRA = granivora,
INS = insetivora, NEC = nectarfvora, PIS = piscivora, PIS/INS = piscivora/insetivora e ONI = onivora —; espécies potencialmente
dispersoras de sementes (DS), segundo Silva et al. (2010), Athié e Dias (2012), Athié (2014) e D’'Angelo (2021); espécies polinizadoras
efetivas e potenciais (Po), segundo Buzato et al. (2012) e D’Angelo (2021): ' = espécies observadas sobrevoando; 2 = espécies endémicas
da Mata Atlantica; > = espécies exdticas; * = espécies migratdrias. (Continua)

Table 1. List of bird species (cf. Pacheco et al., 2021) observed in Santa Rita - Area [ and its surroundings, Piracicaba Botanical Garden (Piracicaba,
Sdo Paulo). Wetland species (AU). Trophic guild (GT): CAR = carnivorous, FRU = frugivorous, GRA = granivorous, INS = insectivorous, NEC
= nectarivorous, PIS = piscivorous, PIS/INS = piscivorous/insectivorous and ONI = onivorous. Potential seed dispersing species (DS), according
to Silva et al. (2010), Athié and Dias (2012), Athié (2014) and D'Angelo (2021). Effective and potential pollinator species (Po), according to
Buzato et al. (2012) and D’Angelo (2021). ' = Species observed flying over; ? = Species endemic to the Atlantic Forest; > = Exotic species;

* = Migratory species. (Continue)
Téxon Nome cientifico Nome vernaculo ‘ AU ‘ GT ‘ DS ‘ Po
ANSERIFORMES
Anatidae Dendrocygna autumnalis (Linnaeus, 1758)' Marreca-cabocla X ONI
Cairina moschata (Linnaeus, 1758) Pato-do-mato X ONI
Amazonetta brasiliensis (Gmelin, 1789) Marreca-ananal X ONI

PODICIPEDIFORMES

Podicipedidae Podilymbus podiceps (Linnaeus, 1758) Mergulhdo-cagador ‘ X ‘ PIS/INS ‘ ‘
COLUMBIFORMES
Columbidae Patagioenas picazuro (Temminck, 1813) Pomba-asa-branca ONI X
Leptotila verreauxi Bonaparte, 1855 Juriti-pupu ONI
Zenaida auriculata (Des Murs, 1847) Avoante GRA
Columbina talpacoti (Temminck, 1811) Rolinha-roxa GRA
Columbina squamata (Lesson, 1831) Rolinha-fogo-apagou GRA
CUCULIFORMES
Cuculidae Guira guira (Gmelin, 1788) Anu-branco INS
Crotophaga ani Linnaeus, 1758 Anu-preto ONI
Piaya cayana (Linnaeus, 1766) Alma-de-gato INS
NYCTIBIIFORMES
Nyctibiidae Nyctibius griseus (Gmelin, 1789) Urutau ‘ ‘ INS ‘ ‘
APODIFORMES
Apodidae Chaetura meridionalis Hellmayr, 1907+ Andorinhio-do-temporal INS
Tachornis squamata (Cassin, 1853)! Andorinhdo-do-buriti INS
Trochilidae Phaethornis pretrei (Lesson & Delattre, 1839) Rabo-branco-acanelado NEC X
Anthracothorax nigricollis (Vieillot, 1817)* Beija-flor-de-veste-preta NEC X
Chlorostilbon lucidus Besourinho-de-bico-vermelho NEC X
Eupetomena macroura (Gmelin, 1788) Beija-flor-tesoura NEC X
Chionomesa lactea (Lesson, 1832) Beija-flor-de-peito-azul NEC X
GRUIFORMES
Aramidae Aramus guarauna (Linnaeus, 1766) Caréo X CAR
Rallidae Aramides cajaneus (Statius Muller, 1776) Saracura-trés-potes X INS
===
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Téxon Nome cientifico Nome vernaculo AU GT DS | Po

Rallidae Aramides saracura (Spix, 1825)? Saracura-do-mato X ONI
Gallinula galeata (Lichtenstein, 1818) Galinha-d'agua X ONI

CHARADRIIFORMES

Charadriidae Vanellus chilensis (Molina, 1782) Quero-quero X ONI

Jacanidae Jacana jacana (Linnaeus, 1766) Jacana X ONI

SULIFORMES

Anhingidae Anhinga anhinga (Linnaeus, 1766) Biguatinga X PIS

Phalacrocoracidae Nannopterum brasilianum (Gmelin, 1789) Bigua X PIS

PELECANIFORMES

Ardeidae Nycticorax nycticorax (Linnaeus, 1758) Socé-dorminhoco X PIS
Butorides striata (Linnaeus, 1758) Socozinho X PIS
Bubulcus ibis (Linnaeus, 1758) Garga-vaqueira X INS
Ardea cocoi Linnaeus, 1766 Garga-moura X PIS
Ardea alba Linnaeus, 1758 Garga-branca-grande X PIS
Syrigma sibilatrix (Temminck, 1824) Maria-faceira X INS
Egretta thula (Molina, 1782) Garga-branca-pequena X PIS

Threskiornithidae Mesembrinibis cayennensis (Gmelin, 1789) Cordé-cord X ONI
Phimosus infuscatus (Lichtenstein, 1823) Tapicuru X ONI
Theristicus caudatus (Boddaert, 1783)! Curicaca ONI

CATHARTIFORMES

Cathartidae Coragyps atratus (Bechstein, 1793) Urubu-preto ‘ ONI ‘ ‘

ACCIPITRIFORMES

Accipitridae Gampsonyx swainsonii Vigors, 1825 Gavidozinho CAR
Elanus leucurus (Vieillot, 1818) Gavido-peneira CAR
Rostrhamus sociabilis (Vieillot, 1817) Gavido-caramujeiro X CAR
Ictinia plumbea (Gmelin, 1788)* Sovi INS
Rupornis magnirostris (Gmelin, 1788) Gavido-carijé CAR

STRIGIFORMES

Strigidae Megascops choliba (Vieillot, 1817) Corujinha-do-mato INS
Athene cunicularia (Molina, 1782) Coruja-buraqueira CAR
Asio clamator (Vieillot, 1808) Coruja-orelhuda CAR

CORACIIFORMES

Alcedinidae Megaceryle torquata (Linnaeus, 1766) Martim-pescador-grande X PIS
Chloroceryle amazona (Latham, 1790) Martim-pescador-verde X PIS
Chloroceryle americana (Gmelin, 1788) Martim-pescador-pequeno X PIS

PICIFORMES

Ramphastidae Ramphastos toco Statius Muller, 1776 Tucanugu ‘ FRU ‘ ‘
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(Continua) | (Continue)

Téxon Nome cientifico Nome vernaculo AU GT DS | Po
Picidae Picumnus cirratus Temminck, 1825 Picapauzinho-barrado INS
Picumnus albosquamatus d'Orbigny, 1840 Picapauzinho-escamoso INS
Melanerpes candidus (Otto, 1796) Pica-pau-branco INS X
Veniliornis passerinus (Linnaeus, 1766) Pica-pau-pequeno INS
Dryocopus lineatus (Linnaeus, 1766) Pica-pau-de-banda-branca INS
Colaptes melanochloros (Gmelin, 1788) Pica-pau-verde-barrado INS X
Colaptes campestris (Vieillot, 1818) Pica-pau-do-campo INS
FALCONIFORMES
Falconidae Caracara plancus (Miller, 1777) Carcard ONI
Milvago chimachima (Vieillot, 1816) Carrapateiro ONI
Falco sparverius Linnaeus, 1758 Quiriquiri CAR
Falco femoralis Temminck, 1822 Falcao-de-coleira CAR
PSITTACIFORMES
Peitacdee Brotogeris chiriri (Vieillot, 1818) Periquito-de-encantro- FRU X
Forpus xanthopterygius (Spix, 1824) Tuim FRU
Psittacara leucophthalmus (Statius Muller, 1776) Periquitdo ONI X X
PASSERIFORMES
N Thamnophilus doliatus (Linnaeus, 1764) Choca-barrada INS X
Thamnophilidae — -
Jaraba major (Vieillot, 1816) Choré-boi INS
Dendrocolaptidae Lepidocolaptes angustirostris (Vieillot, 1818) Arapagu-de-cerrado INS
Furnariidae Furnarius rufus (Gmelin, 1788) Jodo-de-barro INS
Cranioleuca vulpina (Pelzeln, 1856) Arredio-do-rio X INS
Certhiaxis cinnamomeus (Gmelin, 1788) Curutié X INS
Synallaxis spixi Sclater, 1856 Jodo-teneném INS
Synallaxis frontalis Pelzeln, 1859 Petrim INS
Rhynchocyclidae Leptopogon amaurocephalus Tschudi, 1846 Cabegudo INS
Jodirostrum cinereum (Linnaeus, 1766) Ferreirinho-reldgio INS
Tyrannidae Camptostoma obsoletum (Temminck, 1824) Risadinha ONI
Elaenia flavogaster (Thunberg, 1822) Guaracava-de-barriga-amarela INS X | X
Elaenia spectabilis Pelzeln, 1868* Guaracava-grande INS X X
Serpophaga subcristata (Vieillot, 1817)* Alegrinho INS
Myiarchus ferox (Gmelin, 1789) Maria-cavaleira INS X
Pitangus sulphuratus (Linnaeus, 1766)* Bem-te-vi ONI X X
Machetornis rixosa (Vieillot, 1819) Suiriri-cavaleiro INS
Myiodynastes maculatus (Statius Bem-te-vi-rajado INS X

Muller, 1776)*
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Téxon Nome cientifico Nome vernaculo AU GT DS | Po
Tyrannidae Megarynchus pitangua (Linnaeus, 1766) Neinei ONI | X
Myiozetetes similis (Spix, 1825) entevizinho-de-penacho- INS | X
Tyrannus melancholicus Vieillot, 1819* Suiriri INS X
Tyrannus savana Daudin, 1802* Tesourinha INS
Empidonomus varius (Vieillot, 1818)* Peitica INS X
Fluvicola nengeta (Linnaeus, 1766) Lavadeira-mascarada X INS
Pyrocephalus rubinus (Boddaert, 1783)* Principe INS
Vireonidae Cyclarhis gujanensis (Gmelin, 1789) Pitiguari INS
Corvidae Cyanocorax cristatellus (Temminck, 1823) Gralha-do-campo ONI X | X
Hirundinidae Pygochelidon cyanoleuca (Vieillot, 1817) Andorinha-pequena-de-casa INS
Stelgidopteryx ruficollis (Vieillot, 1817) Andorinha-serradora X INS
Progne tapera (Linnaeus, 1766)* Andorinha-do-campo INS
Progne chalybea (Gmelin, 1789)* Andorinha-grande INS
Tachycineta albiventer (Boddaert, 1783) Andorinha-do-rio X INS
Troglodytidae Troglodytes musculus Naumann, 1823 Corrufra-de-casa INS
Turdidae Turdus leucomelas Vieillot, 1818 Sabia-barranco INS X | X
Turdus amaurochalinus Cabanis, 1850% Sabia-poca FRU X X
Mimidae Mimus saturninus (Lichtenstein, 1823) Sabid-do-campo INS X | X
Estrildidae Estrilda astrild (Linnaeus, 1758)° Bico-de-lacre GRA
Passeridae Passer domesticus (Linnaeus, 1758) Pardal ONI
Fringillidae Spinus magellanicus (Vieillot, 1805) Pintassilgo GRA
Euphonia chlorotica (Linnaeus, 1766) Fim-fim FRU X X
Euphonia violacea (Linnaeus, 1758) Gaturamo-verdadeiro FRU X
Passerellidae Ammodramus humeralis (Bosc, 1792) Tico-tico-do-campo GRA
Arremon flavirostris Swainson, 1838 Tico-tico-de-bico-amarelo GRA
Zonotrichia capensis (Statius Muller, 1776) Tico-tico GRA X
Icteridae Icterus pyrrhopterus (Vieillot, 1819) Encontro INS X
Molothrus bonariensis (Gmelin, 1789) Chupim INS X
Chrysomus ruficapillus (Vieillot, 1819) Garibaldi X GRA
Parulidae Geothlypis aequinoctialis (Gmelin, 1789) Pia-cobra INS
Setophaga pitiayumi (Vieillot, 1817) Mariquita INS
Myiothlypis flaveola Baird, 1865 Candrio-do-mato INS
Thraupidae Nemosia pileata (Boddaert, 1783) Saira-de-chapéu-preto INS X | X
Tersina viridis (Illiger, 1811)* Sai-andorinha FRU X
Coereba flaveola (Linnaeus, 1758) Cambacica NEC X X
Volatinia jacarina (Linnaeus, 1766) Tiziu GRA
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(Conclusio) | (Conclusion)

Téxon Nome cientifico Nome vernaculo AU GT DS | Po
Thraupidae Tachyphonus coronatus (Vieillot, 1822)? Tié-preto ONI | X | X
Ramphocelus carbo (Pallas, 1764) Pipira-vermelha FRU X | X
Sporophila lineola (Linnaeus, 1758)* Bigodinho GRA
Sporophila caerulescens (Vieillot, 1823)* Coleirinho GRA
e it Ot
Conirostrum speciosum (Temminck, 1824) Figuinha-de-rabo-castanho FRU X
Sicalis flaveola (Linnaeus, 1766) Canério-da-terra GRA
Sicalis luteola (Sparrman, 1789) Tipio GRA
Paroaria dominicana (Linnaeus, 1758) Cardeal-do-nordeste GRA X
Thraupis sayaca (Linnaeus, 1766) Sanhacu-cinzento ONI X X
Thraupis palmarum (Wied, 1821) Sanhago-do-coqueiro ONI X X
Stilpnia cayana (Linnaeus, 1766) Saira-amarela FRU X | X
Total de 131 espécies 31 23 | 32

A lagoa é o elemento principal que compd&e
a paisagem do |BP Area | - Santa Rita, devido a sua
dimensdo, que equivale a mais de 1/3 da area. Embora
situada em local urbano, apresenta papel importante para
a manutengdo e a sobrevivéncia da avifauna da regiao,
além de conferir ao local beleza cénica, em conjunto
com a vegetacdo (Figura 2). Porém, interferéncias
antrdpicas, tais como despejo de lixo e esgoto, linhas de
pesca deixadas na margem e dentro do lago, atividades
recreativas e esportivas sem critério, podem colocar
em risco a vida das aves, principalmente de ninhegos
e jovens, que ainda dependem do ninho e dos adultos

para o cuidado.

A frequéncia relativa da riqueza de aves registradas
quanto as guildas tréficas estéd representada na Figura 3.

Houve predominio de espécies insetivoras (42%) e
onivoras (19,1%), resultado esperado em levantamentos
de aves de dreas urbanas e periurbanas, tal como verificado
em outros estudos realizados na regido (Alexandrino et
al.,, 2013; Navega-Gongalves & Lima, 2020; Navega-
Goncgalves & Trevisan, 2021) e em demais dreas amostradas
(Franchin & Margal Junior, 2004; Franco & Prado, 2012;
Favretto, 2015; Dipont et al., 2017; Barbosa et al., 2019).

A maior ocorréncia de espécies insetivoras pode
ser explicada pela disponibilidade e abundéancia de insetos
durante o ano todo, enquanto as espécies onfvoras

Figura 2. Imagem panoramica de parte da Lagoa do Santa Rita e da vegetacdo do entorno. Foto: Maria Eliana C. Navega-Gongalves (2023).

Figure 2. Panoramic image of part of Santa Rita Lagoon and the surrounding vegetation. Photo: Maria Eliana C. Navega-Goncalves (2023).
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Figura 3. Distribuicdo da avifauna (131 espécies) da Area | - Santa
Rita, Jardim Botanico de Piracicaba, S&o Paulo, conforme a guilda
tréfica: INS = insetivora, ONI = onivora, GRA = granivora, FRU
= frugivora, PIS = piscivora, CAR = carnivora, NEC = nectarivora,
PIS/INS = piscivora/insetivora.

Figure 3. Distribution of the avifauna (131 species) of Santa Rita
Area |, Piracicaba Botanical Garden, Sdo Paulo, according to trophic
guild: INS = insectivore, ONI = omnivore, GRA = granivore, FRU =
frugivore, PIS = piscivore, CAR = carnivore, NEC = nectarivore, PIY/
INS = piscivore/insectivore.

seriam beneficiadas pela maior variedade de alimento,
sendo favorecidas em matas fragmentadas e cobertas por
vegetacdo secundaria e exdtica (Willis, 1979; Telino-Jdnior
etal., 2005; A. Scherer et al., 2005; J. Scherer et al., 2010;
Franco & Prado, 2012).

As espécies granivoras (11,4%) sdo atraidas por
extensas areas cobertas por gramineas no local que, em
época de frutificacdo, favorece bandos de Estrilda astrild,
Spinus magellanicus, Chrysomus ruficapillus, Volatinia jacarina,
Sporophila lineola, Sicalis flaveola, S. luteola, Paroaria dominicana
e Columbina talpacoti, que foram observados se alimentando
das sementes. A fragmentacdo da mata e o consequente
aumento da drea de borda favorecem os granivoros, uma vez
que utilizam essas areas para forrageio (Anjos, 1998). Por outro
lado, essas aves podem ser afetadas pelo servico de controle
e corte de gramineas realizado em dreas urbanas, pois as
impede de se desenvolver até a producdo das sementes.

Assim, a presenca de aves granivoras no local pode variar, ao
longo do ano, de acordo com a manutencdo das gramineas.

Poucas espécies (7,6%) predominantemente
frugivoras foram observadas neste estudo e o mesmo
resultado é encontrado em outras areas antropizadas
amostradas (Franchin & Margal Junior, 2004; Alexandrino
et al., 2013; Favretto, 2015; Dlpont et al., 2017;
Navega-Gongalves & Lima, 2020; Navega-Gongalves
& Trevisan, 2021). Segundo Willis (1979), o nimero
de aves frugivoras, principalmente de grande porte,
tende a diminuir em fragmentos florestais pequenos
e degradados, no entanto aquelas que ocupam tais
ambientes possuem grande capacidade de se deslocar na
busca por alimento entre fragmentos ndo muito distantes
entre si. Desse modo, agem como dispersoras de
sementes ao transporta-las para outras areas, mantendo
suas fungdes ecoldgicas mesmo nos ambientes urbanos
(D’Angelo & Sazima, 2019).

S4o vérias as espécies de aves, no Brasil, que se
alimentam de frutos (ainda que ndo exclusivamente)
e que frequentam &reas degradadas, podendo, desse
modo, contribuir para a restauracdo florestal, segundo
Silva et al. (2010). Dezoito espécies e um género
(Elaenia spp.) sdo apontados por esses autores como
mais importantes em relacdo ao consumo de frutos em
areas degradadas do Sul e Sudeste do Brasil, devido
ao nUmero de visitas as plantas e a quantidade de
frutos removidos, sem maceracdo. Dessas, 12 espécies
identificadas em nosso estudo estdo entre aquelas
indicadas pelos autores, entre as quais Lonotrichia
capensis, um passaro granivoro (Tabela 1).

Em um trabalho mais recente, realizado no Parque
Ecoldgico Prof. Hermdgenes Freitas Leitdo Filho, na regiao
urbana de Campinas, Sdo Paulo, 17 espécies de aves
foram consideradas como potencialmente dispersoras de
sementes, com base na categoria de consumo e manuseio
do fruto (D'Angelo, 2021). Dezesseis delas, incluindo
seis espécies ndo listadas por Silva et al. (2010), foram
registradas em nosso estudo (Tabela 1).

—t—F Tt

10



Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 20, n. 2, €2025-0990, maio-ago. 2025

Outras espécies de aves frugfvoras, observadas em
nosso estudo, podem ser importantes na dispersao de
sementes, como Ramphocelus carbo, que é citada por
Athié (2014) como sendo a ave com o maior nimero de
frutos consumidos em uma drea de Floresta Estacional
Semidecidual no Parque Estadual de Porto Ferreira, Sdo
Paulo, seguida por Stilpnia cayana e Thraupis sayaca. Em
outro estudo, também em area de Floresta Estacional
Semidecidual, no municipio de Rio Claro, Sao Paulo,
I sayaca, Dacnis cayana, S. cayana e R. carbo foram
as espécies que tiveram o maior nimero de frutos
consumidos e de interagdes com espécies de plantas
identificadas como ornitocdricas (Athié & Dias, 2012).
Embora D. cayana nao tenha sido observada durante as
visitas em nosso levantamento, a espécie foi avistada em
outras areas amostradas no municipio (cf. Alexandrino et
al., 2013; Navega-Goncalves & Trevisan, 2021).

Além das espécies citadas, Mimus saturninus, Nemosia
pileata, Tersina viridis e Coereba flaveola apresentaram
ndmero expressivo de frutos consumidos e visitas as plantas
(Athié & Dias, 2012; Athi€, 2014), portanto foram incluidas
neste estudo como tendo potencial para dispersdao de
sementes, com a ressalva de que estudos sobre frugivoria
por aves, no local, seriam importantes para corroborar
€ssa proposicao.

Alimportancia dos sabias (Turdus spp.), principalmente
T, leucomelas, além de Traupis sayaca, para a dispersao
de sementes também foi destacada (Pizo, 2004, 2007;
Athié, 2014; D'Angelo, 2021). O alto potencial dispersor
de sementes dos sabids deve-se, além do consumo de
frutos, a sua abundancia e a capacidade de ocupar areas
abertas, promovendo o movimento de sementes entre
os diferentes fragmentos florestais que visitam (Gasperin
& Pizo, 2009).

Ramphastos toco, Brotogeris chiriri, Forpus
xanthopterygius, Euphonia violacea e Conirostrum
speciosum, embora sejam espécies frugivoras, ndo
foram consideradas nos estudos citados como sendo
potencialmente dispersoras de sementes. Brotogeris chiriri

e £ xanthopterygius sao espécies predadoras de sementes,
quebrando e macerando o fruto antes de ingeri-lo (Athié
& Dias, 2012; Athié, 2014). Ramphastos toco apresentou
baixa contribuicdo para o nUmero de visitas as plantas e
consumo de frutos nas dreas da Mata Atlantica estudadas
(Pizo, 2007), embora possa ser importante dispersor de
sementes em outras localidades (Pizo & Galetti, 2010).
O mesmo pode ocorrer para E. violacea e C. speciosum,
cujos individuos ndo foram observados se alimentando
de frutos, ou apresentaram consumo inexpressivo (Athié
& Dias, 2012).

Seis espécies de aves nectarivoras (4,6%) foram
identificadas neste estudo (Tabela 1), entre as quais cinco
sdo beija-flores (Trochilidae), aves de maior importancia
na polinizagdo, uma vez que possuem especializacdes
para forragear néctar (Sick, 1997). Coereba flaveola
(Traupidae), embora seja apontada como pilhadora de
néctar, atua também como polinizadora, uma vez que
seu bico fica impregnado de pdlen (Sazima & Sazima,
1999; Lima & Navega-Gongalves, 2022; D’Angelo, 2021).

Além das aves nectarfvoras acima mencionadas,
outras 26 espécies que constam neste levantamento estdo
entre as aves listadas por Buzato et al. (2012) e D'Angelo
(2021) como sendo visitantes florais em areas de Floresta
Atlantica, e podem atuar como polinizadoras efetivas ou
potenciais de varias espécies vegetais (Tabela 1).

Assim, um total de 23 espécies identificadas no
presente estudo tem potencial para a dispersao de
sementes, enquanto 32 espécies podem atuar como
polinizadoras efetivas ou potenciais e, dentre essas, 16
podem desempenhar ambas as fun¢des, considerando-se
os referidos estudos (Tabela 1).

Entre as aves identificadas no jardim boténico,
algumas foram observadas em praticamente todas as
visitas ao longo dos anos, como Patagioenas picazuro,
Columbina talpacoti, Eupetomena macroura, Vanellus
chilensi, Butorides striata, Ardea alba, Athene cunicularia,
Brotogeris chiriri, Furnarius rufus, Elaenia flavogaster, Pitangus
sulphuratus, Tyrannus melancholicus, Fluvicola nengeta,




Avifauna do Jardim Botanico de Piracicaba (Area | - Santa Rita), Sao Paulo, e sua importancia na restauracao e conservacao da Floresta Estacional Semidecidual

Troglodytes musculus, Turdus leucomelas, Mimus saturninus,
Molothrus bonariensis, Chrysomus ruficapillus e Thraupis
sayaca, a maioria das quais foi vista forrageando.

Algumas espécies de aves possuem comportamento
migratério, ou seja, realizam movimentos ciclicos e
sazonais ligados aos seus sitios de reproducio, podendo
ser parcialmente migratérias quando apenas parte de
sua populagdo se desloca, enquanto parte permanece
residente (Somenzari et al., 2018). Dezoito espécies
registradas nesse estudo apresentam status migratério,
segundo Somenzari et al. (2018, 2022), entre as quais
17 sdo migrantes parciais e apenas Chaetura meridionalis
€ migratéria (Tabela 1). Algumas espécies como Pitangus
sulphuratus e Tyrannus melanchlolicus, arroladas como
migrantes parciais pelos autores citados, foram avistadas
durante o ano todo, o que sugere que suas populagdes
sejam residentes no local. Outras, como Pyrocephalus
rubinus, observada apenas no periodo do outono/
inverno, e Tyrannus savana, avistada na primavera/verao,
sao exemplos de espécies que se utilizam da area
apenas em determinadas épocas do ano. Assim, estudos
que visem conhecer o uso do espaco pelas aves em
diferentes épocas do ano, seja para obtencdo de alimento,

nidificagdo, abrigo ou descanso, bem como compreender
seus padroes de deslocamento, podem ser aliados no
planejamento de conservacdo da area.

Dezessete espécies foram observadas exibindo
cuidado parental, seja construindo ninho, chocando os
ovos, alimentando os ninhegos/filhotes ou protegendo-os,
0 que evidencia o uso da &rea como habitat e demonstra
outras interacdes no ambiente, além da busca por recursos
alimentares ou por reflgio. Tais comportamentos e outros
eventos estdo descritos de forma sucinta na Tabela 2 e os
mais relevantes sao discutidos abaixo.

O primeiro registro de Athene cunicularia foi feito
em novembro de 2020, no inicio do trabalho. Macho e
fémea adultos com quatro filhotes foram avistados nas
proximidades do ninho camuflado em uma area gramada
do jardim botanico. Desde entdo, passamos a observa-
los, a distancia, a cada visita ao local. Sempre que nos
aproximavamos da area, um dos adultos permanecia em
alerta, préximo ao ninho, e, por vezes, um ou outro
filhote se escondia. No entanto, em julho de 2021, um
incéndio destruiu toda a drea usada como territério
pelas corujas, expondo o ninho, e apenas dois individuos
foram observados logo apds o incéndio (Figura 4).

Figura 4. A) Corujas-buraqueiras (Athene cunicularia) préximas ao ninho na drea gramada do Jardim Botdnico (Area I - Santa Rita); B) area
devastada apds o incéndio, onde uma das corujas foi avistada (indicada na seta). Fotos: Maria Eliana C. Navega-Gongalves (2020, 2021).

Figure 4. A) Burrowing owls (Athene cunicularia) near their nest in the grassy drea of the Piracicaba Botanical Garden (Santa Rita Area ); B)
Devasted area after the fire, where one of the owls was spotted (indicated by the arrow). Photos: Maria Eliana C. Navega-Goncalves (2020, 2021).
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Tabela 2. Registros de comportamentos relacionados ao cuidado parental exibidos pelas aves na Area | - Santa Rita, Jardim Botanico de
Piracicaba, Sdo Paulo. Legenda: * = refere-se ao primeiro registro obtido.

Table 2. Records of behaviors related to parental care exhibited by birds in Santa Rita Area |, Piracicaba Botanical Garden, SP * = Refers to the
first record obtained.

Espécie Comportamento registrado Més/Ano*
Eupetomena macroura Adulto alimentando filhote dez./2020
Gallinula galeata Adulto cuidando de filhotes/jovens dez./2022
Athene cunicularia Adul.to's (femeial e macho) junto aos filhotes/jovens ao redor do ninho no gramado nov./2020

ou vigiando a area
Colaptes melanochloros Adulto (macho) construindo ninho (cavidade em tronco de arvore) ago./2022
Milvago chimachima Adultos em sobrevoo, vocalizando e transportando material para o ninho fev./2023
Forpus xanthopterygius Adulto (macho) alimentando o filhote mar./2021
Cranioleuca vulpina Ninho (provavelmente abandonado) contendo plastico dez./2020
Cranioleuca vulpina Adultos ao redor do ninho construido em arbusto a beira do lago ago./2022
Certhiaxis cinnamomeus Ninho construido em meio a vegetacdo de borda de lago nov./2020
Certhiaxis cinnamomeus Adulto construindo ninho na vegetacdo de borda de lago fev./2021
Todirostrum cinereum Ninho construido pendurado em galho de arvore jan./2021
Elaenia flavogaster Adulto chocando no ninho apoiado em forquilha de arvore nov./2020
Pitangus sulphuratus Adulto transportando material para a construcdo de ninho no alto de uma arvore ago./2022
Myiozetetes similis Ninho construido em meio a galhos no alto de uma arvore out./2022
Flwvicola nengeta Adulto dentro dq ninho construido em arbusto na beira do lago e levando alimento fev./2021
para dentro do ninho
Fluvicola nengeta Adulto nas proximidades de um outro ninho construido em arbusto na beira do lago mar./2021
Troglodytes musculus Adulto em cavidade (ninho) feita por Colaptes melanochloros em tronco de arvore ago./2022
Turdus leucomelas tho constfmdo em forqu|lha de érvore coptendo um ovo e um ninhego. Adulto dez./2020
vigiando o ninho e levando alimento para o ninhego
Turdus leucomelas Adulto alimentando filhote de Molothrus bonariensis dez./2020
Turdus leucomelas Adulto chocando no ninho apoiado entre galhos de arvore dez./2022
Chrysomus ruficapillus Adulto (machp) recolhendo e traTsportando material para o ninho construido em dez./2020
arbusto na beira do lago, onde a fémea se encontrava
Adulto (macho) recolhendo material e levando para o ninho em construcao, no alto
Chrysomus ruficapillus de uma arvore presente no calcamento da avenida principal que dé acesso ao jardim nov./2022
botanico. O ninho continha material plastico (pedagos de saco de lixo preto)
Ramphocelus carbo Adulto (macho) no ninho no alto de uma arvore dez./2020
Total: 17 espécies Total de eventos: 23
===
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Figura 5. A) Chrysomus ruficapillus; B) Colaptes melanochloros; C) Fluvicola nengeta; D) Turdus leucomelas; E) Cranioleuca vulpina; F) ninho
de C. vulpina contendo plastico (indicado nas setas). Fotos: Maria Eliana C. Navega-Goncalves (2020 a 2022).

Figure 5. A) Chrysomus ruficapillus; B) Colaptes melanochloros; C) Fluvicola nengeta, D) Turdus leucomelas, E) Cranioleuca vulpina, F) C. vulpina
nest containing plastic (indicated by arrows). Fotos: Maria Eliana C. Navega-Gon¢alves (2020 to 2022).
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Algumas espécies foram vistas recolhendo material
do ambiente e/ou transportando para o ninho em
construcao (Milvago chimachima, Certhiaxis cinnamomeus,
Pitangus sulphuratus e Chrysomus ruficapillus) ou,
ainda, realizando a construcdo do mesmo (Colaptes
melanochloros). Qutras (Cranioleuca vulpina, Elaenia
flavogaster, Fluvicola nengeta, Turdus leucomelas e
Ramphocelus carbo) foram observadas chocando os
ovos ou protegendo o ninho/ninhego (Figuras 5A-5E).
Um ninho de C. wulpina continha pedacos de sacola
plastica (Figura 5F) e em um ninho em construcdo por
C. ruficapillus foram observados pedagos de saco de
lixo preto; este Ultimo estava localizado no alto de uma
arvore a beira do lago e préximo a avenida principal que
da acesso ao jardim botanico. Esse local é comumente
frequentado por pescadores e outros visitantes que,
muitas vezes, deixam lixo depositado no lugar. O
plastico € um dos materiais antropogénicos mais comuns
encontrados em ninhos de aves e sua presenca tem sido
relatada em alguns estudos com aves no Brasil (Cristofoli
& Sander, 2007; Cristofoli et al., 2008; Tomaz et al., 2009;
A. L. Scherer et al., 2012; Batisteli et al., 2019; Navega-
Gongcalves, 2021; Lima & Navega-Gongalves, 2022).

Em outras dreas do jardim botanico também foi
encontrado lixo espalhado, além de vestigios de fogueiras
e de acampamentos. Tais situacdes contribuem para a
degradacio da érea e afetam a sobrevivéncia das aves e
de outros animais silvestres que habitam o local.

Além das estratégias estabelecidas para a érea,
no que diz respeito ao plantio de espécies nativas das
florestas estacionais e outras de interesse da comunidade,
o planejamento de agbdes para o uso dos espacos no JBP —
Areal - Santa Rita deve conciliar a conservacio das espécies
e as atividades de lazer requeridas pela comunidade,
além de incluir projetos para educagdo ambiental (Souza
et al., 2019), as quais sdo uma valiosa ferramenta para
a conservacao da area, como a observacao de aves
(birdwatching), uma vez que o local demonstra potencial
para esse tipo de atividade (Navega-Goncalves, 2022).

Por fim, o jardim botanico demanda medidas
de protecdo e manejo de seus espacos, que estdo
sujeitos a fortes pressdes antrépicas. Entre essas
medidas estd o cercamento da drea, com o intuito de
coibir os acampamentos, as fogueiras e a entrada de
veiculos automotores nos espacos internos, além de
acdes de recolhimento do lixo que tem se acumulado,
principalmente, nas margens do lago.

CONCLUSAO

O JBP Area | - Santa Rita apresenta uma riqueza de aves
que equivale a cerca de 34% das espécies registradas para
o municipio, o que denota sua importancia como habitat,
area de reflgio e/ou descanso para a avifauna, atraida
pela disponibilidade de recursos para forrageamento e
nidificacdo, em meio a malha urbana. Entre as espécies
identificadas, duas sdo endémicas da Mata Atlantica e 39
podem contribuir para a restauragdo e a conservagao da
Floresta Estacional, objetivo principal da criagdo do JBR
atuando como dispersoras de sementes, polinizadoras ou
ambas. A drea, que estd sujeita a fortes pressdes antrdpicas,
requer medidas de protecdo e manejo de seus espagos, e
0 monitoramento continuado da avifauna pode ser uma
ferramenta importante neste processo, acompanhando a
implementacdo das medidas para o funcionamento desta

primeira area (Santa Rita) integrante do JBP
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Abstract: Appendicularia are planktonic tunicates that construct numerous gelatinous houses each day, being an important source
of food and vertical carbon transport in pelagic environments. However, little is known about these organisms in the
Atlantic Ocean. This study aimed to provide an overview of the current state of research of the Appendicularia class in
the Atlantic southwest. For this work, we reviewed the state of the art on this group based on bibliographic surveys on
academic platforms conducted between October and December 2021, resulting in the selection of 83 publications. Of
these, only 13.3% corresponded to studies focused on Appendicularia, and the vast majority addressed is zooplankton. A
total of 34 species were recorded in the Brazilian ecoregions, Oikopleura dioica, Oikopleura fusiformis, Oikopleura longicauda
and Oikopleura rufescens represent 50% of the records. No research group focusing on Appendicularia was found in
Brazil, while Argentina has a strong research group for the Southwestern Atlantic. Contrasting, is required a better data
management, and enabling future research and the training of researchers focusing on the study of this class.

Keywords: Urochordata. Larvacea. Ecoregion. Bibliographic review.

Resumo: Appendicularia sdo tunicados plancténicos que constroem diversas casas gelatinosas diariamente, desempenhando papel
relevante como fonte de alimento e no transporte vertical de carbono em ambientes pelagicos. Apesar dessa importancia
ecoldgica, o conhecimento sobre esses organismos no oceano Atlantico ainda é limitado. Este estudo teve como objetivo
apresentar uma visdo abrangente do estado atual das pesquisas sobre a classe Appendicularia no Atlantico Sudoeste. Para
isso, foi realizada uma revisdo bibliogréfica em plataformas académicas entre outubro e dezembro de 2021, resultando na
selecdo de 83 publicagbes. Destas, apenas 13,3% eram voltadas especificamente para Appendicularia, enquanto a maioria
tratava do zooplancton de forma geral. Nas ecorregides brasileiras, foram registradas 34 espécies, sendo que Oikopleura dioica,
Oikopleura fusiformis, Oikopleura longicauda e Oikopleura rufescens representaram 50% dos registros. N&o foram identificados
grupos de pesquisa especializados em Appendicularia no Brasil, ao passo que a Argentina conta com um grupo consolidado
na investigacdo da fauna do Atlantico Sudoeste. Os resultados ressaltam a necessidade de aprimorar o gerenciamento
de dados, incentivar novas investigacdes e promover a formagdo de pesquisadores dedicados ao estudo dessa classe.
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INTRODUCTION

Appendicullarians are cosmopolitan planktonic tunicates and
filter-feeders, grazing mainly on bacteria and phytoplankton
cells (Kigrboe, 2011) and occupying an important role in
the process of estuarine and marine ecosystem carbon
cycling and energy flux (Hopcroft etal., 1998; D'Alelio et al.,
2016; Taucher et al., 2024). Appendicularians are unique
among Tunicates due to their retention of larval traits,
pedomorphosis, in adults, resembling the tadpole larvae
of other Tunicata; hence their classification as Larvacea (Di
Dario, 2005; Esnal, 1999).

Due to their characteristics, studies in recent
decades demonstrate their roles in biogeochemical cycles
and ecological processes of the marine environment
as: consumers of colloidal particles of dissolved organic
, 2023), filters
of microplastic particles (1 to 5 mm) in ocean areas,

carbon (Flood et al., 1992; Jaspers et al.
serving as potential bioindicators of marine pollution
(Katija et al., 2017; Di Mauro et al., 2017), controllers
of primary production, being great herbivorous filter-
feeders (Alldredge, 1981; Deibel, 1988; Sato et al., 2008;
Lawrence et al., 2018); producers of organic aggregates
through their houses and fecal pellets, contributing to
marine snow formation and nutrient cycling (Jaspers et al.,
2014, 2023). Studying their house filtration mechanisms
clarifies their impact on marine food webs (Lombard et
, 2010; Conley et al., 2018; Menschel & Gonzélez,
2019). Appendicularia is also an important source of food
for small carnivorous, such as invertebrates and fish larvae
(flounders and engraulids) (Capitanio et al., 2005, 2018;
Purcell et al., 2005; Spinelli et al., 2013).

Studies of this group have been developed since
the nineteenth century, where most research was
focused on the taxonomy, following a stable taxonomic
classification until the mid-twentieth century (Lohmann,
1896; Fenaux, 1986; Hopcroft et al., 1998). However,
giving the way sampling is carried out and the lack of
taxonomic information, new validations, occurrence

records and new species are still published around the

globe (Aravena & Palma, 2002; Capitanio et al., 2003;
Hopcroft & Robison, 2005). In the study of these animals
there are leading research groups from the Pacific (e.g.:
Shiga, 1985; Sato et al., 2001; Hopcroft & Robison,
2005; Li et al., 2012; Sato 2023; Sandoval-Navarrete
et al., 2024) and Atlantic Oceans (e.g.: Forneris, 1964;
Tundisi, 1970; Capitanio, 1995; Hopcroft et al., 1998;
Aravena & Palma, 2002; Capitanio et al., 2018; Jaspers et
al., 2023). However, few researchers specialized in the
study of Appendicularia from the South Atlantic region,
especially from the Brazilian coast (Forneris, 1964; Esnal
& Castro, 1977; Vega-Pérez et al., 2011). In this study,
we provide an overview of the research carried out
with the Appendicularia class in the Atlantic Ocean, from
north to south, to provide an overview and a baseline for
comparisons with other regions. We assess the available
literature in the form of published works with a literature
review, and identified the main gaps about this group in
the Atlantic Ocean.

MATERIAL AND METHODS

We searched Scopus and Web of Science in October and
December 2021 for literature on Atlantic Appendicularia.
We applied the following inclusion criteria: 1) Scientific
works directed to the class Appendicularia or Larvacea,
2) Studies that contained data on these animals
(zooplankton community articles) and 3) Studies carried
out in the Atlantic Ocean and related seas (coastal and
oceanic areas). We searched title, abstract, and keyword
fields for papers in English, French, and Spanish. The
search conducted in October 2021 returned 344 results,
after removing duplicate work and other research areas,
only 42 remained for the present study. For this search,
we used the keywords Appendicular’ and ‘larvac’ to
encompass as many derived terms as possible, such
as ‘appendicularians’ and ‘larvaceans,” present in the
titles, abstract, and keywords. The second search was
carried out in a more comprehensive way, encompassing
works that included the zooplankton community and
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making use of keywords such as ‘apendicularia,” ‘larvac’
and ‘zooplank,” using the same criteria for maximizing
the search. The searches returned 2,876 articles, after
screening according to pre-defined exclusion criteria, 41
articles from the second search remained. We followed
PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) guidelines (Page et al.,
2021) for systematic review protocols (Figure 1). We
generated plots in R Studio v.4.3.2 (Posit team, 2020)
with ggplot2 (Wickham, 2016). The maps were created
using the QGIS Desktop program (version 2.18.14)
(QGIS.org, 2024).

In order to perform the visualization and
bibliometric analysis of the works, we used the
Bibliometrix package (Aria & Cuccurullo, 2017), in
R (R Core Team, 2016). This allowed the exclusion
of duplicates and the union of searches in a single

database to perform the analyses. For each selected

[ Identification of studies via databases ]
5
= Records identified Records identified
S A E—
= from: Web of Science from: Scopus Database
€ Database (n = 344) (n =2,876)
$
Records after duplicates removed (n = 2,379)
00 Records screened Records excluded
£ (n=2,379) (n=2,284)
3
g !
Studies d for Studies excluded (n = 12):
eligibility (n = 95) Not Appendicularia or
Larvacea species (n = 7)
Not zooplankton
community (n = 3)
— Not Atlantic Ocean and
— related seas (n = 2)
3
< Studies included
E in review (n = 83)

Figure 1. PRISMA flow diagram for systematic review of Appendicularia
in the Atlantic Ocean, including sample sizes and exclusion criteria.
Graphic by the authors (2025).

study after initial screening (N = 83), information was
compiled regarding authors, year of publication, study
location, type of work (article, review article, conference
paper, book/ book chapter), species found, as well as
biogeographic ecoregion, following the classification
criterion of Spalding et al. (2007).

RESULTS

BIBLIOGRAPHIC REVIEW

Through the bibliographic review, we obtained 83 studies
from 1977 to 2021. The results depend on the database
available on the day of the search on the platforms used,
so the total sampling of the terms used in the search is not
guaranteed. Thus, the analysis of secondary data showed
that, among the decades of the sampled studies, 2010-
2019 corresponded to 50.6% of the relative frequency
in the studies, while individually the most representative
year was 2018, corresponding to the highest frequency
of studies, 13.25% (Figures 2A, 2B).

The studies found were categorized into studies
of ecology, taxonomy, biomonitoring, and trophic
study. Most of the studies belonged to the ecology
category, corresponding to approximately 69% of
the relative frequency, and were related to research
on the distribution, composition and abundance of
species or communities (Figures 3A-3C). The articles
were organized into: research dedicated to the class
Appendicularia, zooplankton community, ichthyology,
and others (ornithology, environmental monitoring,
oceanography, laboratory experiment, trophic study
and species description). We observed that the studies
focused on Appendicularia corresponded to only 13.3%,
most of the studies refer to the zooplankton community
(72.3%), while the other studies corresponded to 14.5%.
Regarding the nature of the studies, most of the studies
analyzed were classified as articles, totaling 88% of the
frequency and the area of interest of most of the studies

analyzed was general ecology.
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Figure 2. A) Relative frequency of Appendicularia studies in the Atlantic Ocean researched in the years 1977 to 2021 (41 studies); B) the

years 2010-2019 (42 studies) are highlighted in gray. Graphic by the authors (2025).
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Figure 3. A) Relative frequency of objectives of studies researched on Appendicularia in the Atlantic Ocean; B) relative frequency of topics

covered; C) relative frequency of the nature of the work carried out in relation to Appendicularia. Graphic by the authors (2025).
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MOST REPRESENTATIVE ECOREGION

AND SPECIES

Considering the ecoregions generated in the present
study, the results showed that of the 28 biogeographic
ecoregions analyzed (Spalding et al., 2007), 7 had the
highest frequencies: Ecoregion 180 - ECO 180 (11.7%),
ecoregion 184 - ECO 184 (9.7%), ecoregion 75 - ECO
75 (7.8%), ecoregion 76 - ECO 76 and ecoregion 21
- ECO 21 (6.8% each), and ecoregion 183 - ECO 183

and ecoregion 27 - ECO 27 (5.8% each) (Figure 4). Of
these locations, 4 belong to the geographical limits of
the Brazilian coast, with ECO 180 as the Southeast of
Brazil, ECO 75 the Northeast and ECO 76 East of the
Brazilian coast. Despite the great importance of areas such
as the Caribbean and the African coast, data for these
regions were not found. This can be explained by the
responsiveness of the platforms, since it is not possible
to return all existing academic works in a search.
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Figure 4. Relative frequency of the most representative ecoregions in

studies in the Atlantic Ocean. Map by the authors (2025).
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Brazil accounted for 34.9% of the results found,
where most of the studies were dedicated to zooplankton.
For the North Atlantic, research groups in the United States
of America and Spain stood out, together corresponding
to 19.2% of the total number of studies. Another 14
countries in Europe and America were sampled, but in
total they corresponded to 27.8%. A total of 34 species
of Appendicularia were found in the 83 studies analyzed.
Among these, the most representative in the Brazilian
ecoregions were: Ojkopleura dioica, Oikopleura fusiformis,
Oikopleura longicauda and Oikopleura rufescens, with
frequencies higher than 5% and accounted for 45.2% of
the total observed.

When we analyze by ecoregion, we can observe
a change in more representative species, since ECO 72
obtained O. dioica with the highest relative frequency
(25%), followed by O. longicauda (18.8%), O. rufescens
(13%), and Oikopleura cophocerca, O. fusiformis, Fritillaria
formica with 6.3% each. At ECO 75, the species that
stood out were O. longicauda (23,1%), O. dioica (19.2%),
O. rufescens (11.5%) and O. fusiformis (7.7%). ECO
76 had the species O. dioica and O. longicauda (12.8%
each), O. rufescens (10.3%), O. cophocerca, O. fusiformis,
Fritillaria haplostoma with 7.7% each, Oikopleura albicans,
Oikopleura cornutogastra, fritillaria tenella with 5.1% each.
The species found for ECO 180 were O. longicauda (13%),
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O. dioica (10.1%), O. fusiformis and O. rufescens (7.2%),
Fritillaria haplostoma and Fritillaria pellucida with 5.1%
each. In ECO 181 the species were O. longicauda and O.
dioica (13% each), O. rufescens, O. fusiformis, F: haplostoma,
O. albicans, F pellucida, Oikopleura gracilis, Stegosoma
magnum, Fritillaria intermedia, Fritillaria sargassi, Fritillaria
tuberculata, and Appendicularia sicula (6.3% each) (Figure
5). Other species were also found in the studies, but with
less representation (Table 1).

DISCUSSION

BIBLIOGRAPHIC REVIEW

In the 21st century, concern about the oceans and their
implications for human life continues to be debated, with
threats to marine life through anthropogenic impacts. To
address these impacts, the United Nations Union launched
an international campaign in 2016, the United Nations Decade
of Ocean Science for Sustainable Development (UNESCO),

Table 1. Relative frequency of occurrence of all Appendicularia species by ecoregion (ECO) in Brazil.

Family
Species/Subspecies

Ecoregion (Frequency %)
ECO72 | ECO75 | ECO76 | ECO 180 | ECO 18t

Oikopleuridae Lohmann, 1915

Oikopleura spp. Mertens, 1830

Oikopleura (Vexillaria) albicans (Leuckart, 1854)
Oikopleura (Vexillaria) cophocerca (Gegenbaur, 1855)
Oikopleura (Vexillaria) dioica Fol, 1872

Oikopleura (Coecaria) fusiformis Fol, 1872
Oikopleura (Coecaria) fusiformis cornutogastra Aida, 1907
Oikopleura (Coecaria) gracilis Lohmann, 1896
Oikopleura (Coecaria) intermedia Lohmann, 1896
Oikopleura (Coecaria) longicauda (Vogt, 1854)
Oikopleura (Vexillaria) rufescens Fol, 1872
Oikopleura (Vexillaria) parva Lohmann, 1896
Stegosoma magnum (Langerhans, 1880)
Megalocercus abyssorum Chun, 1887

Fritillaridae Lohmann, 1915

Fritillaria spp. Fol, 1872

Fritillaria aequatorialis Lohmann, 1896

Fritillaria borealis Lohmann, 1896

Fritillaria borealis intermedia Lohmann, 1905
Fritillaria borealis sargassi Lohmann, 1896
Fritillaria formica Fol, 1872

Fritillaria formica tuberculata Lohmann in Lohmann & Buckmann, 1926

Fritillaria haplostoma Fol, 1872
Fritillaria pellucida (Busch, 1851)
Fritillaria tenella Lohmann, 1896
Appendicularia sicula Fol, 1874

12.5 15.38 2.56 4.35 6.25
0 0 5.13 2.9 6.25
6.25 3.85 7.69 4.35 0
25 19.23 12.82 10.14 12.5
6.25 7.69 7.69 7.25 6.25
0 0 5.13 4.35 0
0 0 2.56 4.35 6.25
0 0 2.56 1.45 0
18.75 23.08 12.8 13.04 12.5
12.5 11.54 10.26 7.25 6.25
0 0 0 2.9 0
0 0 1.45 1.45
0 0 0 6.25 0
6.25 15.38 5.13 1.45 0
0 0 1.45 0
0 2.56 1.45 0
0 0 1.45 6.25
0 2.56 2.9 6.25
6.25 3.85 0 4.35 0
0 0 1.45 6.25
0 7.69 5.8 6.25
0 2.56 5.8 6.25
0 5.13 4.35 0
6.25 0 2.56 4.35 6.25
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to encourage increased oceanographic research, international
collaboration, and the promotion of sustainability. Thus, there
is an important mobilization of the scientific community for
the study of the oceans and its socio-environmental aspect
(Ryabinin et al., 2019; IOC, 2021; Zappes et al., 2021).

The increase in the number of scientific articles
and journals is shown through surveys in the Global
Ocean Science Report (GOSR) in the 2017 and 2020
editions, demonstrating a qualitative and quantitative
growth in scientific production. These data corroborate
the expectation of international efforts to meet the goals
established by the United Nations (UN), such as the
Sustainable Development Goals (SDGs) and for the Ocean
Decade, in addition to other international agreements,
such as Conference of the Parties of the United Nations
Framework Convention on Climate Change (UNFCCC)
and the Paris Agreement of 2015 (IOC, 2017, 2020).
Another important factor for the increase in research
in recent years is due to global funding opportunities,
although at insufficient levels to address knowledge gaps,
seeking knowledge about climate change and its effects,
food security, development and sustainable management
of resources, dynamics of coastal and oceanic areas, among
others. However, greater investments in financial and
infrastructure resources will still be necessary for ocean
science to be able to expand its knowledge (Ryabinin et
al.,, 2019; 10C, 2020).

Such knowledge about zooplankton in Brazil,
published in scientific journals, can be encompassed in
lines of research of taxonomy and new occurrences,
biology, trophic study, ecology, conservation biology,
biomonitoring, and aquaculture. The choice of the
line of research and the location depends, basically, on
the interest of the researchers, the infrastructure for
the fieldwork and the financial incentive of the funding
agencies, resulting in the concentration of studies in some
coastal areas, such as the southeast and south regions,
the Amazon region, and areas with important research
centers in the Northeast, enabling greater chances of

being sampled (Neumann-Leitdo & Matsumura-Tundisi,
1998; Lopes, 2007; Tosetto et al., 2022).

The area of interest of most of the studies analyzed
was general ecology, showing how in situ research of the
class Appendicularia is still in the phase of basic research
for the Atlantic, since large study groups in the Pacific
were already developing research with cultivation, trophic
ecology and genetics since the 90s and early 2000s (Sato
et al.,, 1999, 2001; Nishida, 2008). This demonstrates
information gaps specific to the class Appendicularia in
Atlantic work, especially for the equatorial portion (Leite
etal., 2020).

MOST REPRESENTATIVE ECOREGION
AND SPECIES
Through the results obtained, it was possible to visualize
that only one research group is dedicated to the study
of Appendicularia’s in the South Atlantic, located in
Argentina (ECO 184), developing research in general
and trophic ecology (Capitanio et al., 1997, 2018; Spinelli
et al.,, 2012). The results found for ECO 180 refer
to zooplankton research groups in the southeastern
region of Brazil, which developed specific studies with
Appendicularia (Carvalho & Bonecker, 2010; Carvalho et
al., 2016; Vega-Pérez et al., 2011). Brazil accounted for
34.9% of the results found, where most of the studies
were dedicated to the abundance and distribution of
zooplankton. For the North Atlantic, research groups in
the United States of America and Spain stood out, together
corresponding to 19.2% of the total number of studies.
Another 14 countries in Europe and America were also
sampled, but in total they corresponded to 27.8%. We
can conclude that there are few research groups dedicated
to the class Appendicularia in the world, and it is possible
to observe that most of the works are focused on the
zooplankton community and large fishery resources (Maar
et al., 2004; Catalan et al., 2011; Suca et al., 2018).
Overall, Oikopleuridae were more abundant and
more frequent than Fritillaridae, an expected pattern
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for these organisms, since Oikopleuridae species prefer
warmer waters, and Fritillaridae prefers places with cooler
temperatures (Forneris, 1964). In addition, coastal and
estuarine regions were indicative of a higher concentration
and distribution of appendicularian species, being generally
related to the supply of nutrients in coastal regions of river
mouths and turbulence, in addition to milder temperatures
(Boltovskoy, 1981). An area in the south of South America,
from Rio de Janeiro to the Gulf of San Matias, stands out,
with a high occurrence of these organisms (Forneris, 1964;
Capitanio, 1995; Hopcroft et al., 1998).

Based on the frequency observed in the studies, O.
dioica, O. longicauda, O. fusiformis and O. rufescens were
found in all ecoregions sampled in Brazil, and are already
known in the literature as species commonly found on the
Brazilian coast (Forneris, 1964; Esnal & Castro, 1977). In
the literature, O. dioica and O. rufescens are mentioned as
frequent species along the Brazilian coast, with O. dioica
being particularly abundant on the southern coast of the
country (Forneris, 1964; Boltovskoy, 1981). On the other
hand, O. fusiformis and O. longicauda are described as
abundant throughout the South Atlantic (Esnal, 1999) and
more abundant in surface layers, where temperatures
are high and chlorophyll-a levels are low, as observed by
Miyashita and Lopes (2011). In warm, temperate offshore
waters around the world, O. longicauda, O. rufescens,
and O. fusiformis are often found in abundance (Gorsky &
Fenaux, 1998; Miyashita & Lopes, 2011). The species of
Fritillaridae, in particular, £ formica, £ pellucida, F borealis
and £ sargassi are considered to be more abundant in
areas with warm waters, being £ borealis cosmopolitan and
occurring all over the globe with a preference for oceanic
or mixed waters (Esnal & Castro, 1977; Esnal, 1999).

ECO 75 presented the lowest number of species
when compared to the other ecoregions, followed by ECO
72, which can be explained by the presence of oligotrophic
waters, influenced by the South Equatorial Current,
without the influence of the contribution of large rivers and
with low concentration of nutrients in the surface layers

with a well-defined thermocline (Knoppers et al., 1999;
Weigert & Madureira, 2011). The Northeast coast of Brazil
is a region with nutrient-poor waters with great influence of
oceanic waters, with few nutrients found compared to the
North region (Ovalle et al., 1999; Araujo et al., 2019). In
contrast, oceanic areas close to islands and sea banks have
topography that favors the ‘island effect,” where deeper
and enriched waters are transported to more superficial
areas, causing an increase in primary productivity (Doty
& Oguri, 1956; Melo et al., 2012; Jales et al., 2015). The
northern region is marked by the important contribution
of the Amazon plume, contributing with nutrients and
suspended material, and is also an important biogeographic
barrier for the species, but still containing a low primary
productivity (Nittrouer & DeMaster, 1996; Jo et al., 2005;
Tosetto et al., 2022).

The Brazilian southeastern and southern coasts are
areas with the highest primary productivity (Knoppers et
al., 1999), corroborating the results found for ECO 181,
ECO 76, ECO 180. Although the Brazilian coast is defined
as oligotrophic, some localities located in the southeastern
portion may present vortex formations and upwelling
areas, contributing to the increase of nutrients from colder
currents (Aidar et al., 1993; Gaeta et al., 1999; Andrade
etal., 2004). The southern region has oligotrophic waters
enriched by important fluvial inputs, such as the Patos
Lagoon and the Pratas River, and there are also upwellings
at the shelf break (Ciotti et al., 1995; Attisano et al., 2008;
Bernardes et al., 2012). This region has also its nutrients
influenced by southeast winds and climatic events such
as El Nifio and La Nifa, when compared to less atypical
periods (Brandini, 1988; Brandini et al., 2007).

OUTLOOK FOR BRAZIL

The current scenario for studies dedicated to Appendicularia
is still uncertain, since there are no groups of researchers
specialized in the taxonomic identification and biology in
Brazil, and few studies have been carried out with this class
(e.g.: Campos & Vega-Pérez, 2003; Carvalho & Bonecker,
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2010, 2016; Vega-Pérez et al., 2011; Carvalho et al., 2016).
Some reference research and teaching institutions in
oceanographic studies, such as Oceanographic Institute of
the University of Sao Paulo (IOUSP), University of So Paulo
(USP), Federal University of Rio de Janeiro (UFR]), Federal
University of Pernambuco (UFPE), Federal University of Rio
Grande do Norte (UFRN), Federal University of Rio Grande
(FURG) among others hold collections of zooplankton
capable of remedying the main gaps that still exist in the study
of Appendicularia (Rocha et al., 2024); however, some of
these collections may present specimens that are difficult
to identify due to the state of preservation, requiring better
efforts for the conservation of the collection.

Despite its relevance and wide distribution, this group
remains poorly studied in many regions of the Atlantic,
mainly due to the lack of taxonomists, infrastructure, and
adequate conservation of organisms. In addition, there is a
notable heterogeneity in relation to the resources allocated,
infrastructure and consequent scientific production
between the North-Northeast regions, compared to the
South-Southeast (Albuquerque et al., 2005; Gongalves,
2007; Sidone et al., 2016; Santos, 2022). In view of this
scenario, the use of existing biological collections for
scientific development is essential (Vega-Pérez et al., 2011;
Souza et al., 2020). Research groups from the Federal
University of Pernambuco and the Federal Rural University
of the Amazon are currently developing research with
the Appendicularia class, including the present research
(Magalhaes personal, communication, 2024)

CONCLUSIONS

The analysis of secondary data showed that most of the
work was carried out between 2010-2019, and may be
associated with the constant international efforts in the
last decade to mitigate human impacts on the oceans. Of
the 34 species of Appendicularia listed in the studies, the
most frequent on the Brazilian coast were O. dioica, O.
fusiformis, O. longicauda and O. rufescens. Corroborating
with previous studies that demonstrate a greater richness

of these species in the southern portion of South America.
In general, no groups of specialists were found in Brazil,
while Argentina has a strong research group for the South
Atlantic, developing research in ecology, trophic structure,
taxonomy and other areas.

In view of the above and the potentially revealing
results, it is necessary to encourage research on the
Appendicularia class on neritic and oceanic regions of
Brazil. s required a better data management and enabling
future research and the training of specialist researchers
in the class. In addition to these aspects, it is essential to
carry out more comprehensive studies in order to better
understand the role of Appendicularia as essential elements

in Brazilian marine ecosystems.
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Publication trends on vocalizations of anurans in Northeastern Brazil
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Abstract: Studies on anuran vocalizations have increased in Brazil in recent years. However, these studies remain asymmetrically
distributed in terms of geographic and taxonomic coverage. In this study, we analyzed the current state of the art of anuran
bioacoustics in the Northeast region of Brazil through a systematic online review of published scientific articles. We identified
123 scientific articles reporting research based on anuran vocalizations recorded in Northeastern Brazil. There has been
an increase in the number of publications over the years, but the quality of available information was highly variable, with
noticeable differences only in papers published in the last decade, when compared to previous years. Recordings could
be assigned to 119 taxa, most belonging to the families Hylidae, Leptodactylidae, Bufonidae and Odontophrynidae. Most
studies included recordings made in the Atlantic Forest and Caatinga biomes, whereas studies in locations within the
Cerrado and the Amazon Forest biomes were scarce. Finally, we analyzed institutions and collaborations involved in the
publications and found that there is a temporal trend of increase in the proportion of Northeastern institutions involved
in the publications, along with a rise in the average number of authors per publication.
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Resumo: Os estudos com vocalizacdes de anuros tém aumentado no Brasil nos Ultimos anos. No entanto, ainda estdo
assimetricamente distribuidos em termos de cobertura geogréfica e taxondmica. Neste estudo, analisamos o atual estado
da arte da bioacUstica de anuros na regido Nordeste do Brasil por meio de uma revisao sistematica de artigos cientfficos
publicados online. Foram encontrados 123 artigos cientfficos relatando pesquisas baseadas em vocalizagdes de anuros
registradas no Nordeste do Brasil. Houve um aumento no nimero de publicagdes ao longo dos anos, mas a qualidade
das informagdes disponiveis foi muito varidvel, com diferencas apenas entre os artigos publicados na Ultima década, quando
comparados aos anos anteriores. Os registros podem ser atribuidos a 119 taxons, a maioria dos quais correspondente
a espécies das familias Hylidae, Leptodactylidae, Bufonidae e Odontophrynidae. A maioria dos estudos incluiu registros
feitos nos biomas Mata Atlantica e Caatinga, enquanto pesquisas em regides dentro dos biomas Cerrado e floresta
amazdnica foram escassas. Por fim, analisamos as instituicdes e colaboracdes envolvidas nas publicacdes e descobrimos
uma tendéncia temporal de aumento na proporg¢ao de instituicdes nordestinas envolvidas nas publicacdes, assim como
no nimero médio de autores por publicacdo.

Palavras-chave: Anfibios. Mata Atlantica. BioacUstica. Caatinga. Comunicacdo.
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INTRODUCTION

Communication mediates intra and interspecific
interactions in the animal kingdom, and there are multiple
ways through which communication can be achieved.
Most animals rely on the transmission and reception of
chemical, visual, electric, tactile, vibrational, or acoustic
signals to convey biological information (Penar et al.,
2020). Sound signals are especially important as part of
communication systems in insects, fishes, birds, mammals,
and amphibians, playing key roles in territorial defense and
mate attraction, among other ecological and behavioral
functions (Laiolo, 2010; Fletcher, 2014).

As an emerging science, bioacoustics is dedicated
to recording, analyzing, and interpreting sound signals
produced by living organisms and their relationships with
the surrounding environment (Fletcher, 2014; Vallee, 2017,
Penar et al., 2020). Through bioacoustics, recordings of
sound signals or acoustic landscapes become a valuable
source of biological data, which can be used to uncover
the natural history of a particular species, to solve intricate
taxonomic puzzles as part of integrative taxonomy
approaches (e.g., Silva-Filho & Juncé, 2006; Andrade
2020; Bang et al., 2020; Mangia et al., 2020), to
evaluate species diversity at a given location (Vacher et

., 2017; Rakotoarison et al., 2017) or to investigate the

evolution of communication as a response to environments

et al.,

characterized by different levels of background noise (Bee
& Swanson, 2007; Zhang et al., 2015). In the last decades,
bioacoustics has also become part of several conservation
initiatives, with active or passive acoustic recordings being
increasingly adopted as standard methods for species
detection or monitoring (Noda et al., 2018; Sugai & Llusia,
2019; Obrist et al., 2010).

Male anurans emit advertisement calls to attract
sexual mates and ward off conspecific males at calling sites
(Wells & Schwartz, 2007; Toledo et al., 2014; Kéhler et al.,
2017). Advertisement calls are species-specific and, hence,
useful for discriminating anurans belonging to different taxa.
Advertisement calls are also subject to evolutionary forces,

such as female sexual selection and selection imposed by
background noise, competition for spectral acoustic space
or genetic drift, and can provide valuable information on
population differentiation and evolutionary mechanisms
leading to speciation (Amézquita et al., 2006, 2009; Goutte
etal., 2018). In addition to advertisement calls, many anuran
species have an extended call repertoire, which may include
sound signals used in specific behavioral contexts, such as
courtship, agonistic interactions among males, or defense
against predators (Toledo et al., 2014; Forti et al., 2018).
Brazil is home to the largest number of amphibian
species in the world, with more than 1,188 species, of which
2021). Endemism and
naturally small geographic distributions are frequent among

1,144 are anurans (Segalla et al.,

many clades of Brazilian anurans, and 59 are currently
classified as species of conservation concern (Brasil, 2022).
Bioacoustical studies of Brazilian anurans have mostly
addressed their taxonomy, including the description of
new species and the evaluation of species limits among
cryptic taxa (Guerra etal., 2018). Fewer studies investigated
acoustic signals of anurans in the contexts of reproductive
behavior (e.g., Heyer & Carvalho, 2000; Vilela et al., 2014;

Camurugi et al., 2015; Costa & Dias, 2019), natural history
(e.g., Pimenta et al., 2007; Brandao et al., 2009; Malagoli
etal.,, 2021), ecology (e.g., Protazio et al., 2014, 2019; Lima
et al., 2019) or conservation (Simdes et al., 2014; Sugai &
Llusia, 2019). Additionally, research on advertisement calls

in Brazil exhibits geographic and taxonomic biases, as well
as biases related to the conservation status of the studied
species (Guerra et al., 2018).

Northeastern Brazil encompasses more than
840,000 km? (IBGE & MMA, 2004) and is mostly covered
by two ecologically distinct biomes, the Atlantic Forest and
the semi-arid Caatinga. Despite extensive deforestation
and human occupation, which can be traced back to the
15th Century, an expressive number of endemic species
are found in the region (Garda et al., 2017, 2018; Abrahdo
et al., 2019). However, no comprehensive appraisal of
anuran bioacoustics has been conducted for this region,
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hindering the effective planning of future research based
on existing knowledge gaps.

In this work, we conduct a comprehensive
assessment of the available scientific literature on
bioacoustics of anurans in the Brazilian northeast. We
evaluate temporal trends in the number of published
scientific papers and the quality of those papers, based on
whether a set of key methodological steps were reported
in each publication.

Additionally, we assess the diversity of taxa studied
and the geographic distribution of recorded populations.
Lastly, we evaluate the number and affiliations of authors,
in order to gain insight into the main institutions conducting
bioacoustics studies in Northeastern Brazil and their
research networks.

MATERIAL AND METHODS
We searched for published literature on bioacoustics of
anurans of Northeastern Brazil in Google Scholar (Google,
n.d.), Web of Science (Clarivate, n.d.) and SciELO (SciELO,
n.d.), along the period between May 2020 and June 2021.
We used a combination of search terms that encompassed
taxonomy (Amphibia,’ Anura,” ‘Anfibio,” ‘Anuro,’ ‘Frog’),
bioacoustical terminology (‘canto,” ‘call,” ‘vocalizacao,
‘vocalization,” ‘bioactistica,” ‘bioacoustics’) and the geographic
region of interest (‘Brasil, ‘Brazil,” ‘Nordeste,” ‘Northeast,’
and the names of each Northeastern Brazilian state, entered
separately on each search). Publications were added to
our database when they met the following criteria: 1)
research paper written in English or Portuguese language
and published in an indexed journal; 2) research containing
information on one or more sound recordings of anurans,
conducted in one or more states in the Brazilian Northeast.
Unpublished theses and monographs were not considered.
Papers that presented reanalysis of acoustic data published
earlier were also removed from the final database.
Taxonomy followed Frost (2024). We associated
the geographic location of recordings with major biomes
of Brazilian Northeast based on the biome classification

proposed by Instituto Brasileiro de Geografia e Estatistica
(IBGE, 2017, 2019). When geographic coordinates or
information on the locality where sound recordings
were conducted were not reported, we considered
the geographic coordinates of the centroid of the largest
native vegetation remnant in the indicated municipality to
locate the recording on the biome distribution map. The
distribution map of recordings was produced in QGIS 3.16
(QGIS.org, n.d.), on biome distribution layers based on
IBGE (2017, 2019).

All papers were read-through and, from each paper,
we extracted the following information: 1) taxonomy of
recorded species (family, genus and specific epithets); 2)
name of the federation unit (state) where the specimens
were recorded; 3) municipality where the species was
recorded; 4) biome; 5) geographic coordinates of recording
location; 6) date of recording; 7) number of recorded
individuals; 8) number of calls analyzed; 9) call type (e.g.,
advertisement call, aggressive call, courtship call); 10) air or
water temperature at the time of recording; 11) snout-to-vent
length (SVL) of recorded individuals; 12) model of recorder
and microphone used; 13) sampling rate of recording; 14)
software used for acoustic analyses; 15) information on long-
term storage of recording files (j.e., deposit of files in a public
repository or sound collection); 16) year of publication of
the paper; 17) number of authors; 18) number of regional
institutions involved in the study; 19) number of institutions
located outside the Brazilian Northeast involved in the
study. Additionally, to understand the nature of studies on
anurans that use bioacoustics, papers were classified into
one of the following categories: 1) species description; 2)
call description; 3) ecological study; 4) behavioral study; 5)
taxonomic review; 6) new geographic record; 7) other. In
the latter category, we grouped interdisciplinary studies that
addressed multiple topics, where bioacoustical data was
provided along with information on larval morphology or
reproductive biology, for example. We also classified the type
of calls according to the anuran call classification proposed
by Toledo et al. (2014).
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We also assessed whether the quality of
publications increased over the years, based on the
availability of information essential to the replicability
of the studies and for the use of bioacoustics data in
future research. With this purpose, we adapted the
method used by Guerra et al. (2018) and estimated
a quality index based on the presence or absence of
information on parameters 5 to 14 listed above, on the
body of the text, or on figure captions. We attributed
one point to each parameter informed, hence the
quality parameter varied between zero (no information
available on any parameter) and ten (information on
all parameters was provided). In the case of articles
containing recordings of several species in which data
on a particular parameter were not provided for one
or more species, a value of zero was assigned to that
parameter. The arithmetic means among all papers
published in the same year were used to evaluate the
existence of temporal trends in the improvement of
publication quality. The proportion of authors affiliated
to academic or research institutions located in the
Brazilian Northeast among papers published in the
same year was used to assess trends in regional capacity

and autonomy in bioacoustical studies.

RESULTS

QUANTITATIVE TEMPORAL TRENDS IN
PUBLICATIONS

The database built from the systematic review of
publications containing information on anuran vocalizations
recorded in Northeast Brazil retrieved a total of 123
publications, including Brazilian and international journals.
These publications covered a range of 21 years, from
2000 to 2020, with gaps in 2001 and 2002, when no
publication was found by the search engines. The average
number of publications was 6.47 scientific articles per
year. There is notable growth in the average number
of publications per year from the beginning of the 2010

decade to the present (Figure 1), and the number of
publications almost tripled between the years 2011-2020
(totaling an average of 9,2 articles/year), in comparison
with 2000-2010 (3.44 articles/year, in average). The year
with the highest number of publications was 2020, with
13 publications.

QUALITATIVE TEMPORAL TRENDS IN
PUBLICATIONS
Considering the index we used to access the quality of
information available on the papers based on the presence
of ten parameters essential for replicability and for the use
of the original bioacoustical data in future studies, we did
not observe a temporal trend of evolution in the quality of
publications (Figure 2). In general, there is great variability
in the quality of articles published each year, except in years
with only a few publications (e.g., 2000, 2003). Between
2000 and 2010 only one work reached the maximum score
of the index, whereas between 2011 and 2020, except for
2016, at least one article reached the maximum value of
the index each year. The maximum score was obtained
by approximately 19% of the published articles, whereas
only a single paper achieved the lowest score recorded.
Among ten parameters used to assess the quality of
the bioacoustical information provided in the articles, the
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Figure 1. Variation in the number of scientific articles about
vocalizations of anurans of the Brazilian Northeast between
the years 2000 and 2020, as a result of bibliometric searches
conducted on Google Scholar, Web of Science and Scielo.
Graphic: the authors (2025).
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Figure 2. Variation in quality of bioacoustical information available
in scientific articles addressing vocalizations of anurans recorded
in the Brazilian Northeast, published between 2000 and 2020.
The index is based on the reporting of ten parameters related
to geographic information, recording conditions, equipment and
recording, which guarantee the repeatability of the studies and
the use of acoustic data in the future. The index ranged from
zero (worst quality) to ten (best quality). Box-plots representing
the index values for each year show the interquartile range (box)
divided by the median of the values (cross line). The upper and
lower limits of the vertical black lines indicate the most extreme
values. Graphic: the authors (2025).

least reported were those related to data on body size
of recorded individuals, sample size (i.e., number of calls
analyzed), and environmental conditions. Information on

body size or body mass of males recorded was absent in
56.1% ofthe published articles. The number of calls analyzed
was not informed in approximately 42.2% of the articles,
and geographic coordinates were not reported in 19.5% of
them. On the other hand, information on software, type of
call recorded, and model of recording gear was reported in
the vast majority (> 97%) of the articles (Figure 3).

TAXONOMIC DIVERSITY, CALL TYPE AND
RESEARCH SCOPE

The 123 publications contained data on vocalizations of 119
anuran species belongingto 34 genera distributed in 13 families
(Appendix 1; Figure 4). In one article, it is not possible to infer
which of the listed species were recorded in the Northeast
region, so it was classified here as ‘not specified.” The most
representative families were Hylidae (60 species, 50.4%
of the studied taxa), Leptodactylidae (27 species, 22.7%),
Bufonidae (8 species, 6.7%), and Odontophrynidae (7
species, 5.9%). The most studied genera belonged to
the families Hylidae (Scinax, 13 species; Phyllodytes, 11
species; Dendropsophus, 9 species) and Leptodactylidae
(Leptodactylus, 10 species; Physalaemus, 9 species).

Call type
Software used for acoustic analyses

Model of recorder and microphone

g Number of recorded individuals IS 10
§ Sampling rate or recording I 12
a
3 Date of recording NS 18
g Air or water temperature O 22
& Geographic coordinates IO 24
Number of calls analyzed N7 — 52
SVL ssgmm— 69
0 20 40 60 80 100 120

B Present |

Number of studies

Absent

Figure 3. Frequency of reporting of ten qualitative parameters among 123 articles published between 2000 and 2020 which addressed the
bioacoustics of anurans recorded in Northeastern Brazil. Graphic: the authors (2025).
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Figure 4. Cumulative number of species, per family, of anurans from the Northeast region of Brazil whose vocalizations were analyzed in
studies published in scientific journals between 2000 and 2020. Graphic: the authors (2025).

Approximately 21% of the recorded species were
present in more than one study. The most frequent
species among the studies were Pithecopus gonzagai
Andrade, Haga, Ferreira, Recco-Pimentel, Toledo, and
Bruschi, 2020 (Hylidae, and Proceratophrys cristiceps
(Mdller, 1883) (Odontophrynidae), for which acoustic
information was presented in seven publications. It was
followed by Pithecopus nordestinus (Caramaschi, 2006)
(Hylidae: Phyllomedusinae), and Pseudopaludicola pocoto
Magalhdes, Loebmann, Kokubum, Haddad, and Garda,
2014 (Leptodactylidae), whose vocalizations were analyzed
in five studies (Appendix 2).

Few studies were dedicated to analyses of
vocalizations other than the advertisement call.
Advertisement calls were analyzed in 118 publications
(95.9%), followed by territorial calls, assessed in 13
publications (10.6%), release calls and courtship calls
assessed in five publications (4.1%), distress calls, assessed
in four publications (3.2%). Amplexus and warning calls
were reported in one publication each (0.8%). The
type of vocalization was not informed in one publication.
Nearly 17.9% of the articles presented data on the

advertisement call and on at least one additional call
type. Considering vocalization categories based on social
context (sensu Toledo et al., 2014), reproductive calls
were represented in 97.6% of the studies, aggressive
calls in 11.4%, and defensive calls in 4.1%.

Considering the scope of the research published,
we observed that 37.4% of the retrieved articles were
call descriptions, with little or no additional data (.e.,
morphological, larval, molecular) and with no broader
taxonomic scope. Analyses of vocalizations appeared as
part of new species descriptions in 25.2% of the studies,
and as part of taxonomic revisions in 6.5% of the articles
surveyed. Multi-thematic articles, herein classified as
‘others,” accounted for 17.9% of the articles. Less frequent
types of publications included ecological studies (7.3% of
the papers), new geographic records or range extensions
(3.3%), and studies on anuran behavior (2.4%).

GEOGRAPHIC DISTRIBUTION OF CALL
RECORDINGS

Publications encompassed the nine Northeastern
Brazilian states (Figure 5). Most anuran call recordings
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Figure 5. Distribution of geographic locations of recordings of anuran vocalizations in Northeastern Brazil reported in 123 scientific articles
published between 2000 and 2020. Legend States: AL = Alagoas; SE = Sergipe; BA = Bahia; CE = Ceard; MA = Maranhdo; PB =
Paraiba; PE = Pernambuco; RN = Rio Grande do Norte. Map: the authors (2025).

were conducted in Bahia (81 studies, 65,9%), surpassing
published data on recordings made in the other eight
states combined. Pernambuco and Rio Grande do Norte
were the second states with the most publications, with 13
records (10.69%) each. Recordings conducted in the states
of and Parafba were reported in 12 studies (9.8%). The
two states with the lowest number of published anuran
recordings were Maranhdo and Piauf, with recordings
proceeding from only three localities in each of these
states. Coincidently, these are the states with the greatest
coverage of the least studied Northeastern biomes (Cerrado
and Amazon Forest). More than half of the studies were
carried out in the Atlantic Forest (57.7%), followed by
studies conducted in the semi-arid Caatinga (43.9%).
Recordings in the Cerrado and in the Amazon Forest were
the least frequent, with 4.9% and 1.6% of publications
containing information on vocalizations recorded in these
biomes, respectively.

MANAGEMENT AND STORING OF CALL
RECORDINGS

The deposit of call recordings into a sound collection or
into a zoological collection was reported in less than half
of the studies (41.5%). Among the studies that indicated a
destination to call recordings, those were deposited in 28
different biological collections or museums, of which 25
(89.3%) were located in Brazil and three (10.7%) were
located abroad. Among collections in Brazil, 40% were in
education or research institutions in Northeastern Brazil,
40% in the Brazilian Southeast, and 12% in the Midwest.
Approximately 8% of the recordings were deposited in
the private collection of one of the authors.

RESEARCH AUTHORSHIP

Scientific work on anuran bioacoustics in Northeastern
Brazil has been mostly carried out by universities and
other education institutions. We identified authors
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linked to 52 institutions, including colleges, universities,
technical educational institutes, and research institutes
distributed in the five Brazilian geographic regions
(Northeast, North, Central-West, Southeast, and
South). Most studies were produced by authors affiliated
to more than one institution. The two institutions
with the largest number of publications are located in
Southeastern Brazil. Authors affiliated to Universidade
Federal do Rio de Janeiro were involved in 29 studies
(24.4% of the articles), followed by authors affiliated
to Universidade Estadual Paulista Julio de Mesquita Filho,
which participated in 23 (19.3%) studies. These were
followed by authors affiliated to five universities located
in Northeastern Brazil: Universidade Estadual de Santa
Cruz (22 publications), Universidade Estadual de Feira
de Santana (21 publications), Universidade Federal do
Rio Grande do Norte (19 publications), Universidade
Federal da Bahia and Universidade Federal da Paraiba
(16 publications each).

Considering collaboration networks based on
publications, 35.8% of the studies had the participation
of at least one institution located in Northeastern Brazil,
36.6% were produced exclusively by the latter and
27.6% of the studies were carried out by institutions

outside Northeastern Brazil. From 2000 to 2020 there
was an increase in the role of Northeastern institutions in
anuran bioacoustics studies, most notably between 2011
and 2015, as well as a trend toward a greater proportion of
works carried out as collaborations between Northeastern
institutions and other national and international institutions
(Figure 6). International collaborations were indicated in
17 studies (13.8%). Collaborations between universities
and private environmental consulting companies were
reported in five studies (4.1%). A single study was
conducted as a collaboration between the university and
a non-governmental organization.

All studies were conducted by more than one
author. Most studies included five or more authors (35%),
followed by three authors (30%), two authors (22%),
and finally, four authors (13%). There was an increasing
trend in the average number of authors per article over
the years (Figure 7).

DISCUSSION

In this work we investigated temporal trends in the number
and quality of bicacoustics studies addressing vocalizations
of anurans recorded in Northeastern Brazil published
between 2000 and 2020. We detected an increase in the
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Figure 6. Relative contribution of research or education institutions in Northeastern Brazil, in other regions of Brazil and institutions abroad in
authoring scientific articles addressing bioacoustics of anurans of Northeastern Brazil between 2000 and 2020. Graphic: the authors (2025).
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Figure 7. Variation in the number of authors of scientific articles addressing vocalizations of anurans recorded in Brazilian Northeast, published
between 2000 and 2020. The interquartile range (box) is divided by the median number of researchers who authored each article (cross
line). The upper and lower limits of the vertical black lines indicate the most extreme values. Graphic: the authors (2025).

number of papers published on the subject along the last two
decades. Additionally, more recent studies were conducted
by a relatively larger number of authors, affiliated to a larger
number of education or research institutions, hinting at a
temporal trend of increase in collaborative research. Onthe
other hand, more recent articles did not improve in terms of
reporting data associated with sound recording procedures
in the field, with processing of sound recordings or with
archiving of sound files, when compared to earlier studies.

Unfortunately, few studies have focused on the
analysis of the quality of the information available in
bioacoustics studies, even in animal groups other than
anurans. State-of-the-art studies of bioacoustics studies
were performed by Becker et al. (2022) and Guerra et
al. (2018), but only the last one, which addressed works
with anuran advertisement calls, was dedicated to the
analysis of the information accessed in the publications.
Guerra et al. (2018) also observed great variation in the
data available in studies addressing advertisement calls of
anurans in Brazil, but they noticed a temporal trend of
increase in the metadata.

In relation to basic qualitative and quantitative recording
parameters informed in the articles, body-size, sampling size,
geographic coordinates and environmental temperature
were the least reported. Among these parameters, body
size generally determines the fundamental and dominant
frequencies of the calls due to allometric relationships with
the length of vocal cords (Ramer et al., 1983; Smith &
Roberts, 2003; Nali & Prado, 2014). Likewise, environmental
temperature directly affects metabolic rates in anurans,
reflecting on call parameters such as call rate (Ryan, 1988;
Gerhardt & Huber, 2002), call duration (Lingnau & Bastos,
2007; Moser et al.,, 2022) or call frequency (Kaefer et al.,
2012; Moser et al., 2022). Hence, reporting the snout-
to-vent length or mass of analyzed specimens and the
environmental temperature at the time of recording is
fundamental to allow for call comparisons between species
or populations (Christensen-Dalsgaard, 2008; Kéhler et al.,
2017). Information on the recording location is essential for
the characterization of local climate since the microhabitat
can influence call traits (Rohr & Juncd, 2013; Camurugi et
al, 2015; Réhr et al., 2020), in addition to more precisely
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delimiting the populations studied. Several studies addressing
the phylogeography of Neotropical anurans suggest that
geographically widespread taxa actually represent complexes
of independent evolutionary lineages or cryptic species
(Fouquet et al., 2012; Gehara et al., 2014; Nascimento et
al, 2019; Trevisan et al., 2020). Thus, accurately indicating
the location of the populations studied can avoid undue
comparisons between morphologically similar species,
while also reducing the effort spent in finding the referred
populations in the future. With technologies as GPS trackers,
digital thermometers and digital cameras being increasingly
integrated to portable devices, we stress that obtaining the data
mentioned above in the field is straightforward, and should be
binding to manuscript acceptance by editors and reviewers.

Arecent review of publications containing descriptions
of anuran advertisement calls in Brazil (Guerra et al.,
2018) reported that families Hylidae, Leptodactylidae and
Bufonidae were the most recorded in the country. Despite
the marked climatic differences among Northeastern Brazil
(where hot and dry landscapes are predominant) and other
geographic regions, the same families concentrate the
largest number of bioacoustical studies, possibly as a result
of their overall species diversity. Among the Northeastern
Brazilian states, only Pernambuco (SEMAS PE, 2015) and
Alagoas (Almeida et al., 2016) have comprehensive lists
of anuran fauna occurring in their territory. There are also
studies that provide data on anuran diversity by biome
(Garda et al., 2017; Abrahdo et al., 2019). However,
since no biome is exclusive to the Northeast, these
studies cannot be used for comparison with our study,
which considers the entire Northeast region. Andrade
et al. (2020) recognized the populations of Pithecopus
nordestinus distributed north of the San Francisco River as
a distinct taxon, P gonzagai. Thus, studies published until
2020 may have analyzed the former (e.g. Vilaca et al,,
2011), the latter (e.g.), or both species (e.g. Rohr et al.,
2020). P nordestinus and P gonzagai are arboreal treefrogs
whose geographic distribution extends widely across
Northeastern Brazil, predominantly in the Caatinga and

Atlantic Forest, but also extending into the Cerrado biome.
After P nordestinus + P gonzagai, Proceratophrys cristiceps
and Pseudopaludicola pocoto were the species studied more
frequently. Pr. cristiceps had its taxonomy recently revised,
and populations previously classified as Pr. caramaschii and
Pr. aridus were considered junior synonyms. This expanded
the known geographic distribution of Pr. cristiceps across the
semi-arid Caatinga (Mangia et al., 2020). Pseudopaludicola
pocoto also occurs across most of the Caatinga biome,
and their very conspicuous calls makes the species easy
to detect (Pereira et al., 2018). High local abundance,
wide geographic distribution and very distinctive calls
may be related to the relatively large number of papers
which sampled these taxonomically unrelated species. An
additional possibility is that the three species have extended
reproductive seasons, with calling males being found most
of the year, but data on interseason variation in call activity
is currently lacking for these taxa.

It was expected that most studies in our survey
addressed advertisement calls, possibly because of their
potential application in taxonomy, which was also the most
frequent subject of published articles using advertisement
call recordings in our survey. Recording vocalizations not
related to reproduction tend to be more costly and time
consuming, as they are rarely detected, require more field
observations, and sometimes require animal manipulation,
as in the case of release calls (Toledo & Haddad, 2009). On
the other hand, advertisement calls are frequently emitted,
are easy to detect and easy to record (Kéhler et al., 2017).
However, we stress that the lack of data on other types of
calls represents an important caveat to our understanding
of complex behavioral interactions in most anuran species,
including territoriality, male-male competition, courtship
and defense against predators. Thus, studies aiming at the
description of call repertoires, based on longer recording
sessions, should be encouraged.

The low proportion of studies that deposited their
sound recording archives in scientific collections echoed a
trend also detected in Guerra et al. (2018) in their work with
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advertisement calls. Estimates suggest that, in recent decades,
the practice of not depositing sound files in biological
collections caused the loss of approximately six million U.S.
dollars of investment in research of Brazilian anurans (Dena
et al.,, 2019). The main reasons stated by herpetologists
for not depositing the files were the lack of time, lack
of knowledge of deposit procedures and the belief that
depositing was not necessary (Dena et al., 2019). Recordings
not deposited in scientific collections impair the potential for
reproducibility of research, and hinder comparative studies.
In addition, the biodiversity record for future generations and
the information on the potential for evaluations of temporal
changes in the acoustic landscape (sensu Sugai & Llusia, 2019)
is lost. An alternative to encourage researchers to deposit
their sound files in scientific collections is the requirement of
scientific journals that vocalizations be deposited before the
articles are published, which is already being done by some
journals, and the adoption of simpler deposit procedures by
managers of sound collections.

Bahia is the largest state in Northeastern Brazil
(IBGE, 2019) and concentrated most of the anuran
recordings studied. However, the distribution of studies
among different states was not proportional to their area.
The states with the second and third largest territories in
Northeastern Brazil, Maranhdo and Piauf, were the ones
with fewer studies on anuran bioacoustics. The Atlantic
Forest is historically the most studied Brazilian biome in
terms of anuran species (Guerra et al., 2018; Lima et al.,
2019), and it is absent in the latter two states. The Amazon
Forest and ecotones between Amazon Forest and Cerrado
covers approximately 35% of Maranhdo (Araujo et al.,
2016). But despite their outstanding amphibian diversity and
despite being highly studied in other Brazilian geographic
regions, the Amazon Forest and Cerrado areas in Maranhao
are notoriously subsampled for anuran call recordings.
Similarly, Cerrado regions in the remaining Northeastern
states have been widely neglected by researchers. Future
recording efforts should prioritize these biomes, potentially
filling large biogeographic gaps on bioacoustical data.

Although the most productive institutions in terms
of the number of studies on anuran vocalizations in
the Northeast are located in Southeastern Brazil, the
evaluation of collaboration networks revealed that most
studies involved at least one institution located in the
Brazilian Northeast, especially from 2011 onwards. Such
finding indicates a consistent trend, in recent years, of local
universities and research institutions in participating in the
production of scientific knowledge in its own territory. As
the number of studies also increased considerably in the
same interval, this result may be related to the increase
in investment in universities and human resources in the
region. As identified in report from the Centro de Gestdo e
Estudos Estratégicos (CGEE, 2016), in 1996, the Southeast
region held most of the graduate courses in Brazil and
was responsible for 68% of the master’s degrees and
89% of the doctoral degrees in the country. In 2014, this
proportion decreased to 49% and 60%, respectively,
as a result of a series of public policies created from
2003 onwards, which resulted in the increase of public
universities, the creation of new campuses, and in the
qualification of human resources and growth of industrial
production in Northeastern Brazil (Silva et al., 2019). In
addition to increased resources, research probably also
benefited from collaborations among a larger number
of institutions and authors. The increase in the number
of authors per publications has been reported in several
research fields over the last decades (Borenstein &
Shamoo, 2015; Fontanarosa et al., 2017). The analysis
of large databases, studies of varied cohorts and
multidisciplinarity approaches are some of the advantages
gained from collaborations among many authors
(Fontanarosa et al., 2017). In short, the increase in the
number of higher education institutions in the Northeast
region allowed for the inclusion of these institutions in
the network of collaborations with institutions already
established and the feasibility of exploring problems in
their own ecosystems, which includes the field of anuran
bioacoustics.
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CONCLUSION

In this study, we summarized the current knowledge on
vocalizations of anurans in Northeastern Brazil, identifying
knowledge gaps and many research opportunities. Gaps
uncovered here can help selecting target regions and taxa
for future studies, in addition to facilitating new research
based on call samples already available. We hope that
results based on our quality index will help researchers
to optimize the information reported in scientific articles
and other outlets, in order to ensure replicability and
comparison among studies.
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Appendix 1. List of species from the Northeast region of Brazil with vocalizations analyzed in studies published in scientific journals. (Continue)

Family Species

Allophrynidae Allophryne relicta Caramaschi, Orrico, Faivovich, Dias, and Solé, 2013
Aromobatidae Allobates olfersioides (Lutz, 1925)

Bufonidae Frostius erythrophthalmus Pimenta and Caramaschi, 2007

Frostius pernambucensis (Bokermann, 1962)
Rhinella casconi Roberto, Brito, and Thomé, 2014
Rhinella crucifer (Wied-Neuwied, 1821)

Rhinella dapsilis (Myers and Carvalho, 1945)
Rhinella diptycha (Cope, 1862)

Rhinella granulosa (Spix, 1824)
Rhinella hoogmoedi Caramaschi and Pombal, 2006

Centrolenidae Vitreorana baliomma Pontes, Caramaschi, and Pombal, 2014
Ceratophryidae Ceratophrys joazeirensis Mercadal de Barrio, 1986
Craugastoridae Haddadus aramunha (Cassimiro, Verdade, and Rodrigues, 2008)

Haddadus binotatus (Spix, 1824)
Eleutherodactylidae Adelophryne maranguapensis Hoogmoed, Borges, and Cascon, 1994

Adelophryne mucronata Lourenco-de-Moraes, Solé, and Toledo, 2012

Bahius bilineatus (Bokermann, 1975)

Hemiphractidae Gastrotheca fissipes (Boulenger, 1888)

Gastrotheca recava Teixeira, Vechio, Recoder, Carnaval, Strangas, Damasceno, Sena, and Rodrigues, 2012

Hylidae Aplastodiscus ibirapitanga (Cruz, Pimenta, and Silvano, 2003)

Aplastodiscus sibilatus (Cruz, Pimenta, and Silvano, 2003)

Boana atlantica (Caramaschi and Velosa, 1996)
Boana crepitans (Wied-Neuwied, 1824)

Boana exastis (Caramaschi and Rodrigues, 2003)

Boana freicanecae (Carnaval and Peixoto, 2004)

Boana pombali (Caramaschi, Pimenta, and Feio, 2004)

Boana raniceps (Cope, 1862)

Bokermannohyla capra Napoli and Pimenta, 2009

Bokermannohyla diamantina Napoli and Junca, 2006

Bokermannohyla flavopicta Leite, Pezzuti, and Garcia, 2012

Bokermannohyla itapoty Lugli and Haddad, 2006

Bokermannohyla jujju Faivovich, Lugli, Lourenco, and Haddad, 2009

Bokermannohyla lucianae (Napoli and Pimenta, 2003)

Bokermannohyla oxente Lugli and Haddad, 2006

Dendropsophus branneri (Cochran, 1948)

Dendropsophus elegans (Wied-Neuwied, 1824)
Dendropsophus haddadi (Bastos and Pombal, 1996)
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Appendix 1. (Continue)
Family Species
Hylidae Dendropsophus minutus (Peters, 1872)

Dendropsophus nanus (Boulenger, 1889)

Dendropsophus nekronastes Dias, Haddad, Argdlo, and Orrico, 2017

Dendropsophus novaisi (Bokermann, 1968)

Dendropsophus oliveirai (Bokermann, 1963)

Dendropsophus studerae (Carvalho-e-Silva, Carvalho-e-Silva, and Izecksohn, 2003)

Hylomantis aspera Peters, 1873

Hylomantis granulosa (Cruz, 1989)

Julianus camposseabrai (Bokermann, 1968)

Nyctimantis arapapa (Pimenta, Napoli, and Haddad, 2009)

Ololygon agilis (Cruz and Peixoto, 1983)

Ololygon strigilata (Spix, 1824)
Phasmahyla timbo Cruz, Napoli, and Fonseca, 2008

Phasmahyla spectabilis Cruz, Feio, and Nascimento, 2008

Phyllodytes acuminatus Bokermann, 1966
Phyllodytes amadoi Voroés, Dias, and Solé, 2017
Phyllodytes edelmoi Peixoto, Caramaschi, and Freire, 2003

Phyllodytes gyrinaethes Peixoto, Caramaschi, and Freire, 2003
Phyllodytes kautskyi Peixoto and Cruz, 1988

Phyllodytes magnus Dias, Novaes-e-Fagundes, Mollo, Zina, Garcia, Recoder, Vechio, Rodrigues, and Solé, 2020

Phyllodytes megatympanum Marciano, Lantyer-Silva, and Solé, 2017

Phyllodytes melanomystax Caramaschi, Silva, and Britto-Pereira, 1992

Phyllodytes praeceptor Orrico, Dias, and Marciano, 2018

Phyllodytes tuberculosus Bokermann, 1966
Phyllodytes wuchereri (Peters, 1873)
Phyllomedusa bahiana Lutz, 1925

Pithecopus gonzagai Andrade, Haga, Ferreira, Recco-Pimentel, Toledo, and Bruschi, 2020

Pithecopus nordestinus (Caramaschi, 2006)
Scinax alter (Lutz, 1973)

Scinax auratus (Wied-Neuwied, 1821)
Scinax x-signatus (Spix, 1824)

Scinax cretatus Nunes and Pombal, 2011

Scinax eurydice (Bokermann, 1968)

Scinax fuscovarius (Lutz, 1925)

Scinax juncae Nunes and Pombal, 2010

Scinax montivagus Junca, Napoli, Nunes, Mercés, and Abreu, 2015

Scinax pachycrus (Miranda-Ribeiro, 1937)

Scinax ruber (Laurenti, 1768)
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Appendix 1. (Continue)
Family Species
Hylidae Sphaenorhynchus cammaeus Roberto, Araujo-Vieira, Carvalho-e-Silva, and Avila, 2017

Sphaenorhynchus mirim Caramaschi, Almeida, and Gasparini, 2009

Sphaenorhynchus palustris Bokermann, 1966

Trachycephalus atlas Bokermann, 1966

Leptodactylidae

Adenomera saci Carvalho and Giaretta, 2013

Leptodactylus caatingae Heyer and Junca, 2003

Leptodactylus fuscus (Schneider, 1799)

Leptodactylus luctator (Hudson, 1892)

Leptodactylus macrosternum Miranda-Ribeiro, 1926

Leptodactylus natalensis Lutz, 1930

Leptodactylus oreomantis Carvalho, Leite, and Pezzuti, 2013

Leptodactylus payaya Magalhdes, Lyra, Carvalho, Baldo, Brusquetti, Burella, Colli, Gehara, Giaretta, Haddad,
Langone, Lépez, Napoli, Santana, de Sa, and Garda, 2020

Leptodactylus jolyi Sazima and Bokermann 1978

Leptodactylus troglodytes Lutz, 1926

Leptodactylus vastus Lutz, 1930

Physalaemus aguirrei Bokermann, 1966

Physalaemus albifrons (Spix, 1824)

Physalaemus caete Pombal and Madureira, 1997

Physalaemus camacan Pimenta, Cruz, and Silvano, 2005

Physalaemus cicada Bokermann, 1966

Physalaemus cuvieri Fitzinger, 1826

Physalaemus erikae Cruz and Pimenta, 2004

Physalaemus kroyeri (Reinhardt and Litken, 1862)

Physalaemus nattereri (Steindachner, 1863)

Pleurodema diplolister (Peters, 1870)

Pseudopaludicola canga Giaretta and Kokubum, 2003

Pseudopaludicola florencei Andrade, Haga, Lyra, Leite, Kwet, Haddad, Toledo, and Giaretta, 2018

Pseudopaludicola jaredi Andrade, Magalhdes, Nunes-de-Almeida, Veiga-Menoncello, Santana, Garda, Loebmann,
Recco-Pimentel, Giaretta, and Toledo, 2016

Pseudopaludicola mystacalis (Cope, 1887)

Pseudopaludicola pocoto Magalhdes, Loebmann, Kokubum, Haddad, and Garda, 2014

Rupirana cardosoi Heyer, 1999

Microhylidae

Chiasmocleis cordeiroi Caramaschi and Pimenta, 2003

Chiasmocleis crucis Caramaschi and Pimenta, 2003

Elachistocleis cesarii (Miranda-Ribeiro, 1920)

Elachistocleis piauienses Caramaschi and Jim, 1983
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(Conclusion)

Family

Species

Odontophrynidae

Macrogenioglottus alipioi Carvalho, 1946

Proceratophrys ararype Mangia, Koroiva, Nunes, Roberto, Avila, Sant’Anna, Santana, and Garda, 2018

Proceratophrys cristiceps (Muller, 1883)

Proceratophrys minuta Napoli, Cruz, Abreu, and Del Grande, 2011

Proceratophrys redacta Teixeira, Amaro, Recoder, Vechio, and Rodrigues, 2012

Proceratophrys renalis (Miranda-Ribeiro, 1920)

Proceratophrys sanctaritae Cruz and Napoli, 2010

Strabomantide

Pristimantis ramagii (Boulenger, 1888)

Pristimantis rupicola Taucce, Nascimento, Trevisan, Leite, Santana, Haddad, and Napoli, 2020
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Appendix 2. Analyzed publications. (Continue)
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Nesting of Partamona helleri (Friese, 1900) (Apidae) in an abandoned nest of
Polybia scutellaris (White, 1841) (Vespidae) in Southeastern Brazil

Eike Daniel Félha-Ferreira @ | Diego Goncalves dos Santos Renne! @ | Isabel Ribeiro do Valle Teixeira' @ |
Diogo Silva Vilela' ® | Marcos Magalhdes de Souza' @

'Federal Institute of Southern Minas Gerais. Inconfidentes campus. Inconfidentes, Minas Gerais, Brazil

Abstract: Social wasp nests are frequently reused by different species for nesting, obtaining food, or protection from the elements
and predators. However, there are few records of nest reuse by bees of the Meliponini tribe. Therefore, the aim of this
study is to report the use of an abandoned nest of the social wasp Polybia scutellaris by the social bee Partamona helleri. The
record was made opportunistically, on May 7, 2024, in a building within an anthropized area, adjacent to a regenerating
Atlantic Forest fragment, in the municipality of Inconfidentes, southern Minas Gerais State, Brazil. The bees occupied the
entire social wasp’s nest, which was probably already abandoned. The bees did not use the brood cells of the nest for
reproduction, but rather deposited material (a mixture of dirt and resins) inside the nest, which was covered on the top
and sides, so that only the lower part of the nest was exposed. This reuse probably gave the bees energy savings and
shelter for the colony in its early stages. Nevertheless, further studies are needed to understand the frequency of this
reuse and whether the nests of social wasps are occupied when abandoned, usurped or shared by the bees.

Keywords: Meliponini. Hymenoptera. Nest biology.

Resumo: Os ninhos de vespas sociais sdo reutilizados por diferentes taxons, seja para nidificacdo e obtencdo de alimento, seja
para protecdo contra intempéries e predadores. Todavia, hd poucos registros desse fendmeno envolvendo abelhas
da tribo Meliponini. O objetivo deste estudo é reportar o uso do ninho abandonado de vespa social Polybia scutellaris
para a nidificagdo da abelha social Partamona helleri. O registro ocorreu ao acaso, em sete de maio de 2024, em um
prédio localizado em darea antropizada, préximo a um fragmento de Mata Atlantica em regeneracdo, no municipio de
Inconfidentes, sul do estado de Minas Gerais, Brasil. A abelha ocupou todo o ninho da vespa social, provavelmente ja
abandonado. As abelhas ndo utilizaram as células de cria do vespeiro para reproducdo, mas depositaram material (mistura
de terra e resinas) no interior do vespeiro, que foi envolvido na porg¢do superior e lateral, com apenas a parte inferior do
ninho exposta. Essa reutilizacdo provavelmente conferiu a abelha economia de energia e abrigo para a colénia em sua
fase inicial. Entretanto, sdo necessarios mais estudos para compreender a frequéncia dessa reutilizacdo e se os vespeiros
sdo ocupados quando abandonados, usurpados ou compartilhados pelas abelhas.

Palavras-chave: Meliponini. Hymenoptera. Biologia do ninho.
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Nesting of Partamona helleri (Friese, 1900) (Apidae) in an abandoned nest of Polybia scutellaris (White, 1841) (Vespidae) in Southeastern Brazil

INTRODUCTION

Social wasps usually build their nests from saliva and
cellulose (Wenzel, 1998), with variable architecture
(Richards & Richards, 1951). |
except for the genera Agelaia and Apoica, nests have an

n the Epiponini tribe,

external envelope that provides greater protection against
predators, a plesiomorphic characteristic of the tribe
(Wenzel, 1998; Somavilla et al., 2012; Noll et al., 2021).
In addition, this envelope promotes thermal regulation
, 2005, 2010), as well as
hampering waterlogging during rains due to its hydrophobic

of the colony (Hozumi et al.

composition (Hozumi et al., 2010).

Due to these characteristics, nests can be reused
by various other arthropods when abandoned, such as:
, 2008), ants (Souza et al., 2022),
termites (Jacques et al., 2023), bees and wasps with solitary
habits (Pinto, 2005; Jacques et al., 2022). However, there
are few studies demonstrating the reuse of social wasp

spiders (Araujo et al.

nests by social Meliponini bees. These bees nest in dead
tree cavities (Hubbell & Johnson, 1977), anthills (Kerr et al.,
1967), soil cavities, active or abandoned termite mounds
(Camargo & Pedro, 2003), human buildings (Netto et al.,
2007), gullies and cracks in walls (Siqueira et al., 2012).

The swarming process of social bees begins with the
choice of nesting site, which involves the workers visiting
potential sites to build their nest. The selection of nesting
substrate is related to several factors, including chemical
affinity, when the colony is built on plant substrate, or
energy saving and low temperature variation (Roubik,
2006; Jones & Oldroyd, 2006).

The occupation of unusual places for nesting can
be stimulated by the ongoing degradation of the natural
environments where they would otherwise be built.
Such disturbances are caused by cutting down trees,
burning, urbanization and farming, among other factors
(Kerr et al., 2001). Reports indicate extreme behavior
in such situations of environmental pressure, such as the
attempted occupation by the bee Melipona quadrifasciata
Lepeletier, 1836 in active nests of another aggressive bee

Scaptotrigona bipunctata (Lepeletier, 1836) (Hymenoptera:
Apidae) (Barbosa et al., 2015). This may indicate that the
predictable cost of this invasive behavior should be offset
by the energy savings resulting from occupying existing
nests. From what was presented, the aim of this study
is to report on the use of the abandoned nest of Polybia
scutellaris (White, 1841), a social wasp, by the social bee
Partamona helleri (Friese, 1900).

MATERIAL AND METHODS

The record was made on May 7, 2024, at random,
on the school farm of the Federal Institute of Southern
Minas Gerais - Inconfidentes campus (22° 18" 32.7" S,
46°19"46.1" W), in a building within an anthropized area,
next to a regenerating Atlantic Forest fragment.

Photographs were taken using a Nikon Coolpix
P600 camera. The nest was collected using an extensive
ladder, a saw, and beekeeper’s clothes. After removal, the
nest was placed in a plastic bag for transportation. In the
laboratory, the specimens found within were sorted and
we proceed with detailed photographs of the nest, using
the same camera. The length, width and diameter of the
nest were measured.

The bee specimens were identified by Professor
David Silva Nogueira, from the Federal Institute of
Education, Science and Technology of Amazonas (IFAM) -
Sao Gabriel da Cachoeira campus. The identification of the
social wasp nest was based on the descriptions by Richards
and Richards (1951) and Richards (1978). In addition, this
colony had previously been recorded at the site, which
facilitated the identification of the species.

RESULTS

A colony of Partamona helleri was recorded enclosing an
abandoned nest of Polybia scutellaris, fixed to a wooden
beam in a shed, about 5.6 meters above the ground
(Figure 1). The P helleri colony had an oval shape, a
diameter of 27.6 ¢cm, with an external opening similar
to a frog’'s mouth with a 7 cm diameter (Figure 2A).
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Figure 1. The nest of Partamona helleri fixed to a wooden beam,
completely enveloping the nest of Polybia scutellaris. Photo: image
by the authors (2024).

The nest of P scutellaris was almost completely occupied
and enveloped by the bee colony, which was only visible
in the lower part of the nest (Figure 1). Furthermore, the
opening of the nest was completely blocked by material
deposited by the bees (Figure 2B).

Inside the bee’s nest, no eggs, pupae, or adults
were found in the remaining cells of the hornet's nest
(Figure 2C). The bee colony expanded throughout the
social wasp's nest, filling almost all the combs, but laid no
eggs in the brood cells. In several areas, we observed that
perhaps the casing of the social wasp’s nest was reused
and incorporated into the new structure of the bee colony,
which can be seen in the new structure of the bee colony
(Figures 2D-2E). In addition, it is possible that some of the
wasp's nest envelope has been reused and mixed with dirt
and resin as part of the bee's nest architecture, where the
coloration of the structure is greyish (Figure 2F).

DISCUSSION

The reuse of an abandoned social wasp nest can provide
several benefits to bees, such as energy and material savings
for building a new colony, as has been suggested for other
insects and arachnids (Rocha & Raw, 1982; Jacques et al.,
2022). Vespid nests provide thermal comfort and reduce
waterlogging during rains (Hozumi et al., 2010). In addition,

Figure 2. Fragmented nest of Polybia scutellaris (highlighted in red): (A) ornament at the entrance to Partamona helleri’s nest; (B) opening
of the nest of P scutellaris covered with clay; (C) envelope with cells of the nest of P scutellaris not filled with clay, eggs or pupae; (D-E)
external cellulose envelope filled internally with clay; (F) residuals of clay covering the internal layers of the combs in the P scutellaris nest,
and possible reuse of the cellulose to build the structure (Resin, Clay and Envelope). Photos: image by the authors (2024).
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the occupation of a pre-existing nest can offer immediate
protection against bad weather and predators, which
increases the colony’s chance of survival in its early stages,
as already reported for Partamona species that occupy nests
of other social insects (Barreto & Castro, 2007).

Partamona bees naturally occupy a vast territory,
being recorded from Mexico to southern Brazil, found in
different environments including the Cerrado, the Atlantic
Forest and the Andes (Camargo & Pedro, 2003). One
feature that indicates Partamona’s flexibility in occupying
the nests of other social insects is that many species in
this genus intrinsically perform this behavior, as they are
obligate termitophiles (Camargo & Pedro, 2003). All the
nests of Partamona are composed of dirt cemented with
resin, except for the internal elements, such as the brood
discs and the honey and pollen pots (Ferreira, 2011). It
is also common to see fragments of plants in the nest
structure, such as dried stems and leaves (Camargo &
Pedro, 2003).

Partamona helleri is the only Meliponini species in
southeastern Brazil not nesting in termite mounds. Its nests
are exposed, commonly found in urban or rural buildings,
and in unmodified environments. It is common to find them
associated with the roots of epiphytes (Ferreira, 2011).
Building exposed nests, such as those developed by P
helleri, offers the advantage of reducing the environmental
restrictions imposed using pre-existing cavities formed in
logs, soil and other substrates, as the size of the colony
is limited to the spaces in these cavities (Rasmussen &
Camargo, 2008).

Nests of P helleri are easily identifiable due to their
unique funnel-shaped entrance, which is why they are
popularly known in Brazil as “Boca de Sapo”, or frog's

mouth. This design, according to Shackleton et al. (2019),
resolves an evolutionary conflict between foraging efficiency
and defense, as it allows many foragers to pass through,
while the narrow internal entrance requires few guards for
defense. Although there are no records of 2 helleri reusing
social wasp nests, there are reports of them occupying bird
nests (Camargo & Pedro, 2003).

This information may explain the records of other
Meliponini species that have reused social wasp nests,
including P scutellaris (Table 1). All the social wasp
species reported have protective casings in their nests
(Richards, 1978; Carpenter & Marques, 2001), which
reinforces the hypothesis that this structure offers
protection against the weather and predators for the
bee colony in its early stages.

The occupation of the hornet’s nest by P helleri
described in this study may have occurred after it was
abandoned by the social wasps, since it is common for
stingless bees to establish their nests in available cavities.
In addition, the absence of traces of social wasps in the
nest suggests the possibility that the bees did not invade
or usurp the nest, although other explanations cannot be
completely ruled out.

Although the occupation of the abandoned nest is
suggested, the usurpation of the colony by should be also
considered. The study of Rasmussen (2004), reported that
Trigona cilipes (Fabricius, 1804) invaded the Epipona tatua
(Cuvier, 1797) colony, established antagonistic behavior
and expelled part of the hornet population, and occupied
a certain region of the nest. After the initial conflict, the
author described the sharing of the structure, where the
bees and social wasps occupied different portions of the
nest, which may result in protection for the bees, promoted

Table 1. Bee species that use social wasp nests for nesting, author and year of publication of the study, and location of the record.

Social wasp Bee Author and year Locality
Polybia scutellaris (White, 1841) Paratrigona sp. Lucas (1889) Minas Gerais, Brazil
Brachygastra sp. Trigona cilipes (Fabricius, 1804) Silva-Matos et al. (2000) Mato Grosso, Brazil
Epipona tatua (Curvier, 1797) Trigona clipes (Fabricius, 1804) Rasmussen (2004) San Martin, Peru
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by the defensive behavior of the wasps (Rasmussen, 2004;
Souza et al., 2013).

This benefit of mutual occupation of nests has
already been observed between Partamona seridoensis
(Camargo & Pedro, 2003) and termites of the genus
Microcerotermes (Oliveira, 2016). The protection
offered by social wasps explains the harmonious
interactions established with other insects, such as
the social wasp Polybia rejecta (Fabricius, 1798) and
the ant Azteca chartifex cearensis Forel, 1903 (Souza
et al., 2013). This interaction was reported even with
vertebrates, such as the bird To/momyias sulphurescens
(Spix, 1825) and the social wasp Protonectarina sylveirae
(Saussure, 1854) (Carvalho et al., 2023).

Partamona helleri bees, as well as other species of
the genus, use a mixture of dirt and resins as the basic
material for building their nests. These substances are
applied to specific parts of the nest, such as the entrance
structure, pillars, and connectors of the vestibule, as well
as the pillars supporting the brood combs and food jars
(Camargo & Pedro, 2003). In addition to these materials,
here it was observed that cellulose from the wasp’s
nest may have been incorporated into the nest wall,
indicating that the bees may have reused this material
along with the clay and resin to build part of the colony’s
structure. This reuse suggests the ecological efficiency and
architectural plasticity of bees when building their nests.

CONCLUSION

Here we have expanded information on the occupation
of social wasp nests by other species, confirming the
ecological importance of these structures in ecosystems.
The nests of P scutellaris and other Polistinae species
may be attractive to P helleri, especially in degraded
environments, as these nests have a protective shell that
probably facilitates and protects the bees during nesting.
We suggest further studies to verify the frequency of this
reuse and to see if the hornets’ nests are only occupied
when abandoned or if they are usurped by P helleri.
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Occupation of Chartergellus communis Richards, 1978
(Vespidae, Polistinae) nest by Nasutitermes unduliceps Mathews, 1977
(Termitidae, Nasutitermitinae)
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Fernando Gongalves de Aguiar Crispim' @ | Gabriel de Castro Jacques'®

Instituto Federal de Educagdo, Ciéncia e Tecnologia do Sul de Minas. Inconfidentes, Minas Gerais, Brasil

Abstract: Epiponini (Hymenoptera, Vespidae, Polistinae) species typically construct their nests with an external envelope, which
providesprotection against predators and the weather, as in Chartergellus communis. For this reason, these nests, when
abandoned, are reused by different orders of insects, although until now there had been only a single record involving
termites (Blattodea, Termitidae). This study adds information on the reuse of social wasp nests by Termitidae. The record
was made in a building next to a gallery forest, a Cerrado phytophysiognomy, in the Parque Nacional Grande Sertdo
Veredas. The nest still had a protective envelope and the cells of the first comb were blocked by stercoral material, which
suggests that the C. communis nest was being used as a satellite nest by termites. This reuse of abandoned wasps’ nests
as satellite nests may be frequent in the Cerrado, so we suggest that more observations need to be made to validate this
hypothesis, as well as answer an important question: do termites invade the nests of social wasps that are still active, or
do they just reuse those that have already been abandoned?

Keywords: Cerrado. Redtilization. Social wasp. Termite. Protection. Satellite nest.

Resumo: As espécies de Epiponini (Hymenoptera, Vespidae, Polistinae), comumente, constroem seus ninhos com um envelope
externo, o que confere protecido contra predadores e intempéries, assim como em Chartergellus communis. Por isso,
esses ninhos, quando abandonados, sao reutilizados por diversas ordens de insetos, porém, até o presente trabalho, sé
havia um registro para cupim (Blattodea, Termitidae). Dessa forma, o presente estudo tem como objetivo acrescentar
informagdes sobre a reutilizacdo de ninho de vespas sociais por Termitidae. O registro ocorreu em uma edificagdo préxima
a mata de galeria, fitofisionomia do Cerrado, no Parque Nacional Grande Sertdo Veredas. O ninho ainda apresentava
envelope protetor e as células do primeiro favo estavam obstruidas por material estercoral, por isso, provavelmente, o
ninho de C. communis estava sendo utilizado como ninho satélite pelos cupins. Essa reutilizagdo de vespeiros abandonados
como ninhos satélites pode ser frequente no Cerrado, por isso sugere-se que mais observacdes sejam feitas para validar
esta hipotese, além de responder a um questionamento importante: os cupins invadem os ninhos de vespas sociais ainda
ativos ou apenas reutilizam os ja abandonados?

Palavras-chave: Cerrado. Reutilizagdo. Vespa social. Cupim. Protecdo. Ninho satélite.
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Occupation of Chartergellus communis Richards, 1978 (Vespidae, Polistinae) nest by Nasutitermes unduliceps Mathews, 1977...

INTRODUCTION

Abandoned nests of social wasps (Vespidae: Polistinae)
provide different resources that are exploited by other
arthropods, whether to obtain shelter, food, protection
against predators and bad weather, as recorded for spiders
(Aratjo & De Maria, 2008), ants (Souza et al., 2022),
bees (Pinto, 2005), solitary wasps (Eumeninae) (Jacques
et al.,, 2022) and other social wasp species (Renne et
al.,, 2022). However, only one study has documented
this occupation by termites, which was reported in the
Brazilian Cerrado (Jacques et al., 2023).

This biome, considered a global hotspot (Myers
et al., 2000), constitutes the Savanna with the greatest
biodiversity in the world, with an endemism rate exceeding
44% (Klink & Machado, 2005; Simon et al., 2009; Joly
& Padgurschi, 2019). Originally occupied 25% of the
Brazilian territory, however, around 46% of the biome
was eliminated between the 60s of the 20th century and
the first two decades of the 21st, with only 119 of the area

protected by Conservation Units (Strassburg et al., 2017;
Sano et al., 2008).

This panorama makes studies on biodiversity,
ethology, and ecology on the biota of the Cerrado an
emergency, to propose strategies for their conservation
(Resende et al., 2021). Thus, the objective here is to add
information about the reuse of social wasp nests by termites
in this Biome.

MATERIAL AND METHODS

An active nest of social wasp was recorded, in November
2022, as part of a social wasp inventory project in the
Grande Sertdo Veredas National Park (PARNA GSV), in
the north of Minas Gerais, Brazil (Francisco et al., 2023).
The nest was located in the woodwork of a kiosk, 1.7 m
above the ground, about 20 meters from the Rio Preto
(15°11"16.4” S, 45° 41 00.9” W), associated with Mata
de Galeria, Cerrado phytophysiognomy. Specimens of
the wasp were collected and identified by Dr. Orlando

Figure 1. Active nest of Chartergellus communis (A), nesting in the structure of a kiosk (B), and after abandoned, occupied by storage material
(©), with termite foraging galleries communicating with the wasp nest (D), soldiers of the termite Nasutitermes unduliceps in dorsal (E) and
lateral (F) views collected in these galleries. Images: M. M. Souza (2022).

—t—F Tt

2



Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 20, n. 2, €2025-0982, maio-ago. 2025

Tobias da Silveira (Museu Paraense Emilio Goeldi - MPEG,
Belém, Pard). In January 2023, this same nest was found
abandoned and occupied by termites, from which
specimens were collected, identified by Dr. Reginaldo
Constantino (University of Brasilia - UnB), and deposited
in the UnB collection, under number 11717. The
photographs, at both times, were taken with a camera
(Nikon coolpix 60X Optical Zoom Wide).

RESULTS

The nest, of the social wasp Chartergellus communis
Richards, 1978 (Figures 1A, 1B), was found abandoned
with the external envelope preserved. When removing
the external envelope, it was observed that some breeding
cells, those closest to the nest opening, were occupied by
sterol material (Figure 1C), which shows the occupation
by termites. It was also noted that termite galleries were
connected to the wasp nest (Figure 1D). No termites were
observed in the nest when the envelope was removed,
only in the galleries that provided communication, identified
as Nasutitermes unduliceps Mathews, 1977 (Termitidae:
Nasutitermitinae) (Figures 1E, 1F).

DISCUSSION
The presence of obstructed cells in the comb indicates
that the termite began occupying the C. communis nest,
probably to be used as a satellite nest. This behavior has
already been reported for another species of termite,
Nasutitermes obscurus (Holmgren, 1906), in two nests of
the social wasp Synoeca surinama (Linnaeus, 1767), in the
same area as the present record (Jacques et al., 2023).
Nasutitermes spp. have an arboreal habit,
adapting to different conditions to expand or change
their colonies (Thorne & Haverty, 2000), including the
establishment of satellite nests, in which these termites
can use resistant structures built by other insects, such
as the abandoned nests of social wasps (Jacques et al.,
2023), since it is theoretically less costly than creating a
new structure. Therefore, this behavior is an important

strategy for saving energy and survival, as these satellite
nests can serve as a foraging support and food storage
area (Holt & Easey, 1985). However, there is little
information about the biology, behavior, and ecology
of N. unduliceps, with studies focusing only on its
occurrence and geographic distribution (Constantino
& Cancello, 1992; Cunha et al., 2006).

The nests of Nasutitermes spp. are composed
of stercoral material (partially digested wood together
with salivary and fecal fluids) and are built directly on
the substrate, such as tree trunks (Light, 1933; Emerson,
1938; Thorne et al., 1996) or wood present in human
buildings (Cruz et al., 2012). Thus, the structure and
the construction site of the C. communis nest may have
facilitated the location and occupation by the termites.

The nest of this social wasp has a protective envelope
with a single opening, is resistant, and built directly on the
nesting substrate (Silva et al., 2022), like the nest of S.
surinama (Jacques et al., 2023), which also builds enveloped
nests directly on the substrate and with a single opening
(Somavilla et al., 2012). However, they have distinct
architectural patterns (Richards & Richards, 1951), as the
position of the combs is very different, while in S. surinama
they are parallel and adhered to the nesting substrate,
Astelocytar architecture, in C. communis, the combs are
perpendicular to the substrate, Calyptodomic Stelocytarus
architecture (Carpenter & Marques, 2001), which may be a
reflection of the adaptability and resilience of these termites
when using nesting structures.

This study adds information about the ecology
and behavior of N. unduliceps and is the second report
on the reuse of abandoned nests of social wasps by
termites. Based on the above, it is plausible that the
reuse of these nests by termites as satellite nests is
frequent in the Biome. However, it is suggested that more
observations are needed to validate this hypothesis, in
addition to answering an important question, whether
termites invade social wasp nests still active or just reusing
abandoned ones.
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Honeydew of Aethalion reticulatum (Linnaeus, 1767) (Hemiptera: Aethalionidae) as a
food resource for social wasps (Vespidae: Polistinae) in an
urban area within the Atlantic Forest-Cerrado ecotone
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Abstract: Aethalion reticulatum frequently forms symbiotic interactions with hymenopteran insects, however, there is little information
involving social wasps. Thus, the aim of this study was to provide ecological and ethological information regarding the use
of honeydew produced by A. reticulatum as a food resource for different species of social wasps in an urban environment,
in an ecotonal region between the Cerrado and Atlantic Forest in southeastern Brazil. During the study, 54 individuals of
10 species of social wasps were recorded consuming honeydew produced by A. reticulatum. It is likely that generalizing
and standardizing classifications of interactions between social wasp-hemipteran will not be possible. Nevertheless, our
study provides important information: first, different species of Polistinae can simultaneously use honeydew produced by
A. reticulatum as a food source in urban environments, and second, it contributes ethological information, with newly
behavioral acts, regarding the use and competition for this food resource among social wasps.

Keywords: Etology. Ecology. Kleptobiosis. Auchenorrhyncha. Hymenoptera.

Resumo: Aethalion reticulatum frequentemente forma interagdes simbidticas com insetos himendpteros, porém ha poucas
informagdes envolvendo vespas sociais. Assim, o objetivo deste estudo foi acrescentar informacdes ecoldgicas e etoldgicas
sobre a utilizagdo de honeydew produzido por A. reticulatum como recurso alimentar para diferentes espécies de vespas
sociais em ambiente urbano, em uma regido ecotonal de Cerrado e Mata Atldntica no Sudeste do Brasil. Durante o
trabalho, foram registrados 54 individuos de dez espécies de vespas sociais consumindo honeydew produzido por A.
reticulatum. E provavel que ndo seja possivel generalizar e padronizar as classificacdes das interacdes entre vespas sociais
e hemipteros, entretanto nosso estudo traz importantes informagdes: primeiro, diferentes espécies de Polistinae podem
utilizar simultaneamente o honeydew produzido por A. reticulatum como fonte de alimento em ambiente urbano; segundo,
acrescentou-se informacdes etoldgicas, com novos atos comportamentais, quanto a utilizagio e a competicdo entre
vespideos sociais por esse recurso alimentar.
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Honeydew of Aethalion reticulatum (Linnaeus, 1767) (Hemiptera: Aethalionidae) as a food resource for social wasps (Vespidae: Polistinae)...

INTRODUCTION

Understanding the interspecific relationships among
organisms allows for the establishment of more productive
and conservationist management practices in agricultural
(Parada & Salas, 2023) and urban ecosystems (Prezoto et
al., 2019), as it enables the comprehension and valorization
of different environmental services, such as biological
control (Prezoto et al., 2019) and pollination (Brock et al.,
2021). This supports research aimed at clarifying ecological
connections, such as the utilization of honeydew excreted
by hemipterans, which serves as a food source for a variety
of animal groups (Félling et al., 2001; Davidson et al.,
2003; Chamorro et al., 2013). This excretion results from
the elimination of excess sugar obtained during feeding,
which can be beneficial for sap-sucking hemipterans, as
it attracts other insects, like ants, that protect them from
their predators (Nelson & Mooney, 2022). This symbiotic
relationship, named trophobiosis, has been known to confer
advantages to plants, as defensive strategy against herbivores.
However, it may also have drawbacks, including the potential
suppression of pollinators by ant antagonism (Ibarra-Isassi &
Oliveira, 2018), and possibly promoting the spread of sooty
mold (Azuara-Dominguez et al., 2021).

Studies have demonstrated the use of this excretion
by social wasps (Vespidae: Polistinae) in different locations
around the world (Letourneau & Choe, 1987; Dejean &
Turillazzi, 1992). However, these interactions are not fully
elucidated, with limited information available, especially for
Brazil (e.g., Ricioli et al., 2017). These social insects prey
on different agricultural pests (Brock et al., 2021), including
in urban environments (Prezoto et al., 2019), and have a
wide geographic distribution in Brazil, such as in the Cerrado
and Mata Atlantica (Souza et al., 2020a, 2020b).

Aethalion reticulatum (Linnaeus 1767) (Hemiptera:
Aethalionidae), is a sap-sucking hemipteran that secretes
honeydew. This species has a wide distribution in Brazil
(Rando & Lima, 2010; Santos et al., 2015) and attacks
different native and commercial plant species (Resende et
al.,, 2021; Santos & Silva, 2021; Oliveira, 2024). The exudate

is consumed as a food resource by stingless bees, ants
and spiders (Santos & Silva, 2021; Oliveira et al., 2025). In
general, the interactions established between A. reticulatum
and hymenopterans are considered mutualistic, in which
the insects offer protection to the leafhoppers in exchange
for food resources (honeydew), e.g., ants (Rando & Lima,
2010), and stingless bees (Oda et al., 2009; Baronio et al.,
2012; Santos & Silva, 2021). However, this interaction is not
fully understood when it involves social wasps, as it can be
interpreted as mutually beneficial (Letourneau & Choe, 1987)
or non-mutualistic, e.g as kleptobiosis (Ricioli et al., 2017).

Thus, the aim of this study was to add information
into the utilization of excretions from A. reticulatum as a
food source for various species of social wasps in an urban
setting within the transitional zone between the Cerrado
and Atlantic Forest domains. Studies like this contribute
to the elucidation of trophic interactions that depend
on honeydew, especially in urbanized areas and when
involving groups with limited available information, such
as social wasps (Ricioli et al., 2017).

MATERIAL AND METHODS

In early January 2024, social wasps were observed visiting
colonies of A. reticulatum (n = 6) on a Cinnamomum verum
J. Presltree (Lauraceae) in the urban area of Ritapolis (21° 01
23.87"S;44°19'12.09” W), in the mesoregion of Campos
das Vertentes, at the ecotone between the domains of the
Atlantic Forest and Cerrado (Oliveira et al., 2023), Minas
Gerais, Southeast Brazil. Social wasp individuals were
captured using an entomological net from the 10th to the
15th of the same month, for eight hours per day, divided
between four hours in the morning (08:00-12:00) and four
hours in the afternoon (14:00-18:00), totaling 40 hours
of sampling effort. The captured specimens were sent
to the Colecao Bioldgica de Vespas Sociais (CBVS) at the
Instituto Federal de Educacao, Ciéncia e Tecnologia do Sul
de Minas Gerais (IFSULDEMINAS), Inconfidentes campus,
where they were identified, measured, and deposited

in the collection. In addition to collecting the wasps,
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behavioral observation of the specimens was conducted
using the ad libitum method (Del-Claro, 2010) during the
same sampling period, as well as nighttime monitoring
of the A. reticulatum colonies. Aethalion reticulatum was
identified by Dr. Luiz Carlos Dias Rocha (IFSULDEMINAS,
Inconfidentes campus) through photographs.

RESULTS AND DISCUSSION

Altogether, 54 individuals of ten social wasp species
were recorded consuming honeydew from Aethalion
reticulatum (Table 1).

Polybia fastidiosuscula was the most abundant wasp
species with 18 individuals, corresponding to 33.33% of
the total sample; Agelaia multipicta and Folistes versicolor,
with two individuals each, and Pseudopolybia vespiceps with
only one, were the least represented species. In addition
to the social wasps, ants [Camponotus (Myrmothrix) rufipes
(Fabricius, 1775), identified by Dra. Marilia Maria Silva da
Costa (Universidade Federal do Rio de Janeiro — UFR])] and
stingless bees (Trigona df. hyalinata Lepeletier, 1836), identified
by Dra. Isabel Ribeiro do Valle (IFSULDEMINAS, Pocos de
Caldas campus) through photographs, were also recorded
associated with A. reticulatum colonies during the daytime.

Some colonies were associated with ants (n = 2) and others

with stingless bees (n = 4), while during the nighttime, all A.
reticulatum colonies were tended by ants (n = 6).

We observed two foraging behaviors of the social
wasps: (1) direct collection of the secretion from the
leathoppers (Table 1, Figures 1A and 1B); and (2) collection
from leaves beneath sites where the A. reticulatum colonies
were located (Table 1, Figure 2). Despite social wasps being
important predators of numerous hemipterans (Brock et
al., 2021), no predation on A. reticulatum individuals was
observed, even those that were isolated from the colony
or from colonies lacking protection from ants and/or bees.

Regarding the foraging behavior of the wasps (Figure
1), two behavioral interactions (Figures 1A and 1B) were
recorded: in the first one (Figure 1A), medium-sized social
wasps ranging from 1.2 to 2.3 cm, such as Pseudopolybia
vespiceps, Polistes ferreri, and P versicolor, when
approaching the colonies of A. reticulatum, exhibited
antagonistic behaviors towards ants and bees, which were
unsuccessful in driving away the social wasps. After landing
on the hemipterans, the wasps apparently stimulated
them with their antennae to release the honeydew
(Figure 1C), as observed by Letourneau and Choe (1987)
and Ricioli et al. (2017). These authors also described
the behavior of P vespiceps, which attacked approaching

Table 1. Species of social wasps recorded using honeydew produced by Aethalion reticulatum in urban environment in Campos das Vertentes.

Legends: D = direct collection of honeydew from A. reticulatum individuals; | = indirect collection in vegetation near A. reticulatum colonies.
Tribe Species Abundance Honeydew collect

Epiponini Agelaia multipicta (Haliday, 1836) 2 Dand I

A. vicina (Saussure, 1854) 8 Dandl

Pseudopolybia vespiceps (Saussure, 1864) 1 D

Polybia fastidiosuscula Saussure, 1854 18 Dandl

P occidentalis (Olivier, 1791) 7 Dandl
Polistini Polistes ferreri Saussure, 1853 3 Dandl

P versicolor (Olivier, 1791) 2 Dandl
Mischocyttarini Mischocyttarus cassununga (R. von Thering, 1903) 6 Dandl

M. d. paraguayensis Zikan, 1935 4 Dandl

M. rotundicollis (Cameron, 1912) 3 |
Total individuals 54
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Figure 1. Social wasp species collecting honeydew directly from the hemipteran Aethalion reticulatum: A) Agelaia multipicta; B) A. vicina;
C) Pseudopolybia vespiceps; D) Polybia fastidiosuscula; E) P occidentalis; F) Polistes ferreri; G) Mischocyttarus cassununga. Photos: G. C.
S. Oliveira (2024).

ants with ‘kicks’ during flight, near the leafhoppers from
which they were collecting honeydew (Ricioli et al.,
2017). However, we did not observe this aggressive
behavior in the three species mentioned above. Instead,
they used their mandibles to attack the ants and bees
that approached the leathopper colonies, like what was
observed in Synoeca septentrionalis Richards, 1978 in
Venezuela (Ramoni-Perazzi et al., 2006). In the second
interaction (Figure 1B), medium-sized social wasps ranging
from 0.8 to 1.1 cm (Agelaia multipicta, Agelaia vicina,
Polybia fastidiosuscula, Polybia occidentalis, Mischocyttarus
cassununga, and Mischocyttarus cf. paraguayensis)
approached the colonies of the leathoppers. However,
they were immediately attacked and driven away by the
ants and stingless bees. Therefore, these vespid wasps
only succeeded in collecting honeydew for brief periods

when the colonies were momentarily unprotected by
the ants and stingless bees.

The condition described above is opposite to what
was observed by Letourneau and Choe (1987) in Costa
Rica, where they reported colonies of A. reticulatum
tended by the social wasp Parachartergus fraternus
(Gribodo, 1892), which consistently drove away the ants.
The ants only succeeded in collecting honeydew directly
from the leathoppers during brief moments when the
wasps moved away from the colonies or were absent.

Regarding foraging behavior 2, the ants also attacked
the social wasps, even up to around 15 cm away from the
leathopper colonies. An exception to this occurred with
Mischocyttarus rotundicollis, which, despite having a medium
size of 1.8 cm, did not exhibit foraging behavior (Figures 1A
and 1B), but only performing behavior 2 (Figure 2E).
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Figure 2. Social wasps collecting honeydew from vegetation near the colonies of Aethalion reticulatum: A) Polybia fastidiosuscula; B) P
occidentalis; C) Polistes ferreri; D) P versicolor; E) Mischocyttarus rotundicollis; F) M. cf. paraguayensis. Photos: G. C. S. Oliveira (2024).

The interaction here described appears to be an
ecological interaction of kleptobiosis (kleptoparasitism),
both in the case of larger social wasps that drive away
ants and stingless bees, as in the case of smaller social
wasps that opportunistically consume honeydew only
when the bees and ants were not present. This may
occur because the aggressive and opportunistic behavior
of the social wasps towards the stingless bees and
ants may harm A. reticulatum, as the consumption of
honeydew by the wasps occurs without any protection
provided to the leafhoppers, as suggested by Ricioli et
al. (2017). Another possibility would be a commensal
relationship, in which the wasps simply take advantage
of honeydew droplets released in the vegetation
nearby A. reticulatum colonies, resulting in honeydew
consumption without apparent harm or benefit to the
leafhoppers, as suggested by Castro (1975) for some
stingless bees of the genus Trigona.

Symbiotic interactions involving the collection of
honeydew by social wasps from Hemiptera are relatively
well-documented in the literature and occur with
different species of wasps and taxa of leafhoppers, such as
Membracidae, Coccidae, Kermesidae, and Cercopoidea
(Belt, 1874; Jeanne, 1972; Jiron & Salas, 1975; Schremmer,
1978; Barrows, 1979; Wood, 1984). However, there are
few reports of this association involving A. reticulatum,
for example, for P fraternus (Letourneau & Choe, 1987),
Pseudopolybia compressa Saussure, 1863 (Brown, 1976),
P vespiceps (Ricioli et al., 2017), Synoeca septentionalis
Richards, 1978 (Ramoni-Perazzi et al., 2006), and Polistes
erythrocephalus Latreille, 1813 (MacCarroll & Reeves, 2004).

This type of association is considered stochastic
(Letourneau & Choe, 1987) and can represent an
important source of nutrition for social wasps, especially
in urban environments. Although available studies have
recorded a few species involved in these interactions,
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our study corroborates Letourneau and Choe (1987)
who consider that these interactions with hemipterans
often involve a multi-species complex of social wasps.
A. multipicta, A. vicina, P fastidiosuscula, P occidentalis, P
ferreri, P versicolor, M. cassununga, and M. cf. paraguayensis
represent unpublished records of the use of honeydew as
a food resource, which corroborates with the generalist
and opportunistic feeding habits of these insects (Richter,
2000; Prezoto et al., 2019).

CONCLUSIONS

It is likely that applying standard classifications of
symbiotic interactions between insects for the suborder
Auchenorrhyncha and social wasps (mutualistic, non-
mutualistic, or others) may not be possible, as each
interaction contains a particular context that depends
on the involved wasp species. Therefore, our study
provides important insights: first, different species
of Polistinae can simultaneously use the honeydew
produced by A. reticulatum as a food source in urban
environments in the ecotonal area between the Cerrado
and Atlantic Forest domains; second, it added ethological
information, with new behavioral acts, regarding the
utilization and competition for this resource exhibited
by social wasps.
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Documentation of feeding associations of the Purple Gallinule, Porphyrio martinica
(Aves: Rallidae), and the Wattled Jacana, facana jacana (Aves: Jacanidae),
with the capybara, Hydrochoerus hydrochaeris (Mammalia: Hydrochaeridae),
facilitated by its beating behavior
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Abstract: The capybara, Hydrochoerus hydrochaeris, is known to form feeding associations with different bird species. One such
association involves a beating behavior, in which the animal moves through the environment while birds follow it to capture
insects that are disturbed. We documented this behavior in a wetland area of Southeast Brazil, involving the already
known association between the capybara and the Wattled Jacana, Jacana jacana, and a previously unknown association
between the capybara and the Purple Gallinule, Porphirio martinica. The latter also fed on capybara ticks, another novel
association. Expanding knowledge and documenting ecological relationships between mammals and birds contributes to
both the natural history of these organisms and ecological and public health issues, as ticks are vectors of spotted fever
in Southeast Brazil.

Keywords: Brazil. Guarapiranga Reservoir. Animal behavior. Public health. Spotted fever.

Resumo: A capivara, Hydrochoerus hydrochaeris, ¢ conhecida pela sua associacdo de alimentacdo com diferentes espécies de aves,
sendo que um dos comportamentos conhecidos é o de batedor, em que o animal se desloca pelo ambiente e as aves
0 seguem para capturar os insetos afugentados. Em uma regido alagada do Sudeste do Brasil, conseguimos documentar
esse comportamento ja conhecido entre a capivara e o jagand, /acana jacana, e ainda nao conhecido entre a capivara e o
frango-d’agua-azul, Porphirio martinica, que também se alimentou dos carrapatos da capivara, outra informagdo inédita.
A ampliacdo do conhecimento e a documentagdo das relacdes ecoldgicas existentes entre mamiferos e aves contribuem
tanto com a histéria natural desses organismos, como com questdes ecoldgicas e de salde publica, pois os carrapatos
sao vetores da febre maculosa no Sudeste do Brasil.

Palavras-chave: Brasil. Represa do Guarapiranga. Comportamento animal. Satide publica. Febre maculosa.
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Documentation of feeding associations of the Purple Gallinule, Porphyrio martinica (Aves: Rallidae), and the Wattled Jacana...

INTRODUCTION

The capybara Hydrochoerus hydrochaeris (Linnaeus,
1766) is a large herbivorous and semi-aquatic rodent
that occurs from northern South America (Venezuela)
to southern South America (Argentina) (Emmons &
Feer, 1997; Parera, 2002). The species is well known
for its feeding and cleaning associations with different
bird species (Macdonald, 1981; Sick, 1997; Tomazzoni
et al.,, 2005; Queirogas, 2010; Sazima & Sazima, 2010;
D’Angelo et al., 2016; Melo et al., 2018). One of
the behaviors of the capybara in such associations is
‘beating’ — moving around the environment while birds
follow to capture disturbed insects, thereby increasing
their success at ingesting food (Macdonald, 1981) —
although it is less frequently observed than other known
associative behaviors such as serving as a hunting perch
(D’'Angelo et al., 2016).

Here, we provide the first documented account
of the feeding association between the Purple
Gallinule Porphirio martinica (Linnaeus, 1766) and the
capybara and additional records of the known associtin
between the Wattled Jacana Jacana jacana (Linnaeus,
1766) and capybaras.

MATERIAL AND METHODS

Data were obtained during an ornithological study in
Parque Barragem de Guarapiranga (23° 40’° 35.70” S/46°
42" 57.15" W, 735 m above sea level), a municipal reserve
located on the right bank of the Guarapiranga reservoir, in
the southern part of the city of Sdo Paulo, Southeast Brazil.
The reserve has a group of around 50 free-living capybaras
and a rich community of aquatic birds. The Purple Gallinule
has a poorly-known seasonal occurrence in the region,
similar to what has been reported for other regions of Brazil
(Somenzari et al., 2018), whereas the Wattled Jacana is a
resident species. Documentation (image and video) was
produced using a Canon 7D camera with a 300 mm 2.8
lens, a Kowa TSN-820 Telescope and an iPhone 13, while
Leica 10x42 and Nikon Monarch 10x42 binoculars were

also used for observation. The videos were deposited
in the Macaulay Library (ML) online platform (Macaulay
Library, n.d.).

We checked 8,564 images of the Purple Gallinule
available on the online platform WikiAves (n.d.) and 8,014
in the Macaulay Library (except for those taken in countries
where the capybara does not occur), until March 27 2024.

RESULTS

On 21 June 2023, we observed a capybara in a flooded
area with a Purple Gallinule behind it looking for food
in the substrate. The bird followed the capybara as it
moved, capturing food in the disturbed flooded area,
even getting beneath the animal at times (Figure 1). The
bird performed this behavior for about 30 minutes. Ata
certain point, when the capybara was not moving, the
bird pecked the side of its body twice, as if capturing
something in its fur, presumably a tick (Arachnida:
Ixodidae) or other ectoparasite.

On 3 August 2023, we observed two capybaras in
the same flooded area as the individual observed on 21
June 2023, with a Purple Gallinule (two individuals) and
a Wattled Jacana (one individual) looking for food around
the animals, especially when they moved and disturbed the
substrate (videos — Schunck, 2023a, 2023b, 2023c). The
Purple Gallinule went beneath a capybara, between its legs
(video - Schunck, 2023d), while the Wattled Jacana even
pecked at the capybara’s side (video - Schunck, 2023e),
indicating the capture of some type of food, probably a
tick. The birds accompanied and followed the capybaras
for around 30 minutes, even foraging on the surrounding
substrate when the capybaras were not moving.

Other bird species were observed during the two
days of observations, landing on the capybaras and probably
feeding on their ticks. These bird species included the
Yellow-headed Caracara Milvago chimachima (Vieillot,
1816) (Falconidae), the Smooth-billed Ani Crotophaga
ani Linnaeus, 1758 (Cuculidae) and the Cattle Tyrant
Machetornis rixosa (Vieillot, 1819) (Tyrannidae).
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Figure 1. Purple Gallinule Porphirio martinica feeding around a capybara Hydrochoerus hydrochaeris including during its beating behavior as
it moves around. Sequence from A to D. Photos: Fabio Schunck (2023).

About the images consulted on the WikiAves and
Macaulay Library platforms, we found only five images
of the Purple Gallinule (all on the WikiAves platform and
taken in Brazil) close to some aquatic mammal, including
two capybaras, one nutria Myocastor coypus (Molina,
1782), one cavy Cavia aperea (Erxleben, 1777), and one
domestic bovine Bos taurus Linnaeus, 1758 (Table 1).

DISCUSSION

The Wattled Jacana is known to feed in association with
capybaras (D'Angelo et al., 2016), being the species that
most commonly follows these semi-aquatic mammals to
look for food during their beating behavior (Macdonald,
1981). The Purple Gallinule, on the other hand, has not
been mentioned in the literature as performing any such
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Table 1. List of images available on the WikiAves platform of the Purple Gallinule Porphirio martinica near some species of mammal.

Mammal species Reference
Capybara Hydrochoerus hydrochaeris Snyder (2011)
Loures (2023)
Domestic bovine Bos taurus Nicolletti (2022)
Nutria Myocastor coypus Miranda (2022)
Cavy Cavia aperea Brondani (2019)

associative behaviors, including feeding on capybara
ticks, making this a record for this interspecific relation.

This feeding association between the Purple
Gallinule and the capybara was somewhat expected,
as this bird species has behaviors similar to those
of the Wattled Jacana and lives in the same type of
environment, together with capybaras. The lack of
records may be associated with several issues, such
as the lower abundance (in general) of the Purple
Gallinule relative to the Wattled Jacana in most localities
of occurrence; its behavior of staying among aquatic
vegetation and being less exposed; its undertaking of
seasonal movements and disappearing from some
locations at certain times of the year, thereby reducing
chances of detection; or it may just be a non-typical
behavior for the species. D’Angelo et al. (2016) found
that bird feeding in association with capybara beating
behavior was less evident than other feeding categories,
due to the fact that the observations were made in a
capybara resting area. Thus, this bird behavior may
be less detectable in the field (as reflected in the low
number of available images), and needs more attention
from bird researchers, observers and photographers.

The few images available on online platforms of the
Purple Gallinule near mammals shows that, in addition
to capybaras, these birds may have some type of feeding
associations with other semi-aquatic mammals or those
that come close to water, such as nutria, cavy and even
domestic species (cattle), a hypothesis that also needs to
be better investigated.

CONCLUSIONS

Capybaras, ticks and spotted fever are directly related (Luz
etal., 2019). Thus, the discovery of yet another bird species
that may feed on capybara ticks advances the understanding
of the natural history of these organisms and can contribute
to addressing health issues, such as the occurrence and
control of spotted fever in Brazil.
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Ocorréncia de Catharus fuscescens, sabiazinho-norte-americano
(Passeriformes: Turdidae), no sul do estado de Minas Gerais,
adendos sobre sua area de invernada no ecétono Brasil
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Resumo: O sabiazinho-norte-americano, Catharus fuscescens, ¢ uma ave migratéria, visitante setentrional que inclui em sua rota
o Brasil. Mesmo sendo o sul do estado de Minas Gerais ornitologicamente bem estudado, ainda nao se tinha registrado
a espécie para a regido. O registro obtido durante estudos de mamiferos, com auxilio de armadilhas fotogréficas, no
municipio de Lavras, Minas Gerais, tem como objetivo relatar o primeiro registro de Catharus fuscescens para a literatura
ornitolégica para a regido, bem como apontar suas implicacdes sobre a area de invernada da espécie no Brasil.

Palavras-chave: Novo registro. Ave. Sul de Minas Gerais.

Abstract: The veery, Catharus fuscescens, is a migratory bird and a northern visitor that includes Brazil in its route. Although the south
of the state of Minas Gerais is ornithologically well studied, the species had not previously been recorded in the region.
This record was obtained during mammals studies using camera traps in the municipality of Lavras, MG, represents the first
documented occurrence of Catharus fuscescens in the ornithological literature for this area and highlights its implications
for understanding the species’ wintering area in Brazil.

Keywords: New registration. Bird. South of Minas Gerais.
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Ocorréncia de Catharus fuscescens, sabiazinho-norte-americano (Passeriformes: Turdidae), no sul do estado de Minas Gerais...

INTRODUCAO

No Brasil, a familia Turdidae é representada por 22
espécies de aves conhecidas popularmente como
sabids, entre elas se destacam trés espécies do género
Catharus: Catharus fuscescens (Stephens, 1817), Catharus
aurantiirostris (Hartlaub, 1850) e Catharus minimus
(Lafresnaye, 1848) (Pacheco et al., 2021). Todas sdao
migratdrias, procedentes da América do Norte (Sick,
1997, Pacheco et al., 2021).

Catharus fuscescens, sabiazinho-norte-americano,
€ um visitante setentrional (ou nedrtico), sendo uma
espécie bem pequena em relacdo a outros sabias,
possuindo 17 cm, lado superior marrom-ferrugineo,
garganta e barriga brancas, peito amarelado, com os
lados do pescoco cobertos de nédoas pardacentas (Sick,
1997, Collar et al., 2015).

No portal de ciéncia cidada Wikiaves, ha registros
anteriores de C. fuscescens para quase todos os biomas
brasileiros, com excecdo dos Pampas, e em quase todos
os estados do pafs (Wikiaves, 2024).

A espécie C. fuscescens se reproduz no sul do
Canadé e norte dos Estados Unidos, entre os meses de
maio a julho, onde faz ninhos em forma de taga com folhas
mortas, caules de plantas daninhas e musgos, porém nao
ha registro de reproducio no Brasil, sendo a espécie um
visitante de verdo durante o inverno setentrional, que
emerge no pais a partir dos estados da regido Norte,
chegando na América do Sul, em seus locais de invernada,
entre os meses de novembro e dezembro, apds sua saida
do hemisfério norte, entre os meses de agosto e setembro
(Heckscher et al., 2011).

Este manuscrito tem como objetivo relatar o registro
de Catharus fuscescens para a regiao do sul do estado de
Minas Gerais, apresentando as implicacdes necessarias a
respeito da drea de invernada da espécie no Brasil, com
particular interesse na regido Sudeste do Brasil ou ecétono
Cerrado/Mata Atlantica, onde o estudo foi conduzido por
meio de uma revisdo minuciosa da literatura ornitoldgica

da regiao em questao.

MATERIAL E METODOS
O registro da espécie ocorreu durante estudos de mamiferos
de médio e grande porte, com auxilio de seis armadilhas
fotogréficas (cAmerastraps) das marcas Tral Camera Model HC-
801A, Caca Trilha Mini 301 visio noturna e Moultrie M-990i.
A drea do registro foi o Parque Ecoldgico Quedas
do Rio Bonito (21° 19" S / 44° 58" W, elevacado de 1.000
a1.300 m), situada no municipio de Lavras, sul do estado
de Minas Gerais, no Sudeste do Brasil. A paisagem do
parque é composta por fragmentos florestais de floresta
estacional semidecidual, florestas ciliares, areas antrépicas,
campos rupestres, florestas monodominadas por arvores
da espécie Eremanthus erythropappus (DC.) Macleish
(candeal) e Cerrado strictu senso (Oliveira-Filho &
Fluminhan-Filho, 1999) (Figura 1), e a classificacdo climatica
de K&ppen da drea se enquadra no tipo Cwb para topos
de montanhas (Alvares et al.,, 2013). A nomenclatura
utilizada seguiu a de Pacheco et al. (2021).

RESULTADOS E DISCUSSAO

No dia 10 de dezembro de 2023, foi registrado,
fotograficamente, um individuo de Catharus fuscescens no
solo de uma drea ecotonal do parque que possui elementos
floristicos do Cerrado e da Floresta Atlantica (Figura 2).
O local exato do registro ¢ caracterizado como Cerrado
stricto sensu, com presenca de plantas caracteristicas
deste bioma, como Eremanthus erythropappus e Vochysia
thyrsoidae Pohl, entre outras, relevo acidentado, com
presenca de rochas de quartzito. Ainda nao hd, contudo,
como relacionar estas variaveis, pois estudos realizados na
regido que mencionam esta espécie sao inexistentes, além
de ela possuir poucos registros em diferentes biomas
do pais, com condi¢des climéaticas, eddficas e floristicas
muito diferentes (Heckscher et al., 2011; Pinho et al,
2016; Souza et al., 2018; Remsen Jr., 2001). O municipio
de Lavras, Minas Gerais, esta situado em uma regidao de
ecdtono entre dois hotspots mundiais (Myers et al., 2000;
Mittermeier et al., 2005), que sdo os biomas Cerrado e a
Floresta Atlantica (Moura etal., 2020; Moura etal., 2023).

F=¢=*

2



Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 20, n. 2, €2025-1032, maio-ago. 2025

¥
e

- Floresta |:| Campo de altitude
Candeal ':l Campo rupestre

D Cerrado

Areas de antropismo

Figura 1. Mapa do Parque Florestal Quedas do Rio Bonito, municipio de Lavras, Minas Gerais, mostrando a distribuicdo dos tipos fisiondmicos
da vegetagdo. As areas de antropismo sdo aquelas com evidéncias fortes de corte raso da vegetacdo no passado. Fonte: Oliveira-Filho e
Fluminhan-Filho (1999).

Figure 1. Map of Quedas do Rio Bonito Forest Park, municipality of Lavras, Minas Gerais, showing the distribution of the physiognomic types of
vegetation. The anthropized areas are those with strong evidence of clear-cutting of vegetation in the past. Source: Oliveira-Filho e Fluminhan-
Filho (1999).

Mesmo sendo o sul do estado de Minas Gerais
ormitologicamente bem estudado, com estudos de inventarios,
novos registros, interagdes com outros animais, interagdes
com plantas, fitofisionomias e paisagens (Braga et al., 2010;
Corréa &Moura, 2009; Corréaetal, 2012; D'’Angelo Neto,
1996; D'Angelo Neto et al, 1998; Lopes, 2006; Lombardi
et al., 2007; Lombardi et al., 2012; Mazzoni & Perillo, 2011;
Moura & Corréa, 2011a, 2011b, 2012; Moura, 2014; Moura
etal., 2010a, 2010b, 2014, 2015, 2018a, 2018b, 2020, 2021a,
2021b, 2022, 2023: Rezende etal., 2013: Ribon, 2000; Santos,
2012; Santos etal., 2011, 2014; Vasconcelos et al., 2002, 2005;
Vasconcelos, 2008; Vasconcelos & D'’Angelo-Neto, 2009),
ainda ndo se tinha registrado o sabiazinho-norte-americano,

Catharus fuscescens, para a regido, sendo este o primeiro

Figura 2. O sabiazinho-norte-americano, Catharus fuscescens, registro na literatura ornitoldgica sul-mineira, tendo como

registrado no municipio de Lavras, sul do estado de Minas Gerais,  registro mais préximo um feito no Parque Nacional de Itatiaia

Sudeste brasileiro. Foto: Aloysio Souza de Moura (2023). (aaproximadamerte 130 km), estado do Rio de Janeiro (Alves

Figure 2. The Veery, Catharus fuscescens, recorded in the municipality of
Lavras, in the southern part of the state of Minas Gerais, southeastern
Brazil. Photo: Aloysio Souza de Moura (2023). de De Luca e Endrigo (2020), para o estado de Sdo Paulo.

2007), e sendo o mais atual o registrado no ano de 2020,
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O presente registro reforca a ocorréncia da espécie
em dreas dos estados vizinhos de S3o Paulo e Rio de
Janeiro, onde ha registros fotograficos para o estado de Sao
Paulo (Wikiaves, 2024), além de dois registros na literatura
(Heckscher et al., 2011; De Luca & Endrigo, 2020) e duas
mencdes para o estado do Rio de Janeiro, sendo uma de
Pacheco e Parrini (2000) e outra de Alves (2007).

Vale destacar que tanto o estado de Minas Gerais
guanto o de Sdo Paulo possuem regides ecotonais dos
biomas Floresta Atlantica e Cerrado (IBGE, 2004), criando
areas de ecétono similares as do local onde foi feito o
presente registro, o que sugere que estas regides ecotonais
possivelmente sdo rotas de migracdo em sua area de
invernada. Entretanto, sugere-se que sejam feitos estudos
mais aprofundados, pois a presente nota representa apenas
uma pequena contribuicdo acerca da rota desta ave no pals.

CONCLUSAO

Conclui-se que este novo registro é de grande valia, uma
vez que amplia o conhecimento das rotas que essa ave
migratdria utiliza na regido Sudeste do Brasil, contribuindo
com o conhecimento sobre a espécie no territério
brasileiro. Conclui-se também que as regides ecotonais
do sul do estado de Minas Gerais fazem parte da rota
migratéria de invernada dessa espécie.

Vale destacar que o acréscimo de uma espécie a
comunidade de aves da regido, mesmo ndo sendo rara
ou ameacada de extincao, é de grande serventia, pois
contribui com a ciéncia, com a tomada de decisdes, bem
como com a elaboracao de propostas de politicas publicas
para projetos de conservagao e preservagdo de aves e de
locais utilizados por espécies migratdrias.
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First record of the Normandia Caecilian Caecilia crassisquama Taylor, 1968
(Amphibia: Gymnophiona: Caeciliidae) from Peru
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Abstract: We report the first record of Caecilia crassisquama Taylor, 1986 (Caecilidae) in the Central Cordillera of the Andes, Peru.
A single individual was found at the Tabaconas Namballe National Sanctuary, Cajamarca department, Northern Peru.
The specimen was collected in a montane forest at an altitude of approximately 1,990 m. It was identified mainly by the
count of primary grooves, the absence of secondary grooves, and other morphological characters. This represents the
southernmost record for the species at 345.5 km from the type locality in Ecuador. We also present the coloration in life
of the species. Our record increases the number of Caecilia species known in Peru to seven.

Keywords: Caecilians. Montane forests. Tabaconas Namballe. Central Andean Cordillera.

Resumo: Apresentamos o primeiro registro de Caecilia crassisquama Taylor, 1986 (Caecilidae) na Cordilheira Central dos Andes,
do Peru. Um Unico espécime foi encontrado no Santudrio Nacional Tabaconas Namballe, Departamento de Cajamarca,
no norte do pais. O espécime foi coletado em uma floresta montana a aproximadamente 1.990 metros de altitude.
Foi identificado principalmente pela contagem de sulcos primarios, auséncia de sulcos secundarios e outros caracteres
morfoldgicos. Este representa o registro mais ao sul para a espécie, a 345,5 km da localidade-tipo no Equador. Além

disso, apresentamos a coloracdo em vida da espécie. Nosso registro incrementa para sete o nimero de espécies do
género Caecilia no Peru.

Palavras-chave: Cedilias. Florestas montanas. Tabaconas Namballe. Cordilheira Central dos Andes.
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First record of the Normandia Caecilian Caecilia crassisquama Taylor, 1968 (Amphibia: Gymnophiona: Caecilidae) from Peru

Gymnophiona (Caecilians) is an order of amphibians
represented by species with elongate annulated bodies and
no limbs or girdles; mostly wedge-shaped, heavily ossified
heads and blunt tails; features associated with a burrowing
lifestyle. This clade is primarily tropical and fossorial and
contains mainly species living in moist soils usually adjacent
to streams, lakes, and swamps, although many species of
caecilians live far from water surfaces. Knowledge on their
biology remains limited, largely because of their secretive
habits and rarity in natural history collections (Gower &
Wilkinson, 2005; Peloso, 2010; Maciel & Hoogmoed, 2011;
Vitt & Caldwell, 2014).

Caecilidae, the most diverse of the caecilian families in
the Neotropics, contains two genera, Caecilia Linnaeus 1758
and Oscaecilia Taylor 1968 distributed in South and Central
America. Caecilia includes 43 currently recognized species
from Eastern Panama and northern South America, reaching
Bolivia on the southern limit of its geographic distribution
(Wilkinson et al., 2011; Frost, 2025), six of which occur in
Peru (Caecilia attenuata Taylor, 1968; C. corpulenta Taylor,
1968; C. disossea Taylor, 1968; C. gracilis Shaw, 1802; C. inca
Taylor 1973 and C. tentaculata, Linnaeus 1758).

Caecilia, one of the two largest and most complex
genera in the order Gymnophiona, is differentiated from
Oscaecilia by possessing eyes not covered by bone; however,
it is a variable condition in some populations of Caecilia
gracilis (Wilkinson et al., 2011; Maciel & Hoogmoed, 2011).
According to the IUCN Red List of Threatened Species
(IUCN, 2023), most species of Caecilia are listed as Least
Concern (35%) and Data Deficient (32.5%). It is so that C.
crassisquama Taylor, 1986 is categorized as Data Deficient
because of the limited information about its distribution,
natural history, taxonomy and population status. So far as
we are aware, the species is only known from the type. The
holotype deposited at American Museum of Natural History
(catalogue number AMNH 23434: Figure 1) was collected
in Normandia, Zufifa, Rio Upana, at 1,400-1,800 m altitude
(Figure 2), on the eastern slope of the Andes, Ecuador
(Taylor, 1968; Taylor & Peters, 1974). Currently, this locality
is part of the Morona-Santiago province, Morona canton,
1.4 km from Zufa village, near Upano river [corrected
names]. Moreover, Taylor and Peters (1974) pointed out
that the specimen USNM 160363 possesses some subtle
differences from type material of Caecilia pachynema

Figure 1. The holotype of Caecilia crassisquama (AMNH 23434), from Normandia, Zuffa, Rio Upana, Ecuador, in (A) dorsal, and (B) ventral
view of the body. Scale bar = 10 mm. Photos: P L. V. Peloso (2015).
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Gunther, 1859; but they did not consider it could be C.
crassisquama. As this if it occurred with AMNH 23434 being
removed of the synonymy of C. pachynema and raised to
the status of valid species by Taylor (1968). Almendériz et
al. (2014) reported a specimen of caecilian assigned as C.
crassisquama placed to 190.5 km south away from the type
locality on the Ecuadorian flank of the Cordillera del Céndor

within Sangay National Park (03.8976° S, 78.4824° W,
1,850-2,400 m altitude), Alto Machinaza, Zamora canton,
Zamora-Chinchipe province, Ecuador, but they don't
provide any details of the Museum code (voucher) and
morphological traits which convinces that they have correctly
identified the specimen they found. So, we consider it as a
doubtful record of the species (Figure 2).
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Figure 2. Distribution map of Caecilia crassisquama in Ecuador and Peru: (red star) Upano river, 1.4 km from Zufia, Morona, Morona-
Santiago, Ecuador (type locality) and (green square) El Sauce, Tabaconas Namballe National Sanctuary, Namballe, San Ignacio, Cajamarca,
Peru. Doubtful record (yellow square) for the species from Alto Machinaza, Sangay National Park, Zamora, Zamora-Chinchipe, Ecuador.

Map: Juan C. Cusi (2021).
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Here, we provide new distributional data for Caecilia
crassisquama based on fieldwork conducted at the Tabaconas
Namballe National Sanctuary (TNNS), Cajamarca department
in Northern Peru. During field surveys conducted along an
elevational gradient in TNNS between 1,800 and 3,600
meters of altitude (total sampling effort = 238.5 hour/person),
we recorded one specimen of Caecilia crassisquama (MUSM
31909, field code: JCM 303, TL 1,160 mm, 271.4 g, Figure
3) collected by J. C. Cusi, Victor Vargas and Francis Vargas
on 22 February 2013 in a montane forest located at El Sauce
sector (05.1924°S, 79.1783° W, 1,989 m), Namballe district,
San Ignacio province, Cajamarca department, Peru. El Sauce

Figure 3. Alive new specimen of Caecilia crassisquama MUSM 31909
(A). Montane forests from El Sauce, Tabaconas Namballe National
Sanctuary, Namballe, San Ignacio, Cajamarca, Peru (B). Photos:
Juan C. Cusi (2013).

sector; northeastern side of the TNNS, harbours three types
of forests (montane forests, cloud forests and elfin forests) with
the major threat on montane forests caused by deforestation
and coffee crops. The new specimen of Caecilia crassisquama
was found underground, after one of us (FV) disturbed the
soil when walking along a trail; the observation occurred
during intense rain in the afternoon (13:45 h). Ground and
air temperatures were recorded as 16 °C, and 19.6 °C
respectively, measured by a handheld infrared thermometer
(RayTek MiniTemp MT6, Boeco Temp). The voucher specimen
was euthanized with benzocaine, subsequently fixed and
stored in 70% ethanol. This specimen was subsequently
deposited in the herpetological collection at the Museo de
Historia Natural, Universidad Nacional Mayor de San Marcos,
Lima, Peru (catalogue number MUSM 31909). Identification of
the species was based mainly by using the keys and descriptions
by Taylor (1968, 1972), Taylor and Peters (1974) and Maciel
and Hoogmoed (2011). Morphological observations were
made using a stereoscope microscope. Morphometric
measurements and meristic characters are showninthe Table 1.

We examined the holotype and took photos of
the preserved specimen (Figure 1). After the analysis
of the holotype and the original description of Caecilia
crassisquama (Taylor, 1968) we observed that the new
specimen shares the diagnostic characters of this species.
The individual MUSM 31909 lacks secondary grooves and
has a similar number of primary grooves to the holotype
AMNH 23434 (170 versus 174). Most of the primary
grooves in MUSM 31909 are incomplete, with only the last
11 being marked below, compared to 15 in the holotype.
Other morphological character that validates the species
identification is the absence of subdermal scales and the
presence of small dermal scales only in the posterior
folds (scales appear from the last six grooves in MUSM
31909 and in the holotype). A dermal scale extracted from
the 168" groove of MUSM 31909 has 3.6 mm in wide
and 1.7 in height (Figure 4), more elongate than scales
of holotype (Taylor, 1972). Taylor (1972) described the
scales of the holotype as ‘small and seemingly inflexible’.
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Table 1. Morphometric measurements (in mm) and characters count (annular grooves and dentition) of the holotype and the new specimen

of Caecilia crassisquama from Peru.

Measurements AMNH 23434 (Holotype) MUSM 31909

Total length (TL) 685 1160
Head width (HW) 9.2 15.4
Body width (BW) 11 18.9
Snout projection beyond mouth (SP) 3 4.7
Snout tip to first groove (S1G) 14 212
Distance tentacle to nostril (TN) 1.9 2.8
Distance eye-tentacle (ET) 5 8.6
Primary grooves 174 170
Secondary grooves 0 0

Premaxillary—maxillary teeth 19 17

Prevomeropalatine teeth 19 13

Inner mandibular teeth 19 16

Splenial teeth 6 1

TL/HW 74.4 753
TLBW 62.3 61.4
SP/HW 0.33 0-31
S1IG/HW 1.52 1.38
TNHW 0.21 0.18
ET/HW 0.54 0.56

Figure 4. Dermal scale obtained from the 168th posterior primary
groove of Caecilia crassisquama MUSM 31909. Photo: A. O. Maciel
(2024).

However, variation in the flexibility of dermal scales
is common among caecilians, even within the same
species and individual (Maciel, personal observation,

2024). Furthermore, Taylor (1972) also illustrated the
variation in scale shape and size for several species of
Caecilia. In MUSM 31909, a terminal region featuring an
unsegmented terminal shield is observed, measuring 11.9
mm in length. The holotype exhibits a similar terminal
shield, though smaller, with a length of 8 mm. There are
three anterior and seven posterior denticulations in the
semicircular vent in MUSM 31909 and five anterior and
six in the holotype. MUSM 31909 is a relatively large
specimen of body subcylindrical, total length is 61.4 times
body width at mid body (62.3 times in holotype). In
life, the coloration of the MUSM 31909 body is purplish
grey blue, ventral surface paler than dorsum. The head
is a sky-blue grey, noticeably lighter than the body.
The lips are bright pink. In preservative, the head, lips,
lateral of body and the vent are yellowish grey and the
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body is greyish in dorsum and ventral surface, similarly to
the holotype. The fixation of the new specimen in ethanol
can lead to early loss of the coloration, which must be
considered in posterior comparisons.

The new specimen is much larger than the holotype
but the ratios of measurements SP/HW, S1G/HW, TN/HW,
ET/HW and TL/HW are similar in accordance with the
description of the type specimen by Taylor (1968) (Table 1).
The dental formula is very similar to the formula for the type
specimen of C. crassisquama as described by Taylor (1968,
numbers in parentheses): pre-maxillary—maxillary 19 (17),
vomeropalatine 19 (13), dentaries 19 (16), inner mandibular
teeth (6-1). Thus, based on external morphology and
dentition characters we decided to identify the specimen
as C. crassisquama.

Following we present the distinctions from similar
species distributed in Peru and Ecuador (composed of 19
species): Caecilia crassisquama lacks secondary grooves to
differs from C. abitaguae Dunn, 1942; C. albiventris Daudin,
1803; C. bokermanni Taylor, 1968; C. disossea; C. dunni
Hershkovitz, 1938; C. gracilis; C. guntheri Dunn, 1942; C.
leucocephala Taylor, 1968; C. nigricans Boulenger, 1902; C.
pachynema, C. subterminalis Taylor, 1968; C. tentaculata;
C. tenuissima Taylor, 1973; C. tesouro Bock et al., 2024;
and C. truncata Bock et al., 2024. Instead, the absence of
secondary grooves from Caecilia crassisquama is shared with
C. attenuata, C. corpulenta, C. inca and C. orientalis Taylor,
1968 (Gray, 1850; Hershkovitz, 1938; Dunn, 1942; Taylor,
1968, 1973; Taylor & Peters, 1974; Nussbaum & Hoogmoed,
1979; Lynch, 1999; Guayasamin & Funk, 2009; Maciel &
Hoogmoed, 2011; Borges-Nojosa et al., 2017; Camper et
al,, 2021; Elizondo-Lara, 2021; Fernandez-Roldan & Lynch,
2021; Fernandez-Roldan & Rueda-Almonacid, 2022).
Caecilia crassisquama (170-174 primary grooves) differs from
C. abitaguae (139-150); C. albiventris (144-150); C. corpulenta
(123); C. dunni (124); C. guntheri (110-127); C. inca (158); C.
leucocephala (118-142); C. orientalis (106-123); C. pachynema
(150-163); C. tentaculata (112-131); C. tesouro (117-121); and
C. truncata (107-123), by having more primary grooves.

Caecilia crassisquama differs from C. attenuata (182-199);
C. bokermanni (180-192); C. disossea (216—252); C. gracilis
(196-207); and C. tenuissima (186) by having fewer primary
grooves (Gray, 1850; Hershkovitz, 1938; Dunn, 1942; Taylor,
1968, 1973; Taylor & Peters, 1974; Nussbaum & Hoogmoed,
1979; Lynch, 1999; Guayasamin & Funk, 2009; Maciel &
Hoogmoed, 2011; Camper et al., 2021; Elizondo-Lara, 2021;
Fernandez-Roldan & Rueda-Almonacid, 2022). Caecilia
crassisquama also lacks subdermal scales, as occurs in C.
corpulenta, C. gracilis and C. orientalis, but differs from them
in the count of primary grooves (Taylor, 1968; Nussbaum
& Hoogmoed, 1979; Guayasamin & Funk, 2009; Maciel
& Hoogmoed, 2011). Caecilia crassisquama differs from C.
albiventris and C. dunni by having an unsegmented terminal
shield (absent in the species aforementioned) (Gray, 1850;
Taylor, 1968; Hershkovitz, 1938; Taylor & Peters, 1974).
Contraryto C. inca (66 times); C. disossea (80132 times); C.
pachynema (68.8-90.4 times); and C. tenuissima (81times),
Caecilia crassisquama has 61.4-62.3 times body total length
divided by the body width; which overlaps with C. attenuata
(62-66 times); C. gracilis (30.9-90.6 times); C. guntheri
(33.3-62.6 times); and C. nigricans (33-83 times) (Dunn,
1942; Taylor, 1968, 1973; Taylor & Peters, 1974; Nussbaum
& Hoogmoed, 1979; Lynch, 1999; Maciel & Hoogmoed,
2011; Elizondo-Lara, 2021; Fernandez-Roldan & Lynch,
2021; Fernandez-Roldan & Rueda-Almonacid, 2022).

In the recent years, the discovery of new species of
Caecilia (C. museugoeldi Maciel & Hoogmoed, 2018; C.
pulchraserrana Acosta-Galvis, Torres & Pulido-Santacruz,
2019; C. goweri Fernandez-Roldan & Lynch, 2021; C. aprix
Ferndndez-Roldan & Rueda-Almonacid, 2022; C. atelolepis
Fernandez-Roldan, Lynch & Medina-Rangel, 2023; C.
epicrionopsoides Fernandez-Roldan, Lynch & Medina-
Rangel, 2023; C. macrodonta Fernandez-Roldan, Lynch &
Medina-Rangel, 2023; C. wilkinsoni Ferndndez-Roldan &
Lynch, 2021; C. yaigoje Fernandez-Roldan, Medina-Rangel
& Lynch, 2023; C. tesouro and C. truncata Bock etal., 2024)
has provided new insights about their recognition, taxonomy
and phylogenetic relationships based on DNA sequences.
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In Peru, low number of specimens and scarce fieldwork
focused on the sampling of caecilians open new opportunities
to redefine and study much better poorly known species.

Considering our decision, this record represents
the third report (second well documented) of Caecilia
crassisquama in the Neotropics, and the first record of the
species for Peru on the Eastern Cordillera of the Andes.
Additionally, this record represents the southernmost for
the species (345.5 km from the type locality, Figure 2).
As a result, seven species of Caecilia are now known in
Peru: Caecilia attenuata, C. corpulenta, C. crassisquama, C.
disossea, C. gracilis, C. inca and C. tentaculata.

Similarly, to was suggested by Gower and
Wilkinson (2005), we recommend Caecilia crassisquama
is considered inside conservation assessments of the
amphibians conducted both by the Peruvian government
(SERFOR, D.S. N° 034-2004-AG) and the IUCN
Amphibian Specialist Group and the species should be
categorized as ‘Data Deficient’ because of possesses
limited distributional range, secretive habits (probably
fully subterranean) and live in montane forested habitats
associated to disturbed areas. Finally, our finding highlights
the importance of extensive field research in remote
montane areas such as the TNNS, and especially
undisturbed forested ranges between Peru and Ecuador.
Thus, new fieldworks are necessary to obtain ecological
and life history data for this caecilian species.
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First documented record of interaction between vampire bat,
Desmodus rotundus (E. Geoffroy, 1810), and the Greater Naked-tailed Armadillo,
Cabassous tatouay (Desmarest, 1804), Brazil

Randson Modesto Coélho da Paixdo' @ | Agnaildo de Sousa Sampaio' @ |
Jodo Carlos da Cruz Abrado Filho' @ | Antonio Junio Nonato da Silva' @ |
Thomaz de Carvalho Callado' @ | Juan Carlos Vargas-Mena' @ | Carlos Salustio-Gomes'®

'Ecocycle Brazil Science, Statistics and Conservation. Jodo Pessoa, Paraiba, Brazil

Abstract: We reported the interaction between a common vampire bat (Desmodus rotundus) and a greater naked-tailed armadillo
(Cabassous tatouay) recorded by camera traps in an Atlantic Forest remnant called ‘Mata da Sucupira Torta' in Paraiba state,
Brazil, in September 2023. This documented biological interaction corroborates the high plasticity of D. rotundus in the
search for prey and underscores the urgency of understanding the processes that structure predator-prey relationships,
especially in areas increasingly impacted by human activities. This observation also highlights the importance of using
alternative methods to address gaps in our understanding of the ecological dynamics between predators and prey.

Keywords: Atlantic Forest. Ecological interaction. Predator. Prey.

Resumo: Relatamos o primeiro registro de interacdo entre um morcego-vampiro comum (Desmodus rotundus) e um tatu-de-rabo-
mole-grande (Cabassous tatouay) com armadilhas fotogréaficas em um remanescente de Floresta Atlantica denominado
‘Mata da Sucupira Torta’, no estado da Paraiba, Brasil, em setembro de 2023. Esta interagdo biolégica documentada
corrobora a alta plasticidade de D. rotundus na busca por presas e reforca a urgéncia de compreender os processos que
estruturam as relagdes bioldgicas entre predador-presa, especialmente em éreas que rapidamente estao sendo impactadas
por atividades humanas. Essa observacio enfatiza a importancia do uso de métodos alternativos para preencher lacunas
no entendimento das dindmicas ecoldgicas entre predadores e presas.

Palavras-chave: Floresta Atlantica. Interagdes ecoldgicas. Predador. Presa.
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INTRODUCTION
Vampire bats belong to the Desmodontinae subfamily and
are endemic to the Neotropics. In Brazil, three species are
recognized: Hairy-legged vampire bat, Diphylla ecaudata
Spix, 1823, white-winged vampire bat, Diaemus youngii
(Jentink, 1893), and common vampire bat, Desmodus
rotundus (E. Geoffroy, 1810). They are widely distributed
in diverse ecosystems, including the Atlantic Forest
(Martins et al., 2007). While D. ecaudata and D. youngi
preferentially feed on the blood of birds (Scheffer et al.,
2015), D. rotundus feeds mainly on the blood of mammals,
including horses and cattle, and occasionally attacks humans
(Herndndez-Pérez et al., 2019; Hayes & Piaggio, 2018).
Among the vampire bats, D. rotundus is a medium-
sized species, being the largest in the group, more common
and widely distributed across the Americas (Greenhall et al.,
1983). It is the only species described to typically attack and
feed on both wild and domestic mammals (Hernandez-
Pérez et al., 2019; Brown & Escobar, 2023). Currently, the
species is classified as Least Concern at the global level on
the Red List of Threatened Species (Barquez et al., 2015), but
it is not included in the National List of Threatened Species
(MMA, 2022). The conversion of habitat by human activity
has increased the availability and abundance of domestic
species, mainly for livestock expansion (Mialhe & Moschini,
2020). This may contribute to changes in the ecological
interactions between prey and vampire bats in many regions.
Despite the relevance of vampire bats and their
natural distribution being restricted to the Neotropics, most
information on ecological interactions is quite limited to a
few regions such as Mexico (Hernandez-Pérez et al., 2019),
Costa Rica (Amit & Valverde-ZUniga, 2022), Venezuela
(Fischer etal., 2021), Argentina (Calfayan et al., 2019), and
in some locations of Brazil (Gnocchi & Srbek-Araujo, 2017;
M. Oliveira et al., 2022; Morais & Novaes, 2024). These
animals are present in all Brazilian ecosystems, covering all
states in Brazil (Martins et al., 2007), but information on the
ecological interaction between vampire bats and wild prey
in northeastern Brazil remains incipient (Feijé et al., 2023).

The greater naked-tailed armadillo Cabassous tatouay
(Desmarest, 1804) stands out as the largest species within
its genus and is characterized by the absence of tail shields, a
trait it shares with other Cabassous species (Hayssen, 2014;
Desbiez et al., 2022). Despite being widely distributed,
particularly in habitats like the Cerrado, Atlantic Forest,
and Pantanal, many uncertainties persist regarding its exact
occurrence and population status (Desbiez et al., 2022).
The uncertain distribution is attributed to its fossorial
behavior and nocturnal and solitary habits, possibly resulting
in low population density estimates (Rocha et al., 2024).

Although classified as of Least Concern (LC) by
the The International Union for Conservation of Nature
(IUCN) (Desbiez et al., 2022) and absence in the National
MMA list (MMA, 2022), C. tatouay faces significant threats
such as illegal hunting and retaliation, driven by the
consumption of its meat in many local communities, often
justified as a recreational and cultural practice (S. Oliveira
et al., 2015). Consequently, in some regional red lists,
the species is classified as presumably threatened (Rio de
Janeiro) and nearly threatened (Minas Gerais) (Desbiez et
al,, 2022). Given the interaction of C. tatouay with humans
and the lack of knowledge about its distribution, ecology,
and behaviour, new records are essential to advance the
scientific understanding of this species.

There are several records of interactions between
vampire bats and large and medium-sized wild mammals,
such as deer, capybaras, wild pigs, and armadillos (Calfayan
et al.,, 2019; Herndndez-Pérez et al., 2019; Brown &
Escobar, 2023). Although there are documented cases
of species from the order Cingulata, such as the Giant
Armadillo Priodontes maximus (Kerr, 1792) and the Nine-
banded Armadillo Dasypus novemcinctus Linnaeus, 1758,
being preyed upon by vampire bats (Rios-Solis et al., 2021;
M. Oliveira et al., 2022), scientific knowledge about the
interaction between these groups is still minimal. Specifically
for C. tatouay, there are no documented records of
its interaction with vampire bats (Rocha et al., 2024),
highlighting the gaps in our understanding of the ecology
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and interaction between these hematophagous bats and
their prey. Here, we documented the first record of
ecological interaction between a D. rotundus and C. tatouay .

MATERIAL AND METHODS

The study area is an Atlantic Forest remnant called ‘Mata
da Sucupira Torta' in Paraiba state, Brazil (Figure 1A).
This forest remnant covers approximately 10,000 ha and
includes seasonal semideciduous forest and savanna forest
(IBGE, 2004; MapBiomas, 2022). The matrix surrounding

this remnant is used for agricultural purposes, mainly sugar
cane monoculture, and for grazing domestic cattle (Almeida
& Souza, 2023). The study is part of the project of Long-
term monitoring and occupancy of birds and mammals in
a highly fragmented landscape (SisBio/ICMBio n® 8§9190).

During the rainy season (May to September 2023),
we randomized 19 geographic points and installed a
camera trap at each one (model HC900A), fixed on trees
at approximately 40 cm above the forest floor to record

animal activity and potential interactions (Figure 1B).

Figure 1. Location of the interaction record between Desmodus rotundus and Cabassous tatouay: A) the location is situated in the Atlantic
Forest domain, Paraiba State, Brazil; B) the record occurred in a semideciduous seasonal forest approximately 160 m from the forest edge,
from a long-term monitoring project of terrestrial vertebrates using 19 camera traps. Map: C. Salustio-Gomes (2024).
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After establishing sampling points, camera traps were
deployed at watering sites, fruit-and seed-bearing areas,
natural burrows, fallen logs, vines serving as vertical
substrates, slopes, and other structural features frequently
utilized by mammals for movement, vigilance behaviour or
refuge. All camera traps were located at least 150 m from
the forest edge and a minimum of 750 m apart.

RESULTS

We recorded an ecological interaction event between D.
rotundus and C. tatouay at 22h06 on 21 September 2023.
The record occurred inside the semideciduous seasonal
forest (7° 00’ 13.93" S, 35° 06’ 34.75" W) located
approximately 160 m from the forest edge (Figure 1B). We
recorded a single adult individual of C. tatouay foraging,
followed by an attack of an individual of D. rotundus (Figure
2A; see video 1in supplementary material)". Initially, the
vampire bat landed on the ground near the armadillo’s tail
(Figure 2B; see video 1in supplementary material). It then
reached the prey by hopping and bit the tail (Figure 2C;
see video 1 in supplementary material). Apparently as a
probable antipredator response, the armadillo attempted
to dislodge the bat using its hind limbs, followed by

vigorous digging behavior that directed ground toward
the bat to repel the attacker. The bat remained attached
to the tail for approximately 20 seconds before detaching
and staying on the ground nearby. In a subsequent video
recorded two minutes later, the bat was still near the
armadillo (see video 2 in supplementary material)?. It
was not possible to confirm whether further interactions
occurred. At 22h10, the bat took flight, landed briefly on
a nearby tree, and then exited the camera trap’s field of
view (see video 2 in supplementary material).

DISCUSSION
Although interactions between vampire bats and various
mammal species (Calfayan et al., 2019; Brown & Escobar,
2023), including other armadillo species (Brown & Escobar,
2023; M. Oliveira et al., 2022; Rios-Solis et al., 2021;
Zortéa et al., 2018), have been documented, we present
the first interaction of D. rotundus attacking an armadillo of
the genus Cabassous, specifically C. tatouay.

The diet of D. rotundus includes the blood of
various taxa of mammals, birds, and occasionally humans
(Greenhall et al., 1983), with most predation records

in the literature involving wild or domestic mammals

Figure 2. Image records of the interaction between Desmodus rotundus (VB) and Cabassous tatouay (GNTA) in the Atlantic Forest domain,
Paraiba State, Brazil. We documented (A) C. tatouay foraging, (B) D. rotundus in flight, and (C) D. rotundus interacting with C. tatouay.
Images: R. M. C. Paixdo (2024).

! Link for the video: https://boletimcn.museu-goeldi.br/bcnaturais/article Aview/1042/672
2 Link for the video: https://boletimen.museu-goeldi.br/benaturais/article Aiew/1042/6 73
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(Brown & Escobar, 2023). The nocturnal activity of
Cabassous armadillos suggests they could be potential
prey; however, their fossorial behavior likely makes such
interactions rare, explaining the scarcity of predation
records involving C. tatouay (Rocha et al., 2024).

C. tatouay predominantly inhabits primary and
secondary forests and is rarely found in degraded areas
(Desbiez et al., 2022). In contrast, populations of
vampire bats benefit from the abundant availability of
food in degraded environments, primarily due to the
establishment of large-scale domestic animal farming
operations (M. Oliveira et al., 2022), which may also
enhance their reproductive success. Nonetheless,
vampire bat colonies depend on shelters in forested
or protected areas rather than open degraded habitats
(Vargas-Mena et al., 2020; Morais & Novaes, 2024).
This difference in habitat use likely reduces encounters
between these species and, consequently, lowers the
detection probability of such interactions by observers.

The ecological significance of this first documented
interaction is underscored by the rarity and consequent
low detectability of the Greater Naked-tailed Armadillo
C. tatouay within its natural habitats, which remains poorly
documented due to the substantial field effort required
to record the species. Camera trap studies provide
a valuable alternative by enhancing the probability of
detecting such interactions, which are considerably more
challenging to observe through traditional field methods
(Frey etal., 2017; Soriero et al., 2018; Moore etal., 2021;
Ferry et al., 2024; Nicvert et al., 2024).

Understanding the ecology of species interaction
requires increased attention, especially in forest habitats
vulnerable to anthropogenic disturbances. While
armadillos are frequently hunted and illegally consumed
by local communities in the region, the potential for
disease transmission by these species remains unknown
(S. Oliveira et al., 2015). This highlights the ongoing
importance of educational practices and environmental

monitoring to protect forest habitats, conserve game

animal populations, discourage the illegal use of wildlife
by human communities and safeguard public health from
potential risks.

Additionally, this rare record is important for
understanding predation by D. rotundus and contributes to
future behavioral studies of both species. Finally, camera
traps have proven effective for fauna monitoring by facilitating
efficient data collection on behaviour and species distribution
across different conservation areas and are invaluable for

documenting novel and rare interspecific interactions.

CONCLUSION

The documentation of this interaction between D.
rotundus and C. tatouay not only gives a novel insight
into the ecological and behavioural dynamics between
predator-prey but also increases the richness of taxa on
which D. rotundus feeds on. This initial documentation
highlights significant gaps in our knowledge, underscoring
the need for further research using precise sampling
methods. Furthermore, it emphasizes the value of camera
trap studies in capturing rare interspecific interactions that
are unlikely to be documented through more traditional
field methods.
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A colecao histérica do Herbario do Museu Paraense Emilio Goeldi:
histéria, vulnerabilidade e conservagao

Anténio Elielson Sousa da Rocha' @ | André dos Santos Braganca Gil' ®

'Museu Paraense Emilio Goeldi. Coordenago de Boténica. Belém, Pard, Brasil

Resumo: O Herbario do Museu Paraense Emilio Goeldi (MG), o mais antigo da Amazoénia, possui, dentre seus importantes
acervos, uma colecdo histérica com mais de 17 mil exsicatas registradas na base de dados (livros-tombo), todavia mais de
21% destes registros ndo foram encontrados nos dados informatizados, atualmente em uso. Diante dessa constatagdo,
investigacbes foram realizadas na tentativa de entender esse expressivo desaparecimento dos registros, e algumas questoes
foram levantadas: O que aconteceu com esses registros desaparecidos? Quando sumiram os registros! As exsicatas
também desapareceram do acervo? Essas exsicatas pertenciam a um Unico taxon (familia, género, espécie)? O histérico
de ma conservagio do acervo foi responséavel pelo desaparecimento desses registros? Os resultados demonstraram que
Apocynaceae, Asteraceae, Bignoniaceae, Clusiaceae, Euphorbiaceae, Fabaceae, Malpighiaceae, Malvaceae e Orchidaceae
estariam mais fortemente indicadas como suscetiveis a ataques de insetos e fungos.

Palavras-chave: Acervo botdnico. Conservacdo de exsicatas. Taxons vulneraveis.

Abstract: The herbarium of the Museu Paraense Emilio Goeldi (MG), the oldest in the Amazon, has, among its important collections,
a Historical Collection with more than 17 thousand specimens registered in its database (registry books), however more
than 21% of these records were not found in the computerized data currently in use. Faced with this finding, investigations
were carried out in an attempt to understand this significant disappearance of records, and some questions were raised:
What happened to these missing records! When did the records disappear? Did the exsiccates also disappear from the
collection? Did these specimens belong to a single taxon (family, genus, species)? Was the history of poor conservation
of the collection responsible for the disappearance of these records? The results showed that Apocynaceae, Asteraceae,
Bignoniaceae, Clusiaceae, Euphorbiaceae, Fabaceae, Malpighiaceae, Malvaceae and Orchidaceae would be more strongly
indicated as susceptible to insect and fungal attacks.
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A colegéo histérica do Herbério do Museu Paraense Emilio Goeldi: histéria, vulnerabilidade e conservagdo

O Herbdrio do Museu Paraense Emilio Goeldi (MG), o
primeiro da regido Norte e o quarto fundado no Brasil,
salvaguarda plantas vasculares, bridfitas, fungos e liquens,
além das colegdes associadas de plantulas, éleos essenciais,
palinoteca, xiloteca e carpoteca. Reline aproximadamente
240 mil registros, incluindo ca. 3.200 tipos nomenclaturais.
Todavia, antes de sua fundagdo, em 1895, o acervo
botanico do entdao Museu Paraense se resumia a um
pequeno nUmero de amostras de madeiras e frutos.

O naturalista e zodlogo suico-alemao Emilio Augusto
Goeldi, em seu primeiro relatério como diretor do
Museu Paraense, esclareceu ao governador do estado do
Pard, Lauro Sodré, que, sem um herbario formalizado e
associado, essas e outras amostras de madeiras e frutos
armazenados ndo teriam serventia em um museu de
histéria natural, por se encontrarem destituidas de valor
cientffico (Goeldi, 1894). Somente com a criagdo de um
herbario, seria possivel catalogar e armazenar a enorme
rigueza vegetal da Amazdnia, evitando as habituais
remessas de plantas aos museus da Europa e dos Estados
Unidos (Sanjad, 2005). Em 1895, Lauro Sodré contratou
0 botanico suico Jacques Huber para ser o chefe da secao
de botanica do Museu Paraense, e no mesmo ano fundou
o Herbarium Amazonicum Musei Paraensis (tratado como
o Herbario Paraense).

Durante os cinco primeiros anos do Herbério Paraense,
apenas as coletas de Jacques Huber representavam 60% do
acervo, sendo grande parte proveniente do atual estado do
Amapa, da ilha de Marajé e do nordeste paraense. Diante
do irrisério ritmo de contratagcdes de novos funciondrios
pelo Museu Paraense, a taxa de incremento do acervo do
herbario fora decaindo consideravelmente, sendo que, em
1905, o incremento foi de 262 amostras. Somente a partir de
1907, quando retornaram os investimentos, o acervo voltou
a crescer, fundamentalmente por meio das expedicdes do
botanico austriaco Adolpho Ducke ao oeste do estado do
Pard, das doacdes de exsicatas de Ernst Ule, provenientes
da regidgo do Acre e de Roraima, bem como das coletas

realizadas pelos técnicos do Museu Paraense, principalmente

nos arredores de Belém, identificados nas etiquetas das
exsicatas como ‘Pessoal do Museu’. Exemplificando, em
1907, o Herbario Paraense contabilizava ca. 9.200 amostras,
com um incremento anual de 677 amostras; decorridos sete
anos (em 1914), o acervo atingiu algo proximo de 15.000
registros. Destacam-se ainda, nesse periodo de notaveis
incrementos ao Herbario Paraense, a incorporacdo de
preciosas cole¢cdes, como a de Richard Spruce, oriundas
do estado do Amazonas, de meados do século XIX (461
amostras), assim como as coletas de Per Karl Hjalmar Disen
no estado do Rio de Janeiro (207 amostras) e as de Francisco
Lima nos estados do Piaui e do Ceara (176 amostras). O
Herbario MG abriga, ainda, outra importante colecdo
histérica amazonica, a de Luigi Buscalioni (260 amostras),
datada de 1899, recebida como doagdo e incorporada ao
acervo do herbario apenas em 1999.

Com a morte prematura de Jacques Huber, em
18 de fevereiro de 1914, as acdes de pesquisas e coletas
vinculadas ao Herbério Paraense diminuiram drasticamente.
Além disso, a crise econdmica do ciclo da borracha
se agravou, culminando, em 1918, na transferéncia de
Adolpho Ducke para o Herbario do Jardim Botanico do
Rio Janeiro (Cavalcante, 1984).

A partir de 1918, o Herbario Paraense entrou em
um perfodo de inatividade. O acervo de 17.300 exsicatas,
distribuidas em 193 familias botanicas (de acordo com
informacdes dos livros-tombo do herbadrio), ficou aos
cuidados de um Unico técnico, Rodolfo de Siqueira
Rodrigues, porém sem qualquer recurso para manutenco
e conservacio (Cavalcante, 1984).

Setenta e quatro por cento das 17.300 amostras
pertenciam a apenas trés coletores: Jacques Huber,
Adolpho Ducke e Ernst Ule. Atualmente, essas amostras
compdem a colecdo histérica do Herbario MG, de
valor inestimavel para a botdnica no mundo, com o
registro de aproximadamente 400 tipos nomenclaturais,
representando cerca de 10% do total de tipos do MG.

Durante a primeira visita de Adolpho Ducke a
Belém, no periodo em que o herbério esteve inativo
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(1918-1955), ele constatou que o Herbarium Amazonicum
Musei Paraensis nao recebia qualquer tipo de manutencao
e que nenhum tipo de inseticida ou desinfetante vinha
sendo utilizado no acervo (Ducke, 1953). Por mais de trés
décadas o acervo assim permaneceu.

Em 1946, Adolpho Ducke retornou a Belém,
quando realizou um inventdrio no acervo do herbério e
constatou que, devido aos anos sem os devidos cuidados,
um grande nimero de amostras das familias Apocynaceae,
Boraginaceae, Bignoniaceae, Verbenaceae, Violaceae,
Bixaceae e Asteraceae ndo foi encontrado (Ducke, 1953).
Na sua Ultima passagem por Belém, em 1949, Adolpho
Ducke voltou a organizar o acervo e realizou um expurgo.

Apds 1955, quando o Museu Goeldi passou a ser
subordinado administrativamente ao Conselho Nacional
de Desenvolvimento Cientffico e Tecnoldgico (CNPg),
o herbario voltou a receber novos expurgos, quase
sempre anuais.

Nos primeiros expurgos realizados pelo Herbério
MG, foram utilizados os mais diferentes produtos, como
enxofre, cloreto de zinco ou acido fénico sublimado com
uma solucdo de sal de cozinha (Goeldi, 1894). Antigos
servidores do herbario relatam também o uso de ‘verde-
paris’, um inseticida de coloracdo verde-clara que continha
arsénico, além do mais frequentemente utilizado até o
inicio dos anos 1980, pentaclorofenol, mais conhecido
como pd-da-china. Em meados da década de 1980, o
Museu Paraense Emilio Goeldi passou a empregar a fosfina,
um gas tdxico e incolor, utilizado até os dias atuais. Essas
intervencdes podem até ter exercido algum efeito sobre
os agentes bioldgicos, porém seus efeitos sobre o acervo
também podem ter ocasionado altera¢des fisico-quimicas,
acelerando o processo de degradagao das exsicatas
(Almeida & Bojanoski, 2009).

Segundo Goeldi (1894), o trabalho de conservacio
das plantas em herbdrios nas regides tropicais do planeta era
‘penoso’ e ‘espinhoso’, e hoje sabemos que, na Amazonia, a
tarefa é ainda mais desafiadora. Algumas ameacas ambientais

e bioldgicas sao severamente relevantes na conservagao

dos acervos e merecem atenc¢do. Fungos e insetos, bem
como umidade e temperatura elevadas podem causar
danos avassaladores aos acervos (Mori et al., 1985), o que
reforca a exigéncia do manejo adequado da colecdo, com
monitoramento permanente, implicando cuidados como
o criotratamento das amostras ao entrarem na colecio,
climatizacio adequada (temperatura até 20 °C e umidade
abaixo de 50%) e vedacdo hermética da reserva técnica,
além de expurgos periddicos, agdes cruciais e indispensaveis.

Os materiais hoje utilizados na confeccdo das
exsicatas do Herbario MG — como a cola a base de
acetato e os papéis alcalinos — ndo existiam nas décadas
de formacao do acervo. De acordo com Goeldi (1894), o
Unico tipo de papel empregado na época era o chamado
‘mata-borrao’. Esse papel, extremamente &cido, possuia
superficie rugosa e baixa gramatura, o que favorecia a agdo
de insetos e o surgimento de fungos nas exsicatas. Além
disso, sua baixa gramatura o tornava maledvel, favorecendo
a quebra e a perda de material botanico no manuseio das
amostras. Ressalte-se ainda que as plantas eram costuradas
no mata-borrao, o que possibilitou, ao longo dos anos, o
desmonte de muitas exsicatas durante os estudos, podendo
levar a perda total ou parcial das amostras.

Por décadas, essas exsicatas histéricas foram
acondicionadas de forma precdria, em latas metdlicas,
distribuidas em prateleiras. Periodicamente, era inserida
apenas naftalina para repelir fungos e insetos.

Desde o tombamento da primeira exsicata, em
1895, a colecdo histdrica do Museu Goeldi passou por
um longo processo de exposicdo a intempéries, o que
pode ter impactado diretamente o estado de conservacio
do acervo. Das 17.300 amostras registradas nos livros-
tombo entre os anos de 1895 e 1918, 3.657 ndo foram
encontradas na base de dados atualmente informatizada.
Os destinos dessas exsicatas desaparecidas podem ter
sido os mais diversos. Algumas amostras podem ter sido
descartadas devido a acidentes ocorridos no prédio da
cole¢do (como alagamentos causados por chuvas intensas,
tipicas de regies tropicais) e/ou em virtude de mudancas
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de local (o acervo j& esteve em pelo menos trés locais
dentro do Museu Goeldi). Também é possivel que perdas
tenham ocorrido por empréstimos a outras instituicdes
ou pesquisadores, cujos itens ndo foram devolvidos, bem
como pelo manuseio inadequado das exsicatas. Contudo,
a principal causa considerada ¢ a ma conservacao do
acervo ao longo do tempo, o que teria favorecido ataques
de insetos e fungos — uma das principais razoes para o
desaparecimento de amostras em cole¢bes bioldgicas, de
acordo com Monteiro e Siani (2022).

Conforme Baci¢ et al. (2010), os ataques de insetos
e fungos em herbarios incidem preferencialmente em
algumas familias botanicas. Portanto, hipoteticamente, as

familias com as maiores perdas de exsicatas poderiam ser
consideradas as mais vulneraveis do acervo.

A lista de ‘exsicatas ndo encontradas’ na colegdo
histérica do Herbario MG foi organizada por familias, sendo
definidos aqui, supostamente, trés grupos distintos: as de
baixa, as de média e as de alta vulnerabilidade. O primeiro
grupo concentrou 98 familias e 673 exsicatas (18,4%), com
uma média de 6,8 amostras desaparecidas por familia.
O segundo grupo concentrou 20 familias, 674 exsicatas
(18,4%), com uma média de 33,7 exsicatas desaparecidas
por familia. J& o terceiro grupo concentrou 20 familias,
2.310 exsicatas (63,2%), com uma média de 115,5 exsicatas
ndo encontradas por familia (Tabela 1).

Tabela 1. Familias botdnicas com perdas de exsicatas ao longo dos anos — colegdo histérica do Herbdrio MG. Legendas: *** = alta

vulnerabilidade; ** = media vulnerabilidade; * = baixa vulnerabilidade; N° = exsicatas perdidas. (Continua)

lable 1. Botanical families with loss of specimens over the years — Historical collection of the MG herbarium. Captions: *** = hijgh

vulnerability;, ** = medium vulnerability; * = low vulnerability; N° = lost specimens. (Continue)
Familia Ne° Familia Ne° Familia Ne°
Fabaceae*** 556 Cyclanthaceae* 17 Cunoniaceae* 4
Apocynaceae*** 170 Lacistemataceae* 17 Cyrillaceae* 4
Malpighiaceae™** 159 Begoniaceae* 16 Hymenophyllaceae* 4
Euphorbiaceae*** 156 Gentianaceae* 16 Liliaceae* 4
Malvaceae®** 138 Xyridaceae* 16 Rhizophoraceae* 4
Bignoniaceae*** 136 Combretaceae* 15 Bixaceae* 3
Rubiaceae*** 121 Convolvulaceae* 15 Bromeliaceae* 3
Marantaceae*** 100 Cyatheaceae* 15 Dichapetalaceae* 3
Melastomataceae™** 84 Elaeocarpaceae* 15 Monimiaceae* 3
Menispermaceae*** 84 Aristolochiaceae* 14 Phytolaccaceae* 3
Clusiaceae™** 81 Simaroubaceae* 13 Rapateaceae* 3
Polygonaceae*** 79 Solanaceae® 13 Symplocaceae® 3
Cucurbitaceae*** 67 Lecythidaceae® 12 Zingiberaceae* 3
Gesneriaceae*** 60 Vochysiaceae* 12 Alismataceae* 2
Turneraceae™** 60 Connaraceae* " Amaryllidaceae* 2
Moraceae*** 58 Costaceae* 11 Araliaceae* 2
Loranthaceae™** 55 Aquifoliaceae® 10 Burmanniaceae* 2
Orchidaceae*** 52 Ebenaceae* 10 Calophyllaceae* 2
Passifloraceae®** 49 Eriocaulaceae* 10 Cycadaceae* 2
Asteraceae**#* 45 Gnetaceae* 10 Ericaceae* 2
Cyperaceae** 44 Marcgraviaceae* 10 Heliconiaceae* 2
Sapotaceae** 44 Quiinaceae* 10 Loasaceae* 2

===
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(Conclusdo) | (Conclusion)

Familia Ne° Familia Ne° Familia Ne°
Loganiaceae** 43 Scrophulariaceae® 10 Nyctaginaceae* 2
Amaranthaceae** 41 Caryocaraceae* 9 Pontederiaceae* 2
Lentibulariaceae** 39 Celastraceae* 9 Trigoniaceae® 2
Poaceae** 37 Commelinaceae* 9 Campanulaceae* 1
Sapindaceae** 37 Olacaceae* 9 Caryophyllaceae* 1
Burseraceae** 36 Polygalaceae* 9 Clethraceae* 1
Verbenaceae** 34 Proteaceae® 9 Crassulaceae® 1
Humiriaceae** 33 Anacardiaceae* 8 Elatinaceae* 1
Araceae** 32 Iridaceae* 8 Equisetaceae* 1
Chrysobalanaceae** 32 Linaceae* 8 Gleicheniaceae® 1
Annonaceae®* 31 Oxalidaceae* 8 Erythropalaceae* 1
Lauraceae®* 31 Thymelaeaceae* 8 Mayacaceae* 1
Myristicaceae** 29 Dilleniaceae* 7 Nymphaeaceae* 1
Polypodiaceae** 27 Erythroxylaceae* 7 Plumbaginaceae* 1
Salicaceae™* 27 Icacinaceae® 7 Podostemaceae* 1
Myrtaceae™* 26 Selaginellaceae™ 7 Primulaceae® 1
Violaceae** 26 Aizoaceae* 6 Rhamnaceae* 1
Rutaceae** 25 Capparaceae* 6 Santalaceae* 1
Lythraceae* 22 Lamiaceae* 6 Siparunaceae* 1
Arecaceae* 21 Lycopodiaceae* 6 Taccaceae* 1
Meliaceae® 21 Boraginaceae* 5 Theaceae* 1
Acanthaceae* 20 Myrsinaceae® 5 Theophrastaceae® 1
Ochnaceae* 18 Piperaceae* 5 Ulmaceae* 1
Vitaceae* 18 Urticaceae* 5 Zamiaceae* 1

Dez entre as 20 familias com maior nimero de
exsicatas ndo encontradas, consideradas neste estudo
como de maior vulnerabilidade, concentraram mais de
50% dos registros desaparecidos da colecdo historica em
questdo. Em nimeros absolutos, Fabaceae aparece como
a familia mais vulneravel, com perda de 556 exsicatas,
seguida de Apocynaceae, com 170, Malpighiaceae, com
159, e Euphorbiaceae, com 156.

Considerando o ataque de insetos e fungos como o
principal fator responsavel pelo desfalque das exsicatas do MG
(Monteiro & Siani, 2022), o que poderia estar atraindo esses
agentes a determinadas familias, em detrimento de outras?

Dentre as 20 familias com maiores perdas,

Apocynaceae, Asteraceae, Bignoniaceae, Clusiaceae,

Convolvulaceae, Euphorbiaceae, Fabaceae, Melastomataceae,
Moraceae e Passifloraceae apresentam diferentes
tipos de exsudatos, desde incolor, branco, amarelo,
até avermelhado (Ribeiro et al., 1999). Essas familias
tém em comum extensas atividades metabdlicas de
produtos secundarios, atuando na defesa das plantas ou
funcionando como agentes atrativos para polinizadores
(Raven et al., 2006).

Além dos exsudatos, especialistas em conservaciao de
herbario sdo unanimes em afirmar que as partes da exsicata
mais suscetiveis ao ataque de insetos sdo as flores, mais
tenras e suculentas (Mori et al., 1985; Hall, 1988). Portanto, é
importante destacar que, neste estudo, dez das vinte familias
com as maiores perdas possuem flores vistosas.
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Alistagem das 20 familias mais vulneraveis da colecdo
histérica do Herbario MG constitui um indicativo preliminar,
que pode auxiliar andlises cientfficas mais criteriosas, com a
inclusdo de outras variaveis. Com o objetivo de contribuir
para essa lista, foi feita uma consulta aos curadores e
técnicos de trés herbarios amazoénicos (Herbério do
Instituto Agronémico do Norte, da Embrapa Amazénia
Oriental — IAN, Herbario do Instituto de Estudos Costeiros

da Universidade Federal do Pard — HBRA e Herbdrio do
Instituto Nacional de Pesquisas da Amazénia — INPA) e do
Herbario MG, perguntando-lhes, via e-mail, quais familias
eram frequentemente atacadas por fungos e insetos em
seus acervos. Foram elencadas quatro familias por herbario,
resultando em uma lista de 11 familias, entre as quais nove
estdo presentes entre as 20 mais vulneraveis da colecao
histérica do Herbario MG (Tabela 2).

Tabela 2. Familias indicadas por curadores do IAN, do INPA e do HBRA com maior incidéncia de ataques em herbarios amazonicos e no

Herbario MG.
Table 2. Families indicated by IAN, INPA and HBRA curators, with the highest incidence of attacks in Amazonian herbaria and in the MG herbarium.
IAN INPA HBRA MG
Acanthaceae Bignoniaceae Bignoniaceae Fabaceae
Apocynaceae Euphorbiaceae Convolvulaceae Apocynaceae
Euphorbiaceae Fabaceae Fabaceae Malpighiaceae
Malpighiaceae Orchidaceae Malvaceae Euphorbiaceae

Mesclando as listas das 20 familias mais vulneraveis
a lista das familias indicadas pelos curadores, contatou-se
que Apocynaceae, Asteraceae, Bignoniaceae, Clusiaceae,
Euphorbiaceae, Fabaceae, Malpighiaceae, Malvaceae e
Orchidaceae estariam mais fortemente indicadas como
suscetiveis a ataques de fungos e insetos em herbdrios
amazonicos. Porém, é importante enfatizar que as demais
familias com flores vistosas, exsudatos e odores fortes

merecem atencao.
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