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RESUMO

A polinizagdo € um processo vital para a reprodugdo das plantas, desempenhando um papel
fundamental na manuten¢do da biodiversidade e com significativos impactos econdomicos. A
variabilidade genética e a polinizacdo cruzada das plantas dependem de polinizadores
eficientes. Entre os vertebrados que atuam nesse processo, os morcegos filostomideos se
destacam como polinizadores essenciais. Para garantir a eficiéncia da polinizagdo, muitas
plantas desenvolveram adaptacdes especificas, conhecidas como sindromes de polinizagao,
sendo a quiropterofilia a sindrome adaptada a polinizagio por morcegos. As plantas
quiropterofilas apresentam caracteristicas morfologicas ajustadas as interacdes com esses
animais, que, por sua vez, possuem habitos alimentares baseados em recursos florais, grande
porte, capacidade de deslocamento em longas distdncias e uma pelagem especializada para o
transporte de polen, tornando-os polinizadores de grande importancia ecologica e economica.
Este estudo apresenta uma revisdo de literatura focada na andlise da relevancia e impacto das
pesquisas sobre a polinizacdo realizada por morcegos. Explora como essas pesquisas
contribuem para a conservacao da biodiversidade e para o suporte a ecossistemas e atividades
econdmicas. A revisdo mapeia as principais areas de investigacdo, identifica tendéncias
emergentes e lacunas no conhecimento sobre a interagao entre morcegos ¢ plantas. Além disso,
discute os desafios enfrentados pelos pesquisadores, como limitagdes metodologicas e
dificuldades na coleta de dados, oferecendo uma visdo detalhada das oportunidades e obstaculos
no campo da quiropterofilia.

Palavras-chave: biologia da conservagao, fragmentacdo de habitats, Mammalia, polinizagao.



ABSTRACT

Pollination is a vital process for plant reproduction, playing a fundamental role in maintaining
biodiversity and with significant economic impacts. Genetic variability and cross-pollination of
plants depend on efficient pollinators. Among the vertebrates that act in this process,
phyllostomid bats stand out as essential pollinators. To ensure efficient pollination, many plants
have developed specific adaptations, known as pollination syndromes, with chiropterophily
being the syndrome adapted to pollination by bats. Chiropterophilous plants have
morphological characteristics adjusted to interactions with these animals, which, in turn, have
feeding habits based on floral resources, large size, ability to move over long distances and a
specialized coat for transporting pollen, making them pollinators of great ecological and
economic importance. This study presents a literature review focused on analyzing the
relevance and impact of research on pollination carried out by bats. It explores how this research
contributes to the conservation of biodiversity and to the support of ecosystems and economic
activities. The review maps key areas of research, identifies emerging trends and gaps in
knowledge about bat-plant interactions. It also discusses challenges faced by researchers, such
as methodological limitations and difficulties in data collection, providing a detailed overview
of opportunities and obstacles in the field of bat biology.

Keywords: conservation biology, habitat fragmentation, Mammalia, pollination.
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1. INTRODUCAO

A Mata Atlantica, a segunda maior floresta tropical da América, estende-se pelo leste do
Brasil, partes da Argentina e Paraguai. Devido a sua localizagdo geografica isolada por biomas
aridos, ¢ considerada uma "ilha florestada" no leste da América do Sul (Ab’Saber, 1977,
Galindo-Leal e Camara, 2005). A Mata Atlantica destaca-se por sua extraordinaria
biodiversidade, com mais de 20.000 espécies de plantas, sendo pelo menos 6.000 endémicas,
numero que excede o de muitos paises. Entre os vertebrados terrestres, a regido abriga 2.645
espécies, incluindo 384 espécies de mamiferos, das quais pelo menos 109 sao exclusivas, 1.025
aves, sendo 215 endémicas, 517 espécies de répteis com 126 endémicas, e 719 espécies de
anfibios, dos quais 504 sao unicos dessa floresta (Marques e Grelle, 2021). No entanto, sua area
original, que chegava a 1.360.000 km?, foi drasticamente reduzida devido as a¢des antropicas
desde a colonizagdo, restando hoje cerca de 12% de sua cobertura inicial (Capellesso et al.,
2020). De acordo com os dados mais recentes da colecdo 9 do MapBiomas (2024), a cobertura
natural da Mata Atlantica ¢ composta atualmente por cerca de 32% da 4rea original do bioma.
Destes, aproximadamente 26% consistem em areas florestais, que se encontram em diferentes
estagios de regeneracgdo, variando de florestas secundarias recentes a areas mais maduras. O
restante, constituido por cerca de 6%, inclui outras formagdes naturais tipicas do bioma, como

savanas, mangues e restingas.

Ainda conforme a colecao 9 do MapBiomas (2024), a Mata Atlantica apresenta areas de
vegetacdo primaria € secundaria. As areas de vegetacdo primdria, com pouca interferéncia
humana, sao fundamentais para a manutencao da biodiversidade e dos servigos ecossistémicos,
mas hoje, apenas uma pequena parte do bioma corresponde a essa cobertura. Ja as florestas
secundarias, que se encontram em regeneracdo apds degradacgdes anteriores, ¢ parte de um
processo continuo de resiliéncia ecologica e mitigacdo de impactos ambientais no contexto das

pressdes antropicas na Mata Atlantica.

A perda significativa de vegetacdo na Mata Atlantica levou a fragmentagao dos habitats,
impactando gravemente a biodiversidade local e alterando a composi¢do das comunidades de
plantas e animais (Jardim e Melo, 2020). A fragmentacdo gera uma alteracdo da estrutura e
funcionamento das comunidades e sistemas naturais, afetando a dindmica das populagdes e a
capacidade dos ecossistemas de responderem as mudancas ambientais. Esses efeitos tornam
essencial o estudo continuo das espécies e das interacdes entre elas, para compreender como 0s
ecossistemas podem ser restaurados e preservados de forma eficaz (Rocha et al., 2020;

Fundagao SOS Mata Atlantica, 2023).
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Na regido do Alto Uruguai, no norte do Rio Grande do Sul, a vegetacdo ¢ dominada por
duas formacdes principais: a Floresta Estacional Decidual (FED) e a Floresta Ombrofila Mista
(FOM). A FED, que se caracteriza pela perda sazonal de folhas e uma rica diversidade de
espécies lenhosas, ¢ uma das fitofisionomias mais ameagadas da Mata Atlantica. Atualmente,
apenas 4,2% de sua area original permanece preservada, devido principalmente a exploragao
madeireira e a expansdo agricola (Ruschel et al., 2009; Fundagdo SOS Mata Atlantica, 2022).
A FOM, por sua vez, ¢ conhecida por suas imponentes araucarias ¢ também enfrentou uma
degradacao significativa, com apenas cerca de 4% de sua area original ainda existente (Klauberg

etal., 2010).

A Mata Atlantica, amplamente reconhecida como o bioma mais ameagado e devastado
do planeta, requer com urgéncia a realizagdo de estudos que visem sua conservacdo € a
recuperacao de areas degradadas. Esses esforcos sdo essenciais para preservar o ecossistema e
garantir a qualidade de vida das populagdes que dele dependem. A manutengdo ambiental esta
diretamente ligada ao equilibrio entre fauna e flora, assegurando que processos ecoldgicos
cruciais, como a polinizacdo e a dispersdo de sementes, ocorram de maneira eficaz (Oliveira;
Santos, 2022). Polinizadores, como os morcegos, tém papel essencial, auxiliando na
regeneragdo natural e dispersao de sementes de diversas espécies vegetais, contribuindo para a
biodiversidade (Silveira et al., 2021; Fleming; Kalko, 2020; Frick; Richter; Kunz, 2021).
Contudo, na Floresta Ombrofila Mista ¢ Estacional Semidecidual, ainda ha lacunas de
conhecimento sobre essas interagdes, destacando a necessidade de mais pesquisas para

desenvolver estratégias de conservacao eficazes (Garcia et al., 2023).

Os morcegos, mamiferos da ordem Chiroptera, compdem um dos grupos mais diversos,
com mais de 1.400 espécies mundialmente, representando cerca de 23% das espécies
conhecidas de mamiferos (Simmons & Cirranello, 2022; Burgin et al., 2018). No Brasil, de
acordo com a lista atualizada da Sociedade Brasileira para o Estudo de Quirdpteros (SBMz,
2022), sao registradas 9 familias e 184 espécies. A ordem Chiroptera ¢ a segunda com maior
riqueza de espécies entre os mamiferos, sendo superada apenas pela ordem Rodentia (Simmons

& Cirranello, 2022; Burgin et al., 2018).

Os morcegos, de porte médio e habitos noturnos, utilizam ecolocalizagdo e possuem asas
adaptadas para voos ageis. Sua coloragdo varia de preto e pardo a tons mais claros, dependendo
da espécie. Eles habitam diversos ambientes, desde cavernas e ocos de arvores até areas urbanas
como pontes e forros de prédios. A dieta ¢ ampla e inclui habitos carnivoros, onivoros,
piscivoros, polinivoros, nectarivoros, frugivoros e hematofagos, com adaptacdes morfoldgicas

especificas (Reis et al., 2007). Biologicamente, os morcegos frugivoros sdo essenciais para a
11



dispersdo de pdlen e sementes, promovendo a regeneragdo das florestas tropicais. Morcegos
insetivoros, por sua vez, desempenham um papel importante no controle das populacdes de
insetos. Além disso, esses animais t€ém grande valor econdmico, sendo utilizados em pesquisas
nas areas de medicina, epidemiologia e desenvolvimento de vacinas, evidenciando sua

relevancia para a ciéncia e a saide humana (Reis et al., 2007).

A polinizacdo ¢ o processo de transferéncia do pélen das anteras para o estigma, podendo
ocorrer na mesma flor (autopolinizacdo) ou entre flores de individuos diferentes da mesma
espécie (polinizagdo cruzada). Este processo € crucial para a fertilizacao, originando frutos e
sementes, ¢ ¢ mediado por agentes polinizadores, que podem ser abioticos, como o vento € a
dgua, ou bidticos, como os animais. A polinizacdo cruzada, em particular, aumenta a
variabilidade genética das plantas, promovendo a criagdo de sementes geneticamente

diversificadas e mais resilientes (Cane & Payton, 2023).

Os polinizadores sdo fundamentais para a diversidade de plantas nativas e para a
produgdo de alimentos e biocombustiveis, além de terem grande importancia economica (Potts
et al., 2006; Lamim-Guedes, 2014). Morcegos, importantes polinizadores da fauna Neotropical,
desempenham papéis cruciais na polinizagdo e dispersdo de sementes. Contudo, faltam estudos
detalhados sobre como eles interagem com ecossistemas como a Floresta Ombrofila Mista e a
Floresta Estacional Decidual, evidenciando a necessidade de mais pesquisas para entender seu
impacto na biodiversidade e na regeneragdo florestal, especialmente frente a fragmentagdo de

habitats e perda de recursos (Oliveira & Santos, 2022; Silveira et al., 2021).

A quiropterofilia ¢ um sistema de polinizacdo no qual morcegos sdo os principais
polinizadores, especialmente na regido Neotropical. Flores adaptadas a morcegos tém coloracao
discreta, forte odor e pedicelos longos para facilitar a adesdao do pdlen a pelagem dos morcegos
(Gardner, 2008; Fleming et al., 2009; Raven, 2014). Morcegos frugivoros e nectarivoros da
familia Phyllostomidae, com capacidade de voo de 10 a 50 quildmetros por noite, t€ém um
impacto significativo na dispersdao do polen em comparacao com outros polinizadores, como
abelhas, que voam distancias menores (Esbérard, 2003; Reis et al., 2007). Os morcegos sao
essenciais para a variabilidade genética das plantas e a manutengao dos ecossistemas, além de
terem importancia econdmica devido as plantas que polinizam. Compreender a quiropterofilia

¢, portanto, vital para a conservagao e gestao eficaz dos fragmentos florestais da Mata Atlantica.

12



2. REVISAO DE LITERATURA

2.1 A polinizac¢io e sua importancia como servico ecossistémico
O funcionamento de um ecossistema acontece por meio das suas fun¢des ecossistémicas,
definidas pelas interagdes constantes entre os elementos estruturais, bidticos e abidticos de um
ecossistema. As fungdes ecossistémicas resultam em determinados servigos, como transferéncia
de energia, ciclagem de nutrientes, ciclo hidrologico, regulacao climatica, entre outros, sendo

classificadas em quatro categorias, conforme a figura 1:

Funcdes Ecossistémicas

des de Regulacdo |

Autorregulacao dos processos
ecoldgicos essenciais ao funcionamento
dos ecossistemas naturais ou
antropizados.

des de Producdo |

Producao bioldgica dos ecossistemas
terrestres e aquaticos baseados na
producao primaria seguido da conversao
secundaria por acao dos organismos
autotroficos e heterotroficos.

O\

Estrutura dos ecossistemas naturais que
proporcionam habitat de refigio e
reproducao para fauna e flora
selvagens, contribuindo para a
conservacao da diversidade bioldgica,
genética e sucessao ecoldgica. .

Fornecem ao ser humano experiéncias
subjetivas cujos beneficios séo o
enriquecimento espiritual, o
desenvolvimento cognitivo, a recreacao,
a inspiracao cultural, entre outros.

Figura 1: Categorias das func¢des ecossistémicas e suas descricoes.

Fonte: Adaptado de Ferraz et al., 2019.
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Quando associadas com outros capitais, como recursos financeiro e mao de obra, as
funcdes ecossistémicas ddo origem aos servigos ecossistémicos, sendo estes Uteis ao meio
natural (manutencao dos ecossistemas) ou ao ser humano. (Gomes et al., 2018; Daily; Farley,
2004). E importante salientar que a ocorréncia das fun¢des ecossistémicas independe de seu
uso, demanda ou valorizagdo social. Dessa forma, para que uma funcao ecossistémica se torne
um servigo ecossistémico, € necessario que haja o fornecimento de algum tipo de beneficio ao

ser humano (Ferraz et al., 2019).

Segundo Daily (1997), os servigos ecossistémicos sao as condigdes € processos por meio
dos quais os ecossistemas naturais e as espécies que os integram sustentam e possibilitam a vida
humana, sendo fung¢des reais de suporte a vida, promovendo a limpeza, reciclagem e renovagao,
bem como a possibilidade de colheita e comercializagdo de bens do ecossistema. Fisher et al.
(2009), apresenta o conceito de servigos ecossistémicos como as propriedades dos ecossistemas,
utilizados de forma ativa ou passiva, visando o bem-estar humano. Neste sentido, os servigos
ecossistémicos sdo categorizados como: 1) Servicos de regulagdo: resultado das fungdes
ecossistémicas de regulagdo relacionadas aos processos ecologicos ocorrentes na biosfera
terrestre. Consiste nos beneficios de regulacdo dos ecossistemas dando suporte a vida na Terra;
2) Servigos de provisdo: associado aos produtos providos pelos ecossistemas utilizados na
manuten¢do das populagdes humanas; 3) Servigos culturais: Beneficios ndomateriais providos
pelos ecossistemas naturais ou seminaturais, ligados a manutengao do bemestar psicoldgico do
ser humano; 4) Servigos de suporte: Oferecem condigdes ecologicas, estruturais e funcionais
essenciais para a provisdo dos demais servigos e funcdes ecossistémicas (Ferraz et al., 2019).
Os exemplos de beneficios fornecidos por cada categoria de servico ecossistémico estdo

descritos na Figura 2.
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Servigos Ecossistémicos

5 Servigos de Regulacao

Ex.: Regulagdo climatica, de
doencgas, bioldgica, de danos >
naturais, regulacao e purificacao \>
da dgua e polinizagdo.

o Servicos de Provisdo
d (abastecimento)

Ex.: Alimentos, dgua, madeira para
combustivel, fibras, bioquimicos e O
recursos genéticos.

O Servigos Culturais

Ex.: Ecoturismo e recreacao,
l espiritual e religioso, estético e O
inspiracao, educacional, senso de
localizacao e cultural.

O Servicos de Suporte

Ex.: Formacdo do solo, producdo
— de oxigénio, ciclagem de O
nutrientes e producdo primdria.

Figura 2: Diagrama com exemplos de beneficios fornecidos por cada categoria de servigos
ecossistémicos.

Fonte: Ferraz et al., 2019.

A importancia econdmica dos servigos ecossistémicos retratada na definicao de Daily
(1997) através da colheita e comercializacdo dos bens do ecossistema ¢ evidenciada por
Costanza (2000), que aborda em seu estudo ndo sé a contribuicao do capital natural na producao
de bens comercializaveis, mas também servicos e amenidades ecologicas que ndo passam pelos
mercados, mas ainda assim impactam diretamente o bem-estar humano. Essa interacdo do
sistema econdmico com o capital natural acontece através da extragdo dos recursos naturais
como alimentos, madeira, biocombustivel, entre outros. Dentre os servigos ecossistémicos de
grande importancia ecoldgica e econdmica, podemos destacar a polinizagdo, que consiste em

um sistema de regulagdo fundamental para a reproducao de espécies vegetais € manutengao do

ecossistema (Vieira et al., 2021).

Contudo, sua importancia também se estende ao servico de provisdo, ja que ¢
fundamental para a producdo de alimentos, fibras e outros produtos vegetais essenciais a
alimentacdo humana e as industrias. Sem a a¢do dos polinizadores, muitas culturas agricolas

nao poderiam se reproduzir, o que afetaria a seguranca alimentar global (Klein et al., 2021;
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Ricketts et al., 2022) Portanto, a polinizagdo desempenha ndo apenas uma fun¢ao reguladora
essencial para a manuten¢@o do equilibrio ecoldgico, mas também ¢ crucial para o fornecimento
de recursos naturais, sendo um servigo de provisao que apoia tanto a biodiversidade quanto a
economia global (Klein et al., 2021; Ricketts et al., 2022). Sua capacidade de garantir a
reproducdo de plantas fundamentais para a alimentacdo e outras industrias refor¢a seu valor
econdmico, enquanto seu impacto sobre 0s ecossistemas assegura a continuidade dos servigos

ambientais essenciais (Klein et al., 2021; Ricketts et al., 2022).

A reproducao sexuada das plantas acontece através da polinizagdo, definida pelo
transporte dos graos de pdlen (gameta masculino) das anteras para o estigma da mesma flor
(autopolinizag@o) ou de uma flor diferente, mas da mesma espécie (polinizagdo cruzada), onde
ocorrerd a fecundagdo apds o encontro com a oosfera (gameta feminino). O processo de

polinizacdo ¢ um fator determinante para a fertilizacdo, que dard origem as sementes e frutos

(Ladd, 2020).

O grdo de pdlen, responsavel por transportar o gameta masculino (nicleo espermatico)
até o estigma da flor, ¢ envolvido por uma parede chamada esporoderme, que ¢ composta por
camadas com propriedades fisicas e quimicas especificas. A composicdo do polen inclui
aproximadamente 10-30% de agua, 50-60% de carboidratos, 1-5% de lipidios, 10-15% de
amido e proteinas. Essas propor¢des variam conforme a espécie de planta e o ambiente,
influenciando a funcionalidade e a sobrevivéncia dos graos de poélen durante o processo de

polinizacao (Koutsou et al., 2020).

Além de promover a reprodugdo das plantas, a polinizacao exerce um papel fundamental
na manutencdo da diversidade de plantas nativas e composi¢do floristica, promovendo
indiretamente a subsisténcia de guildas ecologicas que dependem de recursos florais, como
herbivoros e animais que se alimentam de sementes (Barton, 2021). Em termos econdmicos, a
polinizacdo contribui beneficamente para a producdo de alimentos e biocombustiveis
(LamimGuedes, 2014, Galaii, 2022). A polinizacdo também se configura como um servigo de
provisdo devido ao seu papel no sustento da producdo agricola e na manutengdo da
biodiversidade, garantindo a continuidade de diversos produtos naturais utilizados pelas
industrias alimenticia, farmacéutica e de biocombustiveis. Sua contribui¢do vai além da
agricultura, sustentando setores econdmicos amplamente dependentes de recursos naturais para

seu funcionamento (Klein et al., 2021; Ricketts et al., 2022).

Em relacdo a cultivos agricolas, a polinizagdo contribui no desenvolvimento de
sementes, aumento da producdo e melhoramento das propriedades fisicas dos alimentos (Costa

et al., 2016; Wolowski et al., 2019). De acordo com Klein (2021), cerca de 75% das plantas,
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sejam elas cultivadas ou silvestres que sdo utilizadas de forma direta ou indireta na produgao de
alimentos, dependem de visitantes florais para realizar a reproducdo. Ainda de acordo com
Wolowski et al. (2019), a maioria das espécies vegetais cultivadas nao realiza a autopolinizagao,
0 que acarreta na impossibilidade de frutificacao na auséncia de polinizadores e, mesmo as que
realizam autopolinizagdo tem sua producdo impulsionada quando hd a presenga de
polinizadores (Garibaldi et al., 2022). Dessa forma, ¢ notavel que a polinizagdo cruzada
realizada por agentes polinizadores, auxilia ndo s6 em processos como a frutificagdo, pois além
de possibilitar a melhora da qualidade dos frutos e sementes produzidos, a variabilidade
genética, definida como a amplitude da variacdo genética existente para uma determinada
espécie (Hoffmann et al., 2021), proveniente do processo de polinizacdo contribui no
melhoramento genético das plantas, originando cultivos menos suscetiveis e mais resistentes a

pragas e patogenos.

Diante da impossibilidade de deslocar-se em busca de parceiros sexuais, as plantas utilizam
intermediarios para realizar a reprodugdo, denominados agentes polinizadores. Estes agentes
podem ser classificados como abidticos (vento e dgua) ou bidticos (insetos, aves e mamiferos)
(Righi et al., 2013). Fleming e colaboradores (2009), afirmam que a polinizagdo biodtica
apresenta uma dominancia significativa sobre a biologia floral das angiospermas,
principalmente nos tropicos. De acordo com Ollerton et al. (2011), 87,5% das espécies de
plantas existentes no mundo s3o polinizadas por animais, tornando a polinizagdo bidtica um
fator primordial na diversificagdo de grandes grupos de plantas. Proporcao esta que se amplia
conforme o aumento da latitude das faixas do globo, chegando a 94% em comunidades de zonas
temperadas. Estudos recentes indicam que esta dependéncia pode variar com a latitude e o tipo
de habitat, sendo mais pronunciada em regides temperadas, onde cerca de 94% das plantas sao
polinizadas por animais (Bartomeus et al., 2019; Dornhaus et al., 2021). A polinizacdo cruzada,
proveniente da interagdo planta-polinizador, € o principal fator que potencializa a variabilidade
genética das plantas, sendo importante no processo de adaptagdo as diferentes mudancas que
sd0 impostas a estas, pois possibilitam a gera¢do de sementes modificadas geneticamente,
originando plantas mais sauddveis, mais resistentes € melhor adaptadas as dificuldades de

sobrevivéncia dentro do ambiente em que estdo inseridas (Luz e Bortolini, 2017).

Segundo Klein et al. (2021), a dispersao de polen feita por animais representa uma
contribui¢do de cerca de 75% na reproducdo sexuada das 250 mil espécies de angiospermas
conhecidas. Dentre os animais que atuam como agentes polinizadores, os animais vertebrados
realizam a polinizagdo de 3% a 15% das espécies de angiospermas conhecidas. Segundo Gibbs

et al. (2020), existem cerca de 370 espécies de vertebrados que atuam como polinizadores
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efetivos ou potenciais no Brasil, distribuidas em 25 familias e 150 géneros, abrangendo aves,
morcegos, mamiferos ndo voadores, répteis e uma espécie de anfibio, a ra Xenohyla truncata,
recentemente descrita por Oliveira-Nogueira et al (2023), que apresenta um raro

comportamento de alimentar-se de néctar e assim, atua como um agente polinizador.

A ocorréncia da polinizagdo por meio de animais vertebrados se da principalmente nas
regides tropicais. As aves, mamiferos e répteis atuam como agentes polinizadores ao buscarem
por recursos florais para alimentacdo. Nesse contexto, as espécies de vertebrados voadores
desempenham um papel mais promissor na polinizacdo do que espécies ndo voadoras, pois a
capacidade de voar por longas distancias favorece o fluxo polinico (Fischer et al., 2014,

Sutherland et al., 2020).

2.2 Sindromes de polinizacio e quiropterofilia
Para otimizar o sistema de polinizagdo, as plantas desenvolvem flores com
caracteristicas especificas para atrair seus polinizadores. Essas adaptagdes ocorrem em atributos
florais como a coloragao, odores, formas da flor, localiza¢ao e abundancia de néctar, horario de

antese, entre outros (Rech et al., 2014, Koptur, 2020).

O conjunto de adaptagdes florais sdo denominadas de Sindromes de Polinizagdo. Os
animais vertebrados que realizam a polinizagdo apresentam caracteristicas morfologicas,
sensoriais e fisiologicas diretamente relacionadas as caracteristicas apresentadas pelas flores
(Fischer et al., 2014; Rech et al., 2014; Garcia e Vargas, 2022). O quadro abaixo sintetiza a

descri¢ao de cada sindrome de polinizagao.

Quadro 1: Descri¢ao das sindromes de polinizacao.

Sindrome de Agente Adaptacoes florais
polinizac¢iao polinizador
Anemofilia Vento Flores sem coloragdo chamativa e estrutura atrativa a

visitantes florais, sem néctar, inodoras, produgdo de
polen purulento e com pouca ornamentagao.

Melitofilia Abelhas Flores de antese diurna, delicadas com cores
intensas, odor “agradavel” ao olfato humano.
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Produgdo de néctar em pequena quantidade e com

alta concentragdo de agucares.

Psicofilia Borboletas Flores de antese diurna, cores chamativas, nectario
escondido, recurso floral consiste quase

exclusivamente néctar, odor agradavel, poucos grios

de polen.
Esfingofilia (+ Esfingideos e Flores de antese e liberagdo de odor noturna, cores
falenofilia) outras mariposas claras, o néctar encontra-se profundamente
noturnas escondido, produzido em grande quantidade e pouco

concentrado com odor forte, sabor adocicado,

podendo ser até narcotico.

Miofilia Moscas Flores com manchas coloridas e brilhantes,
superficie viscosa e antese sem periodicidade, odor
forte e desagradavel. Néctar, quando presente, ¢ de

acesso livre.

Cantarofilia Besouros Flores de antese noturna ou crepuscular, sem
coloragao especifica. Odores fortes que sao

volatilizados no inicio da antese.

Ornitofilia Aves Flores com antese diurna, com cores conspicuas, sem
odor. Néctar abundante, escondido e de baixa

concentracao.

Quiropterofilia Morcegos Flores de antese noturna, com coloragdo pouco

chamativa e odor forte. Néctar e polen abundantes.

Fonte: Adaptado de RECH et al., 2014.

O sistema de polinizagdo cujo agente polinizador efetivo sdo os morcegos ¢ denominado
quiropterofilia, sendo ocorrente em areas dos Neotropicos e nos Paleotrdpicos (Fleming e
Muchhala, 2008; Fleming et al., 2009; Furlan et al., 2012; Pavez e Gonzalez, 2022). Assim
como as demais plantas que apresentam um conjunto de adaptacdes associadas aos seus agentes
polinizadores, as plantas com sindrome de quiropterofilia possuem caracteristicas especificas

para seu polinizador (Fleming et al., 2009; Rech et al., 2014; Raven, 2014; Pavez e Gonzalez,

19



2022). As caracteristicas classicas de flores que s@o polinizadas por morcegos abrangem a
antese noturna, coloragdo pouco evidente (geralmente brancas e verdes, mas algumas flores
podem apresentar tons avermelhados e castanhos), odor forte que remete ao odor de
fermentagao e produgdo abundante de néctar rico em hexose e polen (Fleming et al., 2009; Rech
et al., 2014; Alarcon et al., 2020).

Levando em consideragdo o tamanho grande de seu polinizador, plantas com sindrome
de quiropterofilia apresentam flores ou inflorescéncias grandes e robustas, frequentemente
encontradas em galhos, troncos de arvores ou suspensas por hastes longas, o que as tornam
flores expostas e de livre acesso. Sdo flores predominantemente tubulares, campanuladas ou do
tipo pincel; radialmente simétricas, labiadas, apresentando perianto carnoso e abertura ampla
(Fleming et al., 2009; Rech et al., 2014; Lima e Machado, 2015; Alarcon et al., 2020; Pavez e
Gonzilez, 2022).

2.3  Morcegos filostomideos como agentes polinizadores

A ordem Chiroptera, representada pelos morcegos, ¢ um dos grupos de mamiferos mais
antigos e especializados, abrangendo atualmente mais de 1.400 espécies, conforme o relatério
mais recente da Sociedade Brasileira para o Estudo de Quirdpteros (SBMz, 2022). Os
representantes da ordem Chiroptera sdo divididos em duas subordens. A subordem
Megachiroptera inclui a familia Pteropodidae e tem sua ocorréncia registrada nas regides
tropicais e subtropicais da Africa, Asia, Australia, Papua Nova Guiné e Ilhas do Pacifico. A
subordem Microchiroptera abrange as demais familias de morcegos com ocorréncias nas

regiodes tropicais e subtropicais das Américas (Fleming et al., 2009).

Os morcegos sao um componente importante da fauna Neotropical, destacando-se tanto
pela diversidade quanto pelo papel ecologico. A ordem Chiroptera, com mais de 1.400 espécies
descritas (SBMz, 2022), representa a segunda maior ordem de mamiferos em termos de riqueza,
atras apenas dos roedores (Rodentia). Na regido Neotropical, existem aproximadamente 83
géneros e cerca de 300 espécies, podendo representar até¢ 50% da comunidade de mamiferos em
algumas areas (Fenton e Simmons, 2022). No Brasil, cerca de 60% das espécies de morcegos

sdo encontradas no bioma Mata Atlantica (Moraes et al., 2023).

Dentro da ordem Chiroptera, duas familias abrangem os morcegos que se utilizam de
recursos florais para a alimentagdo: Pteropodidae (raposas voadoras do Velho Mundo) e
Phyllostomidae (morcego-nariz-de-folha-americano) (Fleming et al., 2009; Lima e Fenton,

2023; Simmons e Cirranello, 2022).
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A familia Phyllostomidae compreende cerca de mais de 160 espécies de morcegos nariz
de folha, com ocorréncias nas regides tropicais e subtropicais do Novo Mundo (Simmons e
Cirranello, (2022). Os integrantes desta familia apresentam uma caracteristica morfoldgica
muito marcante que permite o seu facil reconhecimento: a presenca de uma folha nasal
membranosa em formato de lanca ou folha, localizada na extremidade do seu focinho, com
tamanhos que podem variar, podendo ser longa ou reduzida, (Reis, 2007). Os morcegos da
familia Phyllostomidae apresentam caracteristicas distintivas, como a auséncia do processo pos-
orbital, asas largas e variagdo no tamanho da cauda e na membrana interfemural. O terceiro
dedo possui trés falanges completas, e a pelagem pode variar de castanho claro a castanho

escuro ou negro (Mormann e Kress, 2022; Davis e Carter, 2023).

Os habitos alimentares dos individuos sdo variados, sendo eles carnivoria, onivoria,
folivoria, insetivoria, frugivoria, granivoria, nectarivoria e hematofagia e estdo associados com
a sua diversidade morfoldgica (Reis, 2007). Segundo Fischer e colaboradores (2014), morcegos
que se alimentam de néctar s3o considerados polinizadores efetivos ou até mesmo potenciais,
entretanto, ndo sdo somente estes animais que realizam visitas florais. Morcegos insetivoros e
carnivoros também realizam visitas florais em busca do consumo de pélen, considerando a sua

riqueza em proteinas e lipidios, atuando como potenciais polinizadores.

Os morcegos frugivoros e nectarivoros que integram a familia Phyllostomidae, sao
comumente identificados por sua alimentagdo derivada de frutos, néctar e polen das plantas. Ao
ir em busca destes recursos florais para alimentacdo, os graos de pdlen aderem-se a pelagem
dos morcegos, sendo assim, transportados de uma flor para outra, promovendo a reproducao

sexuada e garantindo a variabilidade genética das plantas (Fleming et al., 2020; Kalko et al.,

2022).

Os morcegos desempenham um papel significativo na polinizagdo, em cerca de 500
espécies de plantas neotropicais. Seu tamanho grande e pélos corporais especificos, capaz de
aderir uma quantidade significativa de polen associados a sua capacidade ampla de
deslocamento possibilita que os graos de polen sejam dispersos a uma distdncia maior,
considerando que a capacidade de voo dos morcegos pode variar entre 10 a 50 quildémetros em
uma unica noite (Fleming et al., 2021; Lopez-Baucells et al., 2022), enquanto outros
polinizadores apresentam uma capacidade de voo menor, como as abelhas, por exemplo, cuja

capacidade de deslocamento ¢ de cerca de 3 quilometros (Reis, et al. 2007; Fleming et al., 2009).
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3. OBJETIVOS
3.1 Objetivo geral
O presente trabalho teve como objetivo realizar uma revisao sistematica de literatura
sobre a sindrome de quiropterofilia, fazendo o uso da ferramenta Bibliometrix para mapeamento
e andlise da producao cientifica existente, fornecendo uma visdo abrangente e critica do estado

atual da pesquisa sobre o tema.

3.2  Objetivos especificos

- Realizar uma andlise de produgdes cientificas relacionadas a quiropterofilia, por meio
de indicadores bibliométricos como artigos, livros e teses, com o proposito de avaliar a
relevancia cientifica das pesquisas sobre quiropterofilia, bem como compreender e
ressaltar o papel biologico e econdmico da polinizagdo por morcegos na manutengao da
biodiversidade, suporte aos ecossistemas e atividades econdmicas.

- Identificar e avaliar as principais tendéncias de publicagdo, arecas de pesquisa
emergentes e lacunas no conhecimento sobre a interagcdo entre morcegos e plantas, com
énfase na polinizagao.

- Apontar e discutir as principais dificuldades enfrentadas na realizagdo e pesquisas sobre
a sindrome de quiropterofilia, incluindo desafios metodologicos, limitagdes
tecnologicas e obstadculos na observagdo e coleta de dados sobre a intera¢dao entre

morcegos polinizadores e plantas.
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Abstract

This literature review explores the relation between pollination and -chiropterophily,
emphasizing phyllostomid bats as key pollinators, particularly in tropical and subtropical
ecosystems. These bats play a essential role in chiropterophilous pollination syndromes, where
plants have evolved specific morphological traits to attract nocturnal bats. This review examines
scientific research on chiropterophily, assessing the biological and economic significance of bat
pollination while also identifying key research trends, knowledge gaps, and methodological
challenges in the field. Additionally, the challenges faced by this symbiotic relation are
discussed, including the impacts of climate change and seasonal variations in floral resource
availability, which directly affect pollination efficiency. The study highlight the importance of
conservation strategies to protect bats and their habitats, ensuring the continuation of the

essential ecosystem services that bats provide in maintaining plant diversity.

Keywords: conservation biology, habitat fragmentation, Mammalia, pollination.
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Resumo

A revisdo de literatura aborda a fundamental relagdo entre polinizagdo e quiropterofilia,
destacando morcegos filostomideos como cruciais agentes polinizadores, particularmente em
ecossistemas tropicais e subtropicais. Estes animais desempenham um papel essencial na
sindrome de polinizagdo quiropterofilica, onde plantas evoluiram caracteristicas morfologicas
especificas para atrair eficazmente morcegos noturnos. Esta revisdo analisa as pesquisas
cientificas sobre quiropterofilia, avaliando a importancia bioldgica e econdmica da polinizagao
por morcegos, a0 mesmo tempo em que identifica as principais tendéncias de pesquisa, lacunas
de conhecimento e desafios metodoldgicos na area. Além disso, sdo discutidos desafios
enfrentados por essa interagdo simbiotica, incluindo as mudancas climaticas e a variagdo
sazonal na disponibilidade de recursos florais, impactando diretamente na eficiéncia da
polinizagcdo. O estudo destaca a importancia de estratégias de conservacdo para preservar
morcegos e seus habitats, assegurando a continuidade dos servigos ecossistémicos essenciais

fornecidos pelos morcegos na manutenc¢ao da diversidade botanica.

Palavras-chave: biologia da conservagdo, fragmentagao de habitats, Mammalia, polinizagdo.
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Introduction

The Atlantic Forest biome is the second-largest forested region in the Americas, coveting
eastern Brazil, the Misiones region of Argentina, and parts of eastern Paraguay. Given its
proximity to the South American dry diagonal, the Atlantic Forest is an isolated forest biome
with no direct borders with other forested regions (Ab'Saber, 1977; Galindo-Leal & Camara,
2005). This biome is important for its extraordinary biodiversity, harboring approximately
20,000 plant species and 1,800 animal species. It is internationally recognized as one of the
world's most significant biodiversity hotspots (Myers et al., 2000; Rocha et al., 2020). However,
extensive deforestation due to anthropogenic activities has resulted in fragmented and disrupted
habitats, significantly impacting the biodiversity. This degradation affects both fauna
populations and structural and compositional shifts in plant communities (Jardim & Melo,
2020). Understanding the biodiversity and community structures of the Atlantic Forest and their
ecological responses is crucial for conservation efforts, given the rapid and intense

environmental changes that this biome faces (Ribeiro et al., 2020).

Ecosystems function through the interactions between biotic, abiotic, and structural
elements, which contribute to ecosystem services of ecological and economic value (Gomes et
al., 2018; Ferraz et al., 2019). Among the most crucial ecosystem services is pollination, which
facilitates the reproduction of plant species and directly supports the diversity and structure of
native plant communities. Pollination also plays a vital role in agriculture, with approximately
75% of food crops requiring pollinators for reproduction (Costa et al., 2016; Wolowski et al.,
2016). Additionally, pollination helps to sustain ecological guilds that depend on floral

resources, such as herbivores and seed-eating animals (Potts et al., 2006).

Economically, pollination is fundamental for agricultural and biofuel production,
significantly influencing seed development, increasing and enhancing the physical
characteristics of food (Lamim-Guedes, 2014; Costa et al., 2016; Wolowski et al., 2016).
Approximately 75% of plants used for food production, both cultivated and wild, rely on floral
visitors for reproduction (Wolowski et al., 2016). Cross-pollination carried out by pollinators
not only promotes fruiting and improves the quality of fruits and seeds but also increases genetic
variability of plants, which is crucial for genetic improvement and resistance to pests and

diseases (Tomar et al., 2020; Robinson et al., 2021) (Figure 1).
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Figure 1. Types of pollination, pollinating agents, pollination mechanisms, and the ecological

and economic importance of pollination.

Source: The autor, 2024.
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Pollen dispersion by animals accounts for approximately 90% of sexual reproduction in
angiosperms. Among vertebrate pollinators, birds, bats, non-flying mammals, and reptiles are
responsible for pollinating 3% to 15% of known angiosperm species (Buzato et al., 2011). In
Brazil, around 338 species of vertebrates act as effective or potential pollinators (Fischer et al.,
2014). Plants develop specific floral characteristics to attract vertebrate pollinators, such as
color, odors, flower shapes, nectar production, and timing of flower opening. These
characteristics are described as pollination syndromes, directly aligned with morphological,
sensory, and physiological traits of the pollinators (Fischer et al., 2014). Plants adapted for
chiropterophily have evolved traits to attract bats as pollinators, including nocturnal anthesis,
typically subtle coloration (white, green, or sometimes reddish or brown shades), strong odors
resembling fermentation, and abundant nectar production rich in hexose and pollen (Fleming et
al., 2009; Evert & Eichhorn, 2014). Furthermore, flowers addapted to chiropterophily tend to
be large, robust, and located in positions easily accessible to bats, such as on branches, tree
trunks, or suspended from long stems. These flowers are typically tubular, bell-shaped, or brush-
like, radially symmetrical, fleshy, and have a large opening (Fleming et al., 2009; Lima &
Machado, 2015).
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Bats belong to the order Chiroptera, a highly specialized group of mammals with over
1,400 described species (Fleming et al., 2020; Simmons, 2020). These mammals play crucial
roles in Neotropical ecosystems, constituting the second-largest order of mammals globally.
The Neotropical region is home to around 300 species of bats, which representes half of the
mammal community in some areas (Eick et al., 2018). In Brazil, approximately 115 bat species
are associated with the Atlantic Forest biome, according to the Brazilian Society of

Mammalogy's updated list (SBMz, 2023), which records a total of 184 bat species in the country.

In Brazil, species of the Family Phyllostomidae such as the great fruit-eating bat
(Artibeus lituratus) are vital pollinators of native plants and play a key role in maintaining
biodiversity in tropical ecosystems (Pereira et al., 2021; Tschapka et al., 2022). The
Phyllostomidae family currently includes more than 200 species of leaf-nosed bats,
predominantly distributed across the tropical and subtropical regions of the Americas
(Simmons, 2023; Reis et al., 2022). Bats from the Phyllostomidae family have diverse diets
reflecting their morphological and adaptive variability (Reis, 2007). The diverse feeding
behaviors are linked to a range of morphological and physiological adaptations, enabling them
to exploit different food resources and play varied ecological roles. Studies indicate that while
nectarivorous bats are highly efficient pollinators, insectivorous and carnivorous bats also
contribute to pollination by consuming pollen rich in proteins and lipids, which complement
their diets (Fischer et al., 2014). This diversity in feeding habits highlights the critical role of

bats as pollinators in multiple ecosystems.

Fruit- and nectar-eating bats of the Phyllostomidae family are vital for pollination,
consuming fruits, nectar, and pollen from various plants. Pollen grains adhere to the fur of these
bats as they search for food, facilitating pollen transfer between flowers and promoting plant
reproduction and genetic diversity (Fleming et al., 2009). Their large size and specialized fur
make bats highly effective at transporting pollen across their extensive nocturnal journeys.
Some species can fly up to 50 kilometers in a single night, far exceeding the range of other
pollinators like bees, highlighting bats' importance in pollinating numerous plant species

(Esbérard, 2003; Reis et al., 2007) (Figure 2).
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Figure 2. Chiropterophily syndrome: bats and their morphological characteristics, flower
visitation patterns, and plant traits developed to attract bats, emphasizing the ecological and

economic significance of chiropterophily.

Source: The autor, 2024.
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In this context, this study aims to conduct a systematic review on the syndrome of
chiropterophily, with the objective of mapping scientific productions related to the topic using
bibliometric indicators such as articles, books, and theses. The research will seek to assess the
scientific relevance of these publications and understand the biological and economic role of
bat pollination, particularly in maintaining biodiversity and supporting economic activities.
Additionally, the study will analyze the main research trends, knowledge gaps, and the
challenges faced by researchers, focusing on methodological difficulties and technological
limitations in collecting data on the interaction between bats and plants. Such information is
crucial for directing financial resources efficiently. By understanding trends and gaps in
research topics, resources can be optimized to promote relevant innovations and significant

advances in strategic fields.

Bibliometric data on chiropterophily

A scientometric review was conducted involving a quantitative analysis of scientific
productions through indicators such as articles, books, and theses. This method aims to assess
the relevance of research and explore trends across various fields of knowledge. It helps to
identify areas of interest, assess gaps or stagnation in specific fields, and determine the
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geographic concentration of topics. However, there was no specific geographic scope; studies
produced worldwide were included, expanding the scope and relevance of the analysis to

provide a more global perspective on research development.

The bibliometric survey was conducted using the Scopus, Web of Science, and PubMed
databases. The terms "Phyllostomidae," "Bat Pollination," "Pollination," "Bats and Pollen," and
"Chiropterophily and Atlantic Forest" were employed, combined with the Boolean operators
“AND” and “OR,” using quotation marks (“’) for compound keywords. The search was limited

to scientific publications published over the past 20 years, specifically from 2004 to 2024.

Document analysis was carried out using the bibliometrix package within the RStudio
environment (Aria & Cuccurullo, 2017). Despite the year 2024 is still ongoing at the time of
data collection, research from this year was included due to their current relevance. Exploratory
research contextualized and identified the main trends in chiropterophily research, covering key
themes, data, and developments in the field. This was followed by scientometric analysis,
focusing on temporal trends in publication and authorship, as well as country collaborations on
the topic. The review presented in the subsequent sections of this article is based on the

publications highlighted by bibliometric analysis over the past 20 years.

During the period analyzed (2004-2024), 274 published documents were identified, 174
of which were scientific articles. The "author's keywords" represent the primary themes
investigated by researchers, totaling 170 terms (Table 1). Brazil emerged as the primary
contributor to scientific production on chiropterophily, highlighting its prominent role in global

research on this topic.

Table 1. Main information resulting from the bibliometric analysis using the terms
"Phyllostomidae," "Bat Pollination," "Pollination," "Bats and Pollen," and "Chiropterophily and
Atlantic Forest" over the past 20 years from the Scopus, Web of Science, and PubMed
databases. Source: The autor, 2024.

Description
Documents 274
Time Interval 2004 : 2024
Articles 174
Authors 896
Author’s keywords 1011
Author's main keywords
Animals 46
Pollination 37
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Chiroptera 36

Chiropterophyli 30
Bat pollination 21
Top countries of publucations
Brazil 43
Mexico 28
United States 26
Germany 16
India 11

Brazil leads scientific contributions on chiropterophily, largely due to its immense bat
diversity and rich ecosystems that provide ideal research conditions. With approximately 184
recorded chiropteran species, the country represents a significant portion of global bat diversity
(SBMz, 2023). The diversity of Brazilian biomes, such as the Amazon and Atlantic Forest, is
home to numerous endemic and unknown species, encouraging intense scientific study in this
area (Faria et al., 2022). Furthermore, renowned research institutions in Brazil, such as the
National Museum and the Biosciences Institute at the University of Sdo Paulo, have played a
crucial role in advancing knowledge on the biology, ecology, and conservation of bats (Reis et
al., 2022). These conditions and collaborative efforts consolidate Brazil's position as a leader in

chiropterophily research.

In terms of published articles over the last 20 years, there is notable variation, with a
significant increase observed in 2021, 2022, and 2023, and a lowest production recorded in
2012 and 2024 (to date) (Figure 3). In 2013 scientific output on chiropterophily increased
significantly compared to the previous year. Although scientific production on chiropterophily
has grown in recent years, the variations observed over time may reflect changes in research
priorities, funding availability, and a lack of specialized researchers in the field, among other

factors.
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Figure 3. Annual evolution of the number of publications from 2004 to 2024. Source: The autor,
2024.

N

)
sl

published

16 16

articles

10 10 10 10

Number of
o)

In terms of research contributions by country and international collaborations on
chiropterophily, Brazil stands out significantly compared to other countries (Figures 4 and 5).
Brazil leads chiropterophily research with 43 collaborations, reflecting its diverse ecosystems
and ecological niches. The favorable environment for conducting various studies on
chiropterophily includes the country's diverse regions, such as the Atlantic Forest, Cerrado, and
Caatinga, which provide a rich landscape for studying how these bats adapt and behave in
different habitats (Faria et al., 2022). Additionally, increasing urbanization and environmental
changes in urban and peri-urban areas put new challenges and research questions (Oliveira et
al., 2024). This wide range of environments and conditions in Brazil is critical for understanding
bat biology and ecology, driving important discoveries in the field of chiropterophily. Besides
Brazil, Mexico presents 28 collaborations and also plays a key role in chiropterophily research.
Approximately 150 bat species occur in the country, reflecting the variety of ecosystems ranging

from tropical forests to deserts and mountains (Gomez-Bueno et al., 2024).
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Figure 4. Countries contributions to scientific production on chiropterophily. Darker shades
indicate more significant contributions, highlighting countries with higher production and
relevance. Lighter shades reflect fewer contributions, signaling countries with less research

focus in this topic. Source: The autor, 2024.

Figure 5. Number of scientific contributions on chiropterophily by country. The values

correspond to data from the selected bibliometric databases. Source: The autor, 2024.
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The United States has 26 research collaborations on chiropterophily (Kunz & Parsons,
2020). Institutions such as the University of Florida and the University of Michigan, along with
organizations like Bat Conservation International, play critical roles in advancing knowledge
about bat pollination and other aspects of bat ecology (Simmons & Cirranello, 2021). Germany,

with 16 collaborations, also stands out for its significant investments in biological research
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(Kretschmer et al., 2021). German research often focuses on advanced aspects of bat behavior,

ecology, and conservation (Schoeman et al., 2020).

The concentration of collaborations in certain countries reflects not only the diversity of
chiropteran species but also the availability of research resources and the development of
conservation policies. International collaboration is essential for understanding global aspects
of bat ecology and conservation, especially considering their role in ecosystems and potential
impacts on human health. However, continued investment in research and conservation is
necessary to address emerging challenges, such as ecosystem conservation and climate change.
A collaborative and integrated approach is crucial for addressing issues related to bat

conservation and ecology.

The ten most cited publications among the reviewed studies provide a comprehensive
analysis of the interaction between bats and plants, highlighting the importance of these
pollinators in maintaining biodiversity and ecosystem functionality (Table 2). Kunz (2011) and
Willmer (2011) explore the impact of bats on ecosystem services, such as pollination and insect
control, with implications for biodiversity and the economy. Fleming (2009, 2008) examines
the role of fruit bats in plant reproduction and the influence of bat pollination on ecosystem
structure. Muscarella (2007) reviews bat pollination and seed dispersal mechanisms, while
Abrol (2011) analyzes the relationship between pollination and agricultural productivity,
emphasizing the importance of pollinators for biodiversity conservation. Dick (2007)
investigates the genetic diversity of plants pollinated by bats, and Quesada (2004) and Tschapka
(2004) focus on batplant interactions in tropical and neotropical ecosystems. Finally, Rojas
(2011) discusses conservation implications, emphasizing the need to protect bat-plant

interactions to ensure species persistence and diversity.

Table 2: Authors, year of publication, title of publication and number of citations of the 10 most

cited publications during the period analyzed.

Number of
Authors/ Year Publication title
citations
Kunz et al. (2011) Ecossystem services provided by bats 934
Willmer (2009) Pollination and floral ecology 486
_ The Evolution of bat pollination: A phylogenetic

Fleming et al. (2009) . 308
perspective

Muscarella et al. The role of frugivorous bats in tropical forest 01
(2008) succession
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Nectar-feeding bird and bat niches in two worlds:

Fleming et al. (2008) . Pantropical comparisons of vertebrate pollination 159
systems
Abrol (2011) Pollination biology 134

Extreme long-distance dispersal of the lowland
Dick et al. (2007) tropical rainforest tree Ceiba pentandra L. 109

(Malvaceae) in Africa and the Neotropics

Effects of forest fragmentation on pollinator activity
Quesada et al. and consequences for plant reproductive success o1
(2004) and mating patterns in bat-pollinated

Bombacaceous trees

Energy density patterns of nectar resources permit
Tschapka (2004) coexistence within a guild of neotropical flower- 95

visiting bats

When did plants become important to leaf-nosed
Rojas et al. (2011) bats? Diversification of feedung habits in the 91

Family Phyllostomidae

Collectively, these studies highlight the critical interdependence between bats and plants
and underscore the urgent need for conservation strategies to preserve the ecological integrity
and sustainability of ecosystems. Bats play fundamental roles in ecosystem dynamics, acting as
pollinators and seed dispersers. These functions are crucial for plant regeneration and
environmental maintenance, directly influencing ecosystem structure and functionality. The loss
of bats could compromise the reproduction and adaptability of chiropterophilous plants to

environmental changes, ultimately affecting habitat integrity.

The preservation of plant diversity is closely tied to bat conservation, as bats contribute
to the genetic diversity of plants and ecosystem health. Therefore, protecting bat species is vital
for maintaining ecological interactions and ensuring the stability of natural environments. These
findings underscore the importance of implementing effective conservation measures to sustain

ecosystem functionality and diversity.
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The ecological and economic importance of chiropterophily

Chiropterophily syndrome is an ecological phenomenon that plays a vital role in diverse
ecosystems. Considering the wide variety of plant species that depend on chiropterans for
pollination, chiropterophily syndrome directly impacts the diversity and conservation of flora.
Fleming and Valiente-Banuet (2002) and Ghanem and Voigt (2012) emphasize that "pollination
by bats is essential for the survival of many plant species that sustain diversity in tropical
ecosystems," since the ecosystem services provided by bats, are crucial for maintaining
biodiversity. Additionally, Kunz and Fenton (2003) highlight that the loss of bat diversity
directly affects the decline in plant diversity, making the conservation of pollinating bat species

crucial for ensuring ecosystem resilience in the face of climate change.

In terms of ecosystem services, pollination is considered a regulatory service, providing
benefits through the regulation of ecosystems and supporting life on Earth (Ferraz et al., 2019).
Pollination by bats contributes significantly to maintaining ecosystem services, such as fruit and
seed production, which serve as food for both other animal species and humans, therefore
representing a substantial service for ecosystems and the sustainability of agricultural

communities.

Fleming and Muchhala (2008) highlighted the importance of chiropterophily in
sustaining ecosystem services across many habitats. Ghanem and Voigt (2012) emphasize that
bat pollination is crucial for environmental stability in the face of climate change. By pollinating
a variety of plants, bats promote greater diversity and resilience in plant communities, allowing
plants to better adapt to changing environmental conditions. In other words, the presence of bats
as pollinators enhances plant health and adaptability, strengthening ecosystems’ ability to
remain balanced and adjust to natural disturbances and climate change. Carter and Ratcliffe
(2009) observed that plants exhibiting chiropterophily syndrome play a crucial role in soil
stabilization and water conservation, as their interactions with bats help maintain the integrity
of natural habitats. These plants not only benefit from bat pollination but also contribute to the

protection of water resources and the prevention of soil erosion.

Chiropterophily also plays a fundamental role in maintaining plant biodiversity,
particularly in tropical and subtropical ecosystems, where night-blooming plants are
predominantly pollinated by bats. These specialized pollinators are essential for the
reproduction of numerous native plant species at complex ecosystems and support diverse food
webs. The interaction between bats and plants not only ensures the perpetuation of these plant
species but also promotes the integrity and resilience of natural habitats by providing food and

shelter for a wide range of organisms (Kunz et al., 2019; Voigt et al., 2020). The extinction or
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reduction of bat populations can lead to a significant decline in plant diversity, negatively
affecting habitat structure and resource availability for other animal species (Simmons and

Cirranello, 2021).

In addition to their crucial role in pollination, bats are essential for seed dispersal,
facilitating the regeneration of forests and other natural habitats. This process is vital for
maintaining the structure and biodiversity of ecosystems, as it allows native plants to establish
in new areas and recover in disturbed environments. Studies demonstrate that seed-dispersing
bats contribute significantly to the recovery of degraded areas and the expansion of vegetation
cover, helping restore ecosystems and promote biodiversity (Calderon et al., 2020; Struebig et
al., 2021). The mutual dependence between bats and native plants underscores the importance
of conserving these pollinators for preserving biodiversity and the health of ecosystems. Recent
studies indicate that the loss of bats could compromise the ability of native plants to regenerate
and adapt to environmental changes, resulting in negative impacts throughout the food chain
and on the ecological dynamics of affected environments (Baker et al., 2019; Russo and

Ancillotto, 2020).

Economically, considering the significant economic value of some plant species that
exhibit chiropterophily syndrome, bat pollination directly influences the quality and quantity of
agricultural production, promoting the economic viability of these crops. Kunz et al. (2011)
highlight the importance of bat pollination in agave crops, which are used for tequila production.
Garibaldi et al. (2013) emphasize that bats' contribution to the pollination of various plant
species enhances fruit and seed productivity, regardless of bee abundance, demonstrating their
value in maintaining and increasing agricultural yields. Thus, chiropterophily emerges as a
critical component in the complex ecological web, linking the vitality of natural ecosystems
with economic sustainability. The role of bats in pollination and seed dispersal supports not only
the diversity and health of natural environments but also ensures the production and quality of

various agricultural crops.

Challenges in the research of chiropterophily

Although chiropterophily syndrome provides numerous ecological and economic
benefits, its study presents significant challenges due to a variety of ecological, behavioral, and
methodological factors. The first challenge in studying bats is their nocturnal behavior and high
mobility, which makes it difficult to observe and study their interactions with plants. Numerous

studies highlight bat behavior and their ability to travel long distances as limiting factors in
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researchers' ability to monitor their pollination interactions. Furthermore, the lack of night
visibility and the need for specialized equipment to observe bats are significant barriers to

studying chiropterophily (Fleming et al., 2009; Kunz et al., 2011; Frick et al., 2020).

Another factor complicating the study of chiropterophily is the diversity of species and
ecosystems. The abundance of bat species and variations in ecosystems where pollination
interactions occur make it difficult to generalize results. Therefore, study approaches must be
adapted to each species and specific ecosystem, as noted by Ghanem and Voigt (2012), Carter
and Ratcliffe (2009), and Fleming and Muchhala (2008). Ecological interactions vary
significantly between different habitats, complicating data extrapolation from one region to
another. Additionally, the variability in bat-pollinated flowers and differences in pollination

techniques across species add complexity to chiropterophily studies.

Data collection methods also present obstacles. Techniques used in chiropterophily
studies can be invasive and complex, requiring innovative methods. Mist-net capture and
handling of bats cause stress to the animals and result in direct consequences for their natural
behavior, affecting data accuracy. Traditional direct observation methods are often ineffective
given the nocturnal activity of bats, as evidenced by Fleming et al. (2009) and Frick et al. (2020).
Studies such as Garibaldi et al. (2013) suggest using infrared cameras and radiotelemetry to

collect data on chiropterophily, though these methods are extensive and technically complex.

Pollen identification faces considerable challenges due to the intrinsic variability and
limitations of current techniques. The morphological diversity of pollen grains, which varies
significantly between and within species, can make distinguishing between similar types
extremely difficult (Levin et al., 2019). Additionally, grain degradation over time, often
exacerbated by adverse environmental conditions, affects sample quality and analysis accuracy
(Lietal., 2021). Advanced techniques such as scanning electron microscopy and highresolution
image analysis offer potential solutions but require a high level of expertise and technological

investment (Smith and Brown, 2022).

The lack of comprehensive databases and the need for detailed knowledge of plant
pollen morphology increase the complexity of the process. These challenges are amplified by
variability within species and the difficulty of standardizing sample collection and preparation
methods (Tardif et al., 2020). Current techniques also face limitations in identifying pollen in
advanced stages of decomposition or when mixed with other types of pollen. This requires
continuous evolution in taxonomic approaches and improved analytical methods to ensure
accurate and efficient identification (Rosenberg et al., 2022; Bozarth et al., 2023). Advances in

genetics and molecular biology, such as applying DNA sequencing methods for pollen
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identification are emerging as promising tools to overcome these limitations (Fernandez et al.,

2021).

Finally, the impact of climate change and habitat loss further complicates
chiropterophily studies, as these factors directly affect bat populations and the plants that depend
on them for reproduction. Climate change alters the phenology of plant species, shifting
flowering patterns and food resource availability for pollinating bats, complicating the analysis
of their ecological interactions (Kunz et al., 2011). Moreover, Ghanem and Voigt (2012) and
Fleming and Valiente-Banuet (2002) state that habitat loss due to urbanization and the expansion
of intensive agriculture reduces and isolates bat populations, limiting their range and pollination
effectiveness. This negatively impacts the availability of plants exhibiting chiropterophily

syndrome.

Trends in chiropterophilia research

Current research on chiropterophily examines the dynamics of interactions between bats
and plants, the impacts of environmental changes, and conservation strategies for pollinator
species. Recent studies, such as De Carmago et al. (2020) and Carvalho et al. (2017), highlight
how technological advancements have enhanced our understanding of bat behavior and
migration patterns. These studies also reveal how climate-induced shifts in plant phenology
have affected bat-plant interactions, establishing this field as both emerging and crucial.
Researchers emphasize the importance of addressing the negative effects of habitat
fragmentation and urbanization on chiropterophily (Lopez-Goffman et al., 2017; McConkey &
Drake, 2019; Silva et al., 2019; Porcaro et al., 2021). Chiropterophily is increasingly recognized
as an indicator of ecosystem health due to bats' sensitivity to land use changes and habitat
fragmentation. Thus, the conservation of bat populations is vital for maintaining ecosystem

integrity (Dalsgaard et al., 2020; Kelm et al., 2019).

In summary, ongoing research in chiropterophily is essential for the preservation and
sustainability of ecosystems reliant on bat-plant interactions. Advances in technology and
multidisciplinary approaches are enabling more precise analyses of these ecological dynamics.
The urgency to understand and mitigate the impacts of climate change further underscores the
need for such research. Strategies such as habitat conservation, creation of ecological corridors,
and the adoption of sustainable agricultural practices are critical. Investing in continued
chiropterophily research not only expands scientific knowledge but also promotes biodiversity,

ecological resilience, and the economic well-being of bat and plant communities.
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