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RESUMO

This review explores the relation between pollination and
chiropterophily, emphasizing phyllostomid bats as key pollinators,
particularly in tropical and subtropical ecosystems. These bats
play an essential role in chiropterophilous pollination syndromes,
where plants have evolved specific morphological traits to attract
nocturnal bats. Bibliometric data show us that during the period
analyzed (2004-2024), 174 scientific articles were published, and
Brazil emerged as the primary contributor to scientific production
on 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. Several analyzed manuscripts
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.
A number of studies also show how changes in the phenology
of plant species can compromise plant-pollinator interactions,
and highlight the increasing impacts of habitat fragmentation
and urbanization on bats. Our data show that, 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.

Keywords: bat-plant interactions; bibliometric research; conservation;
ecosystem services.

Estarevisdoexploraarelagdoentre polinizagdoequiropterofilia, enfatizando
morcegos filostomideos como polinizadores-chave, particularmente em
ecossistemas tropicais e subtropicais. Esses morcegos desempenham um
papel essencial nas sindromes de polinizagdo quiropterdfilas, nas quais as
plantas desenvolveram caracteristicas morfoldgicas especificas para atrair
morcegos noturnos. Dados bibliométricos nos mostram que, durante o
periodo analisado (2004—-2024), 174 artigos cientificos foram publicados,
e o Brasil emergiu como o principal contribuinte para a produgdo
cientifica sobre quiropterofilia. Embora a sindrome quiropterofilia
oferega inUmeros beneficios ecoldgicos e econdmicos, seu estudo
apresenta desafios significativos em razdo de uma variedade de fatores
ecoldgicos, comportamentais e metodoldgicos. Varios manuscritos
analisados destacam a interdependéncia critica entre morcegos e plantas,
e ressaltam a necessidade urgente de estratégias de conservacdo para
preservar a integridade ecoldgica e a sustentabilidade dos ecossistemas.
Diversos estudos também demonstram como mudangas na fenologia de
espécies vegetais podem comprometer as interagdes planta-polinizador,
e destacam os impactos crescentes da fragmentagdo de habitats e da
urbanizagdo sobre os morcegos. Nossos dados mostram que, embora a
produgdo cientifica sobre quiropterofilia tenha crescido nos Ultimos anos,
as variagdes observadas ao longo do tempo podem refletir mudangas nas
prioridades de pesquisa, na disponibilidade de financiamento e na falta de
pesquisadores especializados na area.
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Introduction

The Atlantic Forest biome is the second-largest forested region in
the Americas, covering Eastern Brazil, the Misiones region of Argen-
tina, 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 and Cémara, 2005). This biome is important for its ex-
traordinary 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).
However, extensive deforestation due to anthropogenic activities has
resulted in fragmented and disrupted habitats, significantly impacting
biodiversity. This degradation affects both fauna populations and struc-
tural and compositional shifts in plant communities (Jardim and Melo,
2020). Understanding the biodiversity and community structures of
the Atlantic Forest and their ecological responses is crucial for conser-
vation efforts, given the rapid and intense environmental changes this
biome faces (Ribeiro et al., 2011).

Ecosystems function through the interactions between biotic,
abiotic, and structural elements, which contribute to ecosystem ser-
vices of ecological and economic value (Ferraz et al., 2019). Among
the most crucial ecosystem services is pollination, which facili-
tates the reproduction of plant species and directly supports the di-
versity and structure of native plant communities. Pollination also
plays a vital role in agriculture, with approximately 75% of food crops
requiring pollinators for reproduction (Wolowski et al., 2016). It also
helps to sustain ecological guilds that depend on floral resources,
such as herbivores and seed-eating animals (Potts et al., 2006). Eco-
nomically, pollination is fundamental for agricultural and biofuel
production, significantly influencing seed development, increasing
and enhancing the physical characteristics of food (Lamim-Guedes,
2014; Wolowski et al., 2016). Cross-pollination carried out by polli-
nators not only promotes fruiting and improves the quality of fruits
and seeds but also increases the genetic variability of plants, which is
crucial for genetic improvement and resistance to pests and diseases
(Valois et al., 1996) (Figure 1).

Animal-mediated pollen dispersal accounts for about 90% of an-
giosperm reproduction. Among vertebrate pollinators, birds, bats,
non-flying mammals, and reptiles are responsible for pollinating 3 to
15% of known angiosperm species. In Brazil, around 338 species of
vertebrates act as effective or potential pollinators (Buzato et al., 2011;
Fischer et al., 2014). Plants develop specific floral characteristics to at-
tract vertebrate pollinators, such as colors, odors, flower shapes, nectar
production, and timing of flower opening. These characteristics are
described as pollination syndromes, directly aligned with morpholog-
ical, 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 col-

oration (white, green, or sometimes reddish or brown shades), strong
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odors resembling fermentation, and abundant nectar production rich
in hexose and pollen (Fleming et al., 2009; Raven et al., 2014). Fur-
thermore, flowers adapted to chiropterophily tend to be large, robust,
and located in positions easily accessible to bats, such as branches, tree
trunks, or suspended from long stems. These flowers are typically tu-
bular, bell-shaped, or brush-like, radially symmetrical, fleshy, and have
a large opening (Fleming et al., 2009). Chiropterophily syndrome is
an ecological phenomenon essential for various ecosystems. Given the
wide range of plant species that rely on bats for pollination, this syn-
drome has a direct impact on the diversity and conservation of many
plant species.

The order Chiroptera is a highly specialized group of mam-
mals with 1,466 extant species (Mammal Diversity Database, 2023).
These mammals play crucial roles in Neotropical ecosystems, con-
stituting the second-largest order of mammals globally. Brazil ranks
fourth among South American countries with the largest number of
bat species, behind Colombia, Ecuador, and Peru, with 186 species re-
corded (Diaz et al., 2021; Pacheco et al., 2021; Ramirez-Chaves et al.,
2022; Simmons and Cirranello, 2025). From these, 115 are associated
with the Atlantic Forest biome (Abreu et al., 2024; Garbino et al., 2024).

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 (Florez-Montero et al., 2022). Bats of this family have
diverse diets reflecting their morphological and adaptive variabil-
ity (Reis et al., 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 effi-
cient pollinators, insectivorous and carnivorous bats also contrib-
ute 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 vi-
tal 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). Due to their
size and specialized fur, bats efficiently transport pollen over long noc-
turnal flights. 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).

Despite the ecological and economic relevance of chiropterophi-
ly, studies on bat-mediated pollination in the Atlantic Forest remain
scarce. This literature review aimed to bridge this gap by exploring the
interactions between bats and plants, highlighting their role in biodi-

versity conservation and ecosystem stability.
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Figure 1 - Types of pollination, pollinating agents, pollination mechanisms, and the ecological and economic importance of pollination.

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.

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 aimed to assess the relevance of re-
search 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 geographic concentration of topics. Such information is
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crucial for directing financial resources efficiently. By understanding
trends and gaps in research topics, resources can be optimized to pro-
mote relevant innovations and significant advances in strategic fields
(Razera, 2016; Stefanuto et al., 2022).

The bibliometric survey was conducted using the Scopus, Web of Sci-
ence, and PubMed databases. The terms “Phyllostomidae;” “Bat Pollina-

»

tion,” “Pollination;” “Bats and Pollen,” and “Chiropterophily and Atlantic
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Forest” were employed, combined with the Boolean operators “AND” and
“OR;” using quotation marks (“”) for compound keywords. The search was
limited to scientific publications released in the past 20 years.

Document analysis was performed using the bibliometrix pack-
age within the RStudio environment (Aria and Cuccurullo, 2017). Al-
though 2024 was still ongoing at the time of data collection, research
from this year was included due to its current relevance. Explorato-
ry research contextualized and identified the main trends in chirop-
terophily research, covering key themes, data, and developments in the
field. This was followed by scientometric analysis, focusing on tempo-
ral trends in publication and authorship, as well as country collabora-
tions on the topic. The review presented in the subsequent sections of
this article was based on the publications highlighted by bibliometric
analysis over the past 20 years.

During the period analyzed (2004-2024), 274 published docu-
ments were identified, 174 of which were scientific articles. The “au-
thor’s keywords” represent the primary themes investigated by re-
searchers, 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.

Brazil leads in scientific contributions to chiropterophily, largely
due to its immense bat diversity and rich ecosystems that provide ideal
research conditions. With approximately 186 recorded chiropteran spe-
cies, the country represents a significant portion of global bat diversity
(Abreu et al., 2024). The diversity of Brazilian biomes, such as the Am-
azon and Atlantic Forest, is home to numerous endemic and unknown
species, encouraging intense scientific study in this area. 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 of the biology, ecology, and con-
servation of bats. Nevertheless, the use of the term “Chiropterophily
and Atlantic Forest” in the bibliometric research might have biased this
high number of publications for the country, since a large part of the
forest is in Brazil, which naturally leads to a high number of studies
related to chiropterophily within this geographic context.

Regarding published articles in 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 chi-
ropterophily 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.

In terms of research contributions by country and international col-
laborations on chiropterophily, Brazil stands out significantly compared
to other countries (Figures 4 and 5). Brazil leads chiropterophily re-
search with 43 collaborations, reflecting its diverse ecosystems and eco-
logical niches. The favorable environment for conducting various studies

on chiropterophily includes the country’s diverse regions, such as the
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Atlantic Forest, Cerrado, and Caatinga, which provide a rich landscape
for studying how these bats adapt and behave in different habitats. Ad-
ditionally, increasing urbanization and environmental changes in urban
and peri-urban areas pose new challenges and research questions (Hasan
et al,, 2020). 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 pres-
ents 28 collaborations and plays a key role in chiropterophily research.
The United States (USA) has 26 research collaborations on chirop-
terophily. Institutions such as the University of Florida and the Uni-
versity of Michigan, along with organizations like Bat Conservation
International, play critical roles in advancing knowledge about bat
pollination and other aspects of bat ecology. Germany, with 16 collab-
orations, also stands out for its significant investments in biological re-
search. German research often focuses on advanced aspects of bat be-
havior, ecology, and conservation. The concentration of collaborations
in certain countries reflects not only the diversity of chiropteran spe-
cies but also the availability of research resources and the development
of conservation policies. International collaboration is essential for un-
derstanding 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 conser-
vation and climate change. A collaborative and integrated approach is

crucial for addressing issues related to bat conservation and ecology.

Table 1 - Main information resulted 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.

Documents 274
Time interval 2004-2024
Articles 174
Authors 896
Author’s keywords 1,011
Animals 46
Pollination 37
Chiroptera 36
Chiropterophily 30
Bat pollination 21
Brazil 43
Mexico 28
United States 26
Germany 16
India 11
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Figure 3 - Annual evolution of the number of publications from 2004 to 2023.

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 on this topic.

Figure 5 - Number of scientific contributions on chiropterophily by country.
The values correspond to data from the selected bibliometric databases.

The ten most cited publications among the reviewed studies pro-
vided a comprehensive analysis of the interaction between bats and
plants, highlighting the importance of these pollinators in maintaining
biodiversity and ecosystem functionality. Kunz et al. (2011) and Will-
mer (2011) explored the impact of bats on ecosystem services, such as
pollination and insect control, with implications for biodiversity and the

economy. Fleming (2008, 2009) examined the role of fruit bats in plant
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reproduction and the influence of bat pollination on ecosystem function.
Muscarella and Fleming (2007) reviewed bat pollination and seed disper-
sal mechanisms, while Abrol (2011) analyzed the relationship between
pollination and agricultural productivity, emphasizing the importance
of pollinators for biodiversity conservation. Dick et al. (2007), Quesada
et al. (2004) and Tschapka (2004) focused on bat-plant interactions in
tropical and neotropical ecosystems. Finally, Rojas et al. (2011) discussed
the diversification of feeding habits in the Phyllostomidae family.
Simultaneously, these studies highlighted the critical interdepen-
dence between bats and plants and underscored the urgent need for
conservation strategies to preserve ecosystems’ ecological integrity and
sustainability. Bats play fundamental roles in ecosystem dynamics, act-
ing as pollinators and seed dispersers. These functions are crucial for
plant regeneration and environmental maintenance, directly influenc-
ing ecosystem structure and functionality. The loss of bats could com-
promise the reproduction and adaptability of chiropterophilous plants
to environmental changes, ultimately affecting habitat integrity. These
findings highlight the importance of implementing effective conserva-

tion measures to sustain ecosystem functionality and diversity.

The ecological and economic importance of chiropterophily

Chiropterophily syndrome is an ecological phenomenon that plays
avital role in diverse ecosystems. Considering the wide variety of plant
species that depend on chiropterans for pollination, chiropterophi-
ly syndrome directly impacts the diversity and conservation of flora.
Fleming and Valiente-Banuet (2002) and Ghanem and Voigt (2012)
emphasized 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 biodi-
versity. Additionally, Kunz and Fenton (2003) highlighted 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 regula-
tory service, providing benefits through the regulation of ecosystems
and the support of 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, it represents a substantial service to
ecosystems and the sustainability of agricultural communities.

Fleming and Muchhala (2008) highlighted the importance of chi-
ropterophily in sustaining ecosystem services across many habitats.
Ghanem and Voigt (2012) emphasized 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.
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Chiropterophily also plays a fundamental role in maintaining plants’
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 in complex ecosystems and support diverse food
webs. The interaction between bats and plants ensures the perpetuation
of these plant species and also promotes the integrity and resilience of
natural habitats by providing food and shelter for a wide range of organ-
isms. The extinction or reduction of bat populations can lead to a signif-
icant decline in plant diversity, negatively affecting habitat structure and
resource availability for other animal species (Kunz and Fenton, 2003).

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 biodi-
versity of ecosystems, since 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 degrad-
ed areas and the expansion of vegetation cover, helping restore ecosys-
tems and promote biodiversity (Regolin et al., 2020; Cora et al., 2024;
Silva et al., 2024;). 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 changes in the distribution of plant species that bats are
dependent on may disrupt their functions, such as pollination services,
possibly presenting negative effects on the pollination potential and
plant reproduction (Zamora-Gutierrez et al., 2021).

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 econom-
ic viability of these crops. Kunz et al. (2011) highlighted the importance
of bat pollination in agave crops used for tequila production. Garibaldi
et al. (2013) reported that bats’ contribution to the pollination of various
plant species enhances fruit and seed productivity, regardless of bee abun-
dance, demonstrating their value in maintaining and increasing agricul-
tural 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 ecologi-
cal and economic benefits, its study presents significant challenges due
to various ecological, behavioral, and methodological factors. The first
challenge in investigating bats is their nocturnal behavior and high
mobility, which makes it difficult to observe and analyze their interac-
tions with plants. Numerous papers highlight bats’ behavior and abil-
ity to travel long distances as limiting factors in researchers’ efforts to

monitor their pollination interactions. Furthermore, the lack of night
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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., 2019).

Another factor complicating the study of chiropterophily is the di-
versity 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 Fleming
and Muchhala (2008) and Ghanem and Voigt (2012). Ecological inter-
actions vary significantly between different habitats, complicating data
extrapolation from one region to another. Additionally, the variabili-
ty 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 innova-
tive approaches. Mist-net capture and handling of bats cause stress to
the animals and result in direct consequences for their natural behav-
ior, 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. (2019).

Pollen identification faces considerable challenges due to the in-
trinsic variability and limitations of current techniques. The morpho-
logical diversity of pollen grains, which varies significantly between
and within species, can make distinguishing between similar types
extremely difficult (Taia, 2022). Additionally, grain degradation over
time, often exacerbated by adverse environmental conditions, affects
sample quality and analysis accuracy (Viertel and Konig, 2022). Ad-
vanced techniques such as scanning electron microscopy and high-res-
olution 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. 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 iden-
tification (Herzschuh et al., 2022; Viertel and Konig, 2022). Advances
in genetics and molecular biology, such as applying DNA sequencing
for pollen identification are emerging as promising tools to overcome
these limitations (Bell et al., 2016).

Finally, the impact of climate change and habitat loss further com-
plicates chiropterophily studies, as these factors directly affect bat pop-
ulations and the plants that depend on them for reproduction. Climate
change alters the phenology of plant species, shifting flowering pat-
terns and food resource availability for pollinating bats, complicating
the analysis of their ecological interactions (Kunz et al., 2011). Studies
such as those by Gomez-Ruiz and Lacher (2019) and Zamora-Gutier-
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rez et al. (2021) show how changes in the phenology of plant species
can compromise plant-pollinator interactions, making these relation-
ships more vulnerable and reinforcing the urgency of conservation
strategies. Moreover, Ghanem and Voigt (2012) and Fleming and Vali-
ente-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 im-

pacts the availability of plants exhibiting chiropterophily syndrome.

Conclusions

Our data show that phyllostomid bats are pointed out as key polli-
nators, particularly in tropical and subtropical ecosystems. We observed
that during the period analyzed (2004-2024), 174 scientific articles were
published, and Brazil emerged as the primary contributor to scientific
production on chiropterophily. However, the use of the term “Chirop-
terophily and Atlantic Forest” in the bibliometric research might have
biased this high number of publications for the country. Although chi-
ropterophily syndrome provides numerous ecological and economic
benefits, its investigation presents significant challenges due to a variety

of ecological, behavioral, and methodological factors. Several analyzed

manuscripts 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. Ad-
ditionally, some studies suggest that technological advances and new
ecological approaches have significantly expanded our understanding
of the behavior and movements of pollinating bats, especially in a con-
text of rapid climate change. A number of studies also show how chang-
es in the phenology of plant species can compromise plant-pollinator
interactions, and highlight the increasing impacts of habitat fragmen-
tation and urbanization on bats, pointing to the need for conservation
strategies that consider not only natural environments but also habitats
transformed by human action. Our data show that 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.

Acknowledgments
Our sincere thanks to all our colleagues who were involved in the
development of this research. We also express our gratitude to the Fed-

eral University of Fronteira Sul (UFFS) for providing logistical support.

Authors’ Contributions

Piceta, E.S.: conceptualization, data curation, formal analysis, writing — review & editing. Primam, G.L.: conceptualization, data curation, formal analysis, writing —

review & editing. Zanette, G.: conceptualization, writing - review & editing. Galiano, D.: conceptualization, data curation, formal analysis, writing — review & editing.

References
Ab'Saber, A.N., 1977. Os dominios morfocliméticos na América do Sul.
Geonoma, v. 1, 1-19.

Abreu, E.F; Casali, D.; Costa-Aratjo, R.; Garbino, G.S.T.; Libardi, G.S.; Loretto,
D,; Loss, A. C.; Marmontel, M.; Moras, L.M.; Nascimento, M.C.; Oliveira, M.L.;
Pavan, S.E.; Tirelli, E. P, 2024. Lista de Mamiferos do Brasil (2024-1). Zenodo.
https://doi.org/10.5281/zenodo.14536925.

Abrol, D.P, 2011. Pollination biology: biodiversity, conservation, and
agricultural production. Springer, Dordrecht, Heidelberg, London, New York.
https://doi.org/10.1007/978-94-007-1942-2.

Aria, M.; Cuccurullo, C., 2017. Bibliometrix: An R-tool for comprehensive
science mapping analysis. Journal of Informetrics, v. 11 (4), 959-975. https://
doi.org/10.1016/§.j0i.2017.08.007.

Bell, K.L;; Vere, N.; Keller, A.; Richardson, R.T.; Gous, A.; Burgess, K.S.;
Brosi, B.J., 2016. Pollen DNA barcoding: current applications and future
prospects. Genome. v. 59 (9), 629-640. https://doi.org/10.1139/gen-2015-0200.

Buzato, S.; Gianini, T.C.; Machado, I.C.; Sazima, M.; Sazima, I., 2011.
Polinizadores vertebrados: Uma visdo geral para as espécies brasileiras. In:
Imperatriz-Fonseca, V.L.; Canhos, D.A.L.; Saraiva, A.M. (Eds.), Polinizadores
no Brasil: contribui¢do e perspectivas iniciativas para a biodiversidade, uso
sustentavel, conservagio e servigos ambientais. Instituto de Estudos Avangados
da Universidade de Sao Paulo, Sao Paulo.

7

Cor4a, D.H.; Oliveira, EW,; Lazzarotto, L.M.V.; Biassi, D.L.; Baldissera, R ;
Oliveira, A.D.D.; Galiano, D., 2024. Abundance of the bat Sturnira lilium
(Phyllostomidae) in relation Solanum mauritianum (Solanaceae) diaspores in
an Atlantic Forest fragment of Southern Brazil. Anais da Academia Brasileira de
Ciéncias, v. 96 (2), €20220830. https://doi.org/10.1590/0001-3765202420220830.

Diaz, M.M.; Solari, S.; Gregorin, R.; Aguirre, L.E; Barquez, R.M., 2021. Clave
de Identificacién de los Murciélagos Neotropicales. Yerba Buena, Tucuman,
Programa de Conservacion de los Murciélagos de Argentina, 207 p.

Dick, C.W,; Bermingham, E.; Lemes, M.R.; Gribel, R., 2007. Extreme long-
distance dispersal of the lowland tropical rainforest tree Ceiba pentandra L.
(Malvaceae) in Africa and the Neotropics. Molecular Ecology, v. 16, 23-35.
https://doi.org/10.1111/j.1365-294X.2007.03341 x.

Esbérard, C.E.L., 2003. Marcagdo e deslocamento em morcegos. Divulgagao do
Museu de Ciéncias e Tecnologia, v. 2, 23-24.

Ferraz, R.P.D,; Prado, R.B;; Parron, L.M.; Campanha, M.M., 2019. Servicos
ecossistémicos: uma abordagem conceitual. In: Ferraz, R.P.D.; Prado, R.B.;
Parron, L.M.; Campanha, M.M. (Eds), Marco Referencial em Servigos
Ecossistémicos. Embrapa Solos, Brasilia, pp. 19-36.

Fischer, E.; Araujo, A.C.d.; Gongalves, F,, 2014. Polinizagao por Vertebrados.
In: Rech, R.R; Agostini, K; Oliveira, PE.; Machado, I.C., Biologia da
Polinizagdo. Editora Projeto Cultural, Rio de Janeiro, pp. 311-326.

Revista Brasileira de Ciéncias Ambientais (RBCIAMB) | v.60 | e2242 | 2025


https://doi.org/10.5281/zenodo.14536925
https://doi.org/10.1007/978-94-007-1942-2
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1139/gen-2015-0200
https://doi.org/10.1590/0001-3765202420220830
https://doi.org/10.1111/j.1365-294X.2007.03341.x

Piceta, E.S. et al.

Fleming, T.H., 2008. The impact of bat pollination on ecosystem function.
Journal of Biogeography, v. 35 (5), 377-388. https://doi.org/10.1111/j.1365-
2699.2007.01833.x.

Fleming, T.H., 2009. The role of fruit-eating bats in plant reproduction. Annals
of Botany, v. 103, 203-212. https://doi.org/10.1093/a0b/mcp197.

Fleming, T.H.; Geiselman, C.; Kress, W.J., 2009. The evolution of bat
pollination: a phylogenetic perspective. Annals of Botany, v. 104 (6), 1017-
1043. https://doi.org/10.1093/aob/mcp197.

Fleming, T.H.; Muchhala, N., 2008. Nectar-feeding bird and bat niches in
two worlds: pantropical comparisons of vertebrate pollination systems.
Journal of Biogeography, v. 35, (5), 764-780. https://doi.org/10.1111/j.1365-
2699.2007.01833.x.

Fleming, T.H.; Valiente-Banuet, A., 2002. Columnar cacti and their mutualists:
evolution, ecology, and conservation. Tucson, Arizona, University of Arizona
Press. 386 p. https://doi.org/10.2307/j.ctv23khmrw.

Florez-Montero, L.G.; Muylaert, R.L.; Nogueira, M.R.; Geiselman, C.; Santana,
S.E,; Stevens, R.D.; Tschapka, M.; Rodrigues, EA.; Mello, M.A.R., 2022. NeoBat
Interactions: A Data Set of Bat-Plant Interactions in the Neotropics. Ecology,
v. 103 (4), e3640. https://doi.org/10.1002/ecy.3640.

Frick, W.E; Kingston, T.; Flanders, J., 2019. A review of the major threats and
challenges to global bat conservation. Annals of the New York Academy of
Sciences. v. 1469 (1), 5-25. https://doi.org/10.1111/nyas.14045.

Galindo-Leal, C.; Camara, I.G., 2005. A biodiversidade no Brasil: um enfoque
geral. Revista Brasileira de Ciéncias Ambientais, v. 16, 13-25. https://doi.
org/10.5327/10.5327/22176-947820050001.

Garbino, G.S.T; Vinicius, C.C.; Gregorin, R.; Lima, I.P; Loureiro, L.; Moras,
L.; Moratelli, R.; Nascimento, M.C.D.; Nogueira, M.R.; Novaes, R.L.M.;
Pavan, A.C; Tavares, V.D.C.; Peracchi, A.L., 2024. Updated checklist of bats
(Mammalia: Chiroptera) from Brazil. Zoologia (Curitiba), v. 41, €23073.
https://doi.org/10.1590/51984-4689.v41.€23073.

Garibaldi, L.A.; Steffan-Dewenter, I.; Winfree, R.; Aizen, M.A.; Bommarco,

R.; Cunningham, S.A.; Kremen, C,; Carvalheiro, L.G.; Harder, L.D.; Afik,

O.; Bartomeus, I; Benjamin, E; Boreux, V,; Cariveau, D.; Chacoff, N.P;
Dudenhofter, J.H.; Freitas, B.M.; Ghazoul, J.; Greenleaf, S.; Hipdlito, J.;
Holzschuh, A.; Howlett, B.; Isaacs, R.; Javorek, S.K.; Kennedy, C.M.; Krewenka,
K.M,; Krishnan, S.; Mandelik, Y.; Mayfield, M.M.; Motzke, I.; Munyuli,

T.; Nault, B.A.; Otieno, M.; Petersen, J.; Pisanty, G.; Potts, S.G.; Rader, R ;
Ricketts, T.H.; Rundlof, M.; Seymour, C.L.; Schiiepp, C.; Szentgyorgyi, H.;
Taki, H.; Tscharntke, T.; Vergara, C.H.; Viana, B.E; Wanger, T.C.; Westphal, C;
Williams, N.; Klein, A.M., 2013. Wild pollinators enhance fruit set of crops
regardless of honey bee abundance. Science, v. 339 (6127), 1608-1611. https://
doi.org/10.1126/science.1230200.

Ghanem, S.J.; Voigt, C.C., 2012. Increasing awareness of ecosystem services
provided by bats. Advances in the Study of Behavior, v. 44, 279-302. https://
doi.org/10.1016/B978-0-12-394288-3.00007-1.

Gomez-Ruiz, E.P; Lacher Jr., T.E., 2019. Climate change, range shifts, and
the disruption of a pollinator-plant complex. Scientific Reports, v. 9, 14048.
https://doi.org/10.1038/541598-019-50059-6.

Hasan, S.S.; Zhen, L.; Miah, Md.G.; Ahamed, T; Samie, A., 2020. Impact of
land use change on ecosystem services: A review. Environmental Development,
V. 34 (768), 100527. https://doi.org/10.1016/j.envdev.2020.100527.

Herzschuh, U; Li, C.; Bohmer, T; Postl, A.K.; Heim, B.; Andreev, A.A.; Cao,
X.; Wieczorek, M.; Nj, J., 2022. LegacyPollen 1.0: A taxonomically harmonized
global late Quaternary pollen dataset of 2831 records with standardized
chronologies. Earth System Science Data, v. 14 (7), 3213-3227. https://doi.
org/10.5194/essd-14-3213-2022.

Jardim, J.G.; Melo, A.C., 2020. Impacts of land use change on biodiversity
in the Atlantic Forest. Ecological Indicators, v. 112, 106113. https://doi.
org/10.1016/j.ecolind.2020.106113.

Kunz, T.H.; Fenton, M.B. (Eds.), 2003. Bat ecology. University of Chicago
Press, Chicago, Illinois.

Kunz, T.H.; Torrez, E.B.; Bauer, D.; Lobova, T.; Fleming, T.H.,

2011. Ecosystem services provided by bats. Annals of the New York
Academy of Sciences, v. 1223 (1), 1-38. https://doi.org/10.1111/j.1749-
6632.2011.06004.x.

Lamim-Guedes, V., 2014. Vinte anos da Rio92: a conservagao da
biodiversidade e os servigos de polinizagao. Bioikos, Campinas, v. 27 (1),
13-23.

Mammal Diversity Database, 2023. Mammal Diversity Database
(1.11). Zenodo (Accessed April 01, 2025) at: https://zenodo.org/
records/7830771.

Muscarella, R.; Fleming, T. H., 2007. The role of frugivorous bats in tropical
forest succession. Biological Reviews, v. 82 (4), 573-590. 10.1111/.1469-
185X.2007.00026.x.

Myers, N.; Mittermeier, R.A.; Mittermeier, C.G.; Da Fonseca, G.A.B.; Kent, J.,
2000. Biodiversity hotspots for conservation priorities. Nature, v. 403, 853-858.
https://doi.org/10.1038/35002501.

Quesada, M.; Stoner, K.E.; Lobo, J.A.; Herrerfas-Diego, Y.; Palacios-Guevara,
C.; Munguia-Rosas, M.A.; O.-Salazar, K.A.; Rosas-Guerrero, V., 2004. Effects
of forest fragmentation on pollinator activity and consequences for plant
reproductive success and mating patterns in bat-pollinated bombacaceous
trees. Biotropica, v. 36 (2), 131-138. https://doi.org/10.1111/j.1744-7429.2004.
tb00305.x

Pacheco, V.R; Diaz, S.; Graham Angeles, L.A.; Flores-Quispe, M.; Calizaya-
Mamani, G.; Ruelas, D.; Sdnchez-Vendizy, P, 2021. Lista actualizada de la
diversidad de los mamiferos del Pert1 y una propuesta para su actualizacion.
Revista Peruana de Biologia, v. 28 (4), €21019. https://doi.org/10.15381/rpb.
v28i4.21019.

Potts, S.G.; Petanidou, T;; Roberts, S.; O’Toole, C.; Hulbert, A.; Willmer, P.,
2006. Plant-pollinator biodiversity and pollination services in a complex
Mediterranean landscape. Biological Conservation, v. 129 (4), 519-529. https://
doi.org/10.1016/j.biocon.2005.11.021.

Ramirez-Chaves, H E.; Morales-Martinez, D.M.; Rodriguez-Posada, M.E,;
Suérez-Castro, A.F,, 2022. Checklist of the mammals (Mammalia) of
Colombia. Mammalogy Notes, v. 7, 253. https://doi.org/10.47603/mano.
v7n2.253.

Raven, PH,; Evert, R.E; Eichorn, S.E.; Peter, H., 2014. Biologia vegetal. 8. ed.
Rio de Janeiro: Guanabara Koogan, p. 855. ISBN: 8527706415.

Razera, J.C.C., 2016. Contribuigdes da cienciometria para a area brasileira de
Educag¢ao em Ciéncias. Ciéncia e Educagao (Bauru), v. 22 (3), 557-560. https://
doi.org/10.1590/1516-731320160030001.

Regolin, A.L.; Muylaert, R.L.; Crestani, A.C.; Déttilo, W.; Ribeiro,
M.C., 2020. Seed dispersal by Neotropical bats in human-disturbed
landscapes. Wildlife Research, v. 48 (1), 1-6. https://doi.org/10.1071/
WR19138.

Reis, N.R..; Peracchi, A.L.; Pedro, W.A.; Lima, L.P,, 2007. Morcegos do Brasil.
[s.n.], Londrina, 253 p.

Ribeiro, M.C.; Martensen, A.C.; Metzger, ].P; Tabarelli, M.,; Scarano, E; Fortin,
M.]J.,, 2011. The Brazilian Atlantic Forest: A Shrinking Biodiversity Hotspot. In:
Zachos, E, Habel, J. (Eds), Biodiversity Hotspots. Springer, Berlin, Heidelberg,
pp. 405-434. https://doi.org/10.1007/978-3-642-20992-5_21.

Revista Brasileira de Ciéncias Ambientais (RBCIAMB) | v.60 | e2242 | 2025


https://doi.org/10.1111/j.1365-2699.2007.01833.x
https://doi.org/10.1111/j.1365-2699.2007.01833.x
https://doi.org/10.1093/aob/mcp197
https://doi.org/10.1093/aob/mcp197
https://doi.org/10.1111/j.1365-2699.2007.01833.x
https://doi.org/10.1111/j.1365-2699.2007.01833.x
https://doi.org/10.2307/j.ctv23khmrw
https://doi.org/10.1002/ecy.3640
https://doi.org/10.1111/nyas.14045
https://doi.org/10.5327/10.5327/Z2176-947820050001
https://doi.org/10.5327/10.5327/Z2176-947820050001
https://doi.org/10.1590/S1984-4689.v41.e23073
https://doi.org/10.1126/science.1230200
https://doi.org/10.1126/science.1230200
https://doi.org/10.1016/B978-0-12-394288-3.00007-1
https://doi.org/10.1016/B978-0-12-394288-3.00007-1
https://doi.org/10.1038/s41598-019-50059-6
https://doi.org/10.1016/j.envdev.2020.100527
https://doi.org/10.5194/essd-14-3213-2022
https://doi.org/10.5194/essd-14-3213-2022
https://doi.org/10.1016/j.ecolind.2020.106113
https://doi.org/10.1016/j.ecolind.2020.106113
https://doi.org/10.1111/j.1749-6632.2011.06004.x
https://doi.org/10.1111/j.1749-6632.2011.06004.x
https://zenodo.org/records/7830771
https://zenodo.org/records/7830771
https://doi.org/10.1038/35002501
https://doi.org/10.1111/j.1744-7429.2004.tb00305.x
https://doi.org/10.1111/j.1744-7429.2004.tb00305.x
https://doi.org/10.15381/rpb.v28i4.21019
https://doi.org/10.15381/rpb.v28i4.21019
https://doi.org/10.1016/j.biocon.2005.11.021
https://doi.org/10.1016/j.biocon.2005.11.021
https://doi.org/10.47603/mano.v7n2.253
https://doi.org/10.47603/mano.v7n2.253
https://doi.org/10.1590/1516-731320160030001
https://doi.org/10.1590/1516-731320160030001
https://doi.org/10.1071/WR19138
https://doi.org/10.1071/WR19138
https://doi.org/10.1007/978-3-642-20992-5_21

Phyllostomid bats as key pollinators: a review on chiropterophily and conservation challenges

Rojas, D.; Vale, A.; Ferrero, V.; Navarro, L., 2011. When did plants become
important to leaf-nosed bats? Diversification of feeding habits in the family
Phyllostomidae. Molecular Ecology, v. 20(10), 2217-2228. https://doi.
org/10.1111/j.1365-294X.2011.05082.x.

Silva, Z.D.; Gurgel, E.S.C.; Correia, L.L.; Vieira, T.B., 2024. Seed dispersal
by bats (Chiroptera: Phyllostomidae) and mutualistic networks in a
landscape dominated by cocoa in the Brazilian amazon. Global Ecology and
Conservation, v. 55, €03252. https://doi.org/10.1016/j.gecco.2024.e03252.

Simmons, N.B; Cirranello, A.L., 2025. Bat Species of the World: A taxonomic
and geographic database. Version 1.8.1. https://batnames.org/.

Smith, J.; Brown, L. 2022. Modern approaches to pollen taxonomy and their
ecological implications. Palynology, v. 46 (2), 150-168.

Stefanuto, V.A.; Oliveira, S.M.P.d.; Moreira, ].E; Aguiar, A.S,; Farias, E., 2022.
Andlise bibliométrica como ferramenta metodoldgica. In: Silva, CN.N.;
Rosa, D.S.; Ferreira, M.R.G. (Eds.), A Metodologia da Pesquisa em Educagio
Profissional e Tecnoldgica. Nova Paideia, Brasilia, p. 307-326.

Taia, W.K., 2022. Pollen grain diversity and application in taxonomy and evolution.
Taeckholmia, v. 42 (1), 27-42. https://doi.org/10.21608/taec.2022.258213.

9

Tschapka, M., 2004. Energy density patterns of nectar resources permit
coexistence within a guild of Neotropical flower-visiting bats. Journal of
Zoology, v. 263 (1), 7-21. https://doi.org/10.1017/50952836903004734.

Valois, A.C.C.; Salomao, A.N.; Aleim, A.C., 1996. Glossario de recursos
genéticos vegetais. Embrapa-SPI, Brasilia, 62 p.

Viertel, P; Konig, M. 2022. Pattern recognition methodologies for pollen grain
image classification: a survey. Machine Vision and Applications. v. 33 (18),
1-19. https://doi.org/10.1007/s00138-021-01271-w.

Willmer, P, 2011. Pollination and Floral Ecology. Princeton University Press.
Princeton, New Jersey, p. 828.

Wolowski, M.; Nunes, C.E.P;; Amorim, EW.,; Vizentin-Bugoni, J.; Aximoff, L;
Maruyama, P.K; Brito, V.L.G.; Freitas, L., 2016. Intera¢des planta-polinizador
em vegetagdo de altitude na Mata Atlantica. Oecologia Australis, v. 20 (2), 145-
161. https://doi.org/10.4257/0ec0.2016.2002.02.

Zamora-Gutierrez, V;; Rivera-Villanueva, A.N.; Martinez Balvanera, S.; Castro-
Castro, A.; Aguirre-Gutiérrez, J., 2021. Vulnerability of bat-plant pollination
interactions due to environmental change. Global Change Biology, v. 27 (14),
3367-3382. https://doi.org/10.1111/gcb.15611.

Revista Brasileira de Ciéncias Ambientais (RBCIAMB) | v.60 | e2242 | 2025


https://doi.org/10.1111/j.1365-294X.2011.05082.x
https://doi.org/10.1111/j.1365-294X.2011.05082.x
https://doi.org/10.1016/j.gecco.2024.e03252
https://batnames.org/
https://doi.org/10.21608/taec.2022.258213
https://doi.org/10.1017/S0952836903004734
https://doi.org/10.1007/s00138-021-01271-w
https://doi.org/10.4257/oeco.2016.2002.02
https://doi.org/10.1111/gcb.15611

