PG-ECO-INPA

POS-GRADUAGAO EM ECOLOGIA

W
INPA

INSTITUTO NACIONAL DE
PESQUISAS DA AMAZONIA

INSTITUTO NACIONAL DE PESQUISAS DA AMAZONIA — INPA

PROGRAMA DE POS-GRADUACAO EM ECOLOGIA

Efeito de gradientes ambientais na estruturacdo da comunidade de morcegos insetivoros

aéreos em uma floresta continua na Amazoénia central

RICARDO CESAR CORREA CABRAL

Manaus, Amazonas

2022



PG-ECO-INPA

POS-GRADUAGAQ EM ECOLOGIA

W
INPA

INSTITUTO NACIONAL DE
PESQUISAS DA AMAZONIA

INSTITUTO NACIONAL DE PESQUISAS DA AMAZONIA — INPA

PROGRAMA DE POS-GRADUACAO EM ECOLOGIA

RICARDO CESAR CORREA CABRAL

EFEITO DE GRADIENTES AMBIENTAIS NA ESTRUTURACAO DA

COMUNIDADE DE MORCEGOS INSETIVOROS AEREOS EM UMA FLORESTA

CONTINUA NA AMAZONIA CENTRAL

Orientador: Paulo Estefano Dineli Bobrowiec

Dissertacdo apresentada ao Programa
de P06s-Graduacdo em Ecologia, do
Instituto Nacional de Pesquisas da
Amazonia, como parte dos requisitos
para obtencdo do titulo de Mestre em

Biologia (Ecologia).

Manaus, Amazonas

2022



@PG-ECO-WPA o MINIS
4 _ | ~

FPROGRAMA DE F‘I:IFS-ER&DU&Q&D EM ECOLOGIA

ATA DA DEFESA PUBLICA DA DISSERTAGCAOD
ODE MESTRADD DO PROGRAMA DE POS-
GRADUACAD EM ECOLOGIA DO INSTITUTO
MACIOMAL DE PESQUISAS DA AMAZOMIA.

Ans 23 dias do més de Setembro do ano de 2022, s 08h00min, por videoconferéncia,
reuniv-se a Comissdo Examinadora de Defesa Plblica, composta pelos seguintes
membros: o DOr. William Douglas de Carvalho, da — UAM, a Dra. Carol Blefari Batista,
do O Centro Universitario de Goiatuba — UNICERRADC e o Dr. Renato Portela Saloméo,
do Instituto Macional de Pesquisas da Amazdnia — INPa&, tendo como suplentes o Dr.
Leonardo Carreira Trevelin, do Instituto Tecnologico Vale — ITV e o Dr. Marlon Zortéa, da
Universidade Federal de Goids — UFG, soba presidéncia do orientador, afim de proceder
a arguicdo plblica dotrabalho de DISSERTACAOC DE MESTRADO de RICARDO CESAR
CORREA CABRAL, infitulado: ®EFEITO DE GRADIENTES AMEIENTAIS NA
ESTRUTURACAD DA COMUNIDADE DE MORCEGOS INSETIVOROS AEREOS EM
UMA FLORESTA CONTINUA NA AMAZOMNIA CENTRAL", orientado pelo Dr. Paulo
Estefano Dineli Bobrowiec, do Instituto Macional de Pesquisas da Amazdnia — IMPA.

Apds a exposicio, o discente foi arguido oralmente pelos membros da Comisséo
Examinadora, tendo recebido o conceito final:

APROVADO (A) [] REPROVADO (A)

POR UNANIMIDADE [ POR MAIORIA

Mada mais havendo, foi lavrada a presente ata, que, apos lida e aprovada,
foi assinada pelos membros da Comissdo Examinadora.

DR. WILLIAM DOUGLAS DE CARVALHO Wt Jhgla Ml LA

DRA. CAROL BLEFARI BATISTA ST il T3

DR. REMATO PORTELA SALOMAD Hanete Fonlalo ke

DR. LEOMARDD CARREIRA TREVELIM

DR. MARLOM ZORTEA

(Coordenacdo PPG-ECO/IMNPA)




Catalogagio na Publicagio (CIP-Brasil)

C117e  Cabral. Ricardo Cesar Correa
Efeito de gradientes ambientais na estruturacio da comunidade de
morcegos insetivoros aéreos em uma floresta continua na Amazdnia
central / Ricardo Cesar Correa Cabral; onentador Paule Estefanoe Dineld

Bobrowiec. - Manaus:[s. 1], 2023.

1.1 MB
56 p. :il. color.

Dissertacio (Mestrado - Programa de Pos Graduacio em Biologia.) -

Coordenacio do Programa de Pos-Graduacio, INPA, 2025,

1. Morcegos insetivoros aéreos. 2. Assembleias de morcegos.
I. Bobrowiec, Paulo Estefano Dineli . IT. T1tulo.

CDD 599 4

Sinopse: Nessa dissertacao, foram utilizados dados de registros acusticos de morcegos
insetivoros aéreos realizados na floresta preservada (Reserva Ducke) na Amaz6nia
Central. Foram feitas analises em nivel de espécie e comunidade, para entender o
efeito da topografia, estrutura da vegetacdo e a disponibilidade de alimento na
atividade, riqueza de espécies e composi¢do de morcegos insetivoros aéreos em 25

Km? de floresta continua.

Palavras-chave: Assembleias de morcegos; Chiroptera; gradientes ecologicos;

disponibilidade de alimentos; topografia; estrutura da vegetacéao.




Dedico este estudo ao meu pali,
minha mae e meus irmaos, que séo a
base gue sustenta minha vida, e a
Ana Jalia Alegria, que sempre me

incentivou e torceu por mim.



AGRADECIMENTOS

Agradeco primeiramente a Deus, que sempre me ilumina e é minha fonte de
equilibrio. Que nunca tira os problemas em minha vida, mas sempre me da forcas para
supera-los.

O planejamento desta dissertacdo se iniciou em meio a pandemia global do virus
COVID-19 e se desenvolveu sob o clima de muita tensdo e preocupacdo com os dias
futuros. Todo o apoio, seja financeiro, técnico ou psicologico, foi extremamente
necessario para que este projeto se tornasse realidade. O que torna cada agradecimento
especial e carregado com certo sentimento.

Inicialmente agradeco o Instituto Nacional de Pesquisas da Amazé6nia (INPA)
e ao Programa de Pés-Graduacdo em Ecologia (PPG-Eco) pela oportunidade,
formacédo e estrutura. Agradeco ao financiamento da Fundacao de Amparo a Pesquisa
do Estado do Amazonas (FAPEAM) que cedeu a bolsa e possibilitou a minha
formacédo no mestrado. Obrigado a Coordenacédo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES) que contribuiram indiretamente atraveés do apoio a projetos
que ajudaram a construir o conhecimento sobre morcegos e influenciaram diretamente o
presente projeto. Agradeco ao Instituto Humanize que por meio do Programa Uso
Sustentavel cedeu apoio financeiro emergencial.

Agradeco ao meu orientador Dr. Paulo Estefano Dineli Bobrowiec pela
idealizacdo do projeto, orientacdo, didatica, ensinamento e paciéncia para que eu
pudesse realizar o melhor trabalho possivel. Mesmo no cenario pandémico e orientado
boa parte do tempo a distancia, nunca tive o sentimento de estar abandonado ou
desemparado psicologicamente ou profissionalmente. Foi uma experiéncia unica e tenho

muito honra de ter sido seu orientado neste processo.



Neste projeto era para eu ter sido co-orientado, oficialmente, pela Dra.
Giulliana Appel, porém quando iniciei 0 mestrado ela estava encerrando 0 seu
doutorado. Ela me ajudou muito com parte das analises, correcdo do texto final, dando
excelentes sugestdes e parte dos dados analisados neste estudo foi oriundo de suas
coletas em campo. Muito obrigado Giu. Outra parte dos dados analisados neste estudo
foram resultados das coletas do Msc. Ubirajara Capaverde Jr., Msc. Leonardo
Oliveira e Msc. Lucas Pereira, obrigado pela contribuicdo para este projeto. Agradeco
também o Dr. Adria Lépez-Baucells e 0 Msc. Rodrigo Marciente pela contribuicao
de conhecimento ao projeto e aos estudos sobre morcegos insetivoros aéreos.

Todas as coletas realizadas s6 foram possiveis gracas a existéncia de certos
projetos de integracdo e producdo cientifica. Logo, agradeco ao Centro de Estudos
Integrados da Biodiversidade Amazdnica (CENBAM) e ao Programa e Pesquisa
em Biodiversidade (PPBio), que também é responsavel pela manutencao das parcelas
estudadas neste projeto. Agradeco o Dr. Willian Magnusson que além do apoio
financeiro também é responsavel pela coordenacdo do programa de pesquisa citado.

Agradeco a Dra. Noemia Kazue Ishikawa, que em um momento inesperado e
com muita dedicacdo conseguiu o apoio financeiro emergencial do Instituto Humanize.
Este apoio possibilitou que a finalizacdo do projeto fosse mais tranquila e melhor
revisada.

Obrigado & minha namorada Ana Julia Alegria, por enxugar minhas lagrimas
nos momentos tristes, sorrir comigo nos momentos felizes e ser a pessoa que mais
acreditou e acredita em mim e no meu potencial. Ela foi a maior responsavel pela minha
inscricdo neste mestrado, quando eu mesmo ndo acreditava que seria aprovado. Essa

conquista também ¢é sua, te amo muito.



Agradeco a minha familia pelo total apoio em todos 0os momentos. Aos meus
pais Maria Do Carmo e Edmilson Cabral, que apesar de nem saberem das pedras que
enfrentei em meu caminho, sempre me incentivaram incondicionalmente.

Finalizando, agradeco a todas as pessoas que colaboraram direta ou

indiretamente para realizacdo deste trabalho. Muito obrigado!



Né&o entendo porque quando
destruimos algo criado pelo homem
chamamos isso de vandalismo, mas
quando destruimos algo criado pela

natureza chamamos de progresso.

Ed Begley Jr.



RESUMO

Fatores ambientais bidticos e abidticos influenciam a abundancia e distribuicao espacial
das espécies e a estruturacdo das comunidades ao longo dos gradientes ambientais. A
topografia, estrutura da vegetacdo e disponibilidade de alimentos tém sido apontadas
como fatores que influenciam direta e indiretamente a selecdo do habitat pelas espécies
em florestas tropicais. Os morcegos sdo um modelo promissor para estudar a relagdo
entre caracteristicas do ambiente e a distribuicdo das espécies, pois apresentam alta
diversidade e abundancia nas regides tropicais. Embora os fatores que determinam a
estruturacdo da comunidade em morcegos filostomideos tenha recebido atencdo
substancial, os morcegos insetivoros aéreos tém sido amplamente negligenciados e suas
respostas a gradientes ambientais em florestas continuas tropicais permanecem pouco
compreendidas. Neste estudo, nds avaliamos como morcegos insetivoros aéreos
respondem a diferentes gradientes ambientais em 25 km? de floresta continua na
Amazonia Central. Nossa hipdtese foi de que a topografia, estrutura de vegetacdo e
disponibilidade de alimentos influenciam os morcegos insetivoros aéreos. A massa de
insetos foi a variavel preditora com a maior contribuicdo para a riqueza, abundancia e
composicdo de espécies de morcegos. A atividade e a riqueza dos morcegos foram
positivamente relacionadas com a massa de insetos. A composi¢do de espécies de
morcegos foi relacionada com a altitude e a composicdo de insetos. A obstrugdo da
vegetacdo ndo foi suficiente para influenciar o numero de espécies, abundancia e
composicdo de espécies de morcegos. A altitude teve relacdo positiva com a
composicdo de espécies morcegos insetivoros aéreos. A massa e a composi¢do de
insetos foram os fatores preditores para a estruturacdo da comunidade de morcegos
insetivoros aéreos em comparacdo com a elevacdo e obstrucdo da vegetagdo em uma

floresta continua na Amazonia Central.



ABSTRACT

Environmental factors influence how species select habitat and are spatially
distributed in the environment. Topography, vegetation structure and food availability
have been identified as factors that directly and indirectly influence habitat selection by
species in tropical forests. Bats are a promising model to study the relationship between
environmental characteristics and species distribution, as the group has high diversity
and abundance in tropical regions. Neotropical aerial insectivorous bats have been
neglected and studies that evaluated how environmental factors explain species
distribution and abundance were conducted in altered environments. Therefore, our
knowledge of the factors that determine the structuring of the aerial insectivorous bat
community is still low. In this study, we evaluated how aerial insectivorous bats
respond to different environmental gradients in 25 km? of continuous forest in Central
Amazonia. Our hypothesis was that topography, vegetation structure and food
availability influence aerial insectivorous bats. Insect mass was the predictor variable
with the greatest contribution to the richness, abundance and composition of bat species.
Bat activity and richness were positively related to insect mass. The species
composition of bats was related to altitude and insect composition. Clutter vegetation
was not enough to influence the number of species, abundance and species composition
of bats. Altitude had a positive relationship with aerial insectivorous bat species
composition. Insect mass and composition were the predictors for aerial insectivorous
bat community structuring compared to vegetation uplift and obstruction in a

continuous forest in Central Amazon.
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INTRODUCAO

Estudos sobre os padrdes de distribuicdo de espécies animais e de como as
comunidades se estruturam sdo importantes para a compreensdo de quais fatores sdo
determinantes para estes processos (Tuomisto et al., 2014; Rutschmann et al., 2016;
Michelot et al., 2019). Elementos bioticos e abidticos, que compdem gradientes
ambientais, influenciam como as espécies de vertebrados e invertebrados selecionam o
habitat de acordo com seus requerimentos (Chesson, 2000; Amatulli et al., 2018).
Gradientes de topografia, estrutura da vegetacdo e recurso alimentar tém sido apontados
como fatores que influenciam direta e indiretamente a selecdo do habitat por diversos
grupos de mamiferos e répteis em florestas tropicais (Cintra & Naka, 2012; Capaverde
et al., 2018; Kinap et al., 2021). Os morcegos sdo excelentes modelos para estudar a
influéncia de fatores ambientais na distribuicdo de espécies em escala local (Kingston,
2009; Hanspach et al., 2012). Além de apresentar alta abundancia e diversidade,
também possuem diversos formatos, adaptacbes morfologicas e habitos alimentares
(Kalko & Schnitzler, 1998; Bobrowiec et al., 2014; Miranda et al., 2015).

A familia Phyllostomidae (morcegos frugivoros, nectarivoros e insetivoros
catadores) tem sido amplamente estudada quanto a distribuicdo de espécies e
estruturacdo de comunidades relacionadas a fatores ambientais e selecdo de habitat
(Uieda, 1980; Fenton et al., 1992; Pedro & Taddei, 2002; Flores-Saldafia, 2008;
Capaverde et al.,, 2018; Acosta Salvatierra et al., 2021). Porém, a construcdo do
conhecimento para morcegos insetivoros aéreos tem sido negligenciada e os estudos que
avaliaram como fatores ambientais explicam a distribuicdo e a abundancia das espécies
foram conduzidos em ambientes alterados (Estrada-Villegas et al., 2010; Rocha et al.,

2018; Nufez et al., 2019). As lacunas que ainda existem para 0S morcegos insetivoros
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aéreos é devido aos individuos desse grupo possuirem chamados de ecolocalizacdo para
cacar insetos durante o voo faz com que eles detectem facilmente redes de neblina
dificultando sua captura (MacSwiney et al., 2008; Marques et al., 2015).

Apesar 0 uso de gravadores de ultrassom e o treinamento de pessoal para
identificacdo das espécies de morcegos tenha aumentado nos Gltimos anos na regido
tropical, nosso conhecimento dos fatores que determinam a estruturacdo da comunidade
dos morcegos insetivoros aereos ainda € baixo (Mendes & Srbek-Araujo, 2021). Diante
deste contexto este estudo avaliou como morcegos insetivoros aéreos respondem a
diferentes gradientes ambientais (topografia, estrutura da vegetacéo e disponibilidade de

alimento) em 25 km? de floresta continua na Amazodnia Central.
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OBJETIVO
O principal objetivo desta tese foi avaliar como morcegos insetivoros aéreos respondem
a diferentes gradientes ambientais (topografia, estrutura da vegetacdo e disponibilidade
de alimento) em 25 km? de floresta continua na Amazonia Central.
Capitulo 1: Qual o efeito de diferentes gradientes ambientais na
estruturacdo de comunidades de morcegos insetivoros aéreos?
e Avaliar como a topografia (elevacdo do terreno), estrutura da vegetacéo e
disponibilidade de insetos influenciam e estruturam comunidades de

morcegos insetivoros aereos.
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CAPITULO 1
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Effect of environmental gradients on community structuring of aerial
insectivorous bats in a continuous forest in Central Amazon

Mammalian Biology https://doi.org/10.1007/s42991-022-00343-2
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ABSTRACT

Biotic and abiotic environmental factors influence the abundance and spatial
distribution of species and the structuring of communities along environmental
gradients. Topography, vegetation structure and food availability have been identified as
factors that directly and indirectly influence habitat selection by species in tropical
forests. Although the factors that determine community structure in phyllostomid bats
have received substantial attention, aerial insectivorous bats have been largely
neglected, and their responses to environmental gradients in continuous tropical forests
remain poorly understood. In this study, we evaluated how aerial insectivorous bats
respond to different environmental gradients in 25 km2 of continuous preserved forest
in Central Amazonia. Our hypothesis was that topography, vegetation structure and
food availability influence aerial insectivorous bats. Insect biomass was shown to be the
predictor variable with the greatest contribution to the bat species richness, abundance
and assemblage composition. Bat activity and richness were positively related to insect
biomass. Bat assemblage species composition was related to terrain elevation and insect
assemblage composition. Vegetation clutter did not influence the number of species,
abundance and bat assemblage species composition. Terrain elevation showed a positive
relationship with species composition of the aerial insectivorous bat assemblage. In the
studied continuous forest in Central Amazon, insect biomass and insect assemblage
composition were better predictors of aerial insectivorous bat assemblage structure than

vegetation clutter.

Keywords: Bat assemblages, Chiroptera, ecological gradientes, food availability,

topography, vegetation structure
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RESUMO

Fatores ambientais bidticos e abidticos influenciam a abundancia e distribuicao espacial
das espécies e a estruturacdo das comunidades ao longo dos gradientes ambientais.
Topografia, estrutura da vegetacéo e disponibilidade de alimentos tém sido identificados
como fatores que influenciam direta e indiretamente a selecdo de habitat por espécies
em florestas tropicais. Embora os fatores que determinam a estrutura da comunidade em
morcegos filostomideos tenham recebido atencdo substancial, morcegos insetivoros
aéreos foram amplamente negligenciados e suas respostas a gradientes ambientais em
florestas tropicais continuas permanecem pouco compreendidas. Neste estudo,
avaliamos como morcegos insetivoros aéreos respondem a diferentes gradientes
ambientais em 25 km2 de floresta continua preservada na Amazonia Central. Nossa
hipbtese foi que a topografia, a estrutura da vegetacdo e a disponibilidade de alimentos
influenciam 0s morcegos insetivoros aéreos. A biomassa de insetos mostrou ser a
varidvel preditora com maior contribuicdo para a riqueza, abundancia e composicao da
assembleia de espécies de morcegos. A atividade e riqueza de morcegos foram
positivamente relacionadas com a biomassa de insetos. A composi¢cdo de espécies da
assembléia de morcegos foi relacionada a elevacdo do terreno e a composicdo da
assembléia de insetos. A desordem da vegetacdo nao influenciou o nimero de espécies,
a abundéancia e a composicdo de espécies da assembleia de morcegos. A elevacdo do
terreno mostrou uma relacdo positiva com a composicdo de espécies da assembléia
aérea de morcegos insetivoros. Na floresta continua estudada na Amazonia Central, a
biomassa de insetos e a composicado da assembléia de insetos foram melhores preditores
da estrutura da assembléia aérea de morcegos insetivoros do que a aglomeragdo da

vegetacao.
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INTRODUCTION

The spatial distribution of animal species in the environment does not occur at random,
and individuals select the habitat according to their biological requirements (Magura et
al. 2008; Rosenzwieg 1981; Stein et al. 2014). The preference for certain locations
influences the abundance of populations and the structuring of assemblages (Doebeli
and Dieckmann 2003; Michelot et al. 2019; Stein and Kreft 2015). Biotic and abiotic
environmental factors determine assemblage structural patterns (Amatulli et al. 2018;
Chesson 2000). At a local scale, the abiotic elements of the environment are represented
by topographic and climatic gradients, while biotic components include vegetation
structure, food availability and species interactions (Stein et al. 2014, 2015). As a result,
environmental gradients may influence the abundance and distribution of species in a
landscape (Rutschmann et al. 2016; Tuomisto et al. 2014).

Topography, vegetation structure and food availability have been identified as
factors that directly and indirectly influence habitat selection by species in tropical
forests (Capaverde et al. 2018; Cintra and Naka 2012; Kinap et al. 2021). Changes in
elevation can affect species distribution, at both wide scales of mountain ranges (> 1000
m a.s.l.) and in locations with less pronounced topographic change (< 100 m as.l.)
(Baccaro et al. 2013; Carvalho et al., 2022; Dias-Terceiro et al. 2015; Willig and Presley
2016). In smaller elevation gradients (< 100 m a.s.l.), terrain elevation is correlated with
soil edaphic factors such as fertility, texture and water table depth, and this influences
plant composition directly (Pansonato et al. 2013). Additionally, plant species
distribution directly influences the assemblages of herbivorous animals that feed on
leaves, sap, fruits and nectar (Del-Claro and Torezan-Slingardi 2012). Changes in small
elevation gradient can also influence the food chain, especially when

carnivorous/insectivorous animals respond to variation in prey distribution that also has
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its distribution associated with elevation (Bonvicino et al. 1997; Frenckell and Barclay
1987; McCain 2007). Plant assemblage species composition also determines vegetation
structure, which then influences the level of three-dimensional clutter and obstruction to
animal movements (Bernard and Fenton 2007; Oliveira et al. 2015). Habitat use by
animal species will depend on their adaptive responses to the level of vegetation clutter,
which consequently influences the movement of animals in a given forest (Alves et al.
2012; Fraga et al. 2018). In tropical forests, bottom lands and areas close to
watercourses generally form corridors that are less obstructed, while neighboring
elevated areas may have denser vegetation (Costa et al. 2009; Pansonato et al. 2013).
Comparisons of such areas provide an understand of how the configuration of different
environmental gradients may structure local animal assemblages.

The diversity of physical forms, morphological adaptations and feeding habits
(Hanspach et al. 2012; Kingston 2010) means that bats respond to processes structuring
assemblages at the local scale (Capaverde et al. 2018; Bobrowiec et al. 2014).
Knowledge of the relationship between bats and abiotic and biotic variables has been
most thoroughly studied in bats of the family Phyllostomidae, members of which are
mostly frugivores, nectarivores or gleaning insectivores (the latter hunting insects
perched on solid surfaces) (Bobrowiec et al. 2014; Capaverde et al. 2018; Marciente et
al. 2015). The distribution of frugivorous and nectarivorous bats is directly associated
with plant composition and vegetation structure, as they fly long distances to find the
plant resources they consume (Jung et al. 2012; Lobova et al. 2009). Such bats are more
common in areas with open vegetation and close to streams (Bobrowiec et al. 2014;
Marciente et al. 2015; Pereira et al. 2019), while gleaning insectivores are indirectly
influenced by the composition of insects associated with the closed vegetation structure

away from streams (Dechmann et al. 2011; Schnitzler and Kalko 2001), an association
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facilitated by adaptation for more highly maneuverable flight patterns (Capaverde et al.
2018; Marciente et al. 2015).

However, Neotropical aerial insectivorous bats have been largely neglected, and
the few studies that evaluated how environmental factors explain their distribution and
abundance have been conducted in impacted environments (Colombo et al. 2022;
Estrada-Villegas et al. 2010; Nufez et al. 2019). These bats have echolocation calls
specialized for in-flight hunting of insects and so easily detect and avoid mist nets,
which makes their capture difficult (Denzinger and Schnitzler 2013; MacSwiney et al.
2008). The use of ultrasound recorders has been recommended for sampling these bats
in tropical forests (Appel et al. 2021). Although the use of ultrasound recorders and the
capacity to train personnel to identify bat species in the tropics has increased in recent
years, knowledge of the factors determining the structuring of the aerial insectivorous
bat species assemblage remains poor (Mendes and Srbek-Araujo 2021).

In this study, we evaluate how aerial insectivorous bats respond to different
environmental gradients in 25 km? of continuous forest in Central Amazonia. Our
hypothesis is that topography, vegetation structure and food availability influence aerial
insectivorous bats. We propose that vegetation clutter and insect availability are the
factors that most strongly determine the species composition of aerial insectivorous bat
assemblages. We also expect that both the number of species and bat activity will be
higher in upland areas where vegetation is more cluttered, and where the abundance and
mass of insects is consequently higher (Oliveira et al. 2015) than in low-lying areas with

more open vegetation.

MATERIALS AND METHODS

Study area
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The study was conducted in the Adolpho Ducke Forest Reserve (2°58° S; 59°55 W),
located at Km 26 on the AM-110 highway, north of the city of Manaus, Amazonas
State, Brazil (Fig. 1). The reserve is included in the Long-Term Ecological Research
Program of the National Council for Scientific and Technological Development
(PELD/CNPq), and contains some 10,000 ha of terra firme forest. The dry season
occurs from June to October and the rainy season from November to May. The average
annual local temperature is 26 °C and rainfall varies between 1750 and 2500 mm
(Ribeiro et al. 1999). The forest canopy varies from 30 to 35 m in height, with emergent
trees reaching 50 m. The relief is irregular, with elevation variation from 46 to 105 m
(76.67 £ 20.56 m a.s.l., mean + Standard Deviation) (Ribeiro et al. 2002).

Bat sampling and the collection of predictor variables was carried out on the trail
system that forms a grid of 25 km2 (5 x 5 km) within the area of the reserve, which
follows the RAPELD (Rapid Survey of Biological and Long-Term Ecological Survey)
system (Magnusson et al. 2005) (Fig. 1). The grid has 30 permanent plots systematically
spaced at 1 km intervals, and a further 19 riparian plots that follow the contours of local
streams. Each plot is 250 m long and 40 m wide and follows local topographic contours
to minimize internal heterogeneity of the physical, chemical and drainage properties of
the soil (Magnusson et al. 2005). A total of 17 plots were sampled (seven riparian and
10 non-riparian) (Fig. 1). The distance between plots varied from 0.4 to 8.1 km. The
recorders were installed in a temporal sequence to avoid proximity to each other (< 1

km) and thus guarantee the independence of the recordings.

Sampling of aerial insectivorous bats
Aerial insectivorous bat activity was recorded using stand-alone recorders (Song Meter

SM2BAT+), each with an SMX-US omnidirectional ultrasonic microphone (Wildlife
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Acoustics, Maynard, Massachusetts, USA). Recorders were installed in the center of the
plots with microphones placed at a height of 1.5 m above the ground. Each recorder was
programmed to passively record real-time bat activity via al6-bit full spectrum
resolution with 1-s pre-trigger and 0.1-s post-trigger, “High Filter Pass” set to fs/32 (12
kHz) and a Trigger level of 18SNR. The SM2Bat+ units were configured to record bats
between 18:00 h and 06:00 h, giving a 12-hour recording period per night during the
2013 rainy season (January to May). Each plot was sampled for four consecutive nights,
a total of 53 sampling nights and 636 hours of recording.

Bat passes were used as the sample units to quantify individual activity levels. A
single pass was considered as any 5 s recording where two or more pulses characteristic
of a bat species/sonotype were identified (Appel et al. 2021). Recordings were
visualized using the Kaleidoscope 3.1.1 program (Wildlife Acoustics, Maynard,
Massachusetts, USA). All species/sonotypes were identified by comparing the structure
and frequency parameters of the echolocation pulses to the of bat ultrasounds reference
library recorded by the Biological Dynamics of Forest Fragments Project (Lopez-
Baucells et al. 2016), located 40 km from the Ducke reserve, and also with data from
the literature (Barataud et al. 2013; Briones-Salas et al. 2013; Jung et al. 2007; 2014).
For sonotypes (species difficult to distinguish from only the calls), we used the same
groups described by Lopez-Baucells et al. (2016): Molossus Il represent Molossus
currentium/rufus; Vespertilionidae | represent Lasiurus castaneus/ega/egregius; and
Vespertilionidae Il represent Rhogeessa io/Lasiurus blossevillii (Table S1). Pteronotus
rubiginosus (identified as P. parnellii in Ducke Reserve by Oliveira et al. 2015) was
identified by the taxonomic and acoustic description proposed by Pavan et al. (2018)
(calls with frequency peak of 55 kHz). Bat activity per plot was estimated from the sum

of the number of passes per night (Oliveira et al. 2015).
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Estimates of insect prey availability

Insects were sampled using light traps, that consisted of 20 cm diameter cones inserted
into 100 ml plastic pots containing a 70% alcohol solution and detergent. To attract the
insects, a flashlight with 10 white LED bulbs was placed above the cone and pointed at
it. Attracted insects were trapped in the plastic pot. Two light traps were installed in
each plot, positioned along the plot centerline at 65 and 130 m from the recorder and
placed at a height of 1.5 m from the ground. To estimate the total mass of insects
collected in each plot we combined six insect samples from each plot and identified the
insects to Order (Capaverde et al. 2018). Insects were dried with filter paper to remove
excess alcohol and individually weighed on a precision balance (reading limit 0.0001 g;
Ohaus Discovery, Pine Brook, New Jersey) to estimate the total mass of insects
captured in grams in each plot. We only included in the analyzes insect families
consumed by aerial insectivorous bats such as Blattodea, Coleoptera, Diptera,
Ephemeroptera, Homoptera, Hymenoptera, Isoptera, Lepidoptera, Mantodea,

Orthoptera, Plecoptera and Trichoptera.

Measurement of understory-vegetation clutter

Vegetation clutter was estimated with the method proposed by Marsden et al. (2002),
with the modifications suggested by Oliveira et al. (2015). Digital photographs were
taken of a 3 x 3 m white panel placed at 10 m intervals along a 250 m stretch of plot
centerline (N = 25 vegetation photographs per plot). The camera was positioned eight
meters from the panel and perpendicular to it. The resulting photographs were converted
to black (vegetation) and white, and the vegetation portion of the 25 photographs was

estimated using Sidelook 1.1.01 software (Zehm et al. 2003). The vegetation clutter of
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each plot was calculated as the percentage of vegetation from the sum of all 25

photographic images.

Measurement of the topography

For each plot, elevation of the terrain was extracted using the Shuttle Radar
Topographic Mission (SRTM) with 30 m resolution raster images provided by the
Global Land Cover Facility (http://www.landcover.org). The geographic coordinates
used to obtain the terrain elevation were measured at the midpoint of each plot, and the
“Point Sampling Tool” of the Quantum Geographic Information System software

version 2.2.0 (QGIS) was used to extract the terrain-elevation values.

Data analysis

The response variables number of species and activity of aerial insectivorous bats were
related to the predictor variables terrain elevation, vegetation clutter, insect biomass and
insect assemblage composition using Generalized Linear Mixed Model (GLMM) with
Template Model Builder (TMB) in gimmTMB package (Brooks et al. 2017), with the
distribution that best fit the regression models (Gaussian, Poisson or Negative
Binomial). The types of plots (riparian and non-riparian) were used as a random
variable in the GLMM to account for potential plot type effect. We compared the
residual dispersion of GLMM to select for the family function with the best correction
of the data dispersion in the DHARMa package (Hartig 2021). The most suitable model
family of each GLMM are presented in Table 1 and 2. Insect assemblage composition
was represented by the first axis of a one-dimensional Non-Metric Multidimensional
Scaling (NMDS) ordination using the ‘metaMDS’ function (k = 1, trymax = 5000) from

the vegan package (Oksanen et al. 2014), with a Bray-Curtis dissimilarity index
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(variation explained of the species composition = 72%; Stress = 0.23). Total insect-
abundance data were used for the NMDS ordination. Before running the GLMM,
multicollinearity among the predictor variables was evaluated using the ‘VIF’ function
of the usdm package (Naimi et al. 2014). No predictor variables had multicollinearity
(VIF > 10, according to Naimi et al. 2014). We tested the residuals distribution,
over/underdispersion and presence of outliers of each GLMM model using the
‘simulateResiduals’ function in the DHARMa package. No GLMM presented problems
related to data dispersion. Species-specific GLMMs were undertaken for eight bat
species as previously described: Centronycteris maximiliani, Cormura brevirostris,
Myotis sp., Myotis riparius, Pteronotus rubiginosus, Saccopteryx bilineata, Saccopteryx
leptura and Vespertilionidae I. To minimize potential detection problems, we selected
only the species that had at least 200 records of ultrasound calls (Table S1). Species of
the Molossidae family were excluded from the analysis because they usually forage
above the forest canopy, out of reach of recorders. The marginal (variance explained by
the fixed variables) and conditional (variance explained by the entire model) variance
explained by the predictor variables in a GLMM was calculated using
‘r.squaredGLMM’ function in MuMIn package (Walsh and MacNally 2013). The
independent contributions of each explanatory variable were estimated using
hierarchical partitioning as implemented in the hier.part package (MacNally and Walsh
2004).

To evaluate potential spatial autocorrelations between our sampling plots, we
checked correlation between GLMM residuals using Moran’s 1 statistics in SAM v4.0
software (Rangel et al. 2010). We adjusted the number of distance classes in the
correlograms to the equal distance between sampling plots. Seven distance classes were

used (0.58, 1.75, 2.91, 4.08, 5.24, 6.40, 7.57 km). Each Moran’s I value was tested for
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significance by 1000 permutations. No response variable showed spatial autocorrelation
of GLMM residuals.

The species composition of the aerial insectivorous bats was related to the
predictor variables described above using a multivariate extension of the generalized
linear models of the ‘manyglm’ function (Warton et al. 2012), using Negative Binomial
distribution with quadratic parameterization in the mvabund package (Wang et al. 2012,
2020). This approach allowed hypotheses testing without confounding location with
dispersion effects in a multivariate space, which could inflate type I and Il errors
(Warton et al. 2012). The effect of each predictor variable was evaluated using the
‘anova.manyglm’ function from the mvabund package, based in Monte-Carlo fitted
model resampling and Wald test. P-values were adjusted for multiple tests with 999
bootstrap iterations. The ‘manyglm’ and ‘anova.manyglm’ functions (or any other
multivariate analysis for species composition) do not incorporate random variables like

the GLMM tests used previously.

RESULTS
We recorded 10019 calls of aerial insectivorous bats, belonging to 20 bat species and
six bat families (Table S1). Most records and species came from to the family
Emballonuridae (4916 records; 9 species), which represented 49% of all records and
45% of species. Four species had more than a thousand activity records each
(Pteronotus rubiginosus, Saccopteryx bilineata, Cormura brevirostris and Myotis
riparius). Seven species were recorded in more than half the plots, and three species
occurred in all plots (C. brevirostris, S. bilineata and P. rubiginosus) (Table S1).

Insect biomass ranged from 0.017 to 0.778 g (0.23 + 0.20 g, mean + Standard

vegetation clutter values ranged from 50.7% to 69.2% (58.8 + 6.2%) (Table S2). Insect
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biomass was the predictor variable with the greatest contribution to bat activity, species
richness, and bat species composition (Table 1). Bat activity and species richness were
positively related to insect biomass (Table 1; Fig. 2). Bat species composition was
related to terrain elevation (Fig. 3) and insect assemblage composition (Table 1).
Centronycteris maximiliani, Peropteryx macrotis, P. trinitatis, Saccopteryx gymnura, S.
bilineata, Furipterus horrens, Cynomops abrasus, P. rubiginosus and Eptesicus
brasiliensis showed greatest activity in the plots with greatest abundance of insects of
the orders Homoptera, Coleoptera, Diptera and Hymenoptera (Fig. 4). Vegetation clutter
influenced neither the activity, richness nor species composition of the sampled aerial
insectivorous bats (Table 1).

Myotis riparius, P. rubiginosus and S. bilineata were positively influenced by
insect biomass (Table 2). Altitude positively influenced M. riparius and
Vespertilionidae | (Table 2). Vegetation clutter negatively influenced M. riparius, S.
leptura and Vepertilionidae | (Table 2). Insect assemblage composition influenced the

species C. maximiliani, C. brevirostris, Myotis sp. and S. leptura (Table 2).

DISCUSSION

Our results showed that in continuous forests the aerial insectivorous bat assemblage
was structured mainly by food availability. Bats were more active and there were more
species in areas with greater insect biomass. Bat-assemblage species composition was
also influenced by insect assemblage composition and terrain elevation. In contrast,
vegetation clutter and terrain elevation influenced relatively few aerial insectivorous bat
species, indicating that the response to these variables was species-specific within the

bat assemblage.
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Our findings mirror previous studies that also identified insect biomass as a
determining factor in the spatial distribution of aerial insectivorous bats (Fukui et al.
2006; Hagen and Sabo 2011; Lloyd et al. 2006). Bats of the genus Myotis show greater
foraging activity near streams where the abundance of adult aquatic insects is higher
(Fukui et al. 2006), while the distribution of M. evotis and M. thysanodes has been
shown to be associated with the abundance of larger, non-aquatic, insects (Lepidoptera,
Coleoptera and Hemiptera) (Ober and Hayes 2008). The size of the insects, an attribute
that is related to the overall biomass of insects recorded in a location, is also an
important aspect in the diet of bats. The larger the prey, the fewer individuals need to be
consumed for the bat to meet the per night energy requirement (Akasaka et al. 20009;
Pyke 1984; Zavala-Camin 1996). Greater size of individual prey also allows the
selection of more nutritious items and of those sites with a greater energy return (Abreu
et al. 2010; Hutchinson 1959; Mialhe 2014; Schoener 1974).

As with a number of other studies, the current investigation demonstrated that
insect assemblage species composition also acts as a factor that modulates the
distribution and abundance of aerial insectivorous bats (Barclay 1991; Fukui et al. 2006;
Gongcalves et al. 2013; O'Donnell 2000; Salvarina et al. 2018). Bat spatial distribution
was linked to the locations of greatest preferred prey abundance, as in the species P.
rubiginosus which mainly consumes Hemiptera, Diptera, Coleoptera and Hymenoptera
(Emrich et al. 2014), forms which are more abundant in the plateau areas of Amazonian
continuous forests (Oliveira et al. 2015). In the plots sampled in this study, bats such as
P. rubiginosus and four species of the Vespertilionidae family (Vespertilionidae I,
Vespertilionidae 11, M. riparius and Eptesicus brasiliensis) were more active in plots
with greater abundance of insects in the orders Diptera and Coleoptera. Although this

does not guarantee that the insects sampled are those consumed by these bats, the
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observed relationship is an indication of an association between the distribution of bats
and their potential prey. These four bat species are specialists on those insect orders
(Brigham and Saunders 1992; Ober and Hayes 2008; Syme et al. 2001). For example,
65% of the diet of Eptesicus fuscus may consist of Coleoptera (Brigham and Saunders
1990) while species of the genus tropical Myotis have a diet concentrated in Diptera,
Coleoptera and Lepidoptera (Whitaker 2004). Species of the family Emballonuridae P.
macrotis and S. bilineata have a diet based on Coleoptera and Diptera (Bradbury and
Vehrencamp 1976; Reis et al. 2007; Sanchez-Palomino et al. 1996), while S. leptura
consumes large volumes of Hymenoptera (Nogueira et al. 2002; Schnitzler and Kalko
2001).

Unlike aerial insectivorous bats, gleaning insectivorous bat-assemblage structure
in the same study area was not determined by insect biomass and insect assemblage
composition (Capaverde et al. 2018). This indicates that the two insectivorous bat guilds
respond differently to food distribution. The difference in foraging mode, wing
morphology and characteristics of the echolocation call of these two groups of bats may
influence their relationship with the distribution of prey insects (L6pez-Baucells et al.
2016). Gleaning insectivorous bats search for potential prey by listening to the sounds
generated by arthropods on vegetation and on the ground, and the echolocation call is
frequency modulated, a type which is effective in dense and cluttered vegetation
(L6pez-Baucells et al. 2016; Norberg and Rayner 1987). In contrast, aerial insectivorous
bats capture their prey in mid-air during flight. Consequently, their echolocation signals
are more variable, with most species having a constant or quasi-constant frequency
signal (Ciechanowski et al. 2008; Kalko and Schnitzler 1998). In addition, wings of
aerial insectivores are adapted to more maneuverable forms of flight than gleaning

insectivorous bats, possibly due to the greater maneuverability of their prey that are
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captured in-flight (Marinello and Bernard 2014). Wing characteristic and echolocation
forms provide aerial insectivorous bats with greater maneuverability in dense vegetation
environments. As a result, the space distribution of the gleaning insectivorous bats is
more influenced by vegetation clutter (Capaverde et al. 2018; Caras and Korine 2009;
Marciente et al. 2015), while aerial insectivorous bats are more influenced by the
quantity and distribution of prey (Hagen and Sabo 2014; Oliveira et al. 2015).

Areas with more cluttered vegetation may decrease the bats' ability to maneuver
and forage for insects compared to less obstructed areas (Marciente et al. 2015).
However, in the current study, between-plot variation in vegetation clutter (46.6% to
69.2%) was not enough to influence bat activity, or the number and composition of
species present. Aerial insectivorous bats have a higher aspect ratio and relative wing
loading resulting in greater maneuverability in flight than fruit-eating and nectarivorous
bats (Marinello and Bernard 2014), allowing them to use forests with a high level of
vegetation clutter (Marques et al. 2015; Schnitzler and Kalko 2001). However, a
response at assemblage-level may not be matched by the response at species-level; in
the current study, members of the Vespertilionidae family (especially Myotis. sp.) and S.
leptura avoided areas of highly obstructed vegetation. However, our estimate of
vegetation clutter is limited to the understory (up to 3 m in height) and measurements of
canopy vegetation may provide new information on the effects of vertical forest
structure on bats distribution.

Terrain elevation positively influenced the activity of three species of aerial
insectivorous bats (M. riparius and Vespertilionidae 1). Myotis riparius is identified as a
slow-flying species (Norberg and Rayner 1987). Since plateau areas have a higher level
of vegetation clutter than the vegetation in areas close to streams (Oliveira et al. 2015),

it is possible that this species is avoiding more open areas and with it a greater risk of
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predation (Appel et al. 2021). In addition, the elevation has a direct and positive
relationship on insect biomass in Ducke reserve (Capaverde et al. 2018), creating
habitats that favor foraging by these species (Treitler et al. 2016).

Our study showed that the aerial insectivorous bat community of a continuous
tropical forest was structured by food availability. In addition, the variables terrain
elevation and vegetation obstruction also influence the distribution and activity of aerial
insectivorous bats at the species level. Future studies may include a functional approach
to understand which species traits can explain their relationship with environmental

variables (Colombo et al. 2022; Ferreira et al. 2023).
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Tables

Table 1 Results of the statistical analyzes of the relationship between the number of species, total activity and species composition of aerial insectivorous bats and the

predictor variables terrain elevation, vegetation clutter, insect biomass and insect assemblage species composition. R’m is the marginal variance explained by the fixed

variables and R?c is the conditional variance explained by the entire model. Independent explanatory power (HP) based on hierarchical partitioning of the richness and

activity are shown. As the multivariate analyzes for species composition do not generate an explanation of the variance, these results are not presented. Relationships

with P < 0.05 appear in bold

Response variables Variance explained Terrain elevation Vegetation clutter Insect biomass Insect assemblage Model family*
composition
R°m R%c z P HP®%) z P HP %) z P HP (%) z P  HP (%)
Activity 0.49 0.49 1.60 011 103 -203 005 10.1 354 <0.0001 745 -2.03 0.11 5.2 NB2
Richness 0.35 0.35 -0.14 0.90 4.0 -150 0.14 199 3.01 0.00 55.1 1.20 0.24 21.0 Gaussian

Species composition 6.54 0.001

450 0.09 741 0.001 7.90 0.001

* NB2 = Negative binomial distribution: quadratic parameterization
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Table 2 Result of the GLMM for the relationship between the activity of aerial insectivorous bat species and the predictor variables terrain elevation, vegetation clutter, insect
biomass and insect assemblage species composition. R?m is the marginal variance explained by the fixed variables and R?c is the conditional variance explained by the entire

model. Independent explanatory power (HP) based on hierarchical partitioning of the richness and activity are shown. Relationships with P < 0.05 are given in bold

Species Variance explained Terrain elevation Vegetation clutter Insect biomass Insect assemblage Model family*
composition
R°m R’ z P HP(%) z P HP(%) z P HP (%) z P HP (%)
C. maximiliani 0.32 0.32 -1.30 0.21 20.0 1.10 0.30 7.3 0.10 1.03 11 3.00 0.003 71.6 NB1
C. brevirostris 0.49 0.49 -1.00 1.00 184 -0.50 0.62 1.0 192 0.054 61 -331 0.004 74.5 NB2
Myotis sp. 0.96 0.96 0.53 0.60 149 -1.00 0.40 1.5 0.14 1.00 0.5 -4.10 <0.0001 83.1 NB2
M. riparius 0.56 0.56 421 0005 425 -3.04 0.003 38.0 250 0.013 175 -1.20 0.25 2.0 NB2
P. rubiginosus 0.51 0.51 1.03 041 3.5 1.00 0.44 182 335 0.0002 765 -1.00 0.35 1.8 NB1
S. bilineata 0.34 0.34 2.02 0.10 8.9 -0.22 1.03 4.8 3.00 0.004 81.3 0.23 1.00 51 NB1
S. leptura 0.54 0.54 1.14 0.25 6.2 -2.20 0.05 7.1 1.03 0.30 1.8 -4.15 <0.0001 84.8 NB2
Vespertilionidae | 0.53 0.53 3.01 0.005 483 -2.60 0.001 265 400 0.000 232 -1.00 0.50 2.1 NB2

* NB1 = Negative binomial distribution: linear parameterization; NB2 = Negative binomial distribution: quadratic parameterization
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Fig. 1 Location of the Adolpho Ducke Forest Reserve, and distribution of sampling
plots within the PELD grid. Black circles on the PELD grid indicate riparian plots, and

black squares indicate non-riparian plots
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Fig. 2 Relation between insect mass and species richness (A) and aerial insectivorous
bat activity (search-phase calls per night) (B) in a continuous forest in Central Amazon.

Grey areas around linear trend lines represent 95% confidence intervals
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Fig. 3 Distribution of aerial insectivorous bat species activity in relation to insect

biomass gradient in a preserved continuous forest in Central Amazonian, Brazil. The

columns represent the amount of activity of each bat species in the sampling plot. The

horizontal order of the sampling plots was based on the insect biomass gradient. The

vertical order of species was based on bat activity along the insect biomass gradient, in

which the species with more activity in plots with the highest insect biomass are

positioned near the top of the graph, while the species with more activity in plots with

the lowest insect biomass are placed near the bottom. Once the activity value of each

species is on a different scale, it is not possible to make a direct comparison among

species
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Fig. 4 Distribution of aerial insectivorous bat species activity (A) and abundance of

insect orders consumed by bats (B) in relation to the first NMDS axis of insect

composition. The columns represent the amount of activity of each bat species and

abundance of each insect order in the sampling plot. As the two distributions are

ordered by the same variable (NMDS 1 axis of insect composition), the horizontal order

of the sampling modules is the same in both graphs. Thus, it is possible to verify

whether the activity of bat species coincides with the abundance of insect orders
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SUPPLEMENTARY INFORMATION

Table S1 List of aerial insectivorous bat species, activity by species and number of sampling plots with

records in a continuous forest in Central Amazonian, Brazil

Species Activity N plots with records
Emballonuridae
Centronycteris maximiliani (Fischer, 1829) 535 12
Cormura brevirostris (Wagner, 1843) 1617 17
Diclidurus ingens Hernandez-Camacho, 1955 2 1
Peropteryx kappleri Peters, 1867 7 3
Peropteryx macrotis (Wagner, 1843) 1 1
Peropteryx trinitatis Miller, 1899 6 4
Saccopteryx bilineata (Temminck, 1838) 2094 17
Saccopteryx gymnura Thomas, 1901 10 4
Saccopteryx leptura (Schreber, 1774) 644 16
Furipteridae
Furipterus horrens (Cuvier, 1828) 60 11
Molossidae
Cynomops abrasus (Temminck, 1827) 12 2
Eumops sp. 2 2
Molossidae Il 258 13
Mollossus molossus Pallas, 1766 6 1
Mormoopidae
Pteronotus rubiginosus (Wagner, 1843) 2633 17
Thyropteridae
Thyroptera sp. 14 4
Vespertilionidae
Eptesicus brasiliensis (Desmarest, 1819) 5 4
Myotis sp. 232 4
Myotis riparius Handley, 1960 1285 15
Vespertilionidae | 523 10
Vespertilionidae 11 73 10
Total 10019 17
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Table S2 Variation of predictor variables terrain elevation (m), vegetation clutter (%) and

insect biomass (g)

Plot name  Plot type Terrain elevation Vegetation clutter Insect biomass
(m) (%) (9)
L3-2500 Non-riparian 64.41 51.99 0.2182
L4-0500 Non-riparian 62.32 65.12 0.7780
L4-2500 Non-riparian 119.95 68.64 0.0580
L4-4500 Non-riparian 118.24 56.05 0.3676
L5-1500  Non-riparian 107.02 69.24 0.5127
L5-3500  Non-riparian 121.79 64.88 0.0777
L7-0500 Non-riparian 77.68 58.74 0.1358
L7-1500 Non-riparian 89.91 64.58 0.2405
L8-2500 Non-riparian 78.97 50.70 0.0901
L8-4500 Non-riparian 106.74 51.62 0.3520
PO-01 Riparian 81.09 65.27 0.3740
PO-04 Riparian 68.81 56.03 0.0222
PO-05 Riparian 59.96 53.44 0.2070
PO-06 Riparian 56.42 56.16 0.1772
PO-07 Riparian 60.29 54.29 0.0660
PO-12 Riparian 73.72 52.00 0.0177

PO-17 Riparian 76.02 61.41 0.1450




CONCLUSOES

A partir dos resultados obtidos nessa tese de mestrado ficou demonstrada a
importancia dos insetos para 0s morcegos insetivoros aéreos. Embasado nas anélises e
no estudo realizado a partir de dados coletados na Reserva Adolpho Ducke, observei
que a massa e a composicdo de insetos foram os fatores preditores para a estruturacdo
da comunidade de morcegos insetivoros aéreos em comparacdo com a elevagdo do
terreno e obstrucdo da vegetacdo em uma floresta continua na Amazonia Central. A
altitude foi um dos fatores determinantes na distribuicdo de trés espécies do grupo, o
que resultou na variavel sendo a segunda em importancia para a composicao de espécies
de morcegos insetivoros aéreos. De maneira geral, a guilda apresentou comportamento
de forrageio em locais mais baixos e proximos aos riachos, e em areas de platé onde a
vegetacdo € mais obstruida. Para a conservacao deste grupo isto implica na protecdo ndo
apenas das 4reas proximas aos cursos d’agua, como estd prevista em lei, pois ¢é
necessaria uma extensdo maior de area protegida para a manutencao destes organismos.
Recomendo que estudos futuros possam comparar a abundancia e distribuicdo de
diferentes guildas de morcegos (frugivoros, nectarivoros, insetivoros catadores e
insetivoros aéreos) a fim de se obter informacgbes sobre quais condi¢bes ambientais

essas guildas respondem no mesmo habitat.
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