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RESUMO

Ferreira, Marcelo Martins. Fatores ambientais que determinam a riqueza, diversidade
taxondmica, funcional e filogenética de morcegos em uma floresta de terra firme preservada no
nordeste da Amazoénia brasileira. Macapd, 2021. Dissertacdo (Mestre em Biodiversidade
Tropical) — Programa de P6s-graduacao em Biodiversidade Tropical — Pro-Reitoria de Pesquisa

e Pds-Graduacdo - Universidade Federal do Amapa.

Variagdes nas condi¢cBes ambientais ao longo de gradientes desempenham um papelimportante
na distribuicdo das espécies por meio da filtragem ambiental de caracteristicasmorfoldgicas e
fisiologicas, mas seus efeitos na diversidade de morcegos permanecem pouco entendidos. O
objetivo principal deste estudo foi distinguir como a estrutura da vegetacdo (obstrucdo da
vegetacdo, altura do dossel e area basal), topografia do terreno e distancia para o corpo d’agua
mais proximo afetam as trés dimens6es da diversidade alfa (dimensGes taxondmica, funcional
e filogenética), aléem da predominéncia de alguns tragosfuncionais da comunidade de morcegos
filostomideos em uma area de floresta de terra firme preservada no nordeste da Amazonia
brasileira. Ap6s um total de 77.760 m2 .h de esforco amostral, que resultou na captura de 279
morcegos pertencentes a 28 espécies, demonstramos que em areas mais distantes do corpo
d’agua, a assembleia de morcegos é muito mais rica em espécies e taxonomicamente e
funcionalmente mais diversa. A riquezataxondémica também foi influenciada positivamente pela
elevacdo do terreno. No entanto, ndo houve efeito de nenhuma das variaveis medidas sobre a
diversidade filogenética. Contrariando as nossas expectativas, a massa média de morcegos foi
influenciada positivamente pela area basal da floresta. Em conjunto, nossos resultados
demonstram quevariagdes sutis nas condi¢cdes ambientais de um mesmo gradiente em escala

local, sdo suficientes para direcionar as principais dimensdes da diversidade alfa de morcegos.

Palavras-chave: Chiroptera; diversidade alfa; tracos funcionais; floresta tropical; filtro
ambiental; morcegos filostomideos; topografia; estrutura da vegetacdo; distancia para ocorpo

d’4gua.



ABSTRACT

Ferreira, Marcelo Martins. Environmental factors that determine the richness, taxonomic,
functional and phylogenetic diversity of bats in a preserved terra firme forest in the
northeast of the Brazilian Amazon. Macap4, 2021. Dissertacéo (Mestre em Biodiversidade
Tropical) — Programa de Pos-graduacdo em Biodiversidade Tropical — Pro-Reitoria de

Pesquisa e POs-Graduacdo - Universidade Federal do Amapa.

Variations in environmental conditions along gradients play an important role in species
distributions through environmental filtering of morphological and physiological
characteristics, however, their effects on bat diversity remain poorly understood. The main
objective of this study was to investigate how vegetation structure (vegetation obstruction,
canopy height and basal area), terrain topography and distance to the nearest watercourse
affect both the three dimensions of alpha diversity (taxonomic, functional and
phylogenetic), and the predominance of some functional traits, in the Phyllostomid bat
community in an area of terra firme forest in the northeastern Brazilian Amazon. A total
of77,760 m2 .h of sampling effort resulted in the capture of 279 bats belonging to 28
species.Based on these data, we demonstrate that in areas that are more distant from
watercourses,the bat assemblage is much richer in species and is taxonomically and
functionally more diverse. Taxonomic richness was also positively influenced by terrain
elevation. However,there was no effect of any of the measured variables on phylogenetic
diversity. Contrary toour expectations, the average body mass of bats was positively
influenced by the basal areaof the forest. Taken together, our results demonstrate that
subtle variations in the environmental conditions at a local scale have an influence on the

main dimensions of Phyllostomid bat alpha diversity.

Keywords: Chiroptera; alpha diversity; functional traits; tropical forest; environmental

filter; phylostomid bats; topography; vegetation structure; Distance to the watercourse.
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1. INTRODUCAO GERAL

1.1. FATORES AMBIENTAIS QUE ESTRUTURAM AS COMUNIDADES DE
ANIMAIS
Os animais percebem o ambiente por meio da disponibilidade de recursos e por isso

procuram melhores locais para se alimentarem, abrigarem e reproduzirem (MacArthur e
Pianka 1966, Carr e Macdonald 1986, Capaverde et al. 2018). Fatores como
disponibilidade de alimento (August 1983, Lambert et al. 2006, Dodd et al. 2008,
Capaverde et al. 2018), estrutura da vegetagdo (MacArthur e MacArthur 1961, Kerr e
Packer 1997, Poulsen 2002, Williams et al. 2002), disponibilidade de &gua (Rojas-
Ahumada et al. 2012) e relevo (Curran et al. 2012, Carvalho et al. 2019) podem ser
cruciais para o estabelecimento de espécies. Esse processo é definido como selecéo ideal
de habitat, e prediz que os individuos podem se locomover livremente no habitat para
maximizar a aptiddo individual (Holt 1985), podendo afetar os padrdes de riqueza e
distribuicdo das assembleias em um gradiente florestal (Lambert et al. 2006, Rojas-
Ahumada et al. 2012).

Estrutura da vegetacdo, topografia, proximidade aos corpos d'adgua e disponibilidade de
alimento, frequentemente, explicam a distribuicdo de espécies (Williams et al. 2002,
Pereira et al. 2009, Bueno et al. 2012, Capaverde et al. 2018). Mudancas na estrutura
fisica e taxondmica da vegetacdo influenciam no movimento, nos locais de abrigo e
nidificacdo e disponibilidade de alimento para os animais (Castagneyrol and Jactel 2012).
Além disso, gradientes topograficos com até 3.000 m apresentam grandes varia¢des de
temperatura, precipitacdo e radiacdo solar (Willig and Presley 2015), que criam varios
tipos de habitats e influenciam na distribuicdo de espécies. No entanto, variacdes mais
sutis na topografia (<100 m) também resultam em alteracfes nas comunidades vegetais
(Pansonato 2012, Schietti et al. 2014), o que afeta a distribuicdo dos animais (Menin et
al. 2007, Fraga et al. 2011). Além da topografia, a influéncia das margens de rios também
afeta a distribuicdo dos animais devido a disponibilidade de alimentos nesses ambientes
(Marques et al. 2012).

A relevancia das caracteristicas ambientais para estruturacdo das assembleias tem sido
demonstrada para varios grupos de animais. Em escala local em um gradiente de floresta
tropical, Williams et al. (2012), demostraram que as estruturas das assembleias de
pequenos mamiferos ndo voadores estdo intimamente relacionadas com a estrutura da

vegetacdo, de modo que, a riqueza de pequenos mamiferos aumentava de acordo a



10

complexidade da vegetacdo. Lees andPeres (2008) demonstraram que fatores como
cobertura do dossel, area basal e altura da vegetacao afetam a distribuicdo de mamiferos
de médios e grande porte. Outros trabalhos realizados com assembleias de aves (Poulsen
2002, Oliveira et al. 2019), anfibios, répteis (Atauri e Lucio 2001, Fraga et al. 2011), e
morcegos (Estrada-Villegas et al. 2012) também evidenciaram o efeito da estrutura da
paisagem na distribuicdo e diversidade de espécies. No entanto, sdo poucos 0s estudos
que vdo além da dimensdo taxondmica (e.g., riqueza, abundancias e composicdo de
espécies) para tentar explicar os principais fatores que estruturam as assembleias de
animais (Oliveira et al. 2019). Incorporar outras dimens@es da diversidade de espécies
pode nos dar uma maior compreensdo de como os fatores ambientais estéo direcionando
essas dimensfes e estruturando as assembleias de animais dentro de um gradiente
ambiental (Cisneros et al. 2014, Oliveira et al. 2019).

1.2. ABORDAGEM MULTIDIMENSIONAL PARA MENSURAR A
BIODIVERSIDADE

Identificar e compreender os padrdes que estruturam a biodiversidade sdo alguns dos
principais objetivos de estudos ecoldgicos (Connor e Simberloff 1979, MacArthur 1984,
Lawton 1999, Pavoine e Bonsall 2011, Magurran 2013, Arnan et al. 2017, Dambros et al.
2020). Assim, mensurando a biodiversidade, estudos buscam determinar quais fatores
espaciais, ambientais e temporais estruturam os diferentes padres de distribuicdo de
espécies, tanto em escala local como global (Chase e Leibold 2002, Leibold et al. 2004,
Kreft e Jetz 2007). A mensuracgdo da biodiversidade ndo deve simplesmente quantificar
um conjunto de diferentes espécies e a uniformidade de suas abundancias (diversidade
taxonémica) (DeJong 1975), mas sim mensurar a biodiversidade atraves de uma
abordagem multifacetada, incluindo diferentes escalas no espaco e no tempo, além das
caracteristicas funcionais das espécies (e.g., diversidade funcional) e diferentes linhagens
evolutivas [e.g., diversidade filogenética (Pavoine e Bonsall 2011)]. No entanto,
conhecemos muito sobre padrbes taxondmicos da biodiversidade, porém com grandes
lacunas no conhecimento relacionado as dimensdes funcional e filogenética (Pavoine e
Bonsall 2011, Swenson 2013, Aguirre et al. 2016, Arnan et al. 2017). Atualmente, esse
viés em relacdo a dimenséo taxonomica da biodiversidade tem sido suprimido com o
advento de diferentes ferramentas para se mensurar as diferentes dimensfes da
diversidade, considerando diferentes indices ecoldgicos (Pla et al. 2012, Cardoso et al.
2014, Chao et al. 2014, Melo et al. 2014, Moreno et al. 2018).
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Dentre as trés dimensdes da biodiversidade, a diversidade funcional reflete as
caracteristicas morfolodgicas, fisiologicas e ecoldgicas encontrada em uma determinada
comunidade (Petchey e Gaston 2006), oferecendo uma visdo mecanicista para a
resisténcia, resiliéncia e funcionamento do ecossistema. Ja a diversidade filogenética
reflete diferencas evolutivas entre as espécies com base nos tempos desde a divergéncia
de um ancestral comum (Faith 1992, Webb et al. 2002) e representa uma estimativa
abrangente das diferencas ecoldgicas e fenotipicas filogeneticamente conservadas entre
as espécies (Cavender-Bares et al. 2009). Quando usadas em conjunto, as trés dimensdes
da biodiversidade, temos resultados muito mais robustos e interpretativos sobre os
diferentes padrdes de diversidade, nos permitindo discutir também sobre como o meio
interfere na funcdo ecoldgica e na historia evolutiva das espécies (Leibold 1995, Larson
e Losos 1996, Webb 2000, Webb et al. 2002, Fukami et al. 2005, Cadotte et al. 2013,
Swenson 2013, Cisneros et al. 2015, Ramos Pereira et al. 2018, Carvalho et al. 2020).
Portanto, o uso das multiplas dimensdes da diversidade em estudos ecoldgicos pode nos
ajudar a entender os diferentes padrdes evolutivos das espécies, assim como suportar de
forma robusta diferentes diretrizes direcionadas a conservacdo de habitats e espécies
(Vane-Wright et al. 1991, Faith 1996, Cadotte et al. 2011, Freitas e Mantovani 2017,
Tucker et al. 2017).

Abordagens multidimensionais também podem nos trazer informacgdes mais robustas para
entender como fatores ambientais, como a filtragem ambiental, afetam a formacéo das
comunidades de espécies (Pavoine e Bonsall 2011). Em geral, espere-se uma correlagao
positiva entre as dimensdes taxonémica, funcional e filogenética, visto que, um aumento
na diversidade de espécies pode refletir em mais linhagens e caracteristicas funcionais
acumuladas na comunidade (Losos 2008). No entanto, 0s mecanismos que direcionam
variacdes na riqueza de espécies podem ndo ser 0s mesmos responsaveis pela variagcdo
nas caracteristicas funcionais e filogenéticas (Cisneros et al. 2014).

Maior riqueza taxonémica ao longo de um gradiente ambiental, em relacdo aos
componentes funcional e filogenético, deve-se a filtragem ambiental que atua nas
espécies que compartilham caracteristicas funcionais semelhantes (ou historias
filogenéticas semelhantes), as quais serdo importantes para a persisténcias das espécies
(e linhagens) em um determinado habitat (Hermant et al. 2012, Cisneros et al. 2014,
Farneda et al. 2015, Frank et al. 2017). Em tais cenarios, a capacidade de lidar com o
filtro ambiental especifico é compartilhado em espécies mais estritamente relacionadas

da comunidade (Kraft et al. 2007, De Pauw et al. 2021). No entanto, espécies de diferentes
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linhagens filogenéticas podem adquirir a capacidade de se adaptar a filtragem ambiental
de forma independente, levando a uma maior diversidade filogenética em relacdo a
riqueza de espécies (De Pauw et al. 2021). Isso mostra que diferentes aspectos da
diversidade podem ser direcionados por condigdes ambientais contrastantes e em
diferentes direcBes (De Pauw et al. 2021), evidenciando a importancia de olhar além da
dimensédo taxondmica, utilizando abordagens que quantificam a diversidade funcional e

filogenética.

1.3. MORCEGOS E SUA IMPORTANCIA PARA VISUALIZAR PADROES
ECOLOGICOS NA AMAZONIA

Morcegos possuem um elevado nimero de espécies e guildas alimentares bem conhecidas
(Kalko et al. 1996, Emmons e Feer 1997, Simmons e Voss 1998, Schnitzler e Kalko
2001, Giannini e Kalko 2004, Fenton e Simmons 2015, Reis et al. 2017, Lépez-Baucells
2018), além de serem bastante sensiveis a mudancas na paisagem (Stevens et al. 2007).
Sendo assim, 0s morcegos sdo de grande interesse para estudos que visam avaliar 0s
efeitos de mudancgas ambientais na selecdo do habitat. Por exemplo, morcegos respondem
a gradientes de elevacdo topograficos (Capaverde et al. 2018), a varia¢cBes no clima
(Estrada-Villegas et al. 2012), e sua riqueza e abundancia de espécies sao influenciadas
pela estrutura do habitat. Portanto, isso permite relacionar distribuicdo de espécies com
caracteristicas ambientais (Colombo 2017).

Estrutura da vegetacdo pode determinar diferentes assimetrias no uso de habitats. Por
exemplo, morcegos com adaptacdes morfoldgicas para forrageio em habitats abertos tém
dificuldades em forragear em locais com vegetacdo densa (Norberg e Rayner 1987,
Muller et al. 2012). Provavelmente, isso deve estar relacionado ao comportamento de voo
dos morcegos (Bobrowiec et al. 2014), pois morcegos que possuem um voo rapido devido
a um maior aspecto e carga relativa da asa, vdo voar preferencialmente em espacos
abertos, enquanto que espécies que possuem um voo altamente manobravel, devido a
menor carga alar e menor aspecto de asa sdo mais favorecidas em locais com vegetacao
densa (Siemers e Swift 2005, Muller et al. 2012). Sendo assim, a estrutura da vegetacédo
se comporta como um filtro, selecionando as espécies de maior manobrabilidade
(Stockwell 2001, Marciente et al. 2015).

A disponibilidade de alimento também se mostra como um fator determinante na
dindmica populacional de morcegos. Isso é demonstrado no estudo de Ramos Pereira et

al. (2010), onde constatou-se que uma maior oferta de frutas na época de cheia contribuiu
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para uma variagdo na abundéncia de morcegos frugivoros (Carollia perspicillata e
Artibeus planirostris) dentro e entre florestas de varzea, igap0 e floresta de terra firme
ndo inundada. Outro estudo, realizado por (Oliveira et al. 2015), mostrou que a atividade
de Pteronotus parnellii foi maior em areas ndo riparias, devido a maior biomassa de
insetos, do que em areas riparias

Gradientes topograficos também podem influenciar os padrdes de distribui¢bes de
morcegos (Stein et al. 2014). Por exemplo, Carvalho et al. (2019) demonstraram que a
diversidade de morcegos diminuiu acentuadamente com o incremento da elevacdo. Esses
padrdes de distribuicdo de morcegos em gradientes altitudinais tém sido demonstrados,
principalmente, em altitudes de até 3.000 m (Bejarano-Bonilla et al. 2007, Carvalho et al.
2019), pois apresentam grandes variacdes de temperatura, precipitacdo e radiacdo solar
(Willig e Presley 2015). No entanto, ao longo das terras baixas amazoénicas, variacdo mais
sutil na topografia (< 100) resultam em alteracdes nas comunidades vegetais (Pansonato
et al. 2012, Schietti et al. 2014), com consequente influéncia na distribuicdo de
vertebrados, incluindo morcegos (Kabat et al. 2007, Menin et al. 2007, e Fraga 2011).
Topografia, estrutura da vegetacdo e disponibilidade de alimento j& sdo bem
documentados como preditores da diversidade e estrutura da comunidade de morcegos na
Amazonia (Marques et al. 2012, Muller et al. 2012, Silva 2012, Marciente et al. 2015,
Bobrowiec e Tavares 2017, Carvalho et al. 2019). Todavia, estes estudos focaram em
ambientes muito diferentes. Por exemplo, diferencas nas comunidades de morcegos entre
terra firme e varzea (Bobrowiec et al. 2014), terra firme, savanas e campinaranas
(Carvalho et al. 2018) e entre terra firme, varzea e igap6 (Ramos Pereira et al. 2009,
Marques et al. 2012). Neste caso, a composicao das espécies pode estar relacionada a
cada tipo de vegetacdo e, portanto, ocultando variagcdes dentro de cada ambiente (Tews
et al. 2003, Capaverde Junior 2015). Entretanto, pouco se conhece sobre o0s
direcionadores da diversidade e estrutura da comunidade de morcegos em um mesmo
gradiente ambiental (Marciente et al. 2015, Capaverde et al. 2018, Pereira et al. 2019).
Em um mesmo gradiente, € possivel que variagdes mais sutis de um mesmo tipo de
vegetacdo possam influenciar na diversidade e composi¢do de morcegos em uma escala
mais local (Ober e Hayes 2008, Estrada-Villegas et al. 2012, Capaverde Junior 2015).
Apesar de diferentes estudos terem sido realizados em um mesmo gradiente ambiental
nos ultimos anos (Marciente et al. 2015, Capaverde et al. 2018, Pereira et al. 2019),
nenhum desses estudos avaliou simultaneamente as dimensdes taxonémica, funcional e

filogenética. Portanto, nosso objetivo neste estudo € distinguir como a estrutura da



14

vegetacdo (obstrucdo da vegetacdo, area basal e altura do dossel), altitude e distancia para
0 corpo d’agua mais proximo afetam as trés dimensOes da diversidade alfa (dimenséo
taxonémica, funcional e filogenética), além da predominancia de alguns tracos funcionais
(massa corporal, morfologia da asa e nivel tréfico) da comunidade de morcegos
filostomideos em uma area de floresta de terra firme preservada no nordeste da Amaz6nia

brasileira.
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PREDICOES

O aumento da obstrucdo da vegetagéo leva a uma diminuicdo nas dimensées da
diversidade alfa de morcegos ao nivel do sub-bosque, pois dificulta a
manobrabilidade e ecolocalizagdo dos morcegos filostomideos (Hagen e Sabo
2011, Marciente et al. 2015).

Area basal é um indicador de poleiros, abrigos e disponibilidade de alimentos
(Aguirre et al. 2003, Carbone et al. 2013, Minor e Kobe 2019). Devido a isso,
esperamos que um incremento em seu Vvalor influencie positivamente nas

dimensGes da diversidade alfa de morcegos filostomideos.

Esperamos que altura do dossel afete positivamente as dimensdes da diversidade
alfa de morcegos filostomideos, pois um dossel mais alto apresenta maior variacéo
vertical das condi¢cGes ambientais como biomassa vegetal, temperatura, umidade
e luz (Bazzaz 1975, Parker et al. 1995, Clark et al. 2008), gerando diferentes

formas de aproveitar os recursos disponiveis.

Esperamos que o aumento da elevacéo influencie positivamente as dimensdes da
diversidade alfa, pois areas mais elevadas tendem a ter maior complexidade da
vegetacdo [e.g., maior riqueza de espécies de plantas e estrutura da vegetacdo
lenhosa (Jankowski et al. 2013, Rodrigues et al. 2014, Toledo et al. 2017)], e isso,
por sua vez, refle em uma maior diversidade de abrigos e alimentos para 0s

morcegos filostomideos.

Os solos sédo mais arenosos, encharcados e pouco oxigenados em areas proximas
aos corpos d’agua, o que limita o crescimento de muitas espécies de plantas
afetando a diversidade de recursos como alimentos e abrigos para 0S morcegos
filostomideos nessas regides (Costa et al. 2005). Devido a essas condicdes,
esperamos uma relagdo positiva da distancia do corpo d’4gua com as dimensdes

da diversidade alfa de morcegos filostomideos.

Em relacéo aos tracos funcionais da comunidade, morcegos com maior massa

corporal, aspecto e carga relativa da asa tendem a ter menor capacidade de



16

manobrabilidade durante o voo e, por isso, séo favorecidos em ambientes mais
abertos. Assim, espécies com estas caracteristicas utilizardo mais os locais com
menor grau de obstrucdo de sub-bosque, area basal, areas com maior altura do
dossel, areas menos elevadas e mais proximas dos corpos d'agua (Sleep e
Brigham 2003, Ober e Hayes 2008, Hanspach et al. 2012, Marinello e Bernard
2014, Blakey et al. 2017).

NoOs também esperamos que morcegos animalivoros, que em geral apresentam
valores menores de aspecto da asa e carga relativa da asa, sejam mais associados
a ambientes mais obstruidos com maior grau de obstrucdo do sub-bosque, area
basal, menor altura do dossel e em areas mais elevadas e mais distantes dos corpos
d’agua (Norberg e Fenton 1988, Fenton et al. 1992, Medellin et al. 2000, Giannini
e Kalko 2004, Bobrowiec e Gribel 2010, Marinello e Bernard 2014). Por outro
lado, morcegos fitéfagos que sdo mais generalistas, terdo maior peso médio em
ambientes menos complexos, areas menos elevadas e proximas aos corpos d’agua,

devido a maior abundéncia de frutas nessas regides (Marques et al. 2012).
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3. OBJETIVOS
3.1. GERAL

Avaliar o efeito dos fatores ambientais sobre a diversidade alfa e a predominancia de
tracos funcionais de morcegos filostomideos em floresta de terra firme preservada no

nordeste da Amazonia brasileira.

3.2. ESPECIFICOS

o Avaliar o efeito da obstrucdo da vegetacao, area basal, altura do dossel, altitude e
distancia até o curso d’agua mais proximo sobre a diversidade alfa de morcegos
filostomideos de uma floresta de terra firme preservada no nordeste da Amazoénia

brasileira.

e Auvaliar o efeito da obstrucdo da vegetacdo, area basal, altura do dossel, altitude e
distancia até o corpo d’agua mais proximo sobre a predominancia de alguns tragos
funcionais (massa corporal, morfologia da asa e nivel tréfico) de morcegos
filostomideos em uma floresta de terra firme preservada no nordeste da Amazonia

brasileira.
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5.1. Abstract

Here we investigate the effect of five explanatory variables: distance to the watercourse,
terrain elevation, vegetation clutter, basal area, and canopy height on taxonomic,
functional, and phylogenetic a-diversity, and predominance of some functional traits
(body mass, wing morphology, and trophic level) of Phyllostomid bat assemblages in a
terra firme forest, Northeastern Brazilian Amazon. We have sampled bats using mist nets
in 15 permanent plots over 25 km? of continuous forest. We have captured 279 individuals
belonging to 28 species with a total of 77,760 m? .h of sampling effort. Our results have
showed that, in addition to increasing the richness of Phyllostomid bats as a function of
distance to the nearest watercourse, the assemblage also changes, with more diverse
taxonomic and functional groups in areas far to the watercourse. Furthermore, elevation
positively affects species richness, and the basal area of the forest positively influences
the average body mass of bats. Taken together, our results demonstrate that subtle
variations in the environmental conditions of the same gradient at a local scale are

sufficient to target the main components of the a-diversity of bats in primary forests.
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5.2. Introduction

One of the main goals of ecology is to understand how environmental factor’s
structure animal communities (Elton 2001; Guilherme et al. 2019; Lawton 1999; Leibold
1995; Magurran 2013; McGill et al. 2006). Different studies have tried to understand the
mechanisms that structure communities (Grinnell 1917; Levin 1992). Environmental
conditions, referring to niche theory, play an important role in the distribution of species
in a habitat through the environmental filtering of morphological, physiological, and
behavioral characteristics (Elton 2001; Keddy 1992; Rosenzweig 1987; Webb 2000),
generating differences in taxonomic, functional, and phylogenetic dimensions at different
scales (Baccaro ef al. 2013; Carvalho et al. 2021; Guilherme et al. 2019; Poff 1997).

The relevance of different environmental characteristics, such as vegetation
structure, food availability, topography, and distance to the water, has been demonstrated
for amphibians and reptiles (Atauri & Lucio 2001; Fraga et al. 2011), birds (Bueno et al.
2012; Poulsen 2002), terrestrial mammals (Lees & Peres 2008; Williams et al. 2002), and
bats (Marciente et al. 2015; Pereira ef al. 2019; Ramos Pereira et al. 2009). Among these
different groups of vertebrates, bats stand out, which have a high number of species and
feeding guilds (Emmons & Feer 1997; Kalko & Handley 2001; Kalko et al. 1996a; Lopez-
Baucells 2018; Reis ef al. 2017; Simmons & Voss 1998; Voss & Emmons 1996), and are
very sensitive to environmental gradients (Capaverde et al. 2018; Carvalho et al. 2021;
Meyer et al. 2016; Stevens et al. 2007).

One of the regions with the greatest richness and diversity of bats in the world is
the Amazon forest, which has at least 200 species described to date (Lopez-Baucells
2018). In this tropical forest, topography and vegetation structure are already well
documented as predictors of bat community structure (Bobrowiec & Tavares 2017,

Carvalho et al. 2019; Marciente et al. 2015; Marques et al. 2012; Silva 2012). However,
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several studies carried out in the region seeking to understand how ecological aspect’s
structure bat assemblages are based on very different habitats: terra firme versus
floodplain (Bobrowiec et al. 2014), terra firme versus savannas versus campinaranas
(Carvalho et al. 2018), terra firme versus tloodplain versus igapé (Ramos Pereira et al.
2009). In these cases, changes in species composition are abrupt due to the enormous
difference in the structure and species composition of the vegetation. On the other hand,
it is not well known how bat assemblages respond to finer changes in environmental
conditions within each habitat (Capaverde et al. 2018; Tews et al. 2003). It is possible
that more subtle variations of the same vegetation type can influence the diversity and
composition of bats at a local scale (Capaverde et al. 2018; Estrada-Villegas et al. 2012;
Ober & Hayes 2008). There are few studies that relate the composition and structure of
animal assemblages to environmental factors in the same continuous forest (Tews et al.
2003). In addition, there is still a huge gap in knowledge about the bat fauna in the
Amazon, as most of the studies carried out in this region are centered on a few areas,
generally with easier access, close to major urban centers such as Manaus, Belém or
Santarém (Delgado-Jaramillo ef al. 2020). In general, these studies are focused on
epidemiological aspects (Costa et al. 2017; Filgueiras et al. 2019; Streicker & Allgeier
2016) and species inventories (Bernard & Fenton 2002; Sampaio ef al. 2003), with few
studies analyzing the influence of food availability, vegetation structure, topography, and
proximity to water bodies on richness and taxonomic composition of bat (Bernard &
Valeria 2011; Capaverde et al. 2018; Marciente et al. 2015; Pereira et al. 2019). In
addition, to date, no study has simultaneously assessed the taxonomic, functional, and
phylogenetic dimensions of bat a-diversity in a continuous forest gradient in Amazon.
Multidimensional approaches that incorporate species diversity, functional traits

and phylogenetic trees can increase the detectability of ecological patterns (McGill et al.
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2006) because the components of diversity can capture different variations in the
community. The mechanisms that give rise to variations in species richness may not be
the same ones responsible for the variation in functional and phylogenetic characteristics
(Cisneros et al. 2014). For example, Blanchet ef al. (2014) demonstrated that the mean
annual water temperature and the distance of the river's upstream-downstream gradient
negatively affected the phylogenetic diversity of fish, while these same predictors
positively affected species richness. Graga et al. (2016) demonstrated that the relationship
between tropical butterflies and birds was evident when assessing the variation in
butterfly body size (functional component), but when analyzing species composition
(taxonomic component), there was no relationship. Therefore, the use of functional and
phylogenetic approaches, together with the taxonomic approach, provide more robust
information on the mechanisms that determine the variation in diversity along
environmental gradients (Cisneros ef al. 2014; Freitas & Mantovani 2017).

In this study, we aim to distinguish how vegetation structure (vegetation clutter,
canopy height, and basal area), terrain elevation, and distance to the nearest watercourse
affect the three dimensions of a-diversity (taxonomic, functional, and phylogenetic) and
the predominance of some functional traits of the Phyllostomid bat assemblage in a
preserved ferra firme forest area in the Northeastern Brazilian Amazon. We expect
vegetation clutter to be a physical barrier at the understory level for bats (Marciente et al.
2015), negatively affecting all dimensions of a-diversity. Basal area is an indicator of
perches, shelter, and food availability (Aguirre et al. 2003; Carbone et al. 2013; Minor &
Kobe 2019). Because of this, we hope that an increase in its value will reflect positively
on the dimensions of a-diversity. Tropical forests show considerable vertical variation in
plant extracts (Clark et al. 2008), temperature, humidity, and light (Parker et al. 1995)

from soil to canopy, and all this complexity of environmental factors generates different
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strategies to take advantage of available resources (Bazzaz 1975). Therefore, considering
that vegetation structure is an important factor in the availability of shelter and food, we
expect an increase in the dimensions of a-diversity in the higher parts of the terrain. In
addition, soils are sandier, waterlogged and poorly oxygenated in areas close to water
bodies, which limits the growth of many plant species, affecting the diversity of resources
such as food and shelter for bats in these regions (Costa et al. 2005; Toledo et al. 2017).
Due to these conditions, we expect a positive relationship between the distance from the
nearest watercourse and the dimensions of a-diversity.

Regarding the functional traits of the bat assemblage, we expect higher values for
mean body mass, wing morphology (relative wing loading and wing aspect ratio) in
environments with fewer obstacles, which tend to have less vegetation clutter understory
obstruction, basal area, and a higher canopy. We also expect higher mean values for body
mass, wing aspect ratio and relative wing loading in lower parts and close to nearest
watercourses due to less vegetation clutter that favors bat navigation (Ober & Hayes 2008;
Sleep & Brigham 2003). Animalivorous bats have lower values for aspect and relative
wing loading (Marinello & Bernard 2014; Norberg & Fenton 1988), and these
characteristics make them to be more favored in environments with higher levels of
obstacles. Therefore, we expect a higher weight of bats at this trophic level in areas with
greater vegetation cluttering, basal area, and lower canopy height and in higher areas and
further away to watercourses, where vegetation is more obstructed (Oliveira ef al. 2015).
On the other hand, phytophagous bats that are more generalists will have higher average
weight in less complex environments, less elevated areas and close to nearest

watercourses, due to the greater abundance of fruits in these areas (Marques et al. 2012).
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5.3. Methods

5.3.1.Study area
The study was carried out in the Floresta Nacional do Amapa (FLONA of Amapa),

a conservation unit of sustainable use located in the extreme Northeast of the Brazilian
Amazon. FLONA of Amapa has 459,800 ha (Figure 1 - ICMBio 2016). The region's
climate is hot and humid, with temperatures ranging from 24 to 28 °C, and annual
precipitation ranging between 2,300 and 2,900 mm (Oliveira et al. 2010; Oliveira et al.
2020). The wet season, which lasts from February to May, concentrates 70% of the total
annual precipitation, which can exceed 500 mm/month. The dry season (September to
November) concentrates 30% of annual precipitation and is characterized by <250
mm/month (Oliveira et al. 2010; Oliveira ef al. 2020).

Most of the FLONA of Amapd is located at elevations between 50 and 160 m a.s.1
(ICMBio 2016), however in the Northwest and East portions, the elevation varies from
160 to 200 m a.s.l. The forest phytophysiognomy that makes up the FLONA of Amapa is
not homogeneous, the main types of vegetation are dense alluvial forest with uniform
canopy, dense ombrophilous forest with emerging canopy, dense ombrophilous forest
with emerging canopy, and dense ombrophilous forest with submontane canopy uniform,
with the last two being the most representative vegetation types in the region (ICMBio

2016).
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Elevation

O Sampling points

196
197 Figure 1. Location of the study area in the state of Amapa, Brazil (a), southern part of the Amapa National
198 Forest (b), highlighting the 15 sampling points (grey squared) in the permanent plots (solid line) of the

199  Biodiversity Research Program (c).

200 5.3.2.Bat sampling
201 Sampling was carried out in 15 permanent plots installed in a system of trails

202  established by the Brazilian Program for Research in Biodiversity (PPBio;
203  https://ppbio.inpa.gov.br/ - Figure 1). PPBio uses the RAPELD method (in Portuguese,
204  RAP = rapid assessment protocol; PELD = long-term ecological survey) for sampling
205  different biological groups (Magnusson et al. 2005). The trail system consists of 6 trails
206  in the East-West direction and 6 trails in the North-South direction, covering an area of
207 25 km?. The trails allow access to 30 permanent plots systematically distributed at 1 km
208 intervals on the East-West trails (Magnusson et al. 2013). The plots are 250 m long and
209  follow the ground level curve, thus minimizing internal variations in soil and topography.
210  The 15 plots were chosen to ensure the greatest variation in topography (elevation) and

211  vegetation structure (e.g. diameter and height of trees) and distance to nearest
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watercourses (Figure 1).

We have visited each plot twice during the less rainy period in the Northeastern
Brazilian Amazon, between November 15th and December 2nd, 2017, and once in the
rainy season, between February 27th and March 7th, 2018. During each visit (sampling
night), we have captured bats using eight mist nets (12 X 3 m in size and 14 mm mesh)
per plot. The nets were set up 15 minutes before sunset (~18h:00) at ground level and
remained open for six hours (~00h:00), being inspected every 30 minutes (Carvalho et al.
2016). The sampling effort was dimensioned following recommendations by Straube and
Bianconi (2002), reaching 5,184 m? .h per plot, totaling 77,760 m? .h.

After removing bats from the mist net, we have measured the length of the forearm
with a caliper and the body mass with a spring scale (Pesola brand and accuracy of
+0.3%). Afterwards, bats were identified in the field with the help of taxonomic keys and
descriptions (Lim & Engstrom 2001; Lopez-Baucells 2018; Reis et al. 2013; Reis et al.
2017). Captured individuals were marked with a collar with individual identification
(Esbérard & Daemon 1999) and later released. We restricted our analyzes to bats of the
Phyllostomid ae family and the aerial insectivore Pteronotus sp. (family Mormoopidae),
because bats from other families are not commonly captured in ground-level mist nets
(Kalko et al. 1996a). All packages mentioned below were loaded in the R program,

version 3.6.1(R Development Core Team 2019).

5.3.3. Forest structure
We have estimated the vegetation clutter using the point-of-intercept sampling

method (Dias-Terceiro et al. 2015). This method consists of quantifying the number of
direct contacts by leaves and branches on a 1.5 m long stick raised vertically to 50 cm
above the ground (Bobrowiec & Tavares 2017; Dias-Terceiro et al. 2015). We counted
the number of points that touched the stick every 2 m in a 100 m stretch located in the

central track of the plot and in the same portion where the mist nets were installed. This
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procedure to estimate the vegetation clutter was carried out in parallel with the mist nets,
at a distance of 1 m, in order to minimize interferences caused by the removal of
vegetation when the nets were placed. Thus, the vegetation clutter in each plot was
represented by the total number of strokes on the stick over the 100 m.

Basal area (AB) and canopy height data were obtained through a vegetation
structure inventory carried out previously in accordance with the protocol established by
PPBio (Castilho et al. 2014). Trees with diameter at breast height (DBH) >1 ¢cm and < 30
cm were inventoried in an area of 2 x 250 m and trees > 30 were sampled in an area and
40 x 250 m in the plots. DBH was measured at 1.3 m above ground or at 50 cm above
tabular roots or trunk irregularities. The basal area of the plot was calculated by adding

the basal area values derived from the DBH; of each tree, the following equation 1:

1)

DBHi]2
2

AB = YL, [n
where AB is the basal area in m?. The calculation was performed for trees with 1 < DBH
< 30 cm and DBH > 30 cm separately (due to sampling in different area sizes) and the
basal areas were multiplied by 20 and 1 (respectively), then added together to provide an
estimate per hectare.

The total height (from the base of the trunk to the top of the crown) was measured
with a laser hypsometer (TruPulse® 360) in 1,156 trees (1 — 109 cm DBH) selected in 5
plots. The height calculation was performed using the tangent method (Larjavaara &
Muller-Landau 2013), using the distance and the lower and upper angles of the tree in
relation to the operator. The relationship between total height and DBH was adjusted

using the Michaelis Menten equation to generate an allometric model capable of

predicting height using the equation 2:

DBHi

H=511——
(25.14+DBHi)

()

The equation 2 was then used to estimate the total height of the inventoried trees and the
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mean height was calculated to represent the canopy height of the plot as a function of

DBH.

5.3.4. Terrain elevation and distance to the nearest watercourse
We use the geographic coordinates of the initial part of each plot to determine its

position and thus obtain the elevation through a digital elevation model (DEM) from the

Topodata project available at http://www.webmapit.com.br/inpe/topodata/, derived from

the Shuttle Radar Topography Mission — STRM. The distances to the nearest watercourse
were measured from the location of the plots and the network of river channels generated
with the DEM data. Using Quantum GIS 3.6.3 software and data from river channel
networks (Fill sinks modules), we have calculated the shortest distance from the central

point of each plot to the closest point of the river channel.

5.3.5. Functional traits
We chose four functional traits that have been related to the distribution of bats in

tropical forests (Castillo-Figueroa & Pérez-Torres 2021; Cisneros et al. 2014; Marciente
et al. 2015). The traits were obtained based on data collected during the manipulation of
bats and data from the literature, namely: body mass, trophic level, relative wing loading,
and wing aspect ratio.

Bat size may be a determining factor in habitat use (Hanspach et al. 2012; Ramos
Pereira et al. 2009). Large bats like Artibeus lituratus and Phyllostomus hastatus prefer
to forage on larger fruits that occur in the tree canopy, whereas small bats like Carollia
spp. prefer smaller fruits that are available in the lower forest strata (Kalko et al. 1996b;
Marques et al. 2012; Rex et al. 2011; Saldana-Véazquez et al. 2013; Schaefer et al. 2002;
Shanahan & Compton (2001); Voigt 2010). Body mass was determined as the average of
the body mass of adult individuals of each species captured.

Both the relative wing loading (division of body mass by the wing area) wing
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aspect ratio (division of the square of the wingspan by the wing area) directly influence
the maneuverability, agility, and flight speed of bats (Norberg & Rayner 1987), being
important predictors of habitat use in foraging (Muller et al. 2012; Norberg & Rayner
1987). Bats that have a low relative loading and a lower wing aspect ratio perform better
for foraging in places with more obstacles (Marinello & Bernard 2014; Silva 2012).
Species with these characteristics have wings capable of producing the high curvature
necessary to maintain lift in low-speed flights, favoring success in environments with
higher levels of obstruction (Stockwell 2001). Bats that have a high relative wing charge
and a high wing aspect ratio have constant high-speed flights and low energy costs
(Norberg & Rayner 1987). These characteristics favor flights in less obstructed
environments and over long distances in search of food (Norberg & Rayner 1987). Values
for relative loading and wing appearance were obtained from Marinello andBernard
(2014).

Different animal trophic guilds are affected by the resource availability, and
therefore these animals look for areas with better chances of finding available food
(Capaverde ef al. 2018; Carr & Macdonald 1986; MacArthur & Pianka 1966; Marciente
et al. 2015; Marinello & Bernard 2014; Oliveira et al. 2015; Silva 2012). We classify bats
into two trophic categories: animalivorous, which include insectivorous, carnivorous, and
hematophagous bats, and phytophagous, which include frugivorous and nectarivorous

bats (Giannini & Kalko 2004; Schnitzler et al. 2003).

5.3.6. Alpha diversity
We have quantified the taxonomic, functional, and phylogenetic dimensions of a-

diversity of bat assemblages sampled in each plot using Hill numbers (Chao et al. 2014a;
Hill 1973). Hill numbers are defined by the ¢ parameter, which reflects their respective

sensitivity to relative species abundances, facilitating data comparison (Chiu & Chao
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2014; Hill 1973; Roswell et al. 2021). Thus, as the g parameter increases, the diversity
index becomes more sensitive to common species and less dependent on rare species
(Chiu & Chao 2014). For Hill numbers, ¢ = 0 equals species richness, as species
abundances are not considered, and for ¢ = 2, dominant species receive greater weight
than rare species, representing the inverse of the dominance index by Simpson (Chiu &
Chao 2014; Daly et al. 2018; Li 2018a). Thus, for each plot, the taxonomic, functional,
and phylogenetic dimensions of a-diversity were quantified considering the variation of
the parameter g (¢ = 0, ¢ = 2), through the 'hillR' package (Li 2018b). Specifically, the
taxonomic richness (¢ = 0) of each plot was estimated by constructing interpolated and
extrapolated species accumulation curves using the ‘INEXT’ package in R (Chao et al.
2014b; Hsieh et al. 2016). Comparisons were made with a sample size of 15 individuals,
which is triple the size of the smallest sample. For functional diversity, Hill numbers
incorporate functional distances between pairs of species from the functional
characteristics of the species (Chao et al. 2019; Chiu & Chao 2014), while for
phylogenetic diversity, Hill numbers incorporate a phylogenetic tree (Li 2018b). For
phylogenetic diversity, we use a phylogenetic tree derived from a most current phylogeny

(Upham et al. 2019).

5.3.7. Community weighted indexes
The use of weighted indices by the relative abundances of the species allows

evaluating changes in the mean values of the characteristics of the
assemblage/community (Lavorel ef al. 2008). We have used the Community Weighted
Mean (CWM), which is the predominance of functional traits of the bat assemblages of
each plot using a weighted average of the functional trait for the community. The CWM
allows accessing the average value of functional traits for the community (in our case, the

bat assemblage of each plot), weighting this value by the relative abundances of the
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species in the sample in question (Lavorel ef al. 2008). We estimate the CWM through

the 'BAT' package (Cardoso et al. 2021).

5.3.8. Data analysis
We have evaluated the effect of vegetation clutter, terrain elevation, distance to

nearest watercourse, basal area, and canopy height on each of our response variables:
richness, taxonomic, functional and phylogenetic diversity, and CWM. For this, we use
Generalized Linear Models (GLM, Gaussian family). We selected models separately for
each ¢ parameter (¢ = 0, ¢ = 2) of o-diversity and for CWM, with all possible
combinations of predictor variables. Model residuals were tested for normality (Shapiro
Wilks, p > 0.05) and homoscedasticity (Breusch-Pagan test, p > 0.05). Based on this, we
had to take the square root of the nearest watercourse distance explanatory variable in the
selection of models with the CWM of the animalivorous and phytophagous trophic levels
and square the average body mass response variable so that the residuals of the models
followed a normal distribution.

To identify the predictor variables with greater explanatory support on the
response variables, the generated models were selected considering the Akaike
information criterion, corrected for small samples (AICc - corrected Akaike Information
Criterion), where the best model was the one with the lowest value of AICc. (Burnham &
Anderson 1998). Thus, the models that presented AAICc values < 2 were considered the
most supportive. Subsequently, we calculated the parameter estimates, importance and
the unconditional mean of the regression coefficients and their standard errors for each
predictor variable of the models with AAICc < 2. The parameter estimates of the predictor
variables were only calculated for the model selections that they did not have the null
model as being the one with the greatest explanatory support (AAICc = 0). These
estimates and model selection were made using the “Multi-model inference” package

(MuMIn), version 1.40.0 (Barton 2018).
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6. Results
We have captured 279 individuals belonging to 28 species and two families. The

most captured species were Rhinophylla pumilio (46 individuals), Artibeus planirostris
(44), Artibeus lituratus (31), and Pteronotus sp. (31). The species R. pumilio and A.
planirostris represented 32% of all captured bats. Phytophagous bats were more captured
(199 captures of 16 species) than animalivorous [80 captures of 12 species -

(Supplementary Material — Table S1)].

6.1. Environmental factors driving richness and alpha diversity components
Of the five predictor variables used for model selection, distance to the nearest

watercourse was the most important predictor (0.64) for taxonomic richness (¢ = 0),
followed by elevation (0.36). Taxonomic richness increased with distance to the nearest
watercourse and with elevation (Figure 2; Table 1). Taxonomic and functional diversity
also increased with distance to the nearest watercourse (¢ = 2; Figure 2; Table 1), this
being the most important predictor for taxonomic (0.62) and functional diversity (0.83).
No predictor variable explained phylogenetic richness (¢ = 0; (Supplementary Material —
Table S6)). For functional richness (¢ = 0) and phylogenetic diversity (¢ = 2), the null

model had the greatest explanatory support (Supplementary Material — Tables S6 and S7)
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Figure 2. Relationship between the variables selected as the best predictors for taxonomic richness (q =0
—a, b), taxonomic diversity (q =2 — ), and functional diversity (q =2 —d) in a community of Phyllostomid
bats from the terra firme forest of Northern Brazilian Amazon. The straight line represents the model

estimate and the gray area the 95% confidence interval.

6.2. Environmental factors that drive the predominance of functional traits
For CWM, only body mass did not have the null model with greater explanatory

support (AAICc <2 - Supplementary Material — Table S8-S12)). For this functional trait,
basal area and vegetation clutter were considered with greater explanatory support, with
basal area being present in two of the best selected models (Supplementary Material —
Table S8)). The basal area was more important (0.76), while the importance of vegetation
clutter was (0.29) to predict the variation in mean body mass. However, there was a

significant relationship only between basal area and mean body mass (p = 0.05 — Table
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1). Thus, areas occupied by a greater number of large trees tend to have bat species with

greater mean body mass (Figure 3).

40
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Figure 3. Relationship between the mean body mass of Phyllostomid bat species (measured using the

community weighted mean - CWM) and basal area in a terra firme forest in Northeastern Brazilian Amazon.

The straight line represents the model estimate and the gray area the 95% confidence interval.
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Table 1. Estimates of parameters, standard error and unconditional regression coefficient
(SE) of the set of models with AAICc < 2 related to predictor variables with taxonomic
richness (¢ = 0), taxonomic diversity (¢ = 2), functional diversity (¢ = 2), and with the
CWM of the mean body mass. The predictors that enter the models are distance from the

nearest watercourse — DN'W; elevation — ELE; basal area — BA; vegetation clutter— VCL.

Dependent variable Predcitor Estimattion Standard error SE Z-value p-value

DNW 0,91 0,37 0,18 1,64 0,02
Taxonomic richness (g = 0)

ELE 0,83 0,39 0,07 1,59 0,05
Taxonomic diversity (q = 2) DNW 0,95 0,47 0,03 1,87 0,06
Functional diversity (q = 2) DNW 7,12 2,73 1,77 12,47 0,02
BA 179,07 83,53 15,35 342,79 0,05
CWM - average body mass
(9) )
VCL -128,17 80,68 286,30 29,96 0,15

7. Discussion
We have found that terrain elevation and distance from the nearest watercourse

are the predictors that drive the a-diversity of bat assemblages in terra firme forest in the
Northeastern Brazilian Amazon. Specifically, we observed that bat taxonomic richness
was positively influenced by terrain elevation and distance to the nearest watercourse. In
addition, taxonomic and functional diversity was positively influenced by the distance to
the nearest watercourse. Across the Amazon basin, terrain elevation and distance to water

bodies have been shown to be important predictors of the richness and taxonomic
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composition of bats (Bobrowiec & Tavares 2017; Capaverde et al. 2018), terrestrial
mammals (Kinap et al. 2021; Michalski et al. 2015), understory birds (Bueno et al. 2012;
Cintra & Naka 2012; Oliveira et al. 2019), amphibians and reptiles (Fraga et al. 2011;
Rojas-Ahumada et al. 2012; Tavares et al. 2019), and plants (Drucker et al. 2008; Schietti
et al. 2014). Therefore, as occurs in the Southwest and Central Amazon, variations in
terrain elevation and distance to the water bodies are crucial for structuring bat
assemblages at small scales in terra firme forests in Northeastern Brazilian Amazonia.

We have found that the taxonomic richness of bats increases with terrain elevation.
Subtle variations (< 100 m) in terrain elevation have been shown to be fundamental for
the structuring of bat assemblages (Bobrowiec & Tavares 2017; Capaverde et al. 2018),
as terrain elevation has a direct influence on the hydrological and edaphic characteristics
of the soil, playing an important role in determining the composition of the plant
assemblage (Costa et al. 2008; Schietti et al. 2014). For example, in Central Amazon, the
richness and abundance of palm trees and shrubs (Kinupp & Magnusson 2005; Rodrigues
et al. 2014) and the structure of woody vegetation (Castilho ef al. 2006) tend to increase
with elevation of the terrain. In addition, tall trees (>70 m) are more frequent in higher
terrain (>100 m a.s.l.) in lowland Amazonian forests (Gorgens et al. 2021). A more
complex forest provides more niches and different ways to harness environmental
resources (Bazzaz 1975), greater availability of food, shelter, and nesting sites (Tews et
al. 2003). Thus, forests in in higher elevation areas tend to have a greater frequency of
large trees, which produce greater structural complexity, increasing the number of
available niches and allowing more bat species to coexist.

The lower value of taxonomic and functional diversity found for areas closer to
the watercourse may be due to the greater dominance of the frugivores Rhinophylla

pumilio, Artibeus planirostris, Artibeus lituratus and the insectivore Pteronotus sp. in
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these regions. These species represented 54% of the total captures. Soils are more sandy
and poorly oxygenated in regions close to water bodies, which limits the growth of many
plant species in these regions (Costa ef al. 2005; Pansonato et al. 2012; Rodrigues et al.
2014; Toledo et al. 2017). However, in the Amazon region, several plant species,
including pioneers such as Ficus, Cecropia, and Vismia manage to perpetuate under these
conditions (Ferreira 2000; Salo et al. 1986). Bats of the genera Artibeus and Rhinophylla
are known for their strong association with fruits of plants of these genera (Andrade et al.
2013; Giannini & Kalko 2004). In the FLONA of Amap4, during the present study, we
have observed a higher occurrence of Ficus spp., including fruiting, close to water
courses. In addition, natural erosion, and subsequent sediment deposition due to river
dynamics form sandbanks and create habitats of primary succession on riverbanks
(Peixoto ef al. 2009). In these environments, the lesser competition for solar radiation and
the proximity to the water table, allows plants adapted to these conditions to allocate more
energy to fruit production (Van Schaik ef al. 1993), consequently, plants of the genus
Ficus spp., Cecropia, Piper and Vismia on riverbanks offer a greater abundance of fruit
than in the forest interior (Marques et al. 2012). In addition to this fruit abundance for
frugivorous bats, habitats close to watercourses have a significant influence on insect
biomass and represent an important foraging habitat for many insectivorous bats (Fukui
et al. 2006; Hagen & Sabo 2011,2014; Holloway & Barclay 2000). Thus, all this
abundance of food for the bats R. pumilio, A. planirostris, A. lituratus, and Pteronotus sp.
in areas close to the watercourse, it may have contributed to the increase in the number
of individuals of these species, reducing the Simpson diversity values (¢ = 2), which in
turn is an index more sensitive to dominant species (Chiu & Chao 2014).

In addition to the increased dominance of a few species close to the watercourses,

the decrease in taxonomic richness may be one of the factors responsible for the lower
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taxonomic diversity in these locations. The conditions that favor the dominance of some
species (e.g. high abundance of some food resources, less dense undergrowth) close to
watercourses may disfavor the existence of some species dependent on this forest extract
(Oliveira et al. 2015), reducing the taxonomic richness. Locations away from
watercourses may not have a great abundance of certain resources, but they may contain
a greater diversity of them, contemplating a greater number of bat species

Contrary to our expectations, only one functional trait of the bat assemblages was
influenced by environmental variables. The average body mass weighted by abundance
was higher in areas that had a larger basal area. Larger trees have a greater ability to
acquire and store nutrients and carbohydrates (Carbone et al. 2013) and tend to produce
more fruits (Minor & Kobe 2019). Thus, this greater availability of fruits reflects in a
greater biomass of primary consumers, such as bats (Ramos Pereira et al. 2009). In
addition, bat size can be an important and limiting criterion in habitat use (Hanspach et
al. 2012; Stockwell 2001). For example, locomotion through flight requires bat species
high rates of energy expenditure during foraging (Norberg & Rayner 1987; Voigt &
Holderied 2012) and larger bats have a higher absolute energy demand (Brown et al.
2004; Winter & Von Helversen 1998). Therefore, larger bats are more favored when
foraging in regions where the trees have a larger basal area, as the energy costs incurred
by the flight activity are offset by the greater availability of food in these regions.

Despite the low number of captures, compared to other studies carried out in terra
firme forest Capaverde et al. (2018); Carvalho et al. (2018) and Marciente et al. (2015),
our multidimensional approach proved to be efficient to understand the effect of
environmental filters on the distribution of bats in this Amazon ecosystem. Overall, our
study supports the hypothesis that variations in environmental factors in the same forest

habitat are sufficient to structure bat assemblages. Specifically, we show that increasing
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distance to the nearest watercourse and small variations (< 50 m a.s.l) in the elevation
exerts a positive effect on the different components of the a-diversity of bats in terra firme
forest. Furthermore, only the average body mass stood out among the functional traits of

the bat assemblage (CWM), showing an association with the basal area of the forest.

7.1. Implications for conservation
Our study demonstrated that there is an increase in taxonomic and functional

diversity due to the increase in distance (up to 600 m) in relation to the nearest
watercourse. Brazilian environmental legislation only protects 30 m from the riparian
strip in streams <10 m wide (Brasil 2012). Therefore, if we consider our results, the
minimum strip of 30 m left on each side of the streams as Areas of Permanent Preservation
may not be sufficient for the preservation of different species of bats and, consequently,
of the ecosystem services provided by the group (e.g. seed dispersal). We have also found
a positive relationship between the mean body mass of bats and the basal area of trees,
which could be a variable to be considered in future management plans for selective
logging. Due to the increase in human population, and with it the increased demand for
timber resources (Kraxner et al. 2013), tropical forests are being degraded at an alarming
rate by selective logging (Asner et al. 2005; Hansen et al. 2013; Lindquist ef al. 2012).
In Brazil, the current government has tried to make the bidding model and contracts for
forest concessions more flexible to make the process faster and more attractive
(Menegassi 2021). For example, the FLONA of Amapa started a process for logging in
an area of 226,000 hectares, which corresponds to almost half of this conservation unit
(Servigo Florestal Brasileiro 2019,2020). Therefore, it is necessary to promote forest
management plans that prioritize the preservation of biological and physical elements
such as large trees, which are the focus of current exploration, as well as hollow and dead

trees, which are crucial for the supply of food, perches, and shelters for the bat fauna.
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10. Supplementary material
Supplementary Material Table S1. List of bat species with their trophic categories,

abundance in plots (N = 15) occurring in the study area of the Northeastern Brazilian

Amazon.

Species Animalivorous Phytophagous
Artibeus concolor - 2
Artibeus lituratus - 31
Artibeus obscurus - 14
Artibeus planirostris - 44
Carollia brevicauda - 10
Carollia perspicillata - 10
Chrotopterus auritus 1 -
Dermanura cinérea - 5
Dermanura gnoma - 1
Desmodus rotundus 6 -
Hsunycteris thomasi - 10
Lichonycteris degener - 3
Lophostoma schulzi 1 -
Lophostoma silvicola 7 -
Mesophylla macconnelli - 4
Micronycteris microtis 1 -
Mimon crenulatum 8 -
Phylloderma stenops - 7
Phyllostomus elongatus 10 -
Pteronotus sp. 31 -

Rhinophylla pumilio - 46




Sturnira tildae - 1
Tonatia saurophila 8 -
Trachops cirrhosus 3 -
Trinycteris nicefori 3 -
Uroderma bilobatum - 9
Vampyriscus bidens - 2
Vampyrodes caraccioli 1 -
Total 80 199

Grand total

279
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Supplementary Material Table S2. Models relating predictor variables to taxonomic
richness (q = 0) of Phyllostomid bats in a terra firme forest gradient in Northeastern
Brazilian Amazon. The models were listed according to the corrected Akaike information
criterion (AICc), selecting those that presented values of AAICc < 2 (in bold). The
predictors that enter the models are distance to the nearest watercourse — DNW; elevation
— ELE; canopy height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICc wi
DNW 3 -2525 587 0,00 0,30
ELE 3 -2582 598 1,14 0,17
NULL 2 -28,09 61,2 2,49 0,09
ELE+DNW 4 -2509 62,2 3,50 0,05
VCL+DNW 4 -2511 62,2 3,53 0,05
DNW+CH 4 -2516 62,3 3,65 0,05
DNW+BA 4 -2518 624 3,67 0,05
BA 3 -27,09 624 3,67 0,05
ELE+BA 4 -2541 62,8 4,14 0,04
VCL+ELE 4 -2579 63,6 4,90 0,03
ELE+CH 4 -2582 63,6 4,95 0,03
CH 3 -2797 641 5,43 0,02
VCL 3 -28,02 64,2 5,54 0,02
VCL+BA 4 -27,02 66,1 7,37 0,01
BA+CH 4 -27,08 66,2 7,48 0,01

VCL+ELE+DNW 5 -2493 66,5 7,85 0,01



ELE+DNW+BA

ELE+DNW+CH

VCL+DNW+CH

VCL+DNW+BA

DNW+BA+CH

ELE+BA+CH

VCL+ELE+BA

VCL+CH

VVCL+ELE+CH

VVCL+BA+CH

VCL+ELE+DNW+CH

VCL+ELE+DNW+BA

ELE+DNW+BA+CH

VCL+DNW+BA+CH

VVCL+ELE+BA+CH

VCL+ELE+DNW+BA+CH 7

-24,98

-25,00

-25,03

-25,06

-25,07

-25,37

-25,39

-27,93

-25,79

-27,02

-24,86

-24,87

-24,87

-24,98

-25,36

-24,78

66,6

66,7

66,7

66,8

66,8

67,4

67,5

67,9

68,2

70,7

72,2

72,2

72,3

72,5

73,2

79,6

7,95

7,99

8,06

8,12

8,13

8,74

8,77

9,17

9,56

12,03

13,55

13,55

13,57

13,77

14,54

20,87

0,01

0,01

0,01

0,01

0,01

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00
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Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike

information criterion corrected for small samples, AAICc — difference between the AICc
values of the model in question and the model with the lowest AICc, wi — model weight

(Akaike).
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Supplementary Material Table S3. Models relating predictor variables to taxonomic
diversity (q = 2) of Phyllostomid bats in a terra firme forest gradient in Northeastern
Brazilian Amazon. The models were listed according to the corrected Akaike information
criterion (AICc), selecting those that presented values of AAICc < 2 (in bold). The
predictors that enter the models are distance to the nearest watercourse — DNW; elevation
— ELE; canopy height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe Wi
DNW 3 -23580 4798 0,00 0,31
NULL 2 -237,86 480,7 0,95 0,19
ELE+DNW 4 -23531 482,6 2,84 0,07
ELE 3 -237,41 483,0 3,24 0,06
VCL+DNW 4 -23565 4833 3,53 0,05
DNW+BA 4 -235,74 483,55 3,71 0,05
DNW+CH 4 -235,75 4835 3,72 0,05
BA 3 -237,66 4835 3,72 0,05
CH 3 -237,76 4837 3,93 0,04
VCL 3 -237,83 4838 4,07 0,04
ELE+BA 4 -237,34 486,7 6,91 0,01
ELE+CH 4 -237,39 486,8 7,01 0,01
VCL+ELE 4 -237,41 486,8 7,05 0,01
VCL+ELE+DNW 5 -23517 4870 7,22 0,01
ELE+DNW+BA 5 -23521 4871 7,31 0,01
ELE+DNW+CH S5 -23525 487,2 7,38 0,01
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BA+CH 4 -237,60 4872 7,42 0,01
VCL+BA 4 -237,61 4872 7,45 0,01
VCL+CH 4 -237,75 4875 7,72 0,01
VCL+DNW+BA 5 -23553 4877 7,95 0,01
VCL+DNW+CH 5 -23561 4879 8,12 0,01
DNW+BA+CH 5 -235,70 488,11 8,28 0,01
ELE+BA+CH 5 -237,33 4913 11,55 0,00
VCL+ELE+BA 5 -237,34 4913 11,57 0,00
VCL+ELE+CH 5 -237,39 4915 11,68 0,00
VCL+BA+CH 5 -23757 4918 12,04 0,00
VCL+ELE+DNW+BA 6 -23497 4924 12,68 0,00
VCL+ELE+DNW+CH 6 -235,12 4927 12,96 0,00
ELE+DNW+BA+CH 6 -23515 4928 13,03 0,00
VCL+DNW+BA+CH 6 -23549 4935 13,71 0,00
VCL+ELE+BA+CH 6 -237,33 4972 17,38 0,00

VCL+ELE+DNW+BA+CH 7 -234,93 4999 20,09 0,00

Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike
information criterion corrected for small samples, AAICc — difference between the AICc

values of the model in question and the model with the lowest AICc, wi — model weight
(Akaike).



73

Supplementary Material Table S4. Models relating predictor variables with functional
richness (q = 0) of Phyllostomid bats in a terra firme forest gradient in Northeastern
Brazilian Amazon. The models were listed according to the corrected Akaike information
criterion (AICc), selecting those that presented values of AAICc < 2 (in bold). The
predictors that enter the models are distance to the nearest watercourse — DNW; elevation
— ELE; canopy height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe Wi
NULL 2 -305,33 6157 0,00 0,35
DNW 3 -304,73 6176 1,98 0,13
VCL 3 -305,19 618,6 2,90 0,08
BA 3 -305,26 618,7 3,03 0,08
CH 3 -305,28 618,7 3,08 0,08
ELE 3 -30533 6188 3,17 0,07
ELE+DNW 4 -304,03 620,0 4,38 0,04
VCL+DNW 4 -304,19 6204 4,72 0,03
DNW+BA 4 -304,77 6215 5,78 0,02
DNW+CH 4 -304,73 6215 5,79 0,02
VCL+CH 4 -305,10 622,2 6,52 0,01
VCL+BA 4 -30513 6223 6,58 0,01
VCL+ELE 4 -30515 6223 6,63 0,01
BA+CH 4 -305,23 622,5 6,78 0,01
ELE+BA 4 -305,26 622,5 6,84 0,01
ELE+CH 4 -305,28 622,6 6,90 0,01



VCL+ELE+DNW

ELE+DNW+BA

ELE+DNW+CH

VCL+DNW+BA

VCL+DNW+CH

DNW+BA+CH

VCL+BA+CH

VVCL+ELE+CH

VVCL+ELE+BA

ELE+BA+CH

VCL+ELE+DNW+BA

VCL+ELE+DNW+CH

ELE+DNW+BA+CH

VVCL+DNW+BA+CH

VVCL+ELE+BA+CH

VVCL+ELE+DNW+BA+CH

-303,46

-303,99

-304,02

-304,09

-304,19

-304,72

-305,06

-305,08

-305,11

-305,22

-303,29

-303,46

-303,99

-304,09

-305,05

-303,29

623,6

624,6

624,7

624,9

625,1

626,1

626,8

626,8

626,9

627,1

629,1

629,4

630,5

630,7

632,6

636,6

7,93

8,98

9,04

9,18

9,38

10,44

11,11

11,15

11,22

11,44

13,40

13,76

14,80

15,02

16,93

20,90

0,08

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00
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Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike

information criterion corrected for small samples, AAICc — difference between the AICc
values of the model in question and the model with the lowest AICc, wi — model weight

(Akaike).
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Supplementary Material Table S5. Models relating the predictor variables to the
functional diversity (q = 2) of Phyllostomid bats in a terra firme forest gradient in
Northeastern Brazilian Amazon. The models were listed according to the corrected
Akaike information criterion (AICc), selecting those that presented values of AAICc < 2
(in bold). The predictors that enter the models are distance to the nearest watercourse —
DNW; elevation — ELE; canopy height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe Wi
DNW 3 296,86 6019 0,00 0,41
ELE+DNW 4 296,40 604,8 2,92 0,10
NULL 2 300,00 605,0 3,12 0,09
VCL+DNW 4 296,71 605,4 3,53 0,07
DNW+CH 4 296,84 605,7 3,79 0,06
DNW+BA 4 296,85 6057 3,80 0,06
ELE 3 299,15 6065 4,58 0,04
BA 3 29952 607,2 5,33 0,03
CH 3 299,53 607,2 5,34 0,03
VCL 3 299,92 608,0 6,12 0,02
VCL+ELE+DNW 5 296,27 609,2 7,31 0,01
ELE+DNW+BA 5 296,38 6094 7,53 0,01
ELE+DNW+CH 5 296,39 6095 7,56 0,01
ELE+CH 4 29892 6098 7,95 0,01
ELE+BA 4 298,93 609,9 7,97 0,01
VCL+DNW+BA 5 296,67 610,0 8,12 0,01
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VCL+DNW+CH 5 296,69 6101 8,16 0,01
VCL+ELE 4 299,15 610,3 8,40 0,01
DNW+BA+CH 5 29,84 610,3 8,44 0,01
BA+CH 4 299,18 6104 8,46 0,01
VCL+BA 4 29940 6108 8,90 0,01
VCL+CH 4 29950 611,0 9,11 0,00
ELE+BA+CH 5 298,75 6142 12,27 0,00
VCL+ELE+CH 5 29892 6145 12,61 0,00
VCL+ELE+BA 5 29892 6145 12,61 0,00
VCL+ELE+DNW+BA 6 296,19 6149 12,99 0,00
VCL+BA+CH 5 29912 6149 13,02 0,00
VCL+ELE+DNW+CH 6 296,25 6150 13,10 0,00
ELE+DNW+BA+CH 6 296,37 6152 13,34 0,00
VCL+DNW+BA+CH 6 296,65 6158 13,91 0,00
VCL+ELE+BA+CH 6 298,74  620,0 18,09 0,00

VCL+ELE+DNW+BA+CH 7 296,17 622,3 20,44 0,00

Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike
information criterion corrected for small samples, AAICc — difference between the AICc

values of the model in question and the model with the lowest AICc, wi — model weight
(Akaike).
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Supplementary Material Table S6. Models relating predictor variables to phylogenetic
richness (q = 0) of Phyllostomid bats in a terra firme forest gradient in Northeastern
Brazilian Amazon. The models were listed according to the corrected Akaike information
criterion (AICc), selecting those that presented values of AAICc < 2 (in bold). The
predictors that enter the models are distance to the nearest watercourse — DNW; elevation
— ELE; canopy height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe Wi
NULL 2 -22199 4490 0,00 0,40
DNW 3 -221,85 4519 2,90 0,10
VCL 3 -221,88 4519 2,94 0,09
CH 3 -22199 4522 3,17 0,08
ELE 3 -22197 4522 3,18 0,08
BA 3 -221,97 4522 3,18 0,08
VCL+DNW 4 -22158 4552 6,17 0,02
ELE+DNW 4 -221,62 4552 6,24 0,02
DNW+BA 4 -221,82 455,6 6,64 0,02
DNW+CH 4 -22185 4557 6,71 0,01
VCL+CH 4 -221,86 4557 6,72 0,01
VCL+ELE 4 -221,87 4557 6,75 0,01
VCL+BA 4 -221,88 4558 6,76 0,01
ELE+CH 4 -22199 456,0 6,99 0,01
BA+CH 4 -22199 456,0 6,99 0,01
ELE+BA 4 -22199 456,0 7,00 0,01
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VCL+ELE+DNW 5 -221,35 4594 10,37 0,00
VCL+DNW+BA 5 -22145 459,6 10,58 0,00
ELE+DNW+BA 5 -22155 4598 10,78 0,00
VCL+DNW+CH 5 -22158 4598 10,83 0,00
ELE+DNW+CH 5 -22161 4599 10,89 0,00
DNW+BA+CH 5 -221,81 460,3 11,30 0,00
VCL+ELE+CH 5 -221,85 460,44 11,38 0,00
VCL+BA+CH 5 -22186 4604 11,38 0,00
VCL+ELE+BA 5 -22187 4604 11,41 0,00
ELE+BA+CH 5 -221,99 460,6 11,65 0,00
VCL+ELE+DNW+BA 6 -221,16 4649 15,86 0,00
VCL+ELE+DNW+CH 6 -221,35 4652 16,20 0,00
VCL+DNW+BA+CH 6 -221,45 4654 16,41 0,00
ELE+DNW+BA+CH 6 -22155 465,6 16,60 0,00
VCL+ELE+BA+CH 6 -221,85 466,2 17,21 0,00

VCL+ELE+DNW+BA+CH 7 -221,17 4723 23,36 0,00

Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike
information criterion corrected for small samples, AAICc — difference between the AICc

values of the model in question and the model with the lowest AICc, wi — model weight
(Akaike).
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Supplementary Material Table S7. Models relating predictor variables to phylogenetic
diversity (q = 2) of Phyllostomid bats in a terra firme forest gradient in Northeastern
Brazilian Amazon. The models were listed according to the corrected Akaike information
criterion (AICc), selecting those that presented values of AAICc < 2 (in bold). The
predictors that enter the models are distance to the nearest watercourse — DNW; elevation
— ELE; canopy height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe Wi
NULL 2 -499,81 1004,6 0,00 0,28
DNW 3 -498,79 10058 1,14 0,16
CH 3 -499,04 1006,3 1,64 0,12
ELE 3 -499,25 1006,7 2,06 0,10
VCL 3 -499,69 10076 2,94 0,06
BA 3 -499,78 1007,7 3,13 0,06
DNW+CH 4 -498,46 10089 4,30 0,03
DNW+BA 4 -498,65 1009,3 4,69 0,03
ELE+CH 4 -498,74 1009,5 4,86 0,02
ELE+DNW 4 -498,78 1009,6 4,95 0,02
VCL+DNW 4 -498,79 1009,6 4,96 0,02
VCL+CH 4 -499,00 1010,0 5,39 0,02
BA+CH 4 -499,04 1010,1 5,46 0,02
VCL+ELE 4 -499,23 1010,5 5,84 0,02
ELE+BA 4 -49924 1010,5 5,87 0,02
VCL+BA 4 -499,65 1011,3 6,69 0,01



DNW+BA+CH

VCL+DNW+CH

ELE+DNW+CH

VCL+DNW+BA

ELE+DNW+BA

ELE+BA+CH

VCL+ELE+CH

VCL+ELE+DNW

VVCL+BA+CH

VVCL+ELE+BA

VCL+DNW+BA+CH

ELE+DNW+BA+CH

VCL+ELE+DNW+CH

VCL+ELE+DNW+BA

VVCL+ELE+BA+CH

VVCL+ELE+DNW+BA+CH

-498,31

-498,45

-498,46

-498,64

-498,65

-498,71

-498,73

-498,78

-499,00

-499,22

-498,28

-498,31

-498,45

-498,64

-498,71

-498,28

1013,3

1013,6

1013,6

1014,0

1014,0

1014,1

1014,1

1014,2

1014,7

1015,1

1019,1

1019,1

1019,4

1019,8

1019,9

1026,6

8,67

8,96

8,96

9,34

9,35

9,47

9,52

9,62

10,05

10,50

14,45

14,50

14,79

15,16

15,30

21,94

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00
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Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike

information criterion corrected for small samples, AAICc — difference between the AICc
values of the model in question and the model with the lowest AICc, wi — model weight

(Akaike).
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Supplementary Material Table S8. Models relating the predictor variables with the
CWM of the mean body mass of Phyllostomid bats in a terra firme forest gradient in
Northeastern Brazilian Amazon. The models were listed according to the corrected
Akaike information criterion (AICc), selecting those that presented values of AAICc < 2
(in bold). The predictors that enter the models are distance to the nearest watercourse —
DNW; elevation — ELE; canopy height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe wi
BA 3 -452,05 9123 0,00 0,24
VCL+BA 4 -450,62 9132 0,95 0,15
NULL 2 -45431 9136 1,35 0,12
VCL 3 -453,08 9143 2,06 0,09
BA+CH 4 -451,30 9146 2,31 0,08
ELE+BA 4 -451,73 9155 3,18 0,05
DNW+BA 4 -45191 9158 3,54 0,04
CH 3 454,12 9164 4,12 0,03
DNW 3 -454,18 916,5 4,25 0,03
VCL+DNW 4 -452,27 916,5 4,25 0,03
ELE 3 -45431 916,8 4,53 0,03
VCL+BA+CH 5 -450,14 9170 4,67 0,02
VCL+ELE+BA 5 -450,57 917,8 5,53 0,02
VCL+DNW+BA 5 -450,59 9179 5,57 0,02
VCL+ELE 4 -45298 918,0 5,67 0,01

VCL+CH 4 -453,01 918,0 5,73 0,01
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ELE+BA+CH 5 -451,15 9190 6,67 0,01
DNW+BA+CH 5 -451,29 919,2 6,95 0,01
DNW+CH 4 -453,76  919,5 7,23 0,01
ELE+DNW 4 -453,92 9198 7,55 0,01
ELE+DNW+BA 5 -451,73 9201 7,84 0,01
ELE+CH 4 -454,10 920,2 7,91 0,01
VCL+DNW+CH 5 -451,89 9204 8,14 0,00
VCL+ELE+DNW 5 -451,97 920,6 8,33 0,00
VCL+ELE+CH 5 -45285 9224 10,09 0,00
VCL+DNW+BA+CH 6 -450,01 9225 10,24 0,00
VCL+ELE+BA+CH 6 -450,14 9228 10,49 0,00
VCL+ELE+DNW+BA 6 -450,37 9232 10,96 0,00
ELE+DNW+CH S5 -453,47 923,6 11,32 0,00
ELE+DNW+BA+CH 6 -451,08 924,7 12,37 0,00
VCL+ELE+DNW+CH 6 -45156 9256 13,33 0,00

VCL+ELE+DNW+BA+CH 7 -449,76  929,5 17,24 0,00

Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike
information criterion corrected for small samples, AAICc — difference between the AICc

values of the model in question and the model with the lowest AICc, wi — model weight
(Akaike).
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Supplementary Material Table S9. Models relating predictor variables with CWM of
phytophagous Phyllostomid bats in a terra firme forest gradient in Northeastern Brazilian
Amazon. The models were listed according to the corrected Akaike information criterion
(AICc), selecting those that presented values of AAICc < 2 (in bold). The predictors that
enter the models are distance to the nearest watercourse — DNW; elevation — ELE; canopy
height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe wi
NULL 2 1342 -21,8 0,00 0,34
DNW 3 14,06 -19,9 1,90 0,13
CH 3 13,53 -18,9 2,95 0,08
VCL 3 13,44 -18,7 3,14 0,07
BA 3 13,44 -18,7 3,14 0,07
ELE 3 13,42 -18,7 3,18 0,07
ELE+DNW 4 15,10 -18,2 3,64 0,05
DNW+CH 4 14,69 -17,4 4,47 0,04
VCL+DNW 4 14,34 -16,7 5,15 0,03
DNW+BA 4 14,16 -16,3 5,52 0,02
ELE+DNW+CH 5 16,03 -15,4 6,44 0,01
BA+CH 4 13,58 -15,2 6,69 0,01
ELE+CH 4 1354 -15,1 6,75 0,01
VCL+CH 4 1354 -15,1 6,76 0,01
VCL+BA 4 13,46 -14,9 6,93 0,01

VCL+ELE 4 13,44 -14,9 6,96 0,01



ELE+BA

VCL+ELE+DNW

ELE+DNW+BA

VCL+DNW+CH

DNW+BA+CH

VCL+DNW+BA

VCL+BA+CH

ELE+BA+CH

VVCL+ELE+CH

VCL+ELE+DNW+CH

ELE+DNW+BA+CH

VCL+ELE+BA

VCL+ELE+DNW+BA

VVCL+DNW+BA+CH

VVCL+ELE+DNW+BA+CH

VVCL+ELE+BA+CH

13,44

15,48

15,38

14,97

14,82

14,64

13,58

13,58

13,55

16,44

16,42

13,46

16,19

15,33

17,35

13,58

-14,9

-14,3

-14.1

-13,3

-13,0

-12,6

-10,5

-10,5

-10,4

-10,4

-10,3

-10,2

6,96

7,54

7,74

8,56

8,87

9,21

11,35

11,35

11,39

11,47

11,50

11,59

11,96

13,67

17,14

17,17

0,01

0,01

0,01

0,01

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00
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Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike

information criterion corrected for small samples, AAICc — difference between the AICc
values of the model in question and the model with the lowest AICc, wi — model weight

(Akaike).
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Supplementary Material Table S10. Models relating predictor variables with CWM of
animal-eating Phyllostomid bats in a terra firme forest gradient in Northeastern Brazilian
Amazon. The models were listed according to the corrected Akaike information criterion
(AICc), selecting those that presented values of AAICc < 2 (in bold). The predictors that
enter the models are distance to the nearest watercourse — DNW; elevation — ELE; canopy
height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe wi
NULL 2 14,28 -23,6 0,00 0,32
CH 3 15,05 -21,9 1,63 0,14
VCL 3 14,64 -21,1 2,46 0,09
BA 3 14,42 -20,7 2,89 0,07
DNW 3 14,40 -20,6 2,94 0,07
ELE 3 1429 -20,4 3,15 0,07
DNW+CH 4 15,64 -19,3 4,27 0,04
BA+CH 4 15,40 -18,8 4,76 0,03
VCL+CH 4 15,26 -18,5 5,03 0,03
ELE+CH 4 15,07 -18,1 5,42 0,02
VCL+DNW 4 15,02 -18,0 5,51 0,02
ELE+DNW 4 1481 -17,6 5,94 0,02
VCL+BA 4 14,76 -17,5 6,03 0,02
VCL+ELE 4 14,64 -17,3 6,27 0,01
ELE+BA 4 14,49 -17,0 6,58 0,01

DNW+BA 4 14,46 -16,9 6,64 0,01
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VCL+DNW+CH 5 16,24 -15,8 7,74 0,01
ELE+DNW+CH 5 16,16 -15,6 7,90 0,01
DNW+BA+CH 5 15,73 -14,8 8,77 0,00
VCL+BA+CH 5 15,56 -14,5 9,10 0,00
VCL+ELE+DNW 5 15,44 -14,2 9,33 0,00
ELE+BA+CH 5 15,40 -14,1 9,43 0,00
VCL+ELE+CH 5 15,32 -14,0 9,58 0,00
VCL+DNW+BA 5 15,03 -13,4 10,17 0,00
ELE+DNW+BA 5 1484 -13,0 10,53 0,00
VCL+ELE+BA 5 14,77 -12,9 10,69 0,00
VCL+ELE+DNW+CH 6 16,77 -11,0 12,52 0,00
VCL+DNW+BA+CH 6 16,25 -10,0 13,56 0,00
ELE+DNW+BA+CH 6 16,21 -9,9 13,63 0,00
VCL+ELE+BA+CH 6 15,57 -8,6 14,92 0,00
VCL+ELE+DNW+BA 6 1545 -8,4 15,16 0,00

VCL+ELE+DNW+BA+CH 7 16,77 -3,5 20,02 0,00

Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike
information criterion corrected for small samples, AAICc — difference between the AICc

values of the model in question and the model with the lowest AICc, wi — model weight
(Akaike).
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Supplementary Material Table S11. Models relating the predictor variables with the
CWM of the relative aspect of the wing of Phyllostomid bats in a terra firme forest
gradient in Northeastern Brazilian Amazon. The models were listed according to the
corrected Akaike information criterion (AICc), selecting those that presented values of
AAICc < 2 (in bold). The predictors that enter the models are distance to the nearest
watercourse — DNW; elevation — ELE; canopy height — CH; basal area — BA; vegetation
clutter — VCL.

Models df logLik AICc AAICce wi
NULL 2 331 -1,6 0,00 0,37
CH 3 375 0,7 2,31 0,12
BA 3 349 1,2 2,83 0,09
VCL 3 346 1,3 2,89 0,09
DNW 3 3,36 1,5 3,09 0,08
ELE 3 334 1,6 3,17 0,08
BA+CH 4 3,84 4,3 5,93 0,02
ELE+CH 4 3,83 4,3 5,96 0,02
VCL+CH 4 3,82 4.4 5,98 0,02
DNW+CH 4 3,75 4,5 6,12 0,02
VCL+BA 4 3,66 4,7 6,30 0,02
ELE+BA 4 3,53 4,9 6,55 0,01
ELE+DNW 4 351 5,0 6,59 0,01
VCL+ELE 4 350 5,0 6,62 0,01

DNW+BA 4 3,49 50 6,65 0,01
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VCL+DNW 4 3,46 5,1 6,69 0,01
ELE+BA+CH 5 399 8,7 10,31 0,00
VCL+ELE+CH 5 395 8,8 10,38 0,00
VCL+BA+CH 5 3,93 8,8 10,42 0,00
ELE+DNW+CH 5 391 8,9 10,47 0,00
DNW+BA+CH 5 3,87 8,9 10,54 0,00
VCL+DNW+CH 5 383 9,0 10,62 0,00
VCL+ELE+BA 5 3,82 91 10,67 0,00
VCL+DNW+BA 5 3,69 9,3 10,90 0,00
VCL+ELE+DNW 5 3,63 9,4 11,02 0,00
ELE+DNW+BA 5 3,62 9,4 11,05 0,00
VCL+ELE+BA+CH 6 4,18 14,1 15,76 0,00
VCL+DNW+BA+CH 6 4,04 14,4 16,03 0,00
ELE+DNW+BA+CH 6 4,01 14,5 16,10 0,00
VCL+ELE+DNW+CH 6 3,99 14,5 16,12 0,00
VCL+ELE+DNW+BA 6 3,83 14,8 16,46 0,00
VCL+ELE+DNW+BA+CH 7 4,18 21,6 23,25 0,00

Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike
information criterion corrected for small samples, AAICc — difference between the AICc

values of the model in question and the model with the lowest AICc, wi — model weight
(Akaike).
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Supplementary Material Table S12. Models relating the predictor variables with the
CWM of the relative load of Phyllostomid bat wings in a terra firme forest gradient in
Northeastern Brazilian Amazon. The models were listed according to the corrected
Akaike information criterion (AICc), selecting those that presented values of AAICc < 2
(in bold). The predictors that enter the models are distance to the nearest watercourse —
DNW; elevation — ELE; canopy height — CH; basal area — BA; vegetation clutter — VCL.

Models df logLik AICc AAICe wi
NULL 2 740 -9,8 0,00 0,34
VCL 3 7,84 -7,5 2,30 0,11
DNW 3 7,78 -1,4 2,41 0,10
BA 3 7,63 -7,1 2,71 0,09
CH 3 745 -6,7 3,08 0,07
ELE 3 7,40 -6,6 3,18 0,07
VCL+DNW 4 8,77 -5,5 4,25 0,04
ELE+DNW 4 8,33 4,7 5,14 0,03
VCL+BA 4 8,05 -4,1 5,70 0,02
DNW+CH 4 8,03 -4,1 5,74 0,02
VCL+ ELE 4 7,89 -3,8 6,01 0,02
VCL+CH 4 785 -3,7 6,10 0,02
DNW+BA 4 783 -3,7 6,13 0,02
BA+CH 4 1,74 -3,5 6,32 0,01
ELE+BA 4 7,65 -3,3 6,50 0,01

ELE+CH 4 7,45 -2,9 6,89 0,01



VCL+ELE+DNW

VCL+DNW+CH

VCL+DNW+BA

ELE+DNW+CH

ELE+DNW+BA

DNW+BA+CH

VCL+BA+CH

VVCL+ELE+BA

VVCL+ELE+CH

ELE+BA+CH

VCL+ELE+DNW+CH

VCL+ELE+DNW+BA

VCL+DNW+BA+CH

ELE+DNW+BA+CH

VVCL+ELE+BA+CH

VVCL+ELE+DNW+BA+CH

9,35

8,98

8,77

8,61

8,35

8,09

8,09

8,06

7,92

7,74

9,59

9,37

8,98

8,64

8,10

9,60

0,5

0,5

0,6

0,8

1,2

3,3

3,8

4,5

52

6,3

10,8

7,76

8,91

8,92

9,25

9,76

10,28

10,29

10,35

10,62

10,98

13,11

13,56

14,34

15,02

16,09

20,59

0,01

0,01

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,00
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Note: df — number of model parameters, loglik — log-likelihood, AICc — Akaike

information criterion corrected for small samples, AAICc — difference between the AICc
values of the model in question and the model with the lowest Alc, wi — model weight

(Akaike).
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11. CONCLUSOES

Nossa abordagem multidimensional mostrou-se uma ferramenta eficiente para
compreender como os fatores ambientais influenciam as dimensdes da diversidade alfa
de morcegos em ecossistemas amazonicos.

Distancia para o curso d’agua mais proximo ¢ elevagao do terreno sao preditores
importantes para estruturacdo das assembleias de morcegos, que é composta por grupos
taxondmicos e funcionais mais diversos em areas mais elevadas e mais distantes dos
corpos d’agua.

A estrutura da vegetagdo exerce influéncia sobre a massa média dos morcegos,
sendo que morcegos maiores tém maior peso nas assembleias que estdo em locais com
arvores com maior area basal.

Finalmente, nossa abordagem multidimensional nos permitiu discutir importantes
implicacdes para a conservacdo dos morcegos e das florestas de terra firme da FLONA
do Amapa. Especificamente, mudancas devem ser feitas na legislagio ambiental
relacionada as Areas de Protecdo Permanente (APP). Segundo nossos dados, a area
minima atual de APP parece ndo proteger onde ha maior riqueza e diversidade de
morcegos. Além disso, mudancas devem ocorrer nos planos de manejo para exploracdo
de madeira em Florestas Nacionais, com uma revisdo na quantidade da extracdo de
arvores com maior area basal, afim de garantir a conservacao da fauna de morcegos
Amazonicos.
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12. ANEXOS

Comprovante de submissao do artigo “Bat diversity is driven by elevation and distance
to the watercourse in terra firme forest in Northeastern Brazilian Amazon” para o

periodico Journal of Tropical Ecology.
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Comprovante de mudanga de status para “sob revisdo” do artigo “Bat diversity is driven
by elevation and distance to the watercourse in terra firme forest in Northeastern

Brazilian Amazon” para o periodico Journal of Tropical Ecology.
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