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MOURA, André Luis Botelho de. Estrutura de comunidades de pequenos mamiferos
ndo-voadores numa paisagem fragmentada no leste do Acre. 2025. 113 f. Tese
(Doutorado em Biodiversidade e Biotecnologia) — Universidade Federal do Acre, Rio
Branco, 2025.

RESUMO

A perda e a fragmentacéo de habitats representam a maior ameaca para a biodiversidade
do planeta. Compreender os efeitos deletérios dos processos de destrui¢do e degradacdo
do hébitat é fundamental para a conservacdo da biodiversidade, incluindo pequenos
mamiferos. Nas florestas neotropicais, pequenos mamiferos ndo voadores (marsupiais e
roedores) ocupam uma posi¢do central nas teias alimentares, desempenhando papéis
ecoldgicos essenciais como predadores e dispersores de sementes. A presente tese tem
como objetivo investigar padrdes de estrutura da comunidade de pequenos mamiferos em
fragmentos florestais no leste do Acre, avaliando a eficiéncia de diferentes métodos de
amostragem, identificando os principais preditores ambientais da diversidade alfa e beta
dessas comunidades e contribuindo para o conhecimento da autoecologia e biogeografia
da fauna local. As analises de diversidade alfa e beta foram baseadas em amostragens
realizadas em dez fragmentos florestais do leste do Acre, entre os anos de 2014 e 2022.
Esses dados foram complementados com amostragens conduzidas em outras localidades
do estado do Acre, a fim de compor informacgfes para o estudo sobre a distribuicdo
geografica da fauna local. Pequenos mamiferos foram amostrados com live-traps e pitfalls
em diferentes estratos da floresta. A identificacdo dos espécimes foi realizada por meio
da taxonomia integrativa, utilizando dados morfoldgicos, citogenéticos e moleculares. A
analise da eficiéncia dos métodos de amostragem revelou que as live-traps de solo
registraram maior diversidade em duas localidades, enquanto as armadilhas tipo pitfall
registraram o maior numero de espécies exclusivas em trés das quatro areas analisadas.
Os diferentes tipos de armadilhas e suas distintas posi¢Oes verticais atuam de forma
complementar na amostragem de pequenos mamiferos. A andlise da diversidade alfa e
beta das comunidades em fragmentos florestais revelou que a riqueza de espécies foi
positivamente influenciada pelo tamanho do fragmento, enquanto a diversidade de
espécies (Hill’s g=1) foi positivamente influenciada pela abundancia de bambu. A
diversidade funcional esteve relacionada a qualidade da matriz. A composicédo funcional
das comunidades foi principalmente influenciada pelo tamanho do fragmento, pela
qualidade da matriz e pelo grau de fragmentacdo da matriz. A diversidade beta
taxonémica e funcional esteve significativamente correlacionada com diferencas no
tamanho do fragmento e na qualidade da matriz. Os padrBes de diversidade alfa e beta
registrados reforcam a importancia dos processos deterministicos, particularmente do
tamanho do fragmento e da qualidade da matriz, como fatores determinantes da estrutura
das comunidades de pequenos mamiferos em paisagens fragmentadas. Por fim,
considerando todas as amostragens realizadas no Acre, foram obtidas 747 capturas, sendo
356 de marsupiais e 391 de roedores, pertencentes a 36 espécies. Mesomys hispidus,
Proechimys gardneri e Proechimys longicaudatus tiveram sua ocorréncia confirmada
para o Acre, com P. longicaudatus e P. gardneri ampliando suas distribui¢Oes
geograficas.

Palavras-chave: Fragmentos Florestais; Qualidade da Matriz; Roedores; Marsupiais;
Dossel; Amazonia.
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MOURA, André Luis Botelho de. Community structure of non-volant small mammals
in a fragmented landscape in eastern Acre. 2025. 113 f. Tese (PhD in Biodiversity and
Biotechnology) — Federal University of Acre, Rio Branco, AC-Brazil, 2025.

ABSTRACT

Habitat loss and fragmentation represent the greatest threat to the planet’s biodiversity.
Understanding the deleterious effects of habitat destruction and degradation processes is
essential for biodiversity conservation, including small mammals. In Neotropical forests,
non-flying small mammals (marsupials and rodents) occupy a central position in food
webs, playing essential ecological roles as predators and seed dispersers. This thesis aims
to investigate community structure patterns of small mammals in forest fragments in
eastern Acre, assessing the efficiency of different sampling methods, identifying the main
environmental predictors of alpha and beta diversity in these communities, and
contributing to the knowledge of the autoecology and biogeography of the local fauna.
Alpha and beta diversity analyses were based on sampling carried out in ten forest
fragments in eastern Acre between 2014 and 2022. These data were supplemented with
samples collected in other locations in the state of Acre to compile information for the
study on the geographical distribution of the local fauna. Small mammals were sampled
using live traps and pitfalls in different forest strata. The identification of specimens was
carried out through integrative taxonomy, using morphological, cytogenetic, and
molecular data. The analysis of the efficiency of sampling methods revealed that ground
live traps recorded greater diversity in two locations, while pitfall traps recorded the
highest number of exclusive species in three of the four areas analysed. The different
types of traps and their distinct vertical positions act in a complementary manner in the
sampling of small mammals. The analysis of alpha and beta diversity in forest fragment
communities revealed that species richness was positively influenced by fragment size,
while species diversity (Hill’s g=1) was positively influenced by bamboo abundance.
Functional diversity was related to matrix quality. The functional composition of
communities was mainly influenced by fragment size, matrix quality, and the degree of
matrix fragmentation. Taxonomic and functional beta diversity were significantly
correlated with differences in fragment size and matrix quality. The recorded alpha and
beta diversity patterns reinforce the importance of deterministic processes, particularly
fragment size and matrix quality, as key factors determining the structure of small
mammal communities in fragmented landscapes. Finally, considering all the samples
collected in Acre, a total of 747 captures were obtained, including 356 marsupials and
391 rodents, belonging to 36 species. Mesomys hispidus, Proechimys gardneri, and
Proechimys longicaudatus had their occurrence confirmed for Acre, with P.
longicaudatus and P. gardneri expanding their geographical distributions.

Keywords: Forest Fragments; Matrix Quality; Rodents; Marsupials; Canopy; Amazon.
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1. INTRODUCAO
A perda e a fragmentacdo de héabitats sdo a maior ameaca para a biodiversidade

do planeta (BUTCHART et al., 2010; HADDAD et al., 2015; SOARES-FILHO et al.,
2006). A relacdo entre destruicdo do habitat ocasionando a reducdo de populagdes ou até
mesmo extingdo de espécies é encontrada nos mais diversos grupos de vertebrados
(ROSSER e MAINKA, 2002; SOARES-FILHO et al., 2006). A destruicdo e degradacéo
do habitat, na maioria dos casos, atuam em sinergia com outras ameacas a biodiversidade
tais como a superexploracdo de espécies, gerando defaunagdo (DIRZO et al., 2014) e
aumento na disseminagao de doengas (KEESING et al., 2010; PERES, 2001). Além disso,
a defaunacdo tem efeitos indiretos sobre comunidades biologicas, uma vez que na
auséncia de predadores, espécies com vantagem competitiva podem aumentar em
abundancia em detrimento das outras, podendo até originar cascatas troficas
(BOVENDORP et al., 2019; ESTES et al., 2012; FONSECA e ROBINSON, 1990). A
destruicdo do hébitat possui impacto para além da perda/comprometimento de servicos
ecossistémicos, estudos sugerem que a fragmentacdo da paisagem pode estar alterando
padrBes de selecdo na evolucdo das espécies (RIPPERGER et al., 2013).

Compreender os efeitos deletérios de processos de destruicdo e degradacdo do
habitat sdo fundamentais para a conservacdo da biodiversidade. Desde a Gltima década,
novas frentes tém buscado entender de maneira separada os efeitos de tamanho e
isolamento das manchas de habitat sobre a riqueza de espécies da comunidade. FAHRIG,
(2013) indica que o fator preponderante na determinacdo da riqueza de espécies de um
remanescente de habitat é a quantidade de habitat disponivel, em detrimento de outros
fatores como a configuracdo espacial da paisagem (fragmentacdo). A autora postula a
“Habitat Amount Hypothesis” onde dentro de uma escala de medida adequada para cada
comunidade (escala de efeito), a riqueza de espécies de um determinado local pode ser
predita melhor pela quantidade de habitat ao seu redor “Habitat Amount”, do que pelo
isolamento e tamanho de fragmento (FAHRIG, 2013). No entanto, modelos estocasticos
recentes mostram que essa resposta da comunidade varia de acordo com o tamanho do
fragmento considerado, sendo que, em areas pequenas, a fragmentacdo por si, tende a
diminuir a diversidade de espécies (RYBICKI et al., 2020). Fragmentacdo e perda do
habitat sdo varidveis colineares e entender os efeitos independentes de cada processo
torna-se complexo (RUFFELL et al., 2016), porém elucidar essas questes é um desafio

para o0 adequado manejo e conservacgdo dos habitats remanescentes (FAHRIG, 2020).
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A fragmentacéo florestal tem multiplos efeitos sobre a biota amazonica, altera a
diversidade e a composicdo das comunidades nos fragmentos e muda processos
ecoldgicos como a polinizagdo, a ciclagem de nutrientes e o estoque de carbono
(LAURANCE e VASCONCELOS, 2009). O contato com uma matriz de ndo hébitat,
altera caracteristicas fisicas das margens de um fragmento florestal tais como iluminacéo,
umidade e temperatura, acarretando numa serie de consequéncias na biota local,
conhecido como efeito de borda (LAURANCE et al., 2006; LAURANCE e
VASCONCELOQOS, 2009). A resposta de um determinado grupo vegetal ou animal ao
efeito de borda € bastante variada, plantas pioneiras podem se favorecer pelo aumento de
luminosidade (LAURANCE et al., 2006; MICHALSKI et al., 2007), enquanto ocorre
aumento na mortalidade das plantas tardias pela maior exposicdo ao vento e perda de
umidade. Animais vertebrados também possuem resposta diferenciada em relacdo a
borda, principalmente relacionada aos requerimentos energéticos das espécies, animais
de grande porte tendem a ser mais sensiveis aos efeitos de borda que aquelas de tamanho
pequeno (PFEIFER et al., 2017), como evidenciado por MALCOLM, (1991) em seus
estudos nos fragmentos florestais do Projeto Dindmica Bioldgica de Fragmentos
Florestais (PDBFF), onde a abundancia de varias espécies de pequenos aumenta em areas
de borda.

Padrdes de alpha e beta diversidade sdo importantes descritores da estrutura de
comunidades bioldgicas inseridas em paisagens sob pressdo antropica (SOLAR et al.,
2015; SOCOLAR et al., 2016). Compreender padrdes de comunidade como a relagéo
espécie/area, distribuicdo de abundancia e suas relagdes com atividades antrépicas é
central na conservacdo da biodiversidade de diferentes grupos (WERNER AND
BUSZKO, 2005). Padrdes de espécie/area sdo encontrados nos diversos grupos e tem
aplicabilidade universal (STORCH et al., 2012), apesar de algumas excecoes
(PALMEIRIM; SANTOS-FILHO; PERES, 2020). A compreensdo da distribuicdo de
abundancia também é um passo importante para o entendimento da comunidade em geral
(MCGILL et al., 2007) e para fornecer informagGes importantes para 0 manejo e
conservacdo das espécies, por exemplo, a raridade de espécies (MATTHEWS e
WHITTAKER, 2015).

Padrdes de comunidades sdo resultados de processos deterministicos e
estocasticos (VELLEND, 2010). Processos deterministicos envolvem fatores

relacionados a processos de nicho, como filtros ambientais e sdo mais evidentes em escala
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local. Processos estocasticos tem natureza aleatOria, como por exemplo a dispersao e
deriva ecoldgica, onde tendem a ser encontrados numa escala regional (CHASE;
MYERS, 2011; WENNEKES; ROSINDELL; ETIENNE, 2012). A interacdo entre esses
processos pode resultar em padrdes Unicos de diversidade alfa e beta, com implicacbes
diretas para a conservacio (CALDERON-PATRON et al., 2016; CHASE et al., 2020;
SOCOLAR et al., 2016). Evidéncias empiricas sugerem que a perturbacdo pode mudar a
importancia dos processos estocasticos vs. deterministicos na estruturagcdo de
metacomunidades, influenciando a forca da dispersdo, filtragem ambiental e interac6es
entre espécies (HOLYOAK; CASPI; REDOSH, 2020).

Uma importante abordagem para entender processos de metacomunidades € uso
de traits funcionais (MCGILL et al., 2006). Sob pressdo antropica, o espago funcional
ocupado pela comunidade pode se alterar de maneira ndo aleatdria, assim o uso de uma
ou mais medidas baseadas em traits funcionais pode identificar processos envolvidos em
tais mudancas, o que é essencial num cenério de mudancas ambientais globais (MCGILL
et al., 2006; MOUCHET et al., 2010).

Na Amazonia o historico de destruicdo do habitat é relativamente recente. Até
1970 a cobertura florestal da Amazoénia Brasileira era estimada em 4,1 milhdes de km?,
com o0 avangco do desmatamento, impulsionado principalmente por atividades
agropecuarias, em 2021 essa cobertura foi reduzida a 3,4 milhdes de km2 (GARRETT et
al., 2021). Essa intensa mudanca de uso no solo das Ultimas décadas traz alteracdes na
quantidade e configuracdo de habitat natural disponivel para as comunidades bioldgicas
locais. Além de atividades agropecuérias, implementacdo de usinas hidrelétricas reduz a
floresta disponivel na paisagem local a manchas de diferentes tamanhos imergidas numa
matriz de agua, enquanto a conversdo de floresta para uso agropecuario forma as mesmas
manchas de habitat, porém inseridas numa matriz agricola ou pasto (BENCHIMOL e
PERES, 2015; FEARNSIDE, 2006).

Nas florestas neotropicais, pequenos mamiferos ndao voadores (Didelphidae,
Cricetidae e Echimyidae) ocupam posigéo central nas teias alimentares, desempenhando
importantes papéis ecologicos como predadores e dispersores de sementes (DEMATTIA
et al., 2004; GALETTI et al., 2015; TERBORGH et al., 2001), consumidores de
artropodes (PINOTTI et al., 2011) e como fonte alimentar de predadores (BERNARDE
e ABE, 2010; EMMONS e FEER, 1997; SILVA et al., 2010). Pequenos mamiferos ndo-

voadores representam aproximadamente 37% do total de espécies de mamiferos nacionais
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(ABREU et al., 2024) . O grupo além de elevada riqueza de espécies possui grande
diversidade funcional, podem ser encontradas espécies arboricolas, escansoriais,
terrestres e de ambientes aquéticos, além dos mais diversificados habitos alimentares tais
como: espécies carnivoras, insetivoras, frugivoras e muitas outras onivoras. Tais
caracteristicas pode conferir aos pequenos mamiferos ndo-voadores alta taxa de
adaptacao e capacidade de ocupacdo de diferentes habitats (FARIA et al., 2019; PATTON
etal., 2015).

Devido sua elevada diversidade, pequenos mamiferos servem como um grupo
modelo para estudos que investigam como alteracdes no habitat podem afetar vertebrados
(BOVENDORP et al., 2019; PALMEIRIM et al., 2021; PALMEIRIM et al., 2020).
Alteracdes na estrutura de comunidades de pequenos mamiferos (diversidade, abundancia
e composicao etc.) sdo comumente encontradas em estudos que investigam os efeitos da
perda de héabitat, fragmentacédo, exploracdo madeireira, fogo e mineracdo (FURTADO et
al., 2021; LAMBERT et al., 2005a; MELO et al., 2017; PALMEIRIM et al., 2021,
RODRIGUES et al., 2020a; SANTOS-FILHO et al., 2012). Comunidades de pequenos
mamiferos sdo consideradas um bom proxy para avaliar a integridade ambiental, pois a
variacdo na composicao e nimero de espécies das comunidades em muitos estudos esta
relacionada a diferentes formas de perturbacdo ambiental (AVENANT, 2011; BANKS-
LEITE etal., 2014; BROWN et al., 2021; PALMEIRIM et al., 2020). Neste contexto, 0s
parametros da estrutura de comunidades de pequenos mamiferos podem ser modificados
nos varios sistemas florestais, de acordo com a forma de alteracdo do habitat.

Em comunidades de pequenos mamiferos florestais, o tamanho da mancha de
habitat (fragmento) influencia todas as dimensdes da diversidade de comunidades em
ilhas de floresta em matriz de 4gua doce (PALMEIRIM et al., 2021). Tal processo pode
ndo se repetir em fragmentos florestais circundados por matriz terrestre, onde a
diversidade de espécies € modulada principalmente por caracteristicas intrinsecas da
fisiologia das espécies, refletindo sob seu grau de dependéncia do habitat (CASTELLAR
et al., 2015; MATTOS; ZIMBRES; MARINHO-FILHO, 2021; PALMEIRIM et al.,
2018a; PALMEIRIM; SANTOS-FILHO; PERES, 2020). Por vezes, pequenos mamiferos
em fragmentos florestais s&o modulados por caracteristicas internas relacionadas a
qualidade do habitat, a qual chega a ter um efeito adicional relevante na comunidade,
comparado a fatores como tamanho de fragmento ou quantidade de habitat disponivel na
paisagem (DELCIELLOS et al., 2016). Isto evidencia que a resposta de comunidades de

mamiferos as alteragbes no habitat ainda ndo esta completamente esclarecida,
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comunidades apresentam diferentes padrbes de acordo com a escala avaliada e o tipo de
processo antrépico e evolutivo ao que estdo submetidas (DAMBROS et al., 2015),
justificando a ampliacéo de estudos que avaliem as implicacdes de atividades antrdpicas
sobre a comunidades de pequenos mamiferos.

Para ampliar o conhecimento sobre a fauna de pequenos mamiferos neotropicais,
ainda se faz necessario investimento em levantamentos de campo, principalmente no
Bioma Amazbnico (CARVALHO et al.,, 2023). As caracteristicas geogréficas e
econdmicas restringem a realizacéo de inventarios biologicos a poucas localidades neste
bioma, resultando em muitas areas com auséncia de inventarios ao longo da regido
(OLIVEIRA et al., 2017). Por fim, suas caracteristicas intrinsecas dos pequenos
mamiferos, como baixa densidade de muitas espécies e diversidade no uso do espaco,
exigem um grande e complexo esforco amostral, o que dificulta ainda mais o avango no
conhecimento sobre esta fauna (BOVENDORP; MCCLEERY; GALETTI, 2017; GU;
SWIHART, 2004; RODRIGUES et al., 2020b; VOSS; EMMONS, 1996).

Tradicionalmente, pequenos mamiferos sdo amostrados com o uso de armadilhas
do tipo Live Traps (Shermans e Tomahawks) e, em muitos casos, com o uso de armadilhas
interceptacdo e queda (Pitfall traps). Além do tipo de armadilha, é preciso considerar o
uso dos estratos verticais em areas de florestas por pequenos mamiferos, devido a sua
grande diversidade de habitos locomotores ja mencionada. Com isso, a amostragem
estratificada permite uma abrangéncia maior da composicdo de espécies local
(BOVENDORP et al., 2017). Contudo, amostragens de pequenos mamiferos em
diferentes estratos, especialmente em dossel (LAMBERT; MALCOLM; ZIMMERMAN,
2005b; MALCOLM, 1991b), podem ser mais onerosas, assim como pitfalls. As
comunidades de mamiferos estudadas nesta tese estdo inseridas nesse contexto de uma
paisagem heterogénea de disponibilidade de hébitat e tipos de matriz. Dessa forma,
testou-se as seguintes hipéteses:

1) Os diferentes tipos de armadilhas e sua posi¢do nos estratos verticais atuam de
forma complementar na eficiéncia de amostragem de pequenos mamiferos, ou
seja, nenhum tipo de armadilha ou posicionamento vertical é capaz de amostrar
todas as espécies de pequenos mamiferos;

2) A diversidade taxondmica e funcional de mamiferos diminui de acordo com um
gradiente de quantidade e qualidade do habitat disponivel, associada a qualidade

da matriz de entorno;
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3) A frequéncia de espécies com caracteristicas funcionais relacionados a capacidade
de disperséo e plasticidade no uso do habitat € maior em comunidades inseridas
em fragmentos pequenos, de matriz e habitat de baixa qualidade.

4) A perda de espécies de pequenos mamiferos ao longo do gradiente de
fragmentacéo e qualidade do habitat é ndo aleatoria, apresentando um padréo de

composicgdo de espécies aninhado.

1.1 OBJETIVO GERAL
Avaliar padrdes de estrutura de comunidade em fragmentos florestais no leste do

Acre, bem como investigar os principais preditores e processos estruturadores destas

comunidades.

1.2 OBJETIVOS ESPECIFICOS
- Verificar a efetividade do uso de armadilhas de dossel na amostragem de

pequenos mamiferos (Capitulo I).

- Avaliar os padrbes de diversidade taxonémica e funcional das comunidades

amostradas (Capitulo I1).

- Determinar como a qualidade, perda e fragmentacdo do habitat influenciam os
padrdes de diversidade, composicdo taxonémica e funcional das comunidades de

pequenos mamiferos (Capitulo I1).

- Investigar a composicdo de espécies das comunidades estudadas através de

padrdes de beta diversidade (Capitulo I1).

- Aumentar o conhecimento sobre a biogeografia de pequenos mamiferos na
Amazonia Sul Ocidental, com foco na ocorréncia de espécies na porcdo leste do estado
(Capitulo 111).

2. REVISAO BIBLIOGRAFICA
A presente revisdo trata sobre estudos de campo sobre efeitos de alteragcdes no

habitat sobre a estrutura de comunidades de pequenos mamiferos na regido neotropical,
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boa parte deste conhecimento provém de pesquisas desenvolvidas na Mata Atlantica
(BOVENDORRP et al., 2017; DAMBROS et al., 2015; RODRIGUES et al., 2020b, 2022;
UMETSU e PARDINI, 2007). PARDINI et al. (2005) ao estudar comunidades de
pequenos mamiferos em fragmentos florestais no estado de S&o Paulo, observaram que a
perda e a fragmentacdo do habitat resultam em comunidades menos abundantes, menos
ricas e mais distintas entre si. Na Bahia, a autora realiza uma extensa amostragem com a
captura de 1725 individuos na paisagem de Una, onde encontra que a principal alteracéo
nas comunidades de pequenos mamiferos foi 0 aumento da riqueza de espécies na borda
de fragmentos, ocasionados pela insercdo de espécies adaptadas a areas degradadas, com
Isso a autora enfatiza o valor das paisagens antropogénicas para a conservacao do grupo
(PARDINI, 2004).

VIEIRA et al. (2009) compararam a influéncia da forma de uso da terra contra o
tamanho e o isolamento de 21 fragmentos florestais no estado do Rio de Janeiro. Os
autores demonstraram que, apesar de algumas criticas a Teoria de Biogeografia de llhas
(MACARTHUR e WILSON, 1967), tamanho e isolamento das manchas de hébitats
foram os melhores preditores da riqueza e composicao das comunidades de pequenos
mamiferos.

PAISE et al. (2020) observaram que pequenos mamiferos podem responder de
acordo com um modelo continuo em uma paisagem altamente fragmentada. O estudo
realizado em seis sitios no interior do estado de Sdo Paulo revelou que caracteristicas da
matriz, como a presenca de vegetacao riparia, exercem um efeito positivo sobre a riqueza
e diversidade das espécies, destacando respostas distintas das espécies aos diferentes
niveis de permeabilidade da matriz.

PALMEIRIM et al. (2019a) em uma analise abrangente da riqueza de espécies em
96 localidades da Mata Atlantica, verificaram que a "Habitat Amount Hypothesis" (HAH)
explica melhor a riqueza local de espécies do que a configuracdo da paisagem
(fragmentagéo). Esta tende a ter maior importancia em extremos de cobertura de habitat,
com menor influéncia em paisagens com cobertura intermediaria. De forma similar,
VIEIRA et al. (2018) concluiram que a HAH explica melhor a riqueza de espécies do que
a Teoria de Biogeografia de Ilhas em uma paisagem com 30 fragmentos florestais no
estado do Rio de Janeiro. Eles enfatizam que a medida de isolamento dos fragmentos deve
incluir todos os fragmentos na escala analisada, pois 0 uso de apenas os trés fragmentos
mais proximos pode levar a conclusdes distintas. Todavia num estudo multi-taxa que

inclui pequenos mamiferos, PUTTKER et al. (2020) demonstram que o efeito da
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fragmentacdo do hébitat ndo pode ser descartado, em paisagens com quantidades
intermediérias a altas de habitat remanescente existe um efeito negativo da fragmentagéo
em si sobre a riqueza de espécies, provavelmente como resultado do efeito de borda.

No Cerrado, MELO et al. (2017) testaram a HAH em 50 comunidades de
pequenos mamiferos. Os autores constatam que a HAH explica melhor a riqueza de
espécies do que o tamanho ou isolamento dos fragmentos, mesmo em paisagens com
baixa disponibilidade de hébitat (<20%). Também no Cerrado, MATTOS; ZIMBRES;
MARINHO-FILHO, (2021) identificam que a riqueza de pequenos mamiferos em
fragmentos ¢ afetada de maneira distinta entre espécies generalistas e especialistas. Nos
36 fragmentos avaliados, o n° de espécies generalistas esteve mais relacionado a
quantidade de habitat na paisagem e a riqueza de especialistas com a qualidade do habitat
do fragmento (MATTOS; ZIMBRES; MARINHO-FILHO, 2021). No Cerrado,
localizacdo geografica e a heterogeneidade de habitats (campos a florestas), sdao 0s
principais determinantes da diversidade e padréo de abundéncia de comunidades de
pequenos mamiferos ao longo do bioma (CARMIGNOTTO; PARDINI; DE VIVO,
2022).

Na Amazonia, estudos sobre comunidades de pequenos mamiferos sdo escassos.
Apesar disso, pesquisas tém buscado compreender efeitos de a¢des antropogénicas nas
comunidades. Pioneiro em estudos sobre efeitos da perda e fragmentacdo de habitat em
pequenos mamiferos na Amazénia, MALCOLM (1991a) amostrou por seis anos o0 grupo
em fragmentos florestais, areas continuas e suas bordas. Em sua tese, o autor contribui
para o entendimento de como o ambiente de borda pode alterar o padrdo de abundéncia
das comunidades e como esse efeito € fortemente influenciado pelo tipo de matriz do
entorno. SANTOS-FILHO et al. (2012) estudando 23 fragmentos florestais na Amazonia
Mato-Grossense, também destaca o efeito de caracteristicas da matriz sobre as
comunidades. Na regido amostrada a qualidade da matriz foi a principal variavel a
influenciar riqueza de espécies, enquanto caracteristicas do habitat local explicam a
composic¢ao da comunidade.

A ampla diversidade de habitos, alimentares e locomotores entre as espécies de
pequenos mamiferos, tem influenciado estudos ecoldgicos a diferenciar sub-grupos de
especies na comunidade de acordo com seu grau de dependéncia de hébitats florestais
(PALMEIRIM et al., 2018; PALMEIRIM et al., 2020). Espécies dependentes de florestas
tém maior dificuldade em atravessar matrizes ndo florestais e sdo mais propensas a

extingdo em paisagens fragmentadas. Por outro lado, espécies com maior capacidade de
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dispersdo e tolerancia a matriz tendem a se tornar mais abundantes em habitats
degradados, diluindo a relacdo positiva entre 0 nimero de espécies e o tamanho da area
(PALMEIRIM et al., 2020; SANTOS-FILHO et al., 2012).

PALMEIRIM et al. (2021) ao estudar comunidades de pequenos mamiferos e
lagartos no arquipélago de Balbina, no Amazonas, encontraram que o tamanho das ilhas
influencia a diversidade taxondémica, funcional e filogenética. Fragmentos menores que
100 hectares se mostram insuficientes para manter a integridade da comunidade. A beta-
diversidade de pequenos mamiferos nesses fragmentos estd mais relacionada as
caracteristicas da vegetacdo (riqueza de arvores e idade) do que ao tamanho dos
fragmentos, evidenciando a importancia da qualidade do habitat na manutencdo das
espécies e na prevengdo da homogeneizacdo das comunidades de pequenos mamiferos
em paisagens insulares (PALMEIRIM et al., 2018b).

De fato, a qualidade do habitat também é um fator crucial na persisténcia de
espécies nas paisagens fragmentadas (FISCHER e LINDENMAYER, 2007; THOMAS
et al., 2001). Entretanto, estudos que avaliam empiricamente esse efeito ainda sdo
escassos e de dificil delineamento (MORTELLITI et al., 2010). DELCIELLOS et al.
(2016) estudando pequenos mamiferos de 25 fragmentos florestais no estado do Rio de
Janeiro encontraram que as variaveis relacionadas a qualidade do habitat podem ser uma
das principais determinantes da composi¢do das comunidades, tdo importante quanto o
isolamento entre fragmentos. DAMBROS et al. (2015) registram que a riqueza de
espécies na Mata Atlantica foi mais bem explicada pela qualidade do habitat numa escala
local, porém a composic¢do das comunidades foi mais bem explicada por modelos neutros
e variadveis de clima e ndo apresentou relacdo com variavel de qualidade do habitat.

Em fragmentos florestais na regido de Alter do Chdo, na Amazdnia paraense,
BORGES-MATOS et al., (2016) observaram que a composi¢ao de pequenos mamiferos
esta mais relacionada a qualidade da matriz do que ao tamanho do fragmento. LAMBERT
et al. (2006) analisando comunidades no Pard, relataram que a abundancia de pequenos
mamiferos tende a aumentar em resposta a caracteristicas do habitat associadas a
perturbacdo e efeitos de borda, possivelmente devido ao aumento na disponibilidade de
recursos, como frutos e artrépodes. Dessa forma, é nitido que pequenos mamiferos nédo
apresentam uma resposta Unica a perda e fragmentacao do habitat, as comunidades podem
ser afetadas de diferentes formas em diferentes parametros avaliados, a depender do
sistema estudado, escala, biologia e fisiologia das espécies que compdem a comunidade,

0 que pode resultar em respostas distintas entre espécies generalistas e especialistas
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(CASTELLAR et al., 2015; HANNIBAL et al., 2020; MATTOS; ZIMBRES;
MARINHO-FILHO, 2021; PALMEIRIM et al., 2018a; PARDINI et al., 2010) . Tal
cenario, justifica a intensificacdo de estudos na busca por entender os efeitos de acoes
antropicas sobre essas comunidades.

No Acre, estudos com pequenos mamiferos nao-voadores sdo extremamente
escassos. O maior levantamento no estado remonta da década de 90, quando PATTON et
al. (2000) em levantamento ao longo de todo o Rio Jurua, capturam mais de 1800 animais
de 41 espécies, destes 443 individuos de 26 espécies em quatro localidades no estado do
Acre. O inventério realizado por PATTON et al. (2000) no Jurua é fundamental para o
entendimento da biogeografia e evolucdo dos pequenos mamiferos na Amazonia,
principalmente na porcédo ocidental, os taxons depositados em museus e as informagdes
genéticas oriundas dos mesmos, servem de base para diversos estudos filogenéticos de
pequenos mamiferos na regido (BONVICINO et al., 2022; DALAPICOLLA et al., 2024;
HURTADO; PACHECO, 2017). Outro levantamento realizado no estado é¢ o de ABREU-
JUNIOR et al. (2016) na Resex Chico Mendes e ESEC Rio Acre, nos municipios de
Brasiléia e Assis Brasil os autores registram 18 espécies entre 58 individuos capturados.
A partir de 2014 a regido leste do estado passou a ser foco de sistémicos levantamentos
de pequenos mamiferos com foco em biodiversidade e satde (CRISOSTOMO, 2018;
FERNANDES et al., 2018; MEDEIROS et al., 2020). Além do aumento do conhecimento
sobre zoonoses associadas, os trabalhos realizados a partir de 2014 no estado tem
contribuido na compreenséo de relacGes evolutivas entre marsupiais (BONVICINO et al.,
2022). Apesar disso, estudos com foco em ecologia e conservagdo de pequenos
mamiferos ainda ndo foram realizados. Anélises de como as diferentes formas de uso do
solo, disponibilidade e qualidade do habitat afetam comunidades de pequenos mamiferos

na regido ainda ndo foram realizadas, as quais sdo foco do presente estudo.

3. ORGANIZACAO DA TESE

Esta tese estd organizada em trés capitulos, apresentados em formato de artigos
com formatacdo de acordo com o respectivo periodico ao qual foi publicado ou pretende-

se submeter, conforme segue:

No Capitulo 1 é apresentado estudo sobre eficiéncia de diferentes formas de

armadilhamento na amostragem de pequenos mamiferos. Ele utiliza dados de quatro areas
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de estudo amostradas entre 2014 e 2018. Este artigo esta publicado no periodico
Mammal Research sob registro https://doi.org/10.1007/s13364-023-00711-4.

No Capitulo 2 é abordado os fatores ambientais que afetam a estrutura de
comunidades de pequenos mamiferos em dez fragmentos florestais. Neste artigo,
caracteristicas ambientais de dez fragmentos florestais e sua matriz do entorno sao usadas
para explicar padrdes de alpha e beta diversidade das comunidades de pequenos
mamiferos ndo voadores. Este artigo esta publicado no periodico Global Ecology and
Conservation sob registro https://doi.org/10.1016/j.gecc0.2025.e03445 .

No Capitulo 3 é apresentado estudo sobre a fauna de pequenos mamiferos do
Acre, com todas as informacdes de coletas de campo chefiadas pelo Laboratorio de
Biologia e Parasitologia de Mamiferos Silvestres Reservatorios — LBPMR do Instituto
Oswaldo Cruz-RJ no estado, com novidades sobre biogeografia de algumas espécies. Este
artigo ainda ndo foi submetido. Sua formatacdo segue normas do periddico Biota

Neotropica.
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Abstract

Small non-flying mammals represent 44% of Brazilian mammal species and have a wide
range of habits and life-history strategies. This wide diversity requires different sampling
methods in survey studies. We compared the efficiency of pitfall and live-traps in
different vertical positions in relation to the alpha and beta diversity of small mammals
in three forest fragments with different levels of conservation and in a continuous area in
the southwestern Amazon, Acre state. Captures were carried out using a combination of
pitfall traps and live-traps on the ground, understorey and canopy. Taxonomic
identification was performed by morphological and molecular analyses. Alpha diversity
was evaluated using Hill numbers (q= 0 and g=1). The turnover between different types
of traps and different vertical strata (beta-diversity) was analysed using permutation
analysis of variance. Species richness between areas ranged from six to 21. The highest
species richness was observed in ground traps, and the lowest species richness was
observed in the canopy. Live-traps on the ground recorded a greater diversity in two areas.
Pitfall traps recorded the greatest number of unique species in three areas. The different
types of traps and the different vertical positions acted in a complementary way in the
small mammal samplings. The turnover in relation to trap type and stratum indicated the
formation of two significantly different groups: ground traps and aboveground traps.
However, the use of canopy traps did not contribute significantly to an increase in the
estimated species richness and diversity in three of the four localities.

Keywords Pitfall Traps, Canopy, Marsupial, Rodent
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Introduction

Small non-flying mammals, represented by small rodents and didelphid
marsupials, represent approximately 40% of Brazilian mammal species (Quintela et al.
2020) and have a wide diversity of habits and life-history strategies. Species vary from
10 to 1500 g in mass; they have terrestrial, fossorial, arboreal or scansorial habits and
show a wide variety of feeding habits - frugivorous, granivorous, folivorous,
insectivorous and omnivorous species (Paglia et al. 2012). Such characteristics give small
non-flying mammals a high rate of adaptation and ability to occupy different habitats
(Emmons and Feer 1997; Vieira and Monteiro-Filho 2003; Hannibal and Caceres 2010).
This wide range of characteristics leads to difficulties in conducting species surveys for
this group, resulting in the need for different sampling methods to reduce the large gaps

in knowledge related to the occurrence and distribution of small mammals.

Traditionally, small mammals are sampled using live-traps and, in many cases,
pitfall traps. Live-traps attract animals with baits and allow the capture of a wide range
of species when using different sizes. Pitfalls attract animals by interception and can
capture animals that are not attracted by baits or live-traps; thus, they are considered a
complementary method to live-traps. Pitfall traps were determinant in estimating the
species richness and abundance of rodents and marsupials in Atlantic Forest studies
(Quintela et al. 2013; Abreu-Junior et al. 2016; Bovendorp et al. 2017). However, pitfalls
can expose the captured animals to predation and to weather conditions, such as heat and
rain (Barros et al. 2015). In addition, they are a more laborious sampling method than
live-traps because they require prior installation and permanent maintenance once
installed. Another factor to be considered when sampling small mammals is the different
use of vertical strata by animals in forest areas due to their great diversity of locomotor
habits already mentioned. Thus, sampling in different strata allows a greater range of
species to be recorded in a survey. However, sampling small mammals in different strata,

especially in the canopy, can be more expensive and laborious.

Despite their ecological importance, small mammals are one of the least studied
taxa in the Amazon. This is due to the natural logistical difficulties imposed by the biome,
the high degree of vertical stratification of the environment, the high cost involved in
small mammal surveys (Gardner et al. 2008), and the ecological characteristics of this
taxa, such as the low density of many species and the diversity in the use of space, which

require a large and complex sampling effort (Gu and Swihart 2004; Bovendorp et al.
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2017; Rodrigues et al. 2020). In addition, land access to several areas in the Amazon is
limited, with river transport being of great importance in the region (Peres and Lake 2003;
Hernandez-Fontes et al. 2021). Thus, geographic and economic difficulties restrict
biological studies to few locations in this biome, resulting in many areas with no small
mammal species surveys throughout the region (Oliveira et al. 2017). Despite this, both
pitfalls and live-traps have already been successfully used in species surveys and
biodiversity studies in the Amazon (Santos-Filho et al. 2015; Ardente et al. 2017).

Considering the different vertical strata, there are few studies with small
Amazonian mammals that have used canopy traps and verified their efficiency (Patton et
al. 2000; Palmeirim et al. 2020). Lambert et al. (2005) evaluated the impact of the use of
canopy traps in two areas in the eastern Amazon and found little improvement in the
species accumulation curves when canopy samplings were included. Patton et al. (2000),
in their classic study of small mammals along the Jurué River, recorded several species
on the ground and in traps placed on platforms installed in the canopy but did not sample

the understorey, making it difficult to compare strata.

Given the diversity of sampling protocols used in field studies of small mammals
and the high costs of field campaigns, understanding the efficiency of different methods
(i.e., number of sampling days, type of trap, vertical position) is essential to compare
studies and to identify the most adequate trapping arrangement, especially when financial
resources are limited (Bovendorp et al. 2017; Rodrigues et al. 2020; Palmeirim et al.
2020). In this sense, our study aimed to compare the efficiency of pitfalls and live-traps
and their placement in three different vertical strata (e.g., ground, understorey and
canopy) in relation to small mammal species richness and alfa and beta diversity in four
different Amazonian forest sites in the state of Acre, Brazil. Based on those studies, we
tested the hypothesis that the different types of traps and their position in the vertical
strata act in a complementary way in their efficiency of sampling small mammals, that is,

no type of trap or vertical positioning is able to sample all species of small mammals.

Material and methods

Study areas
Our study was conducted in the southwest Brazilian Amazon in the eastern region
of the state of Acre. The region is dominated by different phytophysiognomies that cover

the Amazon basin, with emphasis on open forests with palm trees, open forests with
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bamboos characterized by a low density of wood and understorey dominated by the genus
Guadua, and few patches of dense forest. The average annual rainfall is 2,160 mm, with
a monthly variation ranging from 28 mm to 299 mm (Duarte 2020).

We sampled small mammals in three forest fragments and in a continuous forest
area in the Acre River basin, all formed by a mixture of the three vegetation types
described above (Fig. 1). The localities sampled were 1) Seringal Cachoeira (SEC),
(10°49'S, 68°21'W), in the municipality of Xapuri, an area of continuous primary forest
0f 24,200 ha; 2) Reserva Florestal Humaita (RFH) (9°43'S, 67°48'W), in the municipality
of Porto Acre, a large forest fragment of approximately 2,800 ha of primary and
secondary vegetation, surrounded by farms, roads and by the Acre River in its eastern
portion; 3) Fazenda Experimental Catuaba (FEC) (10°04'S, 67°37'W), in the municipality
of Senador Guiomard, a forest fragment of 900 ha of primary and secondary forest,
surrounded by farms and roads; and 4) Floresta do Parque Zoobotanico (FPZ) (9°57'S,
67°52'W), in the municipality of Rio Branco, an urban forest fragment of approximately

140 ha of forests in different stages of ecological succession.

Field expeditions took place in March and August 2014 and July and November
2015 in the SEC, RFH and FPZ. At FEC, expeditions took place in November 2016 and
October 2018.

Sampling design

In each of the surveyed areas, we established five to ten linear transects of 225 m
spaced from 500 to 1000 m apart. In each transect, 15 capture stations were installed,
spaced 15 m apart, where live-traps Sherman® (Sh) or Tomahawk® (Tw) were placed at
three different heights of the forest's vertical stratum (ground, understorey and canopy).
The live-traps were baited with a mixture of bacon, banana, corn and peanuts. The traps
were installed alternately in terms of type and positioning along the 15 capture stations,
as follows: 1st) a Sherman® (30 x 8 x 9 cm) installed on the ground and a Sherman® (35
x 10 x 12 cm) installed in the canopy; 2nd) a Tomahawk® (40 x 15 x 15 c¢cm) installed on
the ground; and 3rd) a Sherman® (30 x 8 x 9 cm) installed in the understorey at 1 to 3 m
high (Fig. 1). Canopy traps were placed on a platform ~10 m high, hoisted by ropes and
pulleys in an adaptation of the technique presented by Lambert et al. (2005) (Fig. 1). At
the end of each transect, we installed a pitfall composed of four 60-L buckets spaced at

10m connected by a guide fence (plastic tarp) 1 m high, arranged in Y.
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Fig. 1 Location of the four study areas and sampling design in the eastern part of the state of Acre, Brazil.
A: 1-Seringal Cachoeira (SEC), 2—Reserva Florestal Humait4 (RFH), 3—Fazenda Experimental Catuaba
(FEC), 4—Floresta Parque Zooboténico (FPZ). B: Drawing of the platform and scheme of ropes used for
canopy sampling. C: Scheme of a transect containing the different types of traps and vertical samplings
used in the study: Sherman-ground, Tomahawk-ground, Sherman Understorey, Sherman-Canopy, and
Pitfall.

In each field campaign, the transects were sampled for five consecutive days. All
traps were inspected daily, and baits were replaced if necessary. Capture success was
calculated as follows: the number of animals captured divided by the trapping effort
(number of traps x number of trapping nights) multiplied by 100. The captured animals
were transported to a base camp laboratory, where they were properly anaesthetized and
euthanized. The animals were captured under the authorization of the Brazilian

Government’s Chico Mendes Institute for Biodiversity and Conservation (ICMBio,
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licence number 13373-1). Captures and animal handling were performed according to the
Ethical Committee on Animal Use of the Oswaldo Cruz Foundation (CEUA licence
number LW-39/2014) and followed the standard protocols of biosafety of Lemos &
D’Andrea (2014). The collected animals were identified through integrated analysis of
external and cranial morphology, cytogenetics (karyotype) for rodents, and molecular
analysis (cytochrome b sequencing) when necessary (Bonvicino et al. 2005; Gongalves
et al. 2014). Specimens were submitted to taxidermy and their skulls, skins and tissue
were deposited in the mammal collection of the Laboratory of Biology and Parasitology
of Wild Reservoir Mammals at Oswaldo Cruz Institute in the state of Rio de Janeiro,

Brazil.

Data analysis

The studied areas had differences in their structural characteristics, such as the
size of the forest fragment and the type of the surrounding matrix, and in relation to the
trapping effort. Because these factors have a great influence on small mammal sampling
(Pardini et al. 2005; Borges-Matos et al. 2016), data were analysed and discussed for each
locality separately. Moreover, we used individual-based species extrapolation and
rarefaction curves as a measure of diversity to compare diversity between traps and strata
for each locality. Species-based rarefaction and extrapolation curves based on individuals
are more appropriate for comparing communities where there are differences in the
sampling effort and in the capture rate among them (Gotelli and Colwell 2001).
Rarefaction and extrapolation curves were generated to estimate species richness (total
number of species) and diversity based on Shannon Hill numbers (Jost 2006). This index
is considered the most appropriate for diversity estimates that take into account the
distribution of abundance among the sampled species (Chao et al. 2014; Hsieh et al.
2016). The Hill number g = 0 considers the number of species recorded. The Hill number
g=1 weights the estimated diversity according to the distribution of species abundance,
thus representing the number of equally common species within a community that are

required to provide a specific Shannon diversity index value (Chao et al. 2014).

Rarefaction and extrapolation curves were generated using 100 bootstrap
iterations to obtain an 84% confidence interval (Cl; i.e., 1.41 times SE). We consider 84%
Cls more appropriate for comparing curves, as 95% Cls may be conservative for
comparison between groups (Payton et al. 2003; Camargo et al. 2018). Furthermore, in

simulations, a Cl of 84% came closest to a significance level of 0.05 (MacGregor-Fors

31



and Payton 2013). However, we considered that our sampled communities have high
diversity, registering the presence of rare species in the sample, which produces high
confidence intervals, making it difficult to compare among groups (Chao and Jost 2012).
For this reason, extrapolations of species diversity indices estimated in each curve were

limited to twice the abundance of the treatment under analysis (Colwell et al. 2012).

To evaluate species diversity between methods, we estimated rarefaction and
species extrapolation curves for pitfalls and live-traps captures and for each strata based
on individuals sampling for each area. Species rarefaction and extrapolation curves were
generated in the R Core Team 4.0.5 software in the INEXT package (Hsieh et al. 2016).

Posteriorly, the species turnover between the different types of traps and different
vertical strata (beta-diversity) was analysed using permutation analysis of variance
(PERMANOVA) to test the hypothesis that the different types of traps act in a
complementary way for small mammal sampling as follows. First, we calculated the
Jaccard distance, which considers only the species composition, and the Bray-Curtis
distance, which considers the abundance of each species, using Hellinger transformation
to reduce the effect of very abundant species (Borcard et al. 2011). Then, principal
coordinate analyses (PCoAs) and pairwise comparisons between the different types of
traps and vertical strata of the Jaccard and Bray-Curtis distances were performed using
PERMANOVA. This analysis allows the comparison of community dissimilarities
between two or more groups by permutations. Analyses were performed with 10,000
iterations, with the sampling site as a replica. These analyses were performed using the

vegan package (Oksanen et al. 2020) in R Core Team 4.0.5 software.

Results
The SEC area had a total of 17 species, five of which were captured exclusively

in pitfalls, one exclusively in ground live-traps and four exclusively above ground (Table
1 and Fig. 2). The capture success was higher in pitfalls (6.25) than in ground live-traps
(4.7). Caluromys lanatus was captured exclusively in the canopy. Proechimys gardneri
had high abundance in live-traps on the ground. In this area, the pitfalls showed greater
species richness and diversity than the live-traps on the ground without overlaps in the
confidence intervals (Fig. 3). However, in relation to the vertical strata, this difference
was not observed, with a great overlap in the rarefaction and extrapolation curves between
the strata (Fig. 4).
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In RFH, 21 species were recorded, four of which were captured exclusively in
pitfalls, four exclusively in live-traps on the ground, and two exclusively above ground
(Table 1 and Fig. 2). No species were captured exclusively in the canopy (Fig. 2).
Marmosa constantiae and Marmosa rutteri stood out for their high abundance in canopy
traps, although they were also captured in the other two strata. The capture success was
3.9 in pitfalls, 5.3 in ground live-traps and 4.3 above ground, with the highest success in
Sherman-ground. The rarefaction and extrapolation curves indicated similar species
richness and diversity between pitfalls and live-traps on the ground for both g = 0 and q
= 1 (Fig. 3). However, comparing the strata, we observed greater species richness and
diversity on the ground in relation to the other two strata. In addition, the understorey had
higher indices than the canopy without overlaps in the confidence intervals for q = 1 (Fig.
4).

Fifteen species were captured in the FEC, of which three were captured
exclusively in pitfalls, two exclusively in live-traps on the ground, and seven exclusively
above ground, among which two were captured exclusively in the canopy, which were
Mesomys hispidus and Rhipidomys leucodactylus (Table 1 and Fig. 2). The capture
success was higher in pitfalls (4.5) than in live-traps on the ground (2.1). The capture
success above ground was 2.5, being 3.2 in the canopy. Rarefaction and extrapolation
curves indicated greater species richness and diversity in pitfall traps than in live-traps on
the ground, despite the overlapping confidence intervals in the g=0 curve (Fig. 3).
Regarding the strata, there was a great overlap in the rarefaction and extrapolation curves,
both in g=0 and in q=1 (Fig. 4). In this area, Monodelphis glirina showed high abundance
in pitfalls, Proechimys gardneri showed high abundance in live-traps on the ground, and

Marmosa constantiae and Marmosa rutteri had high abundance above ground (Table 1).

In the FPZ area, the total species richness was six. This result was similar between
pitfall and Sherman-ground traps and had a small variation among strata (Table 1). The
highest richness was detected in Tomahawk-ground. Considering ground traps only, live-
traps recorded four species whereas pitfalls recorded two (Table 1). The capture success
was also higher in live-traps on the ground (1.2) than in pitfalls (0.75). (Table 1). In this
area, Marmosa constantiae was captured exclusively above ground, Monodelphis
peruviana was captured exclusively in pitfalls, three species were captured exclusively in
live-traps on the ground, and none was captured exclusively in canopy traps (Table 1 and
Fig. 2). Rarefaction and extrapolation curves showed a large overlap in the confidence

33



intervals between pitfalls and ground live-traps and among strata, either for g = 0 or for g
=1 (Figures 3 and 4), indicating small differences between techniques and between strata.
This small difference can be attributed to a greater abundance of Philander canus in live-

traps on the ground, also captured in pitfalls and in the understorey.

In the analysis of turnover in relation to the types of traps and strata, the
PERMANOVA indicated the formation of two significantly different groups: a) ground
traps (Pitfall, Sherman-ground and Tomahawk-ground), and b) aboveground traps
(understorey and canopy traps) (Fig. 5). The pairwise comparisons showed significant
differences between groups for both Jaccard (F=1.672, R = 0.31, p = 0.021) and Bray-
Curtis methods (F=2.275, R?=0.38, p=0.007), except for the comparison between
Sherman-ground and canopy traps (Table 2).

Discussion

As expected, live-traps and pitfall traps acted in a complementary way in relation
to species composition, supporting our hypothesis. The beta diversity observed between
trap types and between the vertical strata of the forest (Fig. 5) showed important
differences in species composition in this study. Considering the traps on the ground,
pitfalls registered a higher number of overall species and of exclusive species in SEC and
FEC, the largest areas. For both species richness and alpha diversity, the greatest
difference found between the captures in pitfalls and in live-traps on the ground was in
the SEC locality, which is the continuous area, where five species were captured only in
pitfalls. In the FPZ, which is an urban fragment and the smallest area sampled, differences
in species richness and diversity between trap types were not observed, which also
occurred for the RFH locality, although the number of exclusive species found in ground

live-traps was higher than that in pitfalls in the FPZ.
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Table 1 Number of small mammals captured by different trap types and by different vertical strata (ground, understorey and canopy) at four sampling sites in the
Acre River basin, state of Acre, Brazil. Locomotor habit according to Paglia et al. (2012). FPZ - Floresta do Parque Zooboténico, FEC — Fazenda Experimental
Catuaba, RFH — Reserva Florestal Humaita, SEC — Seringal Cachoeira. PIT — Pitfall traps, SH GRO — Sherman trap in ground, TW GRO - Tomahawk in ground,
SH UND — Sherman in understorey, CAN — Sherman in canopy

. SEC RFH FEC FPZ
Taxa Locomotion SH Tw  sH SoTw S o Tw o T
GRO GRO UND GRO GRO UND GRO GRO UND GRO GRO UND
Didelphimorphia
DIDELPHIDAE
Marmosa constantiae Arboreal 1 7 2 4 17 1 1
Marmosa rutteri Arboreal 3 2 5 23
Marmosops ocellatus Scansorial 8 2 11 1 1
Monodelphis glirina Terrestrial 8 2 1 1
Philander canus Scansorial 4 1 3 5 L
Marmosops bishopi Scansorial 1
Marmosops noctivagus Scansorial
Didelphis marsupialis Scansorial 3 1 1
Monodelphis emiliae Terrestrial 1
Monodelphis peruviana Terrestrial
Metachirus myosuros Terrestrial 1
Philander mcilhennyi Scansorial
Caluromys lanatus Arboreal
Rodentia
CRICETIDAE
Neacomys amoenus Terrestrial 1 6 1
Oecomys bicolor Arboreal 1 1 5 4
Oligoryzomys microtis Scansorial
Neacomys musseri Terrestrial
Hylaeamys yunganus Terrestrial 1 1
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Rhipidomys leucodactylus | Arboreal 1 1 1
Nectomys apicalis Terrestrial 1
Oecomys trinitatis Arboreal 1
Euryoryzomys macconnelli | Terrestrial
Hylaeamys perenensis Terrestrial
ECHIMYDAE
Proechimys gardneri Terrestrial 13 14 6 2 3 10 7
Proechimys simonsi Terrestrial 4 9 1 4 8 1
Proechimys brevicauda Terrestrial 9 14 1
Mesomys hispidus Arboreal 1 2 1 2 3 3
Abundance 25 20 27 11 7 |28 56 40 29 49 |18 12 9 9 16 | 3 4 8 2 1
Effort (trap.nights) 400 500 500 500 500|720 900 900 900 900|400 500 500 500 500|400 500 500 500 500
Capture rate 63 40 54 22 14|39 62 44 32 54|45 24 18 18 32|08 08 16 04 02
Richness 11 5 4 6 4 |11 13 10 7 3 3 5 5 2 2 3 2 1
Exclusive Species in area 5 0 1 1 114 1 1 0
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1

SEC RFH FEC FPZ

Fig. 2 Number of exclusive species for each sampling technique and each stratum at four sampling
sites in the Acre River basin, state of Acre, Brazil. FPZ - Floresta do Parque Zoobotéanico, FEC —
Fazenda Experimental Catuaba, RFH — Reserva Florestal Humaitd, SEC — Seringal Cachoeira, SH
— Sherman, TW — Tomahawk, LT - live-traps (Sherman + Tomahawk)

In the two localities where differences between pitfall and live-traps (SEC and
FEC) were found, this difference increased considering the diversity index g = 1 in
relation to the species richness (g = 0), with greater diversity using pitfalls. Diversity takes
into account not only species richness but also species composition and relative
abundance. Trapping methods differ in their capture efficiencies according to species
locomotor habit or use of space. Therefore, the species captured differed among trap types
or strata, with species exclusive to each method. Vertical stratification is a widespread
phenomenon in vertebrate community structure (Basham et al. 2022). Most of the species
found are terrestrial or scansorial (Table 1), following the pattern of small Amazonian
mammals (Ardente et al. 2017; Palmeirim et al. 2020). This information helps to
understand how individuals are distributed and adapt to different environments, because
habitat disturbances can change the vertical use behaviour in species with greater
plasticity in use of space (Delciellos et al. 2017). Additionally, there were large
differences in the abundances of certain species that were captured in more than one
method, which is reflected in the diversity indices and was clearer in the most preserved
areas. Furthermore, the placement of live-traps in the upper strata was also a considerable
factor. For example, some species of the genera Marmosa and Proechimys were very
abundant in live-traps with few captures in pitfalls, while for Monodelphis and Neacomys,
the opposite occurred, although they were captured in both methods.

37



1)

R=p =

a 15 - - b

LAY g 2

(=) == (@)

8 ° 3

(8] (8]

2 ; ; - = & ; ; - ;

7] 25 50 75 100 » 25 50 75 100
Number of individuals Number of individuals

5 RFH = RFH

n "

O O

3‘20 ------ 2104 Loi—@---"""""""" "7

® 15 Lol @ 2

g : g

510 8 5

3 5 8

o} o}

a 50 100 150 200 & 50 100 150 200
Number of individuals Number of individuals

s FEC o FEC

100 1]

g 125

z 75 p— _.36 e

2 50 A R - - - - 24

D = (@)

3 25 8 2| S

o} o}

) 10 20 30 40 & 10 20 30 40
Number of individuals Number of individuals

5 FPZ = FPZ

] 8 1]

z c4

> >

861 R B31 AN __

g 4 == B g 2 aes @

(=) =)

32 3 1

o} o}

&a 5 10 15 20 25 & 5 10 15 20 25

Number of individuals

— Rarefaction --- Extrapolation

Number of individuals

Pitfall -*- Sh and Tw Ground

Fig. 3 Individual-based rarefaction and extrapolation species accumulation curves of small mammals
with 84% confidence intervals using the Hill numbers (A —q =0; B — g = 1) for pitfall and live-traps
on the ground at four sampling sites in the river Acre basin, state of Acre, Brazil. Sh — Sherman, Tw
— Tomahawk. SEC - Seringal Cachoeira, RFH — Reserva Florestal Humaita, FEC — Fazenda
Experimental Catuaba, FPZ — Floresta do Parque Zooboténico

38



) SEC = SEC

I I

s z

2151 0 __oagll D Co-=e=EsE 2751 . e

B == P

210 $5.0

© ©

35 825

(8] Q

2 . - - 2 - -

1) 0 50 100 %) 50 100
Number of individuals Number of individuals

) RFH = RFH

[} I 16

S c

2 b

£ £

()] (]

2 >

© ©

()] (2]

D )

(8] Q

2 - : - - z - - - -

1) 0 50 100 150 200 1) 0 50 100 150 200
Number of individuals Number of individuals

s FEC & FEC

] 15 1

o) o8

2 Far

[ 06 -

2 o R

3 3

S 5 2

2 : - : g . : :

» 20 40 60 1) 20 40 60
Number of individuals Number of individuals

s FPZ = FPZ

[} [}

o 100 o5

= =4

2] 2 1 A e

g 23 L

© ©

k4 82

(8] (8]

© 0.0+ T T 01 T - )

& 0 10 20 305 0 10 20 30
Number of individuals Number of individuals

-e-| Canopy Ground -# Understory = — Rarefaction --- Extrapolation

Fig. 4 Individual-based rarefaction and extrapolation species accumulation curves of small mammals
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Studies that evaluated the efficiency of pitfall traps mostly recommended the use
of the technique (Umetsu et al. 2006; Santos-Filho et al. 2015; Bovendorp et al. 2017;
Ardente et al. 2017; Rodrigues et al. 2020). These traps are highly recommended for the
Amazon, as in our results, pitfalls capture species that are not captured in live-traps.
(Santos-Filho et al. 2015; Ardente et al. 2017). Another outstanding aspect of our captures
with pitfall traps is the high number of small species captured with this method, especially
of the genera Monodelphis and Neacomys (Table 1). In our study, the average body mass

of the individuals captured in pitfalls was 33.9 g (n=65), while in Shermans on the ground,
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it was 104.4 g (n=84), and in Tomahawks on the ground, it was 176.7 g (n= 71). This
morphological difference among the captured species can influence studies of the
functional ecology of small mammals because body mass is often used as a trait related
to species metabolism (Lovegrove 2005; Bovendorp et al. 2019; Palmeirim et al. 2021).
It is also important to highlight that when using pitfalls, the animals are more exposed to
predation and aggressive interactions than when using live-traps. Thus, daily inspection,
the use of polystyrene platforms inside the buckets to avoid animal drowning in case of
rain, and the removal of accumulated water from inside the buckets are essential to avoid
accidental deaths (Barros et al. 2015).

Table 2 Results of the pairwise comparisons of the permutational analysis of variance
(PERMANOVA) among small mammal captures by different trap types and by different vertical
strata at four sampling sites in the Acre River basin, state of Acre, Brazil. Significant differences (p
<0.05) are in bold.

Jaccard Bray-Curtis

F.Model R2 p F.Model R2 p
Pitfall X Sh-Ground 0.563 0.086 0.882 0.900 0.130 0.523
Pitfall X Tw-Ground 0.968 0.139 0.522 1.077 0.152  0.403
Sh-Ground X Tw-Ground  0.355 0.056 0.975 -0.069 -0.012 0.966
Sh-Under X Canopy 0.607 0.092 0.641 0.316 0.050 0.849
Pitfall X Sh-Under 2.732 0.313 0.026 3.651 0.378 0.018
Pitfall X Canopy 2.715 0.312 0.030 3.314 0.356  0.030
Sh-Ground X Sh-Under 2.221 0.270  0.048 3.799 0.388 0.036
Sh-Ground X Canopy 2.378 0.284  0.056 3.662 0.379  0.030
Sh-Under X Tw-Ground  2.128 0.262 0.025 3.289 0.354  0.029
Tw-Ground X Canopy 2.558 0.299 0.028 3.746 0.384 0.028

Pairs

PCoA Jaccard PCoA Bray-Curtis Traps
I:I Canopy
4 0.2 . t [ | Pitfa
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Fig. 5 Spatial variation in small mammal beta-diversity at four sampling sites in the Acre River basin,
state of Acre, Brazil, among different trap types (Pitfall, Sherman-ground and Tomahawk-ground)
and different vertical strata (ground, understorey and canopy) based on principal coordinate analysis
(PCoA) using Jaccard (composition only) and Bray-Curtis (species composition and abundance)
distances, respectively, tested by permutational multivariate analysis of variance (PERMANOVA;
p<0.05). a and b indicate categories significantly different in pairwise comparisons. Sh — Sherman,
Tw — Tomahawk. SEC - Seringal Cachoeira, RFH — Reserva Florestal Humaita, FEC — Fazenda
Experimental Catuaba, FPZ — Floresta do Parque Zooboténico
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Regarding the vertical strata, only the RFH locality showed differences in captures
among strata, with a small difference between understorey and canopy captures. These
differences were clearer when considering the diversity index compared with the richness
index. This is because there are large differences in the abundance of small mammals
captured between the understorey and the canopy strata, which is reflected more in
species diversity than in species richness. In addition, when analysing the beta-diversity
between strata, the PERMANOVA results showed differences between the ground traps
and the upper traps, without a significant difference between the understorey and canopy.
Thus, the use of canopy traps did not contribute to an increase in the estimated species
richness and diversity in three of the four localities studied, although FEC and SEC
showed, respectively, two and one exclusive species in the canopy. Considering these
three species among the 27 recorded species in the four localities, only Caluromys lanatus
was exclusively captured in the canopy. This marsupial has an average body ass of 412 g
and generally occupies the upper strata of the forest (Faria et al. 2019), although this
species and its congener C. philander have already been captured in live-traps in the
understorey and even on the ground in different areas in the Amazon (Ardente 2012;
Santos-Filho et al. 2015; Borges-Matos et al. 2016). Lambert et al. (2005), in a study in
the eastern Amazon, also found that traps in the canopy did not contribute to the diversity
of small mammal species sampled in relation to the other strata. These authors argued
that the canopy of the studied sites in the state of Para was not high (10.2 m), considering
Amazon standards of canopy heights, which vary from 26 m to 30 m (Alencar 2020). The
average canopy height of our study was similar to that of Lambert et al. (11.2 m), which
may have reduced the segregation between the two upper strata.

Five species of arboreal mammals, which were not captured in this study, were
expected to occur: the echimid rodents Dactylomys dactylinus, Isothrix bistriata and
Makalata macrura and the marsupials Caluromysiops irrupta and Glironia venusta
(Patton et al. 2015; Faria et al. 2019). The genera Caluromysiops and Glironia are hardly
captured in live-traps in the Amazon (Ardente et al. 2013; Barbosa et al. 2016). There is
only one record of Glironia venusta in the canopy in the Carajas National Forest, state of
Paré (Ardente 2012). Among rodents, D. dactylinus has never been captured in traps. This
species is well known for its characteristic nocturnal vocalization, mainly in forest areas
with bamboo (Patton et al. 2000, 2015). The two other rodent species, I. bistriata and M.
macrura, also have few capture records in live-traps and in pitfall traps (Ardente et al.
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2017; Palmeirim et al. 2019). An important factor to consider is the possibility of a strong
trap shyness in these arboreal species. Palmeirim et al. (2020) associated captures of the
genera Echimys and Isothryx and even of the sciurid Guerlinguetus with the increase in
the number of days of the sampling campaign. According to these authors, performing
samplings for more than eight days can facilitate the capture of these genera because the
aversion of the animals to the installed traps may decrease over time. Thus, the absence
of these arboreal mammals in our study areas and in other surveys in the Amazon seems
to be more related to intrinsic characteristics of the species, such as low abundance or

trap-shyness than to the use of traps in the canopy.

Despite the small contribution of canopy traps to the present study, individuals of
the genus Marmosa were more collected in the canopy (55) than in the understorey (23).
Marmosa is a very representative genus and one of the most abundant genera in Amazon
surveys (Borges-Matos et al. 2016; Ardente et al. 2017; Palmeirim et al. 2020). This genus
is classified as arboreal (Emmons and Feer 1997; Paglia et al. 2012), although it is more
registered in the understorey than in the canopy (Lambert et al. 2005) and has many
captures registered on the ground (Santos-Filho et al. 2015). Therefore, despite the high
capture rate in canopy traps, the use of live-traps in understorey is effective for the
detection of genus Marmosa in the Amazon Forest. An alternative option could be to use
traps of different sizes in the understorey, such as Sherman and Tomahawk, without the

need for the laborious installation of canopy traps.

We recommend the authors who carry out non-flying small mammal surveys to
separate the results of the captures among strata to provide a deep discussion concerning
the use of the vertical space in complex environments such as the Amazon. Some of the
main studies conducted in this biome did not show their results by strata, even though
they sampled at different heights of the forest (Ardente et al. 2016; Borges-Matos et al.
2016; Palmeirim et al. 2020). Even in the Atlantic Forest, which is much better surveyed
than the Amazon, there is a lack of this kind of information for small mammals
(Bovendorp et al. 2017). Such information may facilitate the investigation of how local
characteristics influence the use of vertical space by different species. In our study sites,
there was a predominance of open bamboo forests, which are characterized by an
understorey obstructed by the dominance of bamboo species (Guadua sp.) (Silveira 1999;
Griscom et al. 2007). This dense understorey can favour the capture of arboreal animals
(Basham et al. 2022), as a more obstructed understorey can offer more resources for
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individuals to move around. Thus, the traps placed in the understorey in such forests

probably supply live-traps installed in the canopy.

Live-traps and pitfalls proved to be complementary, and no method was more
efficient than the others in all localities. The species composition and species diversity
observed in this study were more affected by trap type than the species richness observed,
which was quite similar between the two methods, showing higher estimates for pitfalls
in two among the four localities. The use of traps in the upper strata (canopy and
understorey) also proved to be a complementary method because it allows the capture of
species that are not very abundant on the ground or that are exclusively arboreal.
Significant differences between strata were observed only in one of the localities (RFH),
where we registered a lower diversity in the canopy than in the understorey, which, in
turn, we registered a lower diversity than on the ground. The diversity and species
composition registered in our study were also more affected than richness when
comparing the strata, mainly between the ground and the upper strata, without a
significant difference between the understorey and the canopy. Therefore, we recommend
researchers to use live-traps on the ground and in the understorey in small mammal
surveys in the Amazon region, because canopy traps have shown a lower cost-benefit
ratio when compared to understorey traps. Furthermore, the use of pitfalls should always

be considered as some species are not captured in live-traps.
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Abstract
Environmental factors can alter the relative importance of deterministic and stochastic

processes as determinants of community structures. Understanding community-level
landscape patterns subject to shifts in land use is essential for developing effective
conservation measures. The present study investigated the environmental factors, such as
fragment and matrix characteristics, that influence the taxonomic and functional diversity
(alpha and beta) of small nonvolant mammals in 10 forest fragments in southwestern
Amazonia. Specimens were captured using a combination of pitfalls and cage traps, set
on the ground and in the understorey. In total, 285 specimens, representing 22 species
were captured. Richness was positively influenced by fragment size, whereas species
diversity (Hill’s g=1) was positively influenced by bamboo cover. Functional diversity
was related to matrix quality, although the null model was also selected. The functional
species composition was primarily related to fragment size, matrix quality, and degree of
fragmentation of the matrix. Both taxonomic and functional beta diversity were
significantly correlated with fragment size and matrix quality. The alpha and beta
diversity patterns recorded here reinforce the importance of deterministic processes,
particularly fragment size and matrix quality, as drivers of the structure of communities

of small mammals in fragmented landscapes.
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Introduction

Community ecology studies have investigated the patterns in the distribution and
abundance of species, their interactions, and the processes that determine these patterns.
As such patterns and processes occur at various spatial and temporal scales, the power to
detect these phenomena depends on the scale of observation. In general, the respective
studies have focused on questions such as how environmental heterogeneity influences
species diversity, the importance of deterministic and stochastic factors as drivers of the
species composition and diversity of communities, the extent to which local species
composition and diversity are determined by dispersal and the regional species pool, and
how the functional traits of various species influence community structure (Sutherland et
al., 2013).

Patterns in community structure, such as species-area relationships, the distribution
of species abundance, and the relationship of diversity with environmental impacts, can
be accounted for by both deterministic and stochastic processes, which act at all possible
scales (Vellend, 2010). Deterministic processes involve factors related to niche
partitioning and differences in fitness, including trait-based selective pressures, which are
more evident at a local scale. Stochastic phenomena tend to be more closely associated
with to processes such as dispersal, speciation, and ecological drift, and are more evident
at a regional scale (Chase and Myers, 2011; Wennekes et al., 2012). The interaction
between these two types of processes may result in unique patterns of diversity, which
has fundamental implications for conservation practices (Calderon-Patron et al., 2016;
Socolar et al., 2016; Chase et al., 2020). Environmental disturbances may alter the relative
importance of these processes in the structuring of communities (Holyoak et al., 2020).

Among these disturbances, habitat loss and fragmentation are the greatest threats to
biodiversity worldwide. (Soares-Filho et al., 2006; Butchart et al., 2010; Haddad et al.,
2015; Maxwell et al., 2016; Piittker et al., 2020. Habitat fragmentation has different
effects on communities with varying characteristics. The response of a community to
fragmentation may be influenced by the characteristics of the landscape, such as the

amount of habitat available for the species present in the community, the type of matrix
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surrounding the natural vegetation and the biological characteristics of the species.
(Didham et al., 2012; Haddad et al., 2017; Piittker et al., 2020).

Understanding community parameters, such as species/area relationships (Storch et
al., 2012) and the distribution of species abundance, provides important information for
the development of effective conservation and management programs for various
taxonomic groups (Werner and Buszko, 2005; Matthews and Whittaker, 2015). In
addition, understanding the functional traits of a species within a given community can
help identify the processes involved in potential shifts caused by environmental impacts.
(McGill et al., 2006; Mouchet et al., 2010). Functional attributes directly influence
growth, reproduction and survival of individuals. Variations in these attributes expressed
in a community can be used as indicators of functional diversity. Thus, the species
composition and taxonomic and functional diversity of a community are influenced by
environmental disturbances, and their evaluation can indicate whether there is a loss of
ecosystem functions in a given environment.

Amazonia is a tropical biome that has been increasingly deforested in recent years,
especially in the Purus-Madeira interfluve (Cruz et al., 2021; Chaves et al., 2024), which
was the region of the present study, resulting in the loss and fragmentation of vast tracts
of forests. Understanding the effects of these processes on local ecological communities
is essential for adequate management of ecosystems because long-term sustainability of
remnant forests and other natural habitats depends on the quality, degree of connectivity
and other habitat characteristics, which are the result of anthropogenic influences
(Laurence et al., 2011; Haddad et al., 2015). Small, nonvolant mammals (marsupials and
rodents) occupy a central position in the food webs of neotropical forest ecosystems,
where they play important ecological roles as predators and seed dispersers (Terborgh et
al., 2001; DeMattia et al., 2004; Galetti et al., 2015a), insectivores (Pinotti et al., 2011)
and prey for larger vertebrates (Emmons and Feer, 1997; Bernarde and Abe, 2010). Many
previous studies of this fauna have shown that the number and composition of the species
in small mammal communities vary systematically in response to different forms of
environmental disturbance (Avenant, 2011; Banks-Leite et al., 2014; Palmeirim et al.,
2020; Brown et al., 2021).

The present study investigated potential habitat factors that may influence the
taxonomic and functional diversity—both alpha and beta—of small nonvolant mammals
in forest fragments in the Brazilian state of Acre, southwestern Amazonia. We tested the

hypothesis that small mammal communities located in larger, less isolated fragments,
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with greater basal areas of trees and surrounded by a matrix with a higher proportion of
native habitat, have greater alpha taxonomic richness and diversity (Delciellos et al.,
2016; Palmeirim et al., 2021a; Magioli et al., 2016; Melo et al., 2017). A similar response
was expected in the case of functional diversity, albeit less intense in comparison with
taxonomic diversity, given that in tropical forests, different species present in a
community tend to have similar ecological functions (Bovendorp et al., 2019; Oliveira et
al., 2016). Species of small nonvolant mammals with functional traits that favour
dispersal between fragments, such as large body size and tolerance to non-forest habitats,
are expected to be more widespread in fragmented habitats with low-quality matrices than
small-bodied and less tolerant species (Bowman et al., 2002; Wang et al., 2010). We also
hypothesised that species with the ability to use more than one vertical stratum, i.e., with
plasticity in the use of forest strata (such as scansorial species), should be more
widespread in poor quality habitats and smaller fragments (Delciellos et al., 2017). In the
specific case of beta diversity, the hypothesis was that pairs of fragments with greater
differences in size, local habitat type, and matrix characteristics would have greater beta
diversity, with differences in species richness associated with the differential distributions
of the different species (Palmeirim et al., 2021a; Puttker et al., 2015).

Material and Methods
Study area

Small mammal communities were sampled in 10 forest fragments located near of
the city of Rio Branco, the capital of the northern Brazilian state of Acre (Fig. 1A). The
forest fragments, ranging in size between 55 and 3922 ha (Table S1), were located within
an urban—rural matrix in the municipalities of Rio Branco, Senador Guiomard, and Porto
Acre. The region is dominated by three typical phytophysiognomies of the Amazon
Forest: 1) an open rainforest with palms; 2) open rainforest with bamboo, which has low
tree density and an understorey dominated by bamboo of the genus Guadua spp.; and 3)
dense rainforest.

The study region is the most urbanised environment in the state of Acre. Most of
the region is covered by farmland, primarily cattle pasture (62% of the area), and highly
fragmented forests (35%). This region is at the western extreme of the Amazonian Arc of
Deforestation and has experienced higher deforestation rates than either the western
portion of the state of Acre or the rest of the Amazon region. The occupation of the region

intensified from 1970 onwards, following the implementation of federal incentives for its
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development (Salimon et al., 2020). As an example of the loss of forest cover in the region
in recent decades, Salimon et al. (2020) reported that the forest cover in the area
surrounding one of the study sites sites—Fazenda Experimental Catuaba (Fig. 1)—

decreased from 61% in 1985 to only 29% in 2019.

Capture of small mammals

Three or five transects, 225 m in length, were established in each study fragment,
with a distance of 500-1000 m between them. Three transects were established in each
of the five smaller fragments (< 150 ha), and five transects were implanted in each of the
five larger fragments (> 150 ha). The trapping effort at each site was proportional to the
size of the forest fragment, according to Palmeirim et al. (2020, 2021a). The adequacy of
the sampling was tested using the sample coverage estimation method of Chao and Jost
(2012). The study sites had a mean coverage of 0.8540.10 (0.62—1.0), which means that
the samples were considered adequate, permitting the use of the observed species richness
in the subsequent analyses.

Each transect had a total of 15 trapping stations, arranged at 15 m intervals along
the transect, at which live traps (Sherman® or Tomahawk®) were arranged in alternating
sets (Fig. 1B), consisting of (i) a Sherman® (30 x 8 x 9 c¢cm) trap on the ground, (ii) a
Tomahawk® (40 x 12 x 12 cm) trap on the ground, and (iii) a Sherman® trap in the forest
understorey at a height of 1-3 m. All the traps were baited with a mixture of bacon,
banana, corn flour, and peanuts. At the end of each transect, a set of four pitfall traps (60
L buckets) was installed in a Y-shaped arrangement at 10-m intervals. The specimens
were collected over 5 consecutive nights, with each transect being sampled twice for a
total of 10 days per site (Table S1), with a total trapping effort of 8550 trap-nights.

The mammals captured in the traps were retrieved daily and transported to a field
laboratory, where they were anaesthetised and euthanized. The taxon of each specimen
was identified using an integrated analysis of external and cranial morphology,
karyotyping, and analysis of cytochrome b sequences, whenever necessary (Bonvicino et
al., 2005; Gongalves and Oliveira, 2014). All specimens were deposited in the Mammal
Collection of the Laboratory of Biology and Parasitology of Wild Mammal Reservoirs of
the Instituto Oswaldo Cruz (LBCE), Rio de Janeiro, Brazil.

Ethical and biosafety procedures recommended by the Biosafety Committee of the
Oswaldo Cruz Institute were adopted, following Lemos and D’Andrea (2014). Specimen

collection was authorised by licence no. 13373-1 (ICMBio) and was approved by the
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Ethics Committee on the Use of Animals of the Oswaldo Cruz Institute (protocol no. L-

036/2018).

Legend
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Figure 1 - A: Location of the forest fragments sampled in the municipalities of Rio Branco, Porto
Acre, and Senador Guiomard in the northern Brazilian state of Acre: 1 Reserva Florestal Humaita
(RFH), 2. EMBRAPA (EMB), 3. Fazenda Santa Cecilia (FCEC), 4. Fazenda Experimental Catuaba
(FEC), 5. Escola da Floresta (ESCF), 6. Fazenda Piracema (FPIR), 7. Parque Zoobotanico (FPZ), 8.
APA Lago do Amapa (ALAP), 9. Fazenda Sdo Raimundo (FRAI), 10. Parque Ambiental Chico
Mendes (PACM). B: Diagram of the transect at a single trapping point, showing the arrangement of
the traps, in four different configurations — “Sherman ground”, “Tomahawk ground”, “Sherman
understory”, and “pitfall”.

Environmental variables

To investigate the potential influence of environmental factors on the alpha and beta
diversity of small mammals in the study area, several variables were measured in the
fragments and surrounding matrix (Table 1). Satellite images (LANDSAT) were obtained
from the MapBiomas Brazil project collection 8 (Souza et al., 2020) for the years of field
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sampling (Table S1), with land cover assigned to one of four main categories: farming,
forest, water body, and non-vegetated Area (Fig. 1A). To better fit the general
characteristics of the study area, these categories are hereafter referred to as "Pasture",
"Forest", "Water", and "Urban Area", because almost all the farming areas consisted of
pastures (>95%), and all non-vegetated formations consisted of urban areas.

Matrix metrics included measures of the surrounding habitats between fragments.
For this purpose, a 500 m buffer was delineated from the edge of each fragment.
Measurements were taken within this buffer, to represent the configuration of forest
habitats and the proportions of different land use classes (Mattos et al., 2021; Melo et al.,
2017; Borges-Matos et al., 2016). This buffer size was selected based on the home range
of small mammals (Broekman et al., 2023) and other Amazonian studies with small
mammal communities (Borges-Matos et al., 2016; Palmeirim et al., 2018a) and to avoid
overlap between study fragments in the measured parameters.

In addition to the matrix measures, the variables obtained from each fragment
were size (in ha logio transformed), shape, and degree of isolation, (Table 1). Habitat
variables were extracted from each transect from each fragment (Table 1). The basal area
(area of trees with diameter at breast height > 10 cm) of the forest was considered a proxy
for habitat integrity. A low basal area is associated with either a high level of habitat
degradation or a short succession time (Korom et al., 2022; Véasquez-Grandén et al.,
2018). The numbers of bamboo and palms, in turn, were considered indicators of the
different types of forest found in the study region, that is, open rainforests with a
predominance of either palms or open forests with bamboo. Bamboo forests alter habitat
structure by limiting tree growth, generating physical damage that may increase mortality,
filtering out tree species with low tensile strength or resilience, and ultimately altering the
tree species composition of the forest (Hechenberger et al., 2022; Medeiros et al., 2013).
An open rainforest with palms is dominated by large palms, which may reach a height of
30 m, and form a discontinuous canopy, which permits the penetration of sunlight,
favouring the extensive growth of lianas, shrubs, and herbs in the understorey (Saloméo
et al., 2007; Veloso et al., 1991). These habitat variables were recorded at each trapping

station, within a radius of 3 m from the trap station, as shown in Table 1.

Functional traits

Four functional traits were considered to provide a measure of functional

diversity: body mass, locomotor pattern, trophic level and matrix tolerance (Tables 2 and
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S2), following Palmeirim et al. (2021a) and Santos-Filho et al. (2024). The functional
trait dissimilarity between species was based on the Gower distance, estimated using the
gawdis function proposed by de Bello et al. (2021), which balances the contribution of
each trait to multi-trait dissimilarity, which is especially important when categorical and
continuous traits are mixed. This multi-trait distance matrix was used to calculate

functional alpha and beta diversity indices.

Table 1. Environmental variables measured in the 10 forest fragments surveyed in the present study
in the state of Acre, southwestern Amazonia, Brazil.

Variable (acronym) Description Mean (range)
Matrix

Avrea of forest in matrix ~ Total area of forest in the matrix, in hectares. 121.6 (9.8-575.2)

(FOREST)

Index of matrix quality ~ Sum of the proportions of forest (weight 3), 196.9 (139.2-226.6)

(MATRIX) pasture (weight 2), urban development (weight

1), and water (weight 1) present in the matrix.

Matrix fragmentation Number of forest fragments per 100 ha in the 2.748 (0.842-6.356)
(FRAG) matrix.
Fragment
Fragment size (AREA)  Area of forest (ha) in the fragment, logio 965.5 (55-3922)
transformed

Shape index (SHAP) Relationship between the perimeter and the area  3.221 (1.5 - 5.216)
of the fragment, corrected according to
McGarigal and Ene (2014). This index is 1
when the fragment is square, and increases as it
becomes irregular

Isolations (ISO) Sum of the Euclidean distances (m) to the five 3382 (350 - 9945)
nearest forest fragments (> 20 ha).

Basal area (TREE) Sum of the basal area of the trees with Diameter ~ 28.63 (12.02 -
at Breast Height (DBH) > 10 cm within a 3-m 79.36)
radius of each trapping station. Expressed in

cm3/mz2,
Bamboo density Mean value scores of bamboo cover per 0.489 (0.01 - 1.413)
(BAMB) transect, within a 3-m radius of each trapping

station. Absent (0), sparse (1), medium (2), and

abundant (3).
Density of palms Number of palms with a height > 1 m height, 4.083 (2.327 -
(PALM) within a 3-m radius of each trapping station. 8.133)

Expressed as the number of palms/100 m?2
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The functional composition was estimated using the community-weighted mean
(CWM) index of Lavorel et al. (2008) for each trait in each community. The CWM is
calculated by weighting the traits of each species by its relative abundance in the
community, which means that more abundant species have a greater weight in
determining the mean value of a given functional trait in the community.

Indices of alpha and beta diversity

In addition to species richness, the Shannon—Hill “numbers” index (q=1) was
calculated as an index of taxonomic diversity (Jost, 2006). This index is considered the
most appropriate for diversity estimates considering the distribution of the abundance of
different species (Chao et al., 2014). The Hill number q=1 weighs the estimated diversity
according to the abundance distribution of the species and represents the number of
equally common species in a community (Chao et al., 2014).

Functional alpha diversity of each fragment was estimated using the functional
dispersal index (FDis) of Laliberte and Legendre (2010). The FDis is not significantly
influenced by outliers, considers the abundance of the species in its calculation, and is not
influenced by species richness (Arévalo-Sandi et al., 2018; Laliberte and Legendre, 2010;
Oliveira et al., 2016).

The taxonomic and functional beta diversity indices were calculated for each pair
of localities, as were their components Preplac (species replacement), which indicates the
replacement of species between the two communities, and Prich (the difference in
richness), which reflects the loss and gain of species between the communities (Carvalho
et al., 2012). These parameters were calculated using a modified Jaccard index (Cardoso
et al., 2014, 2015), considering the abundance of the species recorded at each site for the

subsequent analysis of the level of correlation with the environmental variables.

Influence of environmental variables on diversity

The influence of the fragment and matrix variables on alpha diversity was
evaluated using generalized linear models (GLMs), once collinearity between the
predictor variables was evaluated. In the cases in which a positive or negative correlation
of at least 0.75 was found between a pair of variables, one of the variables was discarded
before analysis. Multicollinearity was tested using the variance inflation factor (VIF).
Variables with a VIF > 4 were not included in the model (Burnham and Anderson, 2002).
The 1SO variable was correlated with SHAP (-0.83), MATRIX (-0.81) and AREA (-0.80);
SHAP was also correlated with FOREST (0.72) and AREA (0.90). Therefore, the 1SO
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and SHAP variables were excluded from subsequent analyses. Variance inflation analysis
revealed that FOREST, PALM and AREA had VIFs > 4. After removing the FOREST
and PALM variables, all remaining variables presented a VIF < 3 and were used in the

modelling.

Table 2 Functional traits used in the analyses of the alpha and beta functional diversity of the
communities of small nonvolant mammal surveyed in 10 forest fragments in the state of Acre,

southwestern Amazonia, Brazil.

Trait Type of measure and description Rationale
Body Mass Continuous. Data in g obtained from  Body mass reflects the energy requirements
the animals collected during the study.  of the species, its thermoregulation
(Lovegrove, 2005), and home range size
(Vieira and Cunha, 2008).
Locomotor Discrete. Terrestrial = 1, Scansorial = Related to habitat use and niche
pattern 2, Arboreal = 3, based on Paglia et al.  partitioning (Piittker et al., 2019). Species
(2012). able to wuse different vertical strata
(scansorial) may adapt better to habitat
fragmentation (Delciellos et al., 2017).
Trophic level Continuous. Index based on the mean  Values related to energy consumption. Low
weight of the proportion of the diet at  values related to herbivory (Galetti et al.,
each trophic level: leaf = 1, fruit/seed=  2015a), high values to predator species
2, invertebrate = 3, vertebrate =4. Data  (Pinotti et al., 2011).
from Wilman et al. (2014).
Matrix Continuous. Ratio of the number of Related to the ability to adapt to fragmented
tolerance captures in pasture:forest, obtained habitats and the risk of local extinction

from Santos-Filho et al. (2012).

(Castro and Fernandez, 2004; Palmeirim et

al., 2018b).

Generalized richness models were produced assuming a Poisson distribution,
whereas the taxonomic (Hill 1) and functional diversity (FDis) and the CWM models all
assumed a Gaussian distribution. The five non-collinear variables (BAMB, TREE,
AREA, MATRIX, and FRAG — Table 4) were used in model selection and formulation of
the mean model (Burnham and Anderson, 2002) to compare the relative contribution of
each predictor variable to alpha diversity. The models were selected using the Akaike
Information Criterion (AIC), in which the considered models presented AAICc < 2. The
exploratory variables were previously standardised (x = 0, 6 = 1) to permit a reliable
comparison of their mean model coefficients. The model fit was verified through the
graphical validation of the residuals.

The influence of environmental variables on beta diversity was investigated using

the Mantel correlation test of the distance matrices of the environmental variables and
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beta diversity across fragments (Palmeirim et al., 2021; Varzinczak et al., 2019). For this
purpose, Euclidean distance matrices were generated for each pair of fragments based on
the five variables selected for the analysis. Each matrix of the distances between the
environmental variables was correlated with the matrix of taxonomic and functional beta
diversity (and their partitions) for each pair of fragments using the Mantel test with 10,000
permutations. The strength of correlation was determined using Mantel’s statistic (r)
(Legendre and Legendre, 2012).

All analyses were performed in R Software, version 4.3.2 (R Core Team, 2024);
functional diversity indices and functional species composition were calculated using the
package FD, the adequacy of sampling effort was evaluated using the package iINEXT
(Hsieh et al., 2016), and beta diversity was analysed using the package BAT (Cardoso et
al., 2015). The collinearity tests, distance matrices, and Mantel correlations were all
conducted using the package vegan (Oksanen et al., 2020). Model selection and the
formulation of the mean model were conducted using the package MuMIn (Bartéon, 2016),
and the models were adjusted through the “rdiagnostic” function of the RT4Bio (Reis et
al., 2013), and using the DHARMa package (Hartig, 2022).

Results

A total of 285 individuals from 22 species of small mammals were captured in the
present study, including 10 species of marsupials and 12 rodents. The capture success was
3.33 individuals/100 trap.nights. The mean species richness per fragment was 8.2 (2—14)
species, and the abundance across sites ranged from 5 to 83 individuals. The most
abundant marsupials were Marmosa constantiae and Philander canus with 34 specimens
each, whereas the most abundant rodents were Proechimys gardneri (n = 68) and
Proechimys simonsi (n = 26; Table 3).

The GLM results indicated that species richness was positively influenced by
fragment size (AREA) and matrix quality (MATRIX) (Table 4, Fig. 2). Species diversity
(Hill g=1) was positively influenced by TREE, MATRIX, AREA, and BAMB, with
BAMB being the only variable present in all the selected models (Table 4) and the
variable with the greatest effect on the mean models (Fig. 2). Functional dispersal (FDis)
was related to matrix quality (MATRIX), although a null model was also selected here
(Table 4).

The functional trait models varied in accordance with the traits evaluated in the

CWM. Body mass and matrix tolerance had a negative relationship with MATRIX and a
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positive relationship with landscape configuration— FRAG (Table 4 and Fig. 2). Trophic
level had a negative relationship with AREA and a weak positive relationship with TREE
and MATRIX (Table 4, Fig. 2). Locomotor patterns were inversely correlated with AREA
(Table 4 and Fig. 2).

Table 3 Species of small, nonvolant mammals captured in 10 forest fragments in the state of Acre,

southwestern Amazonia, Brazil, and the respective and diversity indices recorded in the present
study.

Species RFH EMB FCEC FEC ESCF FPIR FPZ ALAP FRAI PACM
Didelphimorphia
DIDELPHIDAE
Philander canus 1 7 1 4 12
Didelphis marsupialis 1
Marmosa constantiae 2 6 8 2 4 1 3 4
Marmosa rutteri 1
Marmosops noctivagus 1
Marmosops ocellatus 4 1 1 1 5
Metachirus myosuros 1
Monodelphis emiliae
Monodelphis glirina 5 1 8 8 3
Monodelphis peruviana 1 4 1 1
Rodentia
CRICETIDAE
Neacomys amoenus 4 3 2 1
Oecomys bicolor 2 6 2
Oecomys trinitatis 1
Oligoryzomys microtis 1 1 5
Rhipidomys leucodactylus 1 1
Hylaeamys perenensis 1
Hylaeamys yunganus 1
ECHIMYIDAE
Proechimys brevicauda 8 2 4 1 2
Proechimys gardneri 1 7 42 17 1
Proechimys longicaudatus 1 1
Proechimys simonsi 5 9 4 5 1
Mesomys hispidus 2 1 8 1
Richness 14 11 10 13 12 6 2 6 5 3
Diversity (q=1) 10.75 7.14 528 6.42 9.36 5 165 408 411 182
FDis 0.18 0.187 0.162 0.172 0.246 0.26 0.151 0.25 0.186 0.14

Total taxonomic beta diversity was significantly correlated with AREA and
MATRIX (Table 5). In the specific case of the components of the taxonomic beta
diversity, these two variables, together with the basal area (TREE), were correlated only

with Prich (Table 5). Total functional beta diversity was also correlated with AREA,
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MATRIX, and TREE (Table 5). Among the components of the functional beta diversity,
only TREE and AREA were correlated with functional Prich, whereas FRAG was

correlated with functional Breplac (Table 5).

Discussion

The results of the present study indicate that the principal environmental habitat
traits that influenced the species richness and the alpha and beta diversity of the small
mammalian communities were the size of the forest fragments and the quality of the
surrounding matrix. These results not only support the existence of a species/area
relationship but also highlight the importance of the type of land use surrounding the
forest remnants and the species composition of their vegetation as potential drivers of the
diversity of small nonvolant mammals. Notably, bamboo cover (Guadua spp.) was the
most important determinant of taxonomic alpha diversity, whereas the basal area was also

an important factor in functional beta diversity.

Alpha diversity

In present study, fragment size was found to be important for species richness.
Previous studies have revealed positive relationships between species richness and
fragment size in medium-and large-sized mammals (Benchimol and Peres, 2015),
amphibians (Almeida-Gomes et al., 2016), reptiles (Palmeirim et al., 2021b), and birds
(Ferraz et al., 2007). However, some studies have suggested that this relationship may
depend on the characteristics of the habitat, the scale of the study and its sampling design,
type of organism, functional guild of the study community, and the latitude of the study
area (Drakare et al., 2006; Meyer et al., 2016). The results of the present study are
consistent with the findings of previous studies on small mammal communities in the
Amazon basin, such as those Santos-Filho et al. (2012), who analysed forest fragments in
the Jauru and Cabagal Basins in southwestern Amazonia, and that of Palmeirim et al.
(2018b), who focused on islands in the Balbina hydroelectric reservoir, where larger
fragments with a better-quality matrix had greater species richness of small mammals.

The fragments surveyed in the present study were located within three types of
matrices: forest, pasture, and urban development, which influenced not only species
richness and taxonomic alpha diversity but also beta diversity (both taxonomic and
functional). Fewer species were found in fragments located within the urban matrix than
in those located within the pasture matrix. These findings are consistent with those of

Santos-Filho et al. (2012) on communities of small mammals in the Amazon Basin, where
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matrix quality was the principal predictor of species richness and community
composition. The type of matrix was also the principal predictor of the species
composition of small mammals in the forest fragments of Alter do Chao in the eastern

Amazon Basin (Borges-Matos et al., 2016).

Table 4 Results of the Generalized Linear Models selection for the alpha diversity indices of the small
mammal communities of 10 forest fragments in the state of Acre, southwestern Amazonia, Brazil.
BAMB=Bamboo cover, TREE= Basal area, AREA= Fragment size, MATRIX= Quality of the matrix,
FRAG= Matrix fragmentation, AICc= Akaike Information Criterion for small samples, AAIC=
difference in the AIC between the best model and the target model, df= degrees of freedom, weight=
weight of the target model.

Fragment Matrix
o Models Rank Int. BAMB TREE AREA MATRIX FRAG df AICc AAIC weight
1° 2.13 0.613 2 505 0 0.65
Species richness 2° 2.19 0.477 0.468 3 517 1.2 0.35
220 (Null) 2.1 1 629 124
1° -3.63 331 2.946 4 511 0 0.33
o ) 20 -8.07 3.913 1.763 0.036 5 512 008 0.32
D'Vers:'?’)(H'” ® 957 4371 0.066 4 523 118 018
| 40 -529  4.64 0.095 2.305 5 524 126 0.17
15°(Null) 6 2 61 9.9
Funct. Diversity 1°(Null) 0.19 2 -30 0 0.53
(Fdis) 20 0.2 0.038 3 -298 012 047
Func. Composition (CWM)
1° 135.5 -53.12  36.99 4 1059 O 1
Body Mass
49 (Null) 153.1 2 1127 6.75
1° 1.73 -0.278 3 -29 0 1
Use of Strata
6° (Null) 1.73 2 537 8.28
1° 230.2 -57.01 3 1096 O 0.5
. 20 229.3 -25.73  -46.24 4 1105 09 032
Trophic level
30 224.1 -43.63 -36.95 4 1116 198 0.18
7°(Null) 242 2 114 433
Matrix 1° 0.15 -0.361  0.199 4 36 0 1
Tolerance g° 0.26 2 1077 719
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Figure 2 Coefficients and confidence intervals of the mean Generalized Linear Models of the alpha
diversity and functional composition of 10 communities of small mammals in forest fragments in the
state of Acre, southwestern Amazonia, Brazil. VVariables are described in Table 1.

Bamboo cover was an important determinant of the characteristics of small
mammalian communities, particularly with regard to taxonomic alpha diversity (Hill
g=1). Bamboo was related to the distribution pattern of species abundance, which
contributed to a decrease in community dominance. The two fragments with the greatest
bamboo cover (RFH = 1.41 and ESCF = 0.81; Table S1) had the highest diversity indices
(Table 3). The most abundant species recorded in these two fragments, the rodent
Proechimys brevicauda and the marsupial Philander canus, represented approximately
21% of the specimens captured in RFH and ESCEF, respectively (Table 3). In contrast, the
fragment with the lowest bamboo cover (FCEC, bamboo cover = 0.01) had the highest
abundance of small mammals, with the dominant species, Proechimys gardneri,
representing more than 50% of the captures. The bamboo (Guadua) forests of
southwestern Amazonia have a relatively dense and complex understorey with a reduced
abundance of trees (Griscom and Ashton, 2006). This vegetation structure may facilitate
the occupation of vertical strata by small mammals, thereby optimising the use of this
space in the forest by more species in the community. In addition, the reduction in tree
density in bamboo forests may limit the dominance of frugivorous/granivorous species
such as those of the genus Proechimys. In contrast to the bamboo forests of the Amazon,
in an Atlantic Forest, André et al. (2022) observed an inverse relationship between the
distance from bamboo patches (in this case, Chusquea sp.) and the species richness and
abundance of small mammals. However, in this biome, the forests dominated by bamboo

have a more open understorey.

61



Table 5 Mantel correlation coefficients (r) and probabilities (p-valor) for the comparison between
the Euclidean distance matrix of the environmental variables and the distance matrix of the
taxonomic and functional beta diversity for each pair of sites, from the 10 forest fragments surveyed
in the state of Acre, southwestern Amazonia, Brazil. The values in bold script indicate significant
correlations.

p TAXONOMIC p FUNCTIONAL
Btotal Prich Preplac Btotal Brich Preplac
Fragment r p r p r p r p r p r p
A BAMB 0.11 0.77 -0.06 0.511 0.02 0.566 -0.22 0.826 -0.05 0.488 -0.14 0.834
A TREE 0.17 0.12 0.34 0.038 -0.29 0.949 0.32 0.048 0.32 0.041 -0.09 0.713
A AREA 0.52 0.005 0.32 0.034 -0.12 0.794 0.41 0.011 0.33 0.031 -0.02 0.532
Matriz
AMATRIX 0.38 0.008 0.43 0.041 -0.3 0.918 0.55 0.009 0.37 0.052 0.07 0.277
A FRAG 0.16 0.138 -0.15 0.742 0.23 0.059 0.23 0.124 -0.18 0.841 0.44 0.006

Functional alpha diversity did not present any clear relationship with any of the
variables analysed, in contrast to species richness and taxonomic diversity. The factors
that determine the species richness and functional diversity of mammals vary
considerably, particularly in the most productive ecosystems, where species richness
tends to be relatively high and where more species tend to be functionally redundant
(Cooke et al., 2019; Gorczynski and Beaudrot, 2021; Safi et al., 2011), which may explain
the results of the present study. Indeed, Oliveira et al. (2016) reported that species
richness was more dependent on environmental factors, whereas functional diversity was
more dependent on evolutionary factors. However, other studies in the Amazon forest
have shown that functional diversity increases with fragment size (Palmeirim et al.,
2021a; Santos-Filho et al., 2024), which contrasts with the results of the present study.
From an evolutionary perspective, functional diversity may be strongly related to species
composition and distribution, given that the co-occurrence of species from different

clades may limit the evolution of functional traits (Wiens et al 2011).

Functional composition

Unlike functional alpha diversity, functional composition indicated that traits were
primarily related to fragment size, matrix quality, and degree of forest fragmentation in
the matrix. The negative relationship between body mass and the quality of the matrix
and the positive relationship with fragmentation can be attributed to the fact that some
species, such as Philander canus, can persist in highly fragmented environments. Species
with large body sizes can disperse more widely and tend to occupy larger home ranges
than species with smaller body sizes (Vieira and Cunha, 2008) and are, in turn, more able
to move between fragments. However, fragments in a low-quality matrix may be more

limiting for medium- and large-bodied mammals than for smaller species because of
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higher levels of human activity (Dirzo et al., 2014). Therefore, environments that have
lost medium- and large-bodied mammals may experience an increase in the abundance of
more generalist species of small mammals, which would reduce both the taxonomic and
functional diversity of small mammalian communities (Fonseca and Robinson, 1990;
Galetti et al., 2015b). The relative abundance of P. canus was high in fragments with an
urban matrix (low MATRIX) and fragments with a matrix of more fragmented forests
(high FRAG) (Tables 3 and S1). The ability of the genus Philander to persist in
fragmented areas has been reported in areas of the Atlantic Forest for Philander quica
because of its use of forest edges and arboreal strata (Delciellos et al 2017).

The negative relationship between the vertical strata and fragment size can be
attributed to the relatively large abundance of scansorial species in fragments smaller than
150 ha. Among the five small fragments, 38 scansorial mammals were captured, whereas
only 12 terrestrial and 12 arboreal mammals were captured. Scansorial species may be
relatively tolerant of disturbed habitats (Castro and Fernandez, 2004), particularly
because of the intensification in their use of vertical strata (Delciellos et al., 2017).

The matrix tolerance trait was related to the same environmental variables as the
body mass trait, with both traits systematically related to the characteristics of the matrix.
These findings reinforce the need to include environmental parameters from the
surrounding matrix in any study on small mammals in fragmented habitats. The present
study revealed that the communities with the greatest matrix tolerance were those with
the lowest species diversity and abundance as well as those dominated by marsupials, a
pattern also found in the highly fragmented regions of the Atlantic Forest (Asfora and
Pontes, 2009; Fonseca and Robinson, 1990). These findings indicate that some species of
marsupials are better adapted to habitat impacts than are rodents. Nevertheless, some
rodents are relatively tolerant to impacted habitats, such as those of the genera
Oligoryzomys, Neacomys, Mesomys, and Rhipidomys (Santos-Filho et al., 2012). Here,
Oligoryzomys microtis and Neacomys amoenus were matrix-tolerant, with the majority of
specimens captured in small fragments with a low-quality matrix, whereas Mesomys
hispidus and Rhipidomys leucodactylus were not found in these environments (Table 3).
In fact, Palmeirim et al. (2018b) classified Mesomys and Rhipidomys as forest-dependent
in the area of the Balbina Reservoir. Despite certain divergences and the lack of data from
non-forest areas in the Amazon, matrix tolerance is likely an important functional
characteristic of small mammalian communities (Palmeirim et al., 2020; Santos-Filho et

al., 2024).
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Trophic level was the functional trait related to the widest range of environmental
variables, particularly with regard to AREA. This result was also related to the abundance
of marsupials in the small fragments. Overall, marsupials were more common in small
fragments than rodents (76% of the specimens captured in the five smaller fragments of
< 150 ha were marsupials); with the mean trophic level of the marsupials was 289, in
contrast to 172 for rodents (Table S2). The functional composition results of the present
study and their comparison with those of other Amazonian studies (Palmeirim et al.,
2021a; Santos-Filho et al., 2024) indicate the lack of a single, systematic response in the
functional structure of small mammalian communities of the Amazon region to shifts in

land use and habitat impacts.

Beta diversity

Beta diversity, both taxonomic and functional, was strongly determined by both
fragment size and matrix quality, as was taxonomic alpha diversity. The only component
of beta diversity that was related to the environmental variables was rich, which
indicates that environmental filters modulate small mammal communities. The basal area
was also an important determining for functional beta diversity. The basal area of a forest
can be considered a proxy for habitat integrity, given that a greater basal area indicates a
less impacted forest, with better developed vegetation (Korom et al., 2022; Vasquez-
Grandon et al.,, 2018), and structured vegetation was also directly related to the
composition of small mammal species in the Macacu River watershed (Delciellos et al.,

2016).

The greater importance of the functional Brich component in relation to Preplac
and its significant correlation with three of the five environmental variables evaluated
here reflect the importance of niche partitioning and functional adaptations in the
structural configuration of the study communities. Our study area was untypical in having
some fragments in an urban matrix in the Amazon Basin, a type of matrix that is one of
the most averse to the presence of animals. This may have resulted in a relatively high
correlation (0.55) between the quality matrix and functional beta diversity. This is
consistent with the findings of a previous study, which has reported that the characteristics
of the matrix surrounding the fragments function as important environmental filters that
determine the structure of these communities, a pattern found in birds in the Atlantic
Forest (de Souza Leite et al., 2022). Compared with the other types of matrices considered

in this study, urban matrices not only have a worse quality index but also have the smallest
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area of habitats available for species. Thus, the urban matrices in our landscape may have
caused homogenisation of communities, possibly through changes in species migration
and by reducing the colonisation-extinction dynamics between fragments (Fletcher et al.,
2024). In addition, the more urbanized the matrix, the greater is the effect on specialist
species due to fragmentation (Clavel et al. 2011; Ramirez-Delgado et al., 2022), which is
in agreement with the results of the functional composition (tolerance matrix and body

mass) observed in the present study.

Implications for conservation and final considerations

In the fragmented landscape of the Amazon basin, the composition of a small
mammal community may be influenced not only by the quality and habitat characteristics
of the forest it occupies (Delciellos et al., 2016; Hannibal et al., 2018) but also by the
complexity and quality of the surrounding matrix (Borges-Matos et al., 2016; Palmeirim
et al., 2020). Therefore, a comprehensive understanding of the configuration of these
communities in fragmented landscapes will depend on reliable data on the characteristics
of the fragments and the surrounding matrix. Notably, variation in the abundance of small
mammals among different communities is the result of different local habitat
characteristics, and these factors do not necessarily influence species richness or diversity
in the same way.

The local scale of the present study, which focused on the area surrounding the
city of Rio Branco, favoured the identification of community-level patterns linked to
deterministic processes. However, the influence of stochastic processes (e.g. drift and
dispersal), which were not analysed here, may be decisive at a regional scale and over the
longer term, especially with the advance of deforestation in the region and the increase in
the frequency of extreme climate events (Chaves et al., 2024; Silva et al., 2023).

High functional beta diversity may support an increase in the ecosystem functions
of a given community, which means that the loss of species with key ecological roles may
result in “empty forest” (Bogoni et al., 2023), ultimately affecting ecosystem services.
The relationships between functional beta diversity with fragment size, basal area and the
quality of the surrounding matrix indicate that larger, more well-preserved fragments set
within a matrix that is less disturbed by human activities not only have more species but
also may retain more ecosystem functions. These findings can be used to identify priority
species and areas for conservation, focusing on the management of the landscape as a

whole and ensuring the protection of both appropriate habitat area and an adequate matrix.
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The territorial planning of matrix areas surrounding forest remnants is essential for
conservation. For these areas, it is important to increase the areas of forest cover and
modify the means of production by using systems that mix production areas with native
plant species such as agroforestry and wild pasture areas (Kuipers et al., 2023; Ponzio et

al., 2024).

Data Availability

Data will be made available on request.
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Supplementary Material

Table S1. Details of the environmental variables measured in the 10 forest fragments in which small mammals were sampled in the state of Acre, southwestern
Amazonia, Brazil. MATRIX: index of matrix quality. FOREST: area of forest in matrix. FRAG: Forest fragmentation index in matrix. AREA: Fragment size in ha.
SHAP: Shape index of fragment. 1SO: Isolation index of fragment. TREE: Basal area of trees in cm?/m2. BAMB: Bamboo density, Mean value scores of bamboo

cover. PALM: Density of palms, number of palms/100 m?2 More detais of the variables are described in Table 1

Site Acronym Coordinates '\i‘r‘;?zggtgf exc'f]ifs'?ons MATRIX FOREST FRAG AREA SHAP ISO TREE PALM BAMB
mﬁg‘i’gﬂoreﬂa' RFH 277222% 5 %‘iléa”d NOV. 9145 5752 1797 3922 5026 350 1971 2327 1.413
Eﬁﬁ;gg Experimental FEC ;gg;g}ggg:; 5 82: ggig ad 2026 354 0842 1254 3222 1836 3274 295 0554
Escola da Floresta ESCF :égzgggggiz; 5 882/220012913”" 205.5 532 3418 418 3174 3080 3388 4507 0.809
Embrapa EMB égggggg 5 3\:1?1\/2%%221 and 207 1558 2402 1949 4285 508 3048 3501 0.298
Faz. Sta. Cecilia FCEC oy i 5 (OvZPlend 066 181 3055 1532 5216 577 4936 4097 0011
Fazenda Piracema FPIR g0 ool 5 DOVEOLd o014 304 2137 164 3207 3631 4483 5277 0246
APA Lago do Amaps  ALAP ;gg;ggggzg? 3 S\Iu?w\/2%02221 and 66 1529 4801 145 2902 1539 2212 4516  0.25
Faz. Sio Raimundo FRAI :gﬁ‘;gigg;;o 3 %%VZ%%Z; and 1978 1241 1247 55 15 5102 2337 8133 0579
Parque Zoobotanico PPz oorsts 3 DyandNovV - y397 986 1432 160 1895 7255 1202 2972 0333
';/'I"‘erﬂggsAmbie”ta' Chico  pacwm :égzggigggz; 3 82: ggig ad 1681 994 6357 565 1784 9945 17.78 255 0.4
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Table S2. Functional traits of the small mammals captured in 10 forest fragments in the state of Acre,
southwestern Amazonia, Brazil

Use of Strata Trophic Level Matrix tolerance
Species Body mass  (Pagliaetal., (Wilman etal.,  (Santos-Filho et al.,

2012) 2014) 2012)
Didelphis_marsupialis 620 scans 290 0.024
Hylaeamys_perenensis 16 terr 180 0.001*
Hylaeamys_yunganus 50.33 terr 180 0.001*
Marmosa_constantiae 82.75 arbo 290 0.001
Marmosa_rutteri 107.56 arbo 290 0.001*
Marmosops_noctivagus 26.83 scans 250 0.001
Marmosops_ocellatus 38.68 scans 250 0.001*
Mesomys_hispidus 135.92 arbo 150 0.048*
Metachirus_myosuros 213.33 terr 330 0.091
Monodelphis_emiliae 27 terr 280 0.016*
Monodelphis_glirina 62.76 terr 280 0.016*
Monodelphis_peruviana 20.71 terr 280 0.016*
Neacomys_spinosus 31.54 terr 180 0.052
Oecomys_bicolor 30.94 arbo 200 0.002
Oecomys_trinitatis 30 arbo 200 0.002*
Oligoryzomys_microtis 15.17 scans 230 0.216
Philander_canus 250.4 scans 340 1.000+
Proechimys_brevicauda 207.31 terr 130 0.005*
Proechimys_gardneri 141.54 terr 130 0.005*
Proechimys_longicaudatus 176.33 terr 130 0.005*
Proechimys_simonsi 178.97 terr 130 0.005*
Rhipidomys_leucodactylus 135.5 arbo 200 0.048

*Estimated from congener species.
+Data obtained from Palmeirim et al. (2020).
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Resumo

Caracteristicas evolutivas e estabilidade climatica contribuem para a alta diversidade da
Amazénia Ocidental. Todavia a regido é uma das menos amostradas no bioma, devido
principalmente a falta de infraestrutura local para pesquisas em biodiversidade. Apesar
da alta diversidade e importancia ecoldgica dos pequenos mamiferos, pesquisas com o
grupo séo ainda mais escassas na regido, resultado dos complexos e caros métodos de
captura que envolvem os trabalhos de campo, além das dificuldades na determinacéo
taxonébmica inerente aos pequenos mamiferos. Aqui apresentamos um compilado de
levantamentos de pequenos mamiferos realizados em diferentes localidades do estado do
Acre ao longo dos ultimos dez anos, com algumas informacGes sobre o habitat em
espécies foram capturadas, com discussdes sobre a distribuicdo geografica das espécies.
Foram amostradas em 16 localidades, 14 na Bacia do Rio Purus (principalmente no Rio
Acre) que variam de fragmentos florestais urbanos de 50 ha a unidades de conservacédo
de floresta continua, além de duas localidades no Rio Jurua. As espécies foram capturadas
com uso de armadilhas live-trap e pitfalls, num esforco de captura de mais de 18000
armadilhas.noite. Todos os animais foram identificados com uso de taxonomia
integrativa, envolvendo dados morfoldgicos e citogenéticos. Ao todo foram capturados
747 animais (356 marsupiais e 391 roedores) de 36 espécies. As espécies mais comuns
foram Marmosa (Micoureus) constantiae registrada em 12 das 16 localidades, Didelphis
marsupialis, Marmosops ocellatus, Philander canus, Neacomys amoenus, e Proechimys
simonsi registrados em nove localidades cada. Proechimys gardneri e Proechimys
longicaudatus tem ocorréncia confirmada para o Acre, com P. longicaudatus e P.
gardneri ampliando suas distribuicdes geografica. Outras espécies, como por exemplo,
Marmosops ocellatus, Monodelphis peruviana e Neacomys spp. também tem seus limites
de distribuicdo conhecidos na literatura confirmados e/ou ampliados pelos nossos
registros. As lacunas de amostragem na Bacia do Purus, pode ajudar a explicar diversas
inconsisténcias taxondmicas e dificuldades na delimitacdo da distribuicdo de espécies
como as discutidas neste trabalho. Os 684 animais por nés coletados no alto Rio Purus
entre 2013 e 2022, possivelmente vai ajudar a solucionar problemas taxonémicos de
alguns géneros, principalmente de roedores.
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Introduciao

O estado do Acre é dividido pelos rios Jurud e Purus, dois dos trés principais
afluentes do Rio Solimdes, na bacia Amazonica, uma regido caracterizada por elevada
diversidade em diferentes grupos bioldgicos (Fonseca et al. 2022, Virgilio et al. 2020, de
Lima et al. 2023, Tavares et al. 2023). Na Amazodnia Ocidental, caracteristicas evolutivas
e estabilidade climatica contribuem para a alta diversidade da regido (Stropp et al. 2009).
Apesar de avangos nos ultimos anos, o conhecimento da biodiversidade na Amazonia
ainda é limitado (Oliveira et al. 2017). A regido sofre com a falta de infraestrutura para
pesquisa em biodiversidade como um todo, baixo nimeros de institui¢cbes de pesquisas,
pesquisadores e dificuldades logisticas impostas pela geografia do bioma (Carvalho et al.
2023, Oliveira et al. 2016), o que torna inventarios bioldégicos mais caros e escassos

guando comparada a outros biomas brasileiros

Nesse contexto, pesquisas com pequenos mamiferos sdo ainda mais dificeis de
serem executadas na regido, o grupo é um dos vertebrados mais onerosos de se amostrar
e sua taxonomia demanda profissionais com muita experiéncia (Gardner et al. 2008). Isso
ocorre, pois, a maioria das espécies tém congéneres morfologicamente similares,
exigindo o uso de taxonomia integrativa para maior precisdo na determinacdo das
espécies (Bonvicino et al. 2022, Dalapicolla et al. 2024).

Tais dificuldades, torna os pequenos mamiferos um dos vertebrados menos
amostrados na Amazodnia (Botelho et al. 2024, Palmeirim et al. 2018, Santos-Filho et al.
2012, Rodrigues et al. 2020, Lambert et al. 2006), o que é preocupante dada a importancia
ecolégica do grupo. Nas florestas neotropicais, pequenos mamiferos ndo voadores
(marsupiais e roedores) ocupam posicdo central nas teias alimentares, desempenhando
importantes papéis ecologicos como predadores e dispersores de sementes (DeMattia et
al. 2004, Galetti et al. 2015, Terborgh et al. 2001), consumidores de artrépodes (Pinotti
et al. 2011) e como fonte alimentar de predadores (Emmons & Feer 1997, Bernarde &
Abe 2010), além de serem importantes reservatorios de agentes com potencial zoonético
(Medeiros et al. 2020, Fernandes et al. 2018, Andreazzi et al. 2023).

A Amazénia brasileira é o bioma de maior diversidade de mamiferos (Patton et
al. 2015; Voss & Emmons 1996), a regido registra quase 60% das 785 espécies do Brasil,
por sua vez a Mata Atlantica possui apenas 42% do total de espécies (Abreu et al. 2024),

mesmo sendo um bioma historicamente mais amostrado que a Amazdnia. Pequenos
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mamiferos ndo-voadores (Didelphidae, Cricetidae e Echimyidae) representam
aproximadamente 37% o total de espécies de mamiferos brasileiros (Abreu et al. 2024).
O grupo além de elevada riqueza de espécies possui grande diversidade funcional, podem
ser encontradas espécies arboricolas, escansoriais, terrestres e de ambientes aquaticos,
além dos mais diversificados habitos alimentares tais como: espécies carnivoras,
insetivoras, frugivoras e muitas outras onivoras. No Acre, estudos com pequenos
mamiferos sdo escassos. O maior levantamento realizado no estado até entdo remonta da
década de 90, quando Patton et al. (2000) em levantamento ao longo de todo o Rio Jurud,
capturam 443 individuos de 26 espécies em quatro localidades nas cabeceiras do Rio
Jurua nos municipios de Marechal Taumaturgo e Porto Walter. A partir de 2013 a regido
leste do estado passou a ser foco de sistémicos levantamentos de pequenos mamiferos
com foco em biodiversidade e saude (Criséstomo 2018, Fernandes et al. 2018, Medeiros
et al. 2020), bem como, ecologia e conservacdo das espécies na bacia do Rio Acre
(Botelho et al. 2024, 2025). Neste artigo, iremos apresentar um compilado de informacgoes
oriundas de inventarios de pequenos mamiferos conduzidos pelo Laboratdrio de Biologia
e Parasitologia de Mamiferos Silvestres Reservatorios — LBPMR entre 2013 e 2022 no
estado do Acre. Os levantamentos estdo concentrados em localidades na Bacia do Rio
Purus, principalmente o Rio Acre, além de duas localidades na Bacia do Rio Jurua. A
seguir serdo apresentadas listas de espécies destas localidades, algumas nunca publicadas,

além de confirmacdes de ocorréncia e ampliacdo da distribuicdo de alguns taxons.

Material e métodos
Area de estudo

Nossos registros correspondem a dados de 16 localidades da Amazonia Sul
Ocidental duas na bacia do Alto Jurua e 14 bacia do Alto Purus, no estado do Acre (Figura
1, Tabela S1). As amostragens no Purus ocorreram especificamente em 13 localidades na
bacia do Rio Acre e uma na bacia do Rio Chandless. Registros das localidades Coldnia
Buriti e Ramal Prof. Lucila sdo oriundos de doacdo de coletas do Instituto Evandro
Chagas. As localidades da bacia do Rio Acre sdo em sua maioria fragmentos florestais de
diferentes tamanhos, inseridos em matriz urbana e rural nos municipios de Rio Branco,
Senador Guiomard e Porto Acre (Botelho et al. 2025). A regido é dominada por diferentes
fitofisionomias que compdem a Bacia Amazonica, com destaque para: floresta aberta com

palmeiras, floresta aberta com bambu caracterizada por uma baixa densidade de madeira
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e 0 sub-bosque dominado por individuos do género Guadua e por poucas manchas de
floresta densa. No Parque Estadual Chandless as amostragens ocorreram em areas de
floresta aberta com palmeiras e floresta aberta com bambu.

-10°0.0"
I

0 75 150 km

-74°0.0/ —72"!0.0’ -70‘:0.0’ -68‘:0.0'
Figura 1. Dezesseis localidades com amostragens de pequenos mamiferos na Amazénia Sul Ocidental
(estado do Acre) realizadas entre os anos de 2013 e 2022. 1. Parque Ambiental Chico Mendes -
PACM,; 2. Floresta Parque Zooboténico - FPZ; 3. Fazenda S0 Raimundo — FRAI; 4. APA Lago do
Amapa - ALAP; 5. Fazenda Piracema - FPIR; 6. Fazenda Experimental Catuaba - FEC; 7. Embrapa
- EMB; 8. Fazenda Sta. Cecilia - FCEC; 9. Reserva Florestal Humait4 - RFH; 10. Escola da Floresta
- ESCF; 11. Colbnia Santa Lucia - LU; 12. Seringal Cachoeira - SEC; 13. Colénia Buriti - CBU; 14.
Parque Estadual Chandless - PEC; 15. Vila Triunfo - VT; 16. Nova Cintra - NC.

O clima da regido é tropical chuvoso (tipo Am, segundo classificacdo de Képen),
com precipitacdo média anual de 2160 mm, com uma variagdo mensal de 28 mm a 299
mm (Duarte 2020). Ha duas estagdes bem definidas: periodo de chuvas, de novembro a
mar¢o, e periodo de seca, de maio a setembro, sendo os meses de abril e outubro

considerados de transicao.

Captura de pequenos mamiferos

A captura de pequenos mamiferos na maioria das localidades ocorreu com uso de
live-traps e pitfalls. As armadilhas foram instaladas de maneira alternada e estratificada
ao longo de transectos de 225 m, conforme descrito em Botelho et al. (2024). As
localidades de Nova Cintra e Vila Triunfo na bacia do Rio Jurua foram coletados apenas

com o uso de live-traps, sem utilizacdo de pitfalls. Os animais capturados foram
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transportados para um laboratorio de campo base, onde foram anestesiados e eutanasiados
segundo os procedimentos éticos e de biosseguranca reportados em Lemos & D’ Andrea
(2014).

Todos os procedimentos com uso dos animais durante as expedicdes foram
realizados sob responsabilidade dos membros da equipe do Laboratério de Biologia e
Parasitologia de Mamiferos Silvestres Reservatorios do Instituto Oswaldo Cruz
(IOC/Fiocruz), os quais sdo treinados para observar os protocolos de biosseguranga, no
manuseio de animais silvestres preconizados pela Comissdo de Biosseguranca do
Instituto Oswaldo Cruz, incluindo treinamento para a utilizacdo de equipamentos de
protecdo individual e de protecdo respiratoria (EPIs Nivel 3). As coletas realizadas foram
de acordo com licenga de captura para todo o territério nacional (SISBIO, licen¢a nimero
13373-1) e todos os procedimentos realizados neste projeto de pesquisa foram submetidos
e aprovados pela Comissdo de Etica em Uso de Animais CEUA-IOC/FIOCRUZ sob o
namero L-036/2018.

Identificagdo taxonomica

Os animais coletados foram identificados por meio da anélise integrada de
morfologia externa e cranial, analise citogenética (cari6tipo) e molecular
(sequenciamento do citocromo b) (Bonvicino et al., 2005; Gongalves & Oliveira, 2014).
Os espécimes coletados foram depositados na COLMASTO, a colecdo mastozoologica
localizada no Laboratério de Biologia e Parasitologia de Mamiferos Reservatorios
Silvestres, Instituto Oswaldo Cruz (LBPMR), Rio de Janeiro, Brasil. A distribuicdo
geografica e taxonomia de mamiferos tem passado por mudancas nos recentes anos, assim
como linha de corte adotamos como base a lista da Sociedade Brasileira de Mastozoologia
— SBMZ (Abreu et al. 2024) para discussdo da ocorréncia das espécies no estado do Acre
e Brasil e a distribuicdo geografica na América do Sul apresentada nos mapas foi extraida

de Map of Life (https://mol.org/) as quais sdo baseadas em Burgin et al. (2020).

Resultados e Discussao
Ao longo das 14 localidades amostradas, com um esforco total de captura de cerca

de 18.000 armadilhas-noite, com um total de 747 capturas (356 marsupiais e 391
roedores), registramos 36 espécies de pequenos mamiferos ndo voadores. Os marsupiais
mais abundantes foram: Marmosa (Micoureus) constantiae com 81 capturas, Philander
canus com 50, Marmosa (Micoureus) rutteri com 43. Entre os roedores 0s mais

abundantes foram: Proechimys gardneri com 113 animais capturados, seguido por
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Proechimys simonsi com 51 e Neacomys amoenus com 38 capturas. As espécies
registradas no maior niumero de localidades foram Marmosa constantiae em 12 das 16
localidades, enquanto Didelphis marsupialis, Marmosops ocellatus, Philander canus,
Neacomys amoenus, e Proechimys simonsi registrados em nove localidades cada (Tabela
1).

As 36 espécies de pequenos mamiferos amostradas, representam 81% das 44
espécies previstas para o estado do Acre na lista de mamiferos do Brasil de Abreu et al.
(2024). Divergéncias taxondmicas, ampliacdo de distribuicdo geografica de espécies e

informacdes sobre o habitat de captura serdo discutidas por géneros a seguir.

Proechimys

Foram registradas seis espécies do género no Acre, sendo quatro nas localidades
da bacia Purus: P. gardneri, P. longicaudatus, P. simonsi e P. brevicauda e quatro na
bacia do Jurua: P. cuvieri e P. steerei e também P. simonsi e P. brevicauda.

Os registros de P. longicaudatus s@o os primeiros para o estado do Acre e ampliam
a distribuicdo da espécie até os rios Acre e Chandless na Bacia do Purus (Tabela 1 e
Figura 2), a espécie tinha ocorréncia registrada ate o sul do estado de Rondonia por Patton
et al. (2015) e norte da Bolivia por Dalapicolla et al. (2024). Os quatro espécimes aqui
registrados foram capturados em areas continuas e grandes fragmentos florestais PEC e
FCEC, mas também ocorreram dois registros em fragmentos antropizados como ALAP e
FRAI (Tabela 1) (Botelho et al. 2025). A vegetacdo predominante nos locais de captura
da espécie foi floresta aberta com uma variacao de maior ou menor densidade de bambu.

Proechimys gardneri ndo tinha registro confirmado para o estado do Acre (Abreu
et al. 2024), sua distribui¢do incluia apenas para uma pequena por¢ao a leste do estado no
municipio de Acrelandia (Patton et al. 2015) e ainda mais restrita ao sudoesto do estado
do Amazonas na revisao de Dalapicolla et al. (2024). Ainda assim, P. gardneri foi muito
comum nas localidades dos municipios de Rio Branco e Xapuri na Bacia do Rio Acre
(Figura 2) (Botelho et al. 2025). Proechimys talvez seja o roedor mais comum na
Amazbnia, com muitas espécies ocorrendo em simpatria (Patton et al. 2000), o que
dificulta ainda mais sua taxonomia, como por exemplo na localidade Fazenda Santa
Cecilia, onde foram registradas quatro espécies ocorrendo em simpatria, além de RFH,
RO e EMB com trés espécies cada (Figura 2 a 4). Recentemente, Dalapicolla et al. (2024)
revisaram a taxonomia do género com dados moleculares e morfologicos de amostras de

toda a AmazOnia, 0s autores sugerem a existéncia de 25 espécies para Proechimys,
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apontando a necessidade de revisdo taxondmica de varias espécies. A auséncia de dados
sobre Proechimys da bacia do Rio Purus na AmazlOnia, provavelmente explica a
quantidade elevada de novos registros para o género e ampliacdo de distribuicdo de P.
longicaudatus aqui apresentadas. Por exemplo, a revisdo do género realizada de
Dalapicolla et al. (2024) conta com dados moleculares de 177 espécimes distribuidos em
toda a Amaz6nia, porém nenhum destes exemplares foram oriundos da bacia do Purus,

rio este que € um dos trés principais tributarios do Rio Solimdes.

Mesomys

Mesomys hispidus é um equimideo arboricola com ampla distribuicdo na
Amazonia (Dias de Oliveira et al. 2023, Patton et al. 2015). Apesar de ndo constar na lista
de espécies para 0 Acre de Abreu et al. (2024), M. hispidus tem registro confirmado para
o0 Acre por Patton et al. (2000). N6s capturamos 22 individuos em cinco localidades, todas
com mais de 1200 ha, na bacia do Rio Acre (Tabela 1 e Figura 5) (Botelho et al. 2025).
Na literatura, a espécie foi registrada em diferentes fitofisionomias de florestas de terra
firme (Patton et al. 2015), nossas capturas de M. hispidus ocorreram em sua maioria em

florestas densa, e uma minoria em florestas abertas com bambu.

Dactylomys
Dactylomys boliviensis, popularmente chamado de rato cord, € uma espécie

relativamente comum no Acre, reconhecido por sua vocalizacdo tipica em diferentes
florestas do estado, porém nunca capturado em armadilhas (Botelho et al. 2024). No6s
capturamos dois espécimes com o uso de armas de fogo no Seringal Cachoeira. A
distribuicdo da espécie ndo inclui a bacia do Rio Acre (Burgin et al. 2020), onde foi
registrada por nés (Figura 5), e sua presenca € comumente registrada em areas de floresta

por meio de sua vocalizacao tipica.
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Tabela 1 Pequenos mamiferos amostrados em 16 localidades nas Bacias do Jurua e Purus nos municipios do Acre: Xapuri (XA), Rio Branco (RB), Senador Guiomard
(SG), Porto Acre (PA), Manoel Urbano (MU), Brasiléia (BA), Marechal Thaumaturgo (MT), Rodrigues Alves (RA). Localidades: Seringal Cachoeira - SEC, Escola
da Floresta - ESCF, Parque Ambiental Chico Mendes — PACM, Fazenda Piracema — FPIR, Fazenda S&o Raimundo — FRAI, APA Lago do Amapa — ALAP,
EMBRAPA - EMB, Parque Zooboténico — FPZ, Fragmento Santa Cecilia— FCEC, Fazenda Experimental Catuaba — FEC, Reserva Florestal Humaita — RFH, Ramal
Prof. Lucila - LU, Coldnia Buriti - CBU, Vila Triunfo - VT, Nova Cintra - NC.

Bacia PURUS JURUA
Municipio XA RB SG PA MU | BA MT | RA
. SEC |ESCF PACM FPIR FRAI ALAP EMB FPZ FCEC|FEC|RFH LU |PEC |CBU VT | NC
Localidade
TAXON
Didelphimorphia
DIDELPHIDAE
Caluromys lanatus X X
Didelphis marsupialis X X X X X X X X | X
Marmosa (Micoureus) constantiae X X X X X X X X X X X X
Marmosa (Micoureus) rutteri X X X X X
Marmosops ocellatus X X X X X X X X X
Marmosops bishopi X X X
Marmosops caucae X
Marmosops noctivagus X X X
Metachirus myosuros X X X | X
Monodelphis emiliae X X X
Monodelphis glirina X X X X X X
Monodelphis peruviana X X X X X
Philander canus X X X X X X X X X
Philander mcilhennyi X
Philander pebas X
Rodentia
CRICETIDAE
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Euryoryzomys macconnelli
Euryoryzomys nitidus
Hylaeamys perenensis
Hylaeamys yunganus
Neacomys musseri
Neacomys amoenus
Nectomys apicalis
Oecomys gr. bicolor
Oecomys sp.n.

Oecomys trinitatis
Oligoryzomys microtis
Rhipidomys gardneri
Rhipidomys leucodactylus

ECHIMYIDAE

Dactylomys boliviensis
Mesomys hispidus
Proechimys brevicauda
Proechimys cuvieri
Proechimys gardneri
Proechimys longicaudatus
Proechimys simonsi
Proechimys steerei

X

X X X X
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Figura 2. Distribuicdo geografica e pontos de registro de Proechimys gardneri e Proechimys
longicaudatus. Circulos indicam registros de P. gardneri, tridngulo registros de P. longicaudatus e

losango simpatria. Poligonos de distribui¢cdo das espécies segue Burgin et al. (2020).
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Figura 3. Distribuigdo geogréafica e pontos de registro de Proechimys steerei e Proechimys simonsi.
Circulos indicam localidades de registro de P. simonsi, tridngulo registro de P. steerei. Poligonos de

distribuicéo das espécies segue Burgin et al. (2020).
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Figura 4. Distribuicao geografica e pontos de registro de Proechimys cuvieri e Proechimys brevicauda.
Circulos indicam localidades de registro de P. brevicauda, triangulo registro de P. cuvieri. Poligonos

de distribuicéo das espécies segue Burgin et al. (2020).
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Figura 5. Distribuigdo geografica e pontos de registro de Mesomys hispidus e Dactylomys boliviensis
Circulos indicam localidades de registro de M. hispidus, triangulo registro de D. boliviensis. Poligonos

de distribuicdo das espécies segue Burgin et al. (2020).
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Rhipidomys

O género foi pouco abundante em nossas amostragens, com apenas cinco capturas
ao todo, sendo quatro de R. leucodactylus e uma de R. gardneri. Rhipidomys
leucodactylus tem ampla distribuicdo na Amazonia, porém a regido do Acre ainda ndo
possuia registro da espécie (Patton et al. 2015, Abreu et al. 2024). N0ssos registros
confirmam a distribuicdo de R. leucodactylus nos fragmentos florestais RFH e FEC,
ambos de mais de 1200 ha na bacia do Rio Acre (Botelho et al. 2024, Lanes et al. 2024).
Estas capturas ocorreram em areas de floresta densa e em floresta aberta com bambu. O
congénere R. gardneri, com uma distribuicdo bem mais restrita (Patton et al. 2015)
(Figura 6), teve sua distribuicdo ampliada para o municipio de Manoel Urbano na regido
do Alto Purus por Lanes et al. (2024), onde um individuo foi capturado no Parque
Estadual Chandless, em éarea de floresta aberta com bambu. Anteriormente, R. gardneri

havia sido registrado apenas para o alto Jurua no Acre (Patton et al. 2000).
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Figura 6. Distribuicdo geogréafica e localidades de registro de Rhipidomys gardneri e Rhipidomys
leucodactylus. Circulos indicam localidades de registro de R. leucodactylus, triangulo registro de R.
gardneri. Poligonos de distribuicao das espécies segue Burgin et al. (2020).

Hylaeamys
Obtivemos um total de 33 espécimes capturados para 0 género, sendo 24 de H.
perenensis e 9 de H. yunganus. A maioria dos registros ocorreram na regido da bacia do

Rio Jurua e no Parque Estadual Chandless. As espécies ocorreram em simpatria em
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apenas duas das seis localidades em que o género foi registrado (Figura 7). Nenhum
individuo foi capturado em fragmentos menores que 300 ha (Botelho et al. 2025). As
cinco capturas de H. yunganus na RFH e SEC ocorreram em trilhas de floresta densa, sem
bambu, enquanto uma captura de H. perenensis na ESCF ocorreu em area de floresta

aberta com bambu.
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Figura 7. Distribuicdo geografica e pontos de registro de Hylaeamys perenensis e Hylaesamys
yunganus. Circulos indicam localidades de registro de H. yunganus, tridngulos registro de H.
perenensis, losango simpatria. Para maiores detalhes das localidades ver Tabela 1. Poligonos de
distribuicéo das espécies segue Burgin et al. (2020).

Euryoryzomys

Euryoryzomys macconnelli e Euryoryzomys nitidus tem distribuicdo ampla na
Amazonia (Figura 8), todavia foram raros em nossas amostragens, com apenas uma
captura para cada espécie, ambas em floresta continua, em area de floresta aberta com
palmeira. No alto Jurud, Patton et al. (2000), registram apenas trés individuos de
Euryoryzomys nitidus nas quatro localidades amostradas no Acre. Malcolm (1991)
também reporta E. macconnelli como espécie rara, restrita a areas continuas. Nas ilhas de
Balbina, a maioria dos registros da espécie também se concentrou em areas continuas ou
ilhas grandes (> 1400 ha), apesar de dois registros em ilhas menores que 100 ha
(Palmeirim et al. 2018).
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Figura 8. Distribuicéo geografica e pontos de registro de Euryoryzomys macconnelli e Euryoryzomys
nitidus. Circulo indica localidade de registro de E. macconnelli, tridngulo registro de E nitidus.
Poligonos de distribuicéo das espécies segue Burgin et al. (2020).

Oecomys
Capturarmos 29 individuos do género, 27 Oecomys gr. bicolor, um O. trinitatis e

um Oecomys sp.n. Os individuos de Oecomys do grupo bicolor foram capturados em
diferentes tipologias vegetais em areas continuas ou fragmentos florestais maiores de
1000 ha, exceto uma captura na ESCF (418 ha) (Figura 9), o que demonstra que a espécie
pode requerer habitats mais conservados, independente da tipologia vegetal.

Oecomys sp.n foi capturado em armadilha tipo Sherman instalada no sub-bosque
no Seringal Cachoeira em uma area de floresta densa. A espécie se distingue dos demais
congéneres pelo cariétipo. Oecomys trinitatis, em nossas amostragens foi capturado em

area de floresta aberta com bambu e palmeira.

90



60°00'W
I

40°00'W
I

+ QOecomys new sp patton
[ | Oecomys bicolor
] Cecomys trinitatis

A
\\
R
N
2
\.\
\\
T
/
\\ /'/

A :
gow 0 250 500 km }
1 NN N
(=]

Figura 9. Distribuicdo geografica e pontos de registro de Oecomys spp. Triangulos indicam
localidades de registro de O. bicolor, losango simpatria entre O. bicolor e O. trinitatis cruz indica
localidade de registro de Oecomys sp.n. Poligonos de distribuicdo das espécies segue Burgin et al.
(2020).

Oligoryzomys

Oligorzomys microtis teve 29 capturas em fragmentos florestais pequenos e
grandes, em diferentes tipologias vegetais, com a maioria das capturas ocorrendo em
armadilhas do tipo pitfall. As capturas em fragmentos pequenos e diferentes tipos de
vegetacdo confirmam as evidéncias prévias de que O. microtis € uma espécie tolerante ha

habitats abertos na Amazénia (Santos-Filho et al. 2012, Patton et al. 2015).

Nectomys
Nectomys apicalis teve apenas um registro em nossas amostragens, coletado na

RFH em area de floresta aberta com bambu, capturado com armadilha pitfall. Patton et
al. (2000) relatam que a espécie esteve associada a proximidades de igarapes, o que ndo
aconteceu com nosso registro unico. A distribuigdo geografica de N. apicalis (Burgin et
al. 2020) (Figura 10) aponta que 0 nosso registro amplia a distribuicdo geogréfica da

espécie para leste, até o Rio Acre.
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Figura 10. Distribuicao geogréfica e pontos de registro de Nectomys apicalis e Oligoryzomys microtis.
Circulos indicam localidades de registro de O. microtis, losango simpatria. Para maiores detalhes das
localidades ver Tabela 1. Poligonos de distribuicéo das espécies segue Burgin et al. (2020).

Neacomys
Neacomys foi revisado por Hurtado & Pacheco (2017), que identificaram N.

amoenus e N. musseri como as espécies que ocorrem no Acre. Neacomys amoenus foi
abundante nas amostragens com um total de 38 capturas, distribuidas em fragmentos
grandes e pequenos, porém ausente em fragmentos inseridos em matriz urbana (Botelho
et al. 2025), sem associacao a uma tipologia vegetal especifica. A outra espécie coletada
no Acre, Neacomys musseri, foi menos abundante com apenas cinco capturas, ocorrendo
apenas em areas de floresta continua, como SEC e PEC (Figura 11).

A distribuicéo ilustrada por Wilson et al. (2017) mostra Neacomys amoenus com
populacBes com distribuicdo descontinua: uma distribuicdo abrangendo os estados do
Mato Grosso e parte de Ronddnia, e outra distribuicao para o oeste do Acre e Peru (Figura
11). Dessa forma, nossos registros da espécie na Bacia do Rio Acre e os de Abreu-Janior
et al. (2016) unificam sua distribuicdo geogréafica desde o oeste do Peru até o estado do
Mato Grosso (Figura 11). Neacomys musseri tinha distribui¢do apenas na bacia do Jurua
no Acre (Hurtado & Pacheco 2017), nossos registros e os de Abreu-Janior et al. (2016)

também ampliam a distribuicdo da espécie até a bacia do Rio Acre (Figura 11).
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Figura 11. Distribuicéo geogréafica e pontos de registro de Neacomys musseri e Neacomys amoenus.
Circulos indicam localidades de registro de N. amoenus, losangos simpatria. Para maiores detalhes
das localidades ver Tabela 1. Poligonos de distribuicao das espécies segue Burgin et al. (2020).

Marmosops
O género foi 0 mais especioso ao lado de Proechimys durante todos os trabalhos

no Acre, com M. ocellatus a espécie mais comum e abundante com 41 capturas, enquanto
M. caucae teve apenas duas capturas na Vila Triunfo, no Alto Jurud. Marmosops ocellatus
foi uma das espécies mais comuns entre as localidades amostradas, com capturas em nove
localidades do Purus, principalmente fragmentos grandes e areas de floresta continua
(Botelho et al. 2025). Marmosops ocellatus tem sua presenca no Brasil discutida por Diaz-
Nieto et al. (2016), onde os espécimes do Acre, registrados por Patton et al. (2000) no
Rio Jurud, fariam parte de uma nova linhagem chamada de “Jurud”, sem espécie
formalmente descrita. De fato, a lista anual da Sociedade Brasileira de Mastozoologia
Abreu et al. (2024) passa a considerar nossos registros de M. ocellatus como um taxon de
ocorréncia no Brasil, sob a ressalva que estes dados, conforme analise molecular de
Bonvicino et al. (2022), se enquadram na linhagem “Jurua” de Diaz-Nieto et al. (2016).
Assim, ao considerarmos nossos registros como Marmosops ocellatus, a distribuicéo

geografica da espécie aumenta consideravelmente (Figura 12).
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Figura 12. Distribuicio geografica e pontos de registro de Marmosops caucae e Marmosops ocellatus.
Circulos indicam localidades de registro de M. caucae, triangulos registro de M. ocellatus. Para
maiores detalhes das localidades ver Tabela 1. Poligonos de distribuicdo das espécies segue Burgin et

al. (2020).
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Figura 13. Distribuicdo geogréafica e pontos de registro de Marmosops noctivagus e Marmosops
bishopi. Circulos indicam localidades de registro de M. bishopi, tridngulos registro de M. noctivagus,
losango simpatria. Poligonos de distribuicédo das espécies segue Burgin et al. (2020).
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Marmosops noctivagus e M. bishopi, foram registrados em areas de floresta aberta
com bambu e florestas mistas em trés localidades (Figura 13) com fragmentos maiores
que 1200 ha e uma area continua.

Didelphis
Didelphis marsupialis € amplamente distribuido pela Amazénia (Figura 14), em
nossas 17 capturas a espéecie esteve presente em areas conservadas e também em areas

antropizadas.

Philander
Philander canus tem distribuicdo descontinua (Burgin et al. 2020) (Figura 14),

porém sua presenca na bacia do Rio Acre foi confirmada (Bonvicino et al. 2022). Os 50
individuos de P. canus foram capturados em areas com diferentes graus de conservacao,
a espécie foi dominante nos fragmentos florestais pequenos e de matriz urbana (Botelho
etal. 2025). Philander mcilhennyi também teve sua distribuicdo ampliada para o Rio Acre
(Figura 15), gracas a trés individuos capturados na RFH, conforme apresentado por
Bonvicino et al. (2022). Na RFH a espécie foi capturada em floresta densa e em floresta
aberta com bambu

Por fim, obtivemos uma captura de P. pebas, na Vila Triunfo, localidade préxima
ao registro da espécie confirmado por Voss et al. (2018), oriundo da amostragem de
Patton et al. (2000) na Fazenda Santa Fé as margens do Rio Jurua. A auséncia de P. pebas
nas areas por nos amostradas no Purus, indica que a espécie possa ter sua distribuicdo no

estado do Acre restrita & bacia Jurua, como sugerido por Burgin et al. (2020) (Figura 15).

Monodelphis
A espécie mais abundante do género foi Monodelphis glirina, com 38 capturas em

seis localidades distintas, todas com mais de 300 ha de floresta. Monodelphis peruviana
teve 12 capturas, quatro destas em fragmentos florestais pequenos de matriz de baixa
qualidade (Botelho et al. 2025). Monodelphis peruviana tem distribuicéo restrita ha uma
pequena faixa no Peru ao oeste do Acre (Burgin et al. 2020) (Figura 16), no entanto, em
Bonvicino et al. (2022) confirmamos a presenca da espécie na regido (Bonvicino et al.
2022; Tabela 1). Monodelphis emiliae foi capturada seis vezes, apenas em area de
fragmentos florestais maiores que 2000 ha e floresta continua, em tipologias de floresta

aberta com bambu e em floresta densa.
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Figura 14. Distribuicdo geografica e pontos de registro de Didelphis marsupialis e Philander canus.
Circulos indicam registro de D. marsupialis, tridngulos de P. canus e losangos indicam localidades de
registros em simpatria. Para maiores detalhes das localidades ver Tabela 1
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Figura 15. Distribui¢do geogréfica e pontos de registro de Philander mcilhennyi e Philander pebas.
Circulo indica localidade de registro de P. pebas, triangulo registro de P. mcilhennyi.
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Figura 16. Distribuico geografica e pontos de registro de Monodelphis peruviana e Monodelphis
glirina. Circulos indicam localidades de registro de M. glirina, triangulos registro de M. peruviana,
losango simpatria. Para maiores detalhes das localidades ver Tabela 1. Poligonos de distribuicao das
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espécies segue Burgin et al. (2020).
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Figura 17. Distribuicdo geogréafica e pontos de registro de Monodelphis emiliae. Circulos indicam
localidades de registro. Poligonos de distribuicao das espécies segue Burgin et al. (2020).
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Marmosa
Marmosa constantiae e M. rutteri foram os marsupiais mais comuns com 83 e 43

individuos capturados, respectivamente. M. constantiae esteve presente em quase todas
as areas amostradas (Tabela 1), enquanto M. rutteri ocorreu apenas em quatro localidades,
todas com mais de 1200 ha de floresta. A maioria das capturas do género ocorreu em
armadilhas de dossel (Botelho et al. 2024), em trilhas de variadas tipologias vegetais. A
distribuicdo geogréafica de M. rutteri coloca a espécie apenas até as cabeceiras do Rio
Purus (Burgin et al. 2020), enquanto nossos registros confirmam a presencga da espécie

em diferentes localidades a leste, na bacia do Rio Acre (Figura 18).
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Figura 18. Distribuicéo geogréfica e pontos de registro de Marmosa constantiae e Marmosa rutteri.
Circulos indicam localidades de registro de Marmosa constantiae, losangos indicam localidades de
simpatria. Para maiores detalhes das localidades ver Tabela 1. Poligonos de distribuicéo das espécies
segue Burgin et al. (2020).

Caluromys
Caluromys lanatus tem distribui¢cdo ampla na América do Sul (Figura 19), foi raro

nas amostragens com armadilhas, com apenas uma captura em trilha de floresta aberta
com palmeira no Seringal Cachoeira. N0sso outro registro da espécie ocorreu por meio
de captura ativa apds o animal ser avistado na ESCF em uma arvore frutifera ao lado da
secretaria da escola. Outros registros no estado foram feitos no Alto Jurua (Patton et al.
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2000). Apesar da escassez de registros, ha registro de um animal atropelado e um predado

nas proximidades da cidade de Rio Branco (iNaturalist 2025).

Metachirus

Metachirus myosuros também tem ampla distribuicdo na América do Sul (Figura
19). Em nossas quatro capturas, a espécie foi encontrada em areas de floresta aberta com
bambu e floresta aberta com palmeira, em areas maiores com mais de 350 ha de floresta
(Botelho et al. 2025).
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Figura 19. Distribuicdo geogréfica e pontos de registro de Caluromys lanatus e Metachirus myosuros.
Circulos indicam localidades de registro de Metachirus myosuros, tridngulo de Caluromys lanatus e
losango indica localidade de simpatria. Para maiores detalhes das localidades ver Tabela 1.

Consideragoes finais

O numero de espécies de pequenos mamiferos ndo voadores (Echimydae,
Cricetidae e Didelphidae) citados para o Acre por Abreu et al. (2024) foi subestimado,
com a adigdo dos nossos registros de Mesomys hispidus, Proechimys gardneri e
Proechimys longicaudatus a essa lista, 0 Acre chega a 48 espécies de pequenos
mamiferos. 1sso evidenciando a auséncia de informacdes biologicas de pequenos
mamiferos principalmente na regido leste do estado. A existéncia destas lacunas de
amostragem na bacia do Purus, um dos trés principais tributarios do Rio Solimdes, pode

ajudar a explicar diversas inconsisténcias taxonémicas e dificuldades na delimitagdo da
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distribuicéo de espécies, conforme discutido neste trabalho. Nesse sentido, 0s 684 animais
por nos coletados na bacia do Purus entre 2013 e 2022, pode ajudar a solucionar

problemas taxondmicos de alguns géneros, principalmente de roedores.
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Material Suplementar

Tabela S1. Localidades com amostragem de pequenos mamiferos realizadas entre 2013 e 2022 no
estado do Acre.

Localidade Sigla Coordenadas Qflljc?llt;;jaa?ﬁa()je
Reserva Florestal Humaita RFH 2772223%0 3922
Fazenda Experimental Catuaba FEC éggiggég: 1254
Escola da Floresta ESCF éggggggio 418
Embrapa EMB :égzgggggz; 1949
Faz. Sta. Cecilia FCEC 2793(‘19147136" 1532
Fazenda Piracema FPIR égggiggo 164
APA Lago do Amapa ALAP égggggig: 145
Faz. Sd0 Raimundo FRAI 279%?‘8185" 55
Parque Zoobotanico FPZ g?g%g%;o 160
Parque Estadual Chandless PEC 2;;;833?3 Area continua
Seringal Cachoeira SEC éggéég;;; Avrea continua
Vila Triunfo VT ?Zggigé Avrea continua
Nova Cintra NC 18 -

-72.6666667

Colonia Buriti CBU  gossooss: :
Ramal Prof. Lucila LU 278%8:732553 -
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4. CONCLUSOES
Considerando as exigéncias metodoldgicas e respostas das comunidades frente as

alteracOes do habitat, os resultados apresentados ao longo dos capitulos da presente tese
evidenciam a complexidade que envolve estudar comunidades de pequenos mamiferos
amazonicos. As diferencas de eficiéncia dos métodos de amostragem refor¢cam que live-
traps e pitfalls s&o complementares, uma vez que nenhum método foi mais eficiente que
0 outro em todas as localidades. A utilizagdo de armadilhas nos estratos acima do solo
também se revelou um método complementar, pois, permite a captura de espécies pouco
abundantes no solo ou exclusivamente arbdreas. No entanto, os resultados das capturas
nos estratos de sub-bosque e dossel ndo indicaram diferenca relevante, entre esses dois
estratos, sugerindo que amostragem em dossel possa ser substituida por armadilhas no
sub-bosque. Por isso, amostragens de comunidades de pequenos mamiferos amazénicos
devem planejar a melhor logistica para que possam além de realizar uma amostragem
diversificada, obtenham as amostras bioldgicas necessarias a identificacdo dos espécimes
e se consiga ampliar o nimero de locais amostrados no bioma.

A andlise da distribuicdo geografica da fauna amostrada, reforca que pequenos
mamiferos estao entre os grupos de vertebrados que ainda precisam ser muito amostrados
na Amazénia Sul Ocidental. O elevado numero de espécies fora da margem de sua
distribuicdo geografica registrado aqui, é consequéncia da escassez de inventarios para o
grupo na Amazodnia Ocidental. A histérica lacuna de amostragens de pequenos mamiferos
na Bacia do Purus, explica diversas inconsisténcias taxondmicas e dificuldades na
delimitacdo da distribuicdo de algumas espécies. Os 684 animais coletados na Bacia do
Purus entre 2013 e 2022, possivelmente ajudara a solucionar problemas taxondmicos de
alguns géneros, principalmente de roedores. Resolver estas inconsisténcias taxonémicas
no grupo é primordial para sua conservacdo, uma vez que muitas espécies podem ter
distribuicdo geogréafica mais restrita ou abrangente que o conhecido na literatura, o que
tem implicacéo direta na delimitagdo dos seus status de conservagdo e no planejamento
acOes de conservacao.

As comunidades estudadas variaram de maneira significativa em sua estrutura,
impactadas principalmente pelo tamanho do fragmento florestal e caracteristicas da
matriz circundante. Além disso, caracteristicas da vegetacéo local, como a presenca de
bambu e/ou area basal das arvores, foram variaveis que se adicionaram aos efeitos de

perda e fragmentacdo do habitat. A perda e substituicdo de espécies nas comunidades
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estudadas ndo acontece de forma aleatoria, pois o padrdo de beta diversidade encontrado
indica que as alteragbes antropicas na paisagem, tém selecionado espécies e
caracteristicas funcionais especificas. O planejamento territorial das areas de matriz ao
redor dos remanescentes florestais é essencial para a conservacdo do grupo. Nas areas de
matriz € importante aumentar as areas de cobertura florestal e modificar os meios de
producdo, utilizando sistemas que integrem &reas produtivas com espécies vegetais
nativas, como agrofloresta e sistemas silvipastoris. 1sso tornaria a matriz mais leve para
espécies menos tolerantes, possibilitando o melhor transito de individuos entre
remanescentes florestais e até mesmo o uso da matriz como habitat, uma vez que sistemas
como os agroflorestais tém grande semelhanca a florestas naturais. O processo de
homogeneizacdo das comunidades estudadas tem impactos para além da conservacao dos
pequenos mamiferos, por serem animais reservatdrios de diferentes zoonoses, a
degradacdo destas comunidades pode comprometer a salde de todo ecossistema, bem

como a humana, o que reforca a necessidade de vigilancia continua desta fauna.
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