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Abstract: Human-modified landscapes (HMLs) are composed by small, isolated and defaunated forest fragments,
which are surrounded by agricultural and urban areas. Information on species that thrives in these HMLs is
essential to direct conservation strategies in local and regional scales. Since HMLs are dominant in the Atlantic
Forest, we aimed to assess the mammalian diversity in a HML in southeastern Brazil and to propose conservation
strategies. We collected data of terrestrial (small-, medium- and large-sized) and volant mammals in three small
forest fragments (10, 14 and 26 ha) and adjacent areas, between 2003 and 2016, using complementary methods:
active search, camera trapping, live-traps, mist nets and occasional records (i.e., roadkills). In addition, we used
secondary data to complement our species list. We recorded 35 native mammal species (6 small-sized, 16 medium-
and large-sized, and 13 bats) and seven exotic species in the HML. The recorded mammal assemblage (non-volant
and volant), although mainly composed of common and generalist species, includes three medium- and large-sized
species nationally threatened (Leopardus guttulus, Puma concolor and Puma yagouaroundi) and two data deficient
species (Galictis cuja and Histiotus velatus), highlighting the importance of this HML for the maintenance and
conservation of mammal populations. Despite highly impacted by anthropogenic disturbances, the study area harbors
a significant richness of medium- and large-sized mammals, being an important biodiversity refuge in the region.
However, this biodiversity is threatened by the low quality of the habitats, roadkills and abundant populations
of domestic cats and dogs. Therefore, we stress the need of conservation strategies focusing on the medium- and
large-sized mammals as an umbrella group, which could benefit all biodiversity in the landscape. We recommend
actions that promotes biological restoration, aiming to increase structural composition and connectivity of the
forest fragments, reducing roadkills and controlling the domestic cats and dogs’ populations, in order to maintain
and improve the diversity of mammals in long-term.
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Paisagem antropicamente modificada atua como refugio para mamiferos na
Mata Atlantica

Resumo: Paisagens antropicamente modificadas (HMLs) sdo compostas por fragmentos florestais pequenos, isolados
e defaunados, imersos em areas agricolas e/ou urbanas. Informagdes sobre as espécies que habitam essas paisagens
sdo importantes para o direcionamento de estratégias de conservagdo em escalas local e regional. Uma vez que
as HMLs sdo as paisagens dominantes na Mata Atlantica, o objetivo deste trabalho foi avaliar a diversidade de
mamiferos em uma HML do sudeste do Brasil e propor estratégias para sua conservagéo. Foram coletados dados
de mamiferos terrestres (pequenos, médios e grandes) e voadores em trés fragmentos florestais (10, 14 e 26 ha) e
areas adjacentes, entre 2003 e 2016, usando métodos complementares: busca ativa, armadilhamento fotografico,
armadilhas de captura e redes de neblina. Adicionalmente, foram utilizados dados de literatura para complementar
a lista de espécies. Foram registradas 35 espécies de mamiferos nativos (6 de pequenos, 16 de médios e grandes
e 13 de morcegos) e sete espécies exdticas. A assembleia de mamiferos registrada (terrestres e voadores), embora
composta por espécies generalistas, apresentou trés espécies de médio e grande porte ameagadas de extingdo
nacionalmente (Leopardus guttulus, Puma concolor and Puma yagouaroundi) e duas deficientes em dados (Galictis
cuja and Histiotus velatus), destacando a importancia dessa HML para conservag@o e manutengdo das populagdes
de mamiferos. Embora inserida em uma paisagem extremamente modificada, a area de estudo abriga uma riqueza
significativa de mamiferos de médio e grande porte, sendo um importante refiigio para a biodiversidade na regido.
Entretanto, essa biodiversidade estd ameagada pela baixa qualidade dos habitats, por atropelamentos e por abundantes
populacdes de caes e gatos domésticos. Portanto, enfatizamos a necessidade de estratégias de conservagao focadas
nos mamiferos de médio e grande porte como grupo “guarda-chuva”, o que pode beneficiar as demais espécies
na paisagem. Recomendamos ac¢des de conservacao visando a restauragdo biologica, para melhorar a composicao
estrutural e conectividade dos fragmentos florestais, reduzir o nimero de atropelamentos e controlar as populagdes

de cées e gatos domésticos, afim de manter e aumentar a diversidade local de mamiferos em longo prazo.
Palavras-chave: Mammalia, Inventario, Conservagdo, Fragmentos florestais, Agroecossistema.

Introduction

Economic development demands large amounts of land, modifying
natural areas and creating human-modified landscapes (HMLs). HMLs
are defined as areas composed by small and isolated forest fragments,
usually defaunated and surrounded by agricultural and urban areas
(Melo et al. 2013). The Brazilian Atlantic Forest is an example of a
human-modified tropical forest, with only 11 to 15.3% of its original
cover remaining (Ribeiro et al. 2009; SOS Mata Atlantica, 2017). This
biome was strongly modified during the last centuries (Dean 1997), and
nowadays is mainly composed by HMLs (Ribeiro et al. 2009).

The fauna inhabiting HMLs faces challenges due to the human
activities (Peres et al. 2010), which alters the environment and reduces
habitat availability. Nevertheless, these areas still act as habitat for a
considerable number of resilient vertebrate species, such as mammals
(Chiarello 2000a; Bogoni et al. 2013; Magioli et al. 2014a,2016; Beca et
al. 2017). Although most mammal species within HMLs are considered
habitat-generalists, some threatened species can be found (Dotta &
Verdade 2011; Reale et al. 2014; Magioli et al. 2016), also performing
important ecological functions (Magioli et al. 2015).

For most of the remaining Brazilian Atlantic Forest, HMLs became
the dominant landscape, usually harboring defaunated subsets of the
assemblages found in less altered habitats (Silva Jr. & Pontes 2008; Jorge
et al. 2013). Furthermore, the situation tends to get worse, as brazilian
environmental laws have been recently altered to favor economic
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development (Laws N° 12.651, from 25/05/2012 and N° 12.727, from
17/10/2012; Stickler et al. 2013; Soares-Filho et al. 2014). Therefore,
there is a need for assessing the remaining biodiversity in HMLs, as a
first step for the maintenance of those communities, and their associated
ecosystem functions and services. With this aim, we carried out an
inventory of non-volant (small-, medium- and large-sized) and volant
mammals in small forest fragments in a HML in southeastern Brazil,
providing a diversity assessment that will allow future directions toward
their conservation.

Material and Methods

1. Study site

We carried out this study in two areas in Piracicaba, state of Sdo
Paulo, southeastern Brazil: ESALQ (Escola Superior de Agricultura
“Luiz de Queiroz”, Universidade de Sdo Paulo) and IPEF (Instituto de
Pesquisas Florestais; Figure 1). Both areas are located in the Atlantic
Forest biome, close to the Cerrado boundaries (IBGE 2004), with
semideciduous forest fragments. Together, they cover 913.3 ha (874.3
ha from ESALQ and 39 ha from IPEF) and are composed of human
constructions, agriculture experimental fields, pastures, gardens,
watercourses, small forest fragments (i.e., forest remnants and riparian
vegetation) and areas under ecological restoration. We selected three
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forest fragments: Mata da Pedreira (14 ha), a secondary semideciduous
forest; Mata do Aeroporto (10 ha), a small gallery forest surrounded by
Pinus plantation; and Mata do IPEF (26 ha), a semideciduous forest
restored in 2005/2006 around a pond (Figure 1). Mata da Pedreira is
located 1.75 km from Mata do Aeroporto and from Mata do IPEF,
while the two latter are 550 m apart from each other. There are three
watercourses in the study area — Piracicaba river, the main river on the
landscape, Piracicamirim river and a nameless intermittent stream,
both tributary of Piracicaba river —, which are surrounded by riparian
secondary vegetation that connects most of the studied fragments. The
study area is located between Piracicaba city and the agricultural matrix
of rural areas, composed mainly by sugarcane. Two protected areas
are located near ESALQ and IPEF, Estacao Experimental de Tupi (EE
Tupi, ~7 km in a straight line) and Estagdo Ecoldgica de Ibicatu (ESEC
Ibicatu, ~22 km in a straight line).

2. Data collection

2.1. Small non-volant mammals

Small mammals were sampled in Mata da Pedreira and Mata do
Acroporto (Figure 1). We carried out a conventional trapping, with
Sherman and Tomahawk traps (Voss & Emmons 1996). We sampled

Mata da Pedreira from July 22 to 27, 2015, where we installed five
trap-lines; each trap-line was composed of five sampling stations,
and each station had three traps (one tomahawk and one Sherman on
the ground, and one Sherman on bushes or small trees, at a minimum
height of 1.5 m). This resulted in a sampling effort of 375 trap-nights.

In Mata do Aeroporto, sampling was carried out from November 30
to December 4, 2015, and from June 13 to 17, 2016. In this sampling
site, we installed 13 trap-lines resulting in a total sampling effort of
780 trap-nights in each campaign (1,560 trap-nights). Small mammal
species recorded by active search (see below in item 2.3) were also
included in the inventory.

2.2 Small volant mammals

Bats were sampled in two periods, 23 nights from December 2003
to May 2004, and 11 nights from December 2013 to June 2015, in a total
sampling effort of 32,970 h.m? (see Straube & Bianconi 2002). As bats
are flying species, besides to Mata da Pedreira, we also sampled other
five sites in ESALQ, closer to urban and agricultural areas (Figure 1).
For the first period, nets were placed on trails within forest fragments
and on the edges. In the second sampling period, nets were placed
randomly on the campus and around the urban area, where we found
evidence of bat roosts (e.g., feces) in nearby buildings. At each site,

Figure 1. Study area located in southeastern Brazil, at Piracicaba municipality, state of Sdo Paulo. The studied forest fragments are highlighted.
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we opened three to six mist nets at sunset and closed after six hours
of sampling. Net size ranged from 10 x 3 m to 12 x 3 m with 2.5 mm
mesh (Ecotone Inc., Poland).

We identified all captured individuals and determined sex, age class
and reproductive status; body was measured on forearm length and
weight. Bats were identified to the finest possible taxonomic level by
using specialized keys (Gregorin & Taddei 2002; Gardner 2007). The
age classes (infant, juvenile or adult) were estimated based on the degree
of ossification of the phalangeal epiphyses (Kunz and Anthony 1982).

2.3 Medium- and large-sized mammals

We considered as medium-sized mammals those weighing between
1 and 7 kg (Chiarello 2000b), and those weighing over 7 kg were
considered large-sized (Emmons & Feer 1997). However, species of the
genus Didelphis (weighing more than 1 kg) were considered small-sized,
because they are commonly recorded in small mammal inventories, as
well as species of the genus Callithrix (weighing less than 1 kg), which
where considered in the medium- and large-sized category, for being
commonly recorded in medium- and large-sized mammal inventories.
We used two sampling methods — camera traps and active search — in
Mata da Pedreira and IPEF fragment. We collected data using both
methods in Mata da Pedreira from March to December 2012, and in
IPEF between February 2011 and June 2013.

Sampling occurred for approximately five days in each month
in a non-systematized way. We distributed five to eight camera traps
(Bushnell 12 MP Trophy Cam HD) in both areas, resulting in a trapping
effort of 1068 camera trap days (216 camera trap days in ESALQ, and
852 camera trap days in IPEF).

The active search method consisted of walking on dirt roads
and trails inside the forest fragments, at an average speed of 1 km/h,
searching for direct (i.e., sightings, vocalizations, carcasses) and indirect
(i.e., tracks, feces, burrows, food leftovers) evidence of mammalian
activity (Voss & Emmons 1996). This method was conducted
simultaneously to the camera trapping.

During sampling, we carefully measured and photographed all
visible mammal tracks, and then compared our evidence with field
guides (Becker & Dalponte 1999; Oliveira & Cassaro 2005; Borges
& Tomas 2008). To identify other medium- and large-sized mammal
evidence (e.g. vestiges, sightings, vocalizations) and camera trap photos,
we consulted specialized literature (Emmons & Feer 1997; Oliveira &
Cassaro 2005; Borges & Tomas 2008) and experts (Tadeu de Oliveira for
Leopardus guttulus and Mauricio Barbanti for Mazama gouazoubira).

We complemented our inventory with species recorded by a
previous study, between 2001 and 2002, in areas that have not been
much altered since then (Gheler-Costa et al. 2002). We also included
occasional records of roadkilled mammals in a road that bisects ESALQ.
This unstandardized sampling method also recovered medium- and
large-sized mammal species that are preserved as vouchers at the
Laboratorio de Mamiferos, ESALQ, USP (LMUSP) (see Appendix 1).

3. Data analysis

For small non-volant mammals, we assessed the capture success in
each forest fragment, and for the whole sampling, we used the relative
frequency of captures by total sampling effort (total of trap-nights).
We estimated species richness for medium- and large-sized mammals
(only camera trap data) and bats using the first-order Jackknife, since
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this index is based on species recorded only once. We calculated the
indexes only for these groups because the other methods for medium-
and large-sized mammals were not standardized, and the number of
small non-volant mammals captured was very low. We assigned threat
categories (i.e., vulnerable, endangered, critically endangered) following
Percequillo & Kierulff (2009), Brasil (2014) and IUCN (2016). Species
nomenclature followed Paglia et al. (2012), Trigo et al. (2013) and Patton
et al. (2015). We considered exotic species those occurring outside its
natural range, as defined in Falk-Petersen et al. (2006). For bats, we
also described the structure of the local assemblage using the recorded
species list, a species richness index and an abundance distribution plot.
We performed all analyses in R 3.2.4 (R Core Team 2016) using the
packages ‘bootstrap’ and ‘vegan’.

4. Ethical procedures

We carried out the fieldwork with small mammals following the
guidelines of the American Society of Mammalogists (Sikes & Animal
Care and Use Committee of the American Society of Mammalogists,
2016). We had permits from the Instituto Chico Mendes de Conservagao
da Biodiversidade (SISBIO #41352-1, for bats; #14419-1 and #43259-3,
for marsupials and rodents) and from the Ethics Committee for Animal
Experimentation of the Centro de Energia Nuclear na Agricultura
(protocol #2013-18, for bats) and of the ESALQ (protocol #2014-29,
for marsupials and rodents). Two bats individuals of each species
captured were collected as vouchers for accurate identification and were
deposited at the Laboratério de Mamiferos, ESALQ, USP (LMUSP) and
at the Universidade Federal de Minas Gerais (UFMG; see Appendices
1 and 2).

Results

We recorded 42 mammal species, belonging to 18 families and
8 orders. Among them, seven were small non-volant species, 22
medium- and large-sized species and 13 volant species, including seven
exotic species (one small-sized and six medium- and large-sized) (Table
1; Figure 2; Appendices 3 and 4). Four species were recorded only by
literature data: Lutreolina crassicaudata, Callithrix jacchus, Calomys
temer and Cavia aperea.

1. Small non-volant mammals

The sampling effort in Mata da Pedreira recorded eight individuals
from two small mammal species, Didelphis albiventris and Oligoryzomys
nigripes, with a low capture success (2.1%; see Appendix 1, with the
list of specimens examined). In Mata do Aeroporto, the capture success
was even lower (0.57%), consisting of nine individuals of three species,
D. albiventris, Didelphis aurita and O. nigripes. Other two native small
mammals were added to our list from previous inventories carried out
in the study area (Table 1). No species of small non-volant mammals
recorded was threatened in local, national or global scale.

2. Small volant mammals

At ESALQ, we captured 533 bat individuals of 13 species and
three families. The most diverse family was Phyllostomidae, with
eight species, followed by Molossidae and Vespertillionidae, with
three and two species, respectively. First-order Jackknife estimated
a richness species of 16.75 (+ 2.32). The most abundant and diverse
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Figure 2. Recorded medium- and large-sized mammals at Piracicaba, state of Sdo Paulo, Brazil: a: Dasypus novemcinctus; b: Euphractus sexcinctus; c: Dasypus
septemcinctus footprints; d: Sylvilagus brasiliensis; e: Lepus europaeus; f: Felis catus; g: Puma concolor (video is available in Appendix 3); h: Puma yagouaroundi,
it Leopardus guttulus; j: Canis familiaris; k: Cerdocyon thous; 1: Galictis cuja; m: Eira barbara; n: Lontra longicaudis; o: Nasua nasua; p: Mazama gouazoubira;
q: Sus scrofa; r: Coendou spinosus; s: Hydrochoerus hydrochaeris; t: Myocastor coypus.
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