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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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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 Atlântica, 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 

development (Laws Nº 12.651, from 25/05/2012 and Nº 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 São 
Paulo, southeastern Brazil: ESALQ (Escola Superior de Agricultura 
“Luiz de Queiroz”, Universidade de São 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 

Paisagem antropicamente modificada atua como refúgio para mamíferos na 
Mata Atlântica

Resumo: Paisagens antropicamente modificadas (HMLs) são compostas por fragmentos florestais pequenos, isolados 
e defaunados, imersos em áreas agrícolas e/ou urbanas. Informações sobre as espécies que habitam essas paisagens 
são importantes para o direcionamento de estratégias de conservação em escalas local e regional. Uma vez que 
as HMLs são as paisagens dominantes na Mata Atlântica, o objetivo deste trabalho foi avaliar a diversidade de 
mamíferos em uma HML do sudeste do Brasil e propor estratégias para sua conservação. Foram coletados dados 
de mamíferos terrestres (pequenos, médios e grandes) e voadores em três fragmentos florestais (10, 14 e 26 ha) e 
áreas adjacentes, entre 2003 e 2016, usando métodos complementares: busca ativa, armadilhamento fotográfico, 
armadilhas de captura e redes de neblina. Adicionalmente, foram utilizados dados de literatura para complementar 
a lista de espécies. Foram registradas 35 espécies de mamíferos nativos (6 de pequenos, 16 de médios e grandes 
e 13 de morcegos) e sete espécies exóticas. A assembleia de mamíferos registrada (terrestres e voadores), embora 
composta por espécies generalistas, apresentou três espécies de médio e grande porte ameaçadas de extinção 
nacionalmente (Leopardus guttulus, Puma concolor and Puma yagouaroundi) e duas deficientes em dados (Galictis 
cuja and Histiotus velatus), destacando a importância dessa HML para conservação e manutenção das populações 
de mamíferos. Embora inserida em uma paisagem extremamente modificada, a área de estudo abriga uma riqueza 
significativa de mamíferos de médio e grande porte, sendo um importante refúgio para a biodiversidade na região. 
Entretanto, essa biodiversidade está ameaçada pela baixa qualidade dos habitats, por atropelamentos e por abundantes 
populações de cães e gatos domésticos. Portanto, enfatizamos a necessidade de estratégias de conservação focadas 
nos mamíferos de médio e grande porte como grupo “guarda-chuva”, o que pode beneficiar as demais espécies 
na paisagem. Recomendamos ações de conservação visando a restauração biológica, para melhorar a composição 
estrutural e conectividade dos fragmentos florestais, reduzir o número de atropelamentos e controlar as populações 
de cães e gatos domésticos, afim de manter e aumentar a diversidade local de mamíferos em longo prazo.
Palavras-chave: Mammalia, Inventário, Conservação, Fragmentos florestais, Agroecossistema.
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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, Estação Experimental de Tupi (EE 
Tupi, ~7 km in a straight line) and Estação Ecológica 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 
Aeroporto (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.m² (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 São 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 
& Tomás 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 & Tomás 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 
Laboratório de Mamíferos, 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 

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 Conservação 
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 Laboratório de Mamíferos, 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 São 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; 
i: Leopardus guttulus; j: Canis familiaris; k: Cerdocyon thous; l: 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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Table 1. Mammal species recorded at ESALQ, IPEF and surrounding areas in Piracicaba, state of São Paulo, Brazil. T = tracks; C = camera-trap; S = sighting; Tr = 
trapping; R = references (Gheler-Costa et al. 2002); Rk = roadkill; O = carcasses, food leftovers, burrows; M = mist net; * exotic species; ** voucher specimen; 
VU = vulnerable; DD = data deficient; SP = São Paulo state; Br = Brazil; W = world, IP = Mata do IPEF, MP = Mata da Pedreira, MA= Mata do Aeroporto.

Taxon Common name Record type Threaten level Fragment
DIDELPHIMORPHIA
Didelphidae
Didelphis albiventris Lund, 1840 White-eared opossum Tr**, C, S, R, Rk IP, MP, MA
Didelphis aurita (Wied-Neuwied, 1826) Big-eared opossum Tr** MA
Lutreolina crassicaudata (Desmarest, 1804) Lutrine opossum R

CINGULATA
Dasypodidae
Dasypus novemcinctus Linnaeus, 1758 Nine-banded armadillo Tr**, C, T, S, R, Rk, O IP, MP, MA
Dasypus septemcinctus Linnaeus, 1758 Seven-banded armadillo T IP
Euphractus sexcinctus (Linnaeus, 1758) Six-banded armadillo C, T, S IP

PRIMATES
Callitrichidae
Callithrix jacchus (Linnaeus, 1758) * Common marmoset R
Callithrix penicillata (É. Geoffroy, 1812) Black-pencilled marmoset S, Rk** MP

LAGOMORPHA
Leporidae
Lepus europaeus (Linnaeus, 1758) * European hare C, T, S, R, Rk** IP
Sylvilagus brasiliensis (Linnaeus, 1758) Brazilian rabbit C, R IP, MP

CARNIVORA
Felidae
Felis catus (Linnaeus, 1758) * Domestic cat C, S, Rk** IP, MP
Puma concolor (Linnaeus, 1771) Puma C, S VU (SP, BR) IP, MP
Puma yagouaroundi (É. Geoffroy, 1803) Jaguarundi C VU (BR) IP
Leopardus guttulus (Schreber, 1775) Oncilla C VU (SP, BR, W) IP
Canidae
Canis familiaris (Linnaeus, 1758) * Domestic dog C, T, Rk IP
Cerdocyon thous (Linnaeus, 1766) Crab-eating fox C, T, S, R, Rk IP, MP
Mustelidae
Galictis cuja (Molina, 1782) Lesser grisson Rk** DD (SP)
Eira barbara (Linnaeus, 1758) Tayra Rk**
Lontra longicaudis (Olfers, 1818) Neotropical otter Rk**
Procyonidae
Nasua nasua (Linnaeus, 1766) South american coati C, T, S, R, Rk** IP, MP

ARTIODACTYLA
Cervidae
Mazama gouazoubira (G. Fischer, 1814) Gray brocket deer C, T, S, R IP
Suidae
Sus scrofa (Linnaeus, 1758) * Feral pig C IP
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Taxon Common name Record type Threaten level Fragment
RODENTIA
Cricetidae
Calomys tener (Winge, 1887) Delicate vesper mouse R
Oligoryzomys nigripes (Olfers, 1818) Black-footed pygmy rice rat Tr**, R MP, MA
Muridae
Rattus rattus (Linnaeus, 1758) * Black rat R, O**
Erethizontidae
Coendou spinosus (F. Cuvier, 1823) Paraguayan hairy dwarf 

porcupine
C, S, R, Rk** IP

Caviidae
Cavia aperea Erxleben, 1777 Brazilian guinea pig R
Hydrochoerus hydrochaeris (Linnaeus, 1766) Capybara C, T, S, R, Rk** IP, MP
Myocastoridae
Myocastor coypus (Molina, 1782) * Coypu S, R IP

CHIROPTERA
Molossidae
Molossops temminckii (Burmeister, 1854) Dwarf dog-faced Bat M MP
Molossus molossus (Pallas, 1766) Pallas's mastiff bat M
Molossus rufus É. Geoffroy, 1805 Black mastiff bat M TR
Phyllostomidae - Carolinae
Carollia perspicillata (Linnaeus, 1758) Seba's short-tailed bat M
Phyllostomidae - Desmodontinae
Desmodus rotundus (É. Geoffroy, 1810) Common vampire bat M
Phyllostomidae - Glossophaginae
Glossophaga soricina (Pallas, 1766) Pallas's long-tongued bat M TR
Phyllostomidae - Sternodermatinae
Artibeus concolor Peters, 1865 Brown fruit-eating bat M
Artibeus planirostris (Spix, 1823) Flat-faced fruit-eating bat M TR
Artibeus lituratus (Olfers, 1818) Great fruit-eating bat M MP
Platyrrhinus lineatus (É. Geoffroy, 1810) White-lined broad-nosed bat M MP
Sturnira lilium (É. Geoffroy, 1810) Little yellow-shouldered bat M
Vespertilionidae
Histiotus velatus (I. Geoffroy, 1824) Tropical big-eared brown bat M DD (SP)
Myotis nigricans (Schinz, 1821) Black myotis M TR

Continued Table 1.

dietary category was frugivorous bats, represented by six species of 
two subfamilies (46% of the total richness), followed by insectivorous 
bats with five species (38%) (Appendices 5 and 6). The other two 
categories were nectarivorous bats represented by one species (7%), 
and one sanguivorous species (7%).

Artibeus lituratus (Phyllostomidae) was the most abundant species 
(57%), followed by Platyrrhinus lineatus (Phyllostomidae, 11%), 
Sturnira lilium (Phyllostomidae, 9%), Glossophaga soricina and 
Molossus molossus (Phyllostomidae and Molossidae, respectively, 5%), 
A. concolor, Carollia perspiscillata, Histiotus velatus (Phyllostomidae 
and Vespertilionidae, 2%) while A. planirostris, Desmodus rotundus, 
Molossus rufus, Molossops temminckii and Myotis nigricans were very 

rare (Phyllostomidae, Molossidae and Vespertilionidae, respectively, 
0.18%). The bat assemblage recorded in the area had no threatened 
species, however, some of them have been considered in need of 
taxonomic revision (A. planirostris, G. soricina, Molossus rufus, M. 
molossus, H. velatus, C. perspiscillata and Myiotis nigricans) or as 
data deficient (Molossops temminckii) (Table 1).

3.	 Medium- and large-sized mammals

We recorded 22 species, including six exotics: Callithrix jacchus, 
Myocastor coypus, Felis catus, Canis familiaris, Lepus europaeus and Sus 
scrofa; the first two species are from our native fauna of Neotropical South 
America, and the remaining species from other zoogeographic regions.



8

Bovo, A.A.A. et al.

Biota Neotrop., 18(2): e20170395, 2018

http://www.scielo.br/bn	 http://dx.doi.org/10.1590/1676-0611-BN-2017-0395

The active search method resulted in the record of 14 species; 
Dasypus septemcinctus was recorded only by tracks (Figure 2). We 
also recorded 11 roadkilled species; these are the only records for 
Eira barbara, Galictis cuja and Lontra longicaudis in our study 
area (although one of the authors, ARP, sighted an individual of L. 
longicaudis 7 km away from the study area in 2012).

Using the camera trap method, we obtained 187 records of 
mammals, resulting in 15 species. Sylvilagus brasiliensis, Puma 
yagouaroundi, Leopardus guttulus and Sus scrofa were exclusively 
recorded by this method. The first-order Jackknife for camera trapping 
estimated a species richness of 15.25 (± 2.5).

The order Carnivora showed the largest number of species 
(N = 8), distributed in four families: Canidae, Felidae, Mustelidae and 
Procyonidae. Two species are considered threatened in São Paulo: L. 
guttulus and Puma concolor (Table 1). These two species, as well as P. 
yagouaroundi, are also considered threatened in Brazil. At the global 
scale, only L. guttulus is considered threatened. G. cuja is considered 
data deficient in the state of São Paulo.

Armadillos (Cingulata) were also present in the area, with three 
species. The seven-banded armadillo D. septemcinctus was recorded 
only once, in contrast to the records of D. novemcinctus (N = 27) and 
Euphractus sexcinctus (N = 5). Other orders (Primates, Lagomorpha, 
Artiodactyla) were represented by just one native species.

Discussion

The mammal assemblage was mainly composed by species 
commonly found in anthropogenic areas. Nonetheless, some species, 
such as the threatened carnivores highlight the role of forest fragments 
as refuge and as corridors connecting habitats. The absence of more 
habitat specialists may be due to the location of our study site, between 
an urban area and an agricultural matrix. The species richness was 
expected for this HML, and our sampling effort was enough to the 
mammalian fauna of the area. Forest fragments near the study area also 
presented similar species richness and composition.

1.	 Small non-volant mammals

We recorded only three species in our trapping sampling effort, but 
available data from literature and species recorded by the active search 
method allowed us to increase the number of native species. However, 
the studied assemblage is very poor and composed by species considered 
tolerant and resilient to modified habitats (Pardini & Umetsu, 2006). 
Species richness in Eucalyptus and sugarcane plantations was higher 
(n=12 species; Rosalino et al. 2014) and similar (n=7; Gheler-Costa et 
al. 2013) than in ESALQ and IPEF, areas with higher habitat diversity. 
Besides that,we did not recover species previously recorded by Gheler-
Costa et al. (2002), and this could be explained by some factors: (i) 
we sampled only one type of habitat, focusing on forest remnants, 
while Gheler-Costa et al. (2002) sampled several habitats (i.e. exotic 
tree plantations, pasture and agricultural areas); (ii) we performed a 
small sampling effort (1,935 trap-nights) versus a much larger effort 
(7,056 trap-nights) conducted by Gheler-Costa et al. (2002), although 
our trapping success was higher (2.1% and 0.57%) than that obtained 
by them (0.37%); (iii) those species might have been exterminated by 
a population of domestic cats established in the area a few years ago 
(see Campos et al. 2007), that is probably growing due to the habit of 

visitors of ESALQ to fed these animals and to the lack of management 
by the local authorities.

2.	 Small volant mammals

The recorded bat assemblage is composed of species commonly 
found in the state of São Paulo (Nogueira et al. 2014), either in 
protected areas (Passos et al. 2003), or anthropogenic ones, such as 
agricultural and urban landscapes (Chaves et al. 2012). Studies in the 
neighbor municipality found close bat species richness in restoration 
areas (n=12 species; Jacomassa 2015) and Eucalyptus plantation (n=9 
species; Bortolotti 2015). HMLs near urban areas usually harbor poor 
communities (Avila-Flores & Fenton 2005; Siles et al. 2005; Pacheco et 
al. 2010; Jung & Kalko 2011), as found in the present study. This group 
also presented lower species richness and relative abundance of bats, 
and a high dominance by a few species, mainly from the subfamilies 
Sternodermatinae and Glossophaginae, and the family Molossidae 
(Bredt & Uieda 1996; Filho 2011), when compared to preserved areas.

3.	 Medium- and large-sized mammals

Contrasting with the small mammals (volant and non-volant), 
the richness of native medium- and large-sized mammals (n=17) was 
high considering the size of the forest fragments and the landscape 
characteristics. This richness represents ~35% of all medium- and 
large-sized mammals that occurs in the state of São Paulo (Vivo et al. 
2011). A previous study at ESALQ appointed a lower species richness 
(ten medium- and large-sized mammals; Gheler-Costa et al. 2002), 
possibly because of the smaller sample effort and methods used. The 
recorded species richness is similar to other small Atlantic Forest or 
Cerrado fragments inserted in HMLs (Chiarello 2000a; Saciloto 2009; 
Reale et al. 2014; Magioli et al. 2016; Santos et al. 2016). Saciloto 
(2009) recorded Conepatus semistriatus, Procyon cancrivorus and 
Dasyprocta azarae in a forest fragment near our study area (EE Tupi), 
species commonly recorded at Atlantic Forest and Cerrado fragments 
(Bogoni et al. 2013; Pereira et al. 2013; Magioli et al. 2014a; Reale 
et al. 2014; Santos et al. 2016), but absent in our study. The capybara, 
Hydrochoerus hydrochaeris, has a large population in the area, a species 
that is favored by the habitat and food resource availability in HMLs 
(Ferraz et al. 2009), also showing up as a common roadkill (Bovo et 
al. 2016). Despite not being native of our study area, C. penicillata 
distribution limits is close to our study area (Rylands et al. 2009), 
suggesting that this species may be expanding its range. They may 
also impact local wildlife by preying on native birds (Alexandrino et 
al., 2012). C. jacchus is an exotic species, from the northern part of the 
Atlantic Forest (Rylands et al. 2009), introduced many years ago, but 
it was not sighted anymore in the study area and it is possibly absent.

The presence of three threatened species highlights the conservation 
value of these small forest fragments to this group. The largest predator 
remaining, P. concolor, is frequently recorded in HMLs (Lyra-Jorge 
et al. 2010; Dotta & Verdade 2011; Reale et al. 2014; Magioli et al. 
2016; Santos et al. 2016), and seems to be adapted to agricultural areas, 
using them as food source and habitat (Magioli et al. 2014b). But these 
forest fragments, which are close to each other, along with the riparian 
vegetation alone, cannot support viable populations of most of the 
recorded species, especially the large-bodied ones and those with large 
home ranges such as P. concolor, L. guttulus, P. yagouaroundi and M. 
gouazoubira. However, these fragments act as stepping-stones and 
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biological corridors for the fauna, which are essential for maintaining 
species diversity, genetic flow and functional diversity (Lyra-Jorge et 
al. 2010; Miotto et al. 2014; Magioli et al. 2015, 2016) and, therefore, 
should be targets for biological restoration. The restoration of riparian 
vegetation could be strengthened in areas that favors a connection 
between the studied HML and EE Tupi, which may augment habitat 
availability for species with large home ranges. Other problem to be 
addressed in this HML is the constant presence of domestic dogs and 
cats, which are known to transmit diseases and to predate wildlife, 
besides to compete for resources with wild carnivores (Campos et al. 
2007).

4.	 Implications for conservations

Some applicable strategies can increase the effectiveness of the 
studied HML as a refuge for biodiversity, especially for medium- and 
large-sized mammals, which showed a richest assemblage than the 
other groups assessed. Moreover, improving habitat quality focusing 
on medium- and large-sized mammals may act as an umbrella strategy, 
favoring all biodiversity in the landscape, such as forest bird species that 
occurs in this HML (Alexandrino et al. 2013). Although forest remnants 
and riparian vegetation form structural corridors, they are degraded and 
fragmented, particularly considering the road that bisects ESALQ and 
the fragments, which acts as a population sink to local biodiversity. 
Therefore, in order to maintain long-term populations of large mammals 
in this HML, and to ensure safety conditions to drivers, we suggest the 
implementation of safe crossing passages to the fauna, both underpasses 
and overpasses, combined with fencing along the road (Beckmann et al. 
2010, Teixeira et al. 2013, Huijser et al. 2016, Rytwinski et al. 2016). 
These measures may cause a positive impact over mammal populations, 
reducing the number of roadkilled individuals.

Regarding the forest fragments quality, we suggest biological 
restoration aiming to improve their structural composition, which is 
necessary to shelter species, providing food resources and fulfilment of 
biological and physiological needs (Benayas et al. 2009), also reducing 
edge effects. In addition, restoration of areas adjacent to riparian forests 
and small fragments can increase connectivity, which helps to maintain 
biodiversity and their functions (Ayram et al. 2015; Magioli et al. 2016). 
Based on our study landscape, the presence of areas with restricted 
access (the ESALQ university campus and IPEF, as a private property) 
and constant surveillance increase its potential as refuge for some 
species. The presence of forest fragments, even being degraded, allow 
the movement of these mammals in the area, including the threatened 
species. The intensively modified landscape and the low levels of forest 
cover highlight the importance of ESALQ and IPEF to local biodiversity.

Finally, one of the most widespread impacts in the study area is 
the ever-growing number of domestic cats abandoned on ESALQ, a 
huge threat to biodiversity maintenance due to predation and zoonotic 
diseases (Woods et al. 2003; Campos et al. 2007; Gerhold & Jessup 
2013; Loss et al. 2013). Feeding cats and dogs is a common practice 
in ESALQ, which sustains and augment these animal’s populations. 
An awareness and a control program are necessary to stop the abandon 
and feeding of these animals inside ESALQ, which may reduce the 
negative impacts on the local wildlife. Although ESALQ campus is 
used as a park by the local population for sports practice and leisure, 
the area harbors important biodiversity, and plays an essential role for 
wildlife conservation.

Conclusion
The mammal species list presented in our study is more complete 

than previous reported. The small-sized mammal assemblage (volant 
and non-volant) recorded is poor, composed of generalist species that are 
resilient enough to persist in HMLs. In contrast, the medium- and large-
sized assemblage presented higher species richness and, although mainly 
composed of generalist species, includes three nationally threatened 
species that reinforces the need for conservation measures. Small forest 
fragments are probably incapable of supporting viable populations of 
the species recorded, but they have an important role increasing the 
connectivity in HMLs. Therefore, we recommend restoration actions 
in the forest fragments focusing on medium- and large-sized mammals 
as umbrella species, as the implementation of safe crossing passages 
and road fencing to reduce roadkills, and control measures for reducing 
the impacts of domestic cats and dogs, improving the capability of this 
HML to act as refuge for mammal populations.

Supplementary material

The following online material is available for this article:
Appendix 1 - Species and individuals of small non-volant, and 

medium- and large-sized mammals preserved at the collection LMUSP 
recorded at Piracicaba, state of São Paulo, Brazil.

Appendix 2 - Species and individuals of small volant mammals 
preserved at the collection LMUSP and UFMG recorded at Piracicaba, 
state of São Paulo, Brazil.

Appendix 3 – Video.
Appendix 4 - Frequency of ocurrence (FO) and number of 

individuals (in parentheses) of mammals recorded in the three forest 
fragments of the study area in Piracicaba, state of São Paulo, Brazil.

Appendix 5 - Number of captured bat individuals by species, at 
Piracicaba, state of São Paulo, Brazil.

Appendix 6 - Dietary categories of the captured bat species at 
Piracicaba, state of São Paulo, Brazil.
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