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Abstract

The Atlantic Forest faces a critical fragmentation process, and is now reduced to just 12.5% of its historical coverage.
The state of Espirito Santo is completely inserted within the Atlantic Forest and has a high mammal richness, despite
the severe habitat reduction and fragmentation. The Mestre Alvaro Environmental Protection Area is located in the
metropolitan region of Vitoria and serves as a potential wildlife refuge. We conducted field surveys in this protected
area between 2012 and 2013 using live traps and interviews with locals. Herein, we compile a list of 36 species
(including 5 threatened species) in the Mestre Alvaro; these mammal species belong to 8 orders, 19 families, and 34
genera. Despite the proximity of Mestre Alvaro to urban areas, published records on the area’s fauna and flora are very
scarce, and this paper is the first to document the diversity of non-volant mammals in this area.
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in the Atlantic Forest, where 72% of the Brazilian popu-
lation lives (SOS Mata Atlantica 2015).
Mammals are highly influenced by environmental

Introduction

The Brazilian Atlantic Forest is one of the most important
centers of endemism and diversity of the world and a top
priority biodiversity hotspot for conservation (Myers et
al. 2000). There is only about 12.5% forest cover left
of the estimated historical area of 1.3 million km? (SOS

disturbances such as fragmentation, and some species
are only found in primary forest (Fonseca 1989, Pardini
2004). In addition, species richness and abundance tend

Mata Atlantica 2015), and most forest fragments are
smaller than 50 ha (Ribeiro et al. 2009). The Atlantic For-
est reduction and fragmentation occurred mainly due to
the exploitation for timber, conversion of land for sugar
cane, coffee and soy plantations, pastures, and roads, and
urban growth (Dean 1996). The first centers of exploita-
tion and development in Brazilian territory were settled

to be lower in small and medium-sized patches than
in larger patches and continuous forests (Pardini et al.
2005). On the other hand, some species benefit from
environmental fragmentation, such as some generalist
taxa (Passamani et al. 2000). Most small mammal spe-
cies have limited dispersal capacity, which makes them
vulnerable to environmental fragmentation and therefore
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Figure 1. Mestre Alvaro Environmental Protection Area, Serra, Espirito Santo, Brazil. Small mammals sampling points: 1) Clube Capixaba de

Golfe, 2) Sitio Pedra D’Agua.

good indicators of environmental quality (Pardini and
Umetsu 2006).

The state of Espirito Santo is inserted within the
Atlantic Forest domain and houses very high mammal
richness (Passamani et al. 2000) despite intense forest
reduction and fragmentation (Martinelli et al. 2012).
Museum records and scientific literature confirm the
occurrence of 138 species of mammals in this state
(Moreira et al. 2008), which corresponds to almost half
of the species that occur in the Brazilian Atlantic Forest
as a whole (Paglia et al. 2012). Among the protected rem-
nants of Atlantic Forest in Espirito Santo, Mestre Alvaro
Environmental Protection Area (EPA) stands out due to
its proximity to urban centers and because of its historical
importance as a landmark for navigators entering Vitoria
Bay since the colonial period (Costa 1995). Published
knowledge on the flora and fauna at Mestre Alvaro is
quite scarce, despite its potential role as a wildlife refuge
(SEMMA 2013). Prior to a bird survey conducted in this
area (Lemos 2003), the most recent work documenting
the regional fauna was a book by French naturalist August
de Saint-Hilaire, who visited the region in the early 19th
century (Saint-Hilaire 1833). Inventories are recognized
as a simple and important tool for the description of
regional faunas, especially in megadiverse countries such
as Brazil (Myers et al. 2000, Mittermeier et al. 2005).
These surveys are important not only for the wildlife
knowledge, but also as a basis for other areas of study,

such as ecology, conservation and management strategies
(Behera et al. 2005). This study provides the first list of
mammals from the Mestre Alvaro EPA, an important
protected area of Atlantic Forest in the state of Espirito
Santo, southeastern Brazil.

Methods

Study area. Mestre Alvaro is a remnant located in the
metropolitan area of Vitéria, municipality of Serra
(20°1011" S, 040°18'45” W, datum WGS84), state of
Espirito Santo, southeastern Brazil (Fig. 1). The remnant
is part of the Mestre Alvaro EPA, which covers ca 3470
ha on granitic intrusive bedrock, whose highest peak
lies 833 m above sea level (Gimenes 2002). The climate
is characterized by rainy season from October to Janu-
ary (Incaper 2017). The region is composed of Atlantic
rainforest slopes, featuring dense submontane rainforest,
with predominance of xerophytic plants and grasses in
some regions, especially near the mountaintop (Leite et
al. 2007). Much of the area is covered by grasslands and
1500-2000 ha are still relatively preserved, mainly due
to the difficulties in accessing some areas (Lemos 2003).

Species inventory. Non-volant small mammals were
captured at 2 sites (Clube Capixaba de Golfe and Sitio
Pedra D’Agua, Fig. 1) using 2 types of live-traps: Sher-
man (31 x 8 x 9 cm) and Tomahawk (45 % 17.5 x 15 cm),
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baited with pineapple and peanut butter. We established
10-15 trapping stations 10—-15 m apart from each other
following 6 linear transects (4 at Clube Capixaba de
Golfe and 2 at Sitio Pedra D’Agua). Each station housed
2 traps (1 of each type), 1 on the ground and the other tied
to lianas or tree branches in the understory 1-1.5 m above
the ground, whenever possible. Three field campaigns of
5 consecutive nights each were conducted in November
2012, May and August 2013, in a total sampling effort
of 832 trap-nights. Given that the goal of our study was
to conduct a mammal survey, released animals were not
marked, and therefore here we reported the number of
captures, not individuals. At least 1 voucher of each spe-
cies was collected (SISBIO 10070-2) and deposited in the
mammal collection at Universidade Federal do Espirito
Santo (UFES), in Vitoria, Brazil (Appendix).

To reach a satisfactory mammal survey, various sam-
pling techniques should be applied, allowing a better
integration of the information provided and, consequently,
a comprehensive list of species occurring in a particular
area (Voss and Emmons 1996). Thus, semi-structured
interviews using snowball-sampling method (Goodman
1961) were conducted with community members who
were knowledgeable about the local wildlife. We first
asked which mammal species the informant knows from
the area. We then asked how the respondent knows that
each species occurs there, if the species is common or rare,
and how often it has been detected recently, when com-
pared to the last few decades. To confirm these records,
species were only included in our list after the respondent
provided a detailed description, followed by its recogni-
tion in a photographic catalog of 26 species likely to occur
in the study area, which was presented at the end of the
interview. We conducted 23 interviews and 11 respondents
provided images of mammals that were included into the
present study as confirmation of the records.

Results

We captured 9 species of mammals: 6 marsupials and 3
rodents, and trapping success was 5.04% (42 captures).
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The most abundant species was Didelphis aurita, fol-
lowed by Marmosa paraguayana. Captures were more
frequent on the ground (78.57%) than in the understory
(21.43%), where Gracilinanus microtarsus was trapped
(Table 1).

The interviews indicated 28 mammal species belong-
ing to 19 families, where the orders Carnivora and
Rodentia had the highest number of recorded species (10
and 6, respectively). Eighteen species had their records
confirmed by photographs given by the respondents or
detected by the researchers during field work (Fig. 2).
The final list of mammals of Mestre Alvaro EPA is com-
posed by 36 species belonging to 8 orders, 19 families,
and 34 genera (Table 2). A couple of Eira barbara was
photographed only once in the region. Cerdocyon thous
were occasionally found by locals. The photograph of the
Puma yagouaroundi was taken in a neighborhood about
3 km from Mestre Alvaro EPA. A Puma concolor was
photographed on 21 February 2015, after a long time
with no sightings of this species in the area. Groups of
Callithrix geoffroyi and Sapajus nigritus were usually
sighted by people walking along trails in Mestre Alvaro,
and Alouatta guariba vocalizations were often heard
throughout the forest. Rodents like Guerlinguetus brasil-
iensis, Chaetomys subspinosus, and Coendou sp. were
usually sighted and were mentioned in all interviews.
Respondents described 3 armadillo species in the area,
Euphractus sexcinctus, Dasypus septemcinctus, and
Dasypus novemcinctus, but only the latter was confirmed
by photographic records. The maned sloth, Bradypus
torquatus, was mentioned in all interviews, but only an
8-year old photograph was found, and the respondent has
not seen this species since. Tamandua tetradactyla were
often spotted, and 1 respondent claimed to have seen an
individual in the same week of the interview. A juvenile
of Mazama sp. was photographed in 2016, after a long
time with no sights in the area, but respondents mentioned
that traces of this species, like feces and footprints, were
often found. All respondents mentioned the presence
of a small wildcat species of the genus Leopardus, but
we were unable to identify it to species level due to the

Table 1. Richness and abundance of non—volant small mammals sampled in Mestre Alvaro Environmental Protection Area, Espirito Santo,

Brazil in 2012—2013.

Number of individuals

Order/family Species Relative abundance (%)
Ground Understory
Didelphimorphia
Didelphidae Didelphis aurita (Wied-Neuwied, 1826) 10 2 29
Marmosa paraguayana (Tate, 1931) 6 6 26
Marmosops incanus (Lund, 1840) 4 — 10
Philander frenatus (Olfers, 1818) 3 — 7
Gracilinanus microtarsus (Wagner, 1842) — 1 2
Monodelphis americana (Miiller, 1776) 1 — 2
Rodentia
Cricetidae Akodon cursor (Winge, 1887) 1 — 2
Nectomys squamipes (Brants, 1827) 1 — 2
Echimyidae Trinomys paratus (Moojen, 1948) 8 — 19
Total 33 9 100
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Figure 2. Mammals from Mestre Alvaro Environmental Protection Area, Serra, Espirito Santo, Brazil. A. Eira barbara. B. Cerdocyon thous.
C. Puma yagouaroundi. D. Callithrix geoffroyi. E. Sapajus nigritus. F. Alouatta guariba. G. Guerlinguetus brasiliensis. H. Chaetomys subspinosus.
I. Lontra longicaudis. J. Tamandua tetradactyla. K. Dasypus novemcinctus. L. Bradypus torquatus. M. Mazama sp. N. Puma concolor. O. Hydro-
choerus hydrochaeris. Photographs by Vanderson Neves (A, J), Mércio Miranda (B, E, H, K, O), Filipe Ramos (C), Orlando Magnago (D), Junior
Nass (F, G), Hilton Monteiro (I), Wallace Cardoso (L) and Rafael Apelfeler (M), Maycon Wesley (N).

similarity of pelage patterns. Hydrochoerus hydrochaeris
and Lontra longicaudis were photographed in a flooded
area, where some respondents highlighted the presence of
those species. Terrestrial rodents like Dasyprocta sp. and
Cuniculus paca were commonly seek by hunters, accord-

ing to respondents, and have been increasingly difficult
to find over the years. In addition to wild species, we
recorded 3 domestic mammals in the area: dogs (Canis
lupus familiaris), cats (Felis silvestris catus), and cattle
(Bos taurus).
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Table 2. Mammal species of Mestre Alvaro Environmental Protection Area with their respective type of record and conservation status.
Type of record represented by In = Interview, Ph = Photograph, Vs = Visual, Vc = Vocalization, Vo = Voucher. Conservation status follows the
IUCN Red List of Threatened Species (IUCN 2017) and ICMBio (2014) within parentheses, depicting global and national conservation status
respectively: LC = Least Concern, NT = Near Threatened, VU = Vulnerable, CR = Critically Endangered.

Order/family Species Type of record Conservation status
Didelphimorphia
Didelphidae Caluromys philander (Linnaeus, 1758) In, Ph LC
Didelphis aurita (Wied-Neuwied, 1826) Vo, In, Ph LC
Gracilinanus microtarsus (Wagner, 1842) Vo LC
Marmosa paraguayana (Tate, 1931) Vo LC
Marmosops incanus (Lund, 1840) Vo LC
Monodelphis americana (Mller, 1776) Vo LC
Philander frenatus (Olfers, 1818) Vo LC
Pilosa
Bradypodidae Bradypus torquatus llliger, 1811 In, Ph VU (VU)
Myrmecophagidae Tamandua tetradactyla (Linnaeus, 1758) In, Ph LC
Cingulata
Dasypodidae Dasypus novemcinctus (Linnaeus, 1758) In, Ph LC
Dasypus septemcinctus (Linnaeus, 1758) In LC
Euphractus sexcinctus (Linnaeus, 1758) In LC
Carnivora
Canidae Cerdocyon thous (Linnaeus, 1766) In, Ph LC
Felidae Leopardus sp. In —
Puma concolor (Linnaeus, 1771) In, Ph LC (VU)
Puma yagouaroundi (Geoffroy, 1803) In, Ph LC (VU)
Mustelidae Eira barbara (Linnaeus, 1758) In, Ph LC
Lontra longicaudis (Olfers, 1818) In, Ph NT
Procyonidae Conepatus semistriatus (Boddaert, 1785) In LC
Nasua nasua (Linnaeus, 1766) In LC
Potos flavus (Schreber, 1774) In LC
Procyon cancrivorus (Cuvier, 1798) In LC
Cetartiodactyla
Cervidae Mazama sp. In, Ph —
Lagomorpha
Leporidae Sylvilagus brasiliensis (Linnaeus, 1758) In LC
Primates
Cebidae Callithrix geoffroyi (Humboldt, 1812) In, Ph, Vs, Vic LC
Sapajus nigritus (Goldfuss, 1809) In, Ph NT
Atelidae Alouatta guariba (Humboldt, 1812) In, Ph, Vc CR(CR)
RODENTIA
Caviidae Hydrochoerus hydrochaeris (Linnaeus, 1766) In, Ph LC
Cricetidae Akodon cursor (Winge, 1887) Vo LC
Nectomys squamipes (Brants, 1827) Vo LC
Cuniculidae Cuniculus paca (Linnaeus, 1766) In LC
Dasyproctidae Dasyprocta sp. In —
Echimyidae Trinomys paratus (Moojen, 1948) Vo DD
Erethizontidae Chaetomys subspinosus (Olfers, 1818) In, Ph VU (VU)
Coendou sp. In, Ph —
Sciuridae Guerlinguetus brasiliensis (Thomas, 1901) In, Ph —

Discussion

The higher richness and abundance of marsupials in rela-
tion to rodents has been documented in other studies in
the Atlantic Forest of the state of Espirito Santo (e.g.,
Santos et al. 2004). Secondary forest habitats may favor
marsupials (Stallings 1989, Dalmaschio and Passamani
2003), while the abundance of rodents is related to the
most pristine areas of the Atlantic Forest (Bergallo 1994).
The Mestre Alvaro EPA is located in a metropolitan area
with substantial human pressure, where there are exten-
sive agricultural areas, livestock, and rock extraction

(Nardoto 2013). The remaining forest fragments consist
of secondary forests, which are favoring marsupials, such
as Didelphis aurita and Marmosa paraguayana, which
comprise 29% and 26% of the captures, respectively. The
dominance of D. aurita might be related to 2 factors. First,
the generalist habits, characterized by the plasticity in the
vertical use of forest strata (Grelle 2003) and an omnivo-
rous diet (Leite et al. 1996, Freitas et al. 1997, Carvalho et
al. 2005); and second, the fact that the area consists mostly
of secondary forest, which normally houses communities
dominated by generalist species (Laurance 2007, Gardner
et al. 2007), given that a typical result of environmental
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degradation is the loss of species and an increase in domi-
nance (Magurran 2004). Didelphis aurita is the largest
species among didelphid marsupials (ca 1 kg, Eisenberg
and Redford 1999), and it has the largest home range (122
ha on average, Pires et al. 2002), which allows them to
use a variety of resources (Carvalho et al. 2005). Didel-
phis aurita is also widely distributed, occurring through-
out the Atlantic Forest (Emmons and Feer 1997). Due to
its large home range and ability to perform long distances
movements, this species sometimes extrapolates the
limits of its natural habitat, occupying areas inhabited by
humans (Pardini 2004). These ecological attributes of D.
aurita may explain its resistance to habitat fragmentation,
as the species is present even in small forest fragments.
Higher densities of D. aurita do not necessarily indicate
habitat degradation, since this species is also abundant
in well-conserved areas (Fonseca 1989, Stallings et al.
1991, Moura et al. 2005), although it tends to dominate
mammal community in small to medium-sized fragments
(Fonseca and Robinson 1990).

The second commonest species, M. paraguayana,
is a widely distributed Neotropical marsupial (Charles-
Dominique et al. 1981, Gardner and Creighton 2008). It
is mainly arboreal, but eventually descends to the ground
in search of food (Emmons and Feer 1997, Goulart et al.
2006). It is insectivorous—omnivorous, eating primar-
ily fruits and arthropods (Rossi et al. 2006). Despite its
arboreal habits, this species significantly explored the ter-
restrial strata in this study. This may be due to the forest
structure in a heterogeneous landscape, where a discon-
tinuous canopy and few vines connecting the understory
layer hamper arboreal movements (Wells et al. 2006).

The dominance of captures on the ground (78.57%)
reflects the terrestrial habits of most species recorded,
such as Akodon cursor (Prevedello et al. 2008) and Trino-
mys paratus (Attias et al. 2009). Monodelphis americana
is semi-fossorial and rarely captured in conventional traps
(Pine and Handley 2007). Didelphis aurita and Philander
frenatus are scansorial, with preference for the terrestrial
stratum (Grelle 2003, Vieira and Monteiro-Filho 2003).
Marmosa paraguayana and Marmosops incanus are
preferably arboreal, but often exploit the ground in search
of food (Goulart et al. 2006, Loretto and Vieira 2008).
Nectomys squamipes is semi-aquatic (Ernest and Mares
1986), and was captured on the ground, next to a water-
course. Three species were captured in the understory: D.
aurita, M. paraguayana, and Gracilinanus microtarsus,
but only the latter is arboreal (Abreu and Oliveira 2014).

The capture success (5.04%) obtained is higher to
those found in other studies conducted in nearby areas
such as Duas Bocas Biological Reserve (3.59%, see
Tonini et al. 2010) and Fonte Grande State Park (1.47%,
in Santos et al. 2004, to 1.90% in Caldara Jr and Leite
2007), in the state of Espirito Santo. Our sampling effort
(832 trap-nights) was much lower than the others (3456
trap-nights at Fonte Grande and 7920 trap-nights at Duas
Bocas), which may represent a bias in our list of species.
In addition, we sampled a relatively small area in the
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northern portion covering less than 10% of the Mestre
Alvaro EPA. Therefore our list is certainly far from com-
plete, but it is the first published record of the mammal
fauna of this important Atlantic Forest remnant.
Although camera-traps are the most effective method
for detecting medium-sized and large mammals (Galvez
2016), interviews are promising due to their low cost and
short-term data acquisition (Fonseca 2001, Turvey et al.
2015). This technique was indeed effective in our study,
considering that more than half of the species reported
through interviews were also confirmed by photographs
provided by the respondents. Since there is a steep growth
rate in the number of people owning photographic devices
(Pew Research Center 2016), photographs allied to inter-
views are powerful tools for validating the occurrence of
medium-sized and large mammal species. This is espe-
cially relevant in protected areas that are close to urban
centers and open to the public, such as Mestre Alvaro EPA.
According to the [IUCN Red List of Threatened Spe-
cies (IUCN 2017), the clear majority of species recorded
in the Mestre Alvaro EPA are classified as Least Concern,
which is expected given its proximity to urban centers
and the long history of human occupation. Puma concolor
and Puma yagouaroundi are both classified as Vulnerable
in the ICMBio list, but as Least Concern on the ITUCN
list due their wide distribution compared to other wild
cats. Lontra longicaudis and Sapajus nigritus are not
mentioned on the Brazilian list (ICMBio 2014) but both
are Near Threatened on the [UCN Red List IUCN 2017).
Telemetry studies suggest that pumas (P. concolor)
have extensive home ranges in various biomes (Paula et
al. 2015) and have been confirmed in 2 protected areas
nearby (Duas Bocas Biological Reserve and Santa Lucia
Ecological Station). It is therefore possible that individu-
als of P. concolor are moving among these fragments.
Large and medium-sized mammals are affected by
fragmentation and habitat alteration caused by human
occupation (Rodrigues et al. 2002, Trolle et al. 2007),
which are the major threats to this group along with
hunting pressure, although this activity has been illegal
in the country for over 45 years (Costa et al. 2005). The
hunting pressure in Mestre Alvaro EPA dates back to the
early 19th century, when Saint-Hilaire (1833) recorded
“lots of these trapdoors called mundéus, it is custom-
ary to get quadrupeds”. Even today, we find traps in
areas of dense forest and near armadillo holes at Mestre
Alvaro EPA (Fig. 3). Domestic species roam the Mestre
Alvaro due to the presence of rural properties (Nardoto
2013). Exotic and domestic species in protected areas
directly or indirectly affect wild species, and may even
lead them to extinction (Primack 1998). Populations of
Canis lupus familiaris represent potential reservoirs of
diseases and parasites, and are potential competitors with
other medium-sized mammals, including some big cats
and smaller carnivores such as Cerdocyon thous (Srbek-
Araujo and Chiarello 2008).
In contrast to the factors negatively affecting mammals
in this area, Mestre Alvaro EPA presents a fair diversity
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Figure 3. Hunter traps, called “loca” and “canhdozinho’, found in Mestre Alvaro Environmental Protection Area. Photos by Jazz Magnago.

of habitats, such as areas of vegetation associated with
watercourses, wetlands, woodlands, rocky outcrops,
among others (Nardoto et al. 2013). This diversity of
environments can provide food resources and shelter
for the establishment of a well-structured community of
mammals (August 1983), if conservation measures are in
place (Pinotti et al. 2012).

Acknowledgements

We thank Conselho Nacional de Desenvolvimento Cien-
tifico e Tecnolégico (CNPq) and Fundagdo de Amparo a
Pesquisa e Inovagdo do Espirito Santo (FAPES) for the
research grants and scholarships. Several undergradu-
ate students helped in the field, especially Jodo L. G. da
Fonseca and Alan G. Braz. Jodo Nardoto provided shape
files for the map. We thank A.C. Loss, R.G. Santos, and
2 anonymous reviewers for providing suggestions to an
earlier version of this manuscript. We also thank the Non-
Governmental Organization Amigos do Mestre Alvaro
and all respondents for the photographs and valuable
information given to this work.

Authors’ Contributions

EBG collected and analyzed the data, YLRL identified
the species, EBG and YLRL wrote the text.

References

Abreu MSL, Oliveira LR (2014) Patterns of arboreal and terrestrial
space use by non-volant small mammals in an Araucaria forest of
southern Brazil. Anais da Academia Brasileira de Ciéncias 86 (2):
807-819. https://doi.org/10.1590/0001-3765201420130063

Attias N, Raices DSL, Pessoa FS, Albuquerque H, Jordao-Nogueira T,
Modesto TC, Bergallo HG (2009) Potential distribution and new
records of Trinomys species (Rodentia: Echimyidae) in the state
of Rio de Janeiro. Zoologia (Curitiba) 26 (2): 305-315. https://doi.
org/10.1590/S1984-46702009000200013

August PV (1983) The role of habitat complexity and heterogeneity
in structuring tropical mammal communities. Ecology 64 (6):
1495-1507.

Behera MD, Kushwaha SPS, Roy PS (2005) Rapid assessment of bio-
logical richness in a part of Eastern Himalaya: an integrated three-
tier approach. Forest Ecology and Management 207: 363-384.

https://doi.org/10.1016/j.foreco.2004.10.070

Bergallo HG (1994) Ecology of a small mammal community in
the Atlantic Forest area in southeastern Brazil. Studies on
Neotropical Fauna and Environment 29: 197-217. https://doi.
org/10.1080/01650529409360932

Boddaert P (1785) Elenchus animalium: sistens quadrupedia huc
usque nota, eorumque varietates: ad ductum naturae, quantum fieri
potuit disposita. Apud C.R. Hake, Rotterdam, 174 pp. https://doi.
org/10.5962/bhl.title.40283

Brants A (1827) Het Geslacht der Muizen door Linnaeus opgesteld,
Volgens de Tegenswoordige toestand der Wetenschap in Familien,
Geslachten en Soorten verdeeld. Akademische Boekdrukkery, Ber-
lin, 190 pp. https://doi.org/10.5962/bhl. title.102738

Caldara V Jr, Leite YLR (2007) Uso de habitats por pequenos mamite-
ros no Parque Estadual da Fonte Grande, Vitoria, Espirito Santo,
Brasil. Boletim do Museu de Biologia Mello Leitao 21: 57-77.

Carvalho FMV, Fernandez FAS, Nessimian JL (2005) Food habits
of sympatric opossums coexisting in small Atlantic Forest frag-
ments in Brazil. Mammalian Biology 70 (6): 366-375. https://doi.
org/10.1016/j.mambio.2005.08.003

Charles-Dominique P, Atramentowicz M, Charles-Dominique M,
Gérard H, Hladik A, Hladik CM, Prévost MF (1981) Les mam-
miferes frugivores arboricoles nocturnes d’une foret guyanaise:
inter-relations plantes-animaux. Revue d’Ecologie (Terre et Vie)
35:341-436.

Costa RB (1995) A propésito do Mestre Alvaro. Instituto Historico e
Geografico do Espirito Santo, Vitoria, 92 pp.

Costa LP, Leite YLR, Mendes SL, Ditchfield AD (2005) Conservagao
de mamiferos no Brasil. Megadiversidade 1 (1): 103—112.

Cuvier G (1798) Tableau élémentaire de I’histoire naturelle des ani-
maux. Baudouin, Paris, 710 pp.

Dalmaschio J, Passamani M (2003) Aspectos da ecologia de Marmosa
murina (Linnaeus, 1758) (Mammalia, Didelphimorphia), em uma
regido de Mata Atlantica no estado do Espirito Santo. Biotemas 16
(2): 145-158.

Dean W (1996) A ferro e fogo: a historia e a devastagdo da Mata Atlan-
tica brasileira. Companhia das Letras, Sdo Paulo, 484 pp.

Eisenberg JF, Redford KH (1999) Mammals of the Neotropics, Volume
3: Ecuador, Bolivia and Brazil. University of Chicago Press, Chi-
cago, 624 pp.

Emmons LH, Feer F (1997) Neotropical Rainforest Mammals, a Field
Guide. 2nd ed. University of Chicago Press, Chicago, 307 pp.
Ernest KA, Mares MA (1986) Ecology of Nectomys squamipes, the
Neotropical Water rat, in central Brazil: home range, habitat selec-
tion, reproduction and behavior. Journal of Zoology 210: 599-612.

https://doi.org/10.1111/j.1469-7998.1986.tb03658.x

Fonseca GAB (1989) Small mammal species diversity in Brazilian
tropical primary and secondary forests of different sizes. Revista
Brasileira de Zoologia 6 (3): 381-422. https://doi.org/10.1590/
S0101-81751989000300001



942

Fonseca GAB (2001) Proposta para um programa de avaliagdo rapida
em ambito nacional. In: Garay I, Dias B (Eds. Conservacao da Bio-
diversidade em Ecossistemas Tropicais. Editora vozes, Petropolis,
150-156.

Fonseca GAB, Robinson JG (1990) Forest size and structure: competi-
tive and predatory effects on small mammal communities. Biologi-
cal Conservation 53: 265-294.

Freitas SR, Astiia D, Santori RT, Cerqueira R (1997) Habitat prefer-
ence and food use by Metachirus nudicaudatus and Didelphis
aurita (Didelphimorphia, Didelphidae) in a restinga forest at Rio
de Janeiro. Revista Brasileira de Biologia 57: 93-98.

Galvez N, Guillera-Arroita G, Morgan B, Davies Z (2016) Cost-efficient
effort allocation for camera-trap occupancy survey of mammals.
Biological Conservation 204: 350-259. https://doi.org/10.1016/j.
biocon.2016.10.019

Gardner TA, Barlow J, Parry LW, Peres CA (2007) Predicting the uncer-
tain future of tropical forest species in a data vacuum. Biotropica
39: 25-30. https://doi.org/10.1111/j.1744-7429.2006.00228.x

Gardner, A.L. and G.K. Creighton. 2008. Genus Marmosops. In: Gard-
ner AL (Ed.) Mammals of South America, Marsupials, Xenarthrans,
Shrews, and Bats. University of Chicago Press, Chicago, 61-74.

Geoffroy E (1803) Catalogue desmammiféres du Muséum national
d’Histoire naturelle. Muséum national d’Histoire naturelle, Paris,
272 pp.

Gimenes ACW (2002) Carta geomorfologica e morfogénese do Mestre
Alvaro, Serra, Espirito Santo, Brasil. Geografares 3: 41-54.

Goldfuss GA (1809) Vergleichende Naturbeschreibung der Saugethiere.
Waltherschen Kunst- und Buchhandlung, Erlangen, 314 pp. https:/
doi.org/10.5962/bhl.title.102742

Goodman LA (1961) Snowball sampling. Annals of Mathematical Sta-
tistics 32 (1): 148-170. https://doi.org/10.1214/a0oms/1177705148

Goulart FVB, Souza LB, Pavese HB, Graipel ME (2006) Estrutura
populacional e uso do estrato vertical por Micoureus paraguayanus
(Didelphimorpha, Didelphidae) em fragmentos de Floresta Atlan-
tica de planicie no sul do Brasil. Biotemas 19 (3): 45-53.

Grelle CEV (2003) Forest structure and vertical stratification of small
mammal populations in a secondary forest, southeastern Brazil.
Studies on Neotropical Fauna and Environment 38: 81-85.

Humboldt A, Bonpland A (1812) Recueil d’observations de zoologie et
d’anatomie comparée. F. Schoell, G. Dufour & Co., Paris, 368 pp.

ICMBio (2014) Lista Nacional Oficial de Espécies da Fauna Amea-
¢adas de Extingdo. Instituto Chico Mendes de Conservagdo da
Biodiversidade. Diario Oficial da Unido, Segao 1: 126—130. http:/
www.icmbio.gov.br/portal/faunabrasileira?id=6706:portarias-
-fauna-ameacada. Accessed on: 2017-4-14.

Iliger JKW (1811) Prodromus systematis mammalium et avium additis
terminis zoographicis utriusque classis, eorumque versione ger-
manica. C. Salfield, Berlin, 301 pp. https://doi.org/10.5962/bhl.
title.106965

Incaper (2017) Caracterizagdo climatica do municipio de Serra, Vito-
ria—Mapa de unidades naturais. Instituto Capixaba de Pesquisa,
Assisténcia Técnica e Extensdo Rural. http://hidrometeorologia.
incaper.es.gov.br/caracterizacao/serra_carac.php. Accessed on:
2017-4-14.

TUCN (2017) The IUCN Red List of Threatened Species. Version 2017-
2. http://www.iucnredlist.org. Accessed on: 2017-9-25.

Laurance WF (2007) Have we overstated the tropical biodiversity
crisis? Trends in Ecology and Evolution 22: 65-70. https://doi.
org/10.1016/j.tree.2006.09.014

Leite YLR, Costa LP, Stallings JR (1996) Diet and vertical space use
of three sympatric opossums in a Brazilian Atlantic Forest reserve.
Journal of Tropical Ecology 12: 435-440. https://doi.org/10.1017/
S0266467400009640

Leite VR, Lopes S, Pereira J (2007) Floristica do ecotono floresta de
Restinga e Mata Atlantica de Tabuleiro no municipio de Serra (ES).
Revista Brasileira de Biociéncias 5: 483-485.

Lemos JS (2003) Algumas aves florestais observadas na Area de Protecdo
Ambiental do Mestre Alvaro, Espirito Santo. Lundiana 4: 73-75.

Check List 13 (6)

Linnaeus C (1758) Systema naturae per regnum tria naturae, secundum
classes, ordines, genera, species, cum characteribus, differentiis,
synonymis, locis. Laurentii Salvii, Stockholm, 824 pp. https://doi.
org/10.5962/bhl.title.542

Linnaeus C (1766) Systema naturae per regna tria naturae, secundum
classes, ordines, genera, species, cum characteribus, differentiis, syn-
onymis, locis. Laurentii Salvii, Stockholm, 532 pp. https://doi.org/
10.5962/bhl. title.68927

Linnaeus C (1771) Mantissa Plantarum. Laurentii Salvii, Stockholm,
584 pp. https://doi.org/10.5962/bhl. title.119809

Loretto D, Vieira MV (2008) Use of space by the marsupial Marmosops
incanus (Didelphimorphia, Didelphidae) in the Atlantic Forest,
Brazil. Mammalian Biology 73 255-261. https://doi.org/10.1016/j.
mambio.2007.11.015

Lund PW (1840) Tillaeg til de to sidste afhandlinger over Brasiliens
Dyreverden for sidste Jordomvaeltning. Danske Videnskabernes
Selskabs Naturvidenskabelige og Mathematiske Atfhandling 3:
1-24.

Magurran AE (2004) Medindo a Diversidade Biologica. Editora da
UFPR, Curitiba, 261 pp.

Martinelli FS, Sarnaglia VB Jr, Coelho ALN (2012) Estado de conser-
vagdo de Areas de Preservagio Permanentes (APP) em duas areas
topograficamente distintas do Estado do Espirito Santo. Natureza
Online 10 (4): 191-194.

Mittermeier RA, Fonseca GAB, Rylands AB, Brandon KA (2005) Brief
history of biodiversity conservation in Brazil. Conservation Biology
19: 601-607. https://doi.org/10.1111/1.1523-1739.2005.00709.x

Moojen J (1948) Speciation in the Brazilian spiny rats (genus Pro-
echimys, family Echimyidae). University of Kansas Publications,
Museum of Natural History 1 (19): 301-406.

Moreira DO, Coutinho BR, Mendes SL (2008) O status do conheci-
mento sobre a fauna de mamiferos do Espirito Santo baseado em
registros de museus e literatura cientifica. Biota Neotropica 8:
163—-173. https://doi.org/10.1590/S1676-06032008000200017

Moura MC, Capparelli AC, Freitas SR, Vieira MV (2005) Scale-
dependent habitat selection in three didelphid marsupials using
the spool-and-line technique in the Atlantic forest of Brazil.
Journal of Tropical Ecology 21: 1-7. https://doi.org/10.1017/
S0266467405002270

Miiller PLS (1776) Des Ritters Carl von Linné Koniglich Schwed-
ischen Leibarztes vollstindiges Natursystemnach der zwdlften
lateinischen Ausgabe und nach Anleitung des hollandischen Hout-
tuynischen Werks mit einer ausfiihrlichen Erklarung. Supl. Erste
Classe Saugende Thiere. Gabriel Nicolaus Raspe, Niirenberg, 62
pp. https://doi.org/10.5962/bhl.title. 106875

Myers N, Mittermeier RA, Mittermeier CG, Fonseca GAB, Kent J
(2000) Biodiversity hotspots for conservation priorities. Nature 43:
853-858. https://doi.org/10.1038/35002501

Nardoto JP, Costa CA, Bergamaschi RB (2013) Geoprocessamento
aplicado a fiscalizagdo de areas de protecdo permanente—a pratica
na area de protecio ambiental “Mestre Alvaro” — Serra — ES. In:
Neckel A, Rosa DP (Eds) Geoprocessamento e suas diferentes apli-
cabilidades. Goellner, Passo Fundo, 116-133.

Olfers T (1818) Bemerkungen zu Illiger’s Ueberblick der Sdugthiere,
nach ihrer Vertheilung iiber die Welttheile, riicksichtlich der
Stidamericanischen Arten (Species). Verlage des Landes Industrie
Comptoirs, Weimar, 304 pp.

Paglia AP, Fonseca GAB, Rylands AB, Herrman G, Aguiar LMS, Chia-
rello AG, Leite YLR, Costa LP, Siciliano S, Kierulff CM, Mendes
SL, Tavares V, Mittermeier RA, Patton JL (2012) Lista Anotada dos
Mamiferos do Brasil / Annotated Checklist of Brazilian Mammals.
2* Edi¢ao / 2nd Edition. Occasional Papers in Conservation Biol-
ogy 6: 1-76 pp.

Pardini R (2004) Effects of forest fragmentation on small mammals
in an Atlantic Forest landscape. Biodiversity Conservation 13:
2567-2586. https://doi.org/10.1023/b:bioc.0000048452.18878.2d

Pardini R, Souza SM, Braga-Neto R, Metzger JP (2005) The role of
forest structure, fragment size and corridors in maintaining small



Guerra and Leite | Mammals of Mestre Alvaro, Brazil

mammal abundance and diversity in an Atlantic forest landscape.
Biological Conservation 124: 253-266. https://doi.org/10.1016/].
biocon.2005.01.033

Pardini R, Umetsu F (2006) Pequenos mamiferos ndo-voadores da
Reserva Florestal do Morro Grande—distribuigdo das espécies e
da diversidade em uma area de Mata Atlantica. Biota Neotropica
6(2):3-22.

Passamani M (2000) Analise da comunidade de marsupiais em Mata
Atlantica de Santa Teresa, Espirito Santo. Boletim do Museu de
Biologia Mello Leitdo 11: 215-228.

Paula TAR, Araujo GR, Deco-Souza T, Csermak AC Jr, Bergo LCF, Man-
tovani JE, Silva LC, Magaldi RCF, Trece AS, Caliman JP (2015)
Aspectos do uso territorial por onga parda (Puma concolor), através
de monitoramento via satélite, na regido do Parque Estadual da Serra
do Brigadeiro, MG. Arquivo Brasileiro de Medicina Veteterinaria e
Zootecnia 67 (1): 80-88. https://doi.org/10.1590/1678-7205

Pew Research Center (2016) Smartphone Ownership and Internet
Usage Continues to Climb in Emerging Economies. Pew Research
Center, Global Attitudes & Trends, Washington, DC, 44 pp.

Pine RH, Handley CO (2007) Genus Monodelphis. In: Gardner AL
(Ed.) Mammals of South America. University of Chicago Press,
Chicago, 82-107.

Pinotti BT, Pagotto CP, Pardini R (2012) Habitat structure and food
resources for wildlife across successional stages in a tropical for-
est. Forest Ecology and Management 238: 119—127. https://doi.org/
10.1016/j.foreco.2012.07.020

Pires AS, Lira PK, Fernandez FAS, Schittini GM, Oliveira LC (2002)
Frequency of movements of small mammals among Atlantic
Coastal Forest fragments in Brazil. Biological Conservation 108:
229-237. https://doi.org/10.1016/s0006-3207(02)00109-x

Prevedello JA, Ferreira BSP, Loretto D, Vieira MV (2008) Uso do
espago vertical por pequenos mamiferos no Parque Nacional Serra
dos Orgdos, RJ: um estudo de 10 anos utilizando trés métodos de
amostragem. Espago e Geografia 11 (1): 95-119.

Primack RB (1998) Essentials of conservation biology. Sinauer Associ-
ates, Sunderland, 564 pp.

Ribeiro MC, Metzger JP, Martensen AC, Ponzoni FJ, Hirota MM (2009)
The Brazilian Atlantic Forest: How much is left and how is the
remaining forest distributed? Implications for conservation. Bio-
logical Conservation 142 (6): 1141-1153. https://doi.org/10.1016/].
biocon.2009.02.021

Rodrigues FHG, Silveira L, Jacomo ATA, Carmignotto AP, Bezerra
AMR, Coelho DC, Garbogini H, Pagnozzi J, Hass A (2002) Com-
posi¢do e caracterizagdo da fauna de mamiferos do Parque Nacio-
nal das Emas, Goias, Brasil. Revista Brasileira de Zoologia 19 (2):
589-600. https://doi.org/10.1590/s0101-81752002000200015

Rossi RV, Bianconi GV, Pedro WA (2006) Ordem Didelphimorphia. In:
Reis NR et al. Mamiferos do Brasil. Imprensa da UEL, Londrina,
27-60.

Saint-Hilaire A (1833) Viagem ao Espirito Santo e Rio Doce. Tradugao
de Milton Amado. Ed. Itatiaia, Belo Horizonte, 121 pp.

Santos AB, Loéss S, Leite YLR (2004) Padrdes de uso de estratos da
floresta por pequenos mamiferos no Parque Estadual da Fonte
Grande, Vitoria, Espirito Santo. Natureza Online 2: 27-33.

Schreber JCD von (1774) Die Sdugthiere in Abbildungen nach der
Natur mit Beschreibungen. 1: 1-9. Wolfgang Walther, Erlangen,
190 pp. https://doi.org/10.5962/bhl.title.67399

SEMMA (2013) Plano de Manejo da Area de Prote¢io Ambiental Mes-
tre Alvaro. Secretaria Municipal de Meio Ambiente de Serra, Serra,
263 pp.

SOS Mata Atlantica (2015) Relatério Anual. Fundagao SOS Mata Atlan-
tica, Sao Paulo. https://www.sosma.org.br/wp-content/uploads/2016/
08/RA_SOSMA 2015-Web.pdf. Accessed on: 2017-4-14.

Srbek-Araujo AC, Chiarello AG (2008) Domestic dogs in Atlantic for-
est preserves of south-eastern Brazil: a camera-trapping study on
patterns of entrance and site occupancy rates. Brazilian Journal
of Biology 68 (4): 771-779. https://doi.org/10.1590/S1519-69842
008000400011

943

Stallings JR (1989) Small mammal inventories in an eastern Brazilian
park. Bulletin of the Florida State Museum, Biological Sciences 34
(4): 123-200.

Stallings JR, Fonseca GAB, Pinto LPS, Aguiar LMS, Sabato EL (1991)
Mamiferos do Parque Estadual do Rio Doce, Minas Gerais, Brasil.
Revista Brasileira de Zoologia 7 (4): 663-677.

Tate GHH (1931) Brief diagnoses of twenty-six apparently new forms
of Marmosa (Marsupialia) from South America. American Museum
Novitates 493: 1-14.

Thomas O (1901) New South American Sciuri, Heteromys, Cavia,
and Caluromys. Annual Magazine of Natural History 7: 192-196.
https://doi.org/10.1080/00222930108678457

Tonini JFR, Cardo LM, Pinto IS, Gasparini JL, Leite YLR, Costa LP
(2010) Non-volant tetrapods from Reserva Biologica de Duas
Bocas, state of Espirito Santo, southeastern Brazil. Biota Neo-
tropica 10 (3): 339-351. https://doi.org/10.1590/S1676-06032010
000300032

Trolle M, Bissaro MC, Prado HC (2007) Mammal survey at a ranch
of the Brazilian Cerrado. Biodiversity Conservation 16 (4): 1205—
1211.

Turvey ST, Trung CT, Quyet VD, Nhu HV, Thoai DV, Tuan VC, Hoa
DT, Kacha K, Sysomphone T, Wallate S, Hai CT, Thanh NV,
Wilkinson NM (2015) Interview-based sighting histories can inform
regional conservation prioritization for highly threatened cryptic
species. Journal of Applied Ecology 52: 422-433. https://doi.
org/10.1111/1365-2664.12382

Vieira EM, Monteiro-Filho ELA (2003) Vertical stratification of small
mammals in the Atlantic rain forest of south-eastern Brazil. Journal
of Tropical Ecology 19: 501-507.

Voss RS, Emmons LH (1996) Mammalian diversity in neotropical low-
land rainforests: a preliminary assessment. Bulletin of the Ameri-
can Museum of Natural History 230: 1-115.

Wagner JA (1842) Diagnosen neuer Arten brasilischer Séugthiere.
Archiv fiir Naturgesch 8 (1): 356-362.

Wells K, Pfeiffer M, Lakim MB, Kalko EKV (2006) Movement tra-
jectories and habitat partitioning of small mammals in logged and
unlogged rain forests on Borneo. Journal of Animal Ecology 75:
1212-1223. https://doi.org/10.1111/j.1365-2656.2006.01144.x

Wied-Neuwied MP (1826) Beitrdge zur Naturgeschichte von Brasilien.
Verzeichniss der Amphibien, Sdugthiere und Vogel, welche auf
einer Reise zwischen dem 13ten und dem 23sten Grade siidlicher
Breite im Ostlichen Brasilien beobachtetwurden. Verlage des Lan-
des Industrie Comptoirs, Weimar, 622 pp. https://doi.org/10.5962/
bhl.title.48512

Winge H (1887) Jordfunde og nulevende Gnavere (Rodentia) fra Lagoa
Santa, Minas Geraes, Brasilien: med udsigt over gnavernes indbyr-
des slaegtskab. Museo Lundii, Copenhagen, 178 pp. https://doi.
org/10.5962/bhl.title. 14696

Appendix

Institutional catalog number of the vouchers collected
during this study and housed in the mammal collection
at Universidade Federal do Espirito Santo (UFES-
MAM), Vitoria, Brazil

Order Didelphimorphia:

Didelphis aurita (2367, 2368, 2525), Gracilinanus
microtarsus (2527), Marmosa paraguayana (2369, 2370,
2522, 2523, 2524, 2530, 2535, 2539), Marmosops inca-
nus (2529, 2536, 2538, 2542), Monodelphis americana
(2531), Philander frenatus (2526, 2533).

Order Rodentia:
Akodon cursor (2371), Nectomys squamipes (2372),
Trinomys paratus (2528, 2532, 2534, 2537, 2540, 2541).



