Biota Neotropica 22(1): 20211262, 2022

www.scielo.br/bn

ISSN 1676-0611 (online e.dition)
Article

Mammals of Cajuru State Forest and surroundings: a neglected but important
Protected Area for the Cerrado conservation in the Sao Paulo state, Brazil

Marcella Ponzio™™ , Vinicius Alberici*>** , Nielson Pasqualotto>** , Roberta Paolino***> , Thiago
Rodrigues’ & Adriano Chiarello’

'Universidade de Sdo Paulo, Instituto de Biociéncias, Departamento de Zoologia, Grupo de Pesquisa em
Ciéncia da Conservacdo, Sao Paulo, SP, Brasil.
2Universidade de Sdo Paulo Faculdade de Filosofia Ciéncias e Letras de Ribeirdo Preto, Departamento de
Biologia, Laboratorio de Ecologia e Conservagdo, Ribeirdo Preto, Sdo Paulo, Brasil.
SUniversidade de Sdo Paulo, Escola Superior de Agricultura “Luiz de Queiroz”, Piracicaba, SP, Brasil.
“Universidade de Sdo Paulo, Centro de Energia Nuclear na Agricultura, Piracicaba, SP, Brasil.
SUniversidade de Sao Paulo, Programa Interunidades de Pés-Graduagdo em Ecologia Aplicada, Piracicaba, SP, BR.

*Corresponding author: marcella.cponzio@gmail.com

PONZIO, M., ALBERICI, V., PASQUALOTTO, N., PAOLINO, R., RODRIGUES, T., CHIARELLO, A. Mammals
of Cajuru State Forest and surroundings: a neglected but important Protected Area for the Cerrado
conservation in the Siao Paulo state, Brazil. Biota Neotropica 22(1): €20211262. https://doi.org/10.1590/1676-
0611-BN-2021-1261

Abstract: The Cerrado has been severely impacted by anthropogenic disturbances, with a tiny proportion of its
original extent remaining in its southern portions. In the state of Sdo Paulo, only 7% of this vegetation remains
and relatively little is known about the biodiversity of these fragments. To fill this knowledge gap, we inventoried
medium and large-sized terrestrial mammals of a neglected region, including a sustainable use protected area,
Cajuru State Forest (CSF), adjacent native vegetation remnants protected by the Native Vegetation Protection Law
and owned by a paper and cellulose company (Dois Coérregos Farm; DCF), and their surroundings. We recorded
20 native mammal species, five of which are endangered with extinction, including the giant anteater, puma, and
maned wolf. We found no significant differences in species richness between CSF and DCF but we found higher
estimated species richness for the surrounding areas. Besides encompassing a larger and more heterogeneous area, the
surrounding area still has a relatively high proportion (>30%) of native vegetation, providing habitat and resources
for many species. The estimated mammal species richness for the entire study area was similar to that found in
the largest protected area of the Cerrado in Sdo Paulo State, the Jatai Ecological Station and its surroundings. We
conclude that our study area still harbors a relatively rich community of large mammals and is important for the
conservation of endangered species. This finding is particularly timing since the current State administration is
considering to transfer the economic exploitation of CSF to the private sector. We therefore endorse an existing
proposal to uplist this protected area, which still lacks a management plan, to a more restricted management
category. Besides actions regarding this governmental PA, we argue that it is also important to involve the private
sector in a conservation plan for the region.

Keywords: Brazilian Native Vegetation Protection Law, buffer zone; Cajuru State Forest, camera trap; species
richness.
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Mamiferos da Floresta Estadual de Cajuru e arredores: uma Area Protegida negligenciada mas importante
para a conservacio do Cerrado no estado de Siao Paulo, Brasil

Resumo: O Cerrado tem sido severamente impactado por distiirbios antropicos e, especialmente na sua por¢ao sul, poucos
sdo os fragmentos remanescentes desse bioma. No estado de Sdo Paulo, resta aproximadamente 7% da cobertura original
de Cerrado e relativamente pouco se sabe sobre a biodiversidade desses remanescentes. Para preencher essa lacuna,
inventariamos mamiferos terrestres de médio e grande porte de uma regido pouco estudada que inclui uma Unidade de
Conservagao (UC) de uso sustentavel (Floresta Estadual de Cajuru; CSF), areas de vegetagdo nativa protegidos pela Lei
de Protecdo da Vegetagdo Nativa e pertencentes a uma empresa de papel e celulose (Fazenda Dois Corregos; DCF), e seus
entornos. Registramos 20 espécies de mamiferos nativos, cinco dos quais ameacados de extingdo, incluindo o tamandua-
bandeira, a onga parda e o lobo-guara. Nao encontramos diferengas significativas na riqueza de espécies entre CSF e DCF,
mas encontramos maior riqueza estimada de espécies para o entorno. Além de abranger uma area maior e mais heterogénea,
essa area ainda apresenta uma proporgao relativamente grande (> 30%) de vegetac@o nativa, fornecendo habitat e recursos
para muitas espécies. A estimativa da riqueza de espécies para toda a nossa area de estudo foi semelhante a encontrada na
maior UC de Cerrado no Estado de Sao Paulo, a Estagéo Ecolégica de Jatai e entorno. Concluimos que a area de estudo
abriga uma comunidade rica de grandes mamiferos, sendo importante para a conservagao de varias espécies ameacadas
de extingdo. Essa descoberta ¢ particularmente oportuna, uma vez que o governo estadual esta considerando transferir a
exploracdo econdmica da CSF para o setor privado. Endossamos, desta forma, uma proposta existente para elevar esta
UC, que ainda carece de um plano de manejo, para uma categoria de manejo mais restritiva. Além disso, argumentamos
que também ¢ importante envolver a iniciativa privada em um plano de conservagao para a regido.

Palavras-chave: Armadilha fotogrdfica, Codigo Florestal; Floresta Estadual de Cajuru; Lei de Protecdo a Vegetagdo

Nativa; riqueza de espécies; zona de amortecimento.
Introduction

In a world increasingly modified by human action, the establishment
of governmental protected areas (PAs) is one of the most efficient
strategies for biodiversity conservation (Bruner et al. 2001). PAs are part
of the territory where land use is restricted, aiming to conserve species,
populations, ecosystems, and natural processes. The main function of
these areas is to protect threatened elements of biodiversity from processes
that compromise their long-term conservation (Margules & Pressey 2000).
However, only 14.8% of the Earth’s surface is covered by PAs (UNEP-
WCMC & IUCN 2016), a value below the goal of 17% proposed by the
Aichi Biodiversity Targets for 2020 (CBO 2013). This level of protection
is often lower in areas considered hotspots for biodiversity conservation
(i.e., with high endemism and high number of threatened species), such as
the Atlantic Forest and the Cerrado biomes (Myers et al. 2000, Strassburg
etal. 2017, Rezende et al. 2018). Therefore, the conservation afforded by
the current network of protected areas has proven to be not sufficient to
stop the global biodiversity decline, especially in the highly biodiverse
tropical areas (Laurance et al. 2012, Geldmann et al. 2013).

In Brazil, another instrument for the conservation of biodiversity is
the Native Vegetation Protection Law (NVPL) (Brancalion et al. 2016),
which determines what features and how much of the private lands needs
to be set aside for conservation purposes, either as Legal Reserves (LRs)
or Areas of Permanent Protection (APPs) (Soares-Filho et al. 2014).
The NVPL is an important conservation tool since 53% of the country’s
remaining native vegetation is inside private properties. On the other
hand, there is still a deficit of more than 11 million hectares that need to
be implemented in the form of LRs and many rural owners do not comply
with this legislation (Freitas et al. 2017). Nevertheless, the establishment
of private protected areas as required by law is fundamental for Brazilian
biodiversity conservation and can complement or enhance the benefits
promoted by the PAs (Brancalion et al. 2016).

http://www.scielo.br/bn

However, both strategies — the creation and management of PAs and
the preservation of native vegetation inside private properties —have been
insufficient to guarantee the conservation of the second-largest Brazilian
domain, the Cerrado (Frangoso et al. 2015, Strassburg et al. 2017). This
biome contains 4,800 species of endemic plants and vertebrates, supplies
three of the largest hydrographic basins in South America, and contributes
to 43% of Brazil’s surface waters outside the Amazon (Strassburg et al.
2017). However, only 8% of the Cerrado is under public governmental
protection (Frangoso et al. 2015, Strassburg et al. 2017) and just 20%
of any rural property within the Cerrado (outside the Legal Amazon) is
required to be protected under LRs - whereas 80% is required in forested
areas in the Amazon (Brancalion et al. 2016). The Cerrado has already
lost about half of its original natural cover and it could lose up to 31-34%
of its remaining vegetation by 2050, leading to the extinction of many
endemic species and compromising the functionality of this ecosystem
(Strassburg et al. 2017). This scenario is particularly worrying in the
Sao Paulo state, where the Cerrado is reduced to only 7% of its original
coverage (Kronka et al. 2005). Cerrado’s remnants in Sao Paulo state
are surrounded by sugar cane, pastures, perennial crops, and urban areas
(Durigan et al. 2007), only 6.5% is protected as PAs and non-compliance
with environmental legislation is frequent among local rural owners
(Metzger & Rodrigues 2008, Soares-Filho et al. 2014).

The Cerrado remnants formed by the Cajuru State Forest (CSF),
a public governmental PA, and the Dois Corregos Farm (DCF), a
private rural property containing APPs and an LR adjacent to CSF, are
exceptions to this reality. These areas are located in the northeast region
of the Sao Paulo state and together preserve almost 3,500 ha of native
vegetation, mainly composed by open Cerrado formations (savanna
and grasslands). The presence of these open formations makes those
areas even more relevant for the Cerrado conservation since the closed-
) has become the predominant native

PORL]

canopy vegetation (i.e., “cerraddo
cover of Cerrado remnants in S&o Paulo state (Durigan & Ratter 2006).
Nevertheless, there is not much information available on these areas,
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the CSF still lacks a management plan, and inventories assessing the
diversity of important taxonomic groups, such as medium and large-
sized mammals, have never been carried out there.

Mammals includes species with different sizes, habitat requirements,
and occupied niches, playing several ecological roles and providing
relevant ecosystem services (Lacher et al. 2019). Many ecological
processes mediated by medium and large-sized mammals have
significant effects on the community structure of plants and can alter
communities of different trophic levels (Estes et al. 2011, Pérez-
Meéndez et al. 2016, Lacher et al. 2019). Despite their importance,
medium and large-sized mammals are especially affected by habitat
loss and fragmentation (Ceballos & Ehrlich 2012, Magioli et al. 2021),
hunting (Cardillo et al. 2005), and illegal trade (Rosen & Smith 2010),
being among the most vulnerable animal groups to the impacts of the
Anthropocene (Dirzo et al. 2014, Tucker et al. 2018).

Hence, we inventoried medium and large-sized terrestrial
mammals of the Cajuru State Forest, the Dois Corregos Farm and their
surroundings. To better frame the conservation value of these areas,
we compared our inventory with a study that used the same sampling
approach but was conducted in the largest protected area of the Cerrado
in the Sdo Paulo State (the Jatai Ecological Station). Our data is
useful for the assessment of the biodiversity of this region and for the
development of management strategies for the Cerrado conservation.

Material and Methods
1. Study area

This study was carried out in the Cajuru State Forest (CSF; 2081.4
ha) and in the Dois Cérregos Farm (DCF; 2017.2 ha), located in the
northeast region of Sao Paulo state (Figure 1). The predominant climate
of the region is defined as equatorial savanna with dry winter (Aw),
with precipitation of the driest month below 60 mm and a monthly
mean temperature of the coldest months higher than 18°C (Kottek et al.
2006, Beck et al. 2018). The relief of the region is defined as ‘Cuestas
Balasticas’, with low hills (Martinelli 2009, Instituto Florestal 2021).

CSF is a public state-owned protected area of sustainable use,
located between the municipalities of Altinopolis and Cajuru (21°06°00”
to 21°12°00” S and 47°26°00” to 47°22°00” W, datum WGS84).
This area is composed mainly of native vegetation (68,7%), with the
predominance of open Cerrado formations, mostly grasslands (i.e.,
patches of “campo limpo”, “campo sujo” and “campo cerrado”, often
surrounded by non-native invasive grasses) but also savannas (including
flooded wetlands and “cerrado sensu stricto”; Figure 1, Figure 2,
Table 1). CSF is also considerably covered by managed forests (31%),
mostly of Pinus spp. plantations (Figure 1, Figure 2, Table 1). This PA
does not have a management plan (Durigan et al. 2014, Secretaria de
Meio Ambiente, 2020), despite its importance as a groundwater recharge
area for the Guarani Aquifer System and one of the last remnants of
open Cerrado vegetation of the Sdo Paulo state (Secretaria de Meio
Ambiente, 2020). The DCF (Floresta de Alto Valor de Conservagao
Dois Cérregos) is a private rural property owned by Sylvamo do
Brasil LTDA. company, encompassing important remnants of native
vegetation, protected either as LRs or APPs. DCF is mainly composed
of native vegetation (99.3%), with the predominance of open and closed
Cerrado formations (Figure 1, Figure 2, Table 1). Both CSF and DCF are
surrounded (5 km buffer) by an agro-silvicultural matrix composed of
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managed forests (27.3%), which are mainly Eucalyptus spp. plantations,
sugar cane (23.3%), pastures (6.7%) and other less abundant crops,
such as orange plantations (Figure 1, Table 1). Summarizing, sampled
landscape is composed of a region formed by CSF and DCF where native
vegetation predominates (hereafter “interior”) and a 5 km buffer with
a higher predominance of anthropogenic land cover types (hereafter
“buffer”) (Figure 1, Figure 2 and Table 1).

2. Sampling design and data collection

We sampled medium and large-sized terrestrial mammals with passive
infrared cameras trap (Reconyx, model HC 500), during the dry season
(April to September) of 2014. We restricted the sampling to the dry
season to have better field conditions and easier access to all sampling
sites. This restriction also reduces the interference of different weather
conditions (e.g., heat and humidity) on cameras trap performance. We
sampled 50 points in total, 24 within CSF (n=12) and DCF (n=12) and
26 within the 5 km buffer (Figure 1). Each sampling point is defined as
one camera trap kept in operation 24h/day for approximately 30 days.
Cameras trap were fixed to tree trunks at 40-50 cm above the ground. To
distribute our sampling points, we overlaid a regular grid of square cells
(1.4 km x 1.4 km, 200 ha each) over our study landscape. The center of
each square cell was defined as a potential sampling point. The 200 ha
size of the grid was chosen to ensure statistical independence between
points, following the mammals’ inventory protocol recommended by the
Tropical Ecology Assessment and Monitoring Network (TEAM Network,
2011). Then, a similar number of sampling points were randomly allocated
within the interior (CSF + DCF) and the 5 km buffer of our study areas,
to equally distribute our sampling effort. In this way, our design enabled
a thorough sampling of the study area, maintaining spatial independence
among sampling points. Whenever a sampling point fell into sugar cane
plantations or pastures, we relocated it to the nearest point with native
vegetation, orienting the cameras towards the originally chosen cover
class (either sugar cane or pasture). In 24 sampling points, cameras trap
were installed in trails or dirt roads. Our total sampling effort was 1593.59
camera.days, with a mean of 31.87 +2.95 days sampled at each sampling
point. To complement camera trapping, we searched for tracks, footprints,
and other vestiges (e.g., feces, burrows, and carcasses) of mammals in
200 m-long “transects”, i.e., the nearest dirt road/farm track from each
camera trap, during the set-up and removal of cameras trap. In total, we
walked 20 km throughout all transects. All vestiges were photographed for
further identification with the aid of specific guides (Becker & Dalponte
1999, Borges & Tomas 2004, Carvalho Jr. & Luz 2008, Mamede & Alho
2008, Moro-Rios et al. 2008, Miranda et al. 2009).

3. Data analysis and species information

We analyzed randomized curves of observed species richness (Sest),
estimated asymptotic species richness (Chao2) and uniques (i.e., species
recorded in only one sampling point) to evaluate sampling sufficiency
and compare species richness between: a) the interior (CSF + DCF),
the 5 km buffer and the total area (CSF + DCF + 5 km buffer), and b)
CSF and DCF separately. We used incidence data (presence/absence)
of native species recorded by cameras trap and performed this analysis
in the EstimateS software, version 9.1.0 (Colwell 2019). We did not
use abundance data because photographic evidence that allow reliably
individual distinctions between animals are rare (Choo et al., 2020).
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Figure 1. Land use and cover map of Cajuru State Forest (CSF), Dois Corregos Farm (DCF) and a 5 km buffer around these two areas, in the state of Sdo Paulo, Brazil.

Table 1. Land use and cover of Cajuru State Forest (CSF), Dois Cérregos Farm (DCF) and its surrounding (5 km buffer), in the state of Sdo
Paulo, Brazil.

Land use and cover CSF DCF Buffer Total
ha % ha % ha % ha %
Forest formation 226.5 10.9 711.0 352 4949.9 18.9 5887.4 19.5
Savanna formation 216.0 10.4 1202.1 59.6 1611.4 6.2 3029.5 10.0
Mosigilifaﬁgs:land 985.7 474 90.6 45 1405.4 5.4 2481.7 8.2
Ng;ii‘;;‘pi‘::)“ 49 0.2 9.4 0.5 7503.6 28.7 7517.9 249
Managed forest (Pinus) 642.1 30.8 0.0 0.0 76.5 0.3 718.6 24
Sugar cane 0.0 0.0 0.0 0.0 7054.1 27.0 7054.1 233
Pasture 0.1 0.0 1.0 0.0 1743.4 6.7 1744.5 5.8
Others 6.2 0.3 32 0.2 1789.0 6.8 1798.4 5.9
Total 2081.5 100 2017.3 100 261333 100 30232.1 100
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Figure 2. Pictures depicting the study area located in the state of Sdo Paulo, Brazil, characterized by different vegetation types and land uses: deciduous forest (a),
cerrado under natural regeneration (b), exotic pine plantation (c), cerrado stricto sensu (d), lacustrine vegetation (e), wooded cerrado or cerradao (f), cropland-planted
forest-riverine vegetation transition (g) and sugar cane plantation (h). All photos by A. G. Chiarello.
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We compiled the conservation status of each recorded species based
upon international (IUCN, 2020), national (Brazil Red Book of Threatened
Species of Fauna; ICMBio, 2018) and state red lists (Decree N © 63.853;
Assembleia Legislativa do Estado de Sao Paulo, 2020). We also compared
the native species recorded and the richness estimates of this study with the
results obtained from similar research conducted in the largest protected
Cerrado remnant of the Sao Paulo state. This area is characterized by a large
fragment of native vegetation (including the Jatai Ecological Station - JES,
9013 ha; and the adjacent Luiz Antonio Experimental Station - LAES, 2009
ha), and the surrounding 5 km buffer (hereafter JES + LAES + buffer = JES
landscape). JES and LAES are public governmental PAs and are located less
than 50 km away from our study area (Paolino et al. 2016). The sampling
design and data collection in our study and Paolino and collaborators’ research
followed the same protocol (as described in items 2 and 3) and were conducted
by the same team of researchers. Paolino and collaborators (2016) sampled
105 points in total, 52 in the interior of the native fragment and 53 within the
5 km buffer (3150 camera.days) during April-September of 2013. We chose
to make a formal comparison only with Paolino and collaborators’ research
because it was carried out with the same approach used in our study.

Results

We recorded 20 native species of medium and large-sized terrestrial
mammals (seven orders and 14 families), with 15 of them being recorded in
the interior (14 in CSF, 10 in DCF) and 19 in the buffer (Table 2, Figure 3).
Only one species, the collared-peccary (Dicotyles tajacu), was detected solely
by track surveys. Four species found in our study area are threatened with
extinction at some level (global, national or state). Among these, the giant
anteater (Myrmecophaga tridactyla), puma (Puma concolor), and maned wolf
(Chrysocyon brachyurus), are listed as Vulnerable (VU) both at the national
and state level (Figure 3). The naked tailed armadillo (Cabassous sp.) was
detected by the cameras trap at CSF, but it was not possible to identify it to
the species level from the photos. However, one individual of this genus was
sighted crossing an internal unpaved road of DCF during a preliminary visit
to this area by one of the authors (A. Chiarello). After a quick pursue, this
individual was captured, photographed and returned to the same spot minutes
later (Figure 3). The shape and size of the ears and the scute patterns in the
head of this captured individual clearly indicate it belongs to C. squamicaudis,
according to the recent review by Feijo & Anacleto (2021). Thus, we attest
to the presence of this species in the sampled area, but we cannot ascertain
that it is the only species of the genus present in our study area. We also
recorded five domestic or exotic invasive species, namely: cattle (Bos taurus),
European hare (Lepus europaeus), domestic dog (Canis familiaris), domestic
cat (Felis catus), and horse (Equus caballus). They were recorded in the
buffer, but three of them — cattle, European hare and domestic dog — were
also recorded in the interior.

The rarefaction curves of the interior, buffer and total area did not reach
asymptotes (Figure 4A), indicating that some additional species remained
undetected. Since the 95% Confidence Intervals (hereafter, CIs) of these
three rarefaction curves overlapped, we did not find strong evidence of
differences in the observed species richness (Sest) between these areas
(Figure 4A). The estimated asymptotic species richness (Chao2) for the
interior (12.24, 95% CI = 12.01 to 16.65) was, however, lower than that
estimated for the 5 km buffer (22.09, 95% CI = 17.6 to 47.41), as their
95% ClIs did not overlap at the common number of samples (Figure 4C).
Correspondingly, the curve of uniques show a clearly decreasing trend and
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a lower number of uniques for the interior, while uniques in the buffer did
not start to decrease (Figure 4B), indicating a less complete sample for the
later region. Analyzing the Sest, uniques, and Chao2 curves for CSF and
DCF separately, we observe overlaps between their values, suggesting
no significant difference in observed and estimated species richness and
a comparable sampling completeness between these two protected areas
(Figure 5). Estimated species richness (Chao2) for the CSF was 11.83
(95% CI=10.23 to 24.87) and 13.83 for DCF (95% CI = 12.23 t0 26.87).

The estimated species richness (Chao2) from camera trap records for
our entire study area (CSF + DCF + 5 km buffer) was very similar (20.18;
95% CI=19.14 to 29.20 species) to that found for the JES landscape using
the same protocol (21.72, 95% CI = 19.80 to 35.84 species; Paolino et al.
2016), comparing the areas at the common number of samples. When
comparing the list of recorded species resulting from camera traping and
track surveys of our study area with that from JES landscape (Paolino et
al. 2016), we noted that only four of 24 species of mammals were not
detected in our study area, namely the tapir (Tapirus terrestris), the marsh
deer (Blastocerus dichotomus), the capybara (Hydrochoerus hydrochaeris)
and the Brazilian guinea pig (Cavia aperea) (Table 3).

Discussion

The study area harbors a rich community of mammals, with 20 species
effectively detected, representing 47% of all medium and large-sized
terrestrial mammal species known for the entire Cerrado (Marinho-Filho et
al12002). This number is probably higher, as our data did not reach the sample
sufficiency, the inventory was conducted solely in the dry season, and the
estimated richness is up to 29 species (95% CI = 19.14 to 29.20). This area
seems to be especially relevant to the conservation of the large and vulnerable
mammals’ species that still survive in the Cerrado of Sdo Paulo state (giant
anteater, maned wolf, and puma), as these animals were widely detected.
Species richness comparisons between our study area and the JES landscape,
interior and buffer, and CSF and DCF lead us to specific considerations, but
all results reinforce the ecological relevance of our study area and demonstrate
the importance of adequate management measures for the region.

We found very similar values when we compare the estimated
richness in our study area with the JES landscape, the largest protected
area of the Cerrado of Sdo Paulo state (Paolino et al. 2016). This
equivalence might be a consequence of the similar proportion of native
vegetation covering both areas (37.7% in JES landscape; 38.3% in our
study area) since the large-sized mammal’s richness in the Neotropics
seems to be most affected by this parameter (Rios et al. 2021). Only four
species detected in the JES landscape were not detected in the present
study: tapir (Tapirus terrestris), marsh deer (Blastocerus dichotomus),
capybara (Hydrochoerus hydrochaeris), and Brazilian guinea pig (Cavia
aperea) (Table 3). We advance three possibly explanations for the lack
of detection of these species in our study area. First, the presence of
some species could be related to the landscape configuration, apart
from native vegetation proportion. Contrasting to the overall mammal
species (Melo et al. 2017, Rios et al. 2021), the richness of medium
and large-sized herbivores seems to be better predicted and negatively
affected by the number of patches in the landscape (Rios et al., 2021),
and native vegetation are much more fragmented in our study area (9.4
patches/100 ha) than in the JES landscape (2.1 patches/100 ha). This
effect may be especially true for those species with a large body size
such as the tapir, since our sampled fragments may not be large enough
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Table 2. List of medium and large-sized mammals detected within Cajuru State Forest (CSF), Dois Corregos Farm (DCF) and within their
surroundings (5 km buffer), in the state of Sao Paulo, Brazil. Conservation status according to the global (IUCN, International Union for Conservation
of Nature), national (Br, Brazil Red Book of Threatened Species of Fauna) and state (SP, Decree N° 63.853) level. C = camera trap record; T = track
survey record; NL = not listed; LC = least concern; VU = vulnerable. Taxonomic classification and nomenclature following Abreu et al. (2021).

ORDER/Family/Species Study area Conservation Status
CSF DCF Buffer IUCN Br SP
DIDELPHIMORPHIA
Didelphidae
Didelphis albiventris (Lund, 1840) C LC NL NL
CINGULATA
Dasypodidae
Cabassous sp. C C
Dasypus novemcinctus (Linnaeus, 1758) C CT LC NL NL
Chlamyphoridae
Euphractus sexcinctus (Linnaeus, 1758) C C LC NL NL
PILOSA
Myrmecophagidae
Tamandua tetradactyla (Linnacus, 1758) T T CT LC NL NL
Myrmecophaga tridactyla (Linnaeus, 1758) CT CT CT vu vu vu
LAGOMORPHA
Leporidae
Sylvilagus minensis (Thomas, 1901) T CT C NL NL NL
RODENTIA
Dasyproctidae
Dasyprocta azarae (Lichtenstein, 1823) C,T C,T DD NL NL
Cuniculidae
Cuniculus paca (Linnaeus, 1766) C LC NL NL
CARNIVORA
Felidae
Puma concolor (Linnaeus, 1771) C,T C,T C,T LC vu vuU
Herpailurus yagouaroundi (Saint-Hilaire, 1803) T C LC VU NL
Leopardus pardalis (Linnaeus, 1758) CT CT LC NL VU
Canidae
Cerdocyon thous (Linnaeus, 1766) C,T C,T C,T LC NL NL
Chrysocyon brachyurus (1lliger, 1815) CT CT CT NT VU VU
Procyonidae
Nasua nasua (Linnaeus, 1766) C LC NL NL
Procyon cancrivorus (Cuvier, 1798) C LC NL NL
Mustelidae
Eira barbara (Linnaeus, 1758) T C LC NL NL
Mephitidae
Conepatus semistriatus (Boddaert, 1785) CT CT C,T LC NL NL
ARTIODACTILA
Cervidae
Mazama gouazoubira (Fischer, 1814) CT C,T CT LC NL NL
Tayassuidae
Dicotyles tajacu (Linnaeus, 1758) T LC LC NL
TOTAL 14 10 19
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Figure 3. Some species of medium and large-sized terrestrial mammals detected by cameras trap in our study region. a) Cabassous squamicaudis (Lund, 1845) captured and
released by A. Chiarello during a preliminary visit in Cajuru State Forest in September 9, 2011. The animal was sighted when it crosses an unpaved road inside CSF at 12:59
h, being photographed and, minutes later, released in the same local inside this protected area. We thank Aurelio Fontes for the company and for holding this animal during the
photography; b) Leopardus pardalis (Linnaeus, 1758); ¢) Puma concolor (Linnaeus, 1771); d) Chrysocyon brachyurus (1lliger, 1815) €) Myrmecophaga tridactyla (Linnaeus, 1758).
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Figure 4. Rarefaction curves for observed richness (a), estimated number of uniques (b) and estimated richness by the Chao2 estimator (c) of native species recorded
by camera trapping in the buffer (5 km), the interior (Cajuru State Forest and Dois Cérregos Farm) and the total study area (interior+buffer). Shaded areas are 95%

confidence intervals (a,c) or standard deviations (b).

Figure 5. Rarefaction curves for observed richness (a), estimated number of uniques (b) and estimated species richness by the Chao2 estimator (c) of native mammals
recorded by camera trapping in Cajuru State Forest (CSF) and Dois Corregos Farm (DCF). Shaded areas are 95% confidence intervals (a,c) or standard deviations (b).

to sustain a species with large spatial requirements for native vegetation
(Medici et al. 2012), even though its current presence in JES could be
represented by just one or a few individuals (Rodrigues et al. 2014).
Second, the JES landscape has a greater amount of floodplains (2.3
times more than in our study area), which could explain the detection
of species that are closely related to aquatic environments, such as the
marsh deer - that was recently reintroduced in the JES landscape (Duarte
et al. 2012) - and the capybara. Finally, since species as capybara and
the Brazilian guinea pig are common and widespread throughout the
state of Sao Paulo (Bressan et al. 2009, IUCN, 2020), a higher sampling
effort with more detection methods could result in their detection in our
study area. Indeed, other species found in the region could be detected
if we had a higher effort, such as Mazama americana, Pseudalopex
vetulus, Galictis cuja and Dasypus septemcictus (Fundagao Florestal do
Estado de Sao Paulo, 2009). On the whole, the similar species richness
found between our study area and the largest remnant of Cerrado of
Sdo Paulo state reinforces the importance of CSF-DCF-buffer for the
conservation of medium and large-sized mammals, an animal group
severely threatened by human activities, but extremely relevant for
biodiversity maintenance on a regional scale (Cardillo et al. 2005).
Given the ecological relevance of our study area, we advocate
the need for the development of a management plan for Cajuru State
Forest. We also endorse the proposal made by Durigan et al. (2014)
to recategorize CSF to a more restricted management category, under
the name of Cajuru Ecological Station and designating 70% of its area
to scientific research and the conservation of natural ecosystems. The
remaining 30% would be renamed Altinopolis State Forest, aiming for

https://doi.org/10.1590/1676-0611-BN-2021-1261

forestry production and the conservation of natural ecosystems. This
proposed change is timely and relevant since CSF has been listed as one
of the public protected areas of Sdo Paulo state that could potentially be
used and exploited by the private sector through concession. Currently,
the state law that addresses this question (N° 16.260/16, 29/06/2016) is
under embargo by the Public Ministry of the State of Sdo Paulo, which
alleges unconstitutionality since there was no consultation either of the
management plans or the traditional populations living inside public
protected areas (Assembleia Legislativa do Estado de Sao Paulo,
2020). We argue that the public sector should consider more carefully
the ecological relevance of this public-protected area, particularly
concerning the recommended change of its current management
category (Durigan et al. 2014), to which we fully endorse.
Considering the species richness comparison between interior and
buffer, we could expect that the number of species would be greater in
the interior, as it has the highest proportion of native vegetation and
higher level of legal protection, however, estimated species richness was
higher in the buffer (Figure 4C). We argue that this rather unexpected
result might be explained by the species-area relationship, as the buffer
is more than six times larger than the interior (Table 1) and can be more
biodiverse simply because it encompasses a larger area (Arrhenius
1921, Holt et al. 1999). Accordingly, the sample sufficiency was lower
for the buffer, which presented a higher number of unique species and
no apparent decline in its curve (Figure 4B). In general, the number of
singletons tends to decrease as sampling size increases (Coddington
et al. 2009) and the same relationship might be expected for uniques.
Apart from having a larger area, the buffer also encompasses a greater
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Table 3. Comparison between native medium and large-sized mammal species detected with cameras trap and track surveys in different locations in the Cerrado of Sao
Paulo State, Brazil. The data from our study correspond to sampling points in the interior of Cajuru State Forest (CSF) and Dois Cérregos Farm (DCF), and within a 5 km
buffer around these two areas. JES = Jatai Ecological Station; LAES = Luiz Antonio Experimental Station and a 5 km buffer, data from Paolino et al. (2016). Taxonomic
classification and nomenclature following Abreu et al. (2021). Common names in the region according to Fundagéo Florestal do Estado de Sao Paulo (2009).

Species Common names in the region CSFDCF+Buffer JESTLAES+Buffer
(30232 ha) (50744 ha)
Didelphis albiventris (Lund, 1840) Gamba X X
Cabassous sp. Tatu-do-rabo-mole X X
Dasypus novemcinctus (Linnaeus, 1758) Tatu-galinha X X
Euphractus sexcinctus (Linnaeus, 1758) Tatu-peba X X
Tamandua tetradactyla (Linnaeus, 1758) Tamandud mirim X X
Myrmecophaga tridactyla (Linnaeus, 1758) Tamandua bandeira X X
Sylvilagus minensis (Thomas, 1901) Tapeti X X
Dasyprocta azarae (Lichtenstein, 1823) Cutia X X
Hydrochoerus hydrochaeris (Linnaeus, 1766) Capivara X
Cuniculus paca (Linnaeus, 1766) Paca X X
Cavia aperea (Erxleben, 1777) Prea X
Puma concolor (Linnaeus, 1771) Onga parda X X
Herpailurus yagouaroundi (Saint-Hilaire, 1803) Gato mourisco X X
Leopardus pardalis (Linnaeus, 1758) Jaguatirica X X
Cerdocyon thous (Linnaeus, 1766) Cachorro do mato X X
Chrysocyon brachyurus (Illiger, 1815) Lobo-guara X X
Nasua nasua (Linnaeus, 1766) Quati X X
Procyon cancrivorus (Cuvier, 1798) Mao pelada X X
Eira barbara (Linnaeus, 1758) Irara X X
Conepatus semistriatus (Boddaert, 1785) Jaritataca X X
Tapirus terrestris (Linnaeus, 1758) Anta
Mazama gouazoubira (Fischer, 1814) Veado-catingueiro X X
Blastocerus dichotomus (Illiger, 1815) Cervo do pantanal X
Dicotyles tajacu (Linnaeus, 1758) Cateto X
Total 20 24

compositional and configurational landscape heterogeneity, when
compared to the interior (smaller and more homogeneous) (Figure 1,
Table 1). Indeed, heterogeneous areas potentially harbor more species,
as they provide greater diversity of resources easier to access (Fahrig
et al. 2011). Also, the buffer area still has a relatively high proportion
of native vegetation (>30%), preserved as APPs or LRs scattered
across the agricultural matrix. The presence of interconnected patches
of native vegetation in the landscape can facilitate animal dispersion
and provide habitat and resources for many species, including large
terrestrial mammals (Kremen & Merenlender 2018). As observed in
previous studies, the presence of native vegetation areas is fundamental
for large and vulnerable mammals’ species living in agroecosystems,
such as giant anteaters, maned wolves, and pumas (Coelho et al. 2008,
Vynne et al. 2011, Magioli et al. 2014, Azevedo et al. 2020, Versiani
et al. 2021). Thus, our result reinforces the importance of buffer zones
around PAs and dialogues with other studies that indicate that these areas
are used by mammals, especially the larger ones, which need extensive
home ranges (Salafsky 1993, Vynne et al. 2011, Massara et al. 2012,
Bamford et al. 2014). In this sense, our results also reinforce the high

http://www.scielo.br/bn

ecological value of heterogeneous agroecosystems that preserve 30%
of the native vegetation and are connected to protected areas.

Regarding the comparison between CSF and DCF, we found both
areas having a similar mammal richness. The fact that these areas have
almost the same size and are adjacent to each other (Figure 5, Table 2)
suggest a similar amount of resources (Arrhenius 1921, Holt et al. 1999)
and high animal dispersion between them. This similarity reinforces the
importance of private protected areas defined by the NVPL (as DCF) and
shows that this type of area can be at least as rich as a PA of sustainable
use (as CSF). But more than that, this result reveals that the strategy to
connect government and private reserves in agroecosystems can help
the landscape to harbor a considerable number of species.

However, compliance with the environmental legislation is generally
compromised elsewhere, especially in sugar cane monocultures, the
main agricultural crop in the region (Soares-Filho et al. 2014, Brancalion
etal. 2016). Due to the association between public and private reserves,
our study area has 38% of native vegetation cover, a percentage close
to the minimum threshold (40%) suggested as necessary for the
maintenance of native species in tropical agroecosystems (Arroyo-
Rodriguez et al. 2020), but much higher than the typical pattern of the
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region, characterized by 19% of native vegetation (Ronquim 2017). The
Cerrado of the state of Sdo Paulo stands out nationally as having one
of the highest LRs debt and, therefore, a high necessity for vegetation
restoration (Freitas et al. 2017, Mello et al. 2021). Although these
private native vegetation areas provide ecosystem services that are
key for maintaining biodiversity, human well-being, and agricultural
production as well, their restoration still generates conflicts with a
parcel of rural owners, who do not agree to bear the restoration costs
(Metzger et al. 2019, Strassburg et al. 2019). However, a systematic
restoration plan can minimize costs and maximize the environmental
benefits (Strassburg et al. 2019). By simply adhering to the law, sugar
cane producers could increase the provision of ecosystem services,
such as carbon sequestration and water purification, while making their
products suited for the growing demands of the international market for
more sustainable products (Kennedy et al. 2016, Kehoe et al. 2019).

The conservation of the Cerrado in Sao Paulo state would benefit
from a better articulation and dialogue with the private sector. In the
absence of natural areas for the establishment of new governmental
PAs (Metzger & Rodrigues 2008), the conservation of the regional
biodiversity depends on compliance with environmental legislation and
restoration of native vegetation by farmers. Our results demonstrate
that we can have a scenario of biodiversity preservation similar to that
encompassed by larger and strictly protected nature reserves when APPs
and LRs are implemented and connected with existing PAs. Thus, our
study highlighted the need to develop a management plan that associates
governmental and private reserves while changing rural producers’roles,
from the villain of biodiversity to the protagonist of the conservation
and restoration of the region.
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