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Abstract: The Atlantic Forest is a highly diverse biome due to its significant geographical variation in
latitude, longitude, and altitude. Mammals are particularly susceptible to habitat fragmentation. Surveys
of these group in forest fragments essential for conservation efforts. Surveys of non-flying mamals provide
critical data on biodiversity, aiding in the protection and management of species and their habitats. To
assess the richness of non-flying mammals in the Sdo Francisco Forest Conservation Unit, we used direct
observation methods and camera traps. The study began in early 2022 and was concluded in September
2023. We recorded 24 native species and two exotic species. Four species found are vulnerable to extinction:
Herpailurus yagouaroundi, Leopardus guttulus, Leopardus wiedii, and Alouatta guariba clamitans. Notably,
the most frequently recorded species was the exotic Sus scrofa (37% of records), followed by native species
Dicotyles tajacu (18%), Didelphis albiventris, and Nasua nasua (both around 7%). The low richness can be
attributed to factors like habitat fragmentation, historical anthropogenic impacts and the size and degree
of isolation of the Conservation Unit. These findings include significant new records for the region, such as
Dicotyles tajacu, which had not been documented in this fragment previously. However, the high frequency
of the invasive species Sus scrofa poses a concerning impact on local biodiversity. This study highlights
the fragment’s critical importance for maintaining the biodiversity of non-flying mammals in the Atlantic
Forest biome.
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INTRODUCTION

The Atlantic Forest is the oldest forest formation
in Brazil, originally covering 150 million hectares.
Its wide range of longitudinal, latitudinal, and
altitudinal variations gives this biome diverse
characteristics throughout its extent, resulting
in high biodiversity and the presence of endemic

species (Ribeiro er al. 2009, Pires & Galetti 2023,
Oliveira et al. 2024). It accounts for about 1% to 8% of
the world’s total fauna and flora and is considered a
conservation priority area (hotspot) due to its high
biodiversity and significant levels of degradation and
fragmentation (Myers et al. 2000, Marques & Grelle
2021, Rosa et al. 2021, Wilson et al. 2021).
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Although deforestation levels remained stable
between 1986 and 2020, even with an increase of
1 million hectares of forest, the biome has become
even more fragmented, with 97% of the fragments
beingless than 50 hectares in size (Rosa etal. 2021,
Vancine et al. 2024). Additionally, about 70% of the
Brazilian population resides within the biome’s
area. Despite this, the Atlantic Forest provides 24
ecosystem services, including water supply, food,
soil regulation, nutrient cycling, and drought
and flood regulation (Coelho-Junior et al. 2021,
Shennan-Farpén et al. 2024). Due to the conservation
challenges facing the Atlantic Forest, it is the only
Brazilian biome with specific legislation, the Atlantic
Forest Law (Federal Law 11.428, 2006).

Up to 2009, estimates indicated that the current
coverage of the Atlantic Forest biome ranged
between 11% and 16% of its original extent (Ribeiro
etal.2009). More recent estimates suggest that only
12.4% of the native vegetation remains in areas
larger than 3 hectares, with around 80% of the
remaining fragments being less than 50 hectares
in size (SOS Mata Atlantica & INPE 2024). The area
of the Atlantic forest cover increases to 28% when
considering any native vegetation area without size
filtering (Rezende et al. 2018). Furthermore, only
9% of the fragments are located in fully protected
conservation units, highlighting the need for a
more effective approach to preserving this natural
heritage (SOS Mata Atlantica & INPE 2024).

Habitat loss and fragmentation are major causes
of global biodiversity loss, directly impacting animal
populations and reducing the total biomass of
ecosystems (Chiarello 1999, Lima et al. 2020, Faria
etal.2023,Yuan eral. 2024). Between 2001 and 2015,
habitat loss was mainly driven by deforestation
for agricultural expansion, urban development,
and logging. These factors, fueled by increasing
demand for food, housing, and forest products, led
to significant degradation of natural areas (Curtis
et al. 2018, Yuan et al. 2024).

Mammals are one of the vertebrate groups
most susceptible to habitat fragmentation and loss
(Kosydar et al. 2014, Scarano & Ceotto 2015, Lino et
al. 2019, Villar et al. 2021, Oliveira et al. 2024). They
form a highly diverse group of animals occupying
a wide variety of niches and play a crucial role
in tropical forest ecosystems as seed dispersers,
pollinators, and population regulators. They also
help control zoonoses and agricultural pests and
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influence soil composition and nutrient cycles,
activities classified as ecosystem services (Jones &
Safi 2011, Dirzo et al. 2014, Bogoni et al. 2020, Villar
etal. 2021, Souza et al. 2022). These interactions have
direct effects on the structure and dynamics of these
ecosystems, promoting animal and plant species
diversity, regulating populations, and contributing
to soil formation and renewal (Jones & Safi 2011,
Sandom et al. 2013, Rahman & Candolin 2022, Souza
etal. 2022, Vale et al. 2023).

On the other hand, defaunation is a human-
induced process that reduces the abundance and
cause extinction of animal species. This threat is
linked to hunting, natural resource exploitation,
and climate change (Dirzo et al. 2014, Darimont et
al.2023, Pires & Galetti 2023). Mammals are among
the most affected groups, with approximately 24%
of global species facing some form of exploitation.
This reduction in mammal abundance creates an
imbalance, harming both ecosystems and humans
(Ostfeld & Holt 2004, Bennie et al. 2014, Dirzo et al.
2014, Darimont et al. 2023).

Therefore, species surveys are essential
for conservation, providing crucial data on the
biological diversity of an ecosystem. By identifying
and monitoring species in a region, it is possible
to identify threatened species, analyze their
distribution and abundance, and assess local
diversity and population characteristics (Brocardo
et al. 2019, Lindenmayer et al. 2020, Branco et al.
2022). These surveys help understand ecological
interactions among species, identify potential
human impacts, and aid in planning management
and conservation strategies, contributing to
biodiversity preservation (Galetti et al. 2017, Hiibel
et al. 2021, Oliveira et al. 2024).

Mammal inventories are crucial, providing
essential data for the conservation of species and
populations and to evaluate the effect of forest
fragmentation on mammal diversity and the
degree of disturbance of natural forest remnants.
The aim of this study was to assess the richness
of non-flying mammals in a Conservation Unit of
Semideciduous Seasonal Forest following the arrival
of the exotic species Sus scrofa. Although the most
recent inventory was published in 2021 (Zequi et
al.2021), the data were collected between 2006 and
2010, highlighting the importance of a new survey
in the Conservation Unit.



MATERIAL AND METHODS

Study Area

The Sao Francisco Forest State Park (SSFSP)
(23°09’41.3”S 50°33’49.3”W, center of fragment),
covers 832.58 hectares (Figure 1) and is the largest
Conservation Unit in the northern part of Parana
State, located between the municipalities of Santa
Marina and Cornélio Proc6pio. The SSFSP is part
of the Atlantic Forest domain, predominantly
characterized as a Seasonal Semideciduous Forest.
The latest floristic survey reported the presence
of 99 tree species, seven of which are under some
degree of threat of extinction (Zama et al. 2012).
According Koppen classification, the region’s
climate is characterized as Cfa—humid subtropical
mesothermal (Alvares et al. 2013), with average
rainfall between 1.200 and 1.400 mm. Rainfall is
distributed unevenly throughout the year (Nitsche et
al.2019). The predominant soils are Eutroferric Red
Latosols and Nitosols, with inclusions of Chernosols
and Gleysols (Santos et al. 2013).
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Data collection and analysis

We recorded non-flying mammals using eight
Bushnell Prime Low-glow 24mp camera traps and
through direct and occasional observations along
the trails used for camera trap installation starting
in January 2022 and ending in September 2023.
Within the Park, 96 points were established
for camera trap installation using QGIS software,
distributed randomly and equidistantly (200 meters
apart), with a200-meter distance from the edge of the
park (Figure 1) to avoid theft by hunters frequently
reported in the area. To set up the cameras at the
96 pre-determined points in the study area, 12 field
campaigns were conducted. During each campaign,
8 cameras were installed, which remained in the
field for 20 days before being retrieved to collect the
recordings and then relocated to another 8 of the
96 points. The capture effort throughout the study
was calculated using the formula (number of camera
traps x number of sampling days), resulting in 160
camera days per campaign. The total sampling effort
for the entire study amounted to 1920 camera/days.
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Figure 1. Location of the study area (green line) of Sdo Francisco Forest State Park Conservation Unit,
located in northern Paran4, highlighting the sites of the camera traps (white dots).
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Upon reaching the sampling points (using a
Garmin Oregon®© - 700 GPS), we always trimmed the
shrubs in front of the traps for better detection and
visualization (to avoid recording shrub movements
due to wind). The cameras were set to video mode,
normal detection, 30 seconds per recording,
20-second intervals for the next motion detection,
and 1080p resolution.

Occasional sightings of mammals were made
during field activities on the days of camera trap
installations, along the trails. Additionally, species
with carcasses found on BR 369, km 79, directly in
front of the Conservation Unit were considered
potential occurrences.

We followed the nomenclature of Paglia et al.
(2012), using the SALVE ICMBio platform (2024) and
the Brazilian Society of Mastozoology (SBMz 2024).
To evaluate the threatlevel of species internationally
and nationally, we used Nature et al. (2021), IUCN
(2024) and ICMBio (2024), respectively.

RESULTS

A total of 24 wild mammal species and two exotic
species were recorded in the SSFSP, encompassing
eight orders and 19 families. The order Carnivora
had the highest species richness (N=9), followed by
Rodentia (N=6) (Table 1). The species accumulation
curve tended to stabilize close to the number of
species found in the survey (Figure 2). Regarding
conservation status, four of the recorded mammal
species are under some degree of threat: Herpailurus
yagouaroundi (Lacépede, 1809), Leopardus guttulus
(Hensel, 1872), Leopardus wiedii (Schinz, 1821),
and Alouatta guariba clamitans (Cabrera, 1940)
are classified as vulnerable to extinction (Table 1).
Two species accounted for more than half of the
total records (N = 577, see Figure 3) by the camera
traps: Sus scrofa (Linnaeus, 1758) (N = 216, 37.4%)
and Dicotyles tajacu (Linnaeus, 1758) (N = 104, 18%).

The species Sapajus nigritus (Kerr, 1792), A.
guariba clamitans, and Lepus europaeus, were
recorded only through two occasional sightings,
while Coendou spinosus (Cuvier, 1823), Cerdocyon
thous (Linnaeus, 1766), and Mpyocastor coypus
(Molina, 1782) were identified solely through
carcasses. One domestic species was recorded,
the domestic dog (Canis lupus familiaris (Linnaeus,
1758)), and two exotic mammal species, the wild boar
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(S. scrofa) and the European hare (Lepus europaeus
(Pallas, 1778)). Among the native species, the most
abundant order was Carnivora (N = 9), followed
by Rodentia (N = 6), Primates, Cingulata, and
Artiodactyla (N = 2) (Table 1).

DISCUSSION

The 24 non-flying mammal species recorded
in Sao Francisco Forest State Park (Figures 4, 5
and 6) represent 11.94% of the total non-flying
mammal species in the biome (N = 201; Graipel et
al. 2017) (Brocardo et al. 2019). In contrast, larger
conservation units, like Parque Nacional do Iguacu,
contain 31.34% (59 recorded species and 4 potential
occurrences, N = 63) (Brocardo et al. 2019), while
the Itatiaia National Park contains 34.82% (N = 70)
of the biome’s non-flying mammalian biodiversity
(Graipel et al. 2017, Brocardo et al. 2019).

The low species richness observed in SSESP is
likelylinked to some factors like: Conservation Unit
size, the current degraded state due to anthropogenic
impacts like selective logging, hunting, a fire that
affected about 20% of the park area about 55 years
ago (Tomé er al. 1999), the notable presence of
opportunistic plant species such as Merostachys
paranaensis (suggested species name according to
Aratjo, 2020), and the fragment’s isolation within
an agricultural landscape (Rodrigues et al. 2019,
Aratjo 2020, Bovolenta et al. 2022) (See Figure 1).
Additionally, employing different methodologies
for arboreal and flying mammals and including the
fragment’s edges could enhance mammal records
(Cullen]r. etal. 2006, Zequi et al. 2021). Despite this,
the species accumulation curve showed that for the
methodology used, a stabilizing trend was found
for the richness found.

The presence of the puma (Puma concolor)
suggests the use of forest fragments in the region as
habitat since a puma’s home range can vary between
33 to 775 km? (Gonzalez-Borrajo et al. 2017). Despite
the low connectivity between fragments, this species
manages to move among them (Azevedo et al.
2021). Large mammals like Panthera onca, Tapirus
terrestris, Tayassu pecari, and Mazama rufawere not
recorded in this or during the previous survey of
the fragment (Zequi et al. 2021), suggesting possible
local extinction, probably due to fragmentation and
conversion of areas of the biome.
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Table 1. List of mammal species recorded in Sao Francisco Forest State Park and surrounding areas.
Conservation Status; NL: Not Listed; EN: Endangered; VU: Vulnerable; ID: Insufficient Data; BR: Brazil.

Order (Species Richness) Threat (2024)
. Popular Name
Family IUCN BR
DIDELPHIMORPHIA (N = 1)
Didelphidae
Didelphis albiventris (Lund, 1840) Gambaé-de-orelha-branca LC LC
ARTIODACTYLA (N =3)
Tayassuidae
Dicotyles tajacu (Linnaeus, 1758) Cateto LC LC
Suidae
Sus scrofa (Linnaeus, 1758) Javali LC
Cervidae
Subulo gouazoubira (G. Fischer, 1814) Veado LC LC
CINGULATA (N =2)
Dasypodidae
Dasypus novemcinctus (Linnaeus, 1758) Tatu-Galinha LC LC
Chlamyphoridae
Cabassous tatouay (Desmarest, 1804) Tatu-de-rabo-mole-grande LC LC
PILOSA (N=1)
Myrmecophagidae
Tamandua tetradactyla (Linnaeus, 1758) Tamandud-mirim LC LC
LAGOMORPHA (N =2)
Leporidae
Sylvilagus brasiliensis (Linnaeus, 1758) Tapeti LC
Lepus europaeus (Pallas, 1778) Lebre-comum LC
PRIMATES (N = 2)
Cebidae
Sapajus nigritus (Kerr, 1792) Macaco-prego NT NT
Atelidae
Alouatta guariba clamitans (Cabrera, 1940) Bugiu-ruivo VU vu
RODENTIA (N = 6)
Caviidae
Hydrocherus hydrochaeris (Linnaeus, 1766) Capivara LC LC
Cuniculidae
Cuniculus paca (Linnaeus, 1766) Paca LC LC
Dasyproctidae
Dasyprocta azarae (Lichtenstein, 1823) Cutia DD LC
Echimyidae
Myocastor coypus (Molina, 1782) Ratdo-do-banhado LC LC
Erethizontidae
Coendou spinosus (Cuvier, 1823) Ourigo-caixeiro LC LC
Sciuridae
Guerlinguetus ingrami (Thomas, 1901) Serelepe, Esquilo LC

Table 1. Continues on the next page...
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Table 1. continued...

Order (Species Richness) Threat (2024)
. Popular Name
Family IUCN BR
CARNIVORA (N =9)
Canidae
Cerdocyon thous (Linnaeus, 1766) Cachorro-do-mato LC LC
Felidae
Herpailurus yagouaroundi (Lacépede, 1809) Gato-mourisco LC vu
Leopardus pardalis (Linnaeus, 1758) Jaguatirica LC LC
Leopardus guttulus (Hensel, 1872) Gato-do-mato-pequeno-do-sul vuU vuU
Leopardus wiedii (Schinz, 1821) Gato-maracaja NT vVu
Puma concolor (Linnaeus, 1771) Onca-parda LC NT
Mustelidae
Eira barbara (Linnaeus, 1758) Irara LC LC
Procyonidae
Nasua nasua (Linnaeus, 1766) Quati LC LC
Procyon cancrivorus (Cuvier, 1798) Mao-pelada LC LC
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Figure 2. Cumulative species richness curve for
all species found in the Mata Sao Francisco Forest
State Park Conservation Unit (SSFSP), Paran4,
Brazil. Each sample represents a field campaign,
totaling 160 camera-trap days.

The wild boar (Sus scrofa) had the highest number
of records in the UC, comprising 37.4% of the total.
Since this is the first study surveying non-flying
mammals in the Conservation Unit, it’s still too early
to estimate the population’s abundance within the
fragment. However, the datarevealed that they were
detected at nearly all 96 collection points. Its high
frequency can cause a variety of ecosystem threats,
such as competition for resources, which mayreduce
native species populations and alter their occupancy
patterns (Batista 2019, Hegel et al. 2019, Garabedian
& Kilgo 2024). In South America, S. scrofais a public
and animal health threat, because it is capable
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of transmitting 91 different pathogens, including
rabies, cysticercosis, and brucellosis (Ruiz-Fons
2017, La Sala et al. 2021). Additionally, there has been
parasite records in S. scrofa from the vampire bat
Desmodus rotundus (E. Geoffroy, 1810), facilitating
disease transmission since the bat acts as a vector
and reservoir (Ruiz-Fons 2017, Hernandez-Pérez et
al. 2019, Grotta-Neto et al. 2021).

The European hare (Lepus europaeus) was only
recorded around the UC, with studies indicating
native forest as a barrier to this species, reducing its
invasive potential (Pasqualotto et al. 2021). However,
deforestation and the expanding of agricultural
matrices may favor its population growth and
dispersion. Like the wild boar, L. europaeuscan serve
as a disease reservoir, capable of transmitting 17
different pathogens to native fauna (La Sala et al. 2021).

Hunting activity is currently a significant threat
to SSESP and other Atlantic Forest fragments (Cullen
Jr. et al. 2000, Benitez-Lopez et al. 2017). We found
various signs of hunting within the conservation
unit, such as snares, bait stations, and traps
during field activities. Hunting is a major threat to
biodiversity in the Neotropical region, potentially
leading to declines in mammal populations (Benitez-
Lopez et al. 2017, Gallego-Zamorano et al. 2020).
In SSESP, three records of domestic dogs showed
them engaged in hunting activities. The presence
of these animals in the natural environment can
directly impact native species through predation
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Figure 3. Frequency of records by camera trap and occasional sightings of non-flying mammals in Sao
Francisco Forest State Park, between January 2022 and September 2023.

and competition, for instance. Additionally, the
transmission of pathogens poses a risk to human
health, and especially to other canids like Cerdocyon
thous and Lycalopex gymnocercus (Almeida et al.
2010, Lessa et al. 2016, Guedes et al. 2021). The
record of Cabassous tatouay (greater naked-tailed
armadillo) in this fragment is new, likely due to the
animal’s elusive nature (burrowing habits).

The Dicotyles tajacu (collared peccary) was not
recorded in the previous survey (Zequi et al. 2021),
although it was present in surrounding fragments.
The use of a larger number of cameras-trap,
evenly distributed throughout the Conservation
Unit, also seems to have contributed to this new
record, together with the fact that hunting pressure
decreased after the fragment became a Conservation
Unitin 1994 (Tomé et al. 1999, Zequi et al. 2021). Its
return is positive for the fragment, as herbivores
playacrucial role in tropical ecosystems by cycling
nutrients, disturbing the soil, and influencing the
vegetation’s biotic composition (Reider et al. 2013,

Galetti et al. 2017, Villar et al. 2021, Souza et al. 2022).

The previous survey, conducted between 2006
and 2010, documented 30 non-flying mammal
species, nine of which were not recorded in the
current study (Caluromys philander (Linnaeus,
1758), Didelphis aurita (Wied-Neuwied, 1826),
Gracilinanus microtarsus (Wagner, 1842), Euphractus
sexcinctus (Linnaeus, 1758), Mazama americana
(Erxleben, 1777), Galictis sp., Euryoryzomys russatus
(Wagner, 1848), Oligoryzomys sp., Oxymycterus sp.).
Various methodologies were developed to monitor
non-flying mammals due to their diverse body sizes,
habitat preferences, and life histories. Therefore,
different techniques are necessary for different
species groups (Carvalho et al. 2013). Although
camera traps are recommended and useful for
detecting nocturnal, elusive, or low-density species
by allowing monitoring at multiple points over
extended periods and reducing field time (Carvalho
et al. 2013) there is a deficiency in capturing small
mammals when using this method (Gompper et

Oecol. Aust. 28(4): 297-310, 2024
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Figure 4. Species recorded in Sdo Francisco Forest State Park using camera traps. A: Didelphis albiventris;
B: Dicotyles tajacu; C: Sus scrofa; D: Dasypus novemcinctus; E: Cabassous tatouay, F: Tamandua
tetradactyla; G: Sylvilagus brasiliensis; H: Sapajus nigritus.

al. (2006), which probably explains the absence
of some rodents (E. russatus, Oligoryzomys sp.
e Oxymycterus sp.) in our survey. The lack of
complementary methodologies (which could detect
mammals in higher forest strata), combined with
the absence of sampling at the fragment’s edges,
have contributed to the lower richness recovered
in the present survey. The latest survey carried out
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in the SFFSP used more methods: linear census
(transects), sand plots, camera traps (3 camera-
traps), hair analysis (trichology) and occasional
records, as well as considering areas on the edge
of the fragment, which helps to explain the greater
richness found in this latest survey of non-flying
mammals (Zequi et al. 2021).
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Figure 5. Species recorded in Sdo Francisco Forest State Park using camera traps. A: Hydrocherus
hydrochaeris; B: Cuniculus paca; C: Dasyprocta azarae; D: Nasua nasua; E: Procyon cancrivorus; F:
Guerlinguetus brasiliensis; G: Herpailurus yagouaroundi; H: Leopardus pardalis.

Despite these limitations, the data collected
help highlight the importance of this State Park
as a wildlife refuge in the study area. The impacts
of S. scrofa on the fragment are still unknown,
but its invasive and detrimental nature poses a
serious threat to native biodiversity (La Sala et al.
2023). The findings provide a foundation for future

analyses and studies in the SSFSP demonstrated by
the change in fauna from the last survey (Zequi et
al. 2021) to the current one, especially about the
arrival of an exotic and invasive species (Sus scrofa),
as well as for developing management and control
plans for hunting and invasive species.

Oecol. Aust. 28(4): 297-310, 2024
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Figura 6. Species recorded in Sao Francisco Forest State Park using camera traps. A: Leopardus guttulus;
B: Leopardus wiedii; C: Puma concolor; D: Eira barbara.
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