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Abstract
Context The role of protected areas as biodiversity
repositories has become increasingly important in face
of increased deforestation. By adding free-living
exotic mammals, removing forest-dependent native
ones, isolating forest patches from large protected
areas and reducing landscape forest cover, human
activities may drive mammal communities towards
regional biotic homogenization.
Objectives We assessed how landscape forest cover
and proximity to the largest and best-preserved area of
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the Catimbau National Park—one of the largest
protected areas of the Brazilian Caatinga—affect aand b-diversity of medium- and large-sized mammals,
considering native and exotic species.
Methods Using camera traps (total effort of 2340
cameras/day), we obtained 823 records of 15 species
(8 natives and 7 exotics) in 18 landscapes of 1-km
radius. We estimated diversity metrics within and
among landscapes and used generalized linear models
to assess the effect of forest loss and isolation on
diversity metrics.
Results As expected, forest loss decreased a-diversity of native species and increased the diversity and
relative abundance of exotics. However, proximity to
the preserved area showed weak effect on a-diversity,
suggesting that this area does not work regionally as
source for natives neither as ecological trap for
exotics. Supporting the biotic homogenization hypothesis, b-diversity of natives decreased and b-diversity
of exotics increased in more deforested landscapes.
Yet, species composition was weakly related to forest
cover and isolation.
Conclusions Our findings demonstrate that deforestation jeopardizes native species, favors exotics, and
drives mammal communities towards biotic homogenization. Protected areas should be properly implemented to safeguard mammal diversity.
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Introduction
More than half of Earth’s surface has been modified by
humans, posing serious risks to the long-term conservation of native species and ultimately converting
biomes into anthromes (sensu Ellis et al. 2010). Recent
modelling indicates that preserving 30% of terrestrial
ecosystems can reduce extinction risk of almost
300,000 species by more than 50% (Hannah et al.
2020). Similarly, a timely review proposes to maintain
at least 40% of the appropriately sized landscape as
forest to confidently ensure persistence of most forest
species (Arroyo-Rodrı́guez et al. 2020). This highlights the importance of maintaining forest cover at the
landscape and regional levels to conserve biodiversity,
and emphasizes the critical role of protected areas in
preventing extinction (Fahrig 2013; Morante-Filho
et al. 2016; Galán-Acedo et al. 2019b). Nonetheless,
protected areas are not only threatened by deforestation but also other anthropogenic disturbances such as
species introduction, fire, and overgrazing (Galetti
et al. 2009; Laurance et al. 2012). In the Brazilian
Caatinga, for instance, deforestation has reached
almost half of their 1,000,000-km2 and the remaining
patches face diverse chronic disturbances (da Silva
et al. 2018a, b). For mammals, illegal hunting and
trade also challenge the fate of protected areas as
biodiversity repositories.
In many deforested regions of Latin America and
other tropical countries, including the interior of
poorly implemented protected areas, deforestation
culminates in the formation of pastures, the introduction of exotic animals and even the extensive breeding
of livestock (FAO 1996; Monteiro et al. 2017;
Zampaligré and Schlecht 2018; Specht et al. 2019).
Goats, sheep, and cows graze freely on the pastures
that replaced the natural ecosystems, but also on the
remaining native vegetation (Schulz et al. 2016).
These habitat remnants also home native mammals
that struggle to maintain their populations under the
new suboptimal and threatening conditions, which
include interaction with exotic carnivorous such as
dogs and cats (Mella-Méndez et al. 2019). Some
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forest-dependent native species use the landscape
matrix to supplement their habitat (Ferreira et al. 2018;
Spiesman et al. 2018; Galán-Acedo et al. 2019a),
while others benefit from forest conversion to agricultural fields and expand their habitats into the
agroecosystems (Brady et al. 2011; Galán-Acedo et al.
2019a). Forest-dependent natives are often hunted,
captured to supply the illegal market, infected by
novel pathogens, or just starve until disappear locally
and regionally (Patz et al. 2004; Alves et al. 2016; da
Silva Policarpo et al. 2018).
These contrasting responses of forest-dependent
natives, habitat-generalist natives, and domesticated
exotics to landscape modification are changing mammal communities worldwide (Bogoni et al. 2016;
Rocha et al. 2018; Battisti et al. 2019). One of the most
remarkable consequence is the impoverishment and
taxonomic convergence of mammal communities
within and among sites (Karp et al. 2012; Solar et al.
2015). Such process of biotic homogenization is
caused by the replacement of many disturbancesensitive species (i.e., forest-dependent ‘losers’ sensu
Tabarelli et al. 2012) by a few exotics and/or
disturbance-adapted native species (i.e., habitat-generalist ‘winners’ sensu). In this sense, highly deforested landscapes are expected to show lower adiversity of native species and higher diversity of
exotic species than less deforested landscapes. Also,
landscapes with similar levels of deforestation should
be more taxonomically similar to each other than
landscapes with contrasting forest cover.
Forest cover is also relevant to maintain large tracts
of habitat at the regional level (Fahrig 2013; ArroyoRodrı́guez et al. 2020). In particular, the presence of
large and well-preserved forest patches may promote
functional connectivity between deforested landscapes considering highly vagile organisms such as
medium- and large-sized mammals (Lindstedt et al.
1986; Ofstad et al. 2016; Grass et al. 2019). The large
tracts of forest can serve as refuge for forest-dependent
natives by providing suitable sites for feeding and
reproduction (Ehlers Smith et al. 2018; Watson et al.
2018), helping to rescue populations from extinction
in unsuitable areas (Dunning et al. 1992; Eriksson
et al. 2014; Gilroy et al. 2014). Additionally, it can
function as ecological trap for exotics by homing
predators they have not evolved with, or providing
unpalatable, low-quality food resources (Hale and
Swearer 2016). If this is true, it is reasonable to expect
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increased diversity of natives and reduced diversity of
exotics in areas located closer to large tracts of wellpreserved forests. Also, communities of native species
should be more dissimilar to each other while communities of exotics should be more similar to each
other closer to large tracts of forest.
Here we partitioned the regional (c) diversity of
medium- and large-sized terrestrial mammals of the
Catimbau National Park, Northeast Brazil, into independent a and b components. With 62,294 ha, the
Park is amongst the largest protected areas of the
Brazilian Caatinga and still retains large tracts of
original vegetation (see ‘‘Methods’’). Despite the
outstanding biological diversity, the socioeconomic
context of the Park is of poverty and high dependence
on illegal livestock farming and hunting within the
protected area (Specht et al. 2019; Chaves et al. 2020).
We used this scenario to examine whether and how
landscape forest cover and proximity to the largest and
best-preserved area of the Park affect the mammal
diversity within and among 18 landscapes of 1-km
radius. We assessed three hypotheses regarding the
effect of landscape forest cover and location in the
region. First, we hypothesized that forest loss reduces
the a-diversity of native species due to habitat loss and
degradation, extirpating most forest-dependent species (losers) and allowing only a few generalist
(winners) species to persist in more deforested landscapes. In contrast, forest loss was expected to
increase a-diversity of exotics because productive
areas in more deforested landscapes provide more
resources (e.g., food and shelter) for the domesticated
animals. Second, pairwise b-diversity of natives
should decrease and b-diversity of exotics should
increase in more deforested landscapes, although the
high vagility of both natives and exotics could result in
low regional b-diversity (i.e., biotic homogenization).
Finally, the largest tract of forest in the Catimbau
National Park was expected to act regionally as source
of natives, increasing the a- and b-diversity of this
group in sites located nearby. Conversely, it could act
as unsafe sites for exotics by homing predators such as
carnivorous birds and reptiles, decreasing the a- and bdiversity of the group near the large tract of forest.

Methods
Study region
The study was conducted in the Catimbau National
Park, a protect area located in the Pernambuco State,
Northeast Brazil (8°290 S, 37°200 W; Fig. 1). The Park
was created in December 2002 and covers 62,294 ha.
The natural Caatinga vegetation includes distinct
tropical dry forest phytophysiognomies, from shrubby
vegetation to forests (da Silva et al. 2018a, b). Climate
is tropical semiarid, with mean annual temperature of
238C and mean precipitation ranging from 480 to
1100 mm (Arnan et al. 2018). The relief has slight and
severe ripples and rocky outcrops, with altitude
ranging from 600 to 1000 m a.s.l. (Beltrão et al.
2005). Due to outstanding species richness and
endemism, the region is considered of high conservation priority (Silva et al. 2003). The best-preserved
area (24,597 ha of continuous forest) is located in the
western portion of the Park, and is locally known as
Estrada do Gado (Cattle Road) (Fig. 1). However,
different chronic anthropogenic disturbances (e.g.
overgrazing and firewood extraction) has been
reported as significant drivers of habitat degradation
in the entire Park, including the Estrada do Gado
(Arnan et al. 2018; da Silva et al. 2018a, b; Specht
et al. 2019). To our knowledge, there is only one
previous study on mammal diversity of the Park, but it
is focused on small mammals (Geise et al. 2010).
Landscape forest cover and location
To assess how landscape forest cover and its proximity
to the largest and best-preserved area (Estrada do
Gado) affect mammal communities in the region, we
used recent (2017) images from Landsat 8 satellite to
identify two broad land cover types from a supervised
classification: (1) forest, defined as tree vegetation
cover (following Chazdon et al. 2016); and (2)
abandoned field, farming or other areas used for nonconfined, traditional livestock farming. After classifying both land use types in the entire Park, we used a
stratified random design to establish 18 landscapes of
1-km radius (i.e., 314 ha each) along two independent
gradients: a gradient of forest cover, varying from 20
to 100% of forest cover; and a gradient of distance to
the centroid of the Estrada do Gado, varying from 4.5
to 22.7 km (Fig. 1). The gradients were not correlated
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Fig. 1 Study region in the Catimbau National Park, Northeast
Brazil, indicating the 18 local communities sampled in circular
landscapes of 1-km radius. Black circles at the centroid of
landscapes represent the site were each camera trap was located.

The triangle indicates the centroid of the largest and bestpreserved area (Estrada do Gado), from which distances to the
centroid of each landscape were measured

to each other (r = 0.25; P = 0.308). This protocol
allowed us to avoid spatial overlap among landscapes
and increased the independence in data collection
(Eigenbrod et al. 2011). Distances between landscape
centroids varied from 2 km to 18.5 km (mean:
8.5 km). We selected this landscape size based on
Jackson and Fahrig (2012) who predict that landscape
radius should be from 0.3 to 0.5 times the maximum
dispersal distance of the species. We are aware that
many large mammals may travel more than 1 km a day
(Tucker et al. 2018), but the largest and more vagile
ones, such as jaguars and tapirs, have been regionally
extirpated (see also Jackson and Fahrig 2015). We
conducted the supervised classification in QGIS
software 2.18.10 and the extraction of spatial variables
in ARCGIS 10.3. Our classification was validated with
the Kappa index, which equaled 0.9 and indicated
almost perfect agreement.

Mammals sampling
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To quantify the diversity of native and exotic mammals, we installed a camera trap (Bushnell NatureviewÒ) at the centroid of each landscape (Fig. 1). We
established the camera traps in sites where we detected
signs of mammal activity, such as footprints, feces and
shelters. We sampled the 18 landscapes simultaneously and continuously over 5 months between
October 2017 and February 2018, which encompasses
the dry season in most parts of the Park. We fixed the
camera traps on trees at approximately 20 cm from the
ground and monitored them at regular intervals of
about 20 days to download the data and replace
memory cards and batteries, when necessary. We set
the camera traps to capture videos with 30 s and 1-min
interval for 24 h/day, totaling a maximum effort of
2340 cameras/day. However, due to occasional difficulties in accessing some cameras traps, there was
variation in sampling effort between the sampling
points (1282 ± 706 cameras/day, mean ± standard
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deviation), but this variation did not affect the
sampling coverage (see below).
To obtain independent records, we used a temporal
criterion to exclude continuous records of the same
species during one-hour interval after its first record.
Usually, a mass parameter ([ 1 kg) is considered to
define medium- and large-sized mammals (Chiarello
1999). However, we included all terrestrial and
scansorial species that could be identified through
camera trap, excluding bats, small rodents and marsupials, since they required specific sampling methods
(Hoffmann et al. 2010). All native and exotic mammals recorded during the 5 months of monitoring were
identified and collapsed by sampling unit to characterize the 18 local communities.
Species diversity calculation
We first estimated the completeness of our inventories
with the estimator of sample coverage (Ĉn) proposed
by Chao and Jost (2012), using the iNEXT package for
R (Hsieh et al. 2016):


f1
ðn  1Þf1
^
Cn ¼ 1 
n ðn  1Þf1 þ 2f2
where f1 represents the number of species with one
record (singletons), f2 is the number of species with
two records (doubletons), and n is the total number of
records in each community. Sample coverage was
relatively high in all landscapes, averaging 0.94
(range = 0.80–1.00), which ensures reliability to our
sampling effort and indicates that our results are not
biased by differences in sampling completeness
among landscapes (Chao and Jost 2012).
To assess differences in species diversity among
landscapes, we used Hill numbers, which express the
effective number of species in a given community and
satisfy the mathematical replication principle (Jost
2006, 2007). For S species, gamma (c) diversity was
calculated as follows:
!1=ð1qÞ
S
X
q
q
Dc ¼
pi
i¼1

where S is the number of mammal species in the
region, pi is the relative abundance of the ith species
and q is a parameter (q order) that determines the
sensitivity of the index to species’ relative abundance.
When q = 0 (0D), the index is not sensitive to species

abundances, so it represents the total number of
species (species richness). When q = 1 (1D) each
species is weighted according to its abundance and
expresses the number of ‘common’ species in the
community. When q = 2 (2D) abundances are squared,
giving more weight to dominant species, thus representing the number of ‘dominant’ species in the
community (Jost 2007). Mean a-diversity was calculated as:
!1=ð1qÞ
S
S
1X
1X
q
q
q
Da ¼
p þ
p þ ...
N i¼1 i1 N i¼1 i2
where pi denotes the relative abundance of the ith
species in each of the N local communities (Jost 2007).
To estimate regional b-diversity we adopted a multiplicative diversity partitioning approach (Jost 2007):
q
Db = qDc/qDa. This metric expresses the ‘effective
number of completely distinct communities’, ranging
from 1, when all communities are identical to N, when
all N communities are completely different (Jost
2007). In our case, we have 18 landscapes, so qDb
can vary between 1 and 18. All analyses were
performed using the entropart package (Marcon and
Hérault 2015) for R, version 3.5.1.
To assess if landscape deforestation leads to the loss
of pairwise b-diversity of native species, and an
increase in pairwise b-diversity of exotic species, we
calculated the traditional b-Sorensen (bSOR) between
pairs of landscapes using the betapart package for R
(Baselga and Orme 2012). Following Pardini et al.
(2010), we distributed the study landscapes in three
categories of deforestation level (6 landscapes per
deforestation class): (1) low deforestation (B 20% of
forest loss), (2) intermediate deforestation (21–60%),
and (3) high deforestation ([ 60%). This metric of
pairwise b-diversity varies from 0 (total similarity) to
1 (total dissimilarity).
Statistical analyses
We used generalized linear models with Gaussian
error distribution to assess the response of a-diversity
metrics (0D, 1D, 2D) of natives and exotics to forest
cover and distance to the best-preserved area. We
included forest cover, distance to the best-preserved
area, species origin (native or exotic) and its interactions with forest cover and distance as model predictors in the model. A similar model was built to
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evaluate the effect of deforestation level (three
categories), species origin and their interaction on
bSOR values. We checked model residuals for
homoscedasticity to evaluate the adequacy of the
chosen error distribution following Crawley (2013),
using the ‘glm’ function in R, and corrected for
overdispersion when necessary.
Species composition and its relationship with forest
cover and distance to the best-preserved area were
examined with an exploratory analysis of direct
ordering and a non-metric multidimensional scaling
(NMDS), followed by an analysis of similarity
(ANOSIM) and a similarity percentage analysis
(SIMPER) to identify the species involved in taxonomic differences between deforestation levels. To
verify if nearest areas or with similar forest cover
presented similar composition, we performed Mantel
tests in Primer 6. We first constructed a similarity
matrix of Bray–Curtis similarity with species abundance data. Prior to analyses, we transformed abundances to square root to reduce the contribution of
dominant species and standardized the values by total
abundance of the community. Then, we constructed a
geographic distance matrix based on the pairwise
distance between landscape centroids, and an environmental distance matrix based on the pairwise
difference in landscape forest cover.
Additionally, to evaluate changes in mammal
community structure within each deforestation category, we assessed the dominance of native and exotic
species by plotting species rank abundance curves for
each category and visually comparing their slopes.
The greater the slope with respect to the x-axis, the
greater the dominance within the community (Magurran and McGill 2011). This method is widely used to
compare differences in community structure (McGill
et al. 2007).

Results
Community overview
We obtained 823 independent records of 15 species,
230 records (28%) corresponded to 8 native species
and 593 records (72%) to 7 exotic species (Table 1).
Native species belonged to six orders: Cingulata,
Cetartiodactyla, Carnivora, Didelmorphia, Lagomorpha and Rodentia, being Carnivora the most
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representative in terms of species richness (Table 1).
Galea spixii presented the greatest abundance among
natives, followed by Cerdocyon thous, Didelphis
marsupialis, Sylvilagus brasiliensis, Leopardus emiliae, Euphractus sexcinctus, Mazama gouazoubira and
Conepatus amazonicus. The exotic species belonged
to three orders: Cetartiodactyla, Perissodactyla and
Carnivora. The Cetartiodactyla was the most representative order in terms of species richness and
abundance, mainly the bovids Capra aegagrus hircus,
Ovis aries and Bos taurus (Table 1).
The abundance of most native species was weakly
related to forest cover and landscape location (green
bars in Fig. 2; Appendix S1). Yet, some exceptions
arose: Mazama gouazoubira was only present in more
forested landscapes, whereas Sylvilagus brasiliensis
was more abundant in more deforested ones (Fig. 2).
In contrast to natives, most exotic species were clearly
related to forest cover, with relative abundance being
higher in more deforested landscapes (Fig. 2). Only
Capra aegagrus hircus and Canis lupus familiaris
were weakly related to forest cover. Regarding the
impact of landscape location on exotic species, some
species concentrated their abundances near the bestpreserved area (Equus asinus, E. caballus, and Ovis
aries), but others were more abundant in more isolated
landscapes (Capra aegagrus hircus and Canis lupus
familiaris) (Fig. 2).
Landscapes with different deforestation levels were
dominated by the same native and exotic species
(Fig. 3). Almost 70% of native species dominance was
attributed to Galea spixii, Cerdocyon thous and
Didelphis sp., while Capra aegagrus hircus clearly
dominated the landscapes with moderate to high levels
of deforestation ([ 95%, Fig. 3). These rank-abundance patterns decreased the evenness of native
mammal communities in more deforested landscapes,
whereas exotic communities followed the opposite
direction (Fig. 3).
Taking all species together, the level of landscape
deforestation did not segregate the regional species
pool into particular groups (Fig. 4), which was also
supported by the non-significant results of the
ANOSIM analysis (Rho = 0.004; P = 0.422). SIMPER analysis indicated that the exotic Capra aegagrus
hircus alone accounted for 39–53% of the dissimilarity between deforestation categories: 41.1% for the
comparison between high and low deforestation
levels, 39.1% for the high vs. intermediate comparison
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Table 1 Exotic and native species of medium- and large-sized mammals recorded in the Catimbau National Park, Northeast Brazil.
Relative abundance refers to the proportion of independent records per species
Taxa

Common name

Order

Family

Origin

Relative abundance

Capra aegagrus hircus

Goat

Cetartiodactyla

Bovidae

Exotic

0.505

Ovis aries

Sheep

Cetartiodactyla

Bovidae

Exotic

0.084

Bos taurus

Cattle

Cetartiodactyla

Bovidae

Exotic

0.073

Equus asinus

Donkey

Perissodactyla

Equidae

Exotic

0.027

Equus caballus

Horse

Perissodactyla

Equidae

Exotic

0.022

Felis catus

Domestic cat

Carnivora

Felidae

Exotic

0.006

Canis lupus familiaris

Domestic dog

Carnivora

Canidae

Exotic

0.004

Galea spixii

Spix’s Yellow-toothed Cavy

Rodentia

Caviidae

Native

0.107

Cerdocyon thous

Crab-eating Fox

Carnivora

Canidae

Native

0.063

Didelphis marsupialis

Common Opossum

Didelphimorphia

Didelphidae

Native

0.046

Leopardus emiliae

Northern Tiger Cat

Carnivora

Felidae

Native

0.019

Sylvilagus brasiliensis

Tapeti

Lagomorpha

Leporidae

Native

0.019

Euphractus sexcinctus

Yellow Armadillo

Cingulata

Dasypodidae

Native

0.013

Mazama gouazoubira

Gray Brocket Deer

Cetartiodactyla

Cervidae

Native

0.007

Conepatus amazonicus

Hog-nosed Skunk

Carnivora

Mephitidae

Native

0.004

and 52.8% for the low vs. intermediate comparison.
When the second most important species was added—
the native Galea spixii—these percentages increased
to 54.3%, 56.4%, and 70.3%, respectively.
Alpha diversity patterns
The a-diversity varied from 1 to 6 species and was
significantly related to forest cover, with native and
exotic species showing contrasting responses (see
significant interacting effects between forest cover and
species origin; Table 2). For natives, all three adiversity metrics (0Da, 1Da and 2Da) increased with
increasing forest cover, whereas the opposite occurred
with exotic species (Fig. 5). Contrary to our expectations, a-diversity of native and exotic species was not
related to the distance to the best-preserved area
(Table 2).
Beta diversity patterns
The Mantel tests indicated that the geographic
distance (Rho = 0.016, P = 0.55) and the difference
in forest cover (Rho = 0.086, P = 0.12) between
landscapes were not related to species composition.
Regional b-diversity of natives was very low, reaching

only three completely different communities out of 18
possible (Fig. 6). Regional b-diversity of exotics was
even smaller, especially when considering common
and dominant species. When assessing pairwise bdiversity between study landscapes, native species
showed a decreasing b-diversity in more deforested
landscapes, whereas exotics showed the opposite
pattern (Fig. 7), supporting our predictions.

Discussion
Our findings indicate that there is a novel mammal
community established in the Catimbau National Park,
with exotics contributing with half of the species and
at least two thirds of the individuals. Diversity patterns
clearly depend on the amount of forest cover and
species origin: a- and b-diversity of native species are
greater in less deforested landscapes, while a- and bdiversity of exotic species are greater in more
deforested landscapes. Because the dominant species
are usually the same, a taxonomically homogeneous
metacommunity of medium- and large-sized mammals emerges at the regional level. These findings
provide new insights into the main drivers of biodiversity patterns in human-modified protected areas
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Fig. 2 Relative abundance
of native and exotic
mammal species in forest
sites surrounded by
increasing forest cover (i.e.,
percentage of forest within a
1-km radius; 20–100%) and
with increasing distance
(4.5–22.7 km) to the bestpreserved area of the
Catimbau National Park,
Northeast Brazil. Native
species (green): Maz,
Mazama gouazoubira; Eup,
Euphractus sexcinctus; Did,
Didelphis albiventris; Con,
Conepatus amazonicus; Gal,
Galea spixii; Leo,
Leopardus emiliae; Cer,
Cerdocyon thous; Syl,
Sylvilagus brasiliensis.
Exotic species (red): Cap,
Capra aegagrus hircus;
Can, Canis lupus familiaris;
Fel, Felis catus; Bos, Bos
taurus; Eqa, Equus asinus;
Eqc, Equus caballus; Ovi,
Ovis aries
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Fig. 3 Relative abundance of native and exotic mammal
species in landscapes of low (B 20% of forest loss), intermediate (21–60% of forest loss) and high deforestation levels
([ 60% of forest loss) in the Catimbau National Park, Northeast
Brazil. Native species: Maz, Mazama gouazoubira; Eup,
Euphractus sexcinctus; Did, Didelphis albiventris; Con,
Conepatus amazonicus; Gal, Galea spixii; Leo, Leopardus
emiliae; Cer, Cerdocyon thous; Syl, Sylvilagus brasiliensis.
Exotic species: Cap, Capra aegagrus hircus; Can, Canis lupus
familiaris; Fel, Felis catus; Bos, Bos taurus; Eqa, Equus asinus;
Eqc, Equus caballus; Ovi, Ovis aries

Fig. 4 Non-multidimensional scaling of the mammal communities in 18 landscapes with low, intermediate, high level of
deforestation in the Catimbau National Park, Northeast Brazil.
Low deforestation (B 20% of forest loss), intermediate deforestation (21–60% of forest loss) and high deforestation ([ 60%
of forest loss)

(Laurance et al. 2012), and improve our understanding
on the relative role of habitat spatial structure in
preserving species diversity in anthropogenic biomes
(Ellis et al. 2010; Arroyo-Rodrı́guez et al. 2020).
The regional richness of medium- and large-sized
native mammals (8 species) was below expectations
for a large protected area ([ 60,000 ha) with a wide
range of natural habitats. Similar results have also
been documented in previous studies on Caatinga
mammals (Bezerra et al. 2014; de Matos Dias and
Bocchiglieri 2016), but some regions can maintain
more than 14 native species (Delciellos 2016; Guedes
et al. 2017; Marinho et al. 2018). We do not believe
that the relatively small regional pool documented
here is related to our sample size because sample
coverage was very high in all sites. We rather suggest
that it is associated with historical livestock farming,
hunting activities, fire, forest loss and fragmentation in
the region (Bezerra et al. 2014), which have been old
enough to pay off the extinction debt. This is
supported by the lack of the large-sized puma (Puma
concolor) and tapir (Tapirus terrestris), which are
amongst the first mammals to be extirpated by humans
in anthropogenic landscapes (Oliveira et al. 2003;
Duarte et al. 2012). Other mammals such as the gray
brocket deer (Mazama gouazoubira) and Northern
tiger cat (Leopardus emiliae) showed very small
populations, probably because of habitat destruction
and/or hunting pressure (Alves et al. 2016; Chaves
et al. 2020). The presence of large-sized endangered
species in the Pernambuco state is restricted to a few
very well-preserved and inaccessible landscapes
(Feijó and Langguth 2013), and here, we found that
they are more frequent in landscapes with percentage
of forest cover higher than 70%, thus suggesting that
forest loss has been a major driver of species
extinction. Yet, it is important to note that although
relatively small, the regional pool of the Catimbau
National Park, which covers only 0.07% of the
Caatinga biome, represents 18% of the medium- and
large-sized species documented for the entire biome
(Carmignotto and Astúa 2017). This must be taken
into account by decision-makers while prioritizing
resources for the implementation of protected areas in
the Caatinga (Oliveira and Bernard 2017).
Our findings support the hypothesis that landscape
deforestation favors the proliferation of exotic species
in detriment of native species. This is not surprising, as
forest cover is positively related to resource
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Table 2 Results of
generalized linear models
used to assess the effect of
landscape-scale forest
cover, distance to the bestpreserved area, species
origin (native or exotic) and
the interaction between
these variables on three
alpha diversity metrics
(0Da—species richness,
1
Da—exponential Shannon
entropy, 2Da—inverse
Simpson concentration) of
medium- and large-sized
mammal communities in
the Catimbau National Park,
Brazil

v2

P

Response variables

Explanatory variables

0

Forest cover

0.05

0.824

Distance to preserved area

0.15

0.698

Da

Species origin
Origin*forest cover
Origin*distance
1

Da

N = 18 landscapes

0.98

0.321

1.12

0.290

Distance to preserved area

0.20

0.656

3.70
10.57

0.054
\ 0.001

0.49

0.483

Origin*distance
Da

0.352
\ 0.001

Forest cover
Species origin
Origin*forest cover

2

0.87
11.56

Forest cover

1.46

0.226

Distance to preserved area

0.61

0.435

Species origin

4.07

\ 0.05

Origin*forest cover

8.83

\ 0.01

Origin*distance

0.32

0.572

Fig. 6 Regional beta diversity of all (0Db, q = 0), common
(1Db, q = 1) and dominant (2Db, q = 2) species of medium- and
large-sized mammals in 18 landscapes of the Catimbau National
Park, Northeast Brazil

Fig. 5 Effect of landscape forest cover and distance to the bestpreserved area of the Catimbau National Park, Northeast Brazil,
on the species richness (0Da), number of common species (1Da)
and number of dominant species (2Da) of medium- and largesized terrestrial mammals. Dashed line represents native species
and continuous line represent exotic species
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availability for forest-dependent species (Watson et al.
2018). Also, this is consistent with the habitat amount
hypothesis (Fahrig 2013), which predicts that species
density increases with increasing habitat amount,
measured as landscape forest cover in our study.
Therefore, preventing forest loss and increasing forest
cover through restoration actions is urgent to preserve
terrestrial mammals in this irreplaceable protected
area.
The negative impact of forest loss on terrestrial
mammals is not only associated with the loss of
resources, but with increasing hunting pressures in
more deforested landscapes. Indigenous and non-

Landscape Ecol

Fig. 7 Beta diversity (bSOR) of native and exotic mammals
between pairs of landscapes with different deforestation levels
in the Catimbau National Park, Northeast Brazil. Low deforestation (B 20% of forest loss), intermediate deforestation
(21–60% of forest loss) and high deforestation ([ 60% of forest
loss). The box plots show the median, 1st and 3rd quartiles and
range

indigenous local people are known to use mediumand large-sized mammals for many purposes (Chaves
et al. 2020). Some use mammals for feeding, zootherapy, ornaments, religious practices or as pets (Alves
et al. 2016; da Silva Policarpo et al. 2018). Others kill
the native animals to prevent that their livestock be
attacked (Albuquerque et al. 2012). In this sense,
hunting pressure on native species may have favored
the dominance of exotic species and contributed to the
establishment of the novel mammal communities
across the Catimbau National Park (Gawel et al.
2018).
Clearly, there is an ongoing process of biotic
homogenization in the study region. This phenomenon
triggered by deforestation, hunting, overgrazing and
other human activities has been also described elsewhere (Petrozzi et al. 2015; Newbold et al. 2018). In
the Catimbau National Park, the decline of forestdependent native species, the spread of a few habitat-

generalist natives and the introduction of many
domesticated animals that interact with the remaining
natives seem to underly the homogenization. The
presence and dominance of goats, cows, horses, dogs
and cats in the novel mammal communities are likely
to exert pressure on functionally similar natives, share
diseases, compete for resources, and alter community
dynamics (Hobbs et al. 2013; Morse et al. 2014; Loss
and Marra 2017; Best 2018). This process deserves
special attention because it may suppress ecosystem
functions and services and worsen poverty (Brockington and Wilkie 2015; Specht et al. 2019). Because
exotic species are predominantly herbivores and there
is a lack of large carnivores, a remarkable impact on
plant biomass and diversity is likely to being in course
along with cascading effects on other plant-animal
interactions (Clavel et al. 2011; Andrade et al. 2020).
The limited role of the largest and best-preserved
forest, the Estrada do Gado, was quite surprising, as
our findings indicate that the Estrada do Gado neither
act regionally as source of native species nor as
ecological trap for exotics. Previous human pressures
such as hunting, overgrazing and other chronic
anthropogenic disturbances should have gradually
decreased habitat quality for medium- and large-sized
native mammals in the area (Arnan et al. 2018).
Nonetheless, we acknowledge that our conclusions are
based on the distance between each landscape and the
centroid of the Estrada do gado, which can be a poor
measure of the effect of isolation on populations
(Bender et al. 2003; Tischendorf et al. 2003).
Distance-based isolation metrics can underestimate
the effects of isolation because it does not consider the
presence of different landscape elements, such as
stepping stones, living fences, and other elements that
can shape inter-patch movements in human modified
landscapes (Bender et al. 2003; Tischendorf et al.
2003; Arroyo-Rodrı́guez et al. 2020). Further studies
on movement ecology across the 24,597 ha of the
Estrada do Gado and the surrounding landscapes
should clarify its role for the regional mammal
diversity.
Although we had not employed a multi-scale
approach (Fahrig 2013), the fact that we found
significant responses to forest cover measured at the
scale of 2 km—the minimum distance between two
camera traps—suggests that we measured the phenomenon at its scale of effect (Jackson and Fahrig
2015). Measuring it at another scale could produce
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stronger responses, but this does not limit our conclusions. Actually, it suggests that our assessment is
conservative, as the actual effect of forest cover could
be stronger than reported here (Jackson and Fahrig
2015). On the other hand, the effect of the distance to
the centroid of the Estrada do Gado, which varied
from 4.5 to 22.7 km and did not affect the diversity
metrics, could be observed at another scale. But as
discussed above, we believe that the historical and
contemporary human disturbances faced by the large
forest tract is a more plausible explanation than a
potential misinterpretation at the wrong spatial scale.
In summary, our findings demonstrate that landscape forest cover is essential to maintain a- and bdiversity of native mammals, and claim for clear
guidelines for local and regional conservation actions.
Preventing deforestation within the Park is mandatory
for conserving the diversity of forest-dependent native
mammals. Solving financial bottlenecks in the implementation of the Catimbau National Park is urgent as
well (Oliveira and Bernard 2017), otherwise regional
goals of biodiversity conservation will be not achieved
(see also Guedes et al. 2017). More specifically,
practitioners and decision makers should be aware that
(1) the current mammal communities are dominated
by exotic species; (2) a few native species benefit from
landscape modification; (3) the protection of original
vegetation and restoration actions are critical anywhere in the Park; and (4) efforts of reintroduction of
forest-dependent natives should be encouraged in the
large best-preserved area, provided that illegal hunting, deforestation, and other threats are controlled. For
the management of the exotics, we also recommend
(1) the prohibition of livestock farming within the Park
in agreement with environmental legislation and
aligned with social policies; and (2) the development
of more sustainable livestock farming surrounding the
Park, to reduce the dominance of exotic species in the
remaining habitat patches. The results observed in the
Catimbau National Park is likely to hold for other
protected areas in the Caatinga and seasonally dry
tropical forests around the world where deforestation,
hunting, species introduction and poverty coexist.
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