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INTRODUCTION: HABITAT FRAGMENTATION AND
I TSEFFECTSON BIODIVERSITY

Habitat fragmentation can be defined as a process where continuous areas of natural
habitats are broken into small patches separated by other habitats different from the original
ones (Wilcove et al. 1986; Andrén 1994). Today, habitat fragmentation is a common issue to
amost every ecosystem in the world, since anthropogenic land uses transformed initially
continuous habitats into mosaic landscapes represented by isolated native patches surrounded
by man-altered environments (Nagendra et al. 2003).

Anthropogenic matrices usually act as selective filters to species movements among
native patches in the landscape (Gascon et al. 1999), and therefore, the persistence of animal
and plant populations in fragmented habitats will depend to a great extent on the matrix
permeability (Ricketts 2001). Landscapes are commonly classified into continuous or
fragmented (Fahrig 2003) however, the landscape is not a binary mosaic formed by natural
habitat and matrix — or habitat and non-habitat — and the species certainly do not perceive it
that way (presence/ absence of resources), as we will discuss later on in this chapter (Fahrig,
2003)

Despite being a rather controversial issue, several authors have shown the importance of
protecting small native patches resulted from habitat fragmentation, as in the landscape
context they are able to keep a significant portion of local biodiversity (Saunders et al. 1991,
Lindenmayer & Nix 1993; Bodin et al. 2006). Andrén (1994) states that landscape
biodiversity may increase considerably when several small fragments are close to each other
and permit animal and plant fluxes as in a continuous habitat. The ability of a speciesto move
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throughout the landscape is related to habitat connectivity (); it refers to the functional linkage
among patches either due to patch proximity or to matrix permeability (With 1997; Uezu et
al. 2005). Therefore, the degree of habitat connectivity, which depends on matrix quality, is
essential to maintain native species in a fragmented landscape (Forman & Gordon 1986; With
1997; Tischendorf & Fahrig 2000; Ewers & Didham 2005).

Besides affecting species movements throughout the landscape, matrix quality also
controls the permanence time of individuals in it, according to the resources it offers (Aberg
et al. 1995), thus matrices of good quality may characterize a type of habitat effectively used
by the species both in search for resources or traveling among preferential habitats
(Smallwood & Fitzhugh 1995; Wagner & Fortin 2005). The quality of a matrix, however, is
differently perceived by different species; some species may benefit from agricultural lands
while others may be excluded (Gehring et al. 2003; Laurance 1994). As examples of the
former case, some studies show the regular use of coffee plantationsin Mexico (Moguel et al.
1999), banana and cocoa plantations in Costa Rica (Harvey et al. 2006), cocoa plantations in
Brazil (Faria et al. 2006) and subsistence agriculture in Nepal (Acharya 2006) by the native
fauna. On the other hand, species that required large territories and have small populations are
particularly vulnerable to habitat fragmentation and can be locally extinct (Crooks 2002).

The increasing fragmentation and loss of natural areas, associated to changes in
ecological processes and species extinctions demand urgent integration of human needs and
the preservation of essential ecosystem processes. Approaches focused on the interactions
between nature and man should be the basis for a transition to a more sustainable agriculture
(Bignal 1998). The challenge of achieving development in a sustainable way was first
globally discussed in the Brundlandt Commission (World Commission on Environment and
Development — WCED), in 1983, and it has become a central question ever since. However,
practical sustainable actions are being implemented very slowly although numerous studies
have shown that the preservation of many species could be ensured if agricultural systems
incorporated ecological concepts. On the other hand, conservationists have tried to find ways
to integrate human land uses and native fauna needs (Vandermeer et al. 1997; Bignal 1998).

In this chapter, we intend to show the use of both natural and agricultural (silvicultural)
habitats by the native carnivore fauna, and to demonstrate the possibility to maintain these
populations in a fragmented landscape, provided that some large native patches are left and
the matrix is permeable to the native fauna.

STuDY REGION

S30 Paulo, in southeastern Brazil, is the most developed and urbanized state in the
country. Despite representing less than 3% of the Brazilian territory, S8o Paulo State accounts
for more than one third of the national gross domestic product and more than 21% of the
country’s population (IBGE 2007a; IBGE 2007b). The state’'s rapid development started
about two centuries ago, when a strong agricultural expansion was implemented, based
especially on coffee cultivation, which by 1950-60 was replaced by industrial development
and agribusiness. Today, the state's economy is based on industrial products and export
commodities such as hiofuel from sugarcane, paper and beef cattle (Igari et al. 2009).
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As an expected consequence, Sao Paulo has lost more than 90% of its natural habitats,
originally composed of the Atlantic dense rainforest on the east (alongside the Atlantic
Ocean), a complex of savanna formations (regionally named Cerrado) in the central part of
the state, and seasonal forests to the west. This strong process of habitat fragmentation in the
state resulted in a few remaining patches of native vegetation, usually small and isolated
(Metzger & Rodriges 2008).

In the northeast of S8o Paulo State, where our study was carried out (Santa Rita do Passa-
Quatro and Luiz Antdnio municipalities; 21°31'15’'S - 47°34'42"'W,; 21°44'24"’S -
47°52'01’' W), a similar pattern of land occupation described for S&o Paulo State was
observed: from 1962 to 1992, the region lost 60% of its original vegetation cover due to
agriculture expansion (Kronka et al. 1993), and since 1992 agriculture and forestry are still
expanding in the region but at a much slower pace. However, what distinguishes this region
from the rest of Sdo Paulo state is some large remnants of cerrado and seasonal forest. Our
study region comprises the largest cerrado patches of the state, which are protected as nature
preserves. Cerrado Pé-de-Gigante (1,212.9 ha), located in the Vassununga State Park
(Korman 2003) and the Jatai Ecological Station (9,010.7 ha) (Decree 47.096/SP, from
18/September/2002). In addition, there are aso in the study region four patches of seasonal
forest in the study region, also part of the Vassununga State Park (sizes ranging from 12.1 ha
to 327.8 ha) (Korman 2003) (Figure 1).

Therefore, the present land cover in the study region comprises a mosaic of natural
formations and extensive monocultures, especially sugar cane and Eucalyptus species
(Figure 2).
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Figure 1. The study region (S&o Paulo State, Brazil): location and land use/ land cover classes. Dots
represent the sampling sites; A, B and C = Jatai Ecological Station (EEJ) patches; D, E, Fand J=
Vassununga State Park (PEV) patches; G = private area with cerrado vegetation; H and | = eucalyptus
plantation.
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Figure 2. The mosaic of natural formations and extensive monocultures, especially of sugar cane and
Eucalyptus species. (Photographed by Dr. Luciano Verdade)
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Figure 3. The Cerrado physiognomic gradient (modified from Coutinho 1978).

The native vegetation includes patches of seasonal forest and of different savanna
physiognomies in an increasing density of trees, from campo-sujo (grassy field with scattered
trees) to cerraddo (sclerophyllous woodland), being cerrado-sensu-stricto an intermediate
form (typical cerrado with grasses, shrubs and many trees) (Coutinho 1978; Oliveira &
Marquis 2002; Shida 2005) (Figure 3).

The climate in the region is Cwa (according to Koppen 1948) or type Il (following
Walter 1986), which is the typical tropical savanna climate with wet summers (October to
March) and dry winters (May to August); the annual rainfall is approximately 1,300 mm. The
relief is gently rolling, formed by extensive and flat-topped hills.

METHODS

To analyze the use of different habitats in the study region by the native fauna we
sampled eight patches of native vegetation (three of cerradéo, three of cerrado-sensu-stricto,
and two of seasonal forest), as well as two homogeneous plantations of Eucalyptus species
(Figure 1). We concentrated our analyses on mammal carnivores, as they are top predators
and respond for several ecological processes in the community, therefore they may be used as
indicator species of community resources and equilibrium (Crooks 2002; Miller et al. 2001).
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Data were collected in three-day monthly field trips, throughout 18 months (August/2004
to January 2006). In the field, two systematic methods were used to obtain the data: camera
trapping and track plot recording.

Track plot recording (Lyra-Jorge 1999; Pardini et al. 2003) is based on the identification
of the animal species through footprints in a plot, and allows estimating animal occurrence
and richness. We randomly selected 21 sampling points from a larger group of points that met
the following requisites: located along pre-existing trails or dirt roads, and had previously
recorded footprints in the soil, indicating that the animals effectively used that area. Twenty-
one track plots of 10 m X 2 m were installed in the Eucalyptus plantation and native
vegetation patches;, the number of plots in the patches was proportional to their sizes,
resulting in nine plots in cerraddo, six in cerrado-sensu-stricto, two in seasonal forest and
four in the Eucalyptus plantations (Figurel). The sandy ground was used to create each track
plot. The track plots were visited every day, during the field trips, in order to identify the
footprints in the soil and to clear the ground for new records. Ambiguous footprints were
ignored and footprints of the same species, in the same plot, and in the same day were
considered as if they were from a single individual.

The camera trapping method (Wemmer et al. 1996; Tomas & Miranda 2003) is based on
the identification of the animal species through photographs taken by an automatic camera
triggered by the animal body heat and/or movement. It also permits to estimate animal
occurrence and richness. To distribute the camera traps in the area, we used the same criteria
as those used to place track plots. In addition, cameras were protected from direct sunshine
(as they would set off if exposed to intense heat). The sampling points were visited every
field trip to change the films and batteries of the cameras, which remained activated in the
field during the entire sampling period.

We assumed that all sampling points containing camera traps and track plots were
homogeneous in detecting carnivores, and that all carnivore species were equally detectable
by both methods.

We used data from both methods to calculate a species accumulation curve in order to
express carnivore richness. The curves were randomized 5,000 times through a rarefaction
process (Santos 2003). Species richness was also estimated through the Bootstrap technique
(Smith & Van Belle 1984; Santos 2003) with 5,000 randomizations.

The relative frequency (FR) of the carnivores recorded by camera traps and track plots
was calculated according to the model (Crooks 2002):

i/N , where: i = number of occurrences of species|;
N= total occurrences in the physiognomy.

We compared the distribution of species records in the cerradéo, cerrado-sensu-stricto
and Eucalyptus plantation through the Kruskal-Wallis test (Zar 1999); we removed the
seasonal forest from this analysis due to the very small sample size (N=2). We also calculated
and compared species diversity in each vegetation physiognomy (except for seasonal forest,
due to small sample size) with the Shannon-Wiener diversity index (Magurran 1988) and
Kruskal-Wallis test (Zar 1999).

The similarity in the carnivore assemblage in each vegetation form was tested through a
Multi-Response Permutation Procedure (MRPP) analysis (McCune 2002) using data
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randomized 1,000 times and the Bray-Curtis index (Beals 1984). We used the numbers of
species records in each sampling point.

To verify a possible influence of the landscape structure on the intensity of habitat use by
the carnivores we created a carnivore habitat use map based on a model generated by
stepwise regression analyses using the data on species richness and species occurrence
obtained only through camera trapping, as well as information on habitat type (land use/ land
cover class) and landscape structure. We assumed a direct correlation between the number of
animal occurrences and the intensity of habitat use. We generated a land use/land cover map
from a Landsat5-TM satellite image (February/2005, spatial resolution of 30 m) to obtain the
landscape indices, and we then located the sampling points on that map and calculated the
following landscape metrics: percentage of remaining habitat in the landscape (PLAND),
edge density (ED) and habitat patch shape (SHP), in a multi-scale approach (Wagner & Fortin
2005; Fortin & Dale 2005; McAlpine et al. 2006), as for each point (and for each pixel) we
used search radii of 250, 500, 1,000 and 2,000 m (following Umetsu et al. 2008). Landscape
metrics were chosen according to our perceptions on the animals ecological needs based on
field experience. They were calculated using the moving windows option of FRAGSTATS
software (McGarigal & Marks 1995).

The response variable (habitat use intensity) was analyzed through stepwise regression.
The animal occurrences were set as a dependent variable, while the metrics (PLAND, ED and
SHP) of the four land use/land cover classes (cerrado sensu stricto, cerraddo, seasonal forest
and Eucalyptus plantation) in the four scales (radii of 250, 500, 1,000, and 2,000 m) were the
independent variables. The stepwise regression analysis followed the general model below:

HUI = B1*M(d,c1)+ B2*M(d,c2)+ B3*M(d,c3)+ P4*M(d,cd)+ &

where: HUI = habitat use intensity; f1.../4 = regression parameters, M(d,ci) = landscape
metrics (PLAND, ED and SHP) calculated for the distance d (specific radius scale) and the
land use/land cover class ci (cerrado-sensu-stricto, cerraddo, seasonal forest and Eucalyptus
plantation); ¢ = error

The inclusion of each independent variable in the model was determined based on its
statistically significant additional contribution.

The best model was the one with the highest coefficient of determination (R%), and it was
used to generate the map of habitat use intensity. To produce the map, we used the algebra
map option of SPRING GIS (Cordeiro et al. 2008), where degrees of habitat use intensity
were associated to color intensity.

RESULTSAND DiscussioN: HABITAT USE BY CARNIVORESIN THE
FRAGMENTED L ANDSCAPE

During the 18 months of sampling with both track plots (1,864 hours of exposure) and
camera traps (12,960 hours of exposure), we were able to record ten carnivore species in the
study region, which belonged to four different families (Table 1). Nine of these ten species
were recorded by camera traps and seven species were recorded in the track plots. Two
species of small felines (Leopardus tigrinus and Puma yagouaroundi) could not be
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distinguished by track plot recording, as their footprints were very much alike, but they could
be recognized in the camera trap photographs. For this reason, these two species were
grouped as “small felines’ in some analyses. Procyon cancrivorus was not recorded by
camera traps and was only found in the seasonal forest, while Nasua nasua was not recorded
in the track plots (Table 1).

We believe we obtained a good representation of the local carnivore species richness, as
the species accumulation curve calculated based on data from both methods approached the
asymptote after nine months of sampling, and the obtained species richness (N= 9.0) was
similar to the value estimated by Bootstrap (N=9.16 +0.16).

The species composition of the carnivore assemblage found in our study is in accordance
with the species geographic distributions cited in the literature (Emmons 1997; Einsenberg &
Redford 1999) and also agrees with other surveys carried out in the same region (Gargaglioni
et al. 1998; Lyra-Jorge 1999; Talamoni et al. 2000). However, some carnivore species
expected to be found in the region (according to Emmons 1997; Gargaglioni et al. 1998;
Einsenberg & Redford 1999; Lyra-Jorge 1999; Talamoni et al. 2000) could not be detected.
This could be either because some of those species are presently rare or even extinct in the
region, or the methods used to sample loca richness were not directed to some types of
habitats and species niches. For example, Lycalopex vetulus and Leopardus wiedii — not
detected — are naturally rare species, and their population densities are usually very low
(Azevedo 1996; Jacomo et al. 2004); Panthera onca has not been seen in the region for more
than 50 years and is probably locally extinct, as it was a favorite game animal; Lontra
longicaudis and Galictis cuja are species associated to aquatic habitats, therefore their
habitats or territories were not possible to be sampled with the methods we used (Emmons
1997; Pardini 1998).

Puma concolor and Chrysocyon brachyurus had the highest relative frequencies
regardless of the sampling method (table 1), and there are several possible explanations for
that. First, they are the largest carnivores in the region, have large home ranges and move
constantly in search for food (Dietz 1984; Dickson & Beier 2002), and because of their
vagility the same individuals might have been repeatedly recorded by the camera traps. Also,
it has been shown that camera traps perform better in detecting large bodied animals (Carbone
et al. 2002; Silveira et al. 2003) and consequently, these large animals may have been
oversampled by the methodology here adopted (Lyra-Jorge et al. 2008).

An initial comparison of the habitat use by the species sampled through camera traps and
track plots in cerraddo, cerrado-sensu-stricto, and Eucalyptus plantation shows that although
most species seem to prefer some habitats — L. pardalis, N. nasua and C. semistriatus were
more frequent in cerrado physiognomies, whereas C. thous and E. barbara were more
frequently found in the Eucalyptus plantation (table 1) — the distribution of all species records
in these three vegetation forms was not statistically different (Kruskal-Wallis; p=0,943). This
result was confirmed by the MRPP, which showed similarity in species composition among
the different habitats (p=0.65; A=-0.013; expected A= 0.51; observed A= 0.52). Species
diversity assessed by Shannon-Wiener index also showed no significant differences among
those three habitat types (Kruskal-Wallis; p=0.31).



8 Maria Carolina Lyra-Jorge, Giordano Ciocheti, Leandro Tambosi et al.

Table 1. Carnivor e species recorded by camera trapsand in track plots. (NR= number
of speciesrecordsin all vegetation forms; CD= cerraddo, SS= cerrado-sensu-stricto,
SF= seasonal forest, EP= Eucalyptusplantation; FA= relative frequency obtained
through cameratrap data; FC= relative frequency obtained based on track plot
data; FT=relative frequency obtained with both sampling methods.)

Species Family NR | Percentage of NRin Relative frequency
the vegetation form (%)
CD|[SS|SF |EP | FT FA FC
Puma concolor Felidae 74 |49 (22 |9 20 | 294 | 301 | 29.0
(Linnaeus, 1771)
Leoparduspardalis | Felidae 39 |5 [33 |3 8 155 | 231 (111
(Linnaeus, 1758)
Small cat Felidae 11 |0 55 (27 |18 |44 40 |80
Chrysocyon Canidae 78 |47 (18 |8 27 | 310 | 241 | 323
brachyurus (Illiger,
1811)

Cerdocyon thous Canidae 27 |37 |15 |7 41 | 107 |32 12.0
(Linnaeus, 1716)

Nasua nasua Procyonidae | 02 |50 [50 | O 0 0.8 5.9 0.0
(Linnaeus, 1766)

Procyon Procyonidae | 03 | O 0 100 | O 12 0.0 41
cancrivorus (Cuvier,

1798)

Conepatus Mephitidae |11 |64 [ 27 | O 9 4.4 6.1 1.8
semistriatus

(Boddaert, 1784)

Eira barbara Mustelidae [ 07 |29 | O 14 |57 |28 3.0 1.8
(Linnaeus, 1758)

Total 252 100.2 | 99.5 | 100.1

Similarly to the reported by other authors (Chinchila 1997; Oliveira 1998; Nufiez et al.
2000; Jacomo et al. 2004), these results indicated that even though most species maintained
peculiar habitat preferences, the carnivore community as a whole was similar in the study
region. This result supports the idea that carnivores in fragmented landscapes are more
generalists than populations living in continuous and preserved areas and explore the entire
region, not being restricted to the native vegetation patches (Azevedo 1996; Franklin et al.
1999; Donadio et al. 2001).

However, when we added information on the size and spatial arrangement of the different
vegetation patches in the landscape the results were rather different. Although this analysis
was performed using only camera trap data (Table 2), the species ratio recorded in the
physiognomies were comparable in both data collecting methods. The model which included
landscape structure data, vields high predictive power, with a significant coefficient of
determination (R?> = 0.88; p < 0.01). The best model selected took into account the
occurrences of all the nine species recorded by camera traps (table 2), the four sampled
habitats (cerrado-sensu-stricto: SS, cerradédo: CD, seasonal forest: SF, Eucalyptus plantation:
EP), the three landscape metrics (percentage of the habitat in the landscape: PLAND, edge
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density: ED, and patch shape: SHP), and only the radius of 250 m, as the independent
variables generated on other scales (i.e., radii of 500, 1,000 and 2,000 m) did not make a
statistically significant contribution to the model:

HUI = 0.04219* PLANDp + 0.01174* PLANDss + 5.04857* SHPgp— 0.26911*EDgp

The independent variable that most contributed to the model was the percentage of
cerraddo in the landscape, PLAND¢p (partial R*= 0.50; p < 0.01).

The map of habitat use generated from the model above shows the Eucalyptus plantation
as the most intensely used habitat, followed by cerraddo. Seasonal forest, on the other hand,
was the least used habitat (Figure 4). Therefore, although we had noticed habitat preferences
by some species when using exclusively information about land use/ land cover classes, these
preferences only became detectable when considering landscape parameters were included,
which refined the analysis. This indicates the importance of considering spatial parameters to
build more accurate predictive models especially aimed at fauna conservation, as also noticed
by other authors (Andrén 1994; Fahrig 1998 McAlpine et al. 2006).

Intensity of habitat use

. High : 9.780910

Low :-24.938530

m Not sampled areas S

Figure 4. Intensity of habitat use by mammal carnivore species in the study region (S&o Paulo State,
Brazil). (Darker to lighter = higher to lower intensity of use; see legend of vegetation physiognomiesin
Figure 1).
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Table 2. Carnivor ous species recorded by camera trapsin the study region
(CD= cerradédo, SS= cerrado-sensu-stricto, SF= seasonal forest,
EP= Eucalyptusplantation).

Species Family Land use/ land cover Totd
class records
CD |[SS|S | EP
Puma concolor Felidae 7 2 1 8 18
Leopardus pardalis Felidae 9 2 0 2 13
Puma yagouaroundi Felidae 0 0 0 1 1
Leopardustigrinus Felidae 0 1 0 0 1
Chrysocyon brachyurus | Canidae 7 1 0 6 14
Cerdocyon thous Canidae 2 0 0 0 2
Eira barbara Mustelidae 1 1 0 2 4
Conepatus semistriatus | Mephitidae 3 1 0 0 4
Nasua nasua Procyonidae | 1 1 0 0 2
Total 30| 9 1| 19 59

Figure 5. Carnivores mammals in the study region. 1. Leopardus pardalis; 2: Eira Barbara; 3:
Chrysocyon brachyurus; 4: Conepatus semistriatus; 5: Puma concolor.

The Eucalyptus stands in the study region are surrounded by large protected patches of
cerradao (Jatai Ecological Station-EEJ), and both the silviculture and the cerraddo hold
similarities in terms of vegetation structure (arboreal habitats with not very open canopy,
sparse herbaceous layer, etc). Moreover, Eucalyptus cultures are based on 7-year cycles and
are not as much intensely managed as the other crops in the region (ex. sugar-cane). We can
then infer that carnivore species use Eucalyptus plantations at least to move around, although
we do not know what other resources this vegetation may offer to the carnivores. Some
generalist species are able to adapt to man-modified environments when their original habitats
are severely reduced, and to find vital resources in such new habitats (Sanchez-Hernandéz et
al. 2001; Reznick et al. 2004; Tabeni et al. 2005; Moran-Lopez et al. 2006; McDougall et al.
2006). In this study region, Puma concolor, Chrysocyon brachyurus, Cerdocyon thous and
Eira barbara seem to be relatively adapted to silvicultural Eucalyptus plantations, as they
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frequently use them, confirming the reported by other authors (Bisbal 1986; Jacomo et al.
2004).

Cerradao, the native physiognomy most intensely used by carnivores, comprises the
largest native vegetation patches in the study region, all protected as natural preserves. These
patches in the study region, all protected as natural preserves. These patches are mostly
contiguous to the Mogi-Guagu River riparian forests and swamps. These features may
represent good quality habitats for the local fauna. On the other hand, seasonal forest patches
are small and surrounded by sugar-cane plantations, which are highly managed throughout
the year and receive large quantities of pesticides. Similarly, cerrado sensu stricto patches are
small (except from Vassununga State Park, PEV, Figure 1 D) and surrounded by sugar-cane
fields.

Therefore, our data show that top predator carnivores of medium to large size can be
maintained in a highly fragmented agricultural landscape provided some large patches of
native vegetation in good condition remain (performing as source patches, according to
Donavan et al. 1995), and they are surrounded by a permeable matrix. Other authors came to
similar conclusions in relation to other animal groups elsewhere (McAlpine et al. 2006;
Baldissera et al. 2008; Marsden & Symes 2008). A highly permeable matrix is essential to
connect habitats, permitting animal movements throughout the landscape and the
maintenance of processes that are essential to the populations’ persistence, such as dispersion
and gene flow, in addition to animal foraging and housing (Elmhagen & Angerbjérn 2001,
Hensen et al. 2005). In this study region, Eucalyptus plantations act as permeable matrix
connecting patches of native vegetation, and this may be the reason for the permanence of a
still rich carnivore assemblage in such an agricultural landscape (Lyra-Jorge & Pivello 2005).

CONCLUSION

A landscape is comprised of different types of habitats, used by fauna with different
objectives — from foraging to reproduction — according to resource availability and quality.
Habitats more intensely used are generally those with enough quality to maintain species
residence and/or movement, and they usualy either offer a great deal of vital resources or
connect areas that have such resources, in that case acting as biodiversity corridors. In this
sense, the manner and intensity of use of remnant habitats by native fauna is a relevant issue
for biodiversity conservation.

In a scenario where it is no longer possible to exclude the intensive use of land by man
and to keep large preserved natural aress, it is fundamental to contemplate means of turning
agricultural matrices into good quality habitats for fauna. We showed in this chapter that it is
possible to balance human land uses and fauna requirements provided that some ecological
principles are taken into account, especially related to landscape structure. In the case of large
and medium carnivores — as they are vagile animals that explore large territories — the
maintenance of a net system of protected areas of different sizes that keep connectivity
through a permeable matrix is essential.
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