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Abstract: Human activity has prompted a rapid decline in the forested areas of the 
Amazon, resulting in an increase in the number of isolated forest fragments. Belém 
is the smallest and most deforested area of endemism in the biome. Its high level of 
degradation translates into great  biodiversity vulnerability and the need for urgent 
measures to address these changes. The aim of this research was to analyze connectivity 
among the Belém’s remaining forest fragments and to classify them according to their 
importance for population dispersal. We used morphological spatial pattern analysis 
to characterize landscape structure and the integral index of connectivity to defi ne the 
importance of forest fragments. From a structural perspective, 55.28% of the forested 
area was classifi ed as core, 16.88% as edge. From a functional perspective, few fragments 
were classifi ed as highly important. In general, larger fragments were more important for 
connectivity. The protected areas seem to not have considered the forest connectivity 
in their planning, although the designation of priority areas has valued this variable. 
This study provides an important theoretical outline for considering connectivity in the 
planning phase and represents a contribution to more detailed research on how to 
maintain biodiversity in the Belém Area of Endemism.
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INTRODUCTION

Changes in landscape structure have attracted 
researchers’ attention over the last few decades 
because human activity has caused a rapid 
reduction in areas of native vegetation and 
converted rich and diverse landscapes into 
isolated fragments (Pereira et al. 2001, Jesus et 
al. 2012). These changes have reduced the size of 
the available habitat and negatively affected the 
connectivity between forest fragments (Pascual-
Hortal & Saura 2006). The conservation of 
landscape connectivity is essential to maintain 
important ecological functions, such as animal 
dispersal and the genetic fl ow of populations 
(Crist et al. 2005), factors which make such study 

an essential theme for conservation biology 
(Calabrese & Fagan 2004)

Maintaining connectivity between habitat 
fragments is one of the most important 
strategies for the conservation of biodiversity 
(Saura & Pascual-Hortal 2007), and measures 
of connectivity are thus used as a basis for the 
decision-making process (Calabrese & Fagan 
2004). Connectivity between areas can be divided 
into two types: structural, which describes 
physical connections between fragments, such 
as the distance between them and the existence 
of corridors; and functional, which covers the 
capacity for species dispersal across different 
elements of the landscape (Forrero-Medina & 
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Vieira 2007). Thus, connectivity can be seen as 
an independent variable affecting ecological 
processes and populations, and as a variable 
dependent on species’ behavior and landscape 
structure (Goodwin 2003). 

The study of structural connectivity 
involves the recognition of different elements 
in the landscape, such as core areas, borders, 
corridors, islets and perforations (Soille & 
Vogt 2009), whose existence, size and spatial 
configuration contribute to the maintenance 
of connector functions. The characteristics and 
distribution of these elements guide estimation 
of the relative importance of different areas, 
enabling the conservation of patches of habitat 
that are fundamental connectors. The use of 
this approach in parallel with analyses that 
involve the potential for species dispersal is 
an important strategy to mitigate the loss of 
biodiversity caused by fragmentation (Pascal & 
Saura 2006).

A review performed in 2003 about research 
on landscape ecology showed that connectivity 
was studied mainly as an independent variable 
until the year 2000 (Goodwin 2003). However, the 
use of this approach alone is not very robust, as 
it cannot reflect the real capacity of organisms 
to move around the landscape (Goodwin 2003). 
Therefore, in addition to the analysis of structural 
connectivity, recognition and expression of the 
movement of species in response to changes in 
the landscape have become important to acquire 
parameters enabling the classification of areas 
into contribution levels for overall connectivity 
(Crouzeilles et al. 2013). The use of indexes that 
link landscape metrics to the species dispersal 
capacity is an alternative that has been adopted 
widely to study functional connectivity (Forero-
Medina & Vieira 2007). 

Different indices have been developed to 
measure a landscape’s isolation or connectivity 
among habitat patches within the landscape, 

however many of these are redundant and 
imprecise (Forero-Medina & Vieira 2007). The 
integral index of connectivity (IIC) is considered 
to be one of the most robust indexes because 
it reacts to all types of landscape change in a 
consistent and desirable way (Forero-Medina & 
Vieira 2007). This index is based on graph theory 
and uses the size, proximity and topology of 
the fragments as parameters (Pascal & Saura 
2006). These properties make the analysis more 
sensitive to spatial patterns and enable the 
creation of models that link species dispersal 
capacity to the landscape’s spatial structure 
(Pascal & Saura 2006). 

Research has revealed a strong relationship 
between landscape spatial structure and 
population size (Fahrig 1998, Prist et al. 2012). For 
populations in which the proportion of available 
habitat exceeds the 30% of the landscape, 
population size is related to the area of the 
patches (Andrén 1994, Fahrig 1998); in landscapes 
where the quantity of habitat is below this 
threshold, the configuration of fragments 
affects population and community patterns 
more intensely. These factors strengthen the 
importance of analyzing spatial structure in the 
context of biodiversity conservation (Andrén 
1994, Fahrig 1998, Prist et al. 2012). Despite the 
existence of an extensive body of literature 
showing the influence of landscape structure 
on conservation, few studies have discussed 
the consequences of this variable to the 
maintenance of biodiversity in areas of tropical 
forest (Prist et al. 2012).

In the Brazilian Amazon, the world’s 
largest tropical forest, intense deforestation 
is currently ongoing (Arima et al. 2005). It has 
been responsible for various negative effects 
on forest life (Laurance et al. 2002). Many taxa in 
this region are not distributed widely, but occur 
in areas of limited endemism, which, in many 
cases, makes them unique and irreplaceable 
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(Silva et al. 2005). Studies of these areas of 
the Amazon are of the utmost importance in 
the context of the loss of biodiversity, as they 
considered to be the smallest biogeographic 
units common to many species (Cracraft 1985). 

Belém is the smallest and most deforested 
area of endemism in the Amazon. It shelters 
many of the animal and vegetable species on 
the State of Pará’s list of species threatened 
with extinction (SEMAS 2016). It has two distinct 
regions in terms of the dynamics of land use. One 
region (the Bragantine zone) is located north of 
the Guamá river, with more than a century of 
use, and the other region (the Pará Salgado) is 
south of the Guamá River and has a more recent 
history (30-50 years) of land use (Almeida & 
Vieira 2010). The high level of degradation in the 
Bragantine zone is the result of an older process 
of occupation and land use for lumber resource 
exploitation and agricultural activities, which 
generally occur without the authorization of 
the management responsible entities (Almeida 
& Vieira 2010). This scenario reveals the great 
vulnerability of the landscape need for urgent 
measures to address the changes induced by 
human activity to the forest (Silva et al. 2005).

The creation of a system of protected areas 
is one strategy to neutralize or weaken the 
impact of regional plans for development, such 
as the increase of agricultural land, urbanization 
and infrastructure constructions. However, 
these areas need to be chosen in a responsible 
way, creating core areas to preserve biodiversity 
and to maintain genetic and population flows to 
other areas (Silva et al. 2005). For this purpose, 
the incorporation of landscape metrics and 
maintenance of connectivity in the spatial 
prioritization of the areas for conservation is 
fundamental, as they provide the theoretical 
and empirical basis for the promotion of species 
persistence and the evolutionary processes in a 
region (Forrero-Medina & Vieira 2007).

In light of the need to conserve the remaining 
forests in the Belém area of endemism (BAE), the 
study of landscape connectivity can help define 
key areas for conservation and environmental 
restoration (Goodwin & Fahrig 2002). In this 
article, we examine the connectivity of forest 
remnants in the BAE. We identify priority 
fragments for the maintenance of connectivity 
and propose conservation strategies. First, we 
classified and measured the fragments based on 
the elements that make up the landscape. Then, 
we evaluated the connectivity of this landscape 
based on the connectivity indexes. Finally, 
we evaluate the conservation scenario of the 
current network of protected areas in the BAE, 
compared proposals for ecological corridors 
based on the priority areas map, identified key 
fragments for the maintenance of connectivity 
in the study area, and compared our simulated 
scenario with that of the priority areas map.

MATERIALS AND METHODS
Study area and database
The BAE occupies 243,752.18 km2 in the northeast 
of the Eastern Amazon, between the latitudes 
of 0.5°S and 6.0°S and longitudes of 44.0°W 
and 50.0°W. Its limits are determined by natural 
barriers, such as the Tocantins River to the west 
and the Pindaré River to the east.

The study area has vegetation comprised 
mainly of dense rainforest, which represents 
the fragments that we considered as potential 
habitat. We adopted a binary characterization 
of the soil cover as habitat (natural forest) and 
non-habitat (other classes of cover) in our 
conceptual model. The soil cover map defining 
areas of native forest vegetation corresponds 
to the year 2010 and was obtained from the 
TerraClass project (INPE 2015). This map was 
derived from the classification of Landsat 5TM 
satellite images in the Lat/Long Projection 
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System and the SAD 69 Geodetic Reference 
System to form a mosaic covering the states of 
Pará, Maranhão and Tocantins. We extracted the 
BAE from the forest vegetation map, selecting 
only fragments of natural forest with areas > 50 
ha.

Within these limits is a complex of protected 
areas that includes 27 conservation units and 
18 indigenous land areas, which differ in terms 
of the protection systems that regulate them 
(MMA 2015). For this study, we used the map of 
protected areas (declared and regulated areas 
of conservation and indigenous land) provided 
by the Ministério do Meio Ambiente (MMA 2007).

Morphological Spatial Pattern 
We performed a structural classification 

of the landscape using the morphological 
spatial pattern analysis (MSPA) instrument, 
which consists of a personalized sequence 
of mathematical operators drawn from the 
description of the geometry of connectivity 
among the landscape elements (Soille & Vogt 
2009). Based on a geometric concept, MSPA 
results in the classification of fragments into 
seven categories: (i) core, a fragment area that 
excludes the edge; (ii) islet, a small fragment 
with no core area; (iii) loop, an area that connects 
the same fragment; (iv) corridor, an area that 
connects different fragments; (v) perforation, 
the internal edge of a fragment; (vi) edge, the 
perimeter of a fragment; and (vii) branch, an area 
that connects non-core elements. We defined 
the thickness of the fragment edge as 300 m 
to represent the distance at which the greater 
part of the changes in biota occur (Laurance et 
al. 2002). We executed MSPA using the Guidos 
Toolbox package (Soille & Vogt 2009, Vogt & 
Riitters 2017).

Analysis of functional connectivity
For the analysis of connectivity, we used the 

IIC, which uses a potential dispersal distance to 
rank fragments according to their importance 
to the landscape’s connectivity. The IIC consists 
of three sub-indexes: the IIC-Intra evaluates 
a fragment’s internal contribution based on 
its area; the IIC-Flux analyzes dispersal flow, 
considering the location of a fragment within 
the network of fragments, based on its area; 
and the IIC-Conn indicates the fragment’s 
contribution as a linking element, using only 
its topology (Saura & Rubio 2010). We used 800 
and 3300 m as dispersal values to estimate 
connectivity for species with moderate and high 
dispersal capacities, respectively (Umetsu et al. 
2008, Jesus et al. 2012). In this study, we used 
the delta integral index of connectivity (dIIC), 
which characterizes the relative importance 
computed for each node given by the variation 
in the IIC. The dIIC and dIIC-Intra, dIIC-Flux and 
dIIC-Conn sub-indexes provided delta values 
that facilitated comparison and use of the 
resulting information in the development of 
conservation and management plans. The forest 
fragments were grouped into five hierarchical 
classes, in the various sub-indices and different 
dispersal capacities, using Jenks natural breaks 
optimization (Jenks & Caspall 1971), also known 
simply as “natural breaks.” Class 1 was the most 
important and class 5 was the least important; 
we considered fragments in classes 1, 2 and 3 
to be the most important. We quantified the 
proportion of protected areas in each functional 
connectivity class to evaluate the connectivity 
of the protected areas of the BAE. We also 
developed classification of the fragments in an 
alternative scenario, in which we excluded the 
two largest fragments, in order to observe the 
changes in the classification of importance by 
“natural breaks”. The values of the indicated dIIC 
for the fragments (dispersal: 800m) were the 
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target of this last classification. This scenario 
was simulated only for the dispersal capacity of 
800 m because that the distance mentioned is 
not a barrier for species with dispersal 3300m.

Comparison of ecological corridors proposals
We analyzed the overall connectivity index 
(dispersal: 800 m) of the landscape in three 
distinct scenarios: the first represented by 
the current spatial arrangement of the forest 
fragments; the second scenario corresponds to 
the representation of the current forests with the 
inclusion of corridors proposed by the updated 
map of priority areas for the conservation of the 
Amazon (MMA 2007); while the third scenario 
consists of the current arrangement of forest 
fragments with the inclusion of our proposal 
to create corridors. In our proposal, we created 
vectors to connect the fragments with a large 
area and generated a buffer of 400 meters for 
both sides of the vectors with the intention of 
producing continuous area with at least 800 
meters of thickness. We then compared the 
changes in connectivity and the between the 
three scenarios. 

Indications for the designation of priority 
areas for Amazon conservation
We grouped fragments that presented high 
levels of connectivity (classes 1–3) in at least 
one of the two dispersal scenarios. The outline 
of these fragments served as the basis for 
the definition of key fragments to improve 
connectivity between protected areas and to 
identify priority areas for conservation from the 
perspective of the functional connectivity of 
the regional landscape. Finally, we developed 
a map showing the relative importance of the 
fragments, as classified by the dIIC, and the 
priority areas for conservation identified by the 
Brazilian government in 2006 (MMA 2007).

RESULTS

We identified 5098 fragments of forest with areas 
> 50 ha, with a total area > 7 million hectares 
and comprising nearly 28% of the total area BAE. 
Most fragments are small (63.5% are < 200 ha), 
and two fragments together make up nearly half 
(46.6%) of the total area of these remnants. 

In the analysis of landscape structure, 
55.28% of the forested area was defined as core, 
16.88% as edge and 2.07% as perforations in the 
core areas. The remaining areas (25.77%) were 
defined as connectors (corridor, loops, branches 
and islets). In both scenarios (800 and 3300 
m), the proportion of the core areas exceeded 
that of other structures identified by MSPA in 
fragments in classes 1–4. In class 5 fragments, 
the proportion of edge areas was approximately 
the same as or exceeded the percentage of core 
area (Figure 1).

In general, fragments with larger areas 
were of greater importance to connectivity 
(Figures 2 and 3). The 3300-m dispersal scenario 
favored fragments that were further from the 
center of the BAE (Figure 4), as they were better 
classified than in the 800-m dispersal scenario, 
as in the case of shoreline fragments and the 
southeastern portion of the area. Few fragments, 
in both dispersal scenarios, were classified as 
highly important (classes 1–3)(Table I).

The two largest fragments in the BAE were 
identified as most important (class 1) in both 
dispersal scenarios. In the 800-m dispersal 
model, the dIIC-Intra, dIIC-Flux, and dIIC-Conn 
assigned 4, 16, and 7 fragments, respectively, to 
classes 1–3 (Table I). Corresponding numbers 
for the 3300-m dispersal model were 5 (those 
with the largest areas), 25, and 10, respectively. 
The removal of the two largest fragments of 
the central region promoted some changes in 
the importance of the other fragments of the 
BAE: fragments of the northwest region became 
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the most important; the large fragment of 
the southeast region lost its importance for 
connectivity and some fragments of the coast 
improved their classification (Figure 5a).

The proposal of ecological corridors 
developed by the Brazilian government and 
our proposal increased the value of general 
connectivity of the landscape (current landscape: 
overall IIC = 2716822; proposal of corridors of 
the event to select priority areas: overall IIC = 
46985670000; our proposed corridors: overall IIC 
= 48977460000), however our proposal required 
substantially less area (proposal of the event 
to select priority areas: 1869393.28 hectares; our 
proposed corridors: 33344.68 hectares.) for the 
production of ecological corridors (Figure 5b). 

In total, 29.64% of the forest area of the BAE 
already has some protection, the largest part 

of which is indigenous land (Table II; Figure 
6). However, these protected areas were not 
selected based on their value to connectivity. 
For both dispersal distances, the protected areas 
are not primarily made up of class 1 fragments, 
and only 1% of area of the class 2 fragments 
are already protected. No protection has been 
established for important areas in the central 
region of the BAE and in other areas connecting 
these fragments to the coast and to the western 
region of the study area. The southern part of 
the BAE has large protected areas disconnected 
from each other (dIIC-Conn class 5). However, 
the indication of the map of priority areas for 
Amazon conservation, performed by the Ministry 
of the Environment, suggested corridors and 
indicated different areas with high connectivity 
(Figure 7).

Figure 1. Proportion and classification of the forest remnants for the Belém area of endemism based on the MPSA 
analysis.
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Figure 2. Relationship 
between the size of the 
fragments in the Belém 
area of endemism and 
the importance given to 
them by each index (800m 
dispersal).

Figure 3. Model with 
the classification of the 
fragments of the Belém 
area of endemism on each 
index and sub-index for 
landscape connectivity 
(dispersal distance of 800 
meters).
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Table I. Quantity of fragments for the Belém area of endemism as classified by the dIICindex  800 and 3300 meters.

Dispersal (m) Class dIIC dIIC-Intra dIIC-Flux dIIC-Conn

800

1 2 2 1 1

2 3 1 4 3

3 2 1 11 3

4 18 1 45 26

5 5073 5093 5037 5065

3300

1 2 2 2 2

2 4 1 3 2

3 15 2 20 6

4 66 1 84 21

5 5011 5092 4989 5067

Figure 4. Model with 
the classification 
of the fragments of 
the Belém area of 
endemism on each 
index and sub-
index for landscape 
connectivity 
(dispersal distance 
of 3300 meters).
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Table II. Proportion of the protected areas based on their importance on the connectivity index. SUPA – 
Sustainable Use Protected Areas; IPPA – Integral Protection  Protected Areas ; BAE – Belém Area of Endemism.

BAE
Class
(dIIC)

Indigenous
Land(%)

SUPA(%) IPPA(%)
Total 

Protected(%)

Dispersal
800m

1 27.86 0.00 5.90 33.77

2 1.35 0.00 0.00 1.35

3 87.88 0.00 0.00 87.88

4 0.06 0.00 0.00 0.06

5 4.62 19.09 0.25 23.96

Dispersal
3300m

1 27.86 0.00 5.90 33.77

2 1.30 0.00 0.00 1.30

3 60.26 2.37 0.00 62.63

4 3.63 19.88 0.86 24.37

5 2.84 17.99 0.07 20.90

Landscape All 20.01 6.79 2.84 29.64

Figure 5. (a) classification of 
fragments in an alternative 
scenario in which the two 
largest fragments were 
excluded. (b) Proposals to 
create an ecological corridor: 
developed by the Brazilian 
government (corridor 1); 
and that developed in our 
research (corridor 2).
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Figure 6. Map with 
the definition of the 
priority areas for 
connectivity and 
protected areas 
in the Belém area 
of endemism. PA - 
protected areas.

Figure 7. Relationship 
between the importance 
attributed by the IIC 
(800m) for the Belém area 
of endemism and the 
actions suggested on the 
priority areas for Amazon 
conservation indicated by 
the Brazilian government in 
2006. PA - protected areas.
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DISCUSSION

The MSPA and IIC provided complementary 
characterizations of connectivity in the BAE, 
indicating a situation of advanced degradation 
with few large remnants and forested areas 
with low connectivity. They also enable the 
identification of ecological corridors and the 
development of different conservation strategies 
based on connectivity sub-index values.

The BAE has two large central fragments 
that are important to conservation. Based on 
the theory of insular biogeography (MacArthur & 
Wilson 1967), which states that species richness 
is directly proportional to area and indirectly 
proportional to the distance between islets, we 
can infer that these fragments harbor a rich 
diversity of environments and species. These 
fragments also have configurations with good 
proportion between the perimeter and the area, 
which minimizes disturbances related to the 
edge effect (Odum & Barrett 2008). In addition, 
as metapopulation theory predicts (Levins 
1969), these fragments probably function as 
source areas for the small fragments around 
them, which highlights their importance to 
conservation. Based on the neutral theory of 
biodiversity, we can also infer that changes in 
the size and distance between these fragments 
will directly influence species composition, as 
the stochastic processes that determine the 
variation in (ecologically derived) population 
abundance would be compromised by a lack 
of connectivity within the network of fragments 
(Hubbell 2001). The species extinction process 
would probably also be characterized by changes 
to the landscape’s spatial configuration, as has 
been observed in other tropical regions with 
species adapted to large areas (Odum & Barret 
2008).

Along the whole length of the BAE, we 
identified large numbers of stepping stones 

and ecological corridors, which indicates an 
advanced process of fragmentation, but one that 
can be reversed if these areas are preserved and 
parts of them recovered. Conservation of these 
areas should be considered when developing 
ecological plans for the region because they 
can contribute to the regulation of the rate 
of migration between core areas and enable 
maintenance of the rescue effect (Levins 1969), 
thereby reducing the possibility that populations 
in decline will become extinct.

In analyzing functional connectivity, we 
verified the influence of dispersal distance 
on fragment connectivity. The model with the 
greater dispersal distance (3300 m) yielded 
more fragments in classes of greater importance. 
The two largest fragments were important for 
species with different dispersal capacities (800 
and 3300 m), mainly due to the maintenance 
of  high internal connectivity. Changes in the 
structure of these fragments could influence 
species with 3300-m dispersal, such as some 
large mammals, and disturb the ecosystem 
(Jesus et al. 2012). Both fragments also showed 
high importance for connectivity for populations 
with an 800-m dispersal distance, such as birds 
and small mammals, which are also important 
for the dispersal of seeds (Umetsu et al. 2008, 
Jesus et al. 2012). Despite differences in dispersal 
capacity, species respond in the same way to 
changes in landscape structure, intensifying the 
pressure to create protected areas (Crouzeilles 
et al. 2014).

The comparison between the general 
connectivity of the landscape in different 
scenarios to creating ecological corridors 
indicated that our proposal has increased the 
connectivity based in a smaller amount of area 
for the creation of ecological corridors, reducing 
the total cost of implementation. Researches 
point to the cost variable as one of the 
influential factors in implementing conservation 



RODRIGO B. CASTRO et al. CONNECTIVITY OF THE FORESTS OF BELÉM AREA OF ENDEMISM

An Acad Bras Cienc (2020) 92(2) e20181357 12 | 16 

plans (Knight et al. 2009). Therefore, our design 
of ecological corridors, in terms of cost, can 
be  an interesting alternative to improve the 
connectivity of the landscape, considering 
the limited resources, the urgency in reducing 
the biodiversity erosion, and the need of 
conservation actions with minimal impact over 
other economic activities in the region. However, 
other concerns should be taken into account 
in conservation decisions involving corridor 
establishment. The longer corridors included 
in the government proposal will inevitably 
mean more area for the species. Although more 
area does not always translate into effective 
conservation it is normally important, especially 
in fragmented areas or places with high human 
pressure. Therefore, the best only can be 
properly evaluated by monitoring outcomes of 
applying these different strategies in the field.

 The creation of protected areas in the 
Amazon, in which the BAE is situated, has 
occurred mainly as a result of government plans, 
which have prioritized areas of biological and 
cultural importance and of natural beauty, or 
sought to assure the sustainable use of natural 
resources by traditional populations (Schulmann 
2007, MMA 2015). Although nearly one-third of 
the forested area in the BAE is already under 
some kind of protection, the criteria used 
to define the current protected areas do not 
promote connectivity between them; thus, the 
protected areas are isolated from each other, 
and some important areas for connectivity are 
not protected in ME.

Between the years 1988 and 2015, 
considerable advances in the conservation of 
the BAE have occurred, based on the creation 
of protect areas on private and public land and 
on the demarcation of indigenous territories 
(Almeida et al. 2010, MMA 2015). In the BAE’s 
central-western section, the protection of 
forested areas has involved fragments classified 

as having the greatest degree of importance 
for connectivity. These fragments include that 
with the largest area, which forms part of the 
indigenous territories (upper Guama River, upper 
Turiaçu, Awá, Caru), and the Gurupi biological 
reserve, which together form the region’s largest 
block of protected forest. Despite this protection, 
different forms of human intervention, such 
as dwelling construction and use, vehicular 
traffic, lumber exploitation, hunting and fishing 
and farming, occur in this territorial space 
(Hessel & Lisboa 2015). Moreover, heavy human 
pressure has been exerted in the Gurupí area, 
which is part of the arc of deforestation (the 
area made up of towns with the greatest levels 
of deforestation in Brazil) (Hessel & Lisboa 
2015). In the BAE’s central-weastern region, we 
observed that the second largest fragment, with 
high IIC-Intra and IIC-Flux values, was poorly 
protected.  The southeastern portion of the 
study area was largely Arariboia indigenous land 
(the third largest forest fragment), which had a 
high IIC-Intra value. The largest fragment in the 
central-weastern area (the BAE’s second largest 
fragment) had high IIC-Conn value for the two 
dispersal distances, and is therefore important 
for the interchange of species between eastern 
and western fragments in the BAE.

In the process conducted by the federal 
government in 2006, which identified priority 
areas for Amazon conservation, the second 
largest forest fragment in the BAE was classified 
as being extremely important and under threat. 
The government report suggested the creation 
of strictly protected area, demonstrating the 
understanding of the importance of preserving 
this area. The map of priorities produced at that 
time included areas of high biological importance 
and prioritized those that were under heavy 
human pressure (MMA 2007), and it is currently 
used in a strategic way to guide the creation of 
new protected areas. The identifications made at 
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that point appear to consider connectivity as an 
important element of conservation, as the report 
designates the most important fragments for 
connectivity in the BAE as requiring protection. 
Moreover, ecological corridors were proposed to 
connect the fragments considered to be most 
important in this study. Preserving connectivity 
between the BAE’s fragments is of great value 
to conservation, as it makes populations less 
vulnerable to demographic events, random 
environmental changes and local, regional or 
even complete extinction (Ayres et al. 2005).

Various strategies can be used from the 
classification of the fragments developed in our 
analysis. If the conservation goal is the protection 
of species richness and population viability, the 
prioritization of fragments in the central BAE, 
which have high IIC-Intra values, is appropriate 
because it would favor the area available (Saura 
& Rubio 2010). If the main concern is the lack 
of a significant quantity of core area, use of the 
IIC-Conn to establish priorities is necessary, 
and leads to emphasis on the protection of 
northwestern fragments with better connector 
quality (Saura & Rubio 2010). However, if the 
interest lies in prioritizing dispersal flow and 
maintaining metapopulations, protection of 
the largest fragment in the central-weastern 
area is appropriate, as this approach gives due 
importance to fragments with large areas and 
to the connector condition and, consequently, 
to maintenance of the flow of individuals. 
In addition, the classification of the results 
according to importance enables quantitative 
analysis and highlights the importance of this 
fragment to the conservation of biodiversity.

The fragment length is also strongly related 
to species richness, as reported for tropical 
landscapes for communities of amphibians 
(Almeida-Gomes et al. 2016), small mammals 
(Vieira et al. 2009), birds (Banks-Leite et al. 2012) 
and lizards (Almeida-Gomes & Rocha 2014a). 

Area is also related to the biota’s persistence 
in the landscape (Lindenmayer et al. 2008). 
However, in landscapes with <30% vegetation 
cover, the landscape configuration effect 
influences species richness (Albuquerque et 
al. 2011, Andrén 1994, Crouzeilles 2013), making 
the proportion of native vegetation coverage 
and the number and size of the fragments 
important aspects of the conservation process 
(Saura & Rubio 2010). Research on fragmented 
landscapes in the Amazon has confirmed that 
these variables are important, as the overall 
number of fragments appears to be the main 
factor influencing species persistence, which 
is correlated negatively with the presence of 
specialist species (Albuquerque et al. 2011). A 
study of a fragmented landscape in the Atlantic 
Forest reiterated the importance of these 
connectors, emphasizing the importance of 
stepping-stones to maintain conservation areas 
(Crouzeilles  et al. 2013). Therefore, because native 
vegetation covers less than one-third of the BAE 
and because the area has a large number of 
isolated fragments, conservation actions should 
also involve restoration and prioritization of the 
key connectors to minimize the negative effect 
of the lack of available habitat (Crouzeilles et 
al. 2014).

Belém has a large number of fragments 
classified as being of low importance by the 
connectivity index, characterizing an advanced 
state of fragmentation. Conservation actions 
should concentrate on reconnecting habitat 
patches to reduce isolation, thereby reducing 
the degree of fragmentation and increasing the 
available habitat. In this study, we developed 
proposal for ecological corridors, generated a 
map of priority areas for connectivity, including 
fragments with large core areas and high 
connector quality, as well as those important 
to population flows, which offer a good model 
for the maintenance of connectivity. The current 
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pattern of protected areas in the Amazon seems 
not to have given enough attention to the need of 
maintaining connectivity between forested areas, 
although the government’s indication of priority 
areas for the Amazon valorized this variable. 
Data on the importance of these fragments to 
connectivity can be used in a strategic way by 
decision makers to obtain better arrangements 
of conservation possibilities. Thus, this study 
provides an important theoretical outline and 
represents a contribution to more detailed 
research on how to maintain biodiversity in the 
most threatened part of the Amazon biome. 
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