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Abstract: The losses in the Brazilian Cerrado raise the need to understand the border regions between
human activities and Cerrado remnants. This work aims to answer the questions: How does the
landscape change in a deforestation area in the Brazilian Cerrado, and where do the losses of native
Cerrado occur in the landscape context? We chose the Cerrado of Bahia, an area of the agricultural
frontier, and used landscape metrics, and land use and land cover data from 2013 and 2020, to
quantify the changes in the landscape. We built a typology of landscape patterns to classify and
characterize the Cerrado landscapes, based on the landscape metrics, and land use and land cover
data from TerraClass Cerrado 2013. From these parameters, a decision tree classifier enabled the
classification of the landscape types. Then, we used the yearly deforestation data from PRODES
Cerrado to obtain the native cover and the landscape metrics for 2020. The predominant landscape
in 2013 was the Intermediate Stage of Fragmentation (32.53%), followed by the Initial Stage of
Fragmentation (31.26%), Consolidated Pasture (16.4%), Consolidated Agriculture (9.78%), Mixed
Landscapes (5.59%) and Native Cerrado (4.70%). The continuous Cerrado borders on areas in an
initial and intermediate stage of fragmentation, putting pressure on the native area. The losses in
native cover do not occur in consolidated landscapes or inside the continuous Cerrado. Instead, there
is a process of vegetation conversion over the landscapes in the initial and intermediate stages of
fragmentation, and landscapes where the matrix is heterogeneous. These factors signal the need to
preserve the contiguous fragments of Cerrado.

Keywords: landscape metrics; typology; decision tree mapping; land use and land cover (LULC)

1. Introduction

Economic interests as well as socioeconomic aspects, such as increased demographic
density, together with programs to encourage the development and construction of high-
ways, agriculture, and cattle activities can work as drivers of the agricultural frontier
expansion and deforestation in tropical biomes [1-3]. The Tropical Savanna Biomes (TGB—
Tropical Grassy Biomes) are the biomes that include savannas and grasslands. Those
biomes are under pressure due to land cover changes that affect biodiversity and biogeo-
chemical cycles [4]. Inserted in this context, the Cerrado, or the Brazilian Savanna, also
faces deforestation impacts over its native area [5].

The Cerrado is an open domain biome with the most representative extension in South
America, and due to its number of species, endemism (approximately 4,800), and threat
suffered by these areas it is considered a “biodiversity hotspot” [6,7]. In addition to its
biodiversity importance, the Cerrado is highly relevant for the balance of biogeochemical
cycles, maintained by their fire regimes. Also, this region is important for its high popula-
tion concentration (approximately 46 million inhabitants) and the expressive agricultural
production in its territory (approximately 17.43 Mha of the three main products, soy, corn,

Land 2021, 10, 352. https:/ /doi.org/10.3390/1land 10040352

https://www.mdpi.com/journal/land


https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0003-4913-1071
https://orcid.org/0000-0002-5822-8265
https://doi.org/10.3390/land10040352
https://doi.org/10.3390/land10040352
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/land10040352
https://www.mdpi.com/journal/land
https://www.mdpi.com/2073-445X/10/4/352?type=check_update&version=1

Land 2021, 10, 352

20f 15

and cotton, in 2014) [4,8]. The region known as MATOPIBA that corresponds to the states
of Maranhao, Tocantins, Piaui, and Bahia had a population estimated at 5.9 million people
and produced approximately 2.2 Mha of soy, corn, and cotton in 2016 [8].

Until 2013, the Cerrado lost approximately 50% of its native cover to human use [9].
Recent data also show that the biome still presents areas of agricultural expansion over
native vegetation in its interior [10]. Between August 2019 and July 2020, 7340 km? of
native vegetation was removed, an increase of 13% concerning the losses observed in the
previous 12 months (6483 km?) [11]. Some studies report that the losses in Cerrado native
cover are increasing fragmentation [12,13]. The losses in the native cover in Cerrado have
also been reported to affect the carbon stock and the biodiversity in this biome [14]. This
process can be aggravated with the expansion of agriculture in addition to weak policies of
conservation [13,15,16].

Currently, the Cerrado scenario presents a low number of areas destined for conserva-
tion. Agricultural expansion motivated by speculation in land prices, lack of a policy to
control the losses of native cover, and incentives for agribusiness as an economic model
will lead to a reduction in the number of native remnants and a decrease in connectivity
in the landscape [17]. In contrast, removing the pressure over native areas would allow
connectivity in the landscape to be maintained, or restored by the regeneration of native
Cerrado [18]. Maintaining the landscape with a greater number of remnants and high
connectivity is essential for maintaining biodiversity [19]. The Cerrado has a large number
of threatened species, 307 species on the Red List [7], and the immediate threat to native
vegetation due to losses from agricultural expansion. In addition to these factors, the
Cerrado still contributes to environmental services, maintaining soil moisture and carbon
cycling [18,20].

The conversion of native areas into anthropogenic land covers can result in a frag-
mented landscape with sparse remnants of native vegetation, distributed within a mosaic
with a predominance of anthropic land coverages. The fragmentation process over the
original vegetation results in a decrease in patch areas and an increase in edge areas and the
number of patches [21]. The habitat loss and consequent fragmentation due to this process
have a negative effect on biodiversity, but the fragmentation per se, which means in the
same habitat amount, has a mostly null effect on biodiversity [22-24]. However, the null
effect of fragmentation per se on biodiversity is not a consensus in the literature [25-27].
Despite this controversy about the effects of fragmentation, the measure of losses in native
cover and fragmentation per se must be in the landscape scale [22].

The choice of the most appropriate scale to represent the landscape mosaic should con-
sider the gains and losses to observe the object of analysis on a local and global scale [28,29].
Local-scale allows for the production of accurate local information but also makes it difficult
to generalize the results found due to local particularities. On the other hand, in landscape
mosaics studies, local scale can hide the heterogeneity of the landscape. A global-scale
analysis enables broader approaches, but it is more susceptible to inaccuracies due to the
suppression of elements that are not visible in their representation [30].

It has been well-recorded that the Cerrado is losing its native areas over the years and
that agricultural lands are increasing [11,31]. An increase in fragmentation of native Cer-
rado has also been reported over the years [12]. However, it is fundamental to understand
where, considering the landscape structure, this process is preferably occurring, and how it
relates with the landscape context to develop policies in both preventing the impact and
promoting conservation. It is also utterly important to verify if the losses in native cover
are increasing the fragmentation in order to establish a protection mechanism not only to
continuous native cover but also to small patches [32]. Considering the presented context,
this work poses the following specific questions: How does the deforestation process
change the landscape structure (or landscape patterns) in the Brazilian Cerrado, and where
do the losses of native Cerrado occur in the landscape context? We used these questions
to describe the methodology and results. To answer these questions, we considered the
Cerrado located in the western region of the state of Bahia—a representative area of the
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active agricultural expansion frontier. We used landscape metrics, and land use and land
cover (LULC) data from 2013 and 2020 to quantify the changes in the landscape. Then, we
proposed a typology of landscape patterns to classify and characterize the Cerrado land-
scapes and to understand where the processes of change are occurring. We quantified and
discussed the changes for each landscape pattern in the study region, from 2013 to 2020.

2. Materials and Methods
2.1. Study Area

The study area is the Cerrado biome in the state of Bahia, with a total area of
151,167 km?, corresponding to approximately 27% of its entire territory (Figure 1). The
region has an average annual rainfall of 1500 mm and an average annual temperature of
24 °C [33]. Deep soils predominate in the region, a pedological characteristic that added
to the geomorphological formation of the plateau and makes the region propitious to the
development and mechanization of agriculture [33]. In 2020, the region concentrated 919.15
km? of deforestation increment [11]. According to TerraClass Cerrado data [9], the study
area has a predominance of natural vegetation that totals 66.78% of the area. The second
and third most representative uses of the study area are, respectively, pastures (16.17%)
and croplands, considering annual and perennial croplands (14.82%).
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Figure 1. Study area—Cerrado biome in the state of Bahia, Northeastern Brazil with altimetry.
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2.2. Database

We used the TerraClass Cerrado LULC map, referring to 2013, as the base for the
development of the landscape typology for the study area. The TerraClass Cerrado project
(an INPE, EMBRAPA, IBAMA, UFU, and UFG partnership) provides data on land use and
land cover from Landsat 8 satellite images and takes 6.25 hectares as the minimum mapping
area. This project used a semi-automatic classifier combined with visual interpretation
to map the classes: annual croplands, perennial croplands, pastures, forestry, mosaic
of occupation, urban, mining, bare soil, natural, natural without vegetation, water, and
non-identified (clouds and burned areas) [9].

In the absence of a recent LULC mapping compatible with the TerraClass Cerrado of
2013, we adopted an alternative approach to map and quantify the effect of deforestation
over the Cerrado landscape. Thus, we used maps provided by PRODES Cerrado to
quantify the changes in the native cover of the Cerrado from 2013 to 2020. PRODES
Cerrado is a project whose objective is mapping the deforestation inside the Cerrado
biome. Its first mapping product is referred to the year 2000, and it mapped the land
cover classes: native vegetation, anthropic, water, and not observed (clouds and shadows).
Since then, every year, PRODES maps the increment in anthropic areas, considering as
anthropic those areas of deforestation, regardless of the intended use [34]. PRODES
Cerrado deforestation mapping results in a yearly increment of deforestation, always
taking the previous year as the reference. The data is obtained using as sources images
from TM/Landsat5, ETM+/Landsat7, OLI/Landsat8, and LISS-III/RESOURCESAT2, and
the minimum mapping area is 1 ha.

2.3. How Does the Intense Deforestation Process Change the Landscape Structure (or Landscape
Patterns) in the Brazilian Cerrado?

To answer this question, we first quantified the native Cerrado cover (class natural)
in the LULC map from 2013 and 2020 in the study area. To quantify the Cerrado native
cover in 2020, we subtracted the deforestation of 2013 to 2020 from the class natural on the
TerraClass Cerrado map from 2013 and used the new map obtained with the results of the
class natural as a reference to 2020. Then, we computed landscape metrics of fragmentation
for 2013 and 2020 to verify if the changes in the amount of Cerrado native cover increased
the fragmentation in the area. We chose as fragmentation metrics the number of natural
patches (Patches Number), the total edge (Total Edge), and the mean of patch size (Mode
Area). The choice of these fragmentation metrics (Patches Number, Total Edge, and Mode
Area) followed Fahrig, 2017 [23], who stated that these are the best metrics to measure
fragmentation because it is possible to control their relationship to habitat amount. We
used the vector data to obtain all metrics using the ArcGIS Desktop. The Patches Number
is the sum of natural patches in the whole study area. The Total Edge is the sum of the
natural patches perimeters in the whole study area. Finally, we obtained the Mode Area
value, calculating the area of each natural patch, and then obtained the mode value for the
study area.

2.4. Where Do the Losses of Cerrado Native Cover Occur in the Landscape Context?

To answer this question, we used the LULC map first as a reference to build the
landscape typology, and then as input to classify the region. Next, we characterized each
landscape type by computing landscape metrics over the LULC map, using all classes
from TerraClass Cerrado 2013. After we classified the landscape in types, we quantified
the changes in the Cerrado native cover in each type using the 2020 map. A detailed
description is provided in the following subtopics.

2.4.1. Landscape Typology and Description

We built a regular grid for the study area, in which we considered each cell grid as a
landscape unit. To choose the best scale, we assessed the scale necessary to analyze the
object of this study, as suggested by Meentemeyer, 1989 [28]: the landscape patterns. We
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chose a cell size in which most cells had some level of heterogeneity, ensuring that the
patches of Cerrado native cover, the object of this study, were present in most of them,
making it possible to characterize the Cerrado fragmentation process in each land mosaic
category. This choice considered the scale of analysis in greater detail, involving an analysis
of the landscape structure and composition. The empirical (visual) process enables not only
the analysis of the dimensions of the features of interest present in the LULC map but also
includes the criteria of cell homogeneity concerning the structure and composition of the
landscape. This way, we defined the cell size empirically from the analysis of the polygons
of interest where it was possible to observe the distinct patterns of different classes, and
the patch sizes, present in the landscape. For the empirical analysis, we selected two cuts
in the study area (Figure 1) to analyze the different scales (Figure 2). The choice of these
areas was appropriate to obtain different patterns in the landscape.

Evaluating cell sizes with sides 5 x 5 km, 10 x 10 km, 15 x 15 km, 30 x 30 km, and
50 x 50 km, (Figure 2), we found that 15 x 15 km was the most appropriate cell size. It is
possible to observe in Figure 2 that even though the biggest cell sizes (50 km and 30 km)
allowed for the proper representation of the pattern of large polygons (right side), they are
not appropriate to represent small polygons (left side), because they generalize the land
cover patterns in those landscapes. Conversely, the smallest cell sizes (5 km and 10 km)
are not able to detect heterogeneity in landscapes with large polygons (right side). Thus,
we chose the intermediate cell size (15 km) because it was able to detect the landscape
heterogeneity with large and small polygons. Considering this, we built the grid with
cells of 15 km x 15 km for the study area. Each grid cell contained land use and cover
classes from the LULC TerraClass Cerrado mapping. This procedure aims to redistribute
the LULC data to a cellular space considering a homogeneous matrix of cells.

For the typology, we defined the types a priori based on the land cover class patterns
observed and their frequency in the landscape. Considering the predominant type of
coverage in the cell, we defined five typologies: Consolidated Agriculture (AC), Initial
Stage of Fragmentation (FI1), Intermediate Stage of Fragmentation (F12), Native Cerrado
(NC), Consolidated Pasture (PC), and Mixed Landscape (PM), as presented and described
in Figure 3.

From the proposed typology, we collected samples of each landscape type. From
those, 66% of the samples were training samples and 34% were test samples. Then, we
classified the region using the Decision Tree in GeoDMA [35]. The C5.0 Decision Tree from
GeoDMA used in this study is the implementation of the Quinlan’s C5.0 Algorithm. This
supervised classification method uses attributes in the training records to assemble a tree,
ignoring cases with bad or unknown classes. We did not establish initial limit parameters
for decisions among classes for the samples; we selected the training samples visually and
we used them to classify the cells. The landscape metrics thresholds define each branch of
the tree, resulting in the distinction of classes and the classification of the typology map.

To build the decision tree and to classify the region, we used as attributes the fol-
lowing landscape metrics, obtained from the LULC map from TerraClass Cerrado: the
percentage of each class (annual croplands, perennial croplands, pastures, forestry, mosaic
of occupation, urban, mining, bare soil, natural, natural without vegetation, water, and
non-identified), the number of natural patches (Patches Number), the total length of the
edge of the natural patches (Total Edge) and the mode value of the natural patch size inside
the cell (Mode Area). To obtain the percentage of each class, we used the total area of each
class inside each cell divided by the total cell area. The Patches Number is the sum of
natural patches inside each cell. The Total Edge is the sum of the natural patches perimeters
inside the cell. Finally, we obtained the Mode Area, calculating the area of each natural
patch in the cell, and then computed the mode value for the cell. We used the vector data
to obtain all metrics using the ArcGIS Desktop.
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Figure 2. TerraClass 2013 land use and land cover (LULC) map in the study area and different cell
size: (A) 50 km; (B) 30 km; (C) 15 km; (D) 10 km; (E) 5 km. On the left, a region with a predominance
of large LULC areas, and the right, a region with a predominance of small LULC areas.
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Consolidated Agriculture (AC): Landscape with annual croplands
matrix. Large and linear Cerrado patches (class Natural).

Initial Stage of Fragmentation (FI1): Landscape with Cerrado
matrix (class Natural). Small patches of anthropic occupation.

Intermediate Stage of Fragmentation (FI2): Landscape with
equivalent areas of Cerrado (class Natural) and land use classes.

Native Cerrado (NC): Landscape without deforestation inside the
cell. All the landscape cover has natural origin.

Consolidated Pasture (PC): Landscapes with a predominance of
pastureland. Small patches of Cerrado (class Natural) in low
density.

Mixed Landscape (PM): Mixed landscape with the presence of
classes of Cerrado and classes of land use. The matrix is agriculture
— with crops and pastures. Small density of Cerrado patches (class
Natural) with medium and small sizes.

Legend

Annual croplands
Perennial croplands

Il Water
Mining

I Mosaic of occupations
Non identified

I Natural

Il Natural without vegetation
Others

[ Pastures
[ Forestry

Bare soil

[l Urban

Figure 3. Landscape typology of patterns observed in the study region from the composition and arrangement of TerraClass

Cerrado land use and land cover patterns.

We chose these fragmentation metrics (Patches Number, Total Edge, and Mode Area)
following Fahrig, 2017 [23], who stated that these are the best metrics to measure fragmenta-
tion because it is possible to control their relationship to habitat amount. After classification,
the selected test samples from each class were used to verify the mapping accuracy by
calculating the Kappa Index based on the confusion matrix. After the classification, we
used the metrics to describe each type of landscape.

2.4.2. Landscape Changes in Cerrado Native Area

To characterize the landscape changes from 2013 to 2020, we used the yearly deforesta-
tion map from 2013 to 2020 provided by PRODES Cerrado and subtracted from the class
natural of the LULC map of TerraClass Cerrado to obtain the Cerrado native cover in 2020.
Using the Cerrado native cover of 2020, we computed the metrics, previously defined, to
characterize the landscape structure for each type from the classification obtained in 2013:
the percentage of Cerrado native cover (Percentage Native Area), Patches Number, Total
Edge, and the Mode Area.

To verify how the Cerrado landscape changed between 2013 and 2020, we performed
a statistical analysis to compare the Cerrado native cover in each type of landscape (AC,
FI1, F12, NC, PC, and PM) in 2013 and 2020. First, we used the Shapiro-Wilk to test the data
normality. After testing normality, we used the T-test for parametric data and Wilcoxon
test for non-parametric data, to test if the Percentage of Native Areas were different inside
each landscape type between 2013 and 2020. When we found a difference in the Percentage
of Native Area, we also tested the difference for each metric (Patches Number, Total Edge,
and Mode Area) between 2013 and 2020, using the same tests.
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3. Results
3.1. How Does the Intense Deforestation Process Change the Landscape Structure (or Landscape
Patterns) in the Brazilian Cerrado?

From 2013 to 2020, the percentage of native cover decreased by 3.85% in the Cerrado
biome in the state of Bahia. In 2013, the percentage of Cerrado native cover in the study
was 66.78% (102,086.41 km?) and it decreased to 62.93% (96,193.81 km?) in 2020. The Mode
Area decreased from 8.09 km? in 2013 to 8.43 km? in 2020. We observed a decrease in the
Number of Patches from 2013 (11,464) to 2020 (11,402). The Total Edge increased from
128,246.63 km in 2013 to 147,133.07 km in 2020.

3.2. Where Do the Losses of Cerrado Native Cover Occur in the Landscape Context?

The decision tree used the percentage of Cerrado native cover (natural class) in each
cell as the first attribute to separate the types. In the first branch were the cells in which the
percentage of natural was <= 56.48 %. In the first branch, when the percentage of annual
croplands was <= 1.92 % the cells were classified as PC; cells with the percentage of annual
croplands > 1.92 % and 56.44 % were classified as PM; and cells with the percentage of
annual croplands > 56.44 % were classified as AC. The second branch separated those cells
where the percentage of natural class in each cell was > 56.48 %. When the percentage of
natural was <= 84.0% the cells were classified as FI2; when the percentage of natural was >
84.0% and < = 0.02% the cells were classified as FI1; and when the percentage of natural
was > 0.02% the cells were classified as NC (Figure 4).

% Natural
/ ‘*-.\\‘
St
e "‘~\\
r A
2o AU % Natural
croplands - 0.564
<=0.564 :
| |
A 4 A 4
PC % Annual FI2 % Natural
<=0.019 croplands <0.839 >=0.839
>0.019 ‘
A4 A 4
FI1 NC
AC
PM < 0.0002 >=0.0002
<=0.564 > 0.564

Figure 4. Decision tree used to classify the Cerrado landscape classes in the state of Bahia. Consolidated Agriculture (AC),

Initial Stage of Fragmentation (FI1), Intermediate Stage of Fragmentation (F12), Native Cerrado (NC), Consolidated Pasture
(PC), and Mixed Landscape (PM).

In the study area, the predominant landscape in 2013 was FI2 (32.53%), followed by
FI1 (31.26%), PC (16.4%), AC (89.78%), PM (5.59%), and NC (4.70%) (Figure 5). Based on
test samples, the general map accuracy was 88.2%, and the confusion matrix is presented
in Table 1.
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Land use and land cover map and landscape typologies in Bahia Cerrado

(B) Natural and Anthropic cover in Bahia in 2020,
(A) Land use and land cover map in Bahia in and deforestation between 2013 and 2020
2013 according to TerraClass Cerrado according to PRODES Cerrado (C) Landscape types in Bahia in 2013

Legend
I IState border Il Mosaic of occupation L Legend
Class Non-identilied [IState border
Annual croplands Natural without Type
W Perennial croplands | vegetation Legend WINAS GERAIS I Consolidated Agriculiure (AC)
I Watcr Other [ State border I Tnitial Stage of Fragmentation (FT1)
I Urban [ Pastures Anthropic Intermediale Stage of Fragmentation (F12)
I Natural Il Forestry I Natural Il Native Cerrado (NC)
IMinning Barce soil I vvaier C(?nsn]iduted Pasture (PC)
0 50 100 Il Dcforestation 0 50 100 Mixed Landscape (PM) 0 50 100
) km ) km ] km

Figure 5. Land use and land cover in Bahia according to TerraClass Cerrado 2013 data, and classification of landscape
typologies in the Cerrado of Bahia. (A) Land use and land cover map in Bahia in 2013 according to TerraClass Cerrado:
LULC map in the state of Bahia according to TerraClass Cerrado 2013 data. (B) Natural and anthropic cover map in Bahia in
2020 according to PRODES Cerrado: the map shows the natural cover and all anthropic covers represented by the class
anthropic in 2020 according to PRODES Cerrado. (C) Landscape types in Bahia: Typology map in the state of Bahia obtained
from the decision tree classification.

Table 1. Confusion matrix of training samples and test samples used to classify the landscape
typology of the Bahia Cerrado region.

Size =6 Size =6
Errors =1 (0.9 %) Errors = 2 (3.8 %)
Training Sample Evaluation Test Sample Evaluation
(n =109) (n=53)
AC M FI2 NC PC PM AC FI1 FI2 NC PC PM
AC 14 13
FI1 21 6
FI2 17 9 1
NC 20 7
PC 20 7

PM 1 16 1 9
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The percentage of Cerrado native cover was higher inside NC, followed by FI1, FI2,
PM, PC, and AC for 2013 and 2020. The Total Edge and the Number of Patches were higher
inside PC, FI2, PM, and FI1, followed by AC, in both years. The Mode Area was higher
inside NC, followed by FI1, FI2, and PM. PC and AC had the smallest Mode Area. We also
observed this pattern in 2013 and 2020 (Figure 6).

From the results of the Wilcoxon test (W) and T-test (T and p-values), when comparing
the difference in the native percentage of the Cerrado between the years 2013 and 2020, the
classes FI1 (W = 37502, p-value = 4.351 x 10~°), FI2 (W = 41703, p-value =9.408 x 1078), and
PM (W = 1476, p-value = 1.311 x 10~5) showed significative differences in Native Cerrado
percentages. The classes NC (W = 770, p-value = 0.3579), AC (W =770, p-value = 0.3579),
and PC (W = 8448, p-value = 0.513) did not show a difference in the native percentage of
the Cerrado between the years 2000 and 2013.

We tested the difference in the landscape between 2013 and 2020 for FI1, FI2, and PM
because they showed differences in the percentage of Native Cerrado (Table 2). There was
no significative difference in the Number of Patches in FI1 (W = 30388, p-value = 0.934),
FI2 (W = 32918, p-value = 0.929), or PM (W = 970, p-value = 0.990) between 2013 and
2020. There was significative difference in Total Edge in the landscapes FI1 (W = 25056,
p-value = 0.001) and F12 (W = 28592, p-value = 0.012), while there was no significative
difference in Total Edge for the landscapes PM (W = 844, p-value = 0.304) between 2013 and
2020. The Mode Area was significative different in FI1 (W = 37152, p-value = 1.233 x 1079),
FI2 (t = 4.1624, df = 510, p-value = 3.696 x 10~°), and PM (W = 1392, p-value = 0.0003221)
between 2013 and 2020.

Table 2. Results of the metrics inside FI2 in 2013 and 2020 average values: Percentage of Native cover,
Number of Patches, Total Edge, and Mode Area.

Landscape Pattern Landscape Metric Year 2013 Year 2020
Percentage of Native 63.44 59.87
cover (%)
FI1 Number of Patches 6.19 6.24
Total Edge (km) 213.67 238.66
Mode Area (km?) 20,850.74 20,029.29
Percentage of Native 65.21 60.43
cover (%)
FI2 Number of Patches 22.97 22.82
Total Edge (km) 275.70 310.34
Mode Area (km?) 14,323.71 13,328.54
Percentage of Native 41.50 3401
cover (%)
PM Number of Patches 11.09 11.00
Total Edge (km) 169.58 184.12
Mode Area (km?) 9431.91 7435.12

Note: Mean from all cells.
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Figure 6. Boxplot of the metrics Native percentage of Cerrado, Patches Number, Total Edge, and Mode Area for each

landscape type (AC, FI1, FI2, NC, PC and, PM), in 2013 and 2020.



Land 2021, 10, 352

12 of 15

4. Discussion

The Cerrado native areas are dominant in most of the Bahia Cerrado region in both
the observed years, 2013 and 2020. However, the native cover decreased over time and
therefore, we observed a decrease of the Mode Area, a decrease in the Number of Patches,
and an increase of Total Edge in the whole area. Answering our first question, the defor-
estation processes affect the landscape structure in the study area by reducing the size and
number of patches and increasing the amount of edge in the area. This result highlights
the importance of this region to preserve the biome, since the Cerrado native cover is still
dominant in the region, the opposite found for the entire biome [19].

The losses in the native cover in the northern Cerrado have been reported in other
studies [31,36], but the typology map made it possible to understand in the finest resolution
where the losses in Cerrado native cover are happening and to relate them to landscape
patterns. Our typology map showed that NC occupies approximately 4.7% of the whole
area. This result means that most of the landscape has, at some level, the presence of
anthropic activity. Answering the question of where the losses of native Cerrado occur
in the landscape context, we observed that the losses in the Cerrado native cover were
significative in the Initial (F1) and Intermediate Stage of Fragmentation (FI2), and Mixed
Landscape (PM). These three types of landscape together correspond to approximately
69.38 % of the study area. We also noticed that, except for PM, the losses of native Cerrado
were concentrated in FI1 and FI2, the immediate border with NC (Figure 5). PM was the
only landscape type with an anthropogenic matrix where the losses in the Cerrado native
cover were significative. This can be explained by the fact that among the types with an
anthropogenic matrix (AC, PC, and PM), PM had the highest percentage of Cerrado native
cover in 2013.

It is common for a process of habitat loss to be associated with habitat fragmentation
by increasing the patches number and the total edge and decreasing the patches sizes [21].
Even though regions classified as FI1, FI2, and PM presented a lower percentage of Cerrado
native cover in the landscape in 2020 than in 2013, this was not followed by an increase
in the Patches Number inside them. Surprisingly, this metric was similar for both years.
However, the losses in the Cerrado native cover showed the strongest effect in the patches
size. We observed that the losses in the Cerrado native cover affected the area of the patches,
reducing them over time, but it did not affect the number of patches in the landscape. The
pattern of increasing the Total Edge happened inside the FI1 and FI2 types but did not
occur in PM. Even though all areas analyzed (FI1, FI2, and PM) presented significative
differences in patch size, the loss of area can have different effects on a patch’s shape [37].
This fact can explain such a difference in the response of Total Edge to losses in area for
those landscapes.

The LULC map highlighted two regions bordering the Cerrado: the livestock frontier
advancing from the east side, as observed by PC type, and agriculture crops, or AC type,
from the west side (Figure 5B). In consolidated landscapes, PM has higher values of Mode
Area than AC and PC. This means that when the anthropogenic matrix is not dominated
by one land use in the study area, the patches are bigger than in a homogeneous landscape
Considering the fragmentation metrics, we found that PC has the highest values of Number
of Patches and Total Edge.

These findings indicate that landscapes with a pastures matrix are more fragmented
than landscapes with a croplands matrix. This pattern of higher fragmentation inside land-
scapes with a pastures matrix is different from a study in the Cerrado in the Goias state in
2009 [12] that found high fragmentation rates in landscapes with a croplands matrix. Com-
pared to the pastures matrix (PC), we found fewer patches of Cerrado inside landscapes
with a croplands matrix (AC)), as observed by the metric Number of Patches (Figure 6).
This is probably because mechanized agriculture requires large and continuous lands to
occur, limiting the Cerrado areas to places where the slope and hydrography does not
allow for the use of machinery [38].
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After considering the amount of Native Cerrado and fragmentation, another fact to
consider is the matrix heterogeneity. This is important because different matrix cover has
different degrees of obstruction to native species movement [39]. This factor is aggravated
by the present homogeneity in the matrix inside the consolidated areas (AC, PC, and PM),
in which, the type of matrix is less varied. This can be seen from the fact that among
the landscape types with an anthropogenic matrix (PC, AC, and PM), the class Mixed
Landscape (PM) is the type with the lowest area representativeness in the study site.

We could observe that the losses in native cover of the Cerrado do not occur in
consolidated landscapes (AC and PC) or inside the continuous areas of Cerrado (NC).
Instead, it appeared to be a process that occurs over the landscapes with a higher percentage
of Cerrado native cover and some amount of land use inside it. We could also observe this
by the fact that AC, PC and, NC did not have a significative difference in the percentage
of native cover. Today, the Cerrado has only 6.5% of its total area inside protected areas,
allowing losses over its native area [16].

As far as we observed, the conversion of native cover resulted in a reduction in the
Mode Area and an increase of Total Edge in the area, but it did not show a difference in the
Number of Patches. This finding means that the losses of native cover are happening by
reducing the size of large patches and not by removing the small ones, a process different
from that reported for the Atlantic Rainforest, as an example [40]. This evidence plays an
important role in designing conservation policies, by understanding the patterns of native
cover loss and fragmentation [25].

5. Conclusions

The Cerrado landscape in the state of Bahia has a higher percentage of areas at an
early stage of fragmentation than areas at more advanced stages. However, because of
anthropic use, the region of consolidated occupation presents a low density of Cerrado
patches. These findings urge the need to preserve the few contiguous fragments of this
biome that have the function of preserving its natural processes.

The dominance of a single type of anthropic matrix, annual croplands, or pastures
over extensive areas is evident. This matrix homogeneity reduces the permeability of the
landscape in the consolidated areas. Therefore, the importance of maintaining patches of
native vegetation is once again emphasized.

Cerrado deforestation in Bahia also has a particular landscape pattern of natural
vegetation loss. These losses are reducing large patches inside landscapes with initial
and intermediate levels of fragmentation and inside landscapes with a heterogeneous
matrix. Understanding the patterns of native cover loss and fragmentation is essential
when designing conservation policies for Cerrado.

Finally, this article also provides a methodological contribution towards the construc-
tion of typologies—a useful tool to assess diverse landscapes, enabling us to compare
heterogeneous environments or temporal evolution. From the classification of landscape
patterns, one can assess fragmentation by analyzing their metrics and identifying differ-
ences in the landscape patterns. This type of approach under the landscape bias may
be key to understanding the ecology of species since the spatial configuration of the
remnants can determine the flow of individuals and the persistence of populations in a
fragmented environment.
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