
1

Original Research Article2

3

Landscape Ecology and Geotechnologies as4

Tools for the Management of Biological5

Conservation6

7
ABSTRACT8

9
Tropical forests, such as the Atlantic Forest, are among the most relevant forest formations
regarding the provision of environmental ecosystem services, however, after centuries of
human expansion, most of the Atlantic Forest is reduced to forest patches. This work aimed
to map and analyze the landscape structure of the Atlantic Forest remnants in the city of
Goiana, PE, Brazil. For that, metric indexes of landscape ecology were used, with the
description of the spatial elements that determine the existing ecological processes and their
importance on biological conservation. The native vegetation remnants map was obtained
through supervised classification process, using images from LANDSAT 8 sensor, in the
QGIS 2.18.9 computational application, with aid of the SCP (Semi-Automatic Classification
Plugin) and the Maximum Likelihood algorithm. The landscape ecology analysis was
performed in the ArcGIS 10.1 software, with aid of the Vector-based Landscape Analysis
Tools Extension (V-LATE) 2.0 beta. The native vegetation fragmentation was related to the
size class which they belong, observing the landscape ecology indexes for each class to
compare the vegetation patches conservation degree and size. That way, the map of the
native vegetation occupied areas for the year of 2017 was obtained, with 241 patches being
identified, of which, approximately 45% were classified as very small patches. Thus, it was
noticed that there is a high degree of fragmentation in that region that can lead to the
reduction of biodiversity. The smaller patches also presented higher edge density and
greater edge effect. In relation to the proximity, when analyzed together, with no size class
distinction, the degree of isolation decreased expressively, which indicates the importance of
the smaller patches for the landscape and the ecological processes.
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12
1. INTRODUCTION13

14
The Atlantic Forest is home to one of the most diverse and endangered tropical forest biotas15
in the world, being that one of the reasons that makes it a priority for the biodiversity16
conservation worldwide (hotspot). Its geographic characteristics, allied to the wide altitude17
range, favors this high diversity and endemism, including more than 20,000 plants species,18
270 mammals species, 850 birds species, 200 reptiles species, 370 amphibians species,19
350 fish species and many other species that still requires scientific description [1].20

21
Tropical forests, such as the Atlantic Forest, are among the most relevant forest formations22
regarding environmental services provision and are responsible for providing a diversity of23
ecosystem services, essential to the society, for instance: water regulation and supply,24
climate regulation, water and air purification, carbon sequestration and storage, habitat25
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protection for fauna and flora species, slopes protection and flood, erosion and rivers silting26
mitigation, among many others [1,2,3,4].27

28
After five centuries of human expansion, most of the Atlantic Forest landscapes are reduced29
to forest patches (most of them with less than 100 hectares), surrounded by pasture lands30
matrices, agricultural crops, eucalyptus plantations and urban centers [2,4,5]. These patches31
isolated from each other are mostly composed of secondary forests in the early and middle32
stages of succession [5,6].33

34
The importance of secondary forests patches for biodiversity conservation has been35
widespread in the last decades, stimulated by the fact that these forests have been replacing36
mature forests in several places, and are currently the predominant type in the Atlantic37
Forest region and in other places.38

39
In Brazil, the original fragmentation of the vegetation was mainly due to the legalized40
suppression, before the establishment of environmental laws or their strengthening, as well41
as the illegal suppression, in violation of the environmental legislation, lack of environmental42
and production criteria for the rational expansion of the agricultural frontier to meet the social43
demand, increase of cultivated areas to maximize profits, inadequate knowledge of the law44
and forest fires [7].45

46
The habitats loss and fragmentation, combined with climate change at global and regional47
levels, are causing the collapse of the main ecosystem services, environmental disasters48
and a progressive loss of biodiversity [8,9].49

50
Landscape ecology, an area of ecology that relates ecological processes and ecosystem51
characteristics, presents two conflicting approaches: a geographical one, which emphasizes52
the influence of man on the landscape; and an ecological one, which deals about the53
importance of spatial context on the ecological processes. Thus, for an ecological approach,54
the landscape is a heterogeneous and interactive mosaic, with favorable conditions for a55
species or community, within an observation scale [10].56

57
For a broader understanding of landscape structure and functions, the landscape ecology58
uses a set of metrics that serves as indicators of landscape quality. These metrics quantify59
the spatial characteristics of the forest patches together or of all landscape mosaic60
(considering all the land use and occupation of the landscape).61

62
Thus, forest fragmentation can be analyzed by applying landscape ecology metrics allied63
with geoprocessing techniques, aiming to observe the quality of the forest patches (due to64
the intense anthropic pressure) and how the spatial distribution of the patches interferes with65
the species dynamics [11], since the barriers of natural or anthropic origins also promotes66
the reduction of gene flow and reproductive isolation, with consequent loss of genetic67
diversity [12].68

69
These metrics can also be used as support tools for the management of natural resources,70
such as in forested areas that are important providers of ecosystem services, aiming to71
assess the degree of isolation of these areas, habitat loss, biodiversity reduction and which72
methodologies can be defined to assist in the recovery and conservation of these forest73
ecosystems.74

75
As the pressures and fragility of tropical forests increases, it raises too the concerns about76
the biodiversity sustainability and ecosystem services. In this context, the objective of this77
study was to map and analyze the landscape structure of Atlantic Forest remnants in the78
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municipality of Goiana, PE, Brazil, using metric indexes of landscape ecology, describing the79
spatial elements that determine the existing ecological processes and their importance in80
biological conservation.81

82
2. MATERIAL AND METHODS83

84
2.1 Study area characterization85

86
The municipality of Goiana is located in the mesoregion of the Mata Norte and in the87
northern Mata Microregion of the state of Pernambuco (Figure 1), being limited to the north88
by the state of Paraíba, to the south with the municipalities of Itaquitinga, Igarassu,89
Itapissuma and Itamaracá, to the east with the Atlantic Ocean and to the west with the90
municipalities of Condado and Itambé. The municipality has an area of 501.88 km²,91
geographically positioned at the coordinates 7° 33' 40" S and 35° 00' 10" W and, according92
to Köppen classification, the region climate is Ams' type (tropical rainy of monsoon with dry93
summer), with average annual precipitation around 2,000 mm and average annual94
temperature of 24 °C [13,14].95

96

97
98

Fig. 1. Location of the study area in the municipality of Goiana, PE, Brazil, 2017.99
100

The relief of the municipality of Goiana is inserted, on its majority, in the unit of the Coastal101
Boards and another small area in the Coastal unit, characterized by restingas, mangroves102
and dunes. The municipality is found under the the Atlantic Forest domain, being the Dense103
Ombrophylous Forest the predominant phytophysiognomy followed by the Semidecidual104
Seasonal Forest [15].105

106
2.2 Native vegetation patches map107

108
In order to obtain the patches of native vegetation map, the following steps were performed:109

110
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Stage 1. Selection of an image from the Operational Land Imager sensor (OLI), satellite111
LANDSAT 8: The image was available free of charge from the United States Geological112
Survey (USGS) catalog, and it was selected to cover the entire territory of the Goiana113
municipality, presenting good atmospheric conditions and minimum cloud coverage (less114
than 10%). The chosen image refers to the orbit/point 214/65 and dated April 20, 2017, it115
presents spatial resolution of 30 meters for visible bands, near infrared and medium infrared116
and 15 meters for the panchromatic band.117

118
Stage 2. Obtaining vector data: In this phase, the cartographic base referring to the119
municipal boundary of Goiana was obtained from the Brazilian Institute of Geography and120
Statistics (IBGE) website.121

122
Stage 3. Supervised classification: In this step, geoprocessing and manipulation of matrix123
and vector data was performed in QGIS software 2.18.9 (QGIS 2017). After obtaining the124
image, an RGB - false color composition was made with the spectral bands 6, 5 and 4.125
Then, to reach a spatial resolution of 15 meters, a pansharpening was performed in two126
steps: resampling of the low resolution raster via Superimpose sensor tool and127
pansharpening using the Pansharpening tool. Then, the image was cut only to the study128
area limit, the municipality of Goiana.129

130
To obtain the forest patches map, an image supervised classification procedure was131
conducted using the Semi-Automatic Classification Plugin (SCP) and the Maximum132
Likelihood algorithm, whose targets recognition based on spectral responses patterns in the133
image is done based in training samples, which are provided to the classification system by134
the classifier [16,17]. The training samples of the forest patches were taken based on the135
photointerpretation of the satellite image in the false color composition, as well as in the136
previous knowledge of the area.137

138
Stage 4. Conversion of matrix data to vector data: After the supervised classification, the139
forest patches map in the matrix format was converted to the vector format, polygon type,140
using the raster vector tool.141

142
2.3 Landscape structure analysis using landscape ecology metrics143

144
The landscape ecology analysis was performed using the ArcGIS 10.1 software – student145
license [18], through the Vector-based Landscape Analysis Tools Extension (V-LATE) 2.0146
beta [19], available free of charge [20], which provides a set of metrics for landscape ecology147
analysis.148

149
The vector file of the forest patches obtained in the supervised classification process was150
used to obtain the metrics. Initially the area of each patch was quantified using the Calculate151
Geometry from the attribute table of the vector file and then the patches were distributed in152
size classes [21]: very small (frag. < 5 ha), small (5 ≤ frag. ≤ 10 ha), medium (10 < frag. ≤153
100 ha) and large (frag. > 100 ha).154

155
In order to compare the degree of conservation and the size of the forest patches mapped in156
this study, an analysis of landscape ecology indexes for each of the stipulated size classes157
(very small, small, medium and large) was carried out, as well as for all sizes together,158
aiming in this way, to obtain mean values of the indexes for all the patches of the study area159
[11].160

161
In the landscape ecology analysis, it was used metrics of area, density and size, edge,162
shape, core area and proximity, proposed by [22] (Table 1).163
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164
Table 1. Metric indexes of landscape ecology used for the patches of native165
vegetation in the municipality of Goiana, PE, Brazil.166

167
Group Metric Observation

A
re

a Class area (CA) Sum of areas of all forest patches

D
en

si
ty

 a
nd

si
ze

Mean Patch Size (MPS) Sum of the size of the patches divided by the
number of patches

Number of patches (NP) Total number of patches in the landscape or class
Patch size standard
deviation (PSSD) Ratio of variance of patches size

Patch Size Coefficient of
Variation (PSCov)

Standard Deviation of the patch size divided by the
mean patch size, multiplied by 100

Ed
ge

Total edge (TE) Perimeter sum of all edges within the class or
landscape

Edge density (ED) Number of extremities relative to the class or
landscape area

Sh
ap

e

Mean shape index (MSI)
It is equal to one when all the patches are circular
and increases with the increasing irregularity of the
patch shape

Mean Fractal Dimension
(MFRACT)

Values get close to one for shapes with simple
perimeter and approaches two when shapes were
complex

C
or

e 
ar

ea

Total class core area
(TCCA) The total size of the core patches

Number of core areas
(NCA) Total number of core areas within the class

Core area index (CAI) Relative measurement of the core area

Pr
ox

im
ity Mean Nearest Neighbour

Distance (MNN)

Mean of the distances for individual classes at the
class level and the mean distance of the neighboring
class closest to the landscape level

168
For the patches core area metrics calculation, the distances of 40, 80, 100 and 140 meters169
of edge were used, aiming to investigate which edge range exerts greater influence in the170
patches core area.171

172
3. RESULTS173

174
3.1 Native vegetation fragments map175

176
Through the supervised classification it was possible to obtain the native vegetation177
fragments spatial distribution map in the study area for the 2017 year, according to the178
adopted size classes (Figure 2).179

180
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181
182

Fig. 2. Spatial distribution of the remnants of native vegetation in the municipality of183
Goiana, PE, Brazil, 2017.184

185
Over the study area 241 fragments were identified, totalizing 10,074.10 hectares, which186
corresponds to only 20.07% of the Goiana municipality total area. Within the total fragments187
found in the study area, 45.23% were classified as belonging to the very small class, 15.35%188
small, 26.63% medium and only 10.79% belong to the large fragment class.189

190
3.2 Landscape structure analysis using landscape ecology metrics191

192
The landscape ecology indexes values generated by size classes and for all the fragments193
of the study area can be found in Table 2.194

195
Table 2. Metric indexes of landscape ecology used for the fragments of native196
vegetation in the municipality of Goiana, PE.197

198

Metric/
unit

Size Classes
Very
small
(<5ha)

Small
(5≤x≤10ha)

Medium
(10<x≤100ha)

Large
(>100 ha) All patches

Area CA (ha) 176.16 264.70 2450.07 7183.18 10074.10

Density
and size

MPS (ha) 1.62 7.15 35.51 276.28 41.80
NP (un) 109 37 69 26 241

PSSD (ha) 1.36 1.32 24.18 249.66 117.26
PSCov (%) 83.95 18.46 68.09 90.36 280.53
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Edge
TE (m) 64329.99 60470.05 326238.17 623077.32 1074115.52

ED (m/ha) 365.18 228.45 133.15 86.74 106.62

Shape
MSI

(dimensionless) 1.46 1.73 2.28 3.99 2.01

MFRACT
(dimensionless) 1.37 1.32 1.33 1.35 1.35

Proximity MNN (m) 527.86 1568.98 494.46 267.49 88.31
199

CA: Class area, MPS: Mean Patch Size, NP: number of patches, PSSD: patch size standard200
deviation, PSCov: Patch Size Coefficient of Variation, TE: Total edge, ED: Edge density,201
MSI: mean shape index, MFRACT: Mean Fractal Dimension, MNN: Mean Nearest202
Neighbour Distance.203

204
Even though the very small size class showed the highest number of patches, it still was the205
class with the lowest area (CA) with only 176.16 ha. The large class, with 26 patches,206
presented the largest area, corresponding to 7183.18 ha.207

208
The patch size standard deviation (PSSD) was high in the large size class, corresponding to209
249.66 ha. The small size class presented the lowest standard deviation, with 1.32 ha.210

211
The edge metrics showed that the total edge values (TE) were smaller for the very small and212
small size classes, with 64,329.99 and 60,470.05 m, respectively. However, the same213
classes presented the highest values of edge density (ED), with 365.18 and 228.45 m/ha.214

215
As for the shape metrics, the mean shape index (MSI) values for the forest patches within216
the very small and small size classes presented more circular and regular formats (MSI =217
1.46 and 1.73, respectively) than the medium and large patches, which had MSI values of218
2.28 and 3.99, indicating the irregularity in their format.219

220
The mean fractal patch dimension metric (MFRACT) was also used to analyze the shape of221
the patches in the study area. Values close to 1 represent patches with simpler forms and222
values closer to 2 represent patches with more complex shapes. The values obtained223
ranged from 1.32 to 1.35 indicating that the fragments of all size classes analyzed had a224
simple format.225

226
The patches degree of isolation, analyzed by the mean distance of the nearest neighbor227
(MNN), presented results ranging from 267.49 m (large class) to 1568.98 m (small class).228
When all the fragments were analyzed together the 88.31 m MNN was found.229

230
The metrics values related to the core area, generated for different distances of zones under231
edge effect, are found in Table 3.232

233
234

Table 3. Landscape ecology metric index values relative to the core area metrics235
calculated by the V-LATE 2.0 beta for the native vegetation patches in the municipality236
of Goiana, PE.237

238

Size Classes Metrics
Edge Distance (m)

40 80 100 140
Very small (<5 ha) CA (ha) 176.16 176.16 176.16 176.16
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TCCA (ha) 15.91 0.14 0.00 0.00
NCA (un.) 119 109 0 0
CAI (%) 9.03 0.08 0.00 0,00

Small
(5 ≤ x ≤ 10 ha)

CA (ha) 264.70 264.70 264.70 264.70
TCCA (ha) 68.13 6.43 1.24 0.00
NCA (un.) 59 39 37 0
CAI (%) 25.74 2.43 0.47 0.00

Medium
(10 < x ≤ 100 ha)

CA (ha) 2450.07 2450.07 2450.07 2450.07
TCCA (ha) 1275.37 590.69 397.54 181.53
NCA (un.) 177 135 114 84
CAI (%) 52.05 24.11 16.23 7.41

Large
(>100 ha)

CA (ha) 7183.18 7183.18 7183.18 7183.18
TCCA (ha) 4791.86 3093.86 2484.15 1601.11
NCA (un.) 223 207 169 118
CAI (%) 66.71 43.07 34.58 22.29

TCCA: total class core area, NCA: number of core areas, CAI: core area index.239
240

For a minimum edge distance of 40 m, the percentage of central area (cores) of the very241
small and small patches, expressed by the CAI, was 15.91 and 25.74%, respectively. This242
means that 84.09% and 74.26% of the patches total area are under 40 m edge effect. As the243
distance from the edge increased, it was observed the progressive loss of the core area,244
reaching 0% with distances of 100 and 140 m for very small fragments and 0% with245
distances of 140 m for small fragments.246

247
The CAI of patches in the medium and large classes, with a 40 m edge distance, was248
66.71% and 52.05%, respectively, representing a lower edge effect than in the smaller249
patches. As the edge distance increasead, there was a declinement of CAI, with the lowest250
value of 7.41% for the medium class patches and 22.29% for large class patches, with a251
distance of 140 m.252

253
In Figure 3 it is possible to notice that the smaller patches suffers more with the edge effect.254
As the distance from the edge increases the smaller fragments lose the core area.255

256

257
258

Fig. 3. Behavior of the total class core area and the core area index with the increase259
of edge distance in the size classes of native vegetation fragments in the municipality260
of Goiana, PE, Brazil.261

100 140100 140
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262
4. DISCUSSION263

264
The survival of the species in fragmented landscapes may be affected by the size and265
connectivity of the patches.266

267
The fragments size is related to the quality, quantity and diversity of resources, which will268
directly influence the size and number of the fragment redising populations. [6] reports that269
larger fragments usually have more species and larger populations, increasing (theoretically)270
the balance in relation to the variations in demographic, genetic and environmental271
processes. However, according to [23], the matrix configuration and surrounding habitat can272
also have influence on the processes that occurs within fragments, regardless of their size.273

274
In the present study, it can be inferred that the native vegetation covers a low percentage in275
relation to the total area of the evaluated municipality. This low percentage emphasizes the276
importance of actions that aims the conservation of these native vegetation remnants.277

278
The mapping showed that most of the remnants found in the region are characterized by the279
very small class fragments (> 5 ha) and that a small percentage is characterized by the large280
class fragments (> 100 ha), indicating that the area has a high degree of fragmentation.281
Similar result was also found by [24] when analyzing the landscape ecology in Atlantic282
Forest remnants of Espírito Santo state, Southeastern region of Brazil.283

284
Under these circumstances, species richness undergoes a drastic decline as the fragment285
area becomes smaller than the minimum area required for populations survival [25,26]. This286
high fragmentation, besides modifying the landscape structure, also has a detrimental effect287
on the supply and availability of several ecosystem services [27].288

289
In turn, the landscape connectivity, considered as the landscape capacity to facilitate290
biological flows, has a great influence on the population permanence and on the interactions291
between species. The inter-fragments distance, the presence of corridors, the type of292
surrounding matrix and the behavior of the species are fundamental factors of the293
connectivity [6].294

295
For [28] the landscape fragmentation, besides restricting the movement of animals between296
habitats, also limits the fauna capacity to explore and select the ideal habitats, promoting297
competition for low quality fragments.298

299
In this study, when analyzing the proximity metric (MNN) it was observed that the individual300
size classes have a high degree of isolation. However, when analyzing the proximity301
between all the fragments, without distinction of size class, the degree of isolation decreases302
expressively, reaching 88.31 m. This result demonstrates the smaller fragments importance303
for the landscape, possibly serving as connection elements between larger fragments. [29]304
when evaluating the habitat fragmentation effect on birds, observed that some bird species305
avoid crossing open areas with distances greater than 40 m.306

307
Large fragments of native forest are important for the conservation of biodiversity and308
ecological processes; however, small remnants also play important roles throughout the309
landscape, and can act as ecological trampolines between large fragments, as well as serve310
as a refuge for several species [30,31,32].311

312
Elevated levels of forest fragmentation, isolation and reduction of the fragments size causes313
several negative effects on the fauna and matter movements in the landscape. According to314
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[25], this occurs mainly if the intervening matrix prevents movement between the fragments.315
Seed dispersal, for example, can be highly sensitive to agriculture matrices.316

317
The adjacent matrix to the study area is predominantly agricultural, with emphasis on318
sugarcane cultivation, which potentially increases the edge effect in the fragments, impairs319
seed dispersal and wildlife movement, and in some cases, reduces the remaining fragments.320

321
For [33], the matrices types that are most similar to the original vegetation are of better322
quality for the organisms because they can provide more movement between fragments.323

324
Thus, in order to attenuate, at least partially, the impacts of loss or decrease of native325
habitats, the most viable alternative is to increase the quality of the matrix through land uses326
that provide substantial resources to the fragments, to facilitate the dispersion of fauna and327
flora creating low contrast in the landscape [23].328

329
According to [11], the edge effect, understood as the differences of biotic and abiotic factors330
along an entire fragment edge in relation to its interior, may have several implications for the331
environmental balance, modifying the ecological interactions among fauna, flora and abiotic332
components.333

334
About the edge metrics applied in this study, the TE values obtained for the very small and335
small classes were smaller than the values found for the larger fragment size classes.336
However, when comparing this edge value with its contribution in area, which is much337
smaller when compared to those of large fragments, a higher ED value was observed in the338
smaller fragments. These results allows to infer that a lower edge effect occurs in the large339
fragments, indicating a higher degree of conservation.340

341
The high ED values found for the smaller size fragments are a worrisome factor, since the342
edge effect will be more prominent. According to [34] and [21], the problem of small343
fragments is the abrupt transition between the forest and adjacent areas, leaving the area344
susceptible to changes in landscape dynamics and microclimate. Thus, it is necessary to345
point out that fragments ≤10 ha should be monitored as a priority, under the risk of extinction346
over time, if not properly managed.347

348
Another factor that influences the edge effect is the fragments shape. The results obtained349
for MSI and MFRACT indicated that the fragments of the very small and small classes have350
more circular and simple formats. [35] reports that the more circular (MSI closer to 1) the351
shape of the fragments, the lower the influence of the edge effect will be. However, although352
very small and small fragments have presented more circular shapes, the edge effect is353
more intense in these fragments, due to their sizes [36].354

355
Based on the size of the fragments found in the study area and considering only the spatial356
analysis, the distance range limit under edge effect to estimate the core area of the very357
small fragments was 80 m, because values above that would eliminate the areas of these358
fragments. [22] reports that the core area of a native forest fragment is a better indicator of359
the fragment quality than its total area, and can be directly affected by the fragments edge360
and shape.361

362
5. CONCLUSION363

364
Most of the remnants found in the region are characterized by very small fragments, which365
causes a decline in species richness, once the fragment area becomes smaller than the366
minimum area required for the populations survival.367
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368
The smaller fragments presented higher edge density and greater edge effect than the larger369
fragments, with progressive loss of the core area with the increase of the edge distance,370
which causes a lower degree of conservation.371

372
The fragments presented a high degree of isolation in all the analyzed classes, however,373
when analyzing the degree of isolation among all the fragments, without a size class374
distinction, the isolation decreases expressively, which indicates the importance of the375
smaller fragments for the landscape and its ecological processes.376

377
The use of geotechnologies proves to be effective in the study of landscape ecology, being378
able to work as a guideline for structured decision-making practices in socio-environmental379
and economic public management, as a way to reduce the progress of natural areas380
degradation and forest fragmentation processes.381
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