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Abstract: In recent years, anthropogenic actions have intensified forest fragmentation, causing several
damages to the landscape’s natural components, as the loss of biodiversity. This study aims to present
an analysis of the forest fragments in a conservation unit located at southern of Brazil. The evaluation
was carried out for the years 1998, 2008 and 2018, by using landscape metrics and classification of
remote sensing imagery of the Landsat satellite. The following metrics were analyzed: area and
edge, shape, core area, and aggregation. The results indicated an increase of 16.88% in the total area
of vegetation, and the percentage of fragments increased from 16.16% to 18.89%. The number of
fragments decreased, resulting in an increase of the mean area in 5.4 ha. The percentage of vegetation
under border effect changed from 40.2% to 37.1%. In 1998, the average nearest neighbor distance was
155.4 m, and in 2018, 149.7 m. However, this distance is still classified as a high degree of isolation,
which hinders the movement of organisms and the dispersion of species. Thus, all the analyzed
metrics indicated a decrease in the fragmentation, except for the edge density metric, in which its
increase of 1.86 pointed to a lower degree of conservation during the analyzed period. A study of
this nature is important since it provides subsidies for future researches and can contribute to action
strategies to be adopted in the management plan of the area.
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1. Introduction

Forest fragmentation process has been intensified in recent years, due to anthropic actions, and
it has implied in landscapes with low habitat diversity, in which the fragments are isolated and they
have reduced dimensions [1]. Simple actions, such as landscape study and adequate management
policies, can help in forest patches preservation, which must have suitable size and shape for wild
species maintenance, minimizing such consequences.

Knowledge about forest fragmentation stage based on studies which used landscape ecology
metrics allow to diagnose current issues and to point out efficient environmental management
policies to control the local conditions [2]. In this sense, remote sensing images joined to Geographic
Information Systems (GIS) are very important tools to understand the landscape structure, since they
allow land use cover mapping, which is essential for impact detection arising from improper handling
[3].

The northern region of Paraná, state which is located in southern Brazil, have been suffering with
fragmentation due to urbanization process and agricultural and grazing activities [4]. The state park
Mata dos Godoy is a conservation unit known for being the most important forest remnant of the
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entire northern region of Paraná, not only by its extension, but also for its state of conservation, since it
is considered very important for preservation strategies as cited in [5]. However, only this forest is not
enough to guarantee the region’s biodiversity. It is necessary to establish a reserve system, based on
forest fragments [6].

The relation between patches isolation, fragmentation, conservation and biodiversity is present
in the approach of many works. A study of occurrence of maned sloth when there is habitat loss
in relation to a critical threshold of forest cover was carried out [7]. Their results showed that the
occupancy probability of the species reaches zero in areas with less than 20% of forest cover.

The landscape connectivity and the gene flow using habitat modelling approaches are presented
with the aim of mitigating future habitat losses, focused on an isolated population of capercaillie (Tetrao
urogallus), in the Western Carpathians [8]. They concluded that the proximity of settlements and the
isolation of patches were negative to the connectivity.

Assessment of land use cover change (LUCC) using remote sensing and landscape metrics was
performed in an area of Iran [9]. The results achieved showed that the area had suffered drastic changes
in 25 years, related to urban expansion, which had caused a high fragmentation in the region, besides
turning into a scenario of many environmental impacts.

This study aims to contribute to characterize landscape dynamics, focused in forest patches, for
the buffer zone of state park Mata dos Godoy and its influence area, during the period from 1998 to
2018.

2. Materials and Methods

2.1. Study area

The study area is situated in southern Brazil, northern region of state of Parana, as showed in
Figure 1. It includes the following municipalities: Londrina (where the state park is located), Assaí,
Ibiporã, Califórnia, Apucarana, Arapongas, Sabáudia, Rolândia, Cambé e Pitangueiras. The total area
analyzed exceeds 500 thousand hectares.

Figure 1. Study area
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2.2. Image processing

Three Landsat images were used, which were acquired in years of 1998, 2008, and 2018. After
clipping the study area, we applied supervised classification methods of Maximum Likelihood,
Minimum Distance and Spectral Angle Mapping [10], aimed at identifying the thematic classes of
water, vegetation, agriculture, and bare soil.

In training step, we had collected 20 sample polygons of each class, which were defined by
photointerpretation of the color composition image R5G4B3, which means swir infrared in red channel,
near infrared in green channel and visible (blue wavelength) in blue channel. The accuracy of results
was evaluated with independent samples (10 polygons of each class), by calculating overall accuracy
and kappa index [11].

After obtaining the results of classification, the sieve procedure was executed in order to remove
isolated pixels and to homogenize the thematic map. The best result of classification for each year was
then selected, according to the biggest values of kappa index and overall accuracy.

An urban area mask was used to overlap the thematic map, with the aim of delimiting an urban
class in the final result. We have decided not to include urban class during the classification step due
to high confusion with others classes, mainly bare soil, which have similar spectral signature. Thus,
data from Global Urban Footprint project [12] were used as this mask.

2.3. Landscape analysis

Metrics of vegetation class were calculated with Fragstats software [13], according to Table 1.

Table 1. Landscape ecology metrics used in this work.

Name Definition Units

Mean patch size (Area_MN) Mean area of the patches ha
Total class area (CA) Sum of the area of all patches ha
Total Core Area (TCA) Sum of total core area of patches ha
Edge Density (ED) Sum of edge lengths in relation to

total area
m/ha

Distance (ENN_MN) Average of euclidean distance to the
nearest patch

m

Percentage of landscape (PLAND) Percentage of the vegetation in
landscape

Percent

Shape Index (SHAPE_MN) Mean shape index of patches dimensionless
Number of Patches (NP) Number of vegetation patches dimensionless
Patch density (PD) Number of patches by 100 ha dimensionless

3. Results

The classification results were considered visual and quantitatively good for the years analyzed.
The overall accuracy metric showed that more than 95% of samples tested were correctly classified,
which is a value bigger than the established by [14]. Kappa index presented values above 0.92, which
is considered excellent according to the intervals proposed by [15]. Thus, the methods that presented
the best results were Maximum Likelihood for years 1998 and 2018, and Minimum Distance for 2008.
All calculated indexes are in Table 2.

Table 2. Accuracy classification methods. OA = Overall accuracy.

1998 2008 2018
Method OA Kappa OA Kappa OA Kappa

Maximum likelihood 98.76% 0.98 95.51% 0.93 100.00% 1
Minimum distance 97.19% 0.96 96.88% 0.95 100.00% 1

Spectral Angle Mapping 95.93% 0.94 96.25% 0.94 95.06% 0.92
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Areas by each class of land use cover maps generated by classification are presented in graphic of
Figure 2. For 2018 year, there is not expressive change for vegetation in relation to the year of 2008.
However, we must emphasize the increasing of 2.73% of vegetation area in the interval of twenty years,
from the first to the last date, corresponds to 15,367.41 ha, which is considered quite good.

Figure 2. Areas of each class by year.

Aiming at searching for examples to verify the veracity of the vegetation increment, a comparison
of color composition images in the three years was performed. The result of a small area is shown in
Figure 3. It is possible to see some dark green areas, mainly in Figures 3 (a) and (c). In Figure 3 (b),
most part of the light green is related to agricultural class and thus, it can not be considered as dense
vegetation.

Figure 3. Details of color composition of images of years (a) 1998, (b) 2008 and (c) 2018.

Reduction of fragmentation can be better analyzed if we look only to the vegetation class (Figure
4). In this picture, it is easy to see that the green areas is getting more connected along time.

Figure 4. Detail of fragmentation reduction of years (a) 1998, (b) 2008 and (c) 2018.
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In Figure 5, it is possible to see the changes occurred in vegetation class between the years of 1998
and 2018. We observed that the areas where the greatest loss of vegetation is concentrated are very
near of urban regions, probably because the city expansion reduces the distance between rural and
urban regions, modifying the landscape structure.

Figure 5. Change vegetation map from 1998 to 2018

Table 3 presents the results obtained in the calculation of metrics for the three years analyzed.
Land use and cover change observed between 1998 and 2008 resulted in a progressive increase of total
area metric (CA) for vegetation class, which rose 15,367 ha (16.88%) in the time interval of this study.

Table 3. Results of calculated metrics by year

Metrics 1998 2008 2018

CA (ha) 91,016.73 105,298.02 106,384.14
PLAND (%) 16.16 18.70 18.89

AREA_MN (ha) 9.99 12.74 15.39
ED (m/ha) 34.1 38.45 35.96
TCA (ha) 54,460.71 63,160.65 66,908.34

SHAPE_MN 1.76 1.83 1.86
NP 9,170 8,267 6,913

PD (no/100 ha) 1,617 1,468 1,228
ENN_MN (m) 155.41 144.61 149.72
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Referring to percentage of fragments in landscape (PLAND metrics), that indicates the
proportional abundance of vegetation, we verify the 2018 year have gotten the biggest index, around
18.9%, then showing a progressive growth, and an agreement with the previous results of CA metrics
and percentage of land use cover (Figure 2). Thus, it demonstrates that vegetation class raise its domain
on the landscape matrix, emphasizing our verification that the fragmentation has been reduced.

By analyzing the number of fragments metric (NP) and mean patch size (AREA_MN), it is possible
to notice that although the number of vegetation fragments decreased in the studied period (reduction
of 2257 patches), their average area increased (more 5.4 ha). It suggests an union of patches instead of
their disappearance.

Patches density (PD), which refers to the number of fragments found in 100 ha of the landscape,
varied from 1.62 to 1.23 fragments for the year 2018. Although this decrease is not so high, it is similar
to the observed for the NP metric, in which the number of fragments decreased.

The metric related to total core area (TCA) presented an increment of 12447.6 ha, around 23%, in
the time interval of this study. This is very positive, since it means a smaller area under border effect,
where species are more susceptible to risks and impacts external to their habitat.

The values found for the average shape index (SHAPE_MN) represent a landscape whose
vegetation patches have a smooth trend to become irregular, which is evidenced by the increase
of 0.103 during the 20 years analyzed.

The edge density metric (ED) has increased from 1998 to 2008 and it has shown a small reduction
from 2008 to 2018, but in the whole period there was an increase in relation to the initial value,
indicating areas most susceptible to external interference, since the border represents the transition
between the fragment’s core, the most protected region, and environments of anthropic interference.

The isolation degree of landscape is quantified by mean of euclidean distance to the nearest
patch (ENN_MN). This is very important for ecological processes, since it affects the movement of
organisms and the dispersion of species [16]. Although it has decreased along time, around 150 m is
still considered a high value [17], which is associated to high degree of isolation .

4. Discussion

The general interpretation of the results indicates a better ecological scenario along time analyzed.
Vegetation has increased in relation to total area (CA), percentage in landscape (PLAND), mean
patches area (AREA_MN), and total core area (TCA). These four metrics shows that preservation and
restoration has prevailed in the area analyzed.

The number of fragments (NP) and density (PD) has decreased, as well as mean distance to
nearest patch (ENN_MN). Because of this, we can verify that the fragmentation is also smaller, since
the values of the metrics of vegetation areas have increased over time. Consequently, isolation has also
decreased.

These relatively good situation can be associated to the regulamentation of rural properties, as
well as the creation of the state park Mata dos Godoy in the year of 1989 and its management plan,
elaborated in 2002. They established specific rules to the occupation and use of resources in the
area, aiming to protect the unit conservation. Similar results were found in other areas of Brazil, like
Southeast, state of Minas Gerais [1].

Although the percentage of landscape area occupied by vegetation has increased in this period,
it is important to highlight that the value found is below the minimum established by Brazilian
legislation for the preservation of natural vegetation. In every rural property, the Forest Code of 2012
year establishes that 20% of the total area of the rural property has to be preserved as a legal reserve.

It is important to emphasize that most forests in Brazil are under degradation [18,19] due of
the deforestation processes, and because of this, the edge effect causes carbon losses, mainly in the
Amazonia tropical forest [20]. So, what our study showed is an exception to what have been registered
in the country.
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The decrease in the NP metric can mean union or extinction of fragments of the same class.
Extinction occurs when this reduction is accompanied by a decrease in the metrics CA, PLAND
and AREA_MN. On the other hand, the increase in these metrics, which is verified in the present
study, means the union of fragments, reinforcing the idea that the process of fragmentation has been
decreasing over the years, so the previously fragmented vegetation has given way to continuous areas.

Referring to shape (SHAPE_MN), we observed no significant changes. This metric indicates that
the standard shape of the fragment is given when this metric has a value equal to one, resembling to a
square. Still according to the authors, the fragment becomes more susceptible to edge effect, the farther
the fragment is from this standard shape and the smaller is your area.

Regarding the density of edge (ED), an increase in its value was noticed, which is associated
with the fragmentation of the landscape. Such metric indicated a lower degree of conservation of
vegetation, diverging from the results of other metrics, as these pointed to the decrease in the landscape
fragmentation in the period considered.

Furthermore, we must emphasize that there are no perfect metrics for habitat fragmentation
measurements [21]. Besides, landscape metrics and classification accuracy can be affected by both
spatial pattern and by processing methods. So, the magnitude of difference between the results may
change depending on the data processing method, and therefore absolute values may need to be
interpreted with caution [22].

5. Conclusions

The remote sensing techniques combined with the concepts and metrics of landscape ecology,
constituted a tool of great importance for the analysis of changes in landscape fragmentation in the
study area. In this context it was possible to understand the structure and dynamics of the forest
mosaic, in addition to the diagnosis in relation to the evolution and conservation of vegetation, in the
period of time analyzed.

These conclusions can contribute to the decisions on action strategies to be adopted in the state
park Mata dos Godoy management plan, increasing the chance of success of conservation programs,
since enables the application of resources in strategic locations. We must emphasize the importance of
the application of techniques like these that allow the analysis of large extensions areas, allowing a
synoptic assessment, given the continental dimensions of our country.

Integrated assessment of biological diversity and ecological processes in the landscape is essential,
for the definition of management and zoning of protected areas, such as delimitation of priority areas
to be conserved, environmental risk and recovery areas, creation of systems agroforestry, as well as for
the establishment of ecological corridors, in order to minimize problems of low genetic variability, so
contributing to the sustainable use of the region.
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