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ABSTRACT 
Accelerated urbanization in Brazil promoted the rapid growth of cities and, in most cases, was not based 
on adequate land use planning. The result was the intense fragmentation of the landscape, causing the 
destruction and fragmentation of forest habitats, which were restricted to small and isolated remnants. 
In this sense, the present study promoted an analysis of the environmental quality of vegetation 
fragments in the sub-basins of Ribeirão Anhumas, Campinas, São Paulo, Brazil by calculating and 
interpreting the circularity index (CI), in order to define the format of the fragments, connectivity/ 
isolation and the use and occupation of the environment as well as area and location, in order to promote 
the diagnosis and identification of priority areas for the implementation of restoration and 
environmental management actions. It was identified, therefore, that the remaining vegetation of the 
upper, middle and lower sub-basins is divided between small and medium unconnected fragments of 
which 56.2% and 24.2% presented an elongated and moderately elongated shape, respectively, and, 
therefore, high susceptibility to external interference and edge effects. On the other hand, high 
urbanization evidenced mainly in the high-level limits forest management projects, since the fragments 
are surrounded by built areas. 
Keywords: urbanization, remaining vegetation, environmental indicators. 

1  INTRODUCTION 
Fragmentation refers to the process of transformation of the original forest matrix into 
isolated areas of remnant vegetation, commonly referred to as forest fragments [1]. Forest 
fragments are defined as any vegetated areas that present some kind of interruption in their 
extension, coming from natural elements, such as lakes and rivers, as well as anthropic ones, 
such as agricultural culture, built-up areas, access roads, etc. [2]. This process changes the 
environmental conditions of these areas, which, in most cases, present few similarities to the 
original habitat, given physical and structural changes such as: the greater relation between 
area and perimeter, greater proximity of the central region to the border areas and reduction 
of populations of flora and fauna [3]. 
     This scenario is quite common in tropical forests, such as Atlantic Forest and Amazon 
Rainforest, for various reasons. A study by [4] pointed out that the intense deforestation rate 
in Amazonia, mainly due to the advent of agribusiness and industrial forestry, has left islands 
of remaining vegetation amid a sea of deforested habitats, provoking physical and biological 
effects ranging from the reduction of populations to changes in micro and macroclimate. The 
Atlantic Forest, on the other hand, is one of the biomes that suffered the most from the 
economic explorations in Brazil and in which the landscape is very similar: intense forest 
fragmentation, resulting in few areas of continuous vegetation, subject to several degrees of 
degradation [5]. 
     For the analysis of the remaining fragments of vegetation it is essential to evaluate the 
geographic and spatial indicators related to these fragments. Noteworthy in the literature are 
the number and size of fragments, central area of the same, perimeter/area ratio, edge density, 
shape of the fragment, spatial distribution, proximity to native vegetation and proximity to 
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the hydrographic network [1], [2], [6]–[15]. Indicators of the physical environment such as 
soil parameters, vegetation and water quality are also important indicators of environmental 
quality in urban forest environments [16]–[18]. 
     The quantification of the number of fragments present in a particular area of study, as well 
as the size of these fragments, when associated with other evaluation parameters, work as 
excellent indicators. This is because, they transmit information about the intensity of 
fragmentation and contribute efficiently to the identification of the fragility degree of these 
remaining areas, mainly fragility to edge effects [1], [6]. [9] also highlight the area of the 
fragments as one of the most important parameters for the understanding of the variations of 
species richness in the areas of remaining vegetation. 
     They also stand out as indicators of disturbance: use and occupation at the border, intensity 
of fragmentation, proximity between fragments and built areas, proximity to urban centers, 
proximity between fragments and access routes [6], [11], [19], [20]. The identification of the 
use and occupation of the soil in the regions bordering the fragments is important, since 
different uses exert different pressures on them; the presence of anthropic activities and lower 
soil cover, for example, exert greater pressure on the remaining vegetation areas and, 
consequently, indicate a greater need for recovery. In addition, changes in the pattern of use 
and occupation may represent disturbances to the environment, promoting ecosystem 
modifications [6], [19]. The survey of the classes of use and occupation around the fragments 
makes it possible to identify their proximity to areas of greater pressure, such as built-up 
areas, urban centers and roads. [6] and [19] suggest that the greater proximity of the 
fragments to urban areas is one of the criteria that point to the priority of recovery of these 
areas, since they indicate a greater environmental disturbance. To do so, they considered a 
radius of 200 m from the edges of the fragments to identify or not the presence of urban areas 
in this area. Similarly, there is the proximity between fragments and pathways, that is, road 
mesh. [11] emphasizes that the proximity of forest fragments of the road network exerts the 
same negative influence that comes from the urban centers, since there is a great tendency to 
reduce area, or even extinction. 
     In this sense, the present study promoted an analysis of the environmental quality of 
vegetation fragments in the sub-basins of Ribeirão Anhumas, Campinas, São Paulo, Brazil 
by calculating and interpreting the circularity index (CI), in order to define the format of the 
fragments, connectivity/isolation and the use and occupation of the environment as well as 
the area and location, in order to promote the diagnosis and identification of priority areas 
for the implementation of restoration and environmental management actions. 

2  MATERIAL AND METHOD 
The present work was carried out in the Anhumas River Basin located in the city of 
Campinas, São Paulo, Brazil, being delimited by UTM coordinates, Zone 23 S, from 
7,462,827 to 7,482,500 N and from 282,500 to 296,870 L, according to Fig. 1. It is a 
watershed almost entirely located in an urban area of the municipality and in the Mata 
Atlântica biome, with a small portion of Cerrado located in the northernmost part. 
     According to [21] the predominant area are: Latosols, Argisols, Gleysols, Nitosols, 
Neosols and Cambisols. However, in the region there is predominance, mainly, of Latosols 
and Argisols, which represent a percentage of 52.9% and 39.7% of the total, respectively. 
According to Brazil’s climatic classification according to [22], the Anhumas River Basin  
is located entirely in an area characterized by a tropical climate, called Tropical Central 
Brazil. For the identification of forest remnants, the soil use and occupation data of the 
Anhumas River Basin provided by [23] and updated by field checks in the year 2017 were 
used as a basis. 
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Figure 1:  Location of the Anhumas River Basin. 

Table 1:  Shape of forest fragments according to circularity index (CI). (Source: [24].) 

Circularity index Form 
< 0.65 Elongated

0.65–0.85 Moderately elongated
> 0.85 Rounded

 

     In relation to environmental quality indicators, the circularity index (CI) was used to 
identify the degree of proximity of the shape of the forest remnant with that of a 
circumference. It establishes the shape of a circumference as a theoretical standard of 
comparison to the shape of the fragments, since in this case the edge area is minimized in 
relation to the total area, thus reducing edge effects. This index is therefore of great 
importance for the study in question and was calculated by means of the relation between 
area and perimeter of the forest fragments, according to eqn (1) [2], [6]. 

𝐶𝐼 ൌ
൫ଶ.√గ.஺൯

௅
,                                                         (1) 

where CI =  circularity index, A = fragment area, L = length or fragment. 
     Thus, the closer to 1 the index was, the more circular was the remainder; on the other 
hand, distant indexes of 1 represent fragments of more elongated shape, in which the 
proximity between the central area and the edges is greater, and, finally, their vulnerability 
is greater [6], [13], [14]. For identification of the shape of the fragments, they were classified 
according to the circularity index, according to the methodology of [24], as presented in Table 
1 and a map was constructed. 
     Following the method used by [6] were considered as areas around the fragments those 
that are at a distance of up to 175 m from the edge. For that, 175 m buffers were generated 
for each fragment. With the aid of the land use and land cover [23] and aerial images, these 
bands around the fragments were evaluated manually and individually and classified 
according to [20] in 5 groups, according to the intensity of modification of the natural 
landscape are:  

Class 0 Unmodified: covering natural or almost natural landscapes, with very low degree of 
use and occupation of the soil, such as native cerrado or forest. 
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Class 1 Minor modification: natural vegetation with small modification, low degree of use 
and occupation. 

Class 2 Medium modification: transition areas, medium degree of use and land occupation, 
such as parks and planted pastures. 

Class 3 High modification: much modification of the natural landscape and high degree of 
use and occupation of the soil; characterized by deforested areas, dirt roads, 
orchards. 

Class 4 Modification very high: completely modified areas, with very high use and 
occupation of the ground, such as: exposed soil, degraded areas, paved streets, 
buildings, etc. 

     In order to determine the connectivity of the fragments, the presence or absence of 
intersections between two or more fragments was evaluated through the generation, in GIS 
software, of buffers of 175 m from the edge of the remnants. The intersection between one 
or more buffers generated around the fragments indicated that the distance between them was 
a maximum of 350 m. It was considered, therefore, that for such fragments there was 
connectivity, since [25] the animal trafficability is limited around 350 m distance. A map was 
constructed to represent fragments with connectivity potential. 
     The determination of the environmental quality of the fragments was performed according 
to a simplified adaptation of the multi-criteria analysis method used by [25] and [26] in the 
evaluation of forest fragments in the Jundiaí-Mirim River basin, in the interior of São Paulo. 
This method was based on the principle of value weighting. In which there is possibility to 
compare the evaluated points in reference to a point considered as ideal. [25] points out that 
in anthropized environments the ideal quality point is practically unattainable; despite this, it 
is possible to identify fragments with more urgent needs, leading to appropriate management 
and management solutions. In the present work, this analysis was performed by weighting 
the indicators total area (size), circularity index (CI), nuclear area, connectivity and degree 
of occupation in the around, through grades that ranged from zero (0) to ten (10) according 
to the criteria presented in Table 2. 
     The environmental quality Qf was then evaluated by the summation of the score of the 
indicators mentioned above, indicating how far from the ideal, summation of the maximum 
values (Qf = 50), the fragments are found. 

Table 2:  Criterion for assessing indicators in forest fragments. 

 
* Percentage in relation to the total area of the fragment. 
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𝑄𝑓 ൌ ∑ 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟.                                       (2) 

     In order to facilitate comparisons and to enable the environmental quality evaluation in 
these fragments, Qf values were normalized to values between 0 and 1 according to eqn (3). 

𝑄𝑓௡௢௥௠௔௟ ൌ
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.                                  (3) 

     Using the methodology used to determine the environmental quality of forest fragments 
used by [25], the classification of the fragments according to their environmental quality (Qf) 
was then used in five groups, according to Table 3. 

3  RESULTS AND DISCUSSION 
The shape of a forest fragment can be directly related to its respective circularity index, since 
the latter makes an association between the shape of the fragment and a circle of the same 
area. In this way, the fragments of the Anhumas River Basin could be classified as elongated, 
moderately elongated or rounded. It was identified that more than 50% of the fragments 
presented circularity index between 0.65 and 0.85, classifying them as moderately elongated 
while very few were classified as rounded (Table 4). 
     The more rounded a fragment, the more compact it is and the lower its vulnerability to the 
activities of the surrounding soil use, since the central portion of the fragment tends to remain 
equidistant from the edge, maintaining a relative protection [6]. Thus, the shape of the forest 
fragment may influence important local ecological processes, for example, on the migration 
or escape of animals, plant colonization [7]. However, as already pointed out, the big question 
is that fragments whose shape is closest to the ideal are those with very small areas (Fig. 2); 
this is a trend already predicted by [25]. 

Table 3:  Criterion for assessing the environmental quality of forest fragments. 

Score Qf Environmental quality 

0.00–0.20 Very low 

0.20–0.40 Low 

0.40–0.60 Mean 

0.60–0.80 High 

0.80–1.00 Very high 

Table 4:  Index of circularity and shape of the forest fragments by sub-basins. 

  No of fragments  

Circularity 
Index (CI) 

Form of 
fragments

Upper 
course

Middle 
course 

Low 
course

Total % 

< 0.65 Elongated 6 11 31 48 37.50 

0.65–0.85 
Moderately 
elongated

12 12 45 69 53.91 

> 0.85 Rounded 3 1 7 11 8.59 

TOTAL 21 24 83 128 100.00 
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Figure 2:  Classification of forest fragments in the to their format. 

     Some authors [2] were able to identify that only 3 remnants in the Ribeirão das Pedras 
sub-basin, Campinas, São Paulo, Brazil, had adequate circularity indexes and, therefore, 
shape close to the ideal; moreover, all these corresponded to a very small area; in contrast, 
the other 61 fragments had elongated or very elongated shapes. On the other hand, the 
analysis performed by [27] presented very different results: 66.67% of the evaluated 
fragments were identified with rounded formats because they presented circularity indexes 
higher than 0.72; it is worth noting, however, that in this case they were fragments inserted 
in a farm of eucalyptus that, therefore, exerted much less external pressures on the remnants 
than a highly urbanized region. 
     It is also highlighted that the association between small sizes and irregular shapes is one 
of the main causes for the decrease of nuclear area in the forest fragments [14]. They are 
therefore an essential indicator in the evaluation, management and monitoring of forest 
fragments, especially in urban areas where external pressures are high. 
     Understanding the degree of use and occupation of the soil around the fragments is 
essential to evaluate how and with what intensity the external area has influence on forest 
remnants. This indicator was evaluated by analyzing the degree of landscape modification in 
these areas bordering the fragments. As it is a predominantly urban region, it was identified 
that most of the forest fragments present in the Anhumas Basin are surrounded by areas of 
high and/or very high modification (Fig. 3), classified as such due to characteristics such as: 
deforested areas and/or degraded, streets, exposed soil, buildings, etc. [20]. The percentage 
of fragments surrounded by landscapes of very high modification was even more 
representative in the high-grade sub-basin, where the center of the city of Campinas is located 
and where the highest population density is found [28]. 
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Figure 3:  Number of fragments per class of modification in the use and occupation. 

     According to [6] the analysis of this indicator is relevant because the changes in the way 
of use and occupation of the soil at the borders of the fragments can act to promote 
modifications in the forest ecosystem of the fragment, resulting, in this way, in a disturbed 
environment. By means of the classification in different degrees of modification of the 
landscape predicted by [20] and adopted in the present work it was realized that the 
urbanization is part of one of the stages of major modifications in a landscape once natural. 
[25] emphasizes that, in addition, urbanization is related to other pressure factors, including 
the intensity of fragmentation, the remaining vegetation cover and the size of the fragments. 
     As for other indicators, such as the circularity index, the data presented in Fig. 3 revealed 
further information. From the analysis of Table 5 and Fig. 4, it was observed that although 
the river basin presents fragments with circularity indexes considered as “good”, these 
fragments were mostly surrounded by areas of high occupancy (Class 4), suffering, therefore, 
a great pressure of the external environment. It was found that this acts as an additional 
aggravating factor of the edge effect, which may considerably affect the self-sustainability 
capacity of the fragments. 
     Although they are located in areas with modifications that increase the external pressure 
and vulnerability of the fragments, the analysis of the connectivity indicator could be 
evaluated that they are relatively close to each other, which is a beneficial factor. Table 6 
shows that 83.6% of the fragments of the Anhumas River Basin presented connectivity with 
one or more fragments in a radius of 350 m, while 16.4% were completely isolated, 
considering this same range. Connectivity between fragments is an essential factor for the 
maintenance of gene flow and biodiversity in remaining areas. In contrast, isolated fragments 
are poorer in biological diversity and are more likely to be populated by invasive plant species 
[12]. [29] also emphasizes that when the phenomenon of isolation lasts for a long time the 
fragments tend to degenerate due to the loss of pollinators, dispersers and predators. This 
causes imbalance in biodiversity and especially affects endemic and low population density 
species. 
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Table 5:    Relation between occupation use classes in the surroundings of the fragments and 
their respective circularity indices. 

 No of fragments 

Circularity index 
(CI) 

Class 0 Class 1 Class 2 Class 3 Class 4 

0.00–0.20 - - - - - 
0.20–0.40 - - - - - 
0.40–0.60 - 1 6 4 20 
0.60–0.80 - 2 27 12 30 
0.80–1.00 - 2 11 4 9 
TOTAL - 5 44 20 59 

 

 

Figure 4:    Degree of modification in the surroundings of the forest fragments in the River 
Anhumas Basin for each range of circularity index. 

Table 6:  Connectivity in the forest fragments of the Anhumas River Basin. 

Sub-basin 
With connectivity No connectivity 

No % No % 

Upper course 15 66.7 6 28.6
Middle course 19 83.3 5 20.8

Low course 73 88.0 10 12.0
Total 107 83.6 21 16.4 

 
     The values presented in Table 6 demonstrated a favorable situation to the connectivity of 
the fragments in the Anhumas River Basin, mainly in the medium and low sub-basins; most 
them (83.3% and 88.0%, respectively) are close to some more fragment in a maximum 
distance of 350 m. This situation may favor the management and preservation of these 
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remaining forest areas through, for example, the implementation of ecological corridor 
projects that connect such fragments. 
     Ecological corridors are not only considered as linear structures (corridors) that connect 
two fragments (spots) in the landscape, as well as understood in the ecological perspective, 
but as spatial structures that allow the flow of seeds and the displacement of the fauna  
within the concept of geographic network, so as not to present barriers or impedances to 
movement [30]. 
     In addition, the adoption of ecological corridors that aim at the connection between 
previously isolated fragments are a main alternative currently adopted as a management 
strategy for the conservation of biodiversity [30]. Although the most suitable fragments for 
this type of action are those of great value for environmental conservation, generally 
fragments of larger area, including the smaller fragments is also very important, since they 
can act as trampolines for migrating species and/or move for close fragments [12]. [11] points 
out that for biological conservation in a fragmented landscape there must be, in addition to 
large fragments, a network of smaller fragments that work to increase the functional 
connectivity between these areas. In addition, according to [1] the union of smaller fragments 
through ecological corridors established through vegetation recomposition contributes to the 
increase of nuclear areas in the fragments, increasing their stability. In the case of the 
Anhumas River Basin: highly urbanized, with fragments that despite being classified as 
“good” have a very low percentage of nuclear area and in which there was a considerable 
number of fragments with connectivity potential (Fig. 5(a)), actions since type, ecological 
corridors, are highly recommended [15]. 
     Regular monitoring of the number of forest fragments in a given area is also indicated for 
management purposes; because the decrease in the number of fragments in a basin or sub-
basin may erroneously be interpreted as an increase in the connectivity of the fragments. 
However, as observed by [6], what often happens is just the opposite, that is, the 
disappearance of smaller fragments due to deforestation processes or edge effect. 
 

 
(a) (b)

Figure 5:    (a) Connectivity between the forest fragments in the Anhumas River Basin;  and 
(b) Environmental quality of forest fragments – spatial distribution. 
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Table 7:  Environmental quality of forest fragments. 

  No of fragments (n)  

𝑸𝒇 normal 
Environmental 

quality (Qf) 

Upper 
course

Middle 
course

Low course Total 

n % n % n % n % 

0.00–0.20 Very low - - - - - - - - 

0.20–0.40 Low 6 28.6 3 12.5 13 15.7 22 17.2 

0.40–0.60 Mean 10 47.6 16 66.7 48 57.8 74 57.8 

0.60–0.80 High  5 23.8 5 20.8 22 26.5 32 25.0 

0.80–1.00 Very high - - - - - - - - 

TOTAL 21 100 24 100 83 100 128 100 

 
     Evaluating forest fragments in an individualized way, it was possible to make findings 
about the environmental quality of these remaining areas. However, in order to facilitate the 
identification of fragments with higher or lower environmental quality, and therefore those 
that should be a priority for management and recovery actions, the information extracted 
from the aforementioned indicators was combined in a single index. The of index was then 
calculated and normalized to values between 0 and 1, making it possible to classify the 
fragments according to their environmental quality. Table 7 shows that there was no fragment 
classified with very low and/or very high environmental Evaluating forest fragments in an 
individualized way, it was possible to make findings about the environmental quality of these 
remaining areas. However, in order to facilitate the identification of fragments with higher 
or lower environmental quality, and therefore those that should be a priority for management 
and recovery actions, the information extracted from the aforementioned indicators was 
combined in a single index. The Qf index was then calculated and normalized to values 
between 0 and 1, making it possible to classify the fragments according to their 
environmental quality. Table 7 shows that there was no fragment classified with very low 
and/or very high environmental quality. Most of them (57.8%) were classified with average 
quality, 25.0% high and 17.2% with low environmental quality. 
     It was also noted that when evaluated by sub-basins these indices are similar, although 
there was predominance of high quality fragments especially in the low-lying sub-basin, as 
can be seen in Fig. 5(b). 

4  CONCLUSIONS 
By the analysis of the Environmental Quality Index (Qf) it was verified that most of the 
fragments present environmental quality classified as average. Although there are fragments 
that present high environmental quality in all sub-basins, most fragments classified as such 
are located in the lower course, which indicates that this is an area with high potential for the 
implementation of recovery and management measures. 
     The analysis of the connectivity vs isolation of the fragments revealed that most of the 
fragments are not completely isolated, which may indicate potential for the implementation 
of management and management measures such as ecological corridors. 
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