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Abstract 

This study aimed to determine and analyze landscape ecology metrics to characterize the spatial pattern of 
fragments of native forest in São Mateus River basin, Espírito Santo State, Southeastern Brazil. Fragments were 
divided into four size classes called C1 (<5 ha), C2 (5-25 ha), C3 (25.10-50 ha) and C4 (>50 ha). Metrics were 
grouped according to their nature in (i) area and density, (ii) edge, (iii) shape, (iv) central area and (v) proximity. 
In total, 4,286 native forest fragments were identified, which represented 7.80% of total area of the basin. There 
is a predominance of fragments with more regular shapes, small (<25.10 ha) and, consequently, with greater 
edge effect. Results showed that the drainage basin studied is highly fragmented, which reinforces the need 
for strategies aimed at forest conservation and restoration of degraded forests in this region. 
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Resumo 

Este estudo teve como objetivo determinar e analisar métricas de ecologia da paisagem para caracterização do 
padrão espacial de fragmentos de floresta nativa na bacia hidrográfica do Rio São Mateus, no estado do Espírito 
Santo, Brasil. Os fragmentos foram divididos em quatro classes de tamanho denominadas como C1 (< 5 ha), C2 
(5-25 ha), C3 (25,10-50 ha) e C4 (>50 ha). As métricas foram agrupadas de acordo com sua natureza em (i) área e 
densidade, (ii) borda, (iii) forma, (iv) área central e (v) proximidade. Foram identificados 4.286 fragmentos de 
floresta nativa, que representaram 7,80% da área total da bacia. Há predominância de fragmentos com formas 
mais regulares, pequenos (<25,10 ha) e, consequentemente, com maior efeito de borda. Os resultados 
demonstraram que a bacia hidrográfica avaliada é altamente fragmentada, o que reforça a necessidade de 
estratégias voltadas para a conservação e restauração florestal da vegetação nativa dessa região. 

Palavras-chave: Ecologia da paisagem; Mata Atlântica; Geoprocessamento; Floresta nativa. 

INTRODUCTION 

In north of the Espírito Santo State, São Mateus River basin lies within a considerable area 
of the Brazilian Atlantic Forest. The Atlantic Forest is an ecological hotspot with great global 
importance for containing different levels of richness, endemism, and species composition 
(Martini et al., 2007; Rezende et al., 2018). Due to anthropic impacts, especially in the 
conversion of forests to agricultural and pasture lands, the Atlantic Forest currently has only 
12.40% of its original cover (Fundação SOS Mata Atlântica, 2021; Lima et al., 2021). This 

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-0446-2259
https://orcid.org/0000-0002-2555-4806
https://orcid.org/0000-0001-5227-1951
https://orcid.org/0000-0002-7726-4595


Forest cover analysis of a highly fragmented basin in northern Espírito Santo State, Brazil 

 

Scientia Forestalis, 50, e3928, 2022 2/9 

transformation caused several changes in the structure of landscape and its ecological 
balance, which led to the formation of vegetation fragments (Liu et al., 2019). 

Fragmentation process results from deforestation of forests and it is characterized by 
changing the configuration or arrangement of the forest cover (Hermosilla et al., 2019). Forest 
loss on a global scale is associated with commodity production, shifting agriculture, forestry, 
wildfire and urbanization (Curtis et al., 2018). In recent years, these factors have been growing 
due to the increase in population, food consumption and commercial practices (Slattery & 
Fenner, 2021). As a result, fragmentation causes complex changes and lasting effects on 
biodiversity of forest remnants, with loss of species and alteration of the functional diversity 
of communities (Zambrano et al., 2020). 

Landscape ecology can address, among other issues, the importance of composition and 
spatial configuration of vegetation fragments in the ecological processes (Silva et al., 2021) and 
plays a key role in integration of different scales of biodiversity (Liu et al., 2019). Several 
authors used analysis of spatial distribution through the study of landscape ecology using pre-
established metrics and geospatial technologies for identification of landscape patterns 
(Santos et al., 2018; Hermosilla et al., 2019; Yu et al., 2019; Silva et al., 2021). 

The use of remote sensing provides reliable and accurate results in analyzes of forest cover 
(Portillo-Quintero et al., 2012). Geographic Information Systems (GIS) combined with remote 
sensing can be widely used in landscape ecology to measure forest fragmentation and its change 
over time (Hermosilla et al., 2019), in addition to assessing the environmental fragility of forest 
remnants of different phyto-physiognomies (Silva et al., 2021). The assessment of the landscape 
using these tools allows to diagnose management problems, estimate future influences 
(Calegari et al., 2010) and to propose the necessary interventions for biodiversity conservation. 

Analyzing the structure of forest landscape becomes important for the region of the São 
Mateus River basin, which is considered one of the basins with low levels of native forest cover 
and with greater needs for restoration in Espírito Santo (Espírito Santo, 2017). These factors 
coupled with the lack of studies on this subject make it essential to know the spatial pattern of 
fragmentation in the region. Therefore, the aim of this study was to determine and analyze 
landscape ecology metrics for characterization of spatial pattern of fragments of native forest in 
the São Mateus River basin. 

MATERIAL AND METHODS 

1.1. Study area 

The study was carried out in São Mateus River basin, located in the Espírito Santo State, 
Southeastern Brazil (Figure 1). In Espírito Santo (ES), the basin belongs to the Northern region of 
the state and has a drainage area of 8,237 km2 (Agência Estadual de Recursos Hídricos, 2018). 
The main tributaries of the basin are Cotaxé and Cricaré Rivers, both originating in Minas Gerais 
State (MG) and uniting in the municipality of São Mateus (ES) to form the São Mateus River. Its 
territorial extension covers 11 municipalities (Água Doce do Norte, Barra de São Francisco, Boa 
Esperança, Conceição da Barra, Ecoporanga, Jaguaré, Mantenópolis, Nova Venécia, Ponto Belo, 
São Mateus and Vila Pavão) (Agência Estadual de Recursos Hídricos, 2018), with an estimated 
total population of 375,393 people in 2021 (Instituto Brasileiro de Geografia e Estatística, 2018). 

The region where the basin is located is characterized by pasture, monoculture of 
eucalyptus, sugar cane and fruit growing areas (Agência Estadual de Recursos Hídricos, 2020). 
Considering water use, the largest consumption demand is from the agriculture sector 
(93.90%), mainly due to irrigation activity. Other uses of water are public supply (2.90%), 
livestock (2.50%), industry (0.60%) and aquaculture (0.10%) (Espírito Santo, 2018). 

According to the Köppen classification, the climates in the region are tropical monsoon (Am) 
and tropical with dry winter (Aw). Average temperature and precipitation in the basin 
municipalities are 23ºC and 1,262 mm, respectively (Alvares et al., 2013). The main types of soil 
are yellow oxisol, yellow ultisol and red oxisol (Cunha et al., 2016). All municipalities are in a 
Dense Ombrophilous Forest, part of the Atlantic Forest. Exception occurs on the coastline, where 
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there is a predominance of pioneer formations, with the presence of mangroves and saline fields 
(Martins & Cavararo, 2012). Topography is characterized by rugged relief in the interior and 
western sites and plains on the coast (Agência Estadual de Recursos Hídricos, 2018). 

 
Figure 1. Geographical location of the São Mateus River basin, Espírito Santo State, Brazil. Abbreviations 

for Brazilian states names are: BA = Bahia, ES = Espírito Santo, MG = Minas Gerais, RJ = Rio de Janeiro. 

1.2. Landscape ecology analysis 
The vegetation cover and land mapping of the Espírito Santo State Institute for 

Environment and Water Resources (IEMA) was used. This mapping was carried out from 
photointerpretation of ortho-photo mosaics from the period of 2012-2015, with a spatial 
resolution of 0.25 m and a precision of 1:10,000 (Espírito Santo, 2015). To create the map of 
forest fragments, “native forest” class was selected and the fragments were quantified 
according to their area sizes. So, the fragments were divided into classes called C1 (<5 ha), C2 
(5-25 ha), C3 (25.10-50 ha) and C4 (>50 ha). 

Landscape ecology metrics were determined with the extension Vector-based Landscape 
Analysis Tools 2.0 (V-Late 2.0) in ArcGIS® (version 10.8) software. Metric processing was 
performed as proposed by McGarigal & Marks (1994) (Table 1). Metrics were grouped according 
to their nature in (i) area and density, (ii) edge, (iii) shape, (iv) central area and (v) proximity. 

Table 1. Landscape ecology metrics processed by the extension V-Late 2.0 for fragments of native forest 
from the São Mateus River basin, Espírito Santo State, Brazil. 

Group Metrics Acronym (unit) 

Area and 
Density 

Class area CA (ha) 
Mean fragments size MPS (ha) 
Number of fragments NP (no unit) 

Fragments size standard deviation PSSD (ha) 
Fragments size coefficient variation PSCoV (%) 

Edge 
Total edge TE (m) 

Edge density ED (m ha-1) 

Shape 
Mean shape index MSI (no dimension) 
Fractal dimension MFRACT (no dimension) 

Central area 

Total central area TCA (ha) 
Number of central areas NCA (no unit) 

Mean central area MCA (ha) 
Total central area index TCAI (%) 

Standard deviation of central area DPCA (ha) 
Proximity Mean nearest-neighbor distance MNN (m) 

Source: Adapted from McGarigal & Marks (1994). 
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The calculation of central area was simulated for edge distances of 20, 40, 80, 100 and 
140 m to obtain different scenarios. Regarding shape metrics, circle shape was adopted to 
calculate the mean shape index (MSI), with values closer to 1 indicating more regular shapes 
(close to circular) (Moser et al., 2002). 

RESULTS AND DISCUSSION 

The spatial analysis allowed to verify that native forest is present in only 7.80% of the 
basin's total area and it is distributed in 4,286 fragments (NP) (Figure 2). Fragments of classes 
C1 and C2 represented 43.20% and 43.50% of the total number, respectively. Fragments of 
class C4 were observed in small amounts (5.30%), despite occupying 41.10% of the total area 
of native forest cover (Table 2). The mean fragments size (MPS) and their respective deviations 
(PSSD) indicated that most of the fragments of classes C2 and C3 have sizes closer to the lower 
limits of the class (Table 2). Class C4 showed the most variability in fragment size, 
demonstrated by the value of its proportional variability (PSCoV) (Table 2). 

These values showed that the São Mateus River basin has undergone changes over time 
that made it highly fragmented, with 94.70% of native forest remnants smaller than 50 ha. Our 
results show a more critical situation than that found by Ribeiro et al. (2009), who identified 
that the native forest cover throughout the Atlantic Forest was composed of 83.40% of 
fragments with less than 50 ha. This configuration of forest cover in the basin reflects the 
intense process of degradation caused by the expansion of the farming activities and logging 
in recent decades in northern Espírito Santo State (Thomaz, 2010). 

The environmental adequacy of rural properties based on Brazilian Native Vegetation 
Protection Law (Law No. 12,651/2012) is essential for the expansion of forest cover, as it 
requires the regularization of Permanent Preservation Areas (APP) and Legal Reserves (RL). 
The law also provides for the establishment of technical support programs and financial 
incentives, including payment for environmental services (PES) (Brasil, 2012). In Espírito Santo, 
Reflorestar Program is an important PES initiative of the state government aimed at 
conservation and restoration of native vegetation in municipalities in the state (Benini et al., 
2016). Despite its incentives, Reflorestar Program is not always available across the basin 
and/or there are bureaucratic procedures that make it difficult to access it (Agência Estadual 
de Recursos Hídricos, 2020). Based on the results released by Espírito Santo State Secretary 
for Environment and Water Resources (SEAMA) (Espírito Santo, 2021) and the mapping carried 
out in this study, Nova Venécia, for example, was the municipality with the highest  

 
Figure 2. Distribution of native forest fragments considering size classes (in ha) in the São Mateus River 

basin, Espírito Santo State, Brazil. 
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participation of producers, but only 2.10% of the municipality's native forest is recognized with 
PES. In this way, Ramirez‐Reyes et al. (2018) reinforces that PES schemes helped to reduce 
forest fragmentation in Mexico at a regional and national level, with a decrease in the number 
of forest fragments and edges. 

Table 2. Landscape ecology metrics for different size classes of native forest fragments from the São 
Mateus River basin, Espírito Santo State, Brazil. 

Group Metrics 
Size classes (ha) 

C1 (< 5) C2 (5 - 25) C3 (25.10 - 50) C4 (> 50) 
Area and 
Density 

CA (ha) 4,775.24 21,035.17 11,877.21 26,271.65 
MPS (ha) 2.58 11.28 34.63 116.25 

NP (no unit) 1,852 1,865 343 226 
PSSD (ha) 1.28 5.19 6.83 106.99 
PSCoV (%) 49.60 46.00 19.70 92.00 

Edge TE (m) 1,403,493.10 3,709,226.10 1,586,306.70 2,775,796.60 
ED (m ha-1) 293.91 176.33 133.56 105.66 

Shape MSI (no dimension) 1.38 1.68 2.22 3.13 
MFRACT (no dimension) 1.32 1.30 1.32 1.33 

Proximity MNN (m) 661.09 576.41 1,562.92 1,477.07 

Due to their greater number, fragments of classes C1 and C2 showed higher proximity, 
expressed by MNN metric, while fragments of classes C3 and C4 showed greater isolation 
(Table 2). This greater proximity between small fragments is important to provide the 
formation of functionally interconnected forest mosaics, capable of contributing to regional 
connectivity (Ribeiro et al., 2009; Diniz et al., 2021), which allows for a greater gene flow 
between fauna and flora species (Aizen & Feinsinger, 1994). Although the area of a fragment 
is an important parameter to explain the species richness of fauna (Zungu et al., 2020), smaller 
fragments increase habitat accessibility for species that could have their persistence 
threatened by isolation (Diniz et al., 2021). For edge metrics, the fragments of classes C2 and 
C4 presented the highest TE values, while fragments of classes C1 and C3 presented the lowest 
values (Table 2). Even with the lowest total edge value, the fragments of class C1 showed a 
higher edge/area ratio (ED) (Table 2). 

ED is important to facilitate a comparison of edge effect in landscapes with different sizes 
(Gonçalves et al., 2019). The greater number of forest fragments in the smaller size classes 
(classes C1 and C2) led to higher edge density. It is noteworthy that the high number of 
fragments with areas between 5 ha and 25 ha determined class C2 as the one with the highest 
amount of edge (TE) (Table 2). A greater amount of edge provides a high exposure to winds 
and greater microclimatic differences, which facilitate anthropic interventions and cause 
several physical and biological impacts (Haddad et al., 2015; Rezende et al., 2018). According 
to Haddad et al. (2015) more than 40% of forest remnants of the Atlantic Forest present its 
inner area with less than 100 m from an edge, which can reduce biodiversity in these areas by 
up to 75% and alter essential ecosystem functions such as decreasing biomass and altering 
nutrient cycles. 

Regarding shape, MSI values were higher with the increase in fragment areas, which 
indicates that the fragments of classes C3 and C4 presented more irregular shapes as they are 
less circular (Table 2). Average fractal dimension (MFRACT) presented similar values in all size 
classes, which demonstrates that the use of this metric was not representative to assess the 
shape of the fragments in this basin. 

Table 3 shows the values of central area metrics (TCA, NCA, MCA, TCAI and DPCA) for 
different edge distances. Overall, increasing the edge led to a decrease in central area metrics 
for all classes (Table 3). Fragments of classes C1 and C2 were the ones that showed the 
greatest reduction in values with increasing edge. The central area is usually conditioned by 
the size of the fragment; the larger the fragment size, the larger its central area (Silva et al., 
2021). However, fragments with the same size may have central areas with significant 
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differences due to irregularity in their shape (Calegari et al., 2010). Even with considerable 
reduction, fragments of classes C2, C3 and C4 maintained central areas for an edge effect of 
140 m. Fragments of the C4 class had the highest values for TCA at all edge distances. On the 
other hand, the fragments of class C2, which presented the second largest TCA at distances of 
20 and 40 m, reduced its edge value considerably at 80 m. In the C1 class as the edge distance 
increases, the central area values decrease dramatically, reaching the total central area index 
(TCAI) value of 0.30% at the edge of 80 m. Otherwise, the fragments of class C4 presented TCAI 
values of 37.90% at the same edge distance of 80 m (Table 3). These results demonstrate that 
the smaller fragments are totally influenced by the productive matrix. 

In addition to impacts on biodiversity, the decrease in forest cover leads to a loss of 
quantity and quality of water resources (Araujo et al., 2015; Mello et al., 2018) and causes great 
impacts on the economy and society (Lele et al., 2008). In some places in São Mateus River 
basin, 17.40% of water availability is already compromised by current demands (Puppin et al., 
2019). Furthermore, water availability is expected to worsen in the coming years in this region 
due to the projected increase in consumption, especially in irrigated agriculture (Puppin et al., 
2019). Allied to this worrying water scenario, the spatial pattern of the fragmentation of native 
forest in São Mateus River basin area reinforces the importance of conservation, expansion, 
and connection of native forest patches. 

Table 3. Landscape ecology metrics for the central area group for different size classes of native forest 
fragments from the São Mateus River basin, Espírito Santo State, Brazil. 

Edge distance 
(m) 

C1 (<5 ha) 
TCA (ha) NCA (no unit) MCA (ha) TCAI (%) DPCA (ha) 

20 2,338.67 2,089 1.12 48.97 0.88 
40 838.75 2,015 0.42 17.56 0.47 
80 14.43 1,853 0.01 0.30 0.03 

100 0.11 1,852 0 0 0 
140 0 0 0 0 0 

Edge distance 
(m) 

C2 (5 - 25 ha) 
TCA (ha) NCA (no unit) MCA (ha) TCAI (%) DPCA (ha) 

20 14,086.78 2,570 5.48 66.97 4.66 
40 8,610.72 2,803 3.07 40.93 3.29 
80 2,389.23 2,230 1.07 11.36 1.63 

100 1,062.22 2,002 0.53 5.05 1.07 
140 147.18 1,876 0.08 0.70 0.33 

Edge distance 
(m) 

C3 (25.10 - 50 ha) 
TCA (ha) NCA (no unit) MCA (ha) TCAI (%) DPCA (ha) 

20 8,843.72 676 13.08 74.46 12.88 
40 6,309.62 771 8.18 53.12 9.42 
80 2,901.33 653 4.44 24.43 5.44 

100 1,858.63 574 3.24 15.65 4.17 
140 654.08 406 1.61 5.51 2.34 

Edge distance 
(m) 

C4 (>50 ha) 
TCA (ha) NCA (no unit) MCA (ha) TCAI (%) DPCA (ha) 

20 20,881.92 723 28.88 79.48 61.53 
40 16,224.35 1,079 15.04 61.76 42.45 
80 9,967.36 829 12.02 37.94 33.05 

100 7,904.43 665 11.89 30.09 32.35 
140 5,036.95 433 11.63 19.17 28.55 

CONCLUSIONS 

Only 7.80% of the basin area is composed of native forest cover (Atlantic Forest). In total, 
4,286 fragments were identified, with a predominance of fragments with more regular shapes, 
small (<25.10 ha) and, consequently, with greater edge effect. For the region, the central area 
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of fragments smaller than 5 ha are not considered when using edge distance above 100 m. 
The spatial pattern of native forest distribution in the São Mateus River basin, determined by 
landscape ecology metrics, has shown that it is highly fragmented, which reinforces the need 
for actions aimed at forest conservation and restoration of degraded forests in this region. 

ACKNOWLEDGEMENTS 

The authors are grateful for the financial support provided by the Federal Institute of 
Education, Science and Technology of Espírito Santo (Ifes). 

REFERENCES 
Agência Estadual de Recursos Hídricos – AGERH. (2018). Diagnóstico e prognóstico das condições de uso 

da água na bacia hidrográfica do Rio São Mateus. Retrieved in 2021, March 20, from 
https://agerh.es.gov.br/cbh-sao-mateus 

Agência Estadual de Recursos Hídricos – AGERH. (2020). Planejamento da restauração nas bacias dos rios 
Itaúnas e São Mateus.  Retrieved in 2021, September 1, from 
https://agerh.es.gov.br/Media/agerh/Documenta%C3%A7%C3%A3o%20CBHs/Ita%C3%BAnas/AF_W
RI_BaciasES_diagramacao.pdf 

Aizen, M. A., & Feinsinger, P. (1994). Habitat fragmentation, native insect pollinators, and feral honey bees 
in Argentine ‘Chaco Serrano’. Ecological Applications, 4(2), 378-392. http://dx.doi.org/10.2307/1941941. 

Alvares, C. A., Stape, J. L., Sentelhas, P. C., Gonçalves, J. D. M., & Sparovek, G. (2013). Köppen’s climate 
classification map for Brazil. Meteorologische Zeitschrift, 22(6), 711-728. 
http://dx.doi.org/10.1127/0941-2948/2013/0507. 

Araujo, L. S., Komonen, A., & Lopes-Andrade, C. (2015). Influences of landscape structure on diversity of 
beetles associated with bracket fungi in Brazilian Atlantic Forest. Biological Conservation, 191, 659-
666. http://dx.doi.org/10.1016/j.biocon.2015.08.026. 

Benini, R. M., Sossai, M. F., Padovezi, A., & Matsumoto, M. H. (2016). Plano estratégico da cadeia da 
restauração florestal: o caso do Espírito Santo. In A. P. M. Silva, H. R. Marques & R. H. R. Sambuichi 
(Eds.), Mudanças no Código Florestal Brasileiro: desafios para a implementação da nova lei (pp. 209-
234). Rio de Janeiro: Ipea. 

Brasil. (2012, May 25). Lei n° 12.651, de 25 de maio de 2012. Dispõe sobre a proteção da vegetação 
nativa [...] e dá outras providências. Diário Oficial [da] República Federativa do Brasil, Brasília. 
Retrieved in 2021, September 1, from http://www.planalto.gov.br/ccivil_03/_Ato2011-
2014/2012/Lei/L12651compilado.htm 

Calegari, L., Martins, S. V., Gleriani, J. M., Silva, E., & Busato, L. C. (2010). Análise da dinâmica de 
fragmentos florestais no município de Carandaí, MG, para fins de restauração florestal. Revista 
Árvore, 34(5), 871-880. http://dx.doi.org/10.1590/S0100-67622010000500012. 

Cunha, A. D. M., Feitoza, H. N., Feitoza, L. R., Oliveira, F. S., Lani, J. L., Cardoso, J. K. F., & Trindade, F. S. 
(2016). Atualização da legenda do mapa de reconhecimento de solos do Estado do Espírito Santo e 
implementação de interface no Geobases para uso de dados em SIG. Geografares, 2(22), 32-65. 
http://dx.doi.org/10.7147/GEO23.12356. 

Curtis, P. G., Slay, C. M., Harris, N. L., Tyukavina, A., & Hansen, M. C. (2018). Classifying drivers of global 
forest loss. Science, 361(6407), 1108-1111. http://dx.doi.org/10.1126/science.aau3445. 

Diniz, M. F., Coelho, M. T., Sousa, F. G., Hasui, É., & Loyola, R. (2021). The underestimated role of small 
fragments for carnivore dispersal in the Atlantic Forest. Perspectives in Ecology and Conservation, 
19(1), 81-89. http://dx.doi.org/10.1016/j.pecon.2020.12.001. 

Espírito Santo. Sistema Integrado de Bases Geoespaciais do Estado do Espírito Santo – GEOBASES. 
(2015). IEMA - MAPEAMENTO ES - 2012-2015. Vitória: GEOBASES. Retrieved in 2021, October 1, from 
https://geobases.es.gov.br/links-para-mapes1215 

Espírito Santo. Secretaria de Estado do Meio Ambiente e Recursos Hídricos – SEAMA. (2017). Avaliação 
das oportunidades da restauração de paisagens e florestas para o Estado do Espírito Santo, Brasil. 
Vitória: SEAMA. Retrieved in 2021, September 1, from https://infoflr.org/sites/default/files/2020-
04/forest_landscape_restoration_opportunities_assessment_in_espirito_santo_state.pdf 

Espírito Santo. Secretaria de Estado do Meio Ambiente e Recursos Hídricos – SEAMA. (2018). Plano 
Estadual de Recursos Hídricos do Estado do Espírito Santo. Vitória: SEAMA. Retrieved in 2021, 

https://doi.org/10.2307/1941941
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1016/j.biocon.2015.08.026
https://doi.org/10.1590/S0100-67622010000500012
https://doi.org/10.7147/GEO23.12356
https://doi.org/10.1126/science.aau3445
https://doi.org/10.1016/j.pecon.2020.12.001


Forest cover analysis of a highly fragmented basin in northern Espírito Santo State, Brazil 

 

Scientia Forestalis, 50, e3928, 2022 8/9 

September 1, from https://perh.es.gov.br/Media/perh/Arquivos%20Biblioteca/PERH-
ES_DocumentoConsolidado.pdf 

Espírito Santo. Secretaria de Estado do Meio Ambiente e Recursos Hídricos – SEAMA. (2021). Resultados 
do Programa Reflorestar. Vitória: SEAMA. Retrieved in 2021, September 20, from 
https://seama.es.gov.br/resultados_programa 

Fundação SOS Mata Atlântica. (2021) Mata Atlântica. Retrieved in 2021, March 22, from 
https://www.sosma.org.br/causas/mata-atlantica/ 

Gonçalves, A. L., Cruz, V. M. S., & Serra, A. B. (2019). Fragmentação florestal na Região de Integração do Lago 
de Tucuruí, Pará, Brasil. Revista de Ciências Agrárias, 62, 1-10. http://dx.doi.org/10.22491/rca.2019.3048. 

Haddad, N. M., Brudvig, L. A., Clobert, J., Davies, K. F., Gonzalez, A., Holt, R. D., Lovejoy, T. E., Sexton, J. O., 
Austin, M. P., Collins, C. D., Cook, W. M., Damschen, E. I., Ewers, R. M., Foster, B. L., Jenkins, C. N., 
King, A. J., Laurance, W. F., Levey, D. J., Margules, C. R., Melbourne, B. A., Nicholls, A. O., Orrock, J. L., 
Song, D.-X., & Townshend, J. R. (2015). Habitat fragmentation and its lasting impact on Earth’s 
ecosystems. Science Advances, 1(2), e1500052. http://dx.doi.org/10.1126/sciadv.1500052. 

Hermosilla, T., Wulder, M. A., White, J. C., Coops, N. C., Pickell, P. D., & Bolton, D. K. (2019). Impact of time 
on interpretations of forest fragmentation: three-decades of fragmentation dynamics over Canada. 
Remote Sensing of Environment, 222, 65-77. http://dx.doi.org/10.1016/j.rse.2018.12.027. 

Instituto Brasileiro de Geografia e Estatística – IBGE. (2018). Projeções da população. Rio de Janeiro: IBGE. 
Retrieved in 2021, December 1, from https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-
projecao-da-populacao.html?=&t=resultados 

Lele, N., Joshi, P. K., & Agrawal, S. P. (2008). Assessing forest fragmentation in northeastern region (NER) 
of India using landscape matrices. Ecological Indicators, 8(5), 657-663. 
http://dx.doi.org/10.1016/j.ecolind.2007.10.002. 

Lima, M. S., Araujo, M. M., Aimi, S. C., Oliveira, V. V., Berghetti, Á. L., Nascimento, N. F., & Tarouco, C. P. 
(2021). Use of physiological attributes to select native forest species for forest restoration in the 
southern Atlantic forest biome, Brazil. Forest Ecology and Management, 501, 119659. 
http://dx.doi.org/10.1016/j.foreco.2021.119659. 

Liu, J., Coomes, D. A., Gibson, L., Hu, G., Liu, J., Luo, Y., Wu, C., & Yu, M. (2019). Forest fragmentation in 
China and its effect on biodiversity. Biological Reviews of the Cambridge Philosophical Society, 94(5), 
1636-1657. http://dx.doi.org/10.1111/brv.12519. 

Martini, A. M. Z., Fiaschi, P., Amorim, A. M., & Paixão, J. L. (2007). A hot-point within a hot-spot: a high 
diversity site in Brazil’s Atlantic Forest. Biodiversity and Conservation, 16(11), 3111-3128. 
http://dx.doi.org/10.1007/s10531-007-9166-6. 

Martins, L., & Cavararo, R. (2012). Manual técnico da vegetação brasileira: sistema fitogeográfico, inventário 
das formações florestais e campestres, técnicas e manejo de coleções botânicas, procedimentos para 
mapeamentos (2ª ed.). Rio de Janeiro: IBGE. 

McGarigal, K., & Marks, B. J. (1994). FRAGSTATS: spatial pattern analysis program for quantifying landscape 
structure. Reference manual. Covarllis Oregon: Oregon State University. 

Mello, K., Valente, R. A., Randhir, T. O., Santos, A. C. A., & Vettorazzi, C. A. (2018). Effects of land use and 
land cover on water quality of low-order streams in Southeastern Brazil: watershed versus riparian 
zone. Catena, 167, 130-138. http://dx.doi.org/10.1016/j.catena.2018.04.027. 

Moser, D., Zechmeister, H. G., Plutzar, C., Sauberer, N., Wrbka, T., & Grabherr, G. (2002). Landscape 
patch shape complexity as an effective measure for plant species richness in rural landscapes. 
Landscape Ecology, 17(7), 657-669. http://dx.doi.org/10.1023/A:1021513729205. 

Portillo-Quintero, C. A., Sanchez, A. M., Valbuena, C. A., Gonzalez, Y. Y., & Larreal, J. T. (2012). Forest 
cover and deforestation patterns in the Northern Andes (Lake Maracaibo Basin): a synoptic 
assessment using MODIS and Landsat imagery. Applied Geography, 35(1-2), 152-163. 
http://dx.doi.org/10.1016/j.apgeog.2012.06.015. 

Puppin, L. G., Vaneli, B. P., Moreira, L. L., & Novais, R. R. (2019). Cenário tendencial de comprometimento 
hídrico na bacia hidrográfica do rio São Mateus-ES. Revista Gestão & Sustentabilidade Ambiental, 8(3), 
172-192. http://dx.doi.org/10.19177/rgsa.v8e32019172-192. 

Ramirez‐Reyes, C., Sims, K. R., Potapov, P., & Radeloff, V. C. (2018). Payments for ecosystem services in Mexico 
reduce forest fragmentation. Ecological Applications, 28(8), 1982-1997. http://dx.doi.org/10.1002/eap.1753. 

Rezende, C. L., Scarano, F. R., Assad, E. D., Joly, C. A., Metzger, J. P., Strassburg, B. B. N., Tabarelli, M., 
Fonseca, G. A., & Mittermeier, R. A. (2018). From hotspot to hopespot: an opportunity for the 
Brazilian Atlantic Forest. Perspectives in Ecology and Conservation, 16(4), 208-214. 

https://doi.org/10.1126/sciadv.1500052
https://doi.org/10.1016/j.rse.2018.12.027
https://doi.org/10.1016/j.ecolind.2007.10.002
https://doi.org/10.1016/j.foreco.2021.119659
https://doi.org/10.1111/brv.12519
https://doi.org/10.1007/s10531-007-9166-6
https://doi.org/10.1016/j.catena.2018.04.027
https://doi.org/10.1023/A:1021513729205
https://doi.org/10.1016/j.apgeog.2012.06.015
https://doi.org/10.19177/rgsa.v8e32019172-192
https://doi.org/10.1002/eap.1753


Forest cover analysis of a highly fragmented basin in northern Espírito Santo State, Brazil 

 

Scientia Forestalis, 50, e3928, 2022 9/9 

Ribeiro, M. C., Metzger, J. P., Martensen, A. C., Ponzoni, F. J., & Hirota, M. M. (2009). The Brazilian Atlantic 
Forest: how much is left, and how is the remaining forest distributed? Implications for conservation. 
Biological Conservation, 142(6), 1141-1153. http://dx.doi.org/10.1016/j.biocon.2009.02.021. 

Santos, J. S., Leite, C. C. C., Viana, J. C. C., Santos, A. R., Fernandes, M. M., Abreu, V. S., Nascimento, T. P., 
Santos, L. S., Fernandes, M. R. M., Silva, G. F., & Mendonça, A. R. (2018). Delimitation of ecological 
corridors in the Brazilian Atlantic Forest. Ecological Indicators, 88, 414-424. 
http://dx.doi.org/10.1016/j.ecolind.2018.01.011. 

Silva, A. L., Nunes, A. J. N., Marques, M. L., Ribeiro, A. Í., & Longo, R. M. (2021). Assessing the fragility of 
forest remnants by using landscape metrics. Comparison between river basins in Brazil and Portugal. 
Environmental Monitoring and Assessment, 193(4), 1-17. http://dx.doi.org/10.1007/s10661-021-08953-y. 

Slattery, Z., & Fenner, R. (2021). Spatial analysis of the drivers, characteristics, and effects of forest 
fragmentation. Sustainability, 13(6), 3246. http://dx.doi.org/10.3390/su13063246. 

Thomaz, L. D. (2010). A Mata Atlântica no estado do Espírito Santo, Brasil: de Vasco Fernandes Coutinho 
ao século 21. Boletim do Museu de Biologia Mello Leitão, 27, 5-20. Retrieved in 2021, December 1, 
from http://boletim.sambio.org.br/pdf/27_01.pdf 

Yu, H., Liu, X., Kong, B., Li, R., & Wang, G. (2019). Landscape ecology development supported by geospatial 
technologies: a review. Ecological Informatics, 51, 185-192. http://dx.doi.org/10.1016/j.ecoinf.2019.03.006. 

Zambrano, J., Cordeiro, N. J., Garzon-Lopez, C., Yeager, L., Fortunel, C., Ndangalasi, H. J., & Beckman, N. 
G. (2020). Investigating the direct and indirect effects of forest fragmentation on plant functional 
diversity. PLoS One, 15(7), e0235210. http://dx.doi.org/10.1371/journal.pone.0235210. 

Zungu, M. M., Maseko, M. S., Kalle, R., Ramesh, T., & Downs, C. T. (2020). Effects of landscape context on 
mammal richness in the urban forest mosaic of EThekwini Municipality, Durban, South Africa. 
Global Ecology and Conservation, 21, e00878. http://dx.doi.org/10.1016/j.gecco.2019.e00878. 

Authors’ contributions: LJM: conceptualization, data curation, formal analysis, methodology, writing – original 
draft, writing – review & editing; JCM: conceptualization, formal analysis, writing – review & editing; VTMMJ: 
supervision, writing – review & editing; GGC: supervision. 

 

https://doi.org/10.1016/j.biocon.2009.02.021
https://doi.org/10.1016/j.ecolind.2018.01.011
https://doi.org/10.1007/s10661-021-08953-y
https://doi.org/10.3390/su13063246
https://doi.org/10.1016/j.ecoinf.2019.03.006
https://doi.org/10.1371/journal.pone.0235210
https://doi.org/10.1016/j.gecco.2019.e00878



