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A B S T R A C T 
This study evaluated the landscape structure surrounding strictly 
protected conservation units (CUs) in the Cerrado biome that lack 
designated buffer zones, in comparison with landscapes outside these 
units across spatial and temporal scales. For the spatial analysis, 18 fully 
encompassed Cerrado CUs and 18 randomly selected external points 
within the biome were assessed for the year 2022. For temporal analysis, 
9 CUs and 9 random points were analyzed for the years 2010 and 2022. 
In all cases, 10-km buffers were delineated, and land use as well as 
land cover maps were generated. Landscape structure was quantified 
using percentage of class (PLAND), edge density (ED), and effective 
mesh size (MESH) metrics. Comparisons within groups were performed 
using the Mann-Whitney, Student’s t, and Wilcoxon tests. In the spatial 
analysis, areas surrounding CUs exhibited a low proportion of Cerrado 
cover (median≈29.8%) and did not differ significantly from external 
areas in PLAND or MESH. However, they presented significantly higher 
ED values, indicating greater fragmentation and increased exposure 
to edge effects around the CUs. In the temporal analysis, PLAND and 
MESH did not differ significantly between 2010 and 2022, whereas ED 
increased across all landscapes, reflecting the intensified fragmentation 
occurring near the CUs over time. These results demonstrate that 
the CUs are embedded in landscape contexts  that are structurally 
unfavorable for conservation, and suggest that the absence of buffer 
zones, coupled with weakened legal instruments, may perpetuate and 
aggravate this situation.

Keywords: landscape metrics; protected area; fragmentation; spatial 
analysis; multitemporal analysis.

R E S U M O
Este estudo avaliou a estrutura da paisagem no entorno de Unidades 
de Conservação (CU) de proteção integral do Cerrado sem zona de 
amortecimento, comparando-a com a estrutura da paisagem em áreas 
externas a essas unidades, num contexto espacial e temporal. Para a análise 
espacial, foram selecionadas 18 CU integralmente inseridas no Cerrado e 
18 pontos externos a elas, distribuídos aleatoriamente pelo bioma no 
ano de 2022. Para a análise temporal, foram selecionadas nove CU e 
nove pontos aleatórios nos anos de 2010 e 2022. Para ambos os grupos 
foram delimitados buffers de 10 km, e foram gerados mapas de uso e 
cobertura da terra. A estrutura da paisagem foi quantificada pelas métricas 
de porcentagem da classe (PLAND), densidade de borda (ED) e tamanho 
efetivo da malha (MESH), comparadas dentro dos grupos por meio dos 
testes de Mann-Whitney, t de Student e Wilcoxon. No recorte espacial, o 
entorno das CU apresentou baixa proporção de Cerrado (mediana≈29,8%) 
e não diferiu significativamente de áreas externas em PLAND e MESH, 
mas exibiu ED significativamente maior, indicando maior fragmentação 
e exposição a efeitos de borda ao redor das CU. Na análise temporal, 
PLAND e MESH não apresentaram diferenças significativas entre 2010 
e 2022, enquanto ED aumentou em todas as paisagens, evidenciando a 
intensificação da fragmentação no entorno das CU ao longo do período. Os 
resultados mostram que essas CU estão inseridas em contextos paisagísticos 
estruturalmente desfavoráveis à conservação e sugerem que a ausência de 
zona de amortecimento, associada ao enfraquecimento dos instrumentos 
legais, pode contribuir para a persistência e agravamento desse quadro.

Palavras-chave: métricas da paisagem; área protegida; fragmentação; 
análise espacial; análise multitemporal.
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Introduction
The intensification of anthropogenic pressures on natural ecosys-

tems has led to unprecedented habitat loss and biodiversity decline on 
a global scale (Cheng et al., 2025). Land use and land cover changes, 
such as the conversion of natural vegetation to cropland and pasture, 
are among the primary drivers of this transformation, altering land-
scape structure, undermining ecosystem functioning, and reducing 
service provision (Jaureguiberry et al., 2022).

Within this context, the establishment of representative systems of 
protected areas is recognized as one of the pillars for curbing habitat 
loss. Protected areas play a central role in contemporary conservation 
strategies by combining the safeguarding of biodiversity with the pres-
ervation of ecosystem services and associated sociocultural values (Li 
et al., 2024). In Brazil, where land use and land cover have undergone 
significant changes, the consolidation and effective implementation of 
the protected area network have been identified as critical for curbing 
deforestation and habitat fragmentation (Strassburg et al., 2017).

Brazil holds the world’s largest national network of terrestrial 
protected areas, encompassing approximately 2.47 million km2 (UN-
EP-WCMC; ICUN, 2016), composed primarily of conservation units 
(CUs) (MMA, 2023). These CUs are classified into 12 categories, 
grouped into sustainable use units, where biodiversity conservation 
occurs in tandem with resource use within capacity limits (Silva et al., 
2021), and strict protection units, which aim to maintain ecosystems 
free of human-induced changes, permitting only indirect use of natural 
attributes (Teixeira et al., 2021).

The presence, expansion, and intensification of anthropogenic land 
use near CUs can cause changes in biodiversity and ecological func-
tions (Hansen and DeFries, 2007). It is common to establish buffer 
zones (BZs) around CUs to reduce or eliminate the harmful effects of 
human activities on biodiversity and the environments these areas pro-
tect (Guerra et al., 2025). In Brazil, these BZs were legally established 
in 1990 and termed the surrounding area (Vitalli et al., 2009), which 
encompasses a 10-kilometer radius around the CUs, where licensing is 
required for any activity that may impact the biota (Brasil, 1990).

Subsequently, with the enactment of the National System of Nature 
Conservation Units (SNCU) outlined by Federal Law No. 9,985/2000 
(Brasil, 2000), the agency managing each CU was mandated to define 
the boundaries and specific regulations for land use and resource ex-
ploitation in the surrounding areas of CUs. This area (i.e., the BZ) be-
came mandatory for all CU categories except for Environmental Pro-
tection Areas and Private Natural Heritage Reserves, both of which are 
designated for sustainable use. The BZ may be defined at the time of 
CU designation or thereafter and must be incorporated into its Man-
agement Plan, a technical document specifying the zoning, regulations, 
and guidelines for CU use and management (Brasil, 2000).

Paradoxically, over two decades after Law no. 9,985/2000 was en-
acted, most of Brazil’s CUs still lack a Management Plan (MMA, 2023) 

and therefore remain without the regularization of their BZs. This situ-
ation was aggravated by Resolution no. 428/2010 (Brasil, 2010), which 
abolished the previously applicable surrounding area for CUs lacking 
management plans and, as of 2020 (Brasil, 2015), removed addition-
al safeguards established by that resolution. The first mechanism to 
be revoked was the requirement to manage agency authorization for 
projects that require Environmental Impact Assessments and Environ-
mental Impact Reports within 3 km of CUs without a BZ. The second 
pertained to the requirement to notify the managing agency in cases 
where Environmental Impact Assessments and Environmental Impact 
Reports were not required, within a 2 km radius of the CU (Guim-
arães et al., 2012). This 2 km extent is where the most severe conflict 
between development and conservation occurs, when anthropogenic 
changes in land use and land cover are observed (Li et al., 2024). As a 
result, CUs without a BZ went from having a legal guarantee of 10 km 
(surrounding area) in 1990 to a condition in which they lack any legal 
instrument to question or impose conditions on anthropic activities 
in their surroundings (Guimarães et al., 2012). This situation enables 
potentially impactful anthropogenic activities in their surroundings 
and, consequently, makes CUs without a BZ more susceptible to these 
impacts, especially in contexts of conversion of natural cover to an-
thropogenic uses. 

Over recent decades, the Cerrado has undergone a transformation 
in which its natural cover has given way primarily to agribusiness-re-
lated activities (Souza Junior et  al., 2020; Yang et  al., 2025), and in 
recent years it has been the largest deforested area in the Brazilian 
biome (Del Lama et al., 2025). These factors demonstrate the fragility 
of this biome in terms of biodiversity protection, with high losses in 
cases of weakening legislation, which is particularly concerning for 
strictly protected CUs.

This scenario has increased scientific interest in understanding 
the pattern and dynamics of the landscape surrounding Cerrado CUs, 
both within BZs where they are delimited to and in areas adjacent to 
CUs without management plans (Bellón et al., 2020; Pinto et al., 2021; 
Ferreira, M. A. et al., 2022; Torgeski et al., 2025). For CUs without a BZ, 
most existing studies are spatially limited to one or a few CUs and/or 
focus mainly on land use and land cover characteristics. Consequent-
ly, they do not prioritize the assessment of the composition (number, 
type, and extent) and configuration (character, arrangement, spatial 
position, or orientation) of the elements constituting the landscape 
(Suárez-Castro et al., 2022).

In the Cerrado biome, this legislative fragility raises questions re-
garding the extent to which the surroundings of strictly protected CUs 
differ from landscapes in the biome not associated with protected ar-
eas in terms of spatial structure, habitat fragmentation, and the avail-
ability of continuous natural areas. This gap is particularly relevant 
after 2010, when the revocation of the surrounding area eliminated 
the only remaining legal safeguard for CUs without a Management 
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Plan. It also remains unclear whether this revocation coincided with 
detectable changes in the configuration of the surrounding landscape. 
Without this information, it cannot be determined whether strictly 
protected Cerrado CUs are in fact embedded in landscape contexts 
more favorable to nature conservation than the rest of the biome. 
Addressing this question is essential not only for evaluating the ef-
fectiveness of the current CU network, but also for prioritizing the 
conservation efforts in the Cerrado.

Nowosad and Hesselbarth (2025) stated that it is possible to gain a 
deeper understanding of environmental processes and changes by us-
ing landscape metrics, which allow one to quantify the composition 
and configuration of spatial landscape features. The application of these 
metrics has proven effective for describing various characteristics, such 
as fragmentation patterns, heterogeneity, and connectivity, using time 
series of land use and land cover for comparing landscapes subjected 
to different levels of anthropogenic pressure (Woodman et al., 2025). 
This approach provides an operational framework for characterizing 
changes in landscape structure and supporting assessments of their 
potential impacts on ecological processes and ecosystem services 
(Nowosad and Hesselbarth, 2025; Woodman et al., 2025).

This study aimed to determine whether the surroundings of 
strictly protected Cerrado conservation areas comprise landscapes 
whose structure supports ecological processes more favorable to 
nature conservation than locations outside these conservation 
contexts, and to measure whether landscape structure around 
these areas changed following the revocation of the surrounding 
area. This assessment was conducted both spatially, by comparing 
CUs and random points within the Cerrado in 2022, and tempo-
rally, by comparing the landscape structures surrounding CUs in 
2010 and 2022, thereby evaluating potential changes associated 
with contemporary legislation. Given the period covered by rele-
vant legislation regarding CU surrounding areas, we hypothesized 
that these areas would have maintained their landscape structure 
over time and would offer more favorable conditions for conserva-
tion than external locations.

Materials and Methods

Conservation unit selection
The vector file of Brazil’s CUs was obtained from the Ministry of 

the Environment’s online platform (http://mapas.mma.gov.br/i3geo/
datadownload.htm), and the Cerrado’s territorial boundary, available 
on the Brazilian Institute of Geography and Statistics (https://por-
taldemapas.ibge.gov.br/portal.php), both at a scale of 1:250,000. Based 
on these files and on online queries to environmental agencies at the 
municipal, state, and federal levels, the CUs were selected based on a 
strictly protected group without a BZ that are located entirely within 
the Cerrado, and are not inserted in or even bordered by another CU 

within a radius of at least 10 km. The definition of this extent was moti-
vated by the concept of surrounding areas. Even after the publication of 
the SNCU and the guidelines for the establishment of BZs, the concept 
of a surrounding area was still valid (until 2010), especially in cases 
where the CU did not have a designated BZ (Guimarães et al., 2012), 
which is the situation considered in this study. 

In spatial terms, the 18 strictly protected CUs that met the selection 
criteria (Figure 1) constituted a set of sampling units whose surround-
ing landscape composition and configuration were evaluated and com-
pared with locations outside the CU context (Figure 2A). These exter-
nal locations were defined by generating random points, in the same 
number as the selected CUs, across the entire extent of the Cerrado, 
with a minimum distance of 20 km between the points and relative to 
the boundaries of the CUs and of the Cerrado (Figure 1). This distance 
was defined to avoid: two points being close enough to share the same 
landscape; a point being generated within the surrounding area or BZ 
of a CU; and the landscape to be evaluated from being completely con-
tained within the Cerrado.

In a temporal context, the samples were selected based on the 
year of revocation of the surrounding area. Among the 18 previously 
chosen CUs, those that were created after 2010 enabled an assessment 
of whether the landscape structure had undergone major changes. 
This year was adopted as the temporal reference as it coincides with 
the revocation of the surrounding area (Brasil, 2010). This filtering 
resulted in a total of nine CUs, whose surrounding landscapes were 
evaluated in 2010 and compared with their structure and configuration 
in 2022 (Figure 2B).

Definition of the sampling unit and its constituent land use/ 
land cover classes

For each selected CU and each randomly generated point, a 10-km 
radius BZ was established (Figure 2A) to identify the land use and land 
cover classes present in these areas.

Land use and land cover data were sourced from the MapBiomas 
Project Collection 8 (Souza Junior et al., 2020) and accessed via Google 
Earth (Gorelick et al., 2017). Land use and land cover data were used 
due to this element often being employed to quantify and assess land-
scape structure (Istanbuly et al., 2022; Silveira et al., 2023). 

The year 2022 was selected as it represented the most recent col-
lection available during the execution of this study. For the BZs of the 
9 CU that were subjected to temporal analysis, the classes for the year 
2010 were also evaluated (Figure 2B). Natural vegetation cover classes 
identified in the surroundings of the CU (namely, flooded grassland 
and swamp area, rocky outcrop, and forest, savanna, and grassland 
formations) were grouped into a single class, termed “cerrado.” Simi-
larly, the remaining classes, which include anthropic uses (i.e., silvicul-
ture, pasture, sugarcane, agriculture-pasture mosaic, urbanized area, 
other non-vegetated areas, mining, soybean, temporary crops, coffee, 

http://mapas.mma.gov.br/i3geo/datadownload.htm
http://mapas.mma.gov.br/i3geo/datadownload.htm
https://portaldemapas.ibge.gov.br/portal.php
https://portaldemapas.ibge.gov.br/portal.php
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citrus, and other perennial crops) and water bodies, were aggregated 
into a single class classified as “other.” 

All procedures involving the manipulation, processing, or presen-
tation of georeferenced data were conducted using the long-term sup-
port release of QGIS software (QGIS Development Team, 2021). When 
necessary, such as during landscape cropping and quantification, data-
sets were reprojected to an appropriate coordinate reference system. 

Landscape quantification
Landscape quantification was performed using landscape 

metrics. Metric selection prioritized those related to the quanti-
fication of habitat amount and fragmentation, applicable to land-
scapes (sampling units) of different sizes that did not generate 
redundant information (multicollinearity). Calculations were per-
formed using the landscapemetrics package (Hesselbarth et  al., 
2019) in the R programming environment (R Core Team, 2021).  

The following metrics were selected: percentage of landscape of class 
(PLAND), which quantifies the proportional abundance of each class 
type present in the landscape; edge density (ED), defined as the sum of 
the total edge length of all segments involving the corresponding patch 
type, divided by the total landscape area (m2) and multiplied by 10,000 
(Russo et al., 2025); as well as effective mesh size (MESH), which cal-
culates the mean patch size across the entire landscape, weighted by the 
areas of individual patches (Kubacka et al., 2025). It can be interpreted 
as the probability that two pixels chosen at random in the landscape are 
not located in the same patch (Mohammadi and Fatemizadeh, 2021). 

Statistical analysis
The landscape structure metrics (PLAND, ED, MESH) were orga-

nized into two datasets for statistical analysis. The first dataset, which 
focused on the spatial aspect, consisted of the values corresponding to 
the surroundings of the 18 CUs and the 18 random points (Figure 2A). 

Figure 1 – Location of the landscapes (conservation units and sample points) used in this study. 
MNP: Municipal Natural Park; SP: State Park; BR: Biological Reserve; WR: Wildlife Refuge; SNM: State Natural Monument; NM: Natural Monument.
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This dataset was used to test whether there were statistically significant 
differences between these two groups and, if significant differences 
were found, which group presented parameters that were more consis-
tent with ecological processes favorable to nature conservation.

The second dataset, which focused on temporal evaluation, com-
prised PLAND, ED, and MESH metrics for the surroundings of the 9 
CUs throughout the two-year timeframe (Figure 2B). The main goal 
was to test whether there was a statistically significant difference in 
landscape structure between 2010 and 2022 and, similarly to the first 
dataset, which year presented more ecologically favorable characteris-
tics, if significant differences were detected.

All data groups were subjected to the Shapiro-Wilk normality test 
to verify whether they presented a normal distribution, followed, by 
group comparison tests, in which a 95% confidence level was adopt-
ed (p<0.05). Landscape structure data were also described statistically, 
with mean and standard deviation computed when data were normally 
distributed, and median and quartiles when they were not. In addi-

tion to quantitative information, the data were represented graph-
ically. All  statistical analyses were performed in JAMOVI v. 2.3.26 
(The Jamovi Project, 2022).

Study limitations
Despite efforts to identify all fully protected CU without BZs in the 

Cerrado, it is likely that some CU were not captured in the screening 
due to a lack of information in the search channels of the respective 
public agencies. The result of this potential information gap, combined 
with the other selection criteria for CU, is a reduced sample size (18 for 
spatial analysis and 9 for temporal analysis), which may restrict the sta-
tistical power of the tests and the generalization of the results to the 
entire biome. The selection criteria and the procedures for randomizing 
points likely introduced a spatial sampling bias, resulting in a noticeable 
sampling “void” of CU in the northern portion of the study area and 
an uneven distribution of the points across the Cerrado. These patterns 
may not represent the full landscape variability of the Cerrado and, con-

Figure 2 – Schematic representation of the methodological steps related to the (A) spatial and (B) temporal assessments. 
PLAND: percentage of landscape class; ED: edge density; MESH: effective mesh size.
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Figure 3 – Graphical representation of the distribution of PLAND, ED, and MESH values for Conservation Unit datasets and sampling points. 
CU: Conservation Unit; RP: random point.

sequently, may limit the extrapolation of the findings. From a temporal 
perspective, although the benchmark was well grounded in criteria re-
lated to potential impacts on landscape transformation, the interval un-
der analysis spans only 13 years (2010–2022), which may be insufficient 
to detect long-term or consolidated landscape change trends.

Results
The Shapiro-Wilk test indicated that the PLAND metric values across 

independent groups did not follow a normal distribution (p=0.008; 
W=0.913); therefore, the Mann-Whitney test was used in the statistical 
analysis. A low percentage of the Cerrado class was identified in most 
of the landscapes surrounding Cerrado strictly protected CUs without 
BZs: in 13 of the 18 CUs, less than 50% of this natural cover was present 
in their surroundings. This composition resulted in a median of 29.8%  
(1st quartile=20.1%; 3rd quartile=51.5%) (Figure 3), in addition to reveal-
ing Sucupiras Municipal Natural Park as the CU with the lowest pro-
portional abundance of Cerrado in its surroundings, with just over 7%.

Similarly, at the random points defined as a sample of the Cer-
rado excluding CU surroundings, the class corresponding to native 
vegetation was predominant in only 8 landscapes, with a median of 
40.4% (1st quartile=20.1%; 3rd quartile=75%). Although PLAND val-
ues were lower in the CU surroundings than in areas outside this spa-
tial context, no significant difference was found between both groups 
(U=134; p=0.389).

For the ED metric, the result suggested that the data followed a 
normal distribution (W=0.956; p=0.159); therefore, Student’s t-test 
was applied. As Student’s t-test also assumes homogeneity of variances 
between groups, this assumption was tested and met using Levene’s test 
(F=0.00107; p=0.974).

The t-test showed that the mean edge density of Cerrado in the 
CU surroundings differed from that observed at the random points 
(t=2.08; p=0.045), with the CU surroundings presenting a great-
er edge area (37.3 m/ha mean, standard deviation=14.4 m/ha) than 
the random points (27.3 m/ha, standard deviation=14.4 m/ha).  
Morro de Santo Antônio Natural Monument and Uirapuru Municipal 

Natural Park stand out as the CU with, respectively, the highest and 
lowest Cerrado edge density in their surroundings, with approximately 
64.0 and 16.38 m/ha.

Regarding the size of Cerrado fragments in the spatially compared 
groups, the normality test yielded p<0.001 (W=0.610), indicating that 
the data did not follow a normal distribution; thus, the Mann-Whitney 
test was used to compare the groups. The CUs that stand out individ-
ually are Botumirim State Park, due to its MESH value of 86,366.24 
ha in the surroundings (the highest among the evaluated landscapes) 
and Sucupiras Municipal Natural Park, with 4.60 ha, the lowest value. 
These CUs, despite belonging to the group with a lower MESH median 
of 349 ha (1st and 3rd quartiles=102 and 3,733 ha), did not constitute, ac-
cording to the Mann-Whitney test (U=138; p=0.462), landscapes that 
differed from those found at the random sampling points, where a me-
dian of 1,955 ha (1st and 3rd quartiles=292 and 16,618 ha) was observed.

For the temporally measured datasets, statistical analyses were 
performed using the Wilcoxon test as the data were paired and did 
not follow a normal distribution, as indicated by the Shapiro-Wilk 
test (PLAND: W=0.807; p=0.025; ED: W=0.754; p=0.006; MESH: 
W=0.611; p<0.001).

For the PLAND metric, between 2010 and 2022 there was no sig-
nificant change in the percentage of natural vegetation in any of the 
sampled landscapes (Figure 4A). Uirapuru Municipal Natural Park was 
the CU with the most notable change in PLAND values, with a re-
duction of approximately 8.4% in the proportion of the Cerrado class. 
The  pattern observed for the set of CUs was confirmed by compar-
ing the medians for the two years: 31.9% in 2010 (1st quartile=18.8%; 
3rd quartile=56.6%) and 32% in 2022 (1st quartile=19.6%; 3rd quar-
tile=53.3%). Based on the Wilcoxon test result (W=28.0; p=0.570), 
there was insufficient statistical evidence to conclude that the medians 
of these groups differed from one another.

The comparison between ED metrics across the research time-
frame showed that edge density increased in Cerrado fragments in 
all landscapes studied. The discrepancy between years is illustrated 
in the graphical analysis (Figure 5). Based on the Wilcoxon test result 
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Figure 4 – Percentage variation in the values of the (A) PLAND, (B) ED, and (C) MESH values between 2010 and 2022. 
SP: State Park; BR: Biological Reserve; MNP: Municipal Natural Park; NM: Natural Monument.

Figure 5 – Graphical representation of the distribution of PLAND, ED, and MESH values from the Conservation Unit datasets across two distinct years. 
CU: Conservation Unit; RP: random point.
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(W=0; p=0.004), one can infer that the edge density in 2010 was sta-
tistically different from that in 2022. Morro de Santo Antônio Natural 
Monument and Uirapuru Municipal Natural Park were the CUs that 
experienced the greatest variations in ED values, both with increases of 
11.40% and 14.83, respectively (Figure 4B).

The measures of central tendency and dispersion for MESH val-
ues (Figure 4C) indicated a reduction in the mean size of fragments 
over recent years. In 2010, the median was 393 ha, with first and third 
quartiles of 110 ha and 4,951 ha, whereas in 2022 this measure de-
creased to 360 ha, with quartiles of 84.7 ha and 4,072 ha. Serra de 
Jaraguá State Park was the CU with the largest negative variation in 
MESH (Figure 4C), with a reduction of approximately 23% in the size 
of Cerrado fragments. In contrast, José Pinheiro de Souza Municipal 
Natural Park of the Orchids showed the greatest increase, from 28.53 
ha in 2010 to 37.52 ha in 2022, an increment of 31.50% (Figure 4C). 
However, when all CU were compared, the reductions observed in 
median MESH values did not provide sufficient evidence to conclude 
that they represented different landscapes, as indicated by the Wilcox-
on test (W=33.0; p=0.250).

Discussion
The matrix constitutes the dominant structural element of a land-

scape (i.e., it occupies over 50%) and, as such, generally plays a major 
role in its functioning (Fletcher et al., 2024). In the case of the land-
scapes evaluated herein, the matrix was composed of anthropogenic 
land use, which differs, even if slightly, from estimates reported in re-
cent studies for the Cerrado (Souza Junior et al., 2020; Pompeu et al., 
2024). These studies found that at least 51% of this biome is still com-
posed of natural vegetation.

In terms of biodiversity conservation, the matrix provides habi-
tat at smaller spatial scales, increasing the effectiveness of protected 
areas, and controlling landscape connectivity, including organism 
movements between protected areas (Franklin, 1993). Given the low 
percentage of natural vegetation found both in the landscapes sur-
rounding the CUs and in the external areas, these fundamental func-
tions may be compromised.

Various effects may arise from this situation, in which the reduc-
tion of the Cerrado area results in a loss of habitat. Confirming this 
perspective, Muylaert et al. (2016) demonstrated that a higher propor-
tion of Cerrado cover in the landscape favors the occurrence of nectar-
ivorous and omnivorous bats. The authors proposed that conservation 
strategies should prioritize increasing native vegetation in landscapes 
as an effective measure to promote higher bat species richness. Melo 
et al. (2017) conducted a study in the Cerrado and reported that habitat 
availability is the most important predictor of small mammal species 
richness. Also in the Cerrado, Sousa et  al. (2022) confirmed, based 
on a study of Euglossini bees, that habitat availability is essential for 
maintaining this group. Assessing the diversity of reproductive traits 

in plants in the Cerrado landscapes, Martello et al. (2023) found that 
habitat availability is one of the variables (alongside fragment density 
and edge density) that best explained the density and richness of seed 
dispersal and pollination systems. The authors indicated that conserv-
ing native vegetation is essential to maintain the diversity of plant func-
tional traits in agricultural landscapes of the Cerrado.

In light of these findings, it is reasonable to state that the landscapes 
evaluated in this study exhibit a critical status regarding Cerrado cover 
percentage (PLAND) and to the ecological processes and nature con-
servation functions that this variable can provide. Specifically for the 
CU, this context may imply reduced conservation capacity (Hansen 
and Rotella, 2001) and can be exacerbated by the size of the protected 
area (Wiersma et al., 2004), CU isolation (DeFries et al., 2005), or the 
duration of this ongoing situation.

	 The maintenance of Cerrado vegetation around strictly pro-
tected CU in the Cerrado without BZs for over a decade may indi-
cate that the analysis period was not long enough to detect substantial 
landscape changes, that there is little remaining unprotected Cerrado 
vegetation available for conversion to anthropogenic use, that remain-
ing areas are protected under other legal mechanisms, or even that 
SNCU discouraged landowners adjacent to CU from further clearing 
natural vegetation.

Although some of these premises are difficult to sustain, due to 
the severe alteration of permanent preservation areas (Gomes et  al., 
2022; Martins et  al., 2023; Campos and Reichardt, 2025), which are 
legally protected areas where vegetation removal is prohibited (Ferrei-
ra, R. V. et al., 2022), others may be considered plausible. For instance, 
Melo and Martins (2020) found relative stability in Cerrado vegetation 
cover in 14 environmental protection areas. This CU category belongs 
to the sustainable use group, presumably more susceptible to human 
activities. In addition, it has been suggested that the global conversion 
rate of natural habitats is decreasing due to the scarcity of areas that 
can be easily converted for new agricultural uses (Laurance, 2010).  
Although this is not necessarily fully applicable to Brazil in the Cer-
rado, Zardini et al. (2016) observed that physical environmental char-
acteristics, such as soils (sandy, shallow, and nutrient-poor) and land-
forms (predominantly undulating and mountainous), contributed to 
the preservation of natural vegetation in northern Goiás State by hin-
dering agricultural development.

Habitat loss generally leads to increased habitat fragmentation, 
resulting in smaller patches, greater isolation, and an increase in the 
proportion of edge habitats in the landscape (Fletcher Junior, 2005). 
In these edge habitats, modifications occur in ecological patterns and 
processes, known as edge effects (Cui, 2025). The analysis of the areas 
in this study revealed greater vulnerability to edge effects around CU 
compared to areas that were not subjected to preservation commit-
ments. This characterizes a less favorable condition to maintaining 
the ecological processes that are essential for nature conservation in 
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the former. Considering that both groups did not differ significantly 
in Cerrado percentage, higher edge density indicates that the land-
scapes surrounding CU are more fragmented than those outside this 
spatial context.

A temporal assessment showed that this context has become con-
solidated in recent years, during which there was a significant increase 
in edge density around the analyzed CU, indicating intensification of 
the reduction in conservation values. According to Bennett and Saun-
ders (2010), this results from modification of previously intact habi-
tats. Since the Cerrado is composed of various phytophysiognomies 
distributed across different vegetation formations (Lira-Martins et al., 
2022), potential impacts of edge effects will act with different intensi-
ties depending on the vegetation type. In forests, for example, because 
they are structurally denser and more vertically stratified formations 
than grasslands or savannas, the incidence of abiotic effects including 
temperature, humidity, and light tends to be more pronounced.

This difference means that the impacts of edge effects in forest 
ecosystems are well known but rarely studied in open-canopy areas, 
as found in many savannas (Mendonça et  al., 2015; Franklin et  al., 
2021). Nevertheless, some studies have confirmed the existence of 
edge effects in the Cerrado. Mendonça et al. (2015), in savanna frag-
ments, observed that the most significant edge effect threatening con-
servation of Cerrado vegetation is the widespread invasion by African 
grasses, which alter the structure and composition of native plant com-
munities, thus compromising population dynamics and persistence 
of native species. In a cerradão area, Brasil et al. (2013) identified a 
positive and significant relationship between distance from the edge 
and litter layer depth, concluding that fragmentation can impair eco-
system functions and services, with possible future impacts on species 
diversity. In addition, in this forest phytophysiognomy, Lima-Ribeiro 
(2008) demonstrated a clear influence of edge effects on the struc-
ture and distribution of Vernonia aurea Mart. ex DC. (Asteraceae). 
Using a plant species as an indicator of edge effects, Syagrus flexuosa 
(Mart.) Becc. (Arecaceae), Ragusa-Netto (2024) compared the abun-
dance and distribution of S. flexuosa seedlings between edges and in-
teriors and obtained data suggesting reduced seed dispersal at edges.  
According to the author, because S. flexuosa is a widely distributed 
palm that serves as an important resource for several animals in Cer-
rado habitats, changes in its regeneration process due to edge effects 
may further impact frugivore populations. Regarding the fauna, Ol-
iveira et  al. (2012) found a positive relationship between the abun-
dance of non-volant small mammals and distance from the edge in a 
study conducted in a forest-cerrado transition zone.

According to Turner (1996), the relative importance of habitat edg-
es increases as fragment size decreases, a circumstance in which edge 
effects can become highly influential. Fragment size is also relevant 
for evaluating landscape fragmentation and, when reduced, together 
with a decrease in habitat amount, an increase in habitat isolation, and 

an increase in fragment number, forms the basis of most quantitative 
measures of habitat fragmentation (Fahrig, 2003).

In this study, the metric used to assess fragment size, MESH, did 
not show significant differences between values for CU surroundings 
and random points, nor between their medians. This result may reflect 
the absence of a BZ in CU management plans. Although the impor-
tance of large fragments for biodiversity maintenance and ecological 
processes is clear, it is difficult to establish the extent in which it can be 
considered large, since this can be understood as a functional variable 
that depends on the home range and space use of a given organism.

Using as reference the mean home range size of the jaguar  
(Panthera onca), a threatened species that occurs in the Cerrado and 
is recorded in the largest number of federal CU in Brazil (Nascimento 
and Campos, 2011), estimated at 16,100 ha (Silveira, 2004), it is evi-
dent that the median fragment size found is negligible. Even when con-
sidering a species with a much smaller home range, such as the giant 
armadillo (Priodontes maximus), estimated at 1,005 ha (Silveira et al., 
2009), the fragment sizes obtained seem to be insufficient to support 
populations of these species.

Although a landscape without fragmentation, or at least with frag-
ments large enough to meet the needs of present species, would be 
desirable, the fact that the current situation has persisted for more 
than a decade around strictly protected CU in the Cerrado without BZ 
suggests that attention should focus on preserving these fragments. 
This stance is necessary since the small remnants show fragile sus-
tainability patterns over time and, without area expansion, they may 
disappear over the years (Pirovani et al., 2014). It is also worth empha-
sizing that small fragments play important roles in maintaining biodi-
versity, for instance, by functioning as links between larger fragments 
and serving as foraging areas (Han et al., 2022; Szangolies et al., 2022; 
Pompeu et al., 2024).

Despite being difficult to pinpoint, the factors that cause anthro-
pogenic impact occurring in the Cerrado biome being reflected in 
the surrounding protected areas, the lack of management plans and 
the consequent absence of BZs can be considered an additional driver 
alongside the underlying forces of Cerrado conversion (i.e., financial 
incentives and infrastructure to expand agribusiness-related activi-
ties). Considering that there is a high proportion of CUs without any 
technical documentation, which contributes to poor administration 
and protection (Saleme and Costa, 2020), and that even the creation 
of CUs has occurred without ensuring that they will achieve their 
objectives (Lima et al., 2005), the data obtained in this study provide 
evidence of the need to enforce existing environmental protection 
laws in Brazil.

Conclusion
Our findings revealed that the surroundings of strictly protected 

conservation units in the Cerrado without buffer zones are composed 
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of landscapes whose structure is associated with ecological processes 
less favorable to conservation than those in areas outside this spatial 
context. This scenario underscores the need for a better understanding 
of how species within these units may be affected.

Regarding temporal evaluation, we found that the landscape-struc-
ture circumstance around conservation units has deteriorated, even if 
slightly, over at least the past decade. This conclusion is supported by 
the degradation inherent in increased edge density and, together with 
the stability of both Cerrado percentage (PLAND) and mean fragment 
size (MESH), underscores the anthropogenic pressure experienced by 
the conservation unit.

These conclusions highlight the need for studies that assess land-
scape structure in buffer zones in the Cerrado conservation units, 
comparing the results with those reported herein. It is expected that 
such zoning may be an effective tool for providing conditions favorable 

to nature conservation. Another strategy that could be adopted, and 
which also requires validation of its effectiveness, would be to overlap 
conservation units, placing a strictly protected unit over a sustainable 
use unit so that the entire surrounding area would fall within the sus-
tainable use conservation unit.

Conservation and management measures must be implemented to 
mitigate the effects of habitat fragmentation and promote connectivity 
among remaining fragments, thereby ensuring the long-term conser-
vation of biodiversity and ecosystems in the Cerrado.
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