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Abstract
The landscape geoecology aims at a systemic and integrated comprehension of physical–natural and anthropic components. 
It cooperates to identify and map landscape units, as well as to define indicators that establish their geoecological diagnosis 
mitigating measurements for preservation and use. The objective is to determine the state and geoecological diagnosis of 
landscapes of the Formoso River Watershed, located in the municipality of Bonito/MS, Brazil. The methodology consists 
of four stages: (i) the organization to define the study area and worked themes; (ii) the inventory and analysis characterizing 
the rocks, soils, relief, and anthropic use to define the landscape units; (iii) the diagnosis to establish the condition and geo-
ecological diagnosis of landscapes; and (iv) the prognosis and proposals to define recommendations, envisioning trend, and 
desired scenarios for the watershed. The delimitation, classification, and mapping of landscape units, on a scale of 1:100,000, 
allow to identify the existing landscape heterogeneity. Thus, the condition and geoecological diagnosis are determined high-
lighting that extensive areas of “Altered Landscapes” potentialize the current watershed environmental problems: a fact that 
contributes to define future development scenarios, as well as recommendations to ensure a harmonious use to preserve the 
landscapes. The present work aims to contribute to the advancement of landscape geoecology and the study of tropical karst 
landscapes in a theoretical– methodological and practical way. Moreover, it is essential to support public power decision 
making, and assist researchers, institutions in charge of conservation and tourism to search solutions to watershed current 
and future environmental problems.
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Introduction

Karst systems are extremely complex and unique environ-
ments in which chemical dissolution processes of rocks 
shape the landscape. Karst systems may be comprehended 
as geosystems from the perspective of their fragility and 
correlated to intensive anthropic use. Thus, different ways 
and means emerge to understand and work with karst land-
scapes from a geosystemic perspective. The concept of land-
scape and its polysemic and integrated character have been 
the basis for research on environmental and geoecological 
themes. It is highlighted in several areas using methodolo-
gies, scales of analysis and varied taxonomies. Geographic 
landscapes, as a complex and open system of ecological and 
human processes and functions are the result of relationships 
and interrelationships of multiple scales among their com-
ponents. For decades, it has been considered the basis for 
conducting research aiming at the sustainable development 
of socio-ecological systems (Mateo 2011; Khoroshev and 
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Dyakonov, 2020). In this way and at the risk of being reduc-
tionist, the landscape, in a historical laconic, still with Alex-
ander von Humboldt and later with Vasily Dokuchaev, had 
its foundation focused on research to comprehend and ana-
lyze nature under the integrated approach. In the twentieth 
century, Berg (1913) instituted the scientific notion of land-
scape, and later its geographical character was expanded by 
Russian researchers and complemented by Troll (1932). Carl 
introduced ecological aspects, and Sochava proposed the 
concept of geosystem from the perspective of the General 
Theory of Systems. The concept consolidated “Landscape 
Geoecology” as a transdisciplinary scientific discipline, 
and recently has been accepted as the basis for environment 
spatial research (Antrop, 2000; Mateo et al. 2013; Frolova, 
2018; Brugnolli, 2020; Khoroshev and Dyakonov, 2020).

The landscape geoecology is one among a large theo-
retical and methodological available arsenal available to 
work with the concept of landscape, and it may be used as 
a tool to interpret and research landscapes, especially karst 
landscapes. Studying it as an environmental system and its 
units as physical–territorial complexes, properly delimited 
and mapped, is a fundamental piece in the operational puz-
zle of this type of holistic and systemic methodology. The 
analysis of karst landscape is essentially systemic, due to 
the complexity in the relationship with its physical–natural, 
biotic and anthropic environment. The relationship between 
its components and processes affects the dynamics of geo-
graphic phenomena, both spatial and temporal. Analyzing 
the landscape according to the geoecological view is to 
comprehend the existing interactions between its compo-
nents, identifying, classifying, and mapping landscape units 
characterized by relative homogeneity. This form of analysis 
has improved environmental research, defining geoecologi-
cal potentialities and instabilities, and proposing ways to 
preserve and/or recover it (Cullum et al. 2016; Simensen 
et al. 2018). Evaluating the geoecological state to make a 
diagnosis of these landscape units allows us to define the 
harmony between the ecological potential and the current 
anthropic use. Mateo and Silva (2013) define the diagnosis 
as a mandatory phase in the levels and categories of environ-
mental planning. The basic purpose is to clarify environmen-
tal system state resulting from society use and exploitation 
of resources and services.

The geoecological diagnosis of landscapes is an essential 
step. By using tools and methods, we assess the fragilities/
potentials, risks and environmental problems, and define the 
capacity of landscape units. We also evaluate the human 
impact on the environment, as well as the character and 
degree of territory transformation by social and economic 
activities (Bastian et al., 2006a, b; Mateo and Silva, 2013; 
Miravet et al., 2014). The geoecology approach is supported 
due to the processes used to assess the structure, function-
ing, dynamics and evolution of landscapes under different 

scales, applications and with varied taxonomies. These ideas 
were spread due to advances in research, and the demand 
for theoretical and practical models applied to the themes 
studied, inserted in a scale that would reveal particularities 
of the study areas. Carl Troll and Sochava point guiding lines 
to study and analyze various works linking geoecology with 
karst geosystems from the perspective of Landscape Geo-
ecology and Geosystemic Theory, with Salinas Chávez and 
Ribeiro (2017), Solodyankina et al. (2018) Plyusnin et al. 
(2018), Brugnolli (2020), and Santos et al. (2021), among 
others. These researches have been performed for the last 5 
years, and have increasingly incorporated these complex, 
unique landscapes, and with little territorial coverage. One 
of them is linked to the Formoso River Watershed, which is 
the present area of study.

The Formoso River Watershed (FRW), located in the 
municipality of Bonito, Mato Grosso do Sul, presents a 
unique landscape, karst with scenic beauty recognized 
worldwide for its vegetation in dissected and karst hills and, 
mainly, for its rivers with translucent waters. The charac-
teristics are intertwined with some recurring facts that have 
continuously affected FRW. Thus, it is essential to study 
the landscape dynamics, the geomorphological, anthropic 
and geoecological dynamics. The instability of landscapes 
is remarkable in view of the recurrent negative environmen-
tal impacts that are indicated on surface waters. According 
to Silva, (2015); Ribeiro, (2018); Brugnolli et al. (2019); 
Brugnolli et al. (2020), the instabilities are caused by agri-
culture, livestock, and the existence of roads with significant 
drainage system problems. Therefore, the research tried to 
address two main subjects. The first is whether this water-
shed is deeply impacted in its environmental context, and 
the second, how the watershed may improve its mitigation 
activities and increase environmental resilience. The pre-
sent work aims at the geoecological diagnosis of landscapes 
based on the determining environmental fragility of its phys-
ical–natural and anthropic components; usage compatibil-
ity expressed by the potential versus current usage relation-
ship; and the potential generators of negative environmental 
impacts, under the terms of “environmental risks” and “envi-
ronmental problems”. The study proposes recommendations 
and identifies future scenarios for the basin, guiding decision 
making by the public power, as well as assisting researchers 
who intend to get into the subject and study the unique and 
sensitive area of Mato Grosso do Sul, and Brazil.

Theoretical–methodological assumptions

Studying karst landscapes requires the introduction, iden-
tification and classification of landscape units that are 
linked to the compartmentalization of homogeneous units 
of any extension. Each unit is the result of the interaction of 
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components and physical–natural and anthropic processes. 
The interaction provides unique structure, dynamics and 
processes at various stages of evolution, presenting a func-
tional, topological and morphological differentiation, per-
ceived as geosystemic entities. The criterion to differentiate 
these complexes is the relative similarity and the repeat-
ability in space establishing a subordinate hierarchy. The 
spatial relationships and the evolutionary–historical devel-
opment result from the character of the interrelationships 
and interactions between the components. Therefore, each 
physical–territorial complex is characteristic of an interre-
lated individual system of units (types, classes, landscape 
species, etc.) (Sotchava, 1977; Isachenko, 1991; Mateo 
et al. 2013). The study of karst landscapes adopts regional 
and local scales, taking regionalization and typology in the 
foreground, where specific nomenclature corresponds to a 
certain territorial area. The definition of local level units of 
the (topological) landscape adopts a taxonomic principle, in 
which the relief is the centerpiece, as the agent with capac-
ity to redistribute energy and matter from the interior and 
exterior of the system, as highlighted by García et al. (2019) 
and Comerlato et al. (2020). The landscape units provide 
ways to assess the state and the geoecological diagnosis of 
landscapes that form them. Thus, the results obtained in the 
analysis of landscape characteristics, their possibilities of 
use, and problems derived from current use are synthesized. 
In this stage, we evaluated the environmental problems that 
determine the geoecological state of landscape units, and 
the relationship between impact, cause, and consequence. 
Several methods may be used to identify the geoecological 
state of landscapes and its consequent diagnosis. We high-
light the analysis of relationship between problems/envi-
ronmental quality, and the consistency in determining the 
environmental state of the territory by using geoecological 
indicators selected or included in the assessment of impacts 
and their financial cost (Del Risco, 2000; Domínguez, 2003; 
Trombeta, 2019; García et al. 2019). According to Mateo 
(1991), Bastian et al. (2006a, b), Ruiz and Delgado (2012), 
La et al. (2012) and Miravet et al. (2014), five fundamental 
tasks are required: (a) assess the land use potential of dif-
ferent socioeconomic activities developed or those that are 
intended to be developed; (b) the efficiency in the use of 
landscapes (potential versus current use); (c) identify envi-
ronmental risks and problems; (d) assess the geoecological 
state of landscapes; (e) carry out the integrated diagnosis 
of landscapes.

The starting point is to assess the potential of landscapes, 
commonly recognized by aptitude or capacity. We point out 
as the productive, informative, and regulatory capacity of 
landscapes associated with certain possibilities and condi-
tions for different types of landscape use. The proposal is 
to meet society needs (Mazur and Drdos, 1984; Shishenko, 
1986; Salinas, 1991) by covering land suitability for the use 

of socioeconomic activities that may reflect on certain socio-
economic functions attributed to landscapes, depending on 
their physical–natural properties.

Bastian (1998), Salas (2002) and Bastian et al. (2012) 
bring up the synonym “landscape function”, which reflects 
the effects realized in a concrete and immediate way by the 
landscape for society in a broad sense. The effects may be 
classified as economic, social, and ecological. In recent 
decades, it has been related to the so-called ecological or 
environmental services offered by landscapes (Laterra et al. 
2011; Bastian et al. 2013). The ways to assess the potential 
of landscapes are adding the partial potentials of landscape 
components, using index in each component, as well as 
the use of global values or indexes. Then, the analysis of 
efficiency in use is carried out by comparing the potential 
of the landscapes with the current land use, based on the 
analysis of spatial incongruencies of incompatible sectorial 
activities. The analysis expresses the level of conflicts in a 
synthesis map. It reflects the intensity gradient according to 
the proposal of current activities and those that they wish 
to carry out (INE-SEMARNAT, 2006; Ramón and Salinas, 
2009; Bacani, 2010; Dibieso, 2013; Cárdenas et al. 2018; 
Brugnolli, 2020). The purpose is bringing numerous vari-
ables to guide the identification of risks and environmental 
problems. The existing plans to manage territories are not 
applied to landscapes that have already been altered by soci-
ety, reflecting on depletion of natural resources. Environ-
mental problems emerge when human intervention exceeds 
acceptable limits of landscape potential. Piñeiro et al. (2013) 
and Cárdenas et al. (2018) state that interventions in the 
landscape indicate the interrelationships between its com-
ponents, proceeding in changes in resilience, homeostasis, 
and in the structure of the affected geosystems. Such inter-
ventions are incompatible with a man–nature relationship 
based on sustainability. The occurrence of environmental 
risks and problems raise the need to comprehend and evalu-
ate them. In Brazil, the demand for studies in landscapes and 
karst watersheds is fundamental. The areas are subjected to 
dangers, such as slumps, due to the instability of their slopes, 
floods by intense rains, accelerated chemical dissolution of 
limestone and, consequently, the propensity for terrain sub-
sidence, and turbidity of rivers. The government decision 
making, formulation of instruments for environmental and 
territorial management, depends on the analysis of fragility, 
conflicts, and environmental problems. Thus, a performance 
model may be created with emphasis on preventive and miti-
gation aspects (Salinas et al. 2006).

The definition of geoecological state is inserted in this 
issue to define and map landscapes in their peculiarities 
of systemic attributes and spatial expression, their risks, 
problems, conflicts, and fragility. Mateo (1991) defines the 
concept as the geoecological situation of a given landscape, 
determined by the type and degree of impact, and capacity of 
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absorption. Therefore, the geoecological diagnosis is essen-
tial to assess landscape stability and sensitivity, as well as 
anthropic modification. The diagnosis presents the character 
and degree of transformation that have occurred in the terri-
tory by social and economic activities (Glushko and Erma-
kov, 1988; Domínguez, 2003; Gagarinova and Kovalchuk, 
2010; Mateo, 2011).

Methodological procedures

The procedures are summarized in four main steps (Fig. 1): 
(1) organization; (2) inventory and analysis; (3) diagnosis; 
(4) prognosis and proposal. The steps are sequential and 
present a systemic perspective facing some methodologies 

Fig.1  Methodological flowchart for landscape geoecological diagnosis of the Formoso River Watershed, Bonito/MS
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used in their essence, adapted and/or modified, according 
to Mateo (1994), Mateo et al. (2013), Miravet et al. (2014), 
Salinas and Ribeiro (2017), Trumpet (2019), García et al. 
(2019); and Brugnolli (2020). For all procedures, the Geo-
graphic Information System (GIS) environment ArcGis 10 
(Esri 2011) was used.

The first stage (organization) consisted of collecting a set 
of theoretical and methodological references regarding the 
themes that have already been worked and researched in the 
study area, starting with the delimitation of FRW through 
topographic maps provided by the Geographic Service of 
Brazil (DSG), (Diretoria de Serviço Geográfico, 1980), and 
the digital elevation model (DEM/SRTM), (United States 
Geological Survey, 2000). The second stage (inventory and 
analysis) focused on addressing data of physical–natural and 
anthropic components that support the system (Santos, 2004; 
Mateo and Silva, 2013). The second stage aims to identify 
homogeneous landscape units characterized by certain geoe-
cological functions. It starts the compartmentalization based 
on DEM/SRTM, in which hypsometry and slope were made. 
Moreover, the karst and terrigenous systems were differen-
tiated through data obtained at the Geological Service of 
Brazil—CPRM (2006), and the RADAM/BRASIL project. 
Field trips investigated differences between mapping and 
terrestrial reality. Then, the lithological components, such 
as rocks and surface deposits, were separated using the same 
bases as CPRM (2006). In the sequency, the inventory and 
analysis of the relief were performed through horizontal and 
vertical dissections, according to Spiridonov (1981).

The slope and dissection data provided the assessment 
of potential erosive energy, considering the methodology 
of Mendes (1993). The analysis of rocky and relief sub-
strate components and their correlations identified relief 
units. According to Salinas and Ribeiro (2017), García 
et al. (2019), Trombeta (2019) and Brugnolli (2020), they 
correspond to the first and second level of landscape units, 
uniting the relief morphometry with geological formations 
and their hypsometry. Searching to achieve the landscape 
mapping in the methodological sequence, correlations were 
made with soils, according to data obtained at the Brazilian 
Agricultural Research Corporation—EMBRAPA (2018). 
The same procedures were followed regarding the rocks. 
Field trips to define current details, as well as land use and 
land cover, followed the precepts of digital processing sat-
ellite images—Sentinel 2A images, MSI sensor, orbit 135, 
point 101, available from the United States Geological Sur-
vey (2017). The result was the final map for landscape units 
in FRW. According to Santos (2004) and Mateo and Silva 
(2013), the diagnosis stage assesses successes and conflicts 
in the relationship between components, the potentialities 
and limitations for the use, analysis and geoecological diag-
nosis of landscapes, strategies of plans, identification of 
critical areas, and past, present, and future scenarios. Thus, 

we started identifying the environmental fragility through 
the interaction of physical–natural environment (rocks, 
relief, and soils) and anthropic use. The most fragile places 
were identified according to their current use, which may 
cause environmental problems. We followed Ross (1994) 
and Amaral and Ross (2009) proposal, which systematizes 
hierarchies according to their degree of environmental fra-
gility represented as very low (1), low (2), medium (3), high 
(4), and very high (5). The following step defined the con-
flicts of use identified in the relationship between potential 
use of land and current use. We aimed to comprehend the 
conflict impacts on the environment and the interferences 
in the study area. Through the interpretation of all relation-
ships, empirical knowledge of the research area, and the 
environmental components, classes of conflict were defined 
as: without conflict; very low conflict; low conflict; medium 
conflict; high conflict; and very high conflict.

Field trips occurred in November 2016, March and 
September 2017, July and December 2018 to define and 
characterize the site, and to map environmental risks and 
problems. Thus, areas that present potential risk were iden-
tified, as well as areas that have already suffered erosion 
processes, soil impoverishment, river contamination due to 
mining activities, and sediment transport. In the sequence, 
in each landscape unit, the landscape geoecological state 
was evaluated, through a triple entry matrix, that is, the rela-
tionship between environmental fragility, land use conflicts, 
and environmental risks and problems. The product of such 
intersection presented four possible geoecological states: 
stable, moderately stable, unstable, and critical. Thus, all 
previous results were synthesized in the map of geoecologi-
cal state to carry out the integrated diagnosis of landscapes 
or geoecological diagnosis, as well as particularities of the 
landscape units with synthetic indexes, such as stability, sen-
sitivity, and anthropic modification. According to Glushko 
and Ermakov (1988), Domínguez (2003), and Mateo (2011), 
the diagnosis distinguishes landscape classes as optimized, 
compensated, altered, and exhausted.

Finally, the prognostic and proposal stage, which accord-
ing to Santos (2004) and Mateo and Silva (2013), consists of 
proposing ways to use and explore environmental systems, 
identifying alternatives and building possible future sce-
narios. In this stage, proposals were pointed out for land use 
changes or maintenance. This contribution aided to define 
desired and trend perspectives for each landscape unit.

Landscapes of the Formoso River Basin

The Formoso River Basin, located in the municipality of 
Bonito, Mato Grosso do Sul, presents a drainage area of 
1324.67  km2 (Fig. 2). The Formoso River has its springs 
in Serra da Bodoquena and flows approximately 97.27 km 
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until its mouth. The river characteristics are deeply linked to 
the structural elements of the substrate. It presents meander 
characteristics when crosses planed areas, while it is notched 
when it crosses hilly areas, exhibiting waterfalls, rapids, and 
great scenic beauty, due to its translucency, bringing signifi-
cant tourist attractiveness. 

The karst element presents a central role in sculpting the 
FRW relief. The main geomorphological process of soluble 
and carbonate rocks occurs due to the chemical dissolution 
of limestone and dolomite, resulting in unique endocartic 
and exocartic forms. In tropical and humid climate regions, 
such as Bonito, the power of dissolution develops in an 
accelerated manner (Christofoletti, 1980; Bigarella et al. 
1994; Piló, 2000; Júnior et al. 2008; Kohler and Castro, 
2009; Travassos, 2019). Yet, the continental tropical mass 
(Zavatini, 1992) presents effective participation so that the 
karst features are clear in the landscape and in continuous 
development. The existing geological diversity brought clear 
elevation levels to the relief. On a first level (reaching 740 m) 
occurs the rocky massif of Serra da Bodoquena, in which 
the dissected relief with fragile soils is highlighted among 
forest vegetation. On a second altimetric compartment, the 
process of chemical dissolution of limestones is responsi-
ble to areas of poljes presenting extremely flat, fertile, and 
fragile relief (with predominance of chernosols). Soybean 

crops have transformed the karst landscape, formerly cov-
ered by Cerrado with Atlantic Forest enclaves. Surrounded 
by cultures, in the medium course, elongated and steep rock 
masses (residual hills) stand out in the landscape. Beyond 
(west–east transect), it presents numerous carbonate gaps 
that overlap in morphostructural elements that alternate with 
non-karst formations of the Cuiabá Group, mostly phyllites 
with quartzite intercalations (Baptista et al. 1984). The for-
mations favor the predominance of smooth wavy relief with 
deep and well-drained soils (latosols) related to pastures. 
Thus, it reaches a third altimetric level in which the ter-
rigenous rock substrate (non-karst) stands out with some 
wet areas with gleisols and latosols, and pastures in the low 
course of the basin. Therefore, the FRW landscape stands 
out for its high anthropic transformation, where the native 
Cerrado vegetation has almost disappeared. Few sectors of 
typical cerrado, cerradão, remain, as well as gallery forests 
and remnants of the Atlantic Forest. The remnants occur 
close to river courses, residual hills and in Serra da Bodo-
quena resulting in high spatial heterogeneity of landscapes 
(Fig. 3).

The alluvial-terrigenous plain comprises flattened and 
smooth wavy areas superimposed on quaternary deposits, 
sandstones, and other terrigenous rocks. Located close to 
river courses, floodplains, valley bottoms, and river terraces 

Fig. 2  Geographic location of the Formoso River Watershed, Bonito/MS, Brazil
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with less than 8% slope and predominance of gleisols (peri-
odically or partially saturated with water). The forest vegeta-
tion, especially gallery forests and remnants of the Atlantic 
Forest stand out in the landscape in its four subunits.

The alluvial-karst plain includes flattened to smooth 
wavy areas that reach up to 8% slope, occupying valley bot-
toms and karst river terraces, especially limestone and cal-
citic, dolomitic marbles, as well as bathed on limestone and 
travertine tufts. Gleisols, forest and undergrowth vegetation 
predominate the area. The undergrowth vegetation occupies 
most areas of the Formoso River, as a significant refuge for 
biodiversity. It includes four subunits.

The flat to wavy terrigenous surface over sandstones 
and other terrestrial rocks presents between 0.0 and 20.0% 
declivity on terraces with flat to smooth wavy relief, and 
slopes with smooth wavy to wavy relief. The latosols that 
originated the implantation of pastures predominate. Some 
scattered patches of forest vegetation occur in the medium 
and low course of the FRW, along its four subunits.

The flat to wavy karst surface is linked to limestone, cal-
citic and dolomitic marbles on terraces composed of lime-
stone and travertine tufts, poles with flat to smooth wavy 
relief, and slopes with smooth wavy to wavy relief. The 
declivity reaches 20%; however, the vast majority is located 
in extremely flat relief in areas of poljes, where fertile and 
fragile soils predominate, such as the orthic rendzic cherno-
sol in the central region of the FRW. The natural fertility of 
the soil is due to the limestone, which favors the growth of 
crops (the main use of the unit). In addition, the flat relief 
benefits mechanization; however, a relevant counterpoint is 
its high fragility in the face of chemical dissolution of lime-
stone. The anthropic action in the karst brings instability to 
the fragile terrain, and undermining may occur, in case of 
unknown substrate characteristics (De Waele et al. 2011; 
Gutiérrez et al. 2014; Parise et al. 2015; Travassos, 2019). 
This landscape unit is divided into four relatively homoge-
neous subunits.

Fig. 3  Landscape units of the Formoso River Watershed, Bonito/MS, Brazil
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The residual hill unit covers terrigenous rocks with steep 
slopes with topographical irregularity reaching 75%, with 
embedded valleys and restricted plains. It presents very 
wavy slopes and narrow, steep tops. Its hillsides are short 
with varied width, and soils range from deep latosols to 
recent and fragile neosol and chernosol. Forest vegetation 
predominates with relevant Atlantic Forest enclaves. The 
unit comprises one subunit.

The residual hill and doline unit develops on limestone, 
and calcitic and dolomitic marbles on accumulative surfaces 
on calcareous tufts. The relief presents flat to smooth wavy 
characteristics, wavy slopes, very wavy, mountainous, and 
scarped, from 3.0 to more than 75% declivity. Latosols, nito-
sols, and chernosols predominate the unit with forest vegeta-
tion, as well as some pastures. The unit remains with most 
of its vegetation preserved; however, pastures have advanced 
on steeper slopes of its residual karst hills. It includes four 
subunits.

The limestone pavement unit is distinct from all other 
units. It is characterized by dissected surfaces and elongated 
hills of Serra da Bodoquena, with calcitic and dolomitic 
limestones from the Bocaina Formation, in which horizontal 
stratification plan prevails. The landscape unit is divided into 
two subunits, and both present Orthic Rendzic Chernosol. 
One subunit is with pasture and the other with forest vegeta-
tion. The Serra da Bodoquena acts as a significant protector 
of this karst area, as well as its underground water reservoir 
that supplies the FRW.

Geoecological diagnosis of landscapes 
of the Formoso River Basin

Methodologies that use geotechnologies may define the 
landscape mapping and the geoecological state. Therefore, 
areas where the landscape units are in a stable, moderately 
stable, unstable, or critical situation were spatialized, reflect-
ing the close relationship between their physical–natural and 
anthropic components (Fig. 4).

Discussing the geoecological state of landscapes demands 
working with three points of analysis: land use conflicts, 
environmental fragility and environmental risks and prob-
lems. The first deals with the relationship between potential 
use (capacity or aptitude for use through its physical compo-
nents) and actual use of land (current anthropic use) bringing 
up the analysis of existing conflicts and possible adaptation 
strategies. The aim is to draw a parallel between the physi-
cal environment and its current use, to identify conflicts, 
and to use levels for such conflicts. Such levels are based on 
geoecological indicators, assigning quantitative weights to 
the physical environment and land use and cover. We high-
light the fact that even a fragile area with carbonate rocks 

and fragile soils becomes “conflict free” if it presents forest 
vegetation to protect the soil. Conversely, if the same area 
presents exposed soil, conflicts are significant. In the BHRF, 
the vast majority of conflicts are located in areas of carbon-
ate rocks, fragile soils such as chernosol and gleissol, and 
areas close to the Formoso River marsh, a significant and 
fragile refuge for biodiversity. Environmental fragility, as 
discussed in the methodological sub-item, is evaluated by 
the pressure that an environment is subjected to when the 
physical–natural components are related to different degrees 
of land use intensity. The more conflicting the relationship 
is, the greater the fragility of systems to suffer damages and 
imbalance. The intense fragilities are associated with karst, 
especially in soybean crops and marshland. The BHRF is 
heavily impacted affecting the recurrent turbidity of river 
courses, widely discussed in Brugnolli (2020). According to 
the facts, we identified a close relationship between conflicts 
in land use and environmental risks and problems in BHRF 
that tend to become significantly visible in medium and long 
term. The numerous environmental problems in the area go 
from advanced processes of silting up rivers, development of 
erosion, dumping of solid waste, point of water contamina-
tion to problems that change what is preached in Bonito—its 
scenic and translucent rivers recognized worldwide and the 
karst landscape. Thus, there is need for performing land-
scape assessments (state and geoecological diagnosis) so 
that proposals and suggestions may improve environmen-
tal quality, increasing resilience and proposing mitigation 
actions.

The description of the FRW geoecological state begins 
with the stable units that cover 513.94  km2, representing 
38.80% of the basin. Extensive areas were formed predomi-
nantly by forest vegetation. However, few points of erosions 
and other environmental problems were recorded. Land use 
conflicts were not identified, and the environmental fragil-
ity is varied. The highest areas present karst rock substrate 
and high fragility. The geoecological state remains stable 
due to the vegetation present in the areas, acting as a posi-
tive balance. Thus, they represent landscapes with natural 
geoecological processes that preserve the original structure 
with little or no anthropic influence. The area presents well-
preserved characteristics due to its landscapes.

The landscape units in a moderately stable state cover 
390.22  km2 or 29.46% of the basin. They present several 
denudational processes and solid waste disposal, increas-
ing risks of instability. Pastures predominate with potential 
for various uses, provided that they are used for extensive 
agricultural practices and checking the fragility of environ-
mental components. The landscapes show little change in 
their structure and low-intensity environmental problems. 
The land use remains balanced in terms of potential.
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Fig.4  Geoecological state of landscapes of the Formoso River Watershed, Bonito/MS, Brazil
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Units with unstable geoecological state present linear, 
laminar erosions and ravines. They predominate over-
lapping cultures in karst terrain, mainly in chernosols 
(fragile). The instability is the cause of recurrent surface 
water turbidity in the municipality of Bonito generating 
numerous ecological/environmental, economic, and social 
difficulties. In medium and long term, the trend scenario 
becomes obscure and critical. The landscapes are char-
acterized by strong changes in the spatial and functional 
structure and their current use is greater than the land-
scape potential. They cover 402.11  km2 or 30.36% of the 
basin, located in the medium and low course. Burri et al. 
(1999), Boggiani et al. (2002), De Waele et al. (2011) and 
Silva and Morais (2011) highlight the relationship between 
anthropic action and karst system, stating that monocul-
tures have been occupying these systems intensively, due 
to their fertile and flattened characteristics (poljes and 
karst depressions). The monocultures stand out as the 
most prominent activity to generate implications in karst, 
contributing to depletion.

The units in critical geoecological state cover small por-
tions (18.40  km2 or 1.39%), despite not necessarily less 
worrying. They present characteristics that differ from all 
other classes with high and maximum incongruities in land 
use conflicts. The pastures and crops in plains are covered 
with limestone tufts and travertine of the Xaraiés Formation 

(extremely fragile and porous). In the residual hills and in 
Serra da Bodoquena, they are covered with limestones of 
Corumbá Group (Bocaina and Cerradinho). The areas pre-
sent fragile soils, such as gleisols and chernosols.

Critical areas identified in the analyses are related to the 
slope and the type of land use. Figure 5a represents an area 
of exposed soil and the beginning of a steep slope and with 
high fragility. Figure 5b, c shows soil loss in an area with 
linear ravine erosion, fragile with high declivity and lack of 
significant vegetation to protect the soil.

The critical landscape units present changes in spatial and 
functional structure with gradual loss of their geoecological 
functions and significant environmental problems. Land use 
has exceeded the landscape potential and the areas demand 
urgent mitigation measures to restore their geoecological 
value. Thus, all these regions are only suitable for the rees-
tablishment of forest vegetation, since they are not suitable 
for pasture and crops due to their high fragility. These areas 
are susceptible to erosive processes, due to the inappropriate 
use of the soil, added to its great exposure (exposed soil), 
especially when it comes to areas with the presence of crops. 
Erosion occurs by the dragging of soil particles by rain, as 
well as the coarse texture of some soils (neosol). Thus, veg-
etation recomposition is indicated for the maintenance and 
protection of the soil, favoring the development of native 
species of fauna and flora (Atlantic Forest and Cerrado), in 

Fig. 5  Controlled landfill in critical areas (Photo A), and linear erosion triggered by land misuse (Photo B and C) in the medium course of For-
moso River Watershed, Bonito/MS, Brazil



Environmental Earth Sciences          (2022) 81:174  

1 3

Page 11 of 19   174 

the vicinity of the Formoso River. The aim is to increase 
the capacity of water infiltration into the soil and to reduce 
erosion processes and river damming increasingly recurrent 
in BHRF. The geoecological diagnosis of FRW was defined 
through the geoecological state that acts precisely according 
to the definition of characterization with physical–natural 
components, anthropic environment, environmental fragility, 
environmental risks and problems, and conflicts in land use. 
The study was based on the integrated and systemic analy-
sis, contributing to decision making, and defining trend and 
desired scenarios (Fig. 6, and Tables 1, 2).

Optimized landscapes present high geoecological sta-
bility and have received one or more compatible socioeco-
nomic functions. They include landscapes where human 

activity has promoted rehabilitation and/or conservation 
measurements to increase capacity for production and 
reproduction of natural resources. They occupy all regions 
of FRW, 513.94  km2 or 38.8% of the total basin and located 
in natural areas (forest and undergrowth), close to river 
courses and humid areas, such as the Formoso River marsh-
land, where gleisol predominates. Uninterrupted preserva-
tion is demanded as it assists water infiltration into the soil 
and supplies the Formoso River marsh, mainly to sustain 
drought periods. Yet, optimized landscapes are found in the 
most dissected areas of the residual hills of the high and 
medium course and karst pavement of Serra da Bodoquena 
in the high course, places where the chernosols and gleisols 
predominate.

Fig. 6  Geoecological diagnosis of landscapes of the Formoso River Watershed, Bonito/MS, Brazil
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Compensated landscapes present high levels of geoeco-
logical sensitivity, but land use is balanced with or even 
below its potential. Despite presenting anthropic changes, 
the vertical and horizontal structure of landscapes contin-
ues to fulfill its geoecological functions and services. The 
landscapes occupy 197.48  km2 or 14.91% of FRW. The areas 
present medium fragility with pastures in oxisols and nito-
sols, well drained and deep. They present medium and low 
incongruities with balance, and still fulfilling the geoeco-
logical functions.

Altered landscapes require attention. They occupy 
594.85  km2 or 43.90% of the basin, and despite fulfilling 
geoecological functions, mainly agricultural and livestock 
production, they present several local environmental risks 
and problems. Silva (2015), Ribeiro (2018), Brugnolli et al. 
(2019) and Brugnolli et al. (2020) highlight it as the cause of 
recurrent turbidity to the FRW river courses, the main nega-
tive environmental impact that the basin has been suffering 
since the early twenty-first century. The problems impact the 
social and economic environmental framework of Bonito 
municipality (effectively linked to tourism in the translucent 
waters of the rivers). These landscapes present their cur-
rent use oversized, due to the lack of adequate capacity to 
assimilate the current anthropic actions. Significant changes 
in structure, and substantial changes in the functioning have 
occured, weakening the internal relationships between their 
components. The overexploitation of resources leads to a 
decrease in their productive potential (including biological 
productivity), and the development of intense degradation 
processes manifested in soils and water regime.

Exhausted landscapes present high geoecological sensi-
tivity and the exploitation regime overcomes the limitations 
that impose potential. The assigned socioeconomic functions 
are different from the landscape's possibilities of offering a 
prolonged productive response. These areas occupy 18.40 
 km2 or 1.39% of the basin. Though not extensive, the loca-
tion is disturbing. In addition to pasture areas on the west-
ern edge of Serra da Bodoquena, they include recent river 
deposits, naturally eroded and extremely fragile, close to the 
Formoso River. One of the sectors exhibits major environ-
mental problems related to intensive use in karst and fragile 
floodplain areas.

Scenarios and proposals for the Formoso 
River Basin

Endless discussions about Bonito cover its relationship of 
unstable and critical geoecological diagnosis, scenic surface 
waters, agriculture, and tourism. However, the lack of effec-
tive proposals of improvement brings a trend scenario in 
which the translucent and highly scenic rivers give rise to an 
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affected river system. Therefore, the aim of our research is 
to comprehend the processes acting in a peculiar, sensitive, 
and complex area, as well as generating proposals (Table 3), 
and possible tendency and desired scenarios in face of the 
suggested recommendations.

Conclusions

Determining the geoecological diagnosis of the landscapes 
has generated recommendations to preserve and to recover 
fragile areas, areas of intact native vegetation, the alluvial 
plains, the Formoso River marshlands, and the steep hill-
sides, thus favoring the maintenance of ecological balance 
and increasing environmental resilience to reduce negative 
environmental impacts.

The questions were widely debated and achieved their 
main objective, that was to identify that FRW landscapes 
are severely impacted, despite having extensive preserved 
areas in Serra da Bodoquena and close to some river 
courses. However, large areas of flattened or wavy ter-
rains, karst or terrigenous have already been dominated 
by pastures and crops changing the basin landscape into 
an anthropized landscape. In fact, it contradicts what is 
preached in Bonito regarding the preservation of river 
courses. The use of indicators to evaluate the geoecologi-
cal diagnosis of landscapes has been practiced in geogra-
phy; however, the proposal discussed here evaluates its use 
for karst environments still little studied in Brazil. Besides 
supporting the study of some variables already known as 
environmental risks and problems, as well as conflicts of 
use, the use of such indicators enables the adoption of 
environmental fragility—which is high in karst regions—
as one of these indicators. It validates the proposal and 
allows to generate a reliable and applicable product in 
karstic watersheds.

Countless environmental problems already affect the 
karst, waters, and the economy of the region. The karst 
is characterized as a geosystem with mutual interactions 
and high fragility in the face of disturbances linked to 
anthropic use. Its complexity is subject to natural pres-
sures, as the dynamics of the landscape itself or, mainly, 
anthropic actions. Thus, the actions proposed by this study 
are essential to protect the karst and to define specific reg-
ulations to properly safeguard it.

Author contributions All authors made substantial contributions to 
the conception or design of the work; drafted the work or revised it 
critically for important intellectual content; approved the version to be 
published; and agree to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any part 
of the work are appropriately investigated and resolved. The material 

preparation, data collection and analysis were performed by Rafael 
Brugnolli Medeiros and Eduardo Salinas Chávez. The first draft of the 
manuscript was written by Rafael Brugnolli Medeiros and all authors 
commented on previous versions of the manuscript. All authors read 
and approved the final manuscript.

Funding (information that explains whether and by whom the research 
was supported) It is noteworthy that this study was conducted thanks 
to the support of the Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior—CAPES and the Fundação de Apoio ao Desenvolvi-
mento do Ensino, Ciência e Tecnologia do estado de Mato Grosso do 
Sul—FUNDECT. The project was developed at the Federal University 
of Grande Dourados, where the Laboratory of Physical Geography—
LGF (www. lgf. ggf. br) offers the physical and software support neces-
sary for the development of this research.

Availability of data and material (data transparency) Not applicable.

Code availability (software application or custom code) Not applicable.

Declarations 

Conflicts of interest (including appropriate disclosures) Not applica-
ble.

Ethics approval (including appropriate approvals or waivers) Not appli-
cable.

Consent to participate (including appropriate statements) Not appli-
cable.

Consent for publication (including appropriate statements) Not appli-
cable.

References

Amaral R, Ross JLS (2009) As unidades ecodinâmicas na análise da 
fragilidade ambiental do parque estadual do Morro do Diabo e 
entorno, Teodoro Sampaio/SP. GEOUSP—Espaço e Tempo 
13:59–78. https:// doi. org/ 10. 11606/ issn. 2179- 0892. geousp. 2009. 
74128

Antrop M (2000) Geography and landscape science. Belgian J Geogr 
1(4):9–35. https:// doi. org/ 10. 4000/ belgeo. 13975

Bacani VM (2010) Geotecnologias aplicadas ao ordenamento físico-
territorial da bacia do alto rio Coxim, MS. Thesis, Universidade 
de São Paulo

Baptista MB, Braun OPG, Campos DA (1984) Léxico estratigráfico do 
Brasil. DNPM-CPRM, Brasília.

Bastian O (1998) The assessment of landscape functions-one precondi-
tion to define management goals. Ekologia (bratislava) 17:19–33

Bastian O, Kronert R, Lipsky Z (2006a) Landscape diagnosis on dif-
ferent space and time scales—a challenge for landscape plan-
ning. Landscape Ecol 21:359–374. https:// doi. org/ 10. 1007/ 
s10980- 005- 5224-1

Bastian O, Kronert R, Lipsky Z (2006b) Landscape diagnosis on 
diferente space and time scales—a challenge for landscape 
planning. Landscape Ecol 21:359–374. https:// doi. org/ 10. 1007/ 
s10980- 005- 5224-1

Bastian O, Haase D, Grunewal K (2012) Ecosystem properties, poten-
tials and service, the EPPS conceptual framework and an urban 

http://www.lgf.ggf.br
https://doi.org/10.11606/issn.2179-0892.geousp.2009.74128
https://doi.org/10.11606/issn.2179-0892.geousp.2009.74128
https://doi.org/10.4000/belgeo.13975
https://doi.org/10.1007/s10980-005-5224-1
https://doi.org/10.1007/s10980-005-5224-1
https://doi.org/10.1007/s10980-005-5224-1
https://doi.org/10.1007/s10980-005-5224-1


 Environmental Earth Sciences          (2022) 81:174 

1 3

  174  Page 18 of 19

application example. Ecol Indic 2:7–16. https:// doi. org/ 10. 1016/j. 
ecoli nd. 2011. 03. 014

Bastian O, Syrbe RU, Rosenberg M, Rahe D, Grunewald K (2013) The 
five pillar EPPS framework for quantifying, mapping and manag-
ing ecosystem services. Ecosyst Serv 4:15–24. https:// doi. org/ 10. 
1016/j. ecoser. 2013. 04. 003

Bigarella JJ, Becker RD, Santos GF (1994) Estrutura e origem das 
paisagens tropicais e subtropicais. Editora UFSC, Florianópolis.

Boggiani PC, Coimbra AM, Gesicki AL, Sial AN (2002) Tufas Cal-
cárias da Serra da Bodoquena, MS—Cachoeiras petrificadas ao 
longo dos rios. In: Schobbenhaus C, Campos DA, Queiroz ET, 
Winge M, Berbert-Born MLC (ed) Sítios Geológicos e Paleon-
tológicos do Brasil, 1rd edn. DNPM/CPRM, Brasília, pp 249–259.

Brugnolli RM (2020) Zoneamento Ambiental para o Sistema Cárstico 
da Bacia Hidrográfica do Rio Formoso, Mato Grosso do Sul. The-
sis, Universidade Federal da Grande Dourados

Brugnolli RM, Berezuk AG, Silva CA (2019) A Morfometria da Bacia 
Hidrográfica do Rio Mimoso, um Sistema Cárstico do Mato 
Grosso do Sul/Brasil. Revista Confins 40:1–22. https:// doi. org/ 
10. 4000/ confi ns. 19845

Brugnolli RM, Berezuk AG, Pinto AL, Boin MN, Alves LB (2020) O 
carste e a qualidade das águas superficiais da bacia hidrográfica 
do rio Sucuri, Bonito/MS. Caderno De Geografia 30:499–514. 
https:// doi. org/ 10. 5752/p. 2318- 2962. 2020v 30n61 p499

Burri E, Castiglioni B, Sauro U (1999) Agriculture, landscape and 
human impact in some karst areas of Italy. Int J Speleol 28:33–54. 
https:// doi. org/ 10. 5038/ 1827- 806X. 28.1.3

Cárdenas O, Barranco G, Quintana M, et al (2018) Procedimiento 
Metodológico para el Ordenamiento Ambiental en espacios 
marino-terrestres del archipiélago cubano. Editora AMA, La 
Habana.

Christofoletti A (1980) Geomorfologia. Edgard Blücher, São Paulo.
Comerlato T, Lamour M, Silveira C (2020) Mapeamento digital de 

formas de relevo no ambiente costeiro do Paraná. Caminhos de 
Geografia 21:477–491. https:// doi. org/ 10. 14393/ RCG21 73496 08

Companhia de Pesquisa e Recursos Minerais (2006) Litologia e Recur-
sos Minerais do estado de Mato Grosso do Sul. CPRM, Brasília.

Cullum C, Rogers K, Brierley G, Witkowski ETF (2016) Ecological 
classification and mapping for landscape management and sci-
ence: foundations for the description of patterns and processes. 
Prog Phys Geogr 40:38–65. https:// doi. org/ 10. 1177/ 03091 33315 
611573

De Waele J, Gutiérrez F, Parise M, Plan L (2011) Geomorphology and 
natural hazards in karst areas: a review. Geomorphology 134:1–8. 
https:// doi. org/ 10. 1016/j. geomo rph. 2011. 08. 001

Del Risco Y (2000) Diagnostico ambiental y consideraciones para 
el ordenamiento geoecológico de las Escaleras de Járuco, La 
Habana, Cuba. Thesis, Universidad de La Habana

Dibieso EP (2013) Planejamento ambiental e gestão dos recursos hídri-
cos: estudos aplicados à bacia hidrográfica do manancial do alto 
curso do rio Santo Anastácio—São Paulo/Brasil. Thesis, Univer-
sidade Estadual Paulista

Diretoria de Serviço Geográfico (1980) Região Centro-oeste: cartas 
topográficas. IOP Publishing PhysicsWeb. http:// www. dsg. eb. mil. 
br/. Accessed 25 June 2016.

Domínguez AZ (2003) Los Paisajes de la Provincia Sancti Spíritus, 
Cuba, su uso y conservación, Thesis, Universidad de La Habana

dos Santos DJ, Ruchkys U, Travassos LEP (2021) Perfil Geoecológico 
do Parque Nacional da Serra do Gandarela, Minas Gerais, Bra-
sil. Sociedade Natureza 33:1–10. https:// doi. org/ 10. 14393/ 
SN- v33- 2021- 57012

Empresa Brasileira de Pesquisa Agropecuária (2018) Sistema Bra-
sileiro de Classificação de Solos. 3.ed, Brasília.

Esri (2011) ArcGIS desktop: release 10. Environmental Systems 
Research Institute, Redlands

Frolova M (2018) From the Russian/Soviet landscape concept to the 
geosystem approach to integrative environmental studies in an 
international context. Landscape Ecol 34:1485–1502. https:// doi. 
org/ 10. 1007/ s10980- 018- 0751-8

Gagarinova OV, Kovalchuk OA (2010) Assessment of anthropogenic 
impacts on landscape hydrological complexes. Geogr Nat Resour 
31:291–295. https:// doi. org/ 10. 1016/j. gnr. 2010. 09. 016

García AE, Miravet BL, Salinas EC, Dominguez AZ (2019) A car-
tografia das paisagens com sistemas de informação geográfica, 
como base para o diagnostico geoecológico da bacia hidrográ-
fica do rio Ariguanabo. Cuba Revista Da ANPEGE 15:169–194. 
https:// doi. org/ 10. 5418/ RA2019. 1527. 006

Glushko BV, Ermakov YV (1988) Evaluación geoecológica del 
impacto antropogénico sobre los paisajes contemporáneos a partir 
de sensores remotos. Naturaleza y Recursos 2–4:32–44

Gutiérrez F, Parise M, De Waele J, Jourde H (2014) A review on natu-
ral and human-induced geohazards and impacts in karst. Earth Sci 
Rev 138:61–88. https:// doi. org/ 10. 1016/j. earsc irev. 2014. 08. 002

Ine/Semarnat (2006) Manual del Proceso de Ordenamiento Ecológico. 
Secretaria de Medio Ambiente y Recursos Naturales, México.

Isachenko AG (1991) A Ciência da paisagem e a regionalização físico-
geográfica. Editora da Escola Superior, Moscou

Júnior OAC, Berbet-Born MLC, Martins ED, Guimarães RF, Gomes 
RAT (2008) Ambientes Cársticos. In: Florenzano TG (ed) Geo-
morfologia: Conceitos e Tecnologias Atuais, 1rd edn. Oficina de 
Textos, São Paulo, pp 185–218.

Khoroshev AV, Dyakonov KN (2020) Landscape Patterns in a Range of 
Spatio-Temporal Scales. Landscape Series, Switzerland.

Kohler HC, Castro JFM (2009) Geomorfologia cárstica. In: Guerra 
AJT, Cunha SB (ed) Geomorfologia: Exercícios, Técnicas e Apli-
cações. Bertrand Brasil, Rio de Janeiro, pp 339–350

La OJA, Salinas EC, Licea JE (2012) Aplicación del diagnóstico geo-
ecológico del paisaje en la gestión del turismo litoral. Caso Des-
tino Turístico Litoral Norte de Holguín. Cuba. Investigaciones 
Turísticas 3:1–18. https:// doi. org/ 10. 14198/ INTUR I2012.3. 01

Laterra P, Jobbagy EG, Paruelo JM (2011) Valoración de servicios 
ecosistemicos: conceptos, herramientas y aplicaciones para el 
ordenamiento territorial. INTA, Buenos Aires.

Mateo JMM (1991) Geoecología de los Paisajes. Universidad de los 
Andes. Editora de la U.L.A. Mérida

Mateo JMM (1994) Planejamento ambiental como campo de ação da 
Geografia. Congresso De Geógrafos 1:582–594

Mateo JMM (2011) Geografía de los Paisajes. Primera parte: Paisajes 
naturales. Editorial Universitaria, La Habana

Mateo JMM, Silva EV (2013) Planejamento e gestão ambiental: sub-
sídios da geoecologia das paisagens e da teoria geossistêmica. 
Edições UFC, Fortaleza.

Mateo JMM, Silva EV, Cavalcanti APB (2013) Geoecologia das Paisa-
gens: uma visão geossistemica da análise ambiental. Editora UFC, 
Fortaleza.

Mazur E, Drdos J (1984) Conception of resources or conception of 
the landscape potential in the geographical research. Geografický 
Časopis 36:305–315

Mendes IA (1993) A dinâmica erosiva do escoamento pluvial na bacia 
do Córrego Lafon, Araçatuba, SP. Thesis, Universidade de São 
Paulo.

Miravet BL, García AE, Salinas EC, Cruañas E, Remond R (2014) 
Diagnóstico Geoecológico de los paisajes de la cuenca hidro-
gráfica Ariguanabo, Artemisa Cuba. Ciencias De La Tierra y El 
Espacio 15:53–66

Parise M, Ravbar N, Živanović V, Mikszewski A, Kresic N, Mádl-
Szőnyi J, Kukurić N (2015) Hazards in karst and managing water 
resources quality. In: Stevanović Z (ed) Karst aquifers—charac-
terization and engineering. Springer, Berlin, pp 601–687

Piló LB (2000) Geomorfologia cárstica. Revista Brasileira De Geo-
morfologia 1:88–102

https://doi.org/10.1016/j.ecolind.2011.03.014
https://doi.org/10.1016/j.ecolind.2011.03.014
https://doi.org/10.1016/j.ecoser.2013.04.003
https://doi.org/10.1016/j.ecoser.2013.04.003
https://doi.org/10.4000/confins.19845
https://doi.org/10.4000/confins.19845
https://doi.org/10.5752/p.2318-2962.2020v30n61p499
https://doi.org/10.5038/1827-806X.28.1.3
https://doi.org/10.14393/RCG217349608
https://doi.org/10.1177/0309133315611573
https://doi.org/10.1177/0309133315611573
https://doi.org/10.1016/j.geomorph.2011.08.001
http://www.dsg.eb.mil.br/
http://www.dsg.eb.mil.br/
https://doi.org/10.14393/SN-v33-2021-57012
https://doi.org/10.14393/SN-v33-2021-57012
https://doi.org/10.1007/s10980-018-0751-8
https://doi.org/10.1007/s10980-018-0751-8
https://doi.org/10.1016/j.gnr.2010.09.016
https://doi.org/10.5418/RA2019.1527.006
https://doi.org/10.1016/j.earscirev.2014.08.002
https://doi.org/10.14198/INTURI2012.3.01


Environmental Earth Sciences          (2022) 81:174  

1 3

Page 19 of 19   174 

Piñeiro RO, Salinas EC, Puga R, Areces AJ (2013) La Resiliencia 
como Indicador en el Ordenamiento Ambiental del Golfo Bata-
banó, Cuba. Revista Monfrague Desarrollo Resiliente 1–25.

Plyusnin VM, Bilichenko IN, Sedykh SA (2018) Spatio-temporal 
organization of mountain taiga geosystems of the Baikal Natural 
Territory. Geogr Nat Resour 2:30–139. https:// doi. org/ 10. 1134/ 
S1875 37281 80200 51

Ramón AM, Salinas EC (2009) Propuesta de ordenamiento ambi-
ental de la Cuenca Alta del Río Cauto. Desarrollo y Territorio 
5(2):1–31

Ribeiro AFN (2018) Que Bonito é esse? Disputas territoriais em terras 
do agro-eco-turismo. Revista Entre-Lugar 9:37–67. https:// doi. 
org/ 10. 30612/ el. v9i18. 8824

Ross JLS (1994) Análise empírica da fragilidade dos ambientes natu-
rais e antropizados. Revista Do Departamento De Geografia 
8:63–73. https:// doi. org/ 10. 7154/ RDG. 1994. 0008. 0006

Ruiz JD, Delgado J (2012) La degradación ambiental de los paisajes en 
las cuencas Guanabo e Itabo, Cuba. Editorial Academia Española, 
Saarbrücken.

Salas E (2002) Planificación Ecológica del Territorio, Guía 
Metodológica. IOP Publishing Physics Web. https:// www.u- cur-
sos. cl/ fau/ 2016/1/ GEO- 802/1/ mater ial_ docen te/ bajar? id_ mater 
ial= 13617 17. Accessed 15 April 2020.

Salinas EC (1991) Análisis y Evaluación de los Paisajes en la Planifi-
cación Regional en Cuba. Thesis, Universidad de la Habana

Salinas E, Ribeiro AFN (2017) La cartografía de los paisajes con el 
empleo de los Sistemas de Información Geográfica: caso de estu-
dio Parque Nacional Sierra de Bodoquena y su entorno, Mato 
Grosso do Sul, Brasil. Geografia y Sistemas De Información 
Geográfica (GeoSIG) 9:186–205

Salinas EC, Acevedo P, González R, Montiel S, Remond R (2006) 
Los Peligros naturales en el contexto de los programas estatales 
de ordenación del territorio: caso de estudio Estado de Baja Cali-
fornia, Sur México. Entorno Geográfico 4:53–71. https:// doi. org/ 
10. 25100/ eg. v0i4. 3584

Santos RF (2004) Planejamento ambiental: teoria e prática. Oficina de 
textos, São Paulo.

Shishenko PG (1986) Geografía Física Aplicada. Editorial Visha Skola, 
Kiev.

Silva PV (2015) A Importância da água para a percepção turística 
na bacia do rio Formoso em Bonito-MS. Thesis, Universidade 
Estadual Paulista

Silva FF, Morais F (2011) Análise multitemporal da cobertura vegetal 
no entorno de dez cavernas em Aurora do Tocantins –TO. Con-
gresso Brasileiro De Espeleologia 31:19–24

Simensen T, Halvorsen R, Erikstad L (2018) Methods for landscape 
characterisation and mapping: a systematic review. Land Use Pol-
icy 75:557–569. https:// doi. org/ 10. 1016/j. landu sepol. 2018. 04. 022

Sotchava VB (1977) O estudo de geossistemas. Editora Lunar, São 
Paulo

Solodyankina SV, Znamenskaya TI, Vanteeva YV, Opekunova MY 
(2018) Geosystem approach for assessment of soil erosion in 
Priol’khonie steppe (Siberia). IOP Conf Ser Earth Environ Sci. 
https:// doi. org/ 10. 1088/ 1755- 1315/ 201/1/ 012023

Spiridonov AI (1981) Principios de la metodología de las investiga-
ciones de campo y el mapeo geomorfológico. Editorial MES. La 
Habana.

Travassos LEP (2019) Princípios de carstologia e geomorfologia 
cárstica. ICMBio/IABS, Brasília.

Troll C (1932) Die Landschaftsguertel der tropischen Anden. Inhandl, 
Geographentag Zu Danzing 24:263–270

Trombeta LRA (2019) Gestão das águas, Planejamento de bacias hidro-
gráficas e Paisagem: proposta metodológica aplicada na unidade 
de gestão de recursos hídricos Paranapanema, Brasil. Thesis, Uni-
versidade Estadual Paulista

United States Geological Survey (2000) Shuttle radar topography mis-
sion. IOP Publishing PhysicsWeb. https:// earth explo rer. usgs. gov/. 
Accessed 30 May 2016.

United States Geological Survey (2017) Sentinel 2A. IOP Publishing 
PhysicsWeb. https:// earth explo rer. usgs. gov/. Accessed 20 April 
2018.

Zavattini JA (1992) Dinâmica climática no Mato Grosso do Sul. Geo-
grafia 17:65–91

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1134/S1875372818020051
https://doi.org/10.1134/S1875372818020051
https://doi.org/10.30612/el.v9i18.8824
https://doi.org/10.30612/el.v9i18.8824
https://doi.org/10.7154/RDG.1994.0008.0006
https://www.u-cursos.cl/fau/2016/1/GEO-802/1/material_docente/bajar?id_material=1361717
https://www.u-cursos.cl/fau/2016/1/GEO-802/1/material_docente/bajar?id_material=1361717
https://www.u-cursos.cl/fau/2016/1/GEO-802/1/material_docente/bajar?id_material=1361717
https://doi.org/10.25100/eg.v0i4.3584
https://doi.org/10.25100/eg.v0i4.3584
https://doi.org/10.1016/j.landusepol.2018.04.022
https://doi.org/10.1088/1755-1315/201/1/012023
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/

	Geoecological diagnosis of landscapes of the Formoso River Watershed, BonitoMS, Brazil
	Abstract
	Introduction
	Theoretical–methodological assumptions
	Methodological procedures
	Landscapes of the Formoso River Basin
	Geoecological diagnosis of landscapes of the Formoso River Basin
	Scenarios and proposals for the Formoso River Basin
	Conclusions
	References




