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Abstract: Effects of natural processes on community building and the modification of nature by
man’s hands are an intrinsic part of the co-production of the landscape between man and nature.
However, the interactions of this co-production have scarcely been analyzed. Based on data from
the MapBiomas project, an analysis of the variation in land use and cover over 35 years in the
Quilombola Sao Roque and Mae dos Homens communities in southern Brazil was carried out. The
sociogeomorphological units in the study area were established, and its geomorphological units and
social units were analyzed and described. There is a prevalence of more than 50% of forest formation.
Cluster analysis classified the analyzed variables into two groups, with the first corresponding to
forest and grassland formations associated with more natural landscape features. The second group
is formed by anthropogenic activities. Social units including traditional communities seem to be
more related to the stimulation of forest formation. The action of conservation units influences the
variation in land use and land cover. There is a Supplementary Material which explains abbreviations
concerning the manuscript.

Keywords: sociogeomorphology; national parks conservation; natural resources; LULC; landform;
headwater; Brazil

1. Introduction

The term “landscape” seen from an ecological point of view is defined as a land area
containing a mosaic of habitat patches [1]. However, according to [2], “landscape” from
a cultural perspective denotes those areas in which humans have created visible changes
in the environment through land restructuring in order to better adapt its use and spatial
structure to the demands of society. Furthermore, Ecosystem services [3] provided by
landscapes can be altered. Thus, in the present study, the term “landscape” is defined as
the space of interaction between natural and social processes in the environment.

Geomorphological (natural) and social features are elements that belong to landscapes.
In this context, sociogeomorphology has emerged as a research area that uses concepts
from social sciences and natural sciences to understand the interactions between social
activities and geomorphic processes [4]. In this sense, thinking about landscape analysis
units also refers to a set of geomorphological and social units. Therefore, we can conclude
that landscape units are very similar to sociogeomorphological units. Figure 1 shows the
sociogeomorphological approach to land management.
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Figure 1. Conceptual diagram of the link between sociogeomorphology and land management.

Sociogeomorphological studies suggest that government managers and scientists
execute an application of holistic approaches to study the above-mentioned interactions
within the co-production of the landscape [5-7]. Several studies emphasized river geomor-
phology [5] and sociogeomorphology applied to river restoration [6,7]. However, concerns
with river systems should not be the sole focus of sociogeomorphological studies; there are
several challenges with land management that could benefit from sociogeomorphological
techniques. It is worth noting that considering historical, political, and environmental
conditions within the framework of sociogeomorphology is crucial to make the appropriate
landscape changes. However, it is a relatively young field of study and in the process of
consolidation [4], which offers an opportunity for scientific development in this direction.

A first step towards this path is the definition of the concepts involved in Figure 1.
Social Units (SU) can be simply defined as activities carried out by individuals or any social
organization, such as the demarcation of territories, creation of social groups, and social
movements with a specific goal. Here, it should be emphasized that the Land Use and Land
Cover (LULC) classification is a relevant part of SU and an attempt by society to organize
its territory. There is a lot of terminology related to LULC [8,9]; however, it usually focuses
on man’s use of the various physical, chemical, and cultural factors of land in time and
space [8]. LULC are relevant to territory management and understanding them is necessary.
LULC from agricultural activities and urbanization has intensified over the past few years,
while forest and grassland formations have been fragmented [10]. Several land use and
land cover changes (LULCC) have negatively impacted the landscape and ecosystem
services, including deforestation [11] or occupations close to water bodies [12] that normally
led to disasters. In response to environmental degradation, society has encouraged the
development of nature restoration, preservation, and conservation activities, such as the
creation of protected areas like conservation units [13]. Other examples are the creation of
national parks [14] or river renaturalization [15].

Moreover, geomorphological units (GU) are defined as areas with similar geomorphic
processes, such as landslides, debris flows, and floods, which influence LULC and modify
the landscape. Furthermore, plateaus, hillslopes, and floodplains are also considered kinds
of GU. In this sense, sociogeomorphological units (SGU) can be delimited through the
combination of SU and GU. Table 1 illustrates one example of how to establish SGU from
several SU and GU. To emphasize social and geomorphological (or environmental) factors,
the term SGU is more appropriate than that of landscape unit.

Indeed, the interactions between society and nature are complex to understand, be-
cause they involve several factors and units of analysis. Although LULCC and some of their
impacts have already been addressed [16,17], there are still few works that have holistically
discussed social and environmental factors as a tool in natural resource planning. For this
reason, the analysis of SGU is proposed to fill this gap in landscape management issues.



Land 2023, 12, 306

30f19

Table 1. Delimitation of sociogeomorphological units (SGU) from social units (SU) and geomorpho-
logical units (GU).

Social Unit (SU) Geomorphological Unit (GU) Sociogeomorphological Unit (SGU)

sU1 GU1 SGU1
GU2 SGU2
GU3 SGU3
sU2 GU2 SGU4
GU4 SGU5S
SuU3 GU4 SGU6

Brazil is a pioneer country, serving as a case study for the evaluation of the principles
of sociogeomorphology; however, to the best of our knowledge, there are only two studies
that have addressed this topic. They evaluated water resource systems [18,19] in non-
traditional communities, which are most prevalent in the country. As such, there is still a
gap in the application of sociogeomorphology in other areas, such as territorial planning
and natural disaster management. Furthermore, Brazilian traditional communities have
not been evaluated from a sociogeomorphological point of view.

Therefore, the objective of the present work is to evaluate the spatiotemporal changes
in LULC by accounting for both the geomorphometric and social aspects of two rural
communities in southern Brazil. Thus, we seek to identify and understand the interac-
tions between natural processes and anthropogenic activities that generate changes in the
landscape. The study will describe the concept of sociogeomorphological units (SGU) and
their potential uses in land management. The present case study considers the region of
the traditional Quilombola community of Sao Roque and the non-traditional community
of Mae dos Homens. Quilombola communities are defined as “ethno-racial groups, ac-
cording to criteria of self-ascription, with their historical trajectory, endowed with specific
territorial relationships, with the assumption of black ancestry related to the resistance to
the historical oppression suffered” [20]. These rural communities are in the state of Santa
Catarina (SC) and partially in the state of Rio Grande do Sul (RS), southern Brazil. It is
worth noting that these communities overlap with the conservation units of the Aparados
da Serra and Serra Geral Natural Parks, located at the headwater regions of (i.e., the upper)
the Mampituba River.

According to [21], Sustainable Development Goal 10 aims to “Reduce inequality within
and among countries”. More specifically, target 10.2 reads as follows: “By 2030, empower
and promote the social, economic and political inclusion of all, irrespective of age, sex,
disability, race, ethnicity, origin, religion or economic or other status”. This problem has
become increasingly serious in Brazil due to its historical and very complex racial melting
pot. Studying the comparison between traditional and non-traditional communities can
help improve understanding of this situation.

2. Study Area
2.1. Physiographic Characteristics

The study area was delimited as a basin with an area of 193.74 km? and an outlet
at East 595,119.72 m and North 6,765,844.29 m. This basin is in the headwaters of the
Mampituba River (Figure 2). The study area partially comprises the municipalities of
Cambara do Sul (RS), Mampituba (RS), Praia Grande (SC), Sao Francisco do Paula (RS),
and Trés Forquilhas (RS).

The semi-permanent South Atlantic anticyclone and the polar migratory anticyclone
influence the study area’s climate due to its location in a transition zone of medium and
subtropical latitudes. As a result, the region has a mild mesothermal climate of the Cfa type
in its lower parts and Cfb in its higher parts, according to the Képpen classification. The
region has regularly distributed rainfall that varies between 1450 mm and 1850 mm per
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year [22], with municipalities such as Praia Grande (SC) and Mampituba (RS) registering
the highest rainfall values. The relative humidity of the air reaches values between 76 and
81%, while the annual evapotranspiration is around 990 mm [23].
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Figure 2. Study area location.

The study area is a transition region in which different types of vegetation, relief,
geology, and pedology are found. The soils of the plateau range from shallow to deep, with
high fertility and acidity. For example, the soils in Campos de Cima da Serra, which is
a kind of biogeographic community located in the plateau, contain a low organic matter
content with low base saturation. The hillslopes, on the other hand, are formed from
shallow soils of very recent formation, with a high fertility potential. In the part of the
floodplains embedded in the rivers, there are shallow to deep soils with a reasonable
content of organic matter and high chemical fertility. Rice fields are commonly encountered
in this region, where the soils are shallow and poorly drained, with varying fertility and
acidity potential and high organic matter levels [22-24].

There are three types of primary forest vegetation in the study area. The Atlantic Forest
is on the hillslopes and floodplains of the basin. The Submontane Forest is in the drainage
headwaters and deep soils. Finally, the Montana Forest is on the plateau escarpments
(>400 m.a.s.1.) [23].

2.2. Social Characteristics

There are two rural communities in the study area: (a) the Quilombola community
of Sao Roque and (b) the Mae dos Homens Community. These communities are a typical
example of citizenship with a sense of belonging to the landscape [25]. Downstream of the
Mampituba River, next to the Quilombola Sao Roque community (QSR), there are some
established communities made up of immigrant families of European descent, among them
the Mae dos Homens Community (MH). QSR is a traditional Brazilian community, and
many other traditional peoples in Brazil live in or near national parks. This allows the
investigation of how nature and traditional people interact today, as well as learning about
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culture and its interaction with the soil. The MH community is close enough to the QSR
community to notice differences and similarities. The MH community also has land in the
national park conservation.

The characteristics for both communities described in Table 2 correspond to informa-
tion interpreted from the works of [26-28]. It is clearly observed that these communities
are very different.

Table 2. Social characteristics of communities studied.

Community Quilombola Sao Roque Mae dos Homens
Type Traditional Non-traditional
Start of Occupation About 1800 ! 1840~1900 2
Ancestors Enslaved Africans European immigrant families

Social Organization

Delimited area

Economy
Natural Disasters

Fluvial network

Geoform and relief

o Grota system (“Grota” local name to cave).
Organizational system.

e Social Association formed in 2003 Community
e Around 30 families
73.28 km? No
o Agriculture
Agriculture eLivestock
eLogging
Floods (1974, 1995, 2006) Flood (1974)
Storms Storms
e Josafaz creek . .
¢ Sao Gorgonho creek * Mampituba River

; . Facao Ri
e Mampituba River ¢ racao Rwver

e Pedra Branca mountain
o Cliffs
e Canyons

e Flood Plain
o Wavy Relief

! Occupation for more than 180 years, according to personal communication. % The first couple arrived in 1840 but
it was not until 1940 that there was community infrastructure, i.e., a community saloon.

The most prominent features concern the ancestors: those of QSR were enslaved
Africans, while for MH, they were European immigrant families. During the slave regime
and after the slave emancipation, the Quilombola communities settled in very remote areas
across the national territory. Then, QSR was first founded. Hence, QSR is older and more
remote than MH.

Due to suffering over a long period of time, all Quilombola communities have a
tradition of uniting residents in terms of legislation and solidarity. Thus, QSR invariably
has its own social organization protected by a Brazilian royal decree [20], while MH has no
official organization. More details about the social characteristics of the study area can be
consulted in [26-28].

3. Materials and Methods
3.1. Social Units

The study basin was divided into several units of analysis using five different sections
called Social Units (SU): (i) the national parks (NP), (ii) the Quilombola community of
Sao Roque (QSR), (iii) the Mae dos Homens community (MH), (iv) the intersection of
the national parks and the Quilombola community of Sao Roque (NP-QSR), and (v) the
intersection of the national parks and the Mae dos Homens community (NP-MH). The NP,
QSR, and MH do not have intersection areas. According to oral communication with the
Mayoralty, MH lacks an official delimitation. Thus, the space corresponding to MH was an
assumption based on fieldwork.

In the basin, there are unclassified areas that are not included in the aim of the study.
These areas belong to other communities or social units that are outside the comparative
exercise of interactions between the NP, QSR, and MH. Additionally, the MH and QSR are
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entirely inside the basin area, whereas the unclassified areas are social units divided by the
basin area delimitation.

The division of the territory into units of analysis enables an analysis of the relationship
between the SU and GU of the territory, as well as variations in LULC. Figure 3 shows the
SU used in this study.
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Figure 3. Division of the study area into social units (SU).

3.2. Geomorphological Characterization

A 12.5 m resolution Digital Terrain Model (DTM) obtained from the Advanced Land
Observing Satellite (ALOS) satellite and Phased Array type L-band Synthetic Aperture
Radar sensor (PALSAR) [29] was used to extract the terrain features. The DTM was
geoprocessed using ArcGIS 10.5 tools licensed by the Federal University of Rio Grande do
Sul (UFRGS). Previously, the values of altitude of different DTMs were compared (2006,
2007, 2008, 2009, 2010, and 2011), and no evidence of variations with time was identified.
This confirmed that there was no remarkable topographic change in the period and scale at
which data are available. Therefore, the 2011 DTM was selected for further analysis.

The slope (S), altitude (Z), and drainage density (Dd) in the study area were used
for the geomorphometric characterization of the terrain. Both Z and S are direct outputs
from the processing of the DTM. The Dd was obtained from the drainage network built
with the DTM and rectified with satellite images. In particular, Equation (1) was used for
its computing.

XL
A

where Li is the length of the river channels in km, and A is the area of the region in km?.
The GU were classified according to altitude [23,30]. However, it is recommended to
consider other criteria, such as slopes and field observations [31,32]. According to [32], the
region’s territory can be classified as plateau, hillslope, and floodplain. The altitude ranges
from these classes were 820-1070 m, 230-820 m, and 86-230 m, respectively. The values

Dy

)
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of S and other characteristics identified in the field helped define altitude ranges for the
delimitation of the geomorphological units.

Three slope intervals were established based on landslide susceptibility criteria: 0 to
18°, 18.01 to 25°, and greater than 25°. According to [31], slopes greater than 18° favor
debris flows in prolonged and high rainfall conditions. In addition, faster soil movements
occur when slopes are greater than 25° [33].

3.3. Description of LULC

The analysis of LULC used the information provided by the MapBiomas project [34,35].
The information was obtained using the Google Earth Engine—GEE [34,35]. LULC values
were extracted for the years 1985, 1990, 1995, 2000, 2005, 2010, 2015, and 2020. In addition,
the relationship between LULC and the area of the territory analysis units was calculated.

The 6th version of the MapBiomas project provides an LULC classification [35,36].
Therefore, based on a preliminary analysis, six classes of LULC were selected as described
in Table 3. Due to their low area values, some classes representing soy, rice, flood land, and
water were added to the ‘Other Temporary Crops’ class.

Table 3. Description of the LULC classes.

N° Class Description
Woody vegetation with arboreal or arboreal-shrub species, with a predominance of
Forest . . . . .
1 . continuous canopy. It includes the following forest typologies: ombrophilous,
kFormation - L . .
deciduous, and semideciduous, and part of the pioneer formations.
2 Silviculture Tree species planted for commercial purposes (e.g., pines, Eucalyptus)
Vegetation with a predominance of grassy herbaceous strata, with the presence of
Grassland herbaceous and subshrubby dicotyledons. In most cases, it corresponds to native
3 . . . . . .
Formation vegetation, but patches of invasive exotic vegetation or the use of forage (planted
pasture) or livestock may be present. Local name is “Campos de Altitude”
4 Pasture Pasture area, predominantly planted, linked to agricultural activity.
. . Areas of agricultural use where it was impossible to distinguish between pasture and
Mosaics of Agriculture and . . . .
5 agriculture. It may include cropland, winter or summer pasture, and horticulture. It
Pasture (MAP) . .
includes rest areas between agricultural crops (fallow).
6 Other Areas occupied with short- or medium-term crops, generally with a vegetative cycle
Temporary Crops (OTC) of less than one year, that need to be planted again to produce after harvesting.

Source: Adapted from [35].

3.4. Estimation of LULC Variation

For each UA, the variation in LULC was estimated using five years as a time step,
starting in 1985 and ending in 2020. This period, which was set according to the data
availability in the MapBiomas project, was split into ranges of five years for analysis
purposes. As a result, the trend in LULCC was determined using Equation (2).

Yip1 =Y

LULCC = ———
Xiy1 — X;

@)
where LULCC is the variation in LULC area during a five-year period; Y, is the LULC
area for class i in the subsequent time step, Y; is the LULC area for class 7 in the precedent
time step, Xj,1 is the subsequent time step, and X; is the precedent time step.

3.5. Statistical Analysis
3.5.1. Statistical Comparisons of LULC

The LULC variation data series for each SU (NP, QSR, MH, NP-QSR, and NP-MH)
were first tested to evaluate their distribution and variance homogeneity. Subsequently,
comparison tests were carried out. The used test type depended on whether the data was
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normally distributed and homogeneous (ANOVA and Student’s ¢ tests) or not (Kruskal-Wallis
and Mann-Whitney tests). These tests enabled a determination of whether the variations in
LULC classes were statistically significant across the different units of analysis. The same
procedure was also conducted for the LULC areas for each unit of analysis.

3.5.2. Cluster Analysis

Each SU (NP, QSR, MH, NP-QSR, and NP-MH) was defined by its values of area
(A), length of drainage network channels (Li), drainage density (Dd), altitude (Z), average
slope (S), and average variation in LULC. Before running a cluster analysis, the data
were standardized by subtracting the mean from their values and dividing them by their
standard deviation to avoid the scale effect. Then, a hierarchical clustering was carried
out using the average method [37]. The analysis was configured to obtain a dendrogram
with clusters with more than 50% similarity in their data. In this context, cluster analysis
was performed to identify the similarity between the analyzed variables that represented
natural or anthropic characteristics.

To complement the results obtained from clustering, the Pearson’s correlation test
was applied to the groups obtained to identify the strength and direction of statistically
significant correlations among the variables considered.

4. Results and Discussion
4.1. Sociogemorphological Characterization

The Z values varied between 86 and 1070 m above sea level, and the Z mean values
for PN, QS, MH, PN-QSR, and PN-MH were 959.9 m, 592.63 m, 239.26 m, 570.35 m, and
510.92 m, respectively. In addition, the height of canyon walls was ~700 m, whereas S
values of >45° in the hillslope were observed according to the literature [38,39]. The value
of S of the territory and the division into SU and GU are shown in Figure 4. The SGU were
shaped from the intersection between SU and GU, so 15 SGU were established, as shown
in Table 4.

Legend
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—— Drainage Network
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NP-QSR: NP and QSR intersection;
NP-MH: NP and MWH intersection o 15 3 6

km

Figure 4. Geomorphological units (GU), social units (SU), and slope information.
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Table 4. Data for area and slope corresponding to units of analysis.

. . Average .
Units of Units of 2 . o o Standard Coefficient of
Analysis Analysis Type Area (km?) ~ Maximum (°)  Average (°) Desscll?iget:ion Deviation Variation (%)

Basin - 193.4 79.55 17.95 Medium 13.41 74.71
Plateau (P) GU 91.65 50.7 8.33 Low 5.8 69.63
Hillslope (H) GU 93.95 79.55 28.26 High 11.56 40.91
Floo&glam GU 7.8 35.84 9.62 Low 6.25 64.97
NP SU 29.28 76.6 8.57 Low 791 92.30
QSR SU 45.55 76 28.06 High 12.15 43.30
MH SU 5.85 43.38 14.02 Low 8.42 60.06
NP-QSR SU 27.7 79.55 28.87 High 12.5 43.30
NP-MH SU 10.64 77.75 23.36 Medium 10.44 44.69
Unclassified SU 59.6 - - - - -
NP-P SGU 27.29 36.35 7.25 Low 5.16 71.17
NP-H SGU 1.63 76.6 31.27 High 10.42 33.32
NP-F SGU - - - - - -
QSR-P SGU 3.29 39.06 13.64 Low 6.75 49.49
QSR-H SGU 40.71 76 29.79 High 11.27 37.83
QSR-F SGU 1.55 35.84 10.83 Low 5.92 54.66
MH-P SGU - - - - - -
MH-H SGU 3.08 43.38 18.85 Medium 7.23 38.36
MH-F SGU 2.77 26.88 8.69 Low 6.08 69.97
NP-QSR-P SGU 1.74 41.61 14.3 Low 6.95 48.60
NP-QSR-H SGU 25.37 79.55 30.61 High 11.9 38.88
NP-QSR-F SGU 0.59 26.63 10.45 Low 5.87 56.17
NP-MH-P SGU 0.39 30.97 9.89 Low 6.41 64.81
NP-MH-H SGU 9.98 77.75 24.08 Medium 10.15 42.15
NP-MH-F SGU 0.26 25.17 14.34 Low 5.3 36.96

The S values ranged from 0 to 79.55° over the study area. Its average across the entire
basin was 17.95°, a value close to 18°, which is known as a conditioning factor for mass
movements due to high slopes [31]. The average S values for both SU and GU are shown in
Table 4, which also allows us to analyze each Sociogoemorphological Unit (SGU).

The GU hillslope presents high S values (maximum of 79.55°), which agrees with the
findings of the previous literature [38]. This characteristic is also observed in the NP-QSR-
H unit. The low average S value in the plateau region (8°) may relate to the presence of
relief undulations common in Campos de Altitude [38,39]. In the floodplain, the mean and
maximum S values were 9.6° and 35.8°, respectively. Thus, the plateau and floodplain
show low values of mean slope similar to NP-P, MH-F, and NP-MH-P, which coincides with
the observed reliefs and characteristics. The maximum slope indicates the transition zone
between the floodplain and the hillslope, known as the foothills. A greater variation in slope
values was identified for the following units: NP-P and MH-F (SGU), NP (SU), and plateau
and floodplain (GU). Apart from the foothills, this can be explained by the transition zone
between the plateau and hillslope, which includes the Josafaz and Faxinalzinho canyons
(Figure 2), areas affected by scarp retreat and rock erosion processes [38].

The hillslope is the predominant GU present in the SGU, unlike floodplain and plateau.
Hillslope predominates in the SGUs associated with overlaps (PN-QSR-P, PN-QSR-H, PN-
QSR-F) and QSR/SGU (QSR-P, QSR-H, QSR-F). The MH/SGU (MH-P, MH-H, MH-F) is
composed of hillslopes and floodplains in a similar proportion. Furthermore, the plateau
unit is predominant in the NP/SGU (NP-P, NP-H, NP-F) and shows some high S due to
canyon walls in the area. NP-F and MH-P could not be analyzed because there is no overlap
between the respective SU and GU.

According to [40], a well-drained basin must have a Dd index greater than 3.5. Lower
drainage density occurs in regions of highly permeable subsoil material, under dense
vegetative cover, and where relief is low [41]. The Dd values of the SU vary between 0.46
and 1.62 km/km?, while SGU show values of Dd between 0.33 and 6.24 km/km? (Table 5).
The NP-MH and NP units had the lowest values of Dd for SU. This contrasts with the
NP-QSR and QSR units, which showed values similar to those reported by [40] for the
sub-basins of the Josafaz (1.46) and Faxinalzinho (1.28) streams.
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Table 5. Drainage density (Dd) of the units of analysis (UA).
Units of Analysis Area (km?) Length (km) Dd (km/km?)
NP 29.28 14.33 0.49
QSR 45.55 73.97 1.62
MH 5.85 5.78 0.98
NP-QSR 27.70 33.44 1.21
NP-MH 10.64 4.89 0.46
NP-P 27.29 13.29 0.49
NP-H 1.63 1.00 0.61
QSR-P 3.29 3.50 1.06
QSR-H 40.71 42.63 1.05
QSR-F 1.55 7.62 4.92
MH-H* 3.08 - -
MH-F 2.77 9.78 3.53
NP-QSR-P 1.74 1.99 1.14
NP-QSR-H 25.37 25.87 1.02
NP-QSR-F 0.59 3.68 6.24
NP-MH-P * 0.39 - -
NP-MH-H 9.98 3.32 0.33
NP-MH-F 0.26 1.44 5.54

* There were no identified river channels in these Sociogeomorphological Units (SGU).

The analysis of the SGU emphasizes how the scale of analysis can change the outcomes.
The NP/SGU agrees with the SU of NP, where Dd is low [41]. Nevertheless, for the SGU
related to QSR, MH, and their intersection with NP, the floodplain region shows well-
drained units according to their natural characteristics. This aspect is only observed when
SGU are considered, showing the importance of integrating social and geomorphological

aspects in territory analysis.

The highest density of drainage is related to an elevated relief and scarce infiltration,
where erosion processes have deteriorated the surface. According to [42], the capacity of
infiltration derived from vegetation and low reliefs are prone to low values of Dd, which is

verified in NP, NP-MH, NP-P, and NP-H.

4.2. LULC Description and Variation

In the evaluated period, the social units of analysis showed a predominant coverage
of forest formation (>50%) (Figure 5). The forest cover in this region is associated with
the Atlantic Forest (Figure 6a), which has undergone intense land use changes [16]. The
forest formation class in the QSR, NP-MH, and NP-QSR units is near or higher than 90%
and can be related to the hillslope regions. The percentages are rather variable for other
coverages and land uses. The grassland formation covers 40-45% of the NP unit, a value
which is lower for other units, and can be associated with the plateau region. Furthermore,
silviculture increased from 2005, which is a questionable event because it is a national park.
Pasture (2-7%) and MAP (13-23%) are represented in the MH unit, which is characterized
by being more populated and included in the floodplain region (Figure 6b). In general,
silviculture cover and other temporary crops correspond to low percentages (<3.5%), except

for MH (1-6%).
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Figure 5. LULC in the analysis territory units from 1985 to 2020. (a) Forest formation; (b) grassland
formation; (c) mosaics of agriculture and pasture (MAP), (d) pasture; (e) silviculture; and (f) other

temporary crops.

(b)

Figure 6. Status of LULC during 2021 in (a) Quilombola community of Sao Roque; (b) Mae dos
Homens community.
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For the units of analysis without intersections (NP, QSR, and MH), the variation
in LULC areas in the previous time step varied in order of magnitudes greater than
1.03 ha/year and less than 3.53 ha/year (Figure 7).

I.
MH
|
asR
|
|
NP
|
—-2.00 -1.00 0.00 1.00 2.00 3.00 400
Rate (hajyr)
m Other temporary Crops u MAP Pasture Grassland F. Silviculture H Forest F.

Figure 7. Mean variation rate of LULC in rural communities and natural parks from 1985 to 2020.

LULCC in the MH unit show decreased MAP, pasture, and forest formation and
increased silviculture, grassland, and other temporary crops. The mean rates of LULCC
in MH are lower than in other SU. However, the substitution of natural biomes with agri-
cultural activities is observed, which is a common practice according to [43,44]. Although
other temporary crops have the lowest variation rate of LULC, to the extent of not appear-
ing in NP, this LULC has a representative coverage area in MH compared with other SU.
The analysis of QSR demonstrated an increase in forest formation to the detriment of the
abandonment of activities of pasture and MAP.

Variations in LULC in the QSR are associated with the departure of residents from the
community due to difficult housing conditions [45], such as government abandonment, lack
of opportunities, and the occurrence of natural disasters such as floods and windstorms. At
the same time, it is identified that the QSR unit is a region that facilitates the development of
forest formation, possibly due to the hillslope conditions too. It is known through personal
communication that they do not usually cultivate close to water sources to preserve territory
and the landscape.

These ideas about conservation in QSR match the principles of sociogeomorphology.
The QSR organized their crops keeping their distance from water resources due to their
ancestral beliefs and local knowledge about floods, which was acquired over time. Forest
coverage was promoted to avoid strong floods and protect the community. In this way,
crop growth can be sustainable and in equilibrium with nature. LULCC result from
interactions between humans and nature, so a sense of belonging to landscapes rather
than their mere use can be a relevant factor for addressing LULCC according to [25]. Thus,
the co-production of the human—nature system is verified, an idea that can be used in
territory management.

In NP, there is an increase in silviculture (2.60 ha/year) and MAP (1.70 ha/year) and a
decrease in forest formation (—1.70 ha/year) and grassland formation (—2.06 ha?/year).
This result is a paradox considering that national parks must promote the afforestation
of their areas. However, it is identified that this is an area with low Dd and low S, which
facilitates silviculture and agriculture, practices that may be carried out outside the law.
Areas with territorial overlaps between NP and rural communities (traditional and non-
traditional) showed LULC variation rates between —1.0 and 1.50 ha/year, which are lower
than those of other units (Figure 8).
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Figure 8. Rate of change in intersections between communities and national parks between 1985
and 2020.

The creation of national parks and their delimitation as conservation units have
brought some conflicts to rural communities [46]. Therefore, the implementation of land
use policies must consider the territorial aspects of the settled communities. The NP-
QSR area showed an increase in forest formation (1.12 ha/year) and a decrease in other
temporary crops (—0.01 ha/year), MAP (—0.37 ha/year), and pasture (—0.96 ha/year).
With these results, the mission and performance of national parks in QSR to preserve
natural territories and stimulate rural and forest formation can be verified [47]. However,
the opposite situation is evident in the PN-MH territory. There was an increase in pasture
(0.35 ha/year) and silviculture (4.90 x 1072 ha/ year). One of the possible reasons for such
a situation is explained if S and Dd are considered. For the QSR and NP-QSR units, the
high S values hinder the development of agricultural activities.

This contrasts with the MH unit, where S and Dd as geomorphometric characteristics
enable community survival activities. In addition, the fact that the territory in the QSR
has been occupied throughout the years by almost the same families should be considered.
In MH, the mixing, departure, and entry of new families have diminished the sense of
belonging to the territory [25]. As previously stated, the QSR was established approximately
200 years ago. However, the community’s founders resided longer in the territory on the
farms of the plateau region.

4.3. Statistical Analysis
4.3.1. Statistical Comparison of LULC

In terms of area variation rates, each unit of analysis had at least one point of LULC
data with non-normal distribution, except for NP-MH. Hence, non-parametric tests were
used for comparison. The Kruskal-Wallis test pointed to an absence of statistically signifi-
cant differences among the units of analysis (p-value > 0.05).

In addition, the use of the Mann-Whitney test to carry out pairwise comparisons
revealed that there were no significant changes in LULC for the different units. This
means that area variation rates in the different LULC classes are similar, which points
to a balance, whereby one type of land cover increases, and another one decreases to a
similar magnitude.

Similar to the variation in area rates, in the analysis of the area of LULC, each unit
of analysis had at least one point of LULC data with non-normal distribution, except for
NP-MH. Again, it was identified that these areas differed in most cases according to the
Mann-Whitney test. Table 6 shows the pairwise LULC comparisons whose p-value was
greater than 0.05.
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Table 6. p-values returned by the Mann-Whitney test applied to LULC areas.

Social Unit LULC Description p-Value
NP MAP—Silviculture 0.791
Pasture—Silviculture 1.000
Grassland—Silviculture 0.957
QSR Grassland—Other temporary crops 0.561
Silviculture—Other temporary crops 0.419
MH Pasture—Other temporary crops 0.372
NP-QSR Grassland—Pasture 0.226
NP-MH Silviculture—Other temporary crops 0.790

In the NP unit, the lack of differences between MAP and silviculture, and between
pasture and silviculture, was verified. These differences persisted when comparing pas-
ture and MAP. These activities indicate that the area of these LULC exists in a different
proportion compared to other LULC of the same unit, such as forest and grassland. In
the QSR unit, grassland formation, silviculture, and other temporary crops were similar
to each other. When this result is compared with Figure 5, the information is consistent
because there are percentages below 4% across the time period that represent those LULCs
(grassland, silviculture, and other temporary crops). In the MH unit, only pasture and
other temporary crops coverages were statistically similar. In the NP-MH unit, silviculture
and other temporary crops proved to be closely related, to the extent that an increase in
silviculture entailed a decline in other crops (Figure 8). Furthermore, in the NP-QSR unit,
grassland and pasture were similar in area, but the other results were contradictory, as
shown in Figure 8.

4.3.2. Cluster Analysis

Two large groups with more than a 40% similarity in their data were identified
(Figure 9). Group A (blue) corresponds to the LULC from natural formations (forest
and grassland) that are similar in terms of area and geomorphological characteristics such
as S mean, Dd, and the length of river channels. In addition, there is a similarity with the
area of territorial UA. This implies that the delimitation of territorial units such as national
parks or the Quilombola community, or even the Mae dos Homens settlement, considers
their characteristics to occupy these areas.
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Figure 9. Dendrogram to identify similarities between natural and anthropic variables.
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Group B (red) refers to MAP, pasture, silviculture, and other temporary crops. In other
words, group B is related to anthropogenic activities which are typical of the economic
system of the region. In addition, it also had a similarity to mean altitude and maximum
slope. This is because the values of Z and maximum S influence the way to work with land
and determine different LULC.

Shows statistically significant results (p-value < 0.10) from the Pearson’s correlation
test. In group A, which focuses on geomorphological characteristics, the forest is related to
the length of the main river (r = 0.922; p-value = 0.026). The correlations between the length
of the main river with both Dd and the area of the units of analysis were also verified. The
correlation found between forest cover and Dd contrasts with the one described by [41],
who pointed out an inverse correlation between Dd and dense vegetation. Extensive forest
cover and many caves or grotas with water source point creeks are the natural conditions
of the headwater of the Mampituba River, which explains the correlation between forest
cover and Dd in this region. Headwater conditions in the Mampituba Basin include forest
cover and mean values of S. The SU with high mean S values can have a large forest cover
area, e.g., QSR, NP-QSR, and NP-MH (Figure 5).

In group B, silviculture and MAP showed a statistically significant correlation. Addi-
tionally, other temporary crops and maximum slopes were inversely correlated (r = —0.874).
This means that crops of different types such as soy can be predominantly found along
hillslopes with low S values. This result can explain the activities of MH because this SU
has the highest cover area of this LULC and the least S between the maximum declivi-
ties of SU (Table 7). This result may also be derived from the MH-H (SGU), which has
the same maximum slope as MH (43.38°). Furthermore, the correlation between other
temporary crops and maximum slopes gives an idea about the crops of subsistence of the
Quilombola community of Sao Roque, which is in the hillslope region. This community has
historically occupied this area [26,48], even when many inhabitants were forced to leave
the national park territory. Although many others stayed there because they had no other
choice, the permanence of the Quilombola community in the region is positive considering
that they take care of their environment [49], since land preservation is an intrinsic feeling
of this community.

Table 7. Correlation coefficients and p-values between variables.

Group Variables Correlation p-Value
A Forest Li 0.922 0.026
A Forest Dd 0.867 0.057
A Forest Slope_m 0.842 0.074
A Length Dd 0.860 0.061
B Silviculture MAP 0.837 0.077
B Other temporary crops (OTC) Slope_max —0.874 0.053

Some human-landscape interactions are closely associated with natural features, while
others depend on community behavior. The findings of this study relate to agricultural
activities and depend on the social characteristics of communities. Thus, sociogeomor-
phological studies in land management help to recognize relevant information derived
from social characteristics, especially in traditional communities. As a result of the research
findings, attention is drawn to government plans for territory management that consider
human-landscape interaction. It is worth noting that due to the different characteristics of
all social groups within a community, future land management strategies appropriate to
them should be established. When local knowledge is included, it encourages exploration
and valorization of ancestral wisdom about land management. Hence, land management
policy requirements could include local knowledge and social characteristics. Furthermore,
land management policies might include nature-based solutions [50] that are closely related
to local knowledge and human-landscape interactions, which could be considered as a
requirement for government action.
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5. Final Remarks

In the present work, the Quilombola Sao Roque (QSR) and Mae dos Homens (MH)
communities were analyzed over a period of years in terms of six different LULC classes:
forest, grassland, silviculture, mosaics of agricultural and pasture (MAP), pasture, and other
temporary crops (OCT). These communities are located in a region where geomorphological
units such as plateau, hillslope, and floodplain are identified. Variables such as altitude
and slope have been found to boost mass movements and, by extension, influence the
use allocated to land covers. Thus, by using social units and geomorphological units,
sociogeomorphological units were analyzed, i.e., a sociogeomorphological approach was
conducted to comprehend these two rural communities.

In the study region, river discharge occurs regularly, possibly due to the high presence
of vegetation, especially forests. The QSR community area and its intersection with natural
parks are the units with the longest length of the main river, being two social agents that
ensure the preservation of the environment. Here, we highlighted the sociogeomorphology
principles where the co-production of the landscape was composed of interactions between
geomorphic units and social units.

Some variations in LULC have been identified, such as an increase in forest and
a decrease in crops in QSR, as well as decreased MAP, pasture, and forest formation
and increased silviculture, grassland, and other temporary crops in MH. In addition, it
was observed that there are different responses in the overlaps of natural parks with the
communities for each LULC class.

Fifteen classes of SGU were established from the intersection of 5 SU and 3 GU. The
SGU allowed for the identification of specific characteristics of the territory and helped
explain some interactions between social and natural agents that impact on the landscape.
From a holistic point of view, territorial analyses integrating several landscape elements
can give interesting information. Thus, the study of SGU and the principles of sociogeo-
morphology can help government managers make better plans for their territory.

The considered variables were examined through a cluster analysis, which revealed
two groups. One group represents the characteristics of the natural environment. The other
group accounts for social activities such as agriculture associated with altitude. Thus, it can
be seen how, consciously or unconsciously, communities consider natural characteristics
for their own development when settling down, demonstrating that this aspect is relevant
when thinking about land management strategies. Additionally, subsistence agriculture
and forest coverage are found to be strongly related to slope, which proves that even in
places with limited accessibility, land can be worked, and forest can be protected, for which
there must be a balance with the environment. This is an important aspect to consider in
public policies for a better organization of rural communities.

The results show the different responses of LULCC according to communities’ features
and demonstrate that natural conditions influence the way that communities manage their
territory, and this is related to their local knowledge and costumes. This study shows how
relevant social activities can be in territory management because there are many points of
view. In the near future, the Brazilian government may have to apply various traditional
community practices to the integrated management of natural resources, including water
resources. Territory management includes natural aspects, so taking care of the territory
should mean taking care of the environment and natural resources.

Although the information from the MapBiomas Project was very useful to obtain an
idea about LULC, the spatial resolution and the description of LULC was not the best to
describe the details of LULCC in the study area. Therefore, fieldwork is necessary to retrieve
details and information directly from inhabitants through, e.g., personal interviews. The
present study analyzed only two communities and their overlaps with the national parks;
however, there are more communities in the basin area that were not considered. These
communities have areas inside and outside of the basin area, so this can be challenging for
analysis. Further research in this line should consider expanding the study area to other
communities, and reassess the results obtained here.
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