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ABSTRACT

The objective of this paper was to evaluate the degree of anthropic transformation of a river basin
in the Amazon region. We used the digital data of the TerraClass Project to calculate the Anthropic
Transformation Index - ATI. In order to verify spatial and temporal changes along a decade in the Gurupi
river basin, we used the database of the years 2004 and 2014. The results showed an increase of
anthropic changes in the basin over a decade, as a result of forest cover conversion into agricultural and
pastures areas. Although the Gurupi river basin remains at a regular level of degradation after a decade,
the intensification of land use and land cover change is a threat to the few rainforest remnants of the
river basin, which can lead the region to the next level of degradation, if effective forest protection,
conservation and restoration actions are not implemented in the region.

Keywords: Land uses. Anthropic alteration. Degradation. Amazon.

RESUMO

Este artigo tem como principal objetivo avaliar o grau de transformagdo antrdpica de uma bacia
hidrogrdfica amazénica. Para isso, foram utilizados dados do projeto TerraClass e aplicado o indice de
Transformagdo Antropica - ITA para os anos de 2004 e 2014, a fim de verificar as mudang¢as espaciais ao
longo de uma década. Os resultados mostraram que houve uma intensificagdo no nivel de antropizagdo
da bacia do rio Gurupi ao longo dos dez anos avaliados, resultado da conversdo de dreas de florestas para
a expansdo de atividades agropecudrias. Embora esta bacia possua um nivel de degradag¢éo considerado
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regular, as intensas mudangas no uso e cobertura do solo da bacia constitui-se em uma ameaca direta
aos poucos remanescentes de floresta madura ainda existentes, o que elevaria a regiGo a um proximo
patamar de degradagdo, se nGo houver agdes de protecdo, conservagdo e restauragdo florestal.

Palavras-Chave: Usos da terra. Alteragdo antrdpica. Degradag¢do. Amazénia.

1 INTRODUCTION

River basins are complex systems, understood as key management units for the planning and
administration of water resources and land use. River basins are easy to recognize and characterize,
and studies based on this type of spatial cutout allow an integrated approach to the environment
(MOLLE, 2009). Despite their importance the lack of planning and management associated with
the effects of unsuitable land use and indiscriminate use of water threaten the maintenance and
sustainability of watersheds in Brazil.

The Amazon basin is the largest hydrographic basin on the world and the recent occupation of
the region with the explicit objective of securing national borders and integrating the region’s
economy, has led to large-scale deforestation and land use changes, with negative consequences
in terrestrial and aquatic ecosystems (VAL et al., 2010; FEARNSIDE, 2005). In the eastern Brazilian
Amazon the history of human colonization and the intense dynamics of land use and occupation
since the nineteenth century, have contributed to the anthropization of the landscape, which has
been accelerated over the last 50 years due to predatory selective logging and extensive cattle
ranching, determinants for changes in the forest landscape of the region (ALMEIDA and VIEIRA,
2010; CELENTANO et al., 2018).

Despite the efforts to monitor deforestation in the Amazon (INPE, 2016), the most complete
mapping of land use in deforested areas started to be produced by the TerraClass project
(COUTINHO et al., 2013; ALMEIDA et al., 2016) based on high resolution images and remote
sensing and geoprocessing techniques. TerraClass data combined with other tools that assess
anthropogenic changes in the landscape, represent an important instrument to help managing
and controlling the environmental degradation of watersheds. The Anthropic Transformation
Index (ATI) has a good performance to assess the pressures of economic activities on landscape
components, and thus quantifies its current degree of degradation (GOUVEIA; GALVANIN; NEVES,
2013; RODRIGUES et al., 2014; PERIM and COCCO, 2016; RIBEIRO, GALVANNIN and PAIVA, 2017;
ORTEGA, 2017; ALMEIDA and VIEIRA, 2019).

The Gurupi river basin is particularly relevant to the regional environmental scenario due to its
socio-environmental and political importance, as it corresponds to the border between the states
of Para and Maranhao, at the Amazon agricultural frontier. In the present study, we evaluated
the degree and dynamics of anthropization in the Gurupi river basin over a decade (2004-2014),
integrating efforts to support strategies for territorial protection of this basin.

2 MATERIALS AND METHODS

2.1 STUDY AREA

The Gurupi river basin has a length of about 35000 km2 and is located between the states of Pard and
Maranh3do. Its main river, the Gurupi river, is a natural physical divider between the two states (FIGURE
1). With a length of approximately 700 km, this river springs in the Serra do Gurupi, in the municipality
of Acailandia - Maranhado, and flows into the Atlantic Ocean (UEMA, 2016).
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Figure 1 | The Gurupi river basin, Eastern Amazon.
Source: Cartographic database of the Brazilian Institute of Geography and Statistics (In Portuguese: Instituto Brasileiro de Geografia
e Estatistica — IBGE) and the National Water Agency of Brazil (In Portuguese: Agéncia Nacional das Aguas — ANA) (2019).

The Gurupiriver basinis part of the Western Northeast Atlantic Hydrographic Region, which encompasses
much of the state of Maranhdo and a small portion of the state of Pard (ANA, 2015). The Gurupi river
basin covers the whole territory of the Itinga do Maranhdo and Boa Vista do Gurupi municipalities in
the state of Maranhdo, and parts of the territorial areas of 12 municipalities: Cachoeira do Pirid, Dom
Eliseu, Nova Esperanca do Piria, Paragominas, Uliandpolis and Viseu, in the state of Pard, and also
the municipalities of Acailandia, Carutapera, Centro Novo do Maranhdo Junco do Maranhado, and Sado
Francisco do Brejdo. This region presents a population of 392.601 inhabitants, with 73% living in urban
areas (IBGE, 2010; ANA, 2015). The demographic density of the basin is 10.94 inhab./km? (ANA, 2015).
In the state of Pard, the density is 6.07 inhab./km? and in Maranh&o, 19.81 inhab./km? (IBGE, 2010).

The border between Para and Maranhdo, in the eighteenth and nineteenth centuries, was composed of
numerous farms from which black slaves constantly escaped into the forests, forming the ‘mocambos’
(village-sized communities mainly of runaway slaves in colonial Brazil, during Portuguese rule) on
the banks of the rivers (GOMES, 2005). Thus, various ethnicities and interests were added to the
Gurupi region. According to Gomes (2005), the region assumed diverse agricultural and commercial
characteristics and these populations made of this region their own borders, marked by countless
struggles, alliances and conflicts.

In terms of biogeographic regionalization, the Gurupi basin belongs to the Belém Endemism Area (SILVA
et al., 2005), which corresponds to the first frontier of human occupation and agricultural production
in the Amazon region and which over the years has led to the conversion of large forest areas into
agricultural lands and human settlements (FEARNSIDE, 2005; RIVERO et al., 2009).

This Area of Endemism incorporates all forests and ecosystems east of the Tocantins river in Para state
and includes a greater portion in the state of Maranhdo (known as “regido da Amazénia Maranhense”).
This area has the longest and highest levels of forest loss in Brazilian Amazon, retaining < 20% of its
original primary forest cover and under some kind of protection (ALMEIDA and VIEIRA, 2010; BRAZ et
al., 2016), about 10% are conservation units, and 6% are indigenous land (SILVA et al., 2005). It is an
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area with about two hundred years of human occupation, where land use changes have caused habitat
loss and fragmentation increasing its vulnerability. The few Amazonian forest remnants in the region
correspond mainly to indigenous lands and protected areas.

Currently, the Gurupi river basin faces demands for multiple uses, such as urban and rural water supply,
industry, irrigation and livestock, and these uses have been under great pressure due to deforestation,
exploitation of natural resources and land grabbing (MOURA et al., 2011; CELENTANO et., 2017;
CELENTANO et al.,, 2018). The basin also has low human development and water management
indexes, especially in relation to sewage treatment, treated water supply, and efficient water use, with
implications for the sustainability of the basin (PNUD, 2013; DIAS et al., 2018).

2.2 METHODS

Data from the TerraClass project of the Brazilian National Institute for Space Research (INPE) in
partnership with the Brazilian Agricultural Research Corporation (EMBRAPA) were used to identify
changes in land use and land cover in the Gurupi river basin (ALMEIDA et al., 2016). The original
methodology of the project presents up to 16 land use and land cover classes, implemented for 5 years:
2004, 2008, 2010, 2012 and 2014 (INPE, 2016). However, the years 2004 and 2014 were chosen for the
analysis of the present study because they are the earliest and the most recent years of the TerraClass
database, and therefore allow to analyze the changes after a decade of mapping.

The ArcGlIS tool version 10.2.2 was used for data processing. Initially, a delimitation of the states of Para
and Maranhdo was made in the image shape of the basin, and then the classes originally presented
by TerraClass were reclassified into 9 classes (FIGURE 2), so as to consider the same classes in the two
evaluated years. Four pasture classes were grouped into one, as they corresponded to the same land
use, and classes such as mining, deforestation, non-forest and unobserved area were grouped into the
“other” class. This was done in order to group the classes that were correlated or unrepresentative.
After reclassification, the areas occupied with each class were calculated.
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Figure 2 | Reclassification of land use and landcover classes of the TerraClass project.
Source: Adapted from TerraClass (2004, 2014).
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The ATI was calculated for the years 2004 and 2014 from the percentage values corresponding to the
area of each class of land use and land cover of the basin and their respective weights (GOUVEIA;
GALVANIN; NEVES, 2013; RODRIGUES et al., 2014; LEANDRO and ROCHA, 2019):

n
ITA = Z(ri pi)/100
i=1

where:

ri = weight given to the different i classes of land use and land cover as a degree of anthropic
transformation;

pi =area (%) of a given land use and land cover class in the basin;

n =number of classes.

The adopted weights were defined based on consultations with specialists in the area, from the Botany
and Earth Sciences coordination departments of the Emilio Goeldi Museum, Belém, Pard, according to
the Delphi method, which assigns weights and grades based on the knowledge and multidisciplinary
view of experts (NOGUEIRA et al., 2001; SCHWENK and CRUZ, 2008; ALMEIDA and VIEIRA, 2019).
Weights were assigned according to the degree of modification that a particular class of use and
cover exerts on the landscape. These weights vary within a scale from 1 to 10, from lowest to highest
pressure, respectively (Table 1).

Table 1 | Land use and land cover classes and their assigned weights in relation to the degree of alteration used
in the analysis of the Gurupi river basin, Eastern Amazon.

Land Use/Cover Classes Weights
AGRICULTURE 9
PASTURE 9
URBAN AREA 10
MOSAIC OF USES 5
FOREST 1
HYDROGRAPHY 1
SECONDARY VEGETATION 2
OTHERS 1
REFORESTATION 5

Source: Authors (2019).

To qualify the basininrelation toits anthropization levels, the following classification was adopted:

0 - 2.5 (slightly degraded), 2.5 - 5 (regular), 5 - 7.5 (degraded), and 7.5 - 10 (very degraded) (CRUZ
et al., 1998).

In order to make comparisons of the transformations in the river basin at spatial scale, we analysed the
degree of anthropic transformation in the portion of each state, Para and Maranhao in both periods,
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as well as in the portion that corresponds to the protected areas of the basin (indigenous lands and
conservation units).

3 RESULTS AND DISCUSSION

The predominant class in the Gurupi basin was forest, both in 2004 and 2014, followed by pasture
(FIGURE 3). However, there was a decrease in forest area and an increase in pasture area in the
analyzed period.

The development model implemented in the Amazon for obtaining economic advantages only have
resulted in intense land occupation associated with land use changes and high pressure on forests.
Excessive demand for timber resources combined with an economic strategy that promoted the
expansion of livestock and agricultural and agro-industrial commodities from the 1970s onwards has
led to systematic deforestation of large forest areas in this region (FEARNSIDE, 2005; RIVERO et al.,
2009; ALMEIDA and VIEIRA, 2010; VIEIRA; TOLEDO; HIGUCHI, 2018). Over ten years, forest areas in the
Gurupi basin had a decrease of about 2638 km2, representing a loss of 16%. In turn, the pasture class
had an increase of 959 km2, 9% higher compared to 2004 (TABLE 2).
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Figure 3 | Map of land use and land cover in the Gurupi river basin,
between the states of Para and Maranhao, in 2004 (a) and 2014 (b).
Source: Prepared by the authors based on TerraClass data (2019).
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Table 2 | Anthropic Transformation Index of the Gurupi River Basin in 2004 and 2014.

Land Use/Cover Classes Area (Km?) Area (%) ATI
2004 2014 2004 2014 2004 2014
AGRICULTURE 271,33 1349,80 0,78 3,87 0,07 0,35
PASTURE 9610,07 10569,20 27,52 30,27 2,48 2,72
URBAN AREA 53,34 137,00 0,15 0,39 0,02 0,04
MOSAIC OF USES 134,19 221,59 0,38 0,63 0,02 0,03
FOREST 16933,00 14294,70 48,49 40,94 0,48 0,41
HYDROGRAPHY 61,30 61,30 0,18 0,18 0,00 0,00
e 2516,00 4357,69 7,21 12,48 0,14 0,25
OTHERS 5339,77 3217,33 15,29 9,21 0,15 0,09
REFORESTATION - 710,39 - 2,03 - 0,10
TOTAL 3,37 4,00

Source: Authors (2019).

The agriculture class represented a smaller portion of the basin compared to the pasture class and it
had an increase of 1078 km2 in 10 years, and occupied an area in 2014 about 5 times larger than in
2004 (TABLE 2). Also, the urban area had a significant increase in 10 years, although represented only
1% of the basin. There was also an increase of 87.4 km2 and 1841.7 km2 in the areas occupied by the
mosaic of uses and secondary vegetation, respectively, from 2004 to 2014.

The application of the ATI to the Gurupi river basin showed an increase in the degree of anthropization
of the region from 2004 to 2014 (TABLE 2), but the basin remained in the “regular” degradation
category. The main factors leading to the increase in the degree of anthropization are related to the
reduction of forest areas to boost agricultural and livestock activities. In fact, the Gurupi forest is
rapidly disappearing due to illegal logging, deforestation and livestock (CELENTANO et al., 2018), and
the negligence of the State and absence of effective regulatory and control mechanisms intensify land
use conflicts and loss of forests in this region.

Although the Gurupi river basin remained with the same level of degradation in 2014 as in 2004 the
highest rates of degradation occurred on the western side of the basin, in the state of Para (TABLE
3). This result is mainly related to the growth of agricultural activities, which occurred with a little
more intensity in the state of Para, where the agricultural area increased from 263.58 km2 in 2004
t0 1187.34 km2 in 2014, and the pasture area from 4833.41 km2 to 5474.24 km2 in the same period.
Another important factor which contributed to the largest change in land use in the western side of
the basin is that in the eastern part of the state of Maranhdo, more than 1/3 of the territory consists
of protected areas, which in some ways slow down the advance of the agricultural frontier. Despite
constant threats, such as deforestation, illegal logging and fires, these protected areas conserve forest
remnants and biodiversity, thereby ensuring essential ecosystem services (CELENTANO et al., 2018;
PAIVA et al., 2019).
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Table 3 | Detailed anthropogenic transformation indexes by state and protected areas of the Gurupi river basin in
2004 and 2014.

GRB - MA GRB - PA PROTECTED AREAS
Land Use/Cover Classes

Area(%) | ATI Area(%) | ATI Area(%) |  ATI

2004
AGRICULTURE 0,05 0,00 1,38 0,12 0,00 0,00
PASTURE 30,25 2,72 25,27 2,27 2,28 0,20
URBAN AREA 0,14 0,01 0,17 0,02 0,00 0,00
MOSAIC OF USES 0,11 0,01 0,61 0,03 0,02 0,00
FOREST 49,56 0,50 47,61 0,48 89,58 0,90
HYDROGRAPHY 0,14 0,00 0,20 0,00 0,15 0,00
SECONDARY VEGETATION 4,30 0,09 9,60 0,19 1,44 0,03
OTHERS 15,45 0,15 15,16 0,15 6,55 0,07
REFORESTATION - 0,00 - 0,00 - 0,00
TOTAL 3,48 3,27 1,20

2014
AGRICULTURE 1,03 0,09 6,21 0,56 0,00 0,00
PASTURE 32,26 2,90 28,62 2,58 5,24 0,47
URBAN AREA 0,36 0,04 0,42 0,04 0,00 0,00
MOSAIC OF USES 0,48 0,02 0,76 0,04 0,22 0,01
FOREST 42,77 0,43 39,42 0,39 85,17 0,85
HYDROGRAPHY 0,14 0,00 0,20 0,00 0,15 0,00
SECONDARY VEGETATION 11,55 0,23 13,25 0,27 4,58 0,09
OTHERS 9,56 0,10 8,93 0,09 4,65 0,05
REFORESTATION 1,85 0,09 2,19 0,11 0,00 0,00
TOTAL 3,90 4,07 1,47

GRB - Gurupi River Basin. MA - Maranhdo. PA - Pard.
Source: Authors (2019).

Protected areas represent almost 20% of the basin area. These areas are comprised of indigenous
lands (Alto Guama River, Alto Turiacu and Awa Indigenous Lands) and conservation units (Gurupi River
Biological Reserve and a small portion of the Environmental Protection Area of Maranhao Reentrances),
which also contain large areas of native vegetation. However, the present study showed that there was
an increase in the degree of anthropization from 2004 to 2014 in these protected areas (TABLE 3). Over
the last 10 years, forest areas in the protected areas have decreased by 5% (298 km2) due to pastures -
which increased by about 200 km2 -, mosaic of uses - which increased up to 14 times -, and secondary
vegetation.

The largest areas of native forest are found in Indigenous Lands, but much of the remaining forests
are highly fragmented and degraded due to recurrent fire and logging events, as well as hunting and
exploitation of non-timber products. Some studies in the protected areas of this region corroborate
these results, indicating changes in vegetation cover, mainly associated with illegal logging, agriculture,
livestock, urban sprawl and infrastructure projects (SILVA et al., 2019; PAIVA et al., 2019). The Gurupi
Biological Reserve, the only integral protection conservation unit in the basin, has been the scenario of
intense conflicts, driven mainly by illegal wood extraction from the area, resulting in strong pressures
on its ecosystems (MOURA et al., 2011).

ISSN-e 2179-9067 219 Sustainability in Debate - Brasilia, v. 10, n.3, p. 212-223, dec/2019



Anthropic transformation in the Gurupi river
basin, eastern Amazon

The ATI results showed the growth of anthropogenic activities in the protected areas of the Gurupi
basin (TABLE 3), despite the restrictions on land use established by the Brazilian current legislation
(BRASIL, 1988; SNUC, 2000). Although their results may seem little significant, they are still worrying,
since forest disturbances may potentiate the loss of biodiversity, decreasing the conservation value of
these forest areas (BARLOW; LENNOX; GARDNER, 2016).

Creation of protected areas is one of the main strategies for biodiversity conservation. Despite the
importance that these areas have to control deforestation and to the conservation of the amazonian
iodiversity (FERREIRA; VENTICINQUE; ALMEIDA, 2005), strategies aimed only at maintaining forest cover
may not reduce anthropogenic disturbances (BARLOW; LENNOX; GARDNER, 2016). Environmental
management strategies need to include monitoring deforestation, environmental surveillance,
strengthening local governance systems, and protecting forest productive arrangements around
protected areas (CURRAN et al., 2004; SOARES FILHO et al., 2005).

Given the accelerated anthropism in the Gurupi basin, new integrated management strategies for this
territory should be implemented in order to reinforce land use governance. One of these proposals is
the creation of a mosaic of protected areas in the region (CELENTANO et al., 2018), which integrates
efforts for territorial protection, forest restoration, and guarantee of the quality of life and rights of
indigenous and traditional populations living in this territory.

3 CONCLUSIONS

The analysis of land use and land cover of the Gurupi river basin showed regular level of degradation
overadecade. Theincrease in the pasture and agriculture classes and the decrease in forest area directly
reflected in the degree of anthropic transformation index for the region. Although we found a regular
level of degradation in the Gurupi river basin both in 2004 and 2014, anthropogenic transformations
in the landscape have increased over the 10-year period analyzed. Extensive forest areas have been
converted into pastures and agricultural areas and the high demand for land in this river basin is a
threat to the forest remnants and biodiversity of the region

Significant proportion of forests in the basin are in protected areas. Nevertheless, the degradation
of these forests increased between 2004 and 2014 and endanger not only the biodiversity but also
the livelihoods of indigenous populations. Forest conservation and restoration strategies associated to
public policies to guarantee traditional populations territories need to be implemented in the region
since the creation of protected areas alone have not been able to hinder the growth of anthropogenic
disturbances in the Gurupi river basin.
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