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ABSTRACT

A close relation exists between the land cover situation and the environmental conditions
of local wildlife species. This paper aimed to analyze the alterations of the land cover in two
periods (1988 / 1995 and 1995 / 2003) regarding changes or persistence of the each land
cover class and habitat assessment (establishment of categories of habitat quality) for a place
in Brazilian Southeastern region. The study was carried out using digital land cover maps of
the study area. Using a routine of GIS software, data were analyzed and the thematic maps
generated. The data indicates that the region presented a dynamic land cover change, where
almost a half of the study area presented changing in the land cover during the studied period.
Major portion of the study area (~80%) was considered unsuitable for wildlife species
establishment. It is urgent the necessity for a territorial reorganization in some regions aiming
the construction of a biodiversity corridor to avoid a total isolation of the patches classified as
primary habitat. The recovery of riparian forests along the rivers could accomplish it.

Keywords: land cover change; habitat quality assessment; biodiversity; landscape ecology.

Alteracdes na cobertura do solo e avaliagdo da qualidade ambiental
usando técnicas de SIG — um estudo de caso na regido sudeste
brasileira no periodo de 1988 a 2003

RESUMO

Sabe-se que existe uma relacdo estreita entre a situacdo da cobertura do solo e as
condigBes ambientais para as especies silvestres. Este trabalho objetivou analisar as alteracdes
da cobertura do solo em dois periodos (1988/1995 e 1995/2003) relacionando situacdes de
alteracOes ou persisténcias de cada categoria de cobertura do solo e avaliacdo de qualidade de
habitat (estabelecimento de categorias de habitat) para uma localidade na regido sudeste
brasileira. O estudo foi desenvolvido usando mapas digitais de cobertura do solo da &rea de
estudo. Por meio de um moédulo associado a uma plataforma de sistema de informacéo
geogréfica, os dados foram analisados e os mapas tematicos elaborados. Os dados indicam
que a regido apresentou uma alteracdo na cobertura do solo, onde quase a metade da area de
estudo apresentou alteracdo na cobertura do solo durante o periodo de estudo. A maior parte
da &rea de estudo (~80%) foi considerada inapropriada para estabelecimento da vida silvestre.
E urgente a necessidade de uma reorganizagéo territorial em algumas regides com o objetivo
de se construir um corredor de biodiversidade para evitar o total isolamento the fragmentos
classificadas como habitats de qualidade primaria. A recuperacdo de florestas ciliares ao
longo de cursos d’agua poderia ser uma opgdo com éxito.

Palavras-chave: mudanca na cobertura do solo; avaliacdo de qualidade de habitat; biodiversidade;
ecoloaia de npaisagem.
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1. INTRODUCTION

Current condition of the land cover normally constitutes the result of historical process of
land use and land cover alteration since preterit periods (Lambin et al., 2003). Such process
encompasses many of economic, social and environmental causes (Silva, 2004b). On the
other hand, the situation of the land cover, especially in a remnant vegetation area
(fragmented in major or minor degree), directly implicates on the habitat quality for wildlife
species (Castro and Fernandez, 2004; Ferraz et al., 2007; Jorge and Garcia, 1997).

Aiming to establish guidelines for an adequate and sustainable management of the
remnant vegetation and wildlife species, many studies employing GIS technology have been
developed, where the maps are the key products (Becker et al., 2004; Korman, 2003). These
products might indicate suitable and unsuitable areas for biological conservation and
establishment of corridors for biological conservation (Gontier et al., 2006). They also
constitute crucial database for planning, sometimes elaborated from preexistent land cover
maps.

The Southeastern Brazilian region, in special the S&o Paulo State, constitutes an example
of advanced degradation level (Brannstrom and Oliveira, 2000; Durigan et al., 2003). Many
researchers located in S8o Paulo State have elaborated some procedures of investigation
aiming to inspect the level of degradation, level of species extinction or danger and the
identification of potential unities for biological conservation, among others (Metzger and
Casatti, 2006).

On this context, and despite Sorocaba city (Figure 1) constituting an important ecological
region due to proximity of two important biomes in Brazil (Mata Atlantica and Cerrado -
ecotone region), few studies concerning biodiversity were carried out for this region.
Examples are Sussman and Rodrigues (2004), which investigated the use of a fluvial gallery
located in a highway as corridor by mammal species; Calocci (1998) that studied the diversity
of birds’ species in an urban garden; and Smith and Barrella (2000) that studied the
biodiversity of fish species in some marginal lagoons of Sorocaba River.

In this paper we analyzed the land cover change in two intervals (1988 / 1995 and 1995 /
2003) regarding the change or persistence of the each land cover class and habitat assessment
(establishment of categories of habitat quality).

2. METHODS

2.1. Environmental characterization of the study area

The study area is Sorocaba (S&o Paulo State), a city located in the Southeastern of Brazil
(Figure 1), with area of 456 km? and 532,000 inhabitants (98% of them living in urban
settlements). It is considered as an important socio-economic center of the region,
encompassing 1,078 industries (SEADE, 2006) and showing an advanced urban expansion. It
is surrounded by others industrial cities, like Votorantim, Itu and Porto Feliz.
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Sorocaba River [ Urban settlements

Pirajibu River

Figure 1. Left: Location of Sorocaba city in Sdo Paulo State. Right: Sorocaba City, the main water
courses and urban settlements.

The annual average temperature is 21.4°C and annual average rainfall height is 1,285 mm.
The topography is highly changeable. In the western portion, where the land is intensively
used for agriculture, the relief is plane or smoothly waved. In the eastern portion, where the
relief is waved to strongly waved, the remnant vegetation is more conserved. The topographic
map of the city reveals that the elevation ranges from 500 to 1033 m above the sea level.
There are two main soil classes: Yellow-red Alfisols and Red Oxisols, both dystrophic
(Oliveira et al., 1999).

Sorocaba River is the main superficial water body of the region and it is highly impacted
due to the launching of an untreated industrial and domestic wastewater; this condition
generally cause a high impact of the riparian forest, especially in the urban perimeter of
Sorocaba city (Smith and Barrella, 2000). In Sorocaba occurs the biome called “Mata
Atlantica”, but it is a transition area (ecotone) between the biomes “Mata Atlantica” and
“Cerrado” (www.ibge.gov.br). It encompasses an area largely converted for agriculture,
pasture (Sano et al., 2008) and urban expansion.

According to the newest land cover map of this city (Silva, 2005), the main land cover
category is pasture, occupying 36.2% of the study area. The category urban settlement
occupies 18.7%, follow by the remnant vegetation and Reforestation categories (together),
with 22.1%.

2.2. Procedures

The land cover changes and habitat quality assessment for the study area were analyzed
by using of a digital land cover map for three years: 1988, 1995 and 2003. These maps are
presented in Silva (2005) already, including detailed methodology of classification. The land
cover categories existing in these maps are: Pasture, Remnant Vegetation and Eucalyptus sp
/Pinus sp areas (Reforestation), that were classified together as one single land cover class
(NRV / Ref), Urban settlements, Bare soil, Water bodies, Cultures and Others. The class
“Others” means all pixels not included in none land cover class. The class of principal interest
for this study (NRV / Ref) is constituted by patches of natural remnant vegetation and some
plantations of Pinus sp. and Eucalyptus sp. However, the area destined for Pinus sp. and

Cririnahmtiic en ara ermall and Aiia +a thiece tha Alace “rafnaractatrinn?? waae 1nintad wanth natiiral
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Using the module of raster-based GIS software (Eastman, 2006), the gain and losses of
each land cover class between the intervals 1988-1995 and 1995-2003 were evaluated.

Also using the same GIS module, it was assessed the quality of habitat for wildlife. The
module is oriented to the pressing problem of accelerated land conversion and the very
specific analytical needs of biodiversity conservation. For this part, the module requires that
you insert two files corresponding to two land cover maps of different years. After, the
module provides information, graphically or cartographically, contemplating five categories:
primary habitat, secondary habitat, primary potential corridor, secondary potential corridor
and unsuitable (Clark Labs, 2007). These categories are indicated below with a brief
interpretation.

Primary Habitat. Areas of greatest conservation value. This is a habitat that presents all
the necessary life needs in terms of size, access to forage, water, food, etc. In this case, the
issue is specified by a minimum suitability (or habitat suitability map).

Secondary Habitat. Areas in which the designated habitat exists, but where one or more
requirements are missing (such as minimum area or minimum suitability level) to serve as
primary habitat. Secondary habitat areas provide forage and protection for dispersing animals
as they are moving to new areas of primary habitat.

Primary Potential Corridor. Safety area indicating to animal species for traversing in any
time, such as at night.

Secondary Potential Corridor. Areas that are known to be traversed by the species in
question, but which constitute much riskier to the vegetal cover types.

Unsuitable. Areas that are not suited for habitat or corridors.

The module requires information regarding six parameters, whose numerical values were
adopted according to information available in Valente (2001), who stated that the majority of
species of mammals require a minimum area of 100 hectares to live, while for birds the minimum
area is near of 10 ha and for insects the minimum area is 1 ha.

1) Minimum core area for primary habitat patches: 100 hectares;

2) Minimum edge buffer for primary habitat patches: 50 meters;

3) Minimum core area for secondary habitat patches: 50 hectares;

4) Minimal edge buffer for secondary habitat patches: 30 meters;

5) Minimum edge buffer for primary potential corridors: 30 meters;

6) Minimal edge buffer for secondary potential corridors: 10 meters.

About the corridors, the adopted values are similar to smaller value required for width of
riparian vegetation for small streams, according to current Brazilian Forest Code. It is particularly
difficult to establish accurate values for corridors because it is a very discussible concept by
landscape ecologists and conservation biologists regarding the ideal strip width of the corridor in
order to execute the functions for maintenance of biodiversity (Chetkiewicz et al., 2006).

3. RESULTS AND DISCUSSION

3.1. Land cover change

The Figure 2 shows the land cover change for the intervals 1988 — 1995 and 1995 — 2003
(net change values for such intervals). For 1988 - 1995, the bare soil category presented the
major loss during this period, while the major gain was noted for the urban settlement
category. For 1995 - 2003, the pasture category presented the largest loss, while the
agriculture category presented the largest gain, followed by category urban settlement.
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Figure 2. Net change between 1988 and 1995, and
between 1995 and 2003 (values in % of the total area).

Parallel to it, after the early 1980s, the population increased abundantly in Sorocaba
(especially the urban population), explaining the increasing of the category “urban
settlements”. On the other hand, it is well known that the urban area can increase the effects
of the land in rural areas through the ecological footprints (Lambin et al., 2003), that includes
a large dependency of resources generated in rural and/or conservation areas, with the
production of a large amount of wastes (atmospheric, solid and liquid), characterizing an
expressive disturbed biogeochemical budget. For example, Martinelli et al. (2002) estimated
that in Sorocaba there was the daily generation of 83,224 m® of sewage and only 5% of this
total was treated, classifying Sorocaba as one of the most polluting city of the S&o Paulo
State. Smith and Barrella (2000) noticed an important relation between the diminution of fish
species diversity in the marginal lagoons of Sorocaba River and the level of river pollution of
that one. Silva and Leite (2004) estimated that yearly approximately 690,000 tons of CO, are
emitted by the vehicles in Sorocaba and daily 350 tons of domestic solid waste are produced
(www.sorocaba.sp.gov.br).

The Figures 3 and 4 present the “persistence maps”. These maps indicate spatial
distribution of the land cover categories (patches with modifications and not modification). In
38.1% of the study area the land cover was the same during all studied period (or the
equivalent to 2,636.6 ha of the class NRV / Ref did not changed). According to the Table 1,
for the two investigated intervals, the percentage of area that the land cover has persisted was
higher than the areas that experienced some kind of disturbance (or change). The values were
similar between the two periods (comparing the data between the fields “persisted and
persisted” and between “altered and altered”).

In relation to the causes of land-use change, Lambin et al. (2003) mention five
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causing pressure of production on natural resources; b) changing opportunities created by
markets; c¢) outside policy intervention; d) loss of adaptive capability and increased
vulnerability; e) changes in social organization, resource access and attitudes. The authors
also mention that land-use change is driven by a combination of these causes. Considering
these fundamental causes, it can be noticed that in Sorocaba the land cover transition is not a
fixed pattern, nor deterministic.
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Figure 3. Persistence map for 1988 — 1995 period. All land cover
classes indicate no land cover changing, exception to “altered areas”,
where changes occurred.
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Figure 4. Persistence map for 1995 — 2003 period. All land cover
classes indicate no land cover changing, exception to “altered areas”,
where changes occurred.
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Table 1. Persistence values (%) for 1988 - 1995 and 1995 - 2003.

Category 1988 - 1995 1995 - 2003
Persisted 59.5 56.4
Altered 40.5 43.6

3.2. Habitat assessment

The Table 2 and Figures 5, 6 and 7 present the database regarding habitat assessment of
the study area for the years 1988, 1995 and 2003. Each habitat status category has presented
similar percentage of occurrence among the studied years and the category “unsuitable” was
largely predominant. The class “primary habitat” occupied approximately 9% of the study
area for the three studied periods.

For the map presented in the Figure 7 (2003 - the most recent map) 16 isolated patches of
“primary habitat” were computed, with area varying from 106 to 1,068 hectares (most of them
with 100 to 200 hectares). Ferraz et al. (2007) found that the parameter area has a dominant
effect over the persistence of birds; Castro and Fernandez (2004) verified similar effect for
mammals. The level of isolation of others forest patches is also extremely important for the
maintenance of the species. Once these patches are dispersed along the study area, a
connection among such patches should be executed in order to facilitate the transition of the
fauna.

The establishment of corridors using the riparian forest is an excellent option of patches
connection (Hilty and Merenlender, 2004; Johnson et al., 1999). According to Naiman and
Décamps (1997), riparian vegetation plays an important role for species like big mammals
(e.g. carnivores, primates and edentates) and birds, once commonly more individuals and
species are found in riparian habitats than in adjacent ones (Johnson et al., 1999). Silveira et
al. (2009) verified that, for Sorocaba city, the 30 m width riparian corridors for all river
network of the Sorocaba City encompass 20% of the total area due the high richness of rivers
and streams that occur in the study site.

I:l Tnsuitable

I:l Secondary Potential Corridor
[ Primary Potential Corridor
I:l Secondary Habatat

B Frimary Habitat

Figure 5. Habitat assessment map for 1988.
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Figure 7. Habitat assessment map for 2003.

Table 2. Percentages of the five categories of habitat status for each period considered.

Habitat status category 1988 1995 2003
Primary habitat 9.4 9.5 9.3
Secondary habitat 7.6 6.1 8.5
Primary potential corridor 2.6 2.5 4.3
Secondary potential corridor 0.0 0.3 0.0
Unsuitable 80.5 81.6 77.9

Overlapping the two maps (habitat assessment for 2003 and buffer strip map) was
possible to verify that all primary habitat patches are connected if the riparian vegetation were
preserved. Illustrating the necessity of connection, it was already verified that in this region
the species of wild mammals use fluvial galleries to go from one patch to other (Sussman and
Rodrigues, 2004). These authors have noticed that species as Mazama gouazoubira (deer),
Hidrochaeris hidrochaeris (capybara), Myocastor coypus (coypu) were the main users of the
gallery forest.
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It was perceived that the GIS technology favors the analysis and search for suitable
habitats for biological conservation along the study area. Metzger and Casatti (2006) mention
the selection of areas for biological conservation was traditionally based in opportunities,
according to some criteria like level of conversion (natural environments = intact forest
landscapes), with a desirable idea of no human interference. This fact has resulted in a vicious
distribution of the areas for conservation (remote areas, located normally in steep areas and/or
with infertile soils).

The results for some ecosystems were poorly represented. Only recently the criteria for
choosing areas for conservation were altered and currently biological parameters were
incorporated in this process (Metzger and Casatti, 2006) and new approaches and
technologies, as GIS, were implemented (Silva, 2004a). Hence an important research line is
encouraging purposes whose aims are experimental diagnostic and restoration of degraded
ecosystems. The results will help us rethink the current and future land cover situation in
order to guarantee enough representative and suitable areas for wildlife conservation.

4. CONCLUSIONS

This study concludes that the Sorocaba city presented an intensive dynamic of land cover
change during the investigated period. Only 9% of the study area meets all conditions for
wildlife establishment in terms of resources for survivor and reproduction. The establishment
of strategic areas for conservation and connecting patches, mainly through the establishment
of corridors using the riparian forest, is an excellent option of patches connection is highly
necessary and urgent.
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