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Abstract

Diagnosis of fragmentation and landscape sustainability conditions are essential to
environmental planning and sustainable management of natural resources. Land use
spatial patterns and landscape structural indexes (landscape metrics, Urbanity Index—
UL and Landscape Vulnerability Index—LVI) have been proposed to assess biodi-
versity conservation and ecological sustainability, provided by impact of land use at
Middle Mogi Guagu watershed and its seventeen municipalities, in 2009. Land use
typologies and structural indexes values were obtained based on screen digitizing of
LandSat-5 imagery, for 2009. Cluster analysis and Permutational Multivariate Analy-
sis of Variance were used to test the null hypothesis of equal degrees of fragmenta-
tion and sustainability conditions among municipalities in 2009, respectively. Land
use spatial pattern showed a predominantly human occupation for watershed and its
municipalities, with agricultural use as the main pressure factor. Municipalities were
aggregated into three clusters related to forest fragmentation: one categorized by fif-
teen municipalities; the second cluster (municipality of Luiz Antdnio) showing the
best condition, and the third group (municipality of Araraquara) with extreme frag-
mentation condition. Landscape metrics related with shape, size, and core areas
fragments intensify edge effects, and increase habitat isolation. The watershed
showed a low naturalness and an intermediate degree of vulnerability. Ecological
sustainability was different among municipalities (a = 0.05, F = 32.65 and p = 0.002),
with two municipalities (Analandia and Luiz Antdénio) presenting the best condi-
tions. The most committed condition was observed, in municipalities of Rincdo and
Guatapara. For conservation policies to be effective must focus on the creation of
ecological corridors around legally protected areas, besides creation of new legal re-
serves, with purpose to improve biodiversity conservation and ecological sustainabil-
ity of Middle Mogi Guagu watershed and its municipalities.
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1. Introduction

Land use related activities, mainly to meet demands for natural resources, have resulted
in environmental degradation [1]. Factors impacting land use are local and/or regional
development actions as well as ecological and structural characteristics of landscape.
Decisions related to land use involve trade-offs between meeting human needs and
ecosystem health, depending on social values [2].

Landscape sustainability is a process of improving dynamic relationship between
ecosystem services and human well-being in a changing landscape [3] and is highly de-
pendent on land use dynamics [4].

The geotechnology is an effective technique for sustainable use planning [5], frag-
mentation diagnosis [6] [7], and identification of scenarios for biodiversity conserva-
tion, based on landscape condition of remaining natural vegetation [8]. Landscape me-
trics [9] [10] and ecological sustainability indexes [11]-[14] can be used in analysis of
landscape management spatial patterns.

These tools also allow the decreasing naturalness or increasing artificiality resulting
from anthropic activities, to be monitored in time and space [15], allowing essential
information about current and historical conditions and the nature-society interaction
to be disseminated to scientific community, general public and decision makers [16].

The watershed approach is recognized as a holistic approach to ecosystem manage-
ment, disaster risk reduction, and climate change adaptation [17] [18]. Worldwide en-
vironmental, socio-economic and political changes are challenging some of foundations
on which watershed management has been based for last 20 years. Currently, watershed
management is going through an experimentation period, in which old and new prac-
tices often coexist and mix in new watershed management programs, design and im-
plementation strategies, and is developed having a different approach. Some of para-
digm shifts that are emerging from this experimentation link to parallel changes in
other areas of development and conservation [19]-[21], including activities with the
focus on beneficiaries [19]. Emphasis on watershed natural resource management is
now a part of local socio-economic development processes with involvement and con-
tribution from local people, in a pluralist collaborative process through multi-stake-
holder participation, linking social, technical and policy concerns [19] [22] [23].

In this study, we identified scenarios of biodiversity conservation and ecological sus-
tainability for the Middle Mogi Guagu watershed and its municipalities, in 2009, based
on land use spatial pattern, and landscape structural indexes, with the goal to environ-

mental planning and sustainable management of natural resources.

2. Study Area

The study was performed at two scales: Middle Mogi Guagu watershed limits and the
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total area of municipalities. The study area is located between geographic coordinates
21°20S - 22°58 and 47°16'W - 48°12'W, equivalent to total territory of municipalities
Américo Brasiliense, Analandia, Araraquara, Descalvado, Guatapard, Ibaté, Luiz
Antonio, Pirassununga, Porto Ferreira, Rincdo, Santa Cruz das Palmeiras, Santa Lucia,
Santa Rita do Passa Quatro, Santa Rosa de Viterbo, Sdo Carlos, Sio Simio, and Tambaa
(Figure 1). The climate is Aw type (Koppen, 1931) that characterizes tropical with

dry winter (May to October) and a rainy season (November to April). The minimum
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Figure 1. 1. Middle Mogi Guagu watershed location, highlighting municipality limits. 2. Legally protected areas: I) Integral Protection
category (a) Santa Maria Ecological Station, (b) Porto Ferreira State Park, (c) Jatai Ecological Station, (d) Vassununga State Park, and II)
Sustainable Use category (e) Area of Relevant Ecological interest of Vassununga, (f) Natural Heritage Private Reserve of Sitio Kon Tiki,
(g) Natural Heritage Private Reserve of Toca da Paca, (h) Protected Environmental Area of Piracicaba Juqueri Mirim, and (i) Protected

Environmental Area of Corumbatai, Botucatu e Tejupa-Corumbatai perimeter.
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temperature is between 18.5°C and 19°C, maximum temperature is 23.5°C and 24°C.
Annual rainfall is 1.100 to 1.700 mm.

The study area is characterized by cerrado vegetation (Brazilian savanna), semi-de-
ciduous forest, and riparian forest [24]. Agricultural activities include sugarcane, citrus,
and pasture cultivation [25] as well as Eucalyptus spp. and Pinus spp. forestries. Agri-
cultural activities are strongly associated with industrial sector, esp. sugar, alcohol, pa-
per, cellulose, vegetable oil, and beverage production [26].

The study area has ten legally protected areas: four areas corresponding to Brazilian
integral protection category (Santa Maria Ecological Station, Porto Ferreira State Park,
Jatai Ecological Station, and Vassununga State Park) and six to Brazilian sustainable use
category (Area of Relevant Ecological Interest of Vassununga, Area of Relevant Ecolog-
ical Interest of Pé de Gigante, Natural Heritage Private Reserve of SitioKonTiki, Natural
Heritage Private Reserve of Toca da Paca, Protected Environmental Area of Piracicaba
Juqueri Mirim-Area I, and Protected Environmental Area of Corumbatai, Botucatu e

Tejupa-Corumbatai perimeter) (Figure 1).

3. Material and Methods

Hydrography and road network data were obtained from Brazilian Institute of Geo-
graphy and Statistics (IBGE) [27] in a scale of 1:50.000.

Classification and extension areas of land use/land cover were obtained based on
screen digitizing of LandSat-5 imagery, sensor TM (path 220, raw 075, obtained for
2009, September 13), with a spatial resolution of 30m, and a multispectral composite of
three bands: near-infrared, red and green wavelengths.

Land use/land cover typology were discriminated by criteria of tone, texture and
context [28] [29], using manual digitalization of polygon in ArcMap 10.2 software.
Each polygon of land use was related to a previously established first level of land use
class [30] [31]. The second level detailed the land use and cover typologies in each pri-
mary level.

To assess natural vegetation conditions of the Middle Mogi Guagu watershed and all
municipalities, we used 54 landscape metrics in Fragstats 4.2 [32]. We performed prin-
cipal components analysis (PCA) and Spearman’s rank correlation to identify indepen-
dent components of landscape structure/natural vegetation conditions and to evaluate
degree of redundancy among landscape metrics (non-linear and monotonic relation-
ships between landscape metrics). PCA was based on correlation matrix of the metrics
(54 patch metrics for 17 municipalities) and was deemed appropriate after examining
pairwise scatterplots among metrics. To summarize the results of PCA, we calculated
the number of principal component required to account for >95% of variation.

Hierarchical clustering was conducted to identify discrete groups based on dissimi-
larity matrix of landscape metrics among municipalities. All analyses were performed
in R software [33] [34], package vegan and commands decostant (standardize), dist
(distance matrix based on Euclidean distance) and hclust (based on average). We ex-

amined the dendrogram to identify which metrics were grouping municipalities.
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Sustainability assessment conditions in watershed and municipalities level, for 2009,
outcome from overlapping Urbanity index (UI) [11] and Landscape Vulnerability In-
dex (LVI) [13] [35] [36].

The UI [11] reflects landscape naturalness and estimates the extension of landscape
domination by strongly human-altered systems [14]. It is based on ratio between anth-

ropogenic and natural uses (Equation (1)) [11].
Ul =log,, [ (A+U)/(F+W)] (1)

where U correspond to urban area; A agricultural area; F forest area, and W aquatic and
wetland areas. The spatial representation of UI considers the maximum degree of na-
turalness (UI = 0) and the minimum degree of naturalness (UI = 1), which correspond
to predominance of strongly human-altered systems. This index doesn’t measure unit.

The LVI indicates the susceptibility of a landscape to environmental impacts, Ze, en-
vironmental vulnerability decreases as the ability of the landscape to minimize envi-
ronmental impacts increases [13] [35] [36]. The LVI values (Equation (2)) were ob-
tained by two metrics, the Vegetation Quality Index (VQI) and the Water Quality In-
dex (WQI).

LVI=(VQI+WQl)/2 ()

The VQI was estimated (Equation (3)) from the values of three metrics of vegetation
patches: Area (AREA), shape (SHAPE) and distance (DISTANCE) between patches,

which were obtained from the land use reclassification;

VQI :(AREA+SHAPE+DISTANCE)/3 (3)

The WQI describes the susceptibility of water bodies, which is related to distances
between water resources and sources of impact represented by different land uses [37].
It is based on the functional curves from the Habitat Quality Index [35] and assumes
that land use and cover are related to environmental vulnerability of vegetation and
water components.

A higher LVI value (1) reflected lower landscape resilience, and a lower LVI value
(zero) reflected higher landscape resilience. This index doesn’t measure unit.

Spatial representation of UI and LVI values was obtained based on RASTER
VECTOR, AREA, and IMAGE CALCULATOR commands in the IDRISI Selva soft-
ware [38], and fuzzy logic transformed by a linear function with a minimum value of 0
and a maximum value of 1. This representation considers the maximum degree of na-
turalness or lower landscape vulnerability with a value of zero, and the minimum de-
gree of naturalness or higher landscape vulnerability with a value of one [37].

We performed descriptive statistical analyses and Permutational Multivariate Analy-
sis of Variance (PERMANOVA) in the R software [33], to test the null hypothesis of
equal degrees of sustainability condition between municipalities in 2009 [39]. The
PERMANOVA with Euclidean distances and Monte Carlo permutation was performed
to 1000 randomly points that were sampled for each municipality, with no overlap, to-
talizing 17,000 points. The permutation procedure was used to obtain p-values and ap-

propriate distance based on pseudo F-statistic for each factor, and a pair-wise a post-
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eriori comparison of levels (municipalities). The sampling was accomplished with the
“dismo” [40] and “raster” [41] packages for R software [33], and PERMANOVA was
performed with the “vegan” package.

4. Results

We identified four classes of land use for the Middle Mogi Guagu watershed in 2009: 1)
natural (forest, Brazilian savanna/cerrado and shrub savanna); 2) anthropogenic agri-
culture (pasture, annual crop, perennial crop, bare soil, forestry, small properties, and
rural infrastructure); 3) anthropogenic non-agricultural (urban areas, mining, industry,
and roads); and 4) aquatic ecosystem (river, lakes, reservoirs, and wetlands) (Figure 2).

For the Middle Mogi Guagu watershed, anthropogenic uses were predominant in
2009 (74.80%). Agricultural land use occupied 71.97% of total area, and was considered

the main pressure factor. Sugar cane annual crop corresponds to the predominant
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Figure 2. Spatial distribution of land use and cover classes (natural, aquatic, anthropogenic agriculture, and anthropogenic non-agricul-
tural) and area values (ha and %) for the Middle Mogi Guagu watershed, in 2009.
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100%

coverage in agricultural class, equivalent to 28.25% of total watershed area. Anthropo-
genic non-agricultural use (2.83%) did not represent a significant pressure force in rela-
tion to agricultural use (Figure 2). Similarly, anthropic uses (agricultural and non-
agricultural) were predominant for all municipalities in the Middle Mogi Guagu wa-
tershed (Figure 3).

Natural areas occupied 19.48% (159,147.27 ha) of the Middle Mogi Guagu watershed.
From this total, only 21,560.61 ha (13.55%) are categorized as integral protection
and/or sustainable use legally protected areas (Figure 4).

Aquatic ecosystems occupied 5.72% of total watershed area (Figure 2).

Municipality of Araraquara had the largest anthropogenic agricultural and non-
agricultural areas (83.66%), while municipality of Rincdo had a minor natural extension
area (8.02%) (Figure 3). Municipalities of Luiz Anténio and Analdndia exhibited the
largest natural extension areas (26.12% and 26.76%, respectively), probably due to
presence of legally protected areas within their boundaries (Figure 3 and Figure 4).

Landscape metrics PCA analysis showed a high degree of redundancy. Four principal
components accounted for more than 95% of total variance in all landscape metrics.
Eight landscape metrics were selected: Number of Patches (NP), Percentage of Land-
scape occupied by natural vegetation (PLAND), Edge Density (ED), Largest Patch In-
dex (LPI), Fractal Dimension Index (FRAC), Perimeter-Area Ratio (PARA), Core Area
(CORE), and Euclidean Nearest-Neighbor Distance (ENN) (Table 1).
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Figure 3. Area values (%) of land use classes (natural, aquatic, and anthropogenic) for the Middle Mogi Guagu watershed and its munici-

palities, highlighting the human occupation gradient.
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Figure 4. Spatial distribution of natural vegetation in the Middle Mogi Guagu watershed, in 2009, highlighting the status and localization

of different categories of the legally protected areas.

Municipalities were consistently aggregated into clusters based on their relationships
to patch metrics. The first was formed by 15 municipalities (Américo Brasiliense,
Analindia, Descalvado, Guatapara, Ibaté, Pirassununga, Porto Ferreira, Rincdo, Santa
Cruz das Palmeiras, Santa Lucia, Santa Rita do Passa Quatro, Santa Rosa do Viterbo,
Séo Carlos, Sdo Siméo, and Tambat); the second and third were composed by munici-
palities of Araraquara and Luiz Antdnio, respectively. Both of these municipalities were
extremely fragmented: the positive end (Luiz Antonio) and the negative end (Araraqu-
ara) (Figure 5).

The dissimilarity distance between Araraquara and other municipalities (Figure 5)
suggests that fragmentation was not similar to other municipalities. The PLAND, NP,
PARA_MN, LPI, and CORE_MN metric values (Table 1) demonstrated that munici-
pality of Araraquara has a lower value of natural vegetation, distributed in many frag-
ments with complex shape and low core area. This fragmentation process is more in-
tensive than other municipalities with a predominance of small fragments.

Metric values of LPI, ED and CORE_MN can explain the lower fragmentation in
municipality of Luiz Anténio (Table 1), suggesting the presence of large size fragments
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Figure 5. Hierarchical cluster dendrogram (based on Spearman rank) of eight patch metrics for
17 municipalities of the Middle Mogi Guagu watershed: (1) Américo Brasiliense; (2) Analandia;
(3) Araraquara; (4) Descalvado; (5) Guatapara; (6) Ibaté; (7) Luiz Ant6nio; (8) Pirassununga; (9)
Porto Ferreira; (10) Rincdo; (11) Santa Cruz das Palmeiras; (12) Santa Lucia; (13) Santa Rita do
Passa Quatro; (14) Santa Rosa do Viterbo; (15) Sao Carlos; (16) Sao Siméo; (17) Tambau.

Table 1. Metrics selected for fragmentation comparative analysis condition among municipalities
in the Middle Mogi Guagu watershed, in 2009: Number of Patches (NP), Percentage of Land-
scape occupied by natural vegetation (PLAND), Edge Density (ED), Largest Patch Index (LPI),
Fractal Dimension Index (FRAC), Perimeter-Area Ratio (PARA), Core Area (CORE), and Eucli-
dean Nearest-Neighbor Distance (ENN).

Landscape metrics

Municipalities FRAC_M PARA_M CORE_M ENN_M
PLAND NP LPI ED

N N N N
Américo
1 . 14.33 49.00 4.15 16.11 1.09 296.39 27.24 332.45
Brasiliense
2 Analandia 26.78 82.00 8.74 28.53 1.11 301.62 82.10 175.66
3 Araraquara 14.03 384.00 1.41 19.82 1.09 547.28 25.87 166.82
4 Descalvado 20.41 215.00 2.28 18.90 1.10 278.87 57.44 217.08
5 Guatapara 9.13 83.00 1.95 9.08 1.10 308.65 34.57 337.92
6 Ibaté 20.65 116.00 8.06 25.32 1.10 444.14 37.38 177.84
7 Luiz Antbnio 26.11 122.00 16.67 8.94 1.09 397.20 117.66 256.28
8 Pirassununga 17.66 310.00 1.73 25.71 1.11 334.61 28.59 185.25
9 Porto Ferreira 14.22 101.00 2.79 18.10 1.11 327.98 24.66 231.92
10 Rincio 8.03 98.00 2.05 10.09 1.10 373.12 18.08 345.85
Santa Cruz das
11 i 17.30 118.00 3.72 23.60 1.12 301.97 30.25 190.75
Palmeiras
12 Santa Lucia 10.87 43.00 2.45 12.58 1.09 306.04 28.50 412.71
Santa Rita do
13 19.03 250.00 2.05 18.44 1.10 321.28 45.43 222.77
Passa Quatro
Santa Rosa do
14 . 20.93 136.00 2.80 30.25 1.11 309.69 30.54 173.09
Viterbo
15 Sdo Carlos 22.63 350.00 1.69 19.22 1.10 298.53 59.94 212.57
16 Sao Siméo 17.06 191.00 1.81 20.32 1.12 261.05 41.00 249.23
17 Tambau 20.01 280.00 2.63 30.60 1.12 333.08 27.14 179.44
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with high core areas and low edge effects.

Spatial distribution of fragments is an important factor in landscape fragmentation.
Increased isolation of fragments makes habitat connection difficult, resulting in lower
species richness and composition and negatively impacting plant dispersion and animal
movement among sites [42] [43].

Almeida [44] classified the isolation distance between fragments as low (up to 60 m),
medium (from 60 to 120 m), high (from 120 to 200 m), and very high (above 200 m).
According to this scale [44], all municipalities had high to very high isolation distances
in terms of the average of Euclidean distance (ENN_MN) of the natural vegetation
patches (Table 1). Figure 4 shows isolation distance, representing the natural vegeta-
tion fragments spatial distribution in all Middle Mogi Guagu watershed municipalities.

The spatial representation of Urban Index (UI) values (Figure 6) reflects a condition
of low naturalness (majority of UI values above 0.4), associated with urban growth and
demand of area for agricultural production, leading to watershed and municipalities
anthropization.

The distribution of Landscape Vulnerability Index (LVI) values in the Middle Mogi
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Figure 6. Spatial representation of Urban Index (UI) values relative to the Middle Mogi Guagu watershed and its municipalities.
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Guagu watershed and its municipalities reflect the degree of susceptibility in relation to
landscape capacity to absorb environmental impacts (resilience), showing intermediate
vulnerability due to the predominance between 0.2 and 0.6 of LVI values (Figure 7).

The UI and LVI median values and interquartile intervals were irregular for all study
areas. In municipalities of Analdndia and Luiz Anténio, index value distribution was
closer to a situation of high naturalness (low UI values), and low vulnerability (low LVI
values), suggesting a better sustainability condition for these municipalities (Figure 8).

Overlaying UT and LVI values enable us to identify favorable conditions for biodiver-
sity conservation and ecological sustainability scenarios (Figure 9), related to UI and
LVI values < 0.3, corresponding to higher naturalness and higher capacity (resilience)
to absorb impacts. In contrast, UI and LVI values > 0.7 corresponding to lower natu-
ralness and higher vulnerability, indicating the ecological sustainability commitment
[37].

The null hypothesis of equal conditions of ecological sustainability among municipali-
ties in the Middle Mogi Guagu watershed was rejected (a = 0.05, F = 32.65, p = 0.002).
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Figure 7. Spatial representation of Landscape Vulnerability Index (LVI) values relative to the Middle Mogi Guagu watershed and its mu-

nicipalities.
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Figure 8. Boxplots of Urbanity Index (UI) and Landscape Vulnerability Index (LVI) for Middle
Mogi Guagu watershed and its municipalities in 2009: (1) Américo Brasiliense; (2) Analandia; (3)
Araraquara; (4) Descalvado; (5) Guatapard; (6) Ibaté; (7) Luiz Antbnio; (8) Pirassununga; (9)
Porto Ferreira; (10) Rincdo; (11) Santa Cruz das Palmeiras; (12) Santa Lucia; (13) Santa Rita do
Passa Quatro; (14) Santa Rosa do Viterbo; (15) Sao Carlos; (16) Sdo Simao; (17) Tambau; (18)
Middle Mogi Guagu Watershed River.

The pair-wise posteriori comparison among seventeen municipalities (Table 2) in-
dicated that ecological sustainability conditions are similar between municipalities of
Descalvado-Santa Cruz das Palmeiras-Luiz Ant6nio; Porto Ferreira-Sdo Carlos-Luiz
Antdnio; and Sdo Carlos-Pirassununga-Santa Rita do Passa Quatro. These similarities
maybe are associated with presence of scenarios with less committed ecological sustai-
nability and favorable areas to biodiversity conservation. The municipalities of Rincédo

and Guatapara are those had greater ecological sustainability commitment.

5. Discussion

The Middle Mogi Guagu watershed is an example of the negative impact of anthropo-

genic land use (agricultural and non-agricultural uses).
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Figure 9. Biodiversity conservation and ecological sustainability scenarios resulting from Urbanity Index (UI) and Landscape Vulnerabil-

ity Index (LVI) values for Mogi Guagu Watershed and its municipalities: (1) Américo Brasiliense; (2) Analdndia; (3) Araraquara; (4) Des-
calvado; (5) Guatapars; (6) Ibaté; (7) Luiz Antdnio; (8) Pirassununga; (9) Porto Ferreira; (10) Rincdo; (11) Santa Cruz das Palmeiras; (12)
Santa Lucia; (13) Santa Rita do Passa Quatro; (14) Santa Rosa do Viterbo; (15) Sdo Carlos; (16) Sdo Siméo; (17) Tambau.

Land use significantly started to change in the late 17th century due to a rise in pop-
ulation; the main land use types were coffee, timber, and sugarcane cultivation [45].
These changes significantly contributed to a decrease in floristic composition [46].

In Brazil, sugarcane is one of the main agricultural products and has been exported
since the 18th century [47]. Currently, Brazil is the largest sugarcane producer in the
world [48], with 7,531,000 ha of cultivated area [49]. The State of Sdo Paulo accounts
for more than 50% of the national sugarcane production [47] [50], occupying 4,809,200
ha in the 2009-2010 harvest [49]. The Middle Mogi Guagu watershed municipalities
produce about 7.14% [49] of the total sugarcane crop in the state of Sdo Paulo.

Analysis of land use changes related to sugarcane cultivation (collected between 2008
and 2009) showed that this crop expansion almost exclusively affected pasture (56.5%)
and annual crops (40.2%) [48]. Human-induced land use changes for agricultural pur-

poses, as observed in Middle Mogi Guagu watershed and its municipalities, lead to
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Table 2. Pairwise a posteriori comparisons of urbanity index (UI), landscape vulnerability index (LVI) to seventeen municipalities in the
Middle Mogi Guagu watershed, in 2009, using a and Permutational Multivariate Analysis of Variance (PERMANOVA), where (1)
Américo Brasiliense; (2) Analdndia; (3) Araraquara; (4) Descalvado; (5) Guatapara; (6) Ibaté; (7) Luiz Anto6nio; (8) Pirassununga; (9)
Porto Ferreira; (10) Rincédo; (11) Santa Cruz das Palmeiras; (12) Santa Lucia; (13) Santa Rita do Passa Quatro; (14) Santa Rosa do Viterbo;
(15) Sao Carlos; (16) Sao Siméo; (17) Tambau.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 0.002 - - - - - - - - - - - - - - -
3 0.021  0.002 - - - - - - - - - - - - - -
4 0.002  0.002  0.002 - - - - - - - - - - - - -
5 0.002  0.002  0.002  0.002 - - - - - - - - - - - -
6 0.002  0.002 0.002  0.002  0.002 - - - - - - - - - - -
7 0.002  0.002 0.002 0.235* 0.002 0.011 - - - - - - - - - -
8 0.002  0.002 0.002  0.002  0.002 0.002  0.002 - - - - - - - - -
9 0.002 0.002 0.002 0.009 0.002 0.002 0.526*  0.002 - - - - - - - -
10 0.002  0.002 0.002  0.002 0.002 0.002  0.002 0.002  0.002 - - - - - - -
11 0.002  0.002 0.002 0.282* 0.002 0.009 0.213*  0.002  0.002  0.002 - - - - - -
12 0.002  0.002 0.002  0.002 0.002 0.002  0.002 0.002  0.002  0.002  0.002 - - - - -
13 0.002  0.002 0.002  0.002 0.002 0.002  0.005 0.92*  0.005 0.002 0.002 0.002 - - - -
14 0.002  0.002 0.002  0.002 0.002 0.002  0.002 0.002  0.002 0.002 0.002  0.002 0.002 - - -
15 0.002  0.002 0.002 0.002 0.002 0.002 0.064* 0.580* 0.015 0.002 0.005 0.002 0.534* 0.002 - -
16 0.002  0.002 0.002  0.002 0.002 0.002  0.002 0.002  0.002 0.002 0.002 0.002 0.002 0.002 0.002 -
17 0.002  0.007 0.002  0.002 0.002 0.002  0.002 0.002  0.002 0.002 0.002 0.002 0.002 0202 0.002 0.002

*non-significative with p > 0.05, based on p-values after 4999 Monte Carlo permutations.

decrease in the regional sustainability potential, due to loss of natural capital and envi-
ronmental functions that determine environmental quality for economic and social de-
velopment.

The monitoring of naturalness dynamics of a landscape, in time and space can pro-
vide essential information about current and historical conditions and nature-society
interactions, which can be disseminated through scientific community, general public
and decision makers.

The conversion of natural areas to agricultural land quite often results in habitat
fragmentation and decreased patch number and size [51]. Landscape fragmentation can
be considered as one of the main driver forces in landscape dynamics [52].

The Middle Mogi Guagu watershed and its municipalities are mainly composed by
patches of natural areas with shape, size and quantity of core area which enhance edge
effect. Besides that, the fragments spatial distribution increases isolation among habi-
tats. Forest fragmentation in this area shows two extremes: the highly fragmented mu-
nicipality of Araraquara (small patches and large edge effects), and municipalitiy of
Luiz Antdnio, with larger fragments and smaller edge effects. It should be emphasized
that small fragments are also important, especially in the vicinity of large natural vege-

tation areas, acting as stepping-stones [8] [44] [53].
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The biodiversity conservation scenarios of Middle Mogi Guagu watershed and its
municipalities, based on UI and LVI values and fragmentation process analysis, showed
direct (land use) and indirect (population growth, policies for agricultural and forestry
expansion associated to the demand for food and fuel) driver forces for decreased bio-
diversity and ecological sustainability. Scenarios of less committed ecological sustaina-
bility and favorable biodiversity were mainly represented in municipalities with legally
protected areas (Integral Protection and Sustainable Use status) in their territories. The
municipalities with greater commitment to ecological sustainability were occupied by
sugar cane crops.

Sugarcane has a high economic return and can be used in food industry and as an al-
ternative energy source. Therefore, the large-scale production of ethanol has positive
socioeconomic effects and contributes to the development of host municipalities and
neighboring municipalities due to spatial and temporal effects [54]. It is also of large
social importance, generating about one million direct jobs in agricultural and indus-
trial sectors [50] [55].

Several studies indicate that a critical threshold of 30% can be considered as the low-
er limit of vegetation amount that a cultural landscape must present to maintain a bal-
ance between biodiversity conservation and economic factors [56]-[59]. In the Middle
Mogi Guagu watershed and its municipalities, the amount of natural area is below this
critical threshold.

Legally protected areas are important for biodiversity conservation and maintenance
of cultural values associated with environmental protection [26], contributing to eco-
logical sustainability. However, even in municipalities with protected areas throughout
their territories, environmental quality may be compromised. For conservation policies
to be effective, they must focus on ecological corridors around legally protected area,
and new legal reserves creation, with the purpose to improve biodiversity and ecologi-

cal sustainability of the Middle Mogi Guagu watershed and its municipalities.

Acknowledgements

Financial support was provided by the National Council of Technological and Scientific
Development (Proc. 149709/2014-5) and the Coordination for the Improvement of
Higher Education Personnel (Proc. 23038.006939/2011-17).

References

[1] Foley, J.A., DeFries, R., Asner, G.P., Bardford, C., Bonan, G., Carpenter, S.R., Chapin, E.S.,
Coe, M.T., Daily, G.C., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A., Kucha-
rik, C.J., Monfreda, C., Patz, J.A., Prentice, C., Ramankutty, N. and Snyder, P.K. (2005)
Global Consequences of Land Use. Science, 309, 570-574.
http://dx.doi.org/10.1126/science.1111772

[2] DeFries, R.S., Foley, J.A. and Asner, G.P. (2004) Land-Use Choices: Balancing Human
Needs and Ecosystem Function. Frontiers in Ecology and the Environment, 2, 249-257.
http://dx.doi.org/10.1890/1540-9295(2004)002[0249:LCBHNA]2.0.CO;2

[3] Wu,]J. (2013) Key Concepts and Research Topics in Landscape Ecology Revisited: 30 Years

KD
+%%, Scientific Research Publishing

681


http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1890/1540-9295(2004)002%5b0249:LCBHNA%5d2.0.CO;2

E. Romanini et al.

(4]

(6]

(7]

[12]

after the Allerton Park Workshop. Landscape Ecology, 28, 1-11.
http://dx.doi.org/10.1007/s10980-012-9836-y

Boori, M.S. and VozZenilek, V. (2014) Remote Sensing and Land Use/Land Cover Trajecto-
ries. Journal of Geophysics & Remote Sensing, 3, 1-7.

Silva, M.T.G., Lacerda, M.P.C. and Chaves, A.A.A. (2009) Geotechnology Applied in Land
Uses Evaluation of the Ribeirdo Jodo Leite Watershed, Goids. Agricultural Research in the
Tropics, 39, 330-337.

Bogaert, J. (2000) Quantifying Habitat Fragmentation as a Spatial Process in a Patchcorri-
dor-Matrix Landscape Model. PhD Thesis, University of Antwerp, Antwerp.

Bogaert, J., Barima, Y.S.S., Mongo, LI.W., Bamba, I., Mama, A., Toyu, N. and Lafortezza, R.
(2011) Forest Fragmentation: Causes, Ecological Impacts and Implications for Landscape
Management. In: Li, C., Lafortezza, R. and Chen, J., Eds., Landscape Ecology in Forest
Management and Conservation: Challenges and Solutions for Global Change, HEP-Sprin-
ger, 273-296. http://dx.doi.org/10.1007/978-3-642-12754-0 12

Calegari, L., Martins, S.V., Gleriani, .M., Silva, E. and Busato, L.C. (2010) Analysis of the
Dynamics of Forest Fragments in the City of Carandai, MG, for Forest Restoration. Journal
of Brazilian Forest Science, 34, 871-880.

Jesus, E.N., Ferreira, R.A., Aragio, A.G., Santos, T.LS. and Rocha, S.L. (2015) Structure of
Forest Fragments of the River Basin Poxim-SE, as Subsidy to Ecological Restoration. Jour-
nal of Brazilian Forest Science, 39, 467-474.

Pereira, J.L.G., Batista, G.T., Thalés, M.C., Roberts, D.A. and Venturieri, A.V. (2001) Land-
scape Metrics in the Characterization of Amazon Occupation Evolution. Geografy, 26, 59-
90.

O’Neill, R.V., Krummel, J.R., Gardner, R.H., Sugihara, G., Jackson, B., De Angelis, D.L.,
Milne, B.T., Turner, M.G., Zygmunt, B., Christensen, S.W., Dale, V.H. and Graham, R.L.
(1988) Indices of Landscape Pattern. Landscape Ecology, 3, 153-162.
http://dx.doi.org/10.1007/BF00162741

Landau, E.C. (2003) Landscape Spatial Occupation Patterns at the Bahia Southeast Atlantic
Forest. In: Prado, P.I., Landau, E.C., Moura, R.T., Pinto, L.P.S., Fonseca, G.A.B. and Alger,
K., Org., Biodiversity Corridor of Southern Bahia Atlantic Forest. IESB; CI; CABS; UFMG;
UNICAMP, I1héus. CD-Rom Publication.

Turner II, B.L., Kasperson, R.E., Matsone, P.A., McCarthy, J.J., Corell, R.W., Christensene,
L., Eckley, N., Kasperson, J.X., Luerse, A., Martellog, M.L., Polskya, C., Pulsipher, A. and
Schiller, A. (2003) A Framework for Vulnerability Analysis in Sustainability Science. Pro-
ceedings of the National Academy of Sciences of the United States of America, 100, 8074-
8079. http://dx.doi.org/10.1073/pnas.1231335100

Wrbka, T., Erb, K.H., Schulz, N.B., Peterseil, J., Hahn, C. and Haberl, H. (2004) Linking
Pattern and Process in Cultural Landscapes. An Empirical Study Based on Spatially Explicit
Indicators. Land Use Policy, 21, 289-306.
http://dx.doi.org/10.1016/j.landusepol.2003.10.012

Haberl, H., Wackernagel, M. and Wrbka, T. (2004) Land Use and Sustainability Indicators.
An Introduction. Land Use Policy, 21, 193-198.
http://dx.doi.org/10.1016/j.Jandusepol.2003.10.004

Pereira, H.M., Leadley, P.W., Proenca, V., Alkemade, R., Scharlemann, ]J.P.W., Fernan-
dez-Manjarrés, J.F., Araijo, M.B., Balvanera, P., Biggs, R., Cheung, W.W., Chini, L., Coop-
er, H.D., Gilman, E.L., Guénette, S., Hurtt, G.C., Huntington, H.P., Mace, G.M., Oberdorff,
T., Revenga, C., Rodrigues, P., Scholes, R.J., Sumaila, U.R. and Walpole, M. (2010) Scena-
rios for Global Biodiversity in the 21st Century. Science, 330, 1496-1501.

682

K
0:52: Scientific Research Publishing


http://dx.doi.org/10.1007/s10980-012-9836-y
http://dx.doi.org/10.1007/978-3-642-12754-0_12
http://dx.doi.org/10.1007/BF00162741
http://dx.doi.org/10.1073/pnas.1231335100
http://dx.doi.org/10.1016/j.landusepol.2003.10.012
http://dx.doi.org/10.1016/j.landusepol.2003.10.004

E. Romanini et al.

[24]

(35]

http://dx.doi.org/10.1126/science.1196624

FAO (2002) Preparing for the Next Generation of Watershed Management Programmes
and Projects. Europe. Proceedings of the European Regional Workshop. In: Preparing the
Next Generation of Watershed Management Programmes. ACHOURI, MOUJAHED. Fo-
restry Officer, Forestry Department, FAO, Mégéve, France, 11-17.

Lanna, A.E. (2001) Water Resources Economy. Ph.D. Thesis, UFRGS, Porto Alegre.

FAO (2002) Preparing for the Next Generation of Watershed Management Programmes
and Projects. European Proceedings of the European Regional Workshop. In: Review and
Assessment of Watershed Management Strategies and Approaches, LARRY TENNYSON.
FAO/FORC Watershed Management Consultant, Mégéve, France, 19-39.

Born, R.H. (2000) Hydric Security, Watershed Committees and Citizenship. Journal of
Federal Justice Council, 12, 63- 70.

Pires, J.S.R. and Santos, J.E. (1995) Watersheds. Integration between Environment and De-
velopment. Today Science, 19, 40-45.

Rocha, O., Pires, J.R. and Santos, J.E. (2000) Watershed as a Study and Planning Unit. In:
Espindola, E.L.G., Silva, ].S.V., Marinelli, C.E. and Abdon, M.M., Orgs., The Monjolinho
River Basin: An Ecosystem Approach and Interdisciplinary Vision, Rima, Sdo Carlos, 1-16.
Pires, J.S.R., Santos, J.E. and Del Prette, M.E.A. (2002) Watershed Concept Use for Natural
Resource Conservation. In: Schiavetti, A. and Camargo, A.F.M., Orgs., Watershed Concept:
Theory and Aplications, Editus Publisher, Ilhéus, 17-35.

Fushita, A.T, Camargo-Butolin, L.H.G., Arantes, E.M., Moreira, M.A.A., Cangado, C.J. and
Lorandi, R. (2010) Environmental Fragility Associated with Potential Risk of Erosion in the
Geoeconomic Region in Mogi Guagu (SP). Brazilian Journal of Cartography, 63, 477-488.
Mogi CBH (Watershed Committee of the Guagu Mogi) (2015) Water Resources Status Re-
port 2015 (Base Year 2014).

Mogi CBH (Watershed Committee of the Guagu Mogi) (2008) Status Report: 2008-2011.
IBGE (1971) Brazilian Letters. Rio de Janeiro. (Scale 1: 50 000)

Crosta, A.P. (1992) Digital Processing of a Remote Sensing Image. 3rd Edition, IG/
UNICAMP, Campinas.

Moreira, M.A. (2011) Remote Sensing Fundaments and Application Methods. 4th Edition,
UFV, Brasil.

IBGE (Brazilian Institute of Geography and Statistics) (2013) Land Use Technical Guide.
3rd Edition.

Haber, W. (1994) Systems Ecological Concepts for Environmental Planning. In: Klijn, F.,
Ed., Ecosystem Classification for Environmental Management, Springer, Berlin, 49-67.
http://dx.doi.org/10.1007/978-94-017-1384-9 3

McGarigal, K., Cushman, S.A. and Ene, E. (2012) FRAGSTATS v4: Spatial Pattern Analysis
Program for Categorical and Continuous Maps. Computer Software Program Produced by
the Authors at the University of Massachusetts, Amherst.

http://www.umass.edu/landeco/research/fragstats/fragstats.html

R Core Team (2013) R: A Language and Environment for Statistical Computing. R Founda-
tion for Statistical Computing, Vienna. http://www.R-project.org/

Oksanen, F.J., Blanchet, G., Kindt, R., Legendre, P., Minchin, P.R., O’hara, R.B., Simpson,
G.L., Solymos, P.M., Stevens, H.H. and Wagner, H. (2015) Vegan: Community Ecology
Package. R Package Version 2.3-0. http://CRAN.R-project.org/package=vegan

Canter, L.W. (1996) Environmental Impact Assessment. Series in Water Environmental

KD
+%%, Scientific Research Publishing

683


http://dx.doi.org/10.1126/science.1196624
http://dx.doi.org/10.1007/978-94-017-1384-9_3
http://www.umass.edu/landeco/research/fragstats/fragstats.html
http://www.r-project.org/
http://cran.r-project.org/package=vegan

E. Romanini et al.

(43]

Resources. 2nd Edition, McGraw-Hill International Editions, Amsterdam.

Adger, W.N. (2006) Vulnerability. Global Environmental Change, 16, 268-281.
http://dx.doi.org/10.1016/j.gloenvcha.2006.02.006

Fushita, A.T., Santos, J.E., Souza, LM.M., Romanini, E. and Costa, R.T. (2016) Landscape
Structural Indicators as a Tool to Assess Land Use Changes in Planning for Sub-Basin Sus-

tainability (Southeastern Brazil). Journal of Water Resource and Protection, 8, 482-492.
http://dx.doi.org/10.4236/jwarp.2016.84041

Eastman, J.R. (2012) IDRISI Selva. Clark University, Worcester.

Anderson, M.]. (2005) Permanova: A FORTRAN Computer Program for Permutational
Multivariate Analysis of Variance. Department of Statistics, University of Auckland, Auck-
land.

Hijmans, R.J., Phillips, S., Leathwick, J. and Elith, J. (2015) Dismo: Species Distribution
Modeling. R Package Version 1.0-12. http://CRAN.R-project.org/package=dismo

Hijmans, R.J. (2015) Raster: Geographic Data Analysis and Modeling. R Package Version
2.4-15. http://CRAN.R-project.org/package=raster

Costa, O.B., Matricardi, E.A.T. and Pires, J.S.R. (2015) Forest Fragmentation Analysis in the
Municipalities of Corumbiara and Buritis, Rondonia State, Brazil. Forest and Environment,
22, 334-344.

Collinge, S.K. (1996) Ecological Consequences of Habitat Fragmentation: Implications for
Landscape Architecture and Planning. Landscape and Urban Planning, 36, 59-77.
http://dx.doi.org/10.1016/S0169-2046(96)00341-6

Almeida, C.G. (2008) Forest Fragments Spatial Analysis in Campos Gerais National Park,
Parand. PhD Thesis, Ponta Grossa State University, Ponta Grossa.

Marotti, P.S. and Santos, J.E. (2001) Oral Narratives as a Subsidy for Environmental Educa-
tion Program Directed to a Conservation Unit. In: Santos, S.E. and Sato, M., Orgs., The En-
vironmental Education Contribution to Pandora s Hope, Rima, Sdo Carlos, 197-224.

Toledo Filho, D.V. (1984) Floristic Composition and Phytosociological Structure of the
Luiz Antonio (SP) Municipality Cerrado Vegetation. MA Thesis, Biosciences Institute,
UNICAMP.

Torquato, S.A., Martins, R. and Ramos, F.S. (2009) Sugarcane in Sdo Paulo State: Economic
Efficiency of New Regional and Traditional Production. Economic Information, 39, 92-99.
Rudorft, B.E.T., Aguiar, D.A,, Silva, W.F., Sugawara, L.M., Adami, M. and Moreira, M.A.
(2010) Studies on the Rapid Expansion of Sugarcane for Ethanol Production in Sdo Paulo
State (Brazil) Using Landsat Data. Remote Sensing, 2, 1057-1076.
http://dx.doi.org/10.3390/rs2041057

CONAB (National Supply Company) (2009) Monitoring Brazilian Safra: Sugarcane. 3rd
Survey.

Souza, Z.M., Marques Junior, J. and Pereira, G.T. (2010) Geostatistics and Soil Attributes in
Sugarcane Cultivated Areas. Rural Science, 40, 48-56.
http://dx.doi.org/lO.1590/50103—84782009005000243
Bogaert, J., Vranken, I. and André, M. (2014) Anthropogenic Effects in Landscapes: Histor-

ical Context and Spatial Pattern. In: Hong, S.-K., Bogaert, J. and Min, Q., Eds., Biocultural
Landscapes, Springer, Dordrecht, 89-112. http://dx.doi.org/10.1007/978-94-017-8941-7 8

Bucini, G. and Lambin, E.F. (2002) Fire Impacts on Vegetation in Central Africa: A Remote
Sensing-Based Statistical Analysis. Applied Geography, 22, 27-48.
http://dx.doi.org/10.1016/S0143-6228(01)00020-0

684

K
0:52: Scientific Research Publishing


http://dx.doi.org/10.1016/j.gloenvcha.2006.02.006
http://dx.doi.org/10.4236/jwarp.2016.84041
http://cran.r-project.org/package=dismo
http://cran.r-project.org/package=raster
http://dx.doi.org/10.1016/S0169-2046(96)00341-6
http://dx.doi.org/10.3390/rs2041057
http://dx.doi.org/10.1590/S0103-84782009005000243
http://dx.doi.org/10.1007/978-94-017-8941-7_8
http://dx.doi.org/10.1016/S0143-6228(01)00020-0

E. Romanini et al.

(53]

(55]

(57]

Juvanhol, R.S., Fiedler, N.C., Santos, A.R., Pirovani, D.B., Louzada, F.L.R.O., Dias, H.M.
and Tebaldi, A.L.C. (2011) Spatial Analysis of Forest Fragments: Case of the State Parks of
Forno Grande and Pedra Azul, State of Espirito Santo. Forest and Environment, 18, 253-
264.

Moraes, M.A.F.D., Bacchi, M.R.P. and Caldarelli, C.E. (2016) Accelerated Growth of the
Sugarcane, Sugar, and Ethanol Sectors in Brazil (2000-2008): Effects on Municipal Gross
Domestic Product per Capita in the South-Central Region. Biomass and Bioenergy, 91, 116-
125. http://dx.doi.org/10.1016/j.biombioe.2016.05.004

De Andrade, N.S.F., Martins Filho, M.V, Torres, J.L.R., Pereira, G.T. and Marques Junior,
J. (2011) Economic and Technical Impact in Soil and Nutrient Loss through Erosion in the
Cultivation of Sugarcane. Journal of the Brazilian Association of Agricultural Engineering,
31, 539-550.

Andrén, H. (1994) Effects of Habitat Fragmentation on Birds and Mammals in Landscapes
with Different Proportions of Suitable Habitat: A Review. Oikos, 71, 355-366.
http://dx.doi.org/10.2307/3545823

Metzger, J.P., Martensen, A.C., Dixo, M., Bernacci, L.C., Ribeiro, M.C., Teixeira, A.M.G.
and Pardini, R. (2009) Time-Lag in Biological Responses to Landscape Changes in a Highly
Dynamic Atlantic Forest Region. Biological Conservation, 142, 1166-1177.
http://dx.doi.org/10.1016/j.biocon.2009.01.033

Pardini, R., Bueno, A.A., Gardner, T.A., Prado, P.I. and Metzger, J.P. (2010) Beyond the
Fragmentation Threshold Hypothesis: Regime Shifts in Biodiversity across Fragmented
Landscapes. PLoS ONE, 5, e13666. http://dx.doi.org/10.1371/journal.pone.0013666

Santos, J.E., Fushita, A.T., De Souza, LM.M., Amorim, L.A. and Andrade, V.A.D. (2015)
Agriculture and Forest Transition: Understanding of Land Use Change in a Cultural Land-
scape. Open Journal of Applied Sciences, 5, 797-807.
http://dx.doi.org/10.4236/0japps.2015.512076

2
0.0
o2

0% Scientific Research Publishing

Submit or recommend next manuscript to SCIRP and we will provide best service
for you:

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.

A wide selection of journals (inclusive of 9 subjects, more than 200 journals)

Providing 24-hour high-quality service

User-friendly online submission system

Fair and swift peer-review system
Efficient typesetting and proofreading procedure
Display of the result of downloads and visits, as well as the number of cited articles

Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/

Or contact oje@scirp.org

KD
+%%, Scientific Research Publishing

685


http://dx.doi.org/10.1016/j.biombioe.2016.05.004
http://dx.doi.org/10.2307/3545823
http://dx.doi.org/10.1016/j.biocon.2009.01.033
http://dx.doi.org/10.1371/journal.pone.0013666
http://dx.doi.org/10.4236/ojapps.2015.512076
http://papersubmission.scirp.org/
mailto:oje@scirp.org

	An Approach to Environmental Planning and Sustainable Management of Watersheds and Municipalities in Southeastern Brazil
	Abstract
	Keywords
	1. Introduction
	2. Study Area 
	3. Material and Methods
	4. Results
	5. Discussion
	Acknowledgements
	References

