Bioremediation, Biodiversity and Bioavailability ©2008 Global Science Books

Fragmentation of the Atlantic Rainforest
in the Northern Coastal Region of Pernambuco, Brazil:
Recent Changes and Implications for Conservation

Michelle B. Trindade' - Ana Carolina B. Lins-e-Silva'* - Hernande P. da Silva? -
Sandro B. Figueira® - Michael Schessl®

1 Universidade Federal Rural de Pernambuco (UFRPE), Departamento de Biologia, Rua D. Manoel de Medeiros, s/n, Dois Irmaos, Recife, Pernambuco, 52.171-900, Brazil
2 UFRPE/ Departamento de Tecnologia Rural, Laboratério de Geoprocessamento e Sensoriamento Remoto, Rua D. Manoel de Medeiros, s/n, Dois Irmdos,
Recife, Pernambuco, 52.171-900, Brazil
3 University of Applied Sciences Giessen-Friedberg, Department Hospital and Clinical Engineering, Environment and Biotechnology, Wiesenstrasse 14,
35390 Giessen, 35390 Germany

Corresponding author: * anacarol@db.ufrpe.br

ABSTRACT

In the Atlantic Forest of Northeastern Brazil, habitat loss and fragmentation are the major threats to biodiversity. In the State of
Pernambuco, where the landscape has been altered mainly for sugarcane cultivation, this study was carried out in a 280 km? area, using
aerial photographs from 1975 and high-resolution satellite images from 2005, integrated into a GIS. Our main goals were to analyze
spatial attributes and landscape changes, to quantify forest loss and isolation and to discuss implications for forest conservation. Analyses
included all mature forest (MF) patches and non-forest areas in both years, and secondary forest (SF) patches in 2005. Landscape metrics
and deforestation rate were calculated, and all patches were assigned to size and shape categories. Between 1975 and 2005, MF cover and
patch number decreased from 45.61% (153) to 24% (110), with a mean annual forest loss rate of 2.14%. Mean patch size decreased from
83.47 to 61.10 ha. Patch isolation increased, as mean nearest neighbor changed from 397.10 to 695.97m, isolation index increased from
78.22 m to 440.79 m, and distribution pattern changed from clustered to random. Number of small fragments and proportion of irregular
shaped patches varied from 108 to 70, and 74.5 to 72.7%, respectively, with a significant difference in shape classes. Altogether, these
results picture a pattern of patch shrinking. In the present landscape, 96 SF patches were identified, 76% of which originated from mature
forests. Although the fragmentation pattern in the studied area is very critical for forest conservation, this study points out for simple and
effective conservation actions, such as protection of large fragments, the union of small to large fragments through reforestation, the

creation of forest corridors, and the maintenance of SF patches, all executed in partnership with the private sugar-alcohol sector.
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INTRODUCTION

Ecosystem fragmentation, habitat loss and landscape modi-
fication are major threats to natural systems and biodiver-
sity (Tabarelli and Gascon 2005; Fischer and Lindenmayer
2007). While fragmentation is the breaking apart of a habi-
tat, changing its configuration, independent of area loss, ha-
bitat loss is the removal of habitats (Fahrig 2003), with a
consequent reduction in cover. These two processes occur
together, and are dependent on the purposes and historical
aspects that drive landscape modification, and on the fre-
quency and intensity of human impacts. As a result, a modi-
fied landscape has fragments of various sizes, shapes, ages
and patterns of connectivity and its dynamics and modifica-
tion rates, along with the sensitivity of species to these fac-
tors, will determine the survivorship of biological com-
munities.

The various processes that modify the landscape have
many biological consequences at patch or landscape level.
In the remnants, edge effects play a crucial role, and are
described as biotic and abiotic changes along remnant mar-
gins creating microclimatic conditions different from inte-
rior habitats (Young and Mitchell 1994; Murcia 1995). Area
effects also occur, and refer to ecological changes due to
isolation, proportional to fragment area (Nascimento and
Laurance 2006). Both processes influence species richness
and composition, population and community structure, eco-
logical processes, such as herbivory, predation, competition

and parasitism (Ewers and Didham 2006) and genetic varia-
bility (Kageyama and Gandara 1998). On a landscape level,
studies suggest that a disproportionate loss of species oc-
curs when total habitat cover decreases to a critical percen-
tage of the landscape (Radford ez al. 2005) or when land-
scape changes from an intact to a relictual configuration,
with less than 10% of remaining cover (Fischer and Linden-
mayer 2007).

The importance of spatial interactions between land-
scape units and ecological patterns and processes, and the
relevance of such relationships for the biological conserva-
tion are the main focus of landscape ecology (Metzger
2001). Landscape pattern indices or metrics provide a use-
ful tool to explore insite variability (Echeverria et al. 2006),
as well as for the assessment of landscape dynamics (Ferraz
et al. 2005). Over the last decades, landscape ecology has
promoted a change on the studies of fragmentation and con-
servation of species and ecosystems, allowing a greater re-
solution of the environmental problems. Studies that ap-
proach landscape dynamics, providing estimates of defores-
tation and ecosystem transformation, are of great value for
understanding the consequences of human activities on the
natural environment (Armenteras et al. 2006).

Spatial studies of forest fragments provide information
that can subsidize conservation actions and mitigation plan-
ning, for the maintenance of biological diversity in frag-
mented landscapes and for restoring connectivity, which re-
duces risks of local extinction and favors re-colonization
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(Metzger 2003a). Many studies were carried out recently to
evaluate the fragmentation and habitat loss of Brazilian eco-
systems in the Amazon, Cerrado and Atlantic Rainforest.
Most studies of landscape structure, however, consider only
a single, specific time (Jorge and Garcia 1997; Tanizaki and
Moulton 2000; Saatchi ef al. 2001; Ditt 2002; Martins ef al.
2002; Becker et al. 2004; Durigan et al. 2007). Although
landscapes are affected by ongoing processes (Ferraz et al.
2005), few studies analyzed temporal changes, and these
are concentrated in the Amazon (Sierra 2000; Metzger
2002; Ferraz et al. 2005; Armenteras ef al. 2006).

The Brazilian Atlantic Rainforest, which originally
covered 1.3 million km?, is a key example of the processes
of fragmentation and habitat loss, mainly for timber, fire-
wood, charcoal, agriculture, cattle ranching, and the cons-
truction of cities, which reduced this forest to only 7.6% of
its original cover (Morellato and Haddad 2000). In the
Northeastern region, the situation is more critical, and the
percentage of forest loss can reach 98-99% in some parts,
most converted into agricultural land (Viana et al. 1997).
Historically, many causes for the deforestation of the Atlan-
tic Rainforest can be listed. One of the main causes was the
clearing of large areas for cultivation of sugarcane, leaving
behind small forest patches of irregular shapes. Preservation
of most fragments is usually related to relief configuration,
which does not favor anthropic occupation and soil utiliza-
tion for economic purposes (Ranta ef al. 1998; Silva et al.
2007, 2008). Despite its degree of threat, the Atlantic rain-
forest still contains a species diversity higher than most of
the Amazon forests, a high species diversity and level of en-
demism (Morellato and Haddad 2000).

In the State of Pernambuco, an important and pioneer
study of fragmentation examined the sizes, shapes and dis-
tribution of forest remnants in the southeastern corner of the
state (Ranta et al. 1998). Among their main assumptions,
Ranta et al. (1998) estimated that the decrease in rain forest
area had been only about 10% during the 1980 and 1990
decades, when the government-subsidized ‘Prdalcool’ prog-
ramme promoted the cultivation of sugarcane. Besides, their

study was carried out in 1990 decade, but was based on
maps from 1974 and did not describe landscape dynamics;
and they hypothesized that, as the Brazilian government
stopped subsidizing sugar cane production by 1993, many
sugarcane fields would have been abandoned and forests
would regenerate. However, there are spatial and temporal
changes in this scenario. In the Northeastern portion of the
state, sugarcane fields still cover 80% of the agricultural
lands (CPRH 2003); this decade has seen a crescent expan-
sion of ethanol production from sugarcane envisaged in
Brazil to supply an expanding market as well as exports to
other countries (Goldemberg ef al. 2008); and local infor-
mants in the northeastern Pernambuco estimate a forest loss
much higher than 10% during the ‘Préalcool’ decade. On
the good side, conservation practices and forest value also
changed. Although most forest fragments are privately
owned, incentive mechanisms and economic opportunities
are now helping the protection and restoration of the re-
maining Atlantic Forest (Tabarelli ef al. 2005) and concerns
on the sustainability of ethanol production have been raised
(Goldemberg et al. 2008).

In this study, landscape structure, including spatial dis-
tribution and characteristics of forest patches, were exa-
mined for two periods, using aerial photographs and high-
resolution satellite imagery, in a landscape ecology approach.
Our main goals were to analyze spatial attributes and land-
scape changes, to quantify forest loss and isolation and to
discuss implications and future scenarios for the conserva-
tion of Atlantic rainforest remnants in the sugar-cane matrix.

MATERIALS AND METHODS
Study area

The northern region in the coastal area of the State of Pernambuco,
Brazil, covers 1377 km?, and includes eight municipalities (CPRH
2003). This study was carried out in a segment of this area cover-
ing 280 km? of which 88% are owned by a single property, the
Usina Sdo José (Sao José Sugar Mill), since 2001 (Fig. 1). The
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studied area is circumscribed between the geographic coordinates
07° 40" 21.25" and 07° 55 50.92" S; 34° 54' 14.25" and 35° 05’
21.08" W, and includes a large portion of the municipality of Iga-
rassu, as well as small areas of the municipalities of Goiana, Ita-
quitinga, Itapissuma, Abreu e Lima and Aragoiaba (Fig. 1).

The climate type is As' (Koéppen 1936), hot and humid, cha-
racterized by a mean annual rainfall of 1687 mm and mean tem-
perature of 24.9°C (meteorological data collected at the Usina Séo
José Station, from 1998 to 2006). Hydrological superficial resour-
ces in the area include: part of the Botafogo-Arataca drainage
basin, containing the only reservoir in the Northern Section — the
Botafogo Dam; and the Santa Cruz Channel, which receives the
water from many rivers and streams in the region (CPRH 2003).

The predominant geological feature in the region is the Bar-
reiras Group, a continental terrigenous sedimentary deposit of
Plio-Pleistocenic age, dominantly composed by sandy and clay
sediments. The relief is composed by flat plateaus, excavated by
narrow and deep valleys, with steep slopes, usually with declivity
greater than 30%. Declivity in this region is the main restricting
factor for land use, including urbanization and agricultural purpo-
ses. The potential vegetation is the dense ombrophilous Atlantic
rainforest, but the landscape has been altered by human activities,
mainly deforestation followed by sugarcane cultivation. In the pre-
sent, farmed fields with sugarcane plantations are the predominant
land use (CPRH 2003), occupying the plateaus and riparian ter-
races (flat surfaces), as well as the hilly areas with steep valleys.
Forest clearance began with the arrival of Portuguese colonizers in
the XVI century, at first for wood exploitation, secondly for cattle
raising and later for sugarcane production (Camara 2003). In re-
cent decades, there was a boom in forest elimination for sugarcane
cultivation for biofuel production, principally from middle 1970s
to middle 1980s (Farias et al. 2007; Goldemberg et al. 2008).

In this region, there is only one protected area, the ecological
state reserve “Sao José Forest” or “Mata de Piedade”, established
by the state law 9989 (1987), covering 305.78 ha of mature forests
with a well preserved condition (Santos ef al. 2001).

Data acquisition

Digitized maps from two different years (1975 and 2005) in the
form of vector versions were used in this study. These data sets
covered the entire polygon and were generated from the following
data sources:

1) For 1975 data, orthophotographs obtained from the Foun-

dation for the Development of the Metropolitan Region of Re-

cife, Pernambuco (FIDEM), scale 1:10,000, were scanned and
converted into panchromatic images (300 and 600 dpi), TIFF
format. The cartographic projection system used was UTM

(Zone 25, central meridian 33° 00’ 00” W, horizontal datum

SAD 69);

2) For 2005 data, digital multi-spectral satellite images from

IKONOS 11, with high spatial resolution (4 m) and radiomet-

ric resolution of § bits, UTM projection and Datum WGS 84;

additionally, topographic (planimetric) maps in DWG format

were obtained, converted to shapefile (scale 1:5,000), based
on a reconnaissance field survey using a global positioning
system with geodesic receptors and differential method.

Using software SPRING 3.6, TIFF files were converted to
GEOTIFF, and geo-coded into the same geographic co-ordinates,
using as control points a grid with geographic coordinates and
ground points obtained from GPS.

Data preparation

Datasets originated a digital mosaic for the studied landscape in
1975 and 2005, integrated into a geographic information system
(GIS) using the software ArcGIS 9.2 (ESRI 2006) and its exten-
sion Spatial Analyst. All patches greater than 1 ha of mature forest
(MF) existent in both years were vectorized on screen. In addition,
patches of secondary forest (SF) existent in 2005, independently of
size, were also vectorized. SF patches from 1975 were not vector-
ized due to the difficulty in obtaining the precise separation be-
tween SF and plantations based on the aerial photographs. Field
surveys for ground truthing were carried for checking the classifi-
cation of SF and non-forested (NF) areas.

As a result, the GIS contained layers for two time periods, in
which the vegetation and land use were separated into three
classes, with their attribute tables, based on the classification by
Ferraz et al. (2005), and described as follows:

Mature Forest (MF) — dense vegetation, with tall trees (> 20
m), with large stems and a continuous canopy. On the images, it
was also observed the presence of luminosity inside the patches
for definition of canopy openness.

Non-forests (NF) — arcas with artificial/ man-made uses, such
as sugarcane fields, other crops, villages, large equipments (indus-
tries) and paved grounds.

Secondary Forest (SF) — open secondary formations, with
herbs, shrubs and/ or scattered arboreal plants, with many gaps and
abundance of Cecropia trees, usually regenerating after abandon-
ment of agriculture practices or due to selective logging.

Landscape description and data analysis

In order to analyze changes in forest cover and fragmentation,
landscape and patch indices or metrics were calculated using data
derived from GIS attribute tables for each time period. Metrics
describing the landscape were (Ferraz ef al. 2005; Armenteras ef al.
2006; Echeverria et al. 2006): patch number, mature forest cover
and isolation degree. For the latter, an average nearest neighbor
index was calculated for the entire landscape using Euclidean dis-
tance for the two studied periods in the ArcGIS Spatial Statistics’
tool (ESRI 2006) followed by a comparison of observed vs. expec-
ted distribution and returning a distribution pattern ranging from
clustered to dispersed. Additionally, an isolation index was calcu-
lated based on a point pattern analysis (Fortin and Dale 2005)
adapted by Ribeiro ez al. (2008). A total of 4,390 points were sys-
tematically distributed along the studied polygon, at every 250 m
on x and y axis, for the two studied periods. At each point, the
distance from the nearest fragment was obtained and the mean
point distance calculated for the entire landscape composed the
index.

Patch metrics used were: patch area and patch shape index or
circularity index, defined as the ratio between the patch area and
the area of a hypothetical circle with the same perimeter, assuming
a value of 1 for areas perfectly circular (Meunier 1998; Martins et
al. 2002; Nascimento et al. 2006).

All patches were assigned to three size categories: small (<30
ha), medium (30-200 ha) and large (>200 ha) fragments. Additi-
onally, fragments were classified according to their shapes in
“very irregular” (shape index < 0.4), “irregular” (shape index be-
tween 0.4 and 0.65) or “regular” (shape index > 0.65).

To calculate the average annual deforestation rate for MF area,
the following formula was employed (Armenteras ef al. 2006):

Loss rate = (Ln(Ay;) — Ln(Ay)) * 100)/ (t; - ty)

where A = MF forest area (ha) at t; (2005) and t, (1975).

For year on year comparisons of number of fragments in size
and shape classes a chi-square analysis (Zar 1996) was done.
Paired t-tests for mean isolation and Kruskall-Wallis tests were
carried out to compare means of metrics obtained between periods
in the studied area.

RESULTS
Changes in forest cover

Between 1975 and 2005, there was a loss of MF cover and
replacement by agricultural fields. Within the studied area,
percentage of MF cover and number of fragments decreased
from 45.61% (153 patches) to 24% (110 patches, of which
106 patches are presently owned by the Sdo José Sugar
Mill) (Fig. 2), indicating a forest area loss of 47.37% in 30
years, with an estimated annual loss rate of 2.14%. Land-
scape configuration remains the same since 2005, and ac-
cording to local informants, it was defined at the beginning
of the 1990 decade.

The largest patch existent in the studied area in 1975
was reduced to almost half of its extension, and the cleared
forest areas were replaced principally by sugarcane fields.
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Fig. 2 Forest cover and spatial distribution of mature forests and non-forested areas in 1975 (A) and 2005 (B) in the northern region of the coast
of Pernambuco, Brazil; secondary vegetation patches are shown in 2005.
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This particular fragment was converted into 37 MF patches,
with a mean size of 66.17 ha, and 31 open SF remnants,
with a mean size of 11.44 ha, altogether covering 55% of its
former area. An important feature in this process of frag-
mentation was the maintenance of corridors of riparian for-
ests linking the remaining patches.

Variation in fragment size and shape

In 1975, small fragments were the majority (108), in ad-
dition to 33 medium and 12 large (Fig. 3). Inversely to
numbers, all small fragments encompassed only 8.5% of
MF areas, whereas the large ones covered altogether 70% of
MF areas. In 2005, 70 small fragments were recorded,
along with 29 medium and 11 large. The small fragments
covered only 12.4% of the forested area, while large frag-
ments, in a lesser number (10%), included 54.6% of the
area and the medium patches (26%) covered 33% of total
forest areas.

Although there has been a reduction in number in each
size class after thirty years, the distribution of number of
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Fig. 3 Percentage of fragment number (A) and area (B) per size
classes in 1975 and 2005, in the northern region of the coast of Per-
nambuco, Brazil.
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Fig. 4 Percentage of fragment number (A) and area (B) per shape
classes in 1975 and 2005, in the northern region of the coast of Per-
nambuco, Brazil. The percentage of area occupied by regular fragments
in 1975 was 0.08%.

Table 1 Landscape and patch indices for mature forests in 1975 and 2005
in the northern region of the coast of Pernambuco, Brazil

Landscape and patch indices 1975 2005

Patch number 153 110

Mature forest cover (%) 45.61 24.00
Average nearest neighbor (m) 397.10 695.97
Mean isolation index (m) 78.22 440.79
Mean patch area (ha) 83.47 61.10
Mean patch shape index 0.28 0.30

fragments per classes did not differ significantly between
the years considered. Likewise, there were no significant
differences considering the distribution of areas per size
classes.

Mean patch area decreased from 83.47 ha in 1975
(minimum 1.14 ha, maximum 5090.88 ha) to 61.10 ha in
2005 (minimum 1.20, maximum 497.71 ha), with no signi-
ficant differences for the means between the two studied
years. Many small fragments were converted in non-forest
areas. For instance, a total of 77 fragments in 1975 were en-
tirely replaced by sugarcane fields and secondary forest, of
which 68 were small and only two were large.

In 1975, almost all fragments in the study area had very
irregular (74.5%) or irregular (22%) shapes, both classes
covering together 99.9% of mature forest area, while only
0.1% of the area was occupied by regular patches (Fig. 4).
All large and medium fragments and 64% of the small frag-
ments had a very irregular shape; all regular fragments re-
corded were small ones.

In 2005, 72.7% of fragments had a very irregular or
irregular (15.5%) shape, covering 98.7% of forest areas. All
large and medium sized fragments, with the exception of
two medium, and 60% of the small ones had very irregular
shapes, and all regular patches were small, in the same way
as in the former landscape.

Although the mean patch shape index did not differ
between years (Table 1), the number of fragments per shape
classes differed significantly over the period (y° = 6.083; df
= 2; p = 0.04), principally because the proportion of very
irregular and irregular decreased and regular fragments in-
creased. This apparently positive result, however, should be
seen with caution, because regular fragments comprise only
1.3% of actual MF area, and all of them have small sizes.

Forest isolation

In 1975, the observed fragment mean distance of nearest
neighbor was 397.10 m, which, being compared to the ex-
pected mean distance of 602.96 m, revealed a clustered dis-
tribution (p = 0.01). In 2005, the observed nearest neighbor
distance of was 695.97 m in average. Distribution pattern in
the actual landscape, when compared to an expected ave-
rage distance of 718.3 m, is then random, that is not clus-
tered nor dispersed. Mean isolation indices calculated for
the two periods showed a similar pattern of increasing iso-
lation and reduction in the clustered pattern. The index
changed from 78.22 m in 1975 to 440.79 m in 2005, with a
significant difference between periods (t =35.7, p <0.01).

The isolation index indirectly incorporates another vari-
able to the analysis, which is fragment area. In other words,
if points fall within fragments, the distances from these
points to surrounding fragments is zero. Therefore, in a
landscape with large fragments, a great number of “zero”
values would determine a lower isolation index. The num-
ber of points with “zero” values decreased from 2177 to
1070 m, whereas maximum point-fragment distance in-
creased from 887 to 4557m. In fact, the scatterplot drawn
with distances from nearest forests in all points in both
years (Fig. 5) clearly shows that distances increased five
times in 30 years. For instance, while there is a great con-
centration of points with distances between 25 and 500m in
1975, the majority of points concentrate distances from 200
to 2000 m in 2005 (Fig. 5).
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Fig. 5 Scatter plot showing distances of nearest fragment (in meters)
for 4,390 points systematically distributed in the studied landscape, in
1975 vs. 2005, in the northern region of the coast of Pernambuco,
Brazil.

Analysis of secondary vegetation

In the actual landscape, 96 patches of secondary forest (SF)
were identified, with areas ranging from 0.12 to 130 ha and
a mean patch area of 12.01 + 23.29 ha), most of which clas-
sified as small (90.6%) (Table 2). All these small patches
cover 44.3% of the area occupied by SF. The other 55.7%
of SF areas were made up by medium-sized patches (9.4%),
whereas no large patches of SF were recorded.

The shape of patches of SF vegetation in the studied
area followed the same proportions recorded for MF pat-
ches: 79% very irregular (90.8% of total SF area), and 13%
irregular (7.3% of SF area). In other words, this means that
only 8% of the SF patches were regular, covering only 1.9%
of SF areas. Amongst very irregular patches of SF, 89.5%
are small; 91.6% of the irregular ones and all regular SF
patches are small.

Comparing the two years, it was possible to identify
that 76% of the SF patches existent in 2005 originated from
MF areas. This conversion of MF into SF areas was fre-
quent in patches with irregular or very irregular shapes,
which are more sensitive to anthropogenic influence and
management practices. Only 24% of the SF patches were
originated from vegetation succession on abandoned farmed
fields.

Table 2 Landscape and patch indices for secondary forest patches in
2005, in the northern region of the coast of Pernambuco, Brazil
Landscape and patch indices 2005 values

Patch number 96
Total Secondary forest cover (%) 4.12
Mean patch area (ha) 12.01
Patches adjacent to mature forests (%) 53.12
Mean patch shape index 0.29

DISCUSSION
Forest loss and fragmentation

This study represents the first historical analysis of land-
scape changes in the Atlantic Forest at the biogeographical
sub-region Pernambuco, as defined by Silva and Casteleti
(2005). Using high-resolution data, the analysis provides a
precise quantification of deforestation, comparable to other

assessments for the Brazilian Amazon (Ferraz et al. 2005;
Armenteras et al. 2006). The studied landscape has under-
gone a high degree of deforestation, as showed by an over-
all annual loss rate of 2.14%. This rate is similar to the ave-
rage deforestation rate in the Amazon in Rondénia, for two
decades (2%; Ferraz et al. 2005), greater than the recorded
for the western Amazon for 10 years (0.61%; Sierra 2000)
or for most areas in the Colombian Amazon for 16 years
(0.01-3.73%; Armenteras ef al. 2006) and lower than calcu-
lated rates for endangered temperate forests in Chile (4.5%;
Echeverria et al. 2006). We also found an actual mature
forest cover of 24%, similar to the forest cover in the sou-
thern cost of Pernambuco (23%; Ranta ez al. 1998) and in
Southern Brazil (20.2%; Becker et al. 2004), but much
lower than in the Amazon - 86% (Sierra 2000), 34% (Ferraz
et al. 2005) and 28 to 99% (Armenteras et al. 2006) - and in
the Atlantic Forest of Sdo Paulo (32.03%; Silva et al. 2007).

Forest cover and loss found in this study precisely show
that, although much of the fragmentation of the rain forest
probably took place 300500 years ago (Ranta et al. 1998),
45.71% of MF cover still existed in 1975. Hence, other 25%
of total forest cover were cleared over the last three decades,
very likely to have happened between 1975 and 1985, the
‘proalcool’ decade (Farias ef al. 2007). This result is very
different from the Amazon, which remained largely intact
until the “modern” era of deforestation, begun with the
inauguration of the Transamazon highway in 1970, after
which deforestation proceeded at a rapid pace (Fearnside
2005). Considering that usually deforestation is not homo-
geneous in space (Echeverria et al. 2006) or time (Ferraz et
al. 2005), a more detailed study using remote sensing data
from the 1980 decade would possibly show variations in
forest loss over time.

Overall, the fragmentation pattern in the studied area is
very critical for forest conservation. Most fragments are
small with irregular shapes and isolated. The degree of for-
est cover is below 30%, which is considered a critical thres-
hold under which species loss occur very rapidly (Fahrig
2003), and even a small loss of habitat may result in a pre-
cipitous decline in the probability of metapopulation persis-
tence (Ewers and Didham 2006). In general, differently
from the “fishbone” patterns found in the Amazon, where
landscape configuration is guided by roads (Ferraz et al.
2005; Armenteras et al. 2006), the configuration of rem-
nants in the study area is apparently more related to relief,
which has been found to be the main abiotic factor favoring
the preservation of forest remnants in the Southeastern At-
lantic Forest (Silva et al. 2007, 2008).

Along with forest loss, we reported a decrease in frag-
ment number from 1975 to 2005. There are three scenarios
that may explain this result: case 1) more negatively, a set
of fragments were deforested and converted into sugarcane
fields; case 2) fragments of mature forests were converted
into secondary forest patches; and case 3) more optimistic-
ally, fragments were joined into larger patches. Our results
revealed that each case occurred in the studied landscape.

Forest loss (case 1) was prevalent in the northern study
area, where the level of modification was the highest, with
fragmentation of a continuous forest into smaller patches.
One of the major consequences of this severe fragmentation
is the separation and isolation of populations. Habitat isola-
tion is defined as the opposite of habitat connectivity or the
degree of isolation between patches used by a particular
species (sensu Fischer and Lindenmayer 2007). Indices of
mean proximity are suitable for characterizing the degree of
isolation and fragmentation in tropical forest landscapes
(Echeverria et al. 2006) although they do not effectively
take into account fragment area. In the study area, calcu-
lated average nearest neighbor increased from 1975 to 2005,
the distribution pattern changed from clustered to random,
and there was a reduction in mean fragment size. The point-
based isolation index also revealed that, throughout the
landscape, a great number of points which fell within for-
ests in 1975 fell outside forest areas in 2005. Altogether,
these results picture not only forest loss but a pattern of
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patch shrinking. Remaining patches becoming more and
more isolated (Boentje and Blinnikov 2007) and a decline
in the mean patch size is a general trend found in land-
scapes that progress towards a more fragmented structure
(Cakir et al. 2008), with the main ecological driver of forest
extent attributable to human activity (Wickham et al. 2007).

The effect of fragmentation and isolation on species is
very difficult to evaluate, because dispersal ability largely
varies among different groups of organisms. Habitat isola-
tion affects species richness, as smaller and more isolated
fragments are expected to retain fewer species (Debinski
and Holt 2000). Moreover, isolation reduces the possibility
of movements of organisms between fragments (Echeverria
et al. 2006) and negatively affects the dispersal of species,
creating patchy populations, whose interactions depend on
dispersal behavior, mode and scale of movement (Fischer
and Lindenmayer 2007). For instance, wind-pollinated trees
can spread their pollen for tens of kilometers, whereas dis-
tance between fragments can be an insuperable barrier for
some invertebrates, small mammals, large fruit-eating ver-
tebrates (Forman 1995; Silva and Tabarelli 2000), sessile
organisms with low dispersal power (Henle et al. 2004) and
forest-interior species (Tabarelli and Gascon 2005). Isola-
tion can discontinue genetic flow between populations in
different fragments and consequently reduce genetic diver-
sity (Kageyama and Gandara 1998; Silva EF et al. 2008).

Forest conversion (case 2) has occurred in a large scale
as well, as 73 out of 153 MF patches were converted into
SF fragments. SF patches derived from complete conver-
sion of irregular shaped forest fragments or from degrada-
tion along fragment margins, where forest structure is more
susceptible to edge effects (Murcia 1995). In the same area,
it has been recorded that edge influence on vegetation flo-
ristics and structure is greater along the first 50 m from for-
est boundaries (Gomes et al. 2008; Silva HCH et al. 2008),
although in Amazonian forests, edge effects can penetrate
500m or 2000m (Laurance 2000). Ranta et al. (1998) found
out that in the southeastern corner of Pernambuco, the area
influenced by the edge exceeded interior habitats, when
edge width was greater than 60 m. Under edge influence,
both physical and chemical environments are altered, affec-
ting the distribution of species near the edge according to
their physiological tolerances (Murcia 1995), leading to
new ecological communities near habitat edges (Ries et al.
2004).

There is much debate about the conservation value of
secondary patches per se. These secondary areas were
found to be species-rich and important for the overall plant
diversity (Castillo-Campos et al. 2008), and of lower value
for small insects (Gardner ef al. 2008). As a synthesis of
these two view points, while conservation of forest rem-
nants will not be possible by focusing solely on primary for-
ests, there must be prudence with the claim that forest rege-
neration on degraded land can effectively compensate the
loss of species following deforestation. In this study, me-
dium and small patches of secondary forests are seen as
potential areas for forest regeneration, with many of them
adjacent, very close to or even linking single MF patches.
These areas in the landscape can increase fragment areas,
connect two or more patches or act as stepping stones, i.e.,
small areas of suitable habitats scattered within the matrix,
facilitating biological flows between patches of suitable
habitats (Metzger 2003b).

The joint of rainforest patches into larger ones (case 3)
has also occurred in the study area. It was found that many
large fragments in the present are resultant from a fusion of
two to six small fragments in the past, particularly in the
western portion of the area. Thus, the occurrence of case 3
shows that habitat loss and fragmentation can act at dif-
ferent paces, and that a reasonable amount of habitat con-
nectivity (sensu Fischer and Lindenmayer 2007) can be res-
tored with the regeneration of small areas.

Implications for conservation

For a successful conservation of forest remnants in the stu-
died area, assuring the desired maintenance of biodiversity,
increase of forested areas and the enhancement of habitat
connectivity, this study points out for simple and effective
actions, such as the union of small fragments to large frag-
ments through reforestation, the creation of forest corridors
following river courses, and the maintenance of patches of
secondary vegetation.

Lessons for conservation priorities are derived from the
spatial pattern and temporal changes analyzed in the study
area, combined with conservation strategies defined for the
Atlantic forest as a whole (Tabarelli and Gascon 2005). An
important step, already achieved in the study area, is the es-
tablishment of partnership between research groups and the
private sugar-alcohol sector for the execution of basic and
applied biodiversity studies. According to Tabarelli and
Roda (2005), the sugar-alcohol industry in Pernambuco has
awakened to the need of producing more “environmentally
correct” sugar, and protecting the water resources. The re-
gional sugarcane sector has founded the Institute for the
Preservation of the Atlantic Rainforest — (IPMA), which
incentive the creation of private preserves, forest restoration
and protection of the remaining forest. The Sdo José Sugar
Mill, landowner of the study area, is a member of [IPMA
and plays an important role in forest conservation and part-
nership, along with universities and research centers.

Secondly, there is an urgent need for the conservation of
large fragments as forest reserves, as part of a regional stra-
tegy for the conservation of Atlantic forest in Northeastern
Brazil, creating reserves to protect medium-to-large forest
remnants (Silva and Tabarelli 2000), which would act as the
source for propagules and seedlings, as indicated by refo-
restation models (MMA 2003). Although largest patches in
the area are smaller than 500 ha, they are of great conserva-
tion value, mainly in such areas in which the percentage of
forest left is very low (Turner and Corlett 1996).

Another important effective action is to enhance con-
nectivity following river courses. The river network can act
as an axis for the creation of ecological corridors, defined as
linear and homogeneous areas in the landscape, linking at
least two patches sensu Metzger (2003b). As part of the
IPMA actions, there is an agreement to recover 6 ha of ripa-
rian forests per year, i.e. 1 km (60 m wide) of river margins
reforested per year. Reforestation of riparian areas and of
small areas linking forest patches may be an appropriate
alternative. In simulating reforestation of sugarcane areas
between fragments, Ranta ef al. (1998) have shown an in-
crease of 48% in forest cover and of 166% in forest core
areas, given that edge habitats and fragment number would
decrease considerably.

CONCLUSION

In the present study, major changes in landscape and forest
cover in the Northeastern Atlantic forest of Brazil during
the last thirty years have been quantified. Localized in the
most heavily deforested part of the Atlantic forest dominion
(Silva and Casteleti 2005), fragmentation pattern found
over the last 30 years consists of a significant forest loss,
associated with a decrease in patch area and increase in iso-
lation, as well as decrease in patch number and shape. Al-
though present forest cover represents a critical percentage
for forest conservation (Ferraz et al. 2005), the result found
is better than regional rates of Atlantic forest loss, which
indicates a percentage of 1.5 to 4.6% (Lima 1998; Santos et
al. 2001) of forest cover remaining in the State of Pernam-
buco. This signifies that, although Atlantic forest fragmen-
tation is a conservation issue at a broad scale, mitigation
actions require knowledge at local scale, due to peculiarities
related to historical practices and local features.

Important consequences of landscape modification on
biodiversity patterns and ecological processes have prob-
ably already taken place and many others are undergoing.
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However, once the pattern of recent changes of a landscape
is identified, conservation strategies can be drawn in order
to mitigate biological consequences of such changes. Some
actions towards a sustainable coexistence of sugarcane cul-
tivation and forest conservation have already been started.
For instance, clear-cut practices have stopped and are under
policy, and there is an incentive for the creation of riparian
forests enhancing connectivity. In this scenario, present for-
est cover must be maintained, and secondary forests play an
important role, as they are seen as potential mature forests.
From a conservationist and sustainable viewpoint, the ac-
tual scenario is then challenging and promising.
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