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ABSTRACT. For many years, tropical and subtropical forestshave been deforested for agriculture, grazing,
and timber extraction. Neverthelessinthelast decade, several publicationshave suggested that someregions
of Latin America are showing a process of forest transition. Forest transition theory predicts that
industrialization and urbanization will lead to the abandonment of marginal agriculture lands and the
recovery of natural systems such as forests. However, there are many ecological, economic, and social
factors that could act as barriers to ecosystem recovery. To evaluate this hypothesis, we anayzed the
socioeconomic and land-use changes during the last 30 years at the provincial and departmental level in
the province of Misiones, Argentina. We described the changes in the distribution of urban and rural
populations based on national population censuses from 1970, 1980, 1991, and 2001. Land-use change
was based on asupervised analysisof four mosaics of Landsat Multispectral Scanner and Thematic Mapper
satelliteimagesfrom 1973, 1979, 1987/1989, and 2006. Although the changein therural population varied
greatly among the departments, there has been adramatic increase in the urban popul ation at the provincial
level. The major land-use changes between 1973 and 2006 were an increase in monospecific plantations
of mainly Pinus and Eucalyptus of 2702 km? and a loss of 4689 km? of natural forest. Misiones possesses
the largest remnant of continuous Atlantic Forest, which is famous for its high level of biodiversity and
endemism, but much of thisforest now comprisesmonospecific plantations. Although demographic changes
in Misiones are similar to those that have occurred other regions (i.e., rura—urban migration), and the
increase in forest plantations helps to maintain forest cover, this cover has much lower ecological value
than that of natural forest. To ensure the conservation of the high-diversity Atlantic Forest in Misiones
requires abetter effort to understand the interactions among the diverse factorsthat affect land-use patterns
in thisregion.
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INTRODUCTION

Ever since Mathus in 1798 introduced the
relationship between human popul ation growth and
agricultural development, or more generally the
environment, it has created much controversy (e.g.,
Boserup 1965, Pimentel et al. 1998). Today,
however, few would deny that humans have had an
enormous impact on the environment, particularly
giventhat wehavetransformed between 30 and 50%
of terrestrial ecosystems for our direct or indirect
use (Dobson et al. 1997, Vitousek et a. 1997,
Sanderson et a. 2002). Furthermore, the world's

population and per capita calorie consumption
continue to grow; thus, the impact on natural
systems is also expected to increase. However,
population growthisslowing (Lutz et al. 2001), and
thepopulationisshiftingfrommainly rural to urban.
These factors could reduce the direct impact of
humans on natural areas (Aide and Grau 2004,
Wright and Muller-Landau 2006).

The magnitude of rural—urban migration and the
success of migrants and their descendents in urban
centersare some of themany interacting factorsthat
will affect global land-use change. The huge
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migration of rural Chinese, mainly to factory jobs
in coastal cities (Fan 2005), has been a maor
contribution to the global urban population,
accounting for > 50% of the population in 2007
(United Nations Population Fund 2007). However,
rural—urban migration is not restricted to Ching; the
rural population of South Americadeclined by > 5
million people between 1990 and 2000 (Food and
Agriculture Organization FAOSTAT: http://faostat.
fao.org/site/550/DesktopDefault.aspx ?Pagel D=550
), and thistrend is predicted to continue throughout
most of the developing world (International
Organization for Migration 2004). In Latin
America, some of the major drivers of rural—urban
migration have been the intensification of
agriculture in the most productive soils, increasing
job opportunities in urban areas, and the
internationalization of job markets (Preston 1996).
Will thereductioninrural populationdensity caused
by rural—urban migration decrease the pressure on
natural areas (Aide and Grau 2004, Wright and
Muller-Landau 2006) or will increasing food
consumption and new demands for biofuels erase
any positive effects of rural—urban migration?

Rural—urban migration is frequently identified as
oneof themostimportant driversof foresttransition.
Forest transition theory predicts that as societies
undergo economic development, industrialization,
and urbanization, forest cover will increase (Mather
and Needle 1998). This theory has been supported
by evidencefrom > 50 countries, mainly developed,
in which forest cover increased between 1990 and
2000 (Waggoner and Ausubel 2001). The process
of forest transition has al so been reported for some
developing countries in Latin America, including
Puerto Rico (Grau et a. 2003, Parés-Ramos et al.
2008), Dominican Republic (Grau et al. 2007b),
Ecuador (Rudel et al. 2002), Honduras (Southworth
and Tucker 2001), and many mountainous regions
throughout Latin America(e.g., Zweifleretal. 1994,
Klooster 2003, Grau and Aide 2007, Grau et al.
2007a). Although rura—-urban migration is an
important component in these examples, it alone
does not guarantee the spontaneous regeneration of
natural forest because other ecological, economic,
and socia factors can act as barriers to ecosystem
recovery and lead to other outcomes of forest
transition (Rudel et a. 2005). For example, in areas
withfertilesoils, rural—urban migration could bethe
result of agricultural modernization, i.e., adecrease
in farm labor, and there would be no increase in
forest cover, but rather an increase in large-scale
modern agriculture. In other cases, new forests are
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dominated by exotic species or plantations, and
although this does little to conserve biodiversity, it
can improve many ecosystem services such as
carbon sequestration and soil and water
conservation (Rudel et al. 2005).

Our am was to understand the complex
rel ationships between patterns of human demographics,
specifically rural—urban migration, and land use in
Misiones, Argentina. Misiones contains one of the
largest remaining areas of Atlantic Forest, but it has
experienced rapid population growth and extensive
deforestation during thelast 40 years (Galindo-L eal
and Gusmdo Camara 2003). Although the
conversion of these high-diversity forests to other
usesin Misioneshasnot been asextremeasin Brazil
and Paraguay, if government policies continue to
promote the expansion of plantations, agriculture,
and cattle ranching, the distribution of Atlantic
Forest will continue to decline (Galindo-Leal and
Gusméao Camara2003). By better understanding the
I nteractionsamong soci oeconomicfactorsandland-
use dynamics and incorporating this information
into land-use policy and conservation agendas,
continuing economic development in Misiones
should be possible without further affecting natural
forest cover. Specifically, we describe the trendsin
land-use and demographic dynamics during the last
30 years at the province and department levels. In
addition, we evaluate the forest transition
hypothesis by documenting the trends in land-use
change between 1989 and 2006 following adecline
in the rural population.

METHODS
Study area

This study was conducted in the province of
Misiones (29,801 km?), northeast Argentina (Fig.
1). Misiones is divided into 17 departments. The
department is the smallest administrative unit for
which there are reliable demographic data.

Misiones possesses the largest remaining area of
continuous Atlantic Forest (~1.0 x 10* km?). This
region is one of Conservation International’s
Hotspots and one of the World Wildlife Fund's
Global 200 and is characterized by high levels of
biodiversity and endemic species (Myers et a.
2000). Thisforest typeal so occursinsouthern Brazil
and eastern Paraguay, although it is highly
fragmented and occupies< 6% of theoriginal cover,
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Fig. 1. Location of the province of Misiones, Argentina, in South America (inset), and the distribution of

the 17 departments within the province.
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mainly because of conversion to agriculture
(Galindo-Lea and Gusmao Camara 2003).

The territory that now includes the province of
Misiones has been inhabited by the Guarani for >
6000 yr (Martinez Sarasola 1992), but the
population was small until the Jesuit priests entered
theregion in the 17th century. By the middle of the
18th century, Misiones had 46,500 inhabitants and
was the region with the largest population in
Argentina (Instituto Nacional de Estadisticas y
Censos 1980). During the 18th century, the
popul ation declined because the Jesuit priests were
expelled and therewere many warsin theregion. In
1881, the federal government implemented a
colonization program to promote agriculture in the
region and divided the province into 27 properties
that were sold to a few individuals (Belastegui
2004). In the early 1900s, colonization proceeded
mainly from the south to the north in two waves.
The first wave of colonization occurred on public
lands mainly in the departments in the southwest
and the central plateau. The second wave settled
mainly on private lands in the Parana River valley,
which is the western boundary of the province
(Belastegui 2004). During the 1980s, the
government promoted a new wave of colonization
in the northeastern departments of Misiones to
establish a presence along the Brazilian border
(Schiavoni 1995). In this program, migrants were
given land and were required to deforest at least
50% of that land to maintain ownership (Schiavoni
1995).

Population and land-use data

Spatial and temporal changes in the distribution of
the population in urban and rural areas of Misiones
were described by analyzing datafrom the last four
national population censuses (Instituto Nacional de
Estadisticas y Censos 1970, 1980, 1991, 2001). In
Argentina, the censuses are universal and are made
by direct interview. The popul ation censuses collect
information on demographic and socia aspects of
al inhabitants. Rural and urban populations are
divided by the threshold of 2000 inhabitants per
locality.

The changes in the land-use patterns in Misiones
were described by analyzing satellite images from
1973, 1979 (Landsat Multispectral Scanner [MSS],
80 x 80 pixel resolution), 1987, 1989, and 2006
(Landsat Thematic Mapper [TM], 30 x 30 pixel
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resolution). Four images cover the province of
Misiones: paths 223 and 224, rows 78 and 79 of
Landsat TM; and paths 239 and 240, rows 78 and
79 of Lansdsat MSS. To construct cloud-free
mosai csfor each date, we used thefoll owing scenes:
(1) 1973: February 1973 (240/78, 240/79) and
March 1973 (239/78, 239/79); (2) 1979: September
1979(240/78, 240/79) and November 1979 (239/78,
239/79); (3) 1987/1989: March 1987 (223/79,
223/78), April 1989 (224/78), and May 1989
(224179); and (4) 2006: July 2006 (224/78, 224/79)
and August 2006 (223/78, 223/79).

We used a geo-referenced Misiones Government
mosaic from 1999 (Argentine Transverse Mercator
National Projection Zone 7) as a base image to co-
register all images for the analysis. We used the
nearest-neighbor resampling method for co-
registration. The co-registration error was < 0.3
pixels. All images were sub-set with the provincial
boundaries. We used images from different datesto
create cloud-free mosaics, but these images had
different spectral properties because of differences
in the atmosphere and vegetation phenology. To
correct for this problem, we characterized the
spectral signatures of each land-use class (i.e.,
assigned training sites) for each of the four images
for each year. This is an aternative approach for
radiometric correction that has been validated by
Song et al. (2001).

For the supervised classification, we used the
maximum likelihood method to identify specific
areas of various land-use categories that did not
changeduring the study period. In addition, we used
adetailed land-use map of the Andresito region for
2002 (Guerrero Borgues 2004) to identify areas of
various land-use categories that had been verified.
Using these sites as references, we selected and
digitized training sites distributed across the
province of Misiones for the supervised
classification. Training sites were selected for each
image for each year. To capture the variation in
forests and plantations, we initially assigned
training sites for various subclasses of forest, i.e.,
forest, riparian forest, forest on slopes with
shadows, forest on ridge tops with high reflectance,
and for various subclasses of plantation, i.e.,
recently planted plantations, young plantations, and
mature plantations. After the initial classification,
each scene was post processed. The sieve function
was used to set the group minimum threshold at four
pixelsfor all classes except urban (80 pixels). The
clump function was set a 3 x 3 pixels. The forest
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and plantation subclasses were then combined into
the forest and plantation classes, resulting in atotal
of 10land-useclasses(Fig. 2, Table1). For thefinal
post processing, we set the sieve and clump
functionsat 40 pixelsand 3 x 3 pixels, respectively,
for the forest and plantation classes.

Given the time span of the study (33 yr) and the
spatial scale (2.9 x 10° ha), it was not possible to
assesstheaccuracy for all yearsusing an alternative
method such as aerial photography. Instead, we
assessed the accuracy of the 2006 land-use map
using Quickbird satellite images (2.4-m resolution,
2003-2006) available through GoogleEarth (http://
earth.google.com/). In regions of Misiones covered
by Quickbird images, we constructed a 5-km grid
of points. At each intersection, we determined the
land-use category. A total of 370 points were
sampled. To increase the cover of less common
land-use categories such as pasture and urban, we
supplemented the grid points with additional points
until wehad approximately 100 pointsfor each land-
use category, for atotal of 704 points. These control
points were compared with the 2006 |and-use map,
and the overall accuracy was 84% (Table 2). Over
80% of forest, plantation, campos (native
grassland), and urban classes were classified
correctly, and between 70 and 80% of the pasture,
mixed (i.e., subsistenceagriculture), and agriculture
classes were classified correctly (Table 2). An
explanation for the lower accuracy for the latter
groups could be the difference in the resolution
between the Quickbird and Landsat images, which
can affect the classification of uses that occur in
small areas and in landscapes with high levels of
heterogeneity. Another explanation for the
mi sclassification of someland-usetypesmay bethat
they have similar spectral properties during certain
times of theyear. However, in al cases, thelevel of
separability (transformed divergence: > 1.50) was
sufficient to differentiate classes in the supervised
classification. Given that we used the same
methodology for all years, we expect that the level
of accuracy measured for the 2006 classification
should be similar for the other years.

We described the patterns of land-use change in
Misiones for the four periods. 1973, 1979,
1987/1989, and 2006. Population data were
analyzed for the period of 1970 to 2001.
Specifically, we evaluated the change in the rural
population at the level of the province. The rural
population began to decline slightly following the
1991 census, but the pattern varied greatly among
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the 17 departments. To evaluatetheforest transition
hypothesis, we determined the change in the rural
popul ation for each of thedepartmentsfor the period
of 1991 to 2001 and compared vegetation cover,
including forest and plantation, and natural forest
cover in each department for the period of 1989 to
2006. We compared the changes in land use for a
period that extended past the last demographic
censusbecauseweexpected atimelag betweenrural
popul ation decline(i.e., land-use abandonment) and
vegetation response.

RESULTS
Population dynamics

Between 1971 and 2001, the popul ation of Misiones
increased by > 5.0 x 10° people, but virtually all of
the growth was in the urban population (Fig. 3A).
Between 1970 and 1991, the rural population
increased by 8426 people (3%); however, between
1991 and 2001 the rural population lost 10,024
people (3.4%). The change in the rural population
varied greatly among the departments (Fig. 3B).
Between 1991 and 2001, the rural population
increased in seven departmentsand decreased inten
departments. The departments representing the
extremes were Guarani, where the rural population
increased by 7304 inhabitants, and San Ignacio,
which lost 6735 rural inhabitants.

L and-use change

Between 1973 and 2006, 4689 km? of natural forest
cover was converted to other uses, representing a
decrease from 65 to 49% forest cover for thewhole
province (Fig. 4). During the same period, the area
dedicated to forest plantations increased by 2702
km?, representing an increasefrom 1 to ~10% of the
province (Fig. 4). Thisincrement wasmainly exotic
pine and Eucalyptus plantations, and to a lesser
extent, plantations of the native Araucaria
angustifolia. The area dedicated to agriculture
increased by 1740 km? between 1979 and
1987/1989 (Fig. 4). Aresas that were classified as
mixed use declined by 551 km? during the whole
study period, but therewas alargeincreasein 1979
(Fig. 4). In general, areas that were classified as
pasture increased during the study period, whereas
areas that were classified as campos declined (Fig.
4). Although urban area increased throughout the
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Fig. 2. The 2006 classification map of Misiones, with examples of the different land-use categories.
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Table 1. Descriptions of the land-cover classes used for satellite image classification.

Land-cover class Definition

Natural forest, including old-growth forest, secondary forest, and riparian forest; protected

Monospecific stands of Pinus, Eucalyptus, and Araucaria that are used for lumber and pulp

Bare ground; usually associated with agriculture, plantations, and/or mixed agriculture

Areas of subsistence agriculture often mixed with small pastures and shrubland

Grassland that was established over the last 100 years in what was forested habitat; these

Native grassland or areas that were converted to grassland > 100 yr ago; these areas are

dominated by native grass species and occur mainly in the southern part of the province

Watert Lakes, lagoons, dams, or large rivers
Forest

areas were included in this land-cover class
Plantation

production
Clearedt
Agriculture Areas dominated by perennial crops of tea and yerba mate
Mixed use
Pasture

areas are usually dominated by African grasses.
Campos
Urban Cities, roads, and other built-up areas
Unclassified

Pixels that could not be confidently assigned to aland-cover class

TThese classes are considered as “ other” in most of the analyses, figures, and tables.

study period, by 2006 it occupied only 1% of the
province (Fig. 4).

The matrix of land-use changes between 1989 and
2006 showsthat thelargest change at the provincial
level was the conversion of natural forest cover to
mixed use (1204 km?), plantation (1086 km?), and
agriculture (1008 km?;, Table 3). In contrast, the
largest source of new forest in 2006 was areas that
were in mixed usein 1989 (Table 3).

Forest transition

Forest transition theory predicts that rural—urban
migration should lead to the abandonment of
marginal areas, e.g., subsistence agriculture. We
found apositive relationship between the changein
the rural population and the change in mixed cover

(R2 =0.29, P < 0.05; Fig. 5). Departments such as
Cainguas and Obera that lost rural population
experienced a decrease in the area of the mixed
cover land use, whereas the rural population of
Guarani increased by > 7000 people and the area of
mixed cover increased by > 205 km?. Althoughthere
was a positive relationship, there were exceptions:
five departments lost rural population, but the area
of mixed cover increased; and three departments
gained rural population, but the areaof mixed cover
decreased.

Did rural decline and a decrease in mixed land use
result in forest transition? There was a significant
negative relationship (R = 0.47, P < 0.05) between
the changein therural population and the changein
forest cover (forest and/or plantation; Fig. 6A). The
departments that had the largest increase in rurd
population, i.e., Guarani, San Pedro, and Gral M.
Belgrano, were those that lost the greatest areain
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Table 2. Assessment of the accuracy of the land-use classification for 2006 by verification using Quickbird

images from GoogleEarth.

Image classification

Quickbird image

Forest Plantation Agriculture Mixed Pasture Campos Urban
Forest 118 4 2 4 4 2 -
Plantation 6 97 2 3 3 4 -
Agriculture 1 3 78 10 3 3 2
Mixed - 1 7 73 6 1 -
Pasture - 1 5 8 62 9 1
Campos 1 - 3 1 - 78 1
Urban 1 - - 5 3 - 79
Other 1 0 1 0 3 0 0
Total 128 106 98 104 84 97 83
Accuracy (%) 92.2 91.5 79.6 70.2 73.8 80.4 95.2
Total accuracy 83.6
(%)
forest and/or plantation cover and arelocatedinthe  DISCUSSION

northeastern region of the province aong the
Brazilian border (Fig. 1). Five departmentsthat had
decreasingrural populations, i.e., Apostoles, Oberd,
Concepcion, Capital, and San Javier, gained forest
and/or plantation cover. These departments are all
located inthe southern part of theprovince, andtheir
rural populations have been decreasing since 1970.
Although theseresultssupport the predictionsof the
forest transition hypothesis, other departments that
also lost rural population had a decrease in forest
and/or plantation cover. This pattern of loss of rural
population and a decrease or minimal increase in
forest and/or plantation cover ismore obviouswhen
only forest cover is analyzed (R2 = 0.51, P < 0.05;
Fig. 6B). Again, there was only aminimal increase
in forest cover in just a few of the southern
departments.

Between 1970 and 2001, the major demographic
change in Misiones was a doubling of the
population, with virtualy al of the growth in the
urban centers (Fig. 2). Another important change
was the decrease in the rural population during the
1990s, but this change varied greatly among the
departments. Most of the southwestern, central, and
northwestern departments lost rural population,
whereas the northeastern departments gained rural
population. These differences are related to the
colonization history of the province. The first
European settlersmainly colonized thesouthernand
central region, where the major economic activity
was the production of yerba mate, and the
northwestern region, where the major activity was
timber extraction (Schiavoni 1995, Belastegui
2004). During the 1970s, government credit and
subsides promoted the establishment of pulp and
paper companies, mainly in these departments
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Fig. 3. (A) Changein rural and urban populations at the province scale. (B) The relationship between the
change in the rural population between 1991 and 2001 and the rural population in 1991 for each
department.
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Fig. 4. Change in land-use categories at the provincial level for 1973, 1979, 1987/1989, and 2006.
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(Laclau 1994). Although the economy of thisregion
of Misiones was based mainly on agriculture and
forest products, these departments al have
developed urban centers, eg., Posadas, the
provincial capital, with apopulation of 255,052 and
Obera with a population of 55,493 in 2001. The
demographic dynamics of the northeastern
departments have mainly been driven by the
colonization of these areas in the 1980s and the
associatedincreaseintherural populationandforest
transformation mainly to subsistence agriculture. In
addition, the rural population of these departments
has increased because of the immigration of illegal
Brazilian subsistence farmers.

Although the rural population of the province has
declined, the continued loss of forest cover, even

when plantations are included as forest, suggests
that other factors act as barriers to forest transition
inMisiones. Even at thedepartment level, theforest
transition model is not clearly supported. Of the 10
departmentsthat | ost rural popul ation between 1990
and 2001, only five departments had an increase in
natural forest and/or plantation cover, and in all
cases, the increase was < 100 km?. It is commonly
thought that poor rural inhabitants and subsistence
agriculture are barriers for forest transition. In
Misiones, the opposite appears to be the case. The
mixed land-use class indicating subsistence
agriculture declined from 4962 km?in 1979 to 3505
km? in 2006 (Fig. 4). Furthermore, areas that were
classified asmixed usein 1987/1989 werethemajor
source of new forest in 2006 (Table 3). We think
that the lack of concordance with the forest
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Table 3. Land-use transition matrix for the period of 1989-2006. Rows represent the source land-use
category in 1987/1989 (top) and the status of the areas in 2006 (bottom). Columns represent the fate land-
use categories in 2006 (left) and the status of the areas in 1987/1989 (right).

2006 Totd in  %in
1987/1- 1989
989
Forest Plantation Agriculture Mixed Pasture Campos Urban Other
Forest 12,595 1086 1008 1204 266 17 14 707 16,898 58
Plantation 404 870 210 265 42 33 8 266 2099 7
Agriculture 517 437 1052 718 152 316 69 505 3766 13
19- Mixed 707 278 808 782 301 34 47 410 3367 12
?Z Pasture 32 50 63 70 122 32 3 49 422 1
o Campos 13 75 106 111 83 744 29 89 1250 4
Urban 4 13 35 38 4 26 121 21 262 1
Other 384 208 262 117 65 61 21 64 1182 4
Total in 2006 14,657 3017 3544 3305 1034 1264 313 2110 29,245
% in 2006 50 10 12 11 4 4 1 7

transition model is because even though there has
been rural—urban migration, the productive lands
containing agricultureand plantationshavenot been
abandoned. The decrease in the number of farms
and the increase in the mean size of the properties
(Instituto Nacional de Estadisticasy Censos 1988,
2002) suggests that many smaller single-family
operations have been transferred to a single owner.
Although the rolling hills and soils are not as
productive for large-scale activities as are other
areas in Argentina, e.g., cattle production in the
Pampasor soybean productionindry forest, thesoils
are sufficiently productive to make agricultural and
forestry activities economically feasible in
Misiones.

Theincreasein plantationsfrom approximately 1to
10% of the province during the last 33 yearsis, in
part, the result of a government forest policy that
subsidizedthisactivity. Intermsof land-usechange,
the greatest effect of this policy was the loss of

natural forest. Between 1973 and 2006, 1803 km?
of forest was converted to plantation. Many
plantations were also established in areas that were
formerly classified as mixed use (1848 km?) or
agricultural (1654 km?). A similar pattern of great
increase in plantation was observed in Santa
Catarina, Brazil (Baptista and Rudel 2006), where
industrialization has promoted rural—urban migration,
and policies and fiscal incentives have encouraged
the establishment of plantations on abandoned
agricultural lands. There has also been a rapid
increase in plantations in campos grassland in
Uruguay and in other regions of Argentina(Paruelo
et al. 2006), similar to that observed in the
southwestern departments of Misiones.

An increase in forest cover because of the
establishment of plantations is a type of forest
transition, but its contribution to environmental
servicescanvary greatly (Rudel et al. 2005, Baptista
and Rudel 2006). The low diversity and ssimple
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Fig. 5. Relationship between the change in mixed cover between 1989 and 2006 and the change in the

rural population between 1991 and 2001.
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structureof commercial plantationscanlimittheuse
of theseareasby forest-dependent species(Mardsen
et al. 2001, Zurita et al. 2006), and some plantation
species, e.g., Pinusspp., caninvade adjacent forests
(Richardson 1998). However, forest plantationscan
reduce soil erosion (Parrota et a. 1997), improve
water quality (Kramer et al. 1997), increase carbon
sequestration (Nilssonand Schopfhauser 1995), and
provide habitat for many species (Spellerberg and
Sawyer 1996, Lugo 1997). Furthermore, if
plantations are not actively managed, they can act
as a catalyst for secondary succession (Brown and

Lugo 1994, Lugo 1997). Clearly, management
practices and the ecology of the individual species
play large roles in determining the positive and
negative effects of plantationson local biodiversity
conservation.

Another important factor contributing to the lack of
forest recovery is that Misiones is the major
producer of yerba mate in Argentina, which isthe
most important perennial crop in the province
(Manzi 2000). Other important crops in Misiones
include tea and tobacco. The production of yerba
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Fig. 6. Relationship between the change in (A) forest and plantation cover and (B) native forest cover
between 1989 and 2006 and the change in the rural population between 1991 and 2001.
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mate was initiated by the Jesuits in the 1700s, and
although production has varied gregtly, in the late
1980s, the government established a research
organization to provide technical assistance for the
sector, resulting in the large increase in the
agricultural land-use class between 1979 and 2006
(Fig 4). In the departments of Cainguas, Oberd, San
Pedro, Guarani, and Belgrano, the area of land in
agriculture continued to increase during the period
of 1989 to 2006.

Cattle ranching is another activity that could easily
increase in scale. Within Misiones, cattle grazing
occurs in campos in the southwestern departments
and in pastures that have been established in
previously forested areas mainly in the central and
northern departments. During the study period, the
major sources of new pasture were forest (486 km?)
andareasof mixed use(207 km?), and athoughthere
was a slight decline between 1979 and 1987/1989,
the overall trend was an increase in pasture.
Furthermore, in Misiones, cattle ranching also
occurs within forests, which involves the clearing
of the understory to enhance grass productivity.
Given the resolution of the images that we used,
theseareaswould most likely beclassified asforest;
therefore, we have underestimated the effects of
cattle ranching activities. The extent of cattle
pasturesislikely toincrease given new government
credits (i.e.,, Plan Ganadero) that promote an
increase in cattle production from 2.5 x 10° head in
2000 to 1.0 x 10° head by 2010.

The logging of natural forest is another important
activity in Misionesthat hasimportant implications
for conservation, but its effects may have been
greatly underestimated. For example, selective
logging can grestly change the structure and
composition of native forest and enhance the
invasion of species such as Chusguea ramosissima
that can reduce local diversity and delay forest
recovery (Placci and Di Bitetti 2006, Campanello
et a. 2007). However, most of these areas would
also continue to be classified as forest.

What is stopping forest transition?

The slowing of human population growth and
increasing urbanization aretrendsthat could reduce
therates of tropical deforestation and evenresultin
forest recovery (Aide and Grau 2004, Wright and
Muller-Landau 2006), but this is not occurring in
Misiones. Although the population growth rate is
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slowing (Instituto Nacional de Estadisticasy Censos
2005) and the rura population is declining, forest
cover continues to decline. In Misiones, local
environmental, economic, and political factors
appear to be barriers delaying forest transition. The
most important factor appearsto bethe combination
of relatively productive soils and government
subsides, which has resulted in an increase in
perennial crops, cattle production, and plantations
of exotic species. The important differences
between Misiones and other areasin Latin America
where forest transition has been observed (e.g.,
Puerto Rico, Grau et a. 2003; Dominican Republic,
Grau et al. 2007b; and Brazil, Perz and Skole 2003)
are soil fertility and economic alternatives. Aslong
as soils are relatively fertile and there are no other
major barriers to large-scale agriculture such as
steep slopes, agricultural activities will continue
even if an area experiences rural—urban migration.
Intheadjacent regionsof Brazil and Paraguay, there
IS no sign of forest transition; on the contrary,
extensive areas of Atlantic Forest have been
converted to cotton, sugar, and soybean cultivation
(Gaindo-Lea and Gusméo Cémara 2003). These
areas have a much longer history of agriculture
compared to Misiones, which is why the largest
remnant of Atlantic Forest remains in Misiones.
Nevertheless, if the government continues to
promotetheexpansion of agriculture, cattlegrazing,
and forestry activities through subsides and other
government support, the areaof Atlantic Forest will
continue to decline.

Conservation and development implications

Theinteractionsbetweenthedemographicand land-
use dynamics of Misiones described here can help
toimprove conservation and devel opment activities
within the province. Specifically, this information
could be the basis for the formulation of future
conservation and development scenarios for
Misiones. For example, a positive scenario should
include continued economic development in
Misiones without further negatively affecting
natural forest cover. We provide some
recommendations that could help Misiones and
many regions throughout the developing world to
realize this scenario.

1. Diversify the provincial economy and
improve urban socia services. Although
there has been an important increase in
tourisminthelast few years(e.g., > 1.0 x 10°
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visitorsto Iguazu Fallsin 2007), the economy
of Misiones depends heavily on timber,
agriculture, and cattle production. Throughout
theworld, rural—urban migrationisone of the
most important demographic dynamics. The
influx of rural migrants can provide new
workers for the manufacturing and service
sectors, but these migrants need access to
affordable education, housing, and health
servicesif they are to improve their standard
of living and contribute to a diversified
economy. This demographic and economic
transition has resulted in forest transition in
many devel oped countries, andtherearesigns
that it is beginning to occur in developing
countries aswell (Aide and Grau 2004);

Improveregional planning. Thedevel opment
and conservation needs of the province could
be better balanced if there were an effort to:

Concentrate agricultural and forestry activities
in areasthat have already been deforested. If
the extensive areas that have been deforested
for mixed use and pastures were used more
efficiently for agricultural and forestry
activities, this could increase productivity
without impacting the remaining areas of
native forest;

Promote the establishment of protected areas
in critical regions and local strategies of
sustainableusealternativesin areaswherethe
rural  population continues to grow.
Approximately 50% of Misiones is still
covered with forest in different degrees of
degradation, including > 7.0 x 10° ha of
protected areas http://www.misiones.gov.ar/e
cologia), but new protected areas should be
established between protected areas to
prevent their isolation, e.g., between Y aboti
Biosphere Reserve and the Iguazi-Uruguai
reserves in the north, or in habitats that are
not presently protected, e.g., Araucaria
forests and campos (see Giraudo et al. 2003).
Most importantly, the largest areas of
remnant forest arelocated in the departments
where the rural populationis still increasing;
therefore, it is important to provide
economically viable alternatives for these
people who depend primarily on deforestation
and subsistence agriculture. How these
people use forest resourceswill have amajor
impact on the future of the Atlantic Forest of
Misiones.
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