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1. INTRODUCTION
1.1 Preface

Different types of forests originally covered the world approximately to 50%. Today, about
40% is denominates “forests and other forest lands" (PERSSON, 1997). In 1995 the total
area of forests in the world was estimated to be 3.454 million hectares (FAO, 1997), rep-
resenting the humid tropical forests — that, according to FAO (1993) include the humid
forests, low humid forests, evergreen forests, semi-deciduous forests, wood lands and sa-
vannahs with trees- almost 25% of this area.

Every year, millions of hectares of these natural forests are lost irreversibly. It has been
estimated that in the 1990’s the deforestation in the tropics would have had a magnitude
of 13 millions of hectares/year (0.6%). It has been widely recognized that increasing levels
of poverty and population in the tropical and subtropical developing countries is one of
the main causes of a greater pressure on the forest resources.

Forest degradation and its negative impacts on the environmental quality has lately be-
come one of the major concerns at a worldwide scale, not only because deforestation is
one of the several factors that influence the Global Change, but also because appropriate
forestry measures can enormously contribute to favour environmental stability. Such
measures will only be effective, if local development objectives are fulfilled, including
higher production of industrial timber, lower rates of biodiversity degradation, and main-
tenance of biodiversity at current levels.

The United Nations Conference on Environment and Development (CNUMAD), celebrated
in Rio de Janeiro in June of 1992 recognized that the forests are fundamental to assure
the well-being of the local populations in the long term, and to maintain to the national
economies and the terrestrial biosphere at the whole. When adopting the Declaration of
Forest Principles, annexed to Chapter 11 of Agenda 21, the importance of the sustainable
management of all types of forests was clearly indicated for all kinds of benefits, in order
to take care of the necessities of the present and future generations.

Tropical and subtropical rainforest resources are at risk. The worldwide tendencies in
these regions include ever-greater rates of deforestation and degradation of soils.
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During the last century the Province of Misiones and in particular its forests, were affected
by an incessant change. Increasing population around the 1930's and afterwards, due in
great extent to the influx of immigrants of European origin had manifold impacts. With the
new settler the necessity for more space, as well as of the generation of labour and peo-
ple’s livelihood arose, which consequently not only resulted in a change of cultures, but
also in deforestation of ample areas of natural forests. Today, such forests are still subject
of intense harvesting.

Particularly endangered in Misiones is Araucaria angustifolia (Bert.) O. Kize. a species
highly appreciated because of the quality of its wood. The original Araucaria forest cov-
ered approximately 200.000 km? between Brazil and Argentina. Given the intense exploi-
tation that affected it over the last 50 years, at present and according to the last inventory
of the forest made in 1980 (with data until 1977), in the South of Brazil only 3% of the
original surface is left (MACHADO and SIQUEIRA 1980; FUPEF 1989, ACHTEN 1995) whereas
in Argentina today the trees loss does not reach to 4% of his original area.

The deforestation process of huge areas of Araucaria forests and semi-deciduous rainfor-
est whose management did not take into account a sustainable use of its natural re-
sources, led to a substantial modification of the ecosystem, with dangerous ecological,
economic and social consequences, which have contributed to natural resources degrada-
tion.

The purpose of this study is the analysis of land cover/land use changes, landscape modi-
fications, and the reduction of the Araucaria forests of the Province Misiones, and to assist
decision-makers in future planning, sustainable resource management and related proc-
esses. That may have a particular impact on the local level, but even on regional and na-
tional development.

1.2  Araucaria Forest in South America
1.2.1 Concepts Definition

Natural forest

The term ‘natural forest’ designates all wooded ecosystems that have not been influenced
by the man, for which is usually used the concept of primary forest. In contrast to this, the
concept of natural forest includes stages of development of the forest that are originated
from natural catastrophes like fires, storms or inundations (BRUNIG and MAYER, 1980 in
STEINBRENNER 2000) Therefore, the term of natural forest will always be used in this work
when talking about natural and not disturbed forests.

Sustainable development

The Worldwide Commission emits one of the more accepted definitions of the sustainable
development for the Atmosphere and the Development (Brundtland Report) in 1987:

“ It is the development that satisfies the actual necessities without compromising the
future generations possibility to satisfy their own necessities”.
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Thus, the sustainable management Forest consists of planning and implementing eco-
nomically viable development, socially beneficial strategies of development with minimum
or positive environmental impacts. It must also balance the present and future necessities

1.2.1 Araucaria angustifolia (Bert.) O Kize.
1.2.2.1 General Considerations

Araucaria is one of the few native South American conifers, and belongs to the Order Pi-
nales, Araucariacea family. This family dominated both hemispheres during most of the
Mesozoic and the beginning of the Cainozoic until the appearance of Angiosperms, which
eventually prevailed. Out of the 570 species that during that period inhabited both hemi-
spheres, only 19 spp. are left, distributed all in the Southern Hemisphere and only two

spp. of which
live in South
America (A.

araucana and
A. angustifolia).
The other 17
are limited to
Australia, New
Guinea and to
some other
islands of the
South Pacific
(Fig. 1-1).
Thus, today,
the  Araucari-
acea can be

considered as @ Fig. 1-1: Worldwide distribution of Araucaria genus. Today, remain only 19
relict genus (LI species, which are enclosed to southern hemisphere.

1953 in

GOLTE 1993).

According to the literature, there would exist eleven (RAMBO, 1956; ReiTz and KLEIN, 1966),
six (HOSOKAWA, 1976) or five (MATOS, 1972) different varieties, most of which could be
differentiated only in mature stages of their seeds (ACHTEN, 1995). Other authors differen-
tiate A. angustifolia in different geographic races or ecotypes (GURGEL J. and GURGEL O,
1971; GURGEL, O. and GURGEL J., 1978; FAHLER and D1 Lucca, 1980).

Varieties of A. angustifolia according Hosokawa, 1976:
Araucaria angustifolia dependens
Araucaria angustifolia angustifolia
Araucaria angustifolia alba
Araucaria angustifolia striata
Araucaria angustifolia caiova
Araucaria angustifolia indehisens

A number of local names are given, from which the most known ones are: in Brazil, Pinho
Brasileiro, Pinho or Pinheiro do Parand, Pinho do Brasil. In Argentina, Pino de Misiones,
or Pino Parand. In Guarani (indigenous language) Kuri'y or Cury.
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1.2.2.2 Phyto-geographical Distribution and Ecology

1.2.2.2.1 Area of Occurrence

Diverse authors early described and established the araucaria natural distribution areaq,
such as CAVALCANTI (1908), RuHLE (1928), JAMES (1942), who were quoted by MOURA
(1975), but from HUECK (1952) there is the most complete and precise description of the
natural occurrence area of A. angustifolia, locating it between 18° and 30° South, and
between 41° and 54°30' West. A. angustifolia is distributed forming dense groups, mainly
in the eastern and central Southern Brazilian planalto (Rio Grande do Sul and Santa Ca-
tarina States), whose forest marginally extends within the boundaries of the Province
Misiones (Argentina), and Parand State (Brazil), and sparsely disseminating over the
southern and northeastern Sao Paulo State, Minas Gerais State, and Rio de Janeiro State
(Fig.1-2).
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Fig. 1-2: Area of natural distribution of Araucaria angustifolia (Bert.) O. Kize. in South Brazil and North
Argentina (according to Hueck 1966, modified). The Araucaria forest covered approx.
200.000 km? between Brazil and Argentina; locating it between 18° and 30° South, and be-

tween 41° and 54° 30' West.
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Araucaria forests, which falls under the Paranaense biogeographic Province, within the
Amazonian Dominion (CABRERA and WILLINK, 1980), usually find its lowest boundaries be-
tween 500 and 600 m asl, climbing up to 1200 m asl, in the Serra da Matiqueira and the
ltatiaia, and even up to 1800 m asl, in the Campos de Jorddo region, at the north of its
geographic distribution.

1.2.2.2.2 Ecological Aspects

Climate, Geology and Soils

Climate in the natural distribution area of araucarias is from temperate humid to subtropi-
cal humid (Cfb and Cfa according Képpen climate classification), with rainfalls distributed
over the whole year (having a minimum in Winter), varying from 1200 mm up to 2400
mm. Mean annual temperature varies between 12°C and 20°C, according to location,
height and topography (WACHTEL, 1990). Mean monthly temperature is always higher
than 10°C. Frosts are recorded only in five to twenty-five days a year, during April and
September.

Three geological regions can be defined, according to their varied lithology:
e An eastern region, where plutonitas (granites and gneiss) prevail.
e A central and northern region composed of sedimentary rocks, from which Upper
Carboniferous sandstones are the most predominant.
e A western region, with Triassic, Jurassic and Cretaceous magmatic basalts.

Soil types and fertility vary, according to their parent material. Western soils are frequently
more fertile than those from the eastern and northern areas.

As inferred from above, araucaria grows in temperate and humid climates, where the
coldest month temperature may be very low, but always higher than -10°C, and mean
annual rainfall over 1000 mm. Nevertheless, araucaria needs, at their youngest stages,
protection against frost and direct sunlight. According to NTIMA (1971 in HOSOKAWA
1976), frosts may be a decisive factor in the development and survival of the plants of
araucarias. ROGERS (1953) considers that sunlight and frosts, as well as rainfall amount
play a key role in Araucaria’s growth.

Several authors have referred to araucaria’s soil requirements: ROGERS (1953 in HOSO-
KAWA, 1976) says that araucaria grows and develops in different soils derived from gran-
ites, basalts, diorites, gneisses, and sandstones, and that the amount of soil nutrients and
its capability of sustaining araucaria’s growth are more important than soil depth and sail
physical properties. On the contrary, FRITH (1969) and MOLINO (1969) wrote that the de-
velopment of A. angustifolia is strongly dependant of soil thickness. Results of the research
from VAN GOOR (1965) and BLum (1980 a and b) have proved that soil physical proper-
ties, such as thickness, porosity, water retention capacity and fertility are important factors
for the growth and development of the araucaria.

Reproductive Biology and Fenology
A. angustifolia is a dioic and anemophily conifer. In natural forests, male individuals pre-

vail over female ones. According ScHOLz (1988) this relation goes from 57,1% to 42,9%,
and BANDEL (1960) suggests 52,4% against 47,6%. Flowers develop in second order
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branches. Male cone dense, cylindrical, shortly extending beyond the axil of the leaves,
10-18 cm long by 1.2-2.5 cm wide at its pollinic maturity, scales imbricate (HUECK, 1978;
REITZ and KLEIN, 1966). Female cone is globular, growing at the youngest ends of lateral
branches, 18-25 cm long by 13 cm wide, chestnut-brown. Flowering occurs between April
and June, fecundation between September and October, while seed production, from
April to July, depending on climate and varieties (REITz and KLEIN, 1966; GARTLAND, 1972;
Hueck, 1978). Cone maturity completes after 20-22 months, reaching the cone a diame-
ter of 15-30 cm. Each cone produces between 20-120 seeds, whose length varies from 3
to 7 ¢cm, according to the variety. Its diameter ranges from 1.5 to 2.6 cm, and its weight,
from 5 to 9 g (REMz and KLEIN, 1966; Hueck, 1978; Seitz, 1983). Given the nutritious
properties of seeds (73% of its dry weight is starch), they are appreciated, either on the
tree or on the ground, by diverse birds and mammals (SEiTz, 1983). Germination takes
place from 60 to 120 days. According to RITTERSHOFER and INOUE (1979), seeds lose their
viability (or germination capacity) within a year. This characteristic turns them into a recal-
citrant seed, which does not allow storing (drying or freezing) a for long time (TOMPSET,
1984). Due to the time elapsed during maturation of the seeds, almost mature cones
(large) and small, immature cones can be found simultaneously in female trees. According
to FASSOLA et al. (1999), araucaria would show a four year-cycle of seed production, with
a higher production during the first two years, then decreasing during the third, to eventu-
ally become almost negligible in the fourth year.

1.2.3 Structural Characteristic of Araucaria forests

The Araucaria forests are in the nature like mixed forests, in which three arboreal layers
can be usually distinguished (Fig.1-3).

. The superior layer is
dominated by the arau- Araucaria angustifolia
caria, which frequently
can reach  superior
heights to 30 m and an
average diameter of 1
m. Under its crown
abundant  vegetations
are developed, which
conform the lower lay-

ers.
. The middle layer is
characterized by the
predominant presence Fig. 1-3: Representation of the Araucaria forest in South

of Lauraceas (Ocotea Brazil (according to Klein 1980, modified).

and Nectandra genus),
frequently accompanied
by Aquifoliaceas, Leguminosas, Rosaceas, Meliaceas, Sapindaceas, Tiliaceas and
Podocarpaceas (the latter absent from araucaria forests in Argentina).

. The low layer is mainly composed by Mirtaceas. Characteristic for this layer it is
also the presence of arborescent ferns like Dicksonia sellowiana and Alsophila
procera.
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In the middle and lower layers of Araucaria forests, around 200 species between trees
and shrubs are recognized. According to the altitude and geographical proximity to the
bordering forests, about 30 to 60 species per hectare can be found in average.

1.3  Current Research State of Araucaria Forests
1.3.1 Classification and Distribution

The first description of Araucaria forests, according ecological factors in its distribution
area and structure comes from HUECK (1952,1966,1978). Reitz and KLEIN (1966) pro-
posed a differential characterization of Araucaria forest association, while RAGONOSE and
CASTIGLIONE (1946) worked out the first and best description of the distribution of A. an-
gustifolia groups in Argentina, together with a phyto-sociologic inventory of its forests.
Cozzo (1960) extended, and improved the definition of the distribution area proposed by
RAGONOSE and CASTIGLIONE. This author presented a new location map of araucaria stands
in the Province of Misiones. MARTINEZ-CROVETTO (1963) introduced a phyto-geographic
scheme of this Province, where the most conspicuous plant communities are clustered ac-
cording to a syncorologic criterion proposed by Braun-Blanquet. CABRERA and WILLNIK
(1980), in their biogeographic analysis of Latin-American flora, include these forests
within the Paranaense Phytogeographic Province, Amazon Domain, and in the Neotropi-
cal Region.

1.3.2 Structure, Dynamics and Regeneration of Araucaria Forests
Structure

RAGONESE and CASTIGLIONE (1946), after an analysis and a phyto-sociologic inventory
undertaken in a dense, non-exploited araucaria stand at San Antonio, gave an idea of the
Araucaria forest structure in the Province of Misiones. They described four layers for this
forest. In the upper one, A. angustifolia has been the prevailing species, with a density of
48 trees h”' and individuals usually higher than 30 m averaging 1m diameters. The sec-
ond layer mainly composed by semi-deciduous trees, where Lauraceas, Rutaceas, Meli-
aceas and Aquifoleaceas prevail; then a bushy layer with small-size trees and arborescent
ferns, such as Alsophila procera (“chachi bravo”); and finally a grassy layer.

WACHTEL (1990) elaborated a quantitative analysis of the structure of Araucaria forests in
Brazil, over a continuous area of 10 hectares, clearly dominated by araucaria both in
basal coverage (30 m? ha') and in abundance (100 trees per hectare). Prevailing arauca-
rias were higher than 30 m and had diameters larger than T m. According to the author,
a second layer occurs composed by 60 species where broadleaf trees and brushwood
prevails. The broadleaved tree species Ocotea pulchella -which sporadically also occurred
in the canopy - was the most important admixed tree species in the examined stand. Re-
garding the age structure of dominating araucarias in this locality, the author points out
that by its distinct narrow range a common origin of these trees of about 240 years ago,
and that the regeneration period at the time presumably took around 50 years. The
dominated araucaria trees were at least 200 years old in average, possibly, however, also
about of the same age as the dominant trees. The suppressed araucaria trees were all
under 100 years old and showed only very poor growth.
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Dynamics

Little is known about the dynamic of the Araucaria forests, although some theories do ex-
ist. HUECK (1952) proposes that the araucaria as a pioneer species advanced over grass-
lands or “campos” located in highlands, as a consequence of a climate change, from cold
and dry -typical from steppes- into a warmer and more humid one, which corresponds to
those of temperate forests. At the same time, the author proposes a gradual removal of
araucarias from the lowest layers, which turned into a humid, subtropical and extraordi-
narily vital forest. This proposal is based on hypothesis that the youngest individuals of
araucarias had not the capability to resist the strong competence of humid forests species,
which -according to Hueck- are more tolerant to the shade and grow faster than arauca-
rias.

KLEIN (1960, 1980) supports and broadens this theory, proposing the existence of a suc-
cessional process, where A. angustifolia (a pioneer heliophyllic species) gradually takes
over “campos” of the planalto, together with other plant species. Eventually, at the end of
this successional process, broadleaf trees of subtropical humid forest replace Araucaria
forests.

BEHLING (2000), based on palynological studies, infers a likely distribution of Araucaria
forests during ice ages and their re-distribution over the Holocene. According to his re-
sults, during glaciations Araucaria forests would have only remained in humid, protected
valleys in southern Brazil and in narrow strips along river coasts to the north of its actual
area of occurrence, where climatic conditions were more favourable to their growth
(minimum temperatures higher than -10°C, average annual rainfall above 1400 mm, and
absence of long dry seasons). Araucaria forests would have started to expand to higher
zones at the beginning of the Holocene, because of a climate warming, eventually replac-
ing grasslands or “campos”. But it would only be at a late Holocene when they would
have reached their peak of expansion (1000 to 1500 years ago). Behling’s results prove
that araucarias occurred in the Brazilian planalto as of 14000 years ago, although no
forests were formed during glaciations. Only small, protected areas of araucarias, pre-
sumably at the bottom of deep valleys with better climatic conditions existed.

Proposals from RAMBO (1942), Cozzo (1957) and FRITH (1969) are also worth mentioning.
They suggest that the “azure jay” (Cyanocorax chysops) played a major role in the process
of araucaria dispersion. These authors propose that this bird, which was abundant in an-
cient Araucaria forests, would accumulate mature araucaria seeds in remote sites to feed
on them later, but in the meantime, lots of them would germinate in sites where they could
have not normally reached by the action of any other natural dispersion agents.

Regeneration of A. angustifolia

Both LONGHI (1980), MELLO FILHO et al. (1981) and Seitz (1982) have conducted studies of
A. angustifolia natural regeneration in different plots of the Experimental Forestry Station
at Séo Jodo do Triunfo (property of the Universidad Federal de Parand), which had re-
mained undisturbed from human action during a span of 10 years previous to the onset
of such studies.

LONGHI (1980) undertook his study on a sample area of 10m by 10m, counting every in-
dividual with DBH < 20 cm, and extrapolated his results to a final surface of one hectare.
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This counting results in a total quantity of approximately 24 000 trees/ha, half of which
were trees shorter than 1.5 m. From this total, only 670 individuals per hectare corre-
sponded to araucaria plants (3%), from which, in turn, around 380 were shorter than 1.5
m. LONGHI finally concluded that, given the diameter distribution frequency and the scar-
city of youngest individuals of more conspicuous arboreal species, his study area would be
infiltrated by other arboreal species.

MELLO FILHO et al. (1981) have studied those factors influencing natural regeneration of
araucarias. In order to do that, they analysed the way fauna damages araucaria seeds
and youngest individuals in the process of natural regeneration. Three sample plots (1 ha
each) with different coverage degrees (dense, semi-dense and open forest) and sunlight
intensity were used. A hundred signalised seeds were planted on each sample area. Re-
sults showed decrease of damage with increasing sunlight level. All seeds were eventually
consumed after 65 days. Based on these data, the authors concluded that the araucaria
natural regeneration is seriously threatened because of the likelihood of seed germination
is extremely low, or even nil, as consequence of the high density of seed-eaters species in
the remaining forests, plus the removal of natural predators of such species (carnivore
reptiles and mammals).

SEITZ (1982) conducted his research on 41 plots (40 m? each) over a sampling area of 4
ha, counting those individuals with DBH < 5 cm. The result of this counting was 2.268
plants/ha, which were distributed by contagion. A 93% of individuals were shorter than
100 cm, and a 70% of these averaged heights between 20 and 40 cm. Only 7% of all
young individuals got higher than 100 cm. SeiTz finally concluded that, with no human or
large animal intervention, the species satisfactorily regenerated, and that the number of
plants higher than T m was large enough to preserve the species.

SOARES (1980) postulated some hypotheses about natural regeneration of araucarias,
based on diverse assumptions: 1) Araucaria would seem to be a serial species, since it
does not show diagnostic characteristics typical from either pioneer nor climax species. 2)
Being a serial species, some moderately intense disturbance was needed for the araucaria
to naturally regenerate. In the past, fires probably induced such disturbances. 3) Lack of
disturbances will allow succession to evolve up to its climax, which is characterized by
dominance of broadleaf species. 4) Araucaria seems to be a fire-dependant species: it
has high flammability, and it is resistant to fire, due to its thick bark and high tree crown
5) Being a serial, fire-dependant species, araucaria’s natural regeneration could be in-
duced by practicing controlled fires.

WACHTEL (1990 op. cit), on his work on the structure of Araucaria forests, has concluded
that its regeneration (trees shorter than 1,3 m) is extremely scarce: barely 100 plants/ha.
In addition, most of these individuals were younger than two years old, and the few older
plants showed a strongly suppressed growth. Presumably, according to this author, due to
the thick shading of the broadleaved trees and shrubs, which would result in a high rate of
mortality during the early stages of araucaria.
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1.4 Natural Araucaria Forests in Argentina
1.4.1 Phytogeographic Distribution

Araucaria forests in Argentina are located exclusively in the Province of Misiones, where
they cluster to dense groups. As altitude changes, they split into smaller, scattered groups
(Cozzo, 1980). The area of distribution of the araucaria lies between 25°40' and 26°50'
South and between 54°15' West and T ‘ T
San Antonio and Pepiri Guaz rivers,
in the Brazilian border (Fig. 1-4),
covering around 210.000 hectares,
up to an altitude of 800 m asl which
represents the highest point of the
Province, at the locality of Bernardo
de Irigoyen.

It is worth to mention the presence of
some other small araucaria stands,
and even of isolated individuals out-
side the natural area of occurrence.
CozzO (op. cit.) reported small iso-
lated stands close to the Parand
River, at the locality of Maria Mag-
dalena, whose origin could not be
established. QUEIREL (1896) reported
on an area close to San Javier, and
at Campifia de Veranas. Both a
couple of kilometres away from the
southern limit of its natural distribu-
tion.

1.4.2 Conditions of the Araucaria
Forests

The natural Araucaria forests in the
Province of Misiones have under-
gone an almost complete depletion
as consequence of both an intense
timber exploitation and a process of
immigration settlement, mainly from
Southern Misiones and Brazil. Esti-
mations showed that of approxi- e 0030 o R
mately 210.000 ha that conformed P ]

their original global area— 185.000
ha property of the provinciq| state- Fig. 1-4: Map of distribution of A. angustifolia in the
(Cozzo, 1960), by 1993, only re- Province of Misiones presented by Cozzo
mained approx. 2.000 ha, which is (1960). The black area and red numbers

. o . . . correspond to the stands, and the black
equivalent to 5% of its original exis- . : PN
points to isolated araucaria individuals

tence (BURKART, 1993). (Source: Cozzo, 1960).
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The spontaneous settlement process did not take into account that by human occupied
land constituted the natural habitat of A. angustifolia, one of the most important forestry
species of the Atlantic forest (Mata Atlantica-Selva Paranaense). The araucarias, while be-
ing one of the main forestry resources of the Province, have been strongly exploited, up to
the point of getting close to the extinction of its native population, which constitute the “in
situ” reserves of its germplasm. Out of the 27 araucaria stands described by Cozzo
(1960) in the Province of Misiones (Fig. 1-4) (including both state and private land), only 6
remains by 1977, out of which 5 along the Route N°14 have been completely clearcut,
and prepared for agricultural purposes. The remaining one, according to cadastral maps,
has also been cleared off, although its actual condition has not been confirmed (BURKART,

1993).

Likewise, the natural forests of Misiones are being gradually replaced by reforestations of
pines (Pinus taeda, Pinus elliottii, Pino taeda-marion), araucarias (pino parand), paraisos
(Lila persia or Mora China, Melia azedarach) and kiris (Paulonia fortunei). Since 1990,
different silvipasture systems have been implemented in areas where reforestation with
pines had taken place. Cultivation of different grass types (pasto jesuita, pasto colonial
and pasto elefante) for grazing purposes has also been applied (Instituto Nacional de
Tecnologia Agropecuaria-INTA).

1.4.3 Legal Framework for Forest Protection and Sustainable Uses
National legal framework

The national legal regimen on the forests is based on the Law N°13.273, known as Law of
Conservation of Forestry Resources, accepted in 1948. This takes into account, among
other topics, protection of water basins and soils, and recognized the value of forests as
sustainers of biodiversity (BURKART et al, 1998). According to this law, the forests are di-
vided into five legal categories:

Forest

Cotegory Purpose Restrictions and requirements

Subject to expropriation.

Need of authorization for grazing, sale or
reforestation (if previous deforestation
caused by the landowner)

Stream management zones. Protection of basins,
Protective soils, lake and river coastlines;
Prevention of erosion, etc.

National, Provincial or City Protected areas

Permanent Public parks or forests

Experimental | Research

Artificial forests created to either protect or or-

Special nament agricultural plofs.
. Timber production, including either natural or Need of authorization to start exploitation.
Productive o . .
artificial forests. Presentation of forestry guides.

Regarding natural forests, obligations established by this law imply some of the following
situations:
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*Natural private forests: Owners must present management plans to the provincial
enforcement authority in case they plan forest exploitation.

*Natural state forests: Areas larger than 2500 hectares may be exploited, if granted
by public auction, prior to which a forest inventory and a dasocratic plan should be
presented. The enforcing authority must approve the latter. The law establishes the
need to ensure, in all cases, the persistence of the forest, and to avoid prejudicial
effects on its extension and quality. State forest exploitation is subject to fee pay-
ments, whose goal is to remunerate the value of living wood (BURKART et al., 1998).

In November, 1995, Decree N° 710, which regulates without its modification the above
mentioned law, and eliminates a number of bureaucratic procedures and restrictions that
used to hamper private involvement in forestry activities based on artificial forests. Such a
decree therefore constituted a juridical safety framework for those companies interested in
investing on artificial forestry, to which it also offered a set of incentives.

Provincial legal framework

The first legal step aiming to protect Araucaria forests dates back to 1959, when the Prov-
ince State created, through Decree N° 2670, the “Parque Provincial de la Araucaria”
(Araucaria Provincial Reserve), whose area reached 1000 ha, so as to preserve such a
species against high rates of exploitation. Unfortunately, such a Reserve was never delimi-
tated, and therefore it remained unprotected. Thus, by 1960 almost all the araucaria
stands disappeared.

The Provincial Law N° 215, approved in 1964 and was known as “Pine Law”, aims to pro-
tect araucaria stocks by regulating timber exploitation in state forest. Timber production
was mainly associated to the laminated timber industry. Thus, the law establishes annual
extraction rates of 40 000 m3. Such an amount did not adjust to sustainable use criteria,
being 5000 m? those limits suggested by Cozzo, to ensure conservation of natural groups
of araucaria.

Provincial Decree N° 449/75 and the Law N° 628/75, converted the remaining araucaria
stands into seed reserves. The goal aimed, in one hand, to preserve the dramatically de-
creased araucaria population (by that time, estimations indicated that only 3000 com-
pacted hectares survived between San Pedro and Manuel Belgrano Departments BERTOLINI,
1998), and, in the other hand, to satisfy seed demands for forestry activities. Similarly, to
what happened in 1959, such reserves never have been delimitated. Therefore, when
having no appropriate protection the exploitations continued.

In 1977, the Provincial State gave sanction to the Forestry Law N° 854 inspired by the Na-
tional Law N° 13.273. This law in one hand regulates the use of native forests (private and
provincial-owned ones), and, in the other hand controls the process of spontaneous set-
tlings, and the definitive deforestation of little areas, converted for small scale, traditional
food production. It declared Forest Reserves diverse areas of Province owner forests (sev-
eral in the region of the araucarias) and designated to six araucaria stands in San Pedro's
Department like seed reserves (article 21 and Annex Ill). The law also introduced the con-
cept of sustainable management of timber exploitation. In addition, such a law, and its
regulatory decree N°1459/78, adopted the same forest classification defined in National
Law N°13.273. Thus, it defines as native forest as “All wood formation, not created origi-
nally by the man without necessary subjection to specific economic goals”. The law also
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establishes that the use of private natural forests is subject to the established by National
Law, and it adds the following scheme:

Native, private forests Native, state forests

- Concessions granted to individuals by public
auction.

- Concessions directly granted by the Provincial
State.

Management Plans than for private forests, but
addition of:

- Investment study, road system, permanent facili-
ties, forestry costs, cost-benefit ratio, etc.

Management Plans for properties larger than 100
hectares. (Later modified to 300 hectares, by Decree
N° 1236/81)

Obligations to reforestation and enrichment:

a) Either mass plantation or five-tree conifer*, or two
native or exotic broadleaf trees and under-cover
plantation of two native or exotic broadleaf trees by
each 1 m®of first quality extracted wood; and mass
plantation or three conifer* or one native or exotic
broadleaf trees and under-cover plantation of one
native or exotic broadleaf tree by each 1 m® of sec-
ond quality extracted wood.

Commitment of enrichment of the stand either for
improvements or for conversion to reforestation,
when the extraction volume is overcome in stands
where the existences remainders don't assure
through the rotation lapse the equivalent quantita-
tive possibility or superior to the previous one.

* Note that the condition of native or exotic species is not specified.

To prevent over-exploitation, this law also prescribes, among others measures, minimum
girth limit (dbh) for harvesting of different species, management of Forest Reserves, and
incentive regimes for undertaking forestry activities. It regulates conversion of native, pri-
vate forests into cropland and the State leasing system for private individuals as well. Note
that this law introduces the concept, though without naming it, of sustainable manage-
ment of the resource native forest.

In 1979, the Cooperativa Agricola de Eldorado publicly denounced the impossibility of
harvesting araucaria’s seeds in state reserves, since illegal occupation had taken over
most of these areas, and an increasing number of people proceeded to conduct harvest-
ing. It became evident that the objectives of creation of the reservations were not fulfilled.
These were the protection of the last araucaria stands and the establishment of a new
source of seeds to supply forest activities (BERTOLINI, 1998).

In 1982, through Decree N° 43, the logging of araucarias in state properties was banned,
unless when individual trees were decrepit, over-mature and/or deformed that cutting
were recommended. It also prohibited granting state rural parcels containing araucarias
in such a quantity and quality, that designation as seed reserves were appropriate, ac-
cording to Law N°854. Also in 1982, by means of the Law N° 2265, it created a Special
Commission so as to conduct inventories and analysis of Forest and Seed Reserves in-
cluded in Law N°854, whose goal was to determine their state conservation and, if re-
garded necessary, to designate those Reserves which do not fulfil conditions to stay as
such any longer.
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In May 1986, Decree N°1213 prohibited, for a period of five years and within the whole
Province, extractive activities on A. angustifolia and Aspidosperma polyneuron (Palo rosa).
Felling was only permitted in case of ill or dead individuals. In October of the same year,
A. angustifolia was designated as a Natural Monument, through the Provincial Law
N°2380, regarding it of public interest and banning its commercial trade. The law prohib-
ited logging, burning and trading araucaria either in state or private properties. In addi-
tion, in June 1986, Decree N°1617 established new minimum girth limit (dbh) for harvest-
ing of different species:

Species (common name) ) G
P limit (dbh)

Anchico, Canafistola, Cedro, Grapia, Incienso, Lapacho, Peteribi and

., 0,55 m
Timbo
Azota caballo, Cacheta, Cancharana, Guatambd, Guayca, Guayubira,

. 0,45 m

Laureles and Persiguero

In 1987, Decree N° 373 determined causes for exception to the Law N°2380, which in-
cluded felling and use of araucarias, procedures for extracting and using them as well as
penalties in case of breaking such a law. In 1989, through Decrees N° 240 and N° 242
respectively, the Provincial Reserve "Araucaria" and “Cruce Caballero” were created, both
in the San Pedro Department.

In 1992, in relation to the serious ecological and environmental issues that native state
forests were facing and the inconvenient economic situation of concession holders, the
Provincial State gave sanction to Decree N° 555/92. Through of this the “Economic and
Ecological Model for the Use, Management and Conservation of State Native Forests” was
created. With such a model, the Government forces those concession holders of state for-
ests wanting to use them to discuss with the Ministerio de Ecologia y Recursos Naturales
Renovables (M.E.y R.N.R.) about likely soil uses and the location of protective forests and
ecological strips. The Model also incorporates the Forest Use by Selective Logging System
(USLS) as exploitation modality of forestry products in state forests. In addition, Resolution
N° 288/92 establishes that slash and burn permissions of state forest will not allow more
than 5 ha year’, and that only one (1) USLS license can be obtained every 6 months,
each with a maximum of 50 trees by permission and minimum girth limit of 30 cm dbh
for harvesting. In the same year, the Provincial Government promulgated the Law N°
2932, which establishes the Natural Protected Areas System aiming to - among other
things- protect samples of all natural environments and species of the Province, preserving
their nature as genetic banks, buffers, and sources of raw materials in perpetuity. Its regu-
latory Decree N° 944/94, sets tax exemptions for those parcels retaining natural forests.

In 1993, the Yaboti Biosphere Reserve (230.000 hectares) was created through Provincial
Law N° 3041, with the purpose to stop the over-exploitation and degradation of native
species’ habitat. Yaboti comprises much of the San Pedro department area and part of the
Guarani department, with a state core area (Esmeralda Provincial Reserve), and a buffer
belt formed by large private properties. This law, and its regulatory Decree N°2472/93,
intfroduces for the first time the concept of Stand as a management unit, and the criteria of
Multiple Use for secondary productions (span, yerba mate, etc.). Likewise, it establishes
the obligation of presenting Management Plans (instead of the previous Ordinance Plans),
and bans slush and burn as method for land conversion. Fishing and hunting are also
prohibited.
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Through Provincial law N° 3631, the Misiones Green Corridor is created in 1999. The
Corridor covers one million hectares and its purpose is to bio-regionally link remnants of
forest areas, to protect watersheds and higher parts of hydrological basins in the Province
and to prevent gradual isolation of Natural Protected Areas.

Administrative Competence
At a National level

Two organizations are, at a national level, development authorities, and in charge of as-
sistance regimes: the Natural Resources and Environment Secretary (Secretaria de Recursos
Naturales y Medio Ambiente - SRNMA) and the Agriculture, Cattle, Fish and Food Secre-
tary (Secretaria de Agricultura, Ganaderia, Pesca y Alimentacién - SAGPyA), dependant of
the Economy Ministry.

At a Provincial level

Until 1985, when the Ecology and Renewable Natural Resources Ministry (M.E.y R.N.R.)
was created, the General Forest Office, dependant of the Agricultur Ministry was the pro-
vincial enforcement authority. After that, the M.E. y R.N.R. took over such functions.

1.5 Research Project
1.5.1 Research Framework

This present project was performed at the Institute of Physical Geography, University of
Freiburg, in cooperation agreement with the Ministry of Ecology and Natural Renewable
Resources of the Province Misiones.

1.5.2 Situation prior to the research

. Most of the araucaria stands are located in the state land. The original area of
araucaria forests covered around 210.000 hectares, out of which 185.000 be-
longed to the Provincial government (Cozzo, 1960).

. In the 80’s, after the Province government’s impulse for settling, the agricultural
border expands, to the detriment of native forests. Two extreme tenure systems
are established: in one hand, a traditional small-scale system with up to 100 ha
parcels, mainly used as cropland and farmland for basic survival; and in the
other hand, large-scale properties owned by a few people, under an extractive
system exploited by contractors.

. The A. angustifolia is regarded as an excellent species for industrial forestry, be-
ing the only native conifer used with such a purpose. Its market value is con-
stantly increasing.

. The remnants of A. angustifolia show a high degree of over-maturity (MUNOZ,
1993), which affects its possibilities for cultivation and expansion (FASSOLA,
1998).

. Today, 58 thousand square kilometres (less than 6%) remain from the original

one million square kilometres. A very diverse fauna is associated to such forests,
which many are directly related to the araucaria.
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. A complete protective position of the forests doesn't seem opportunely, because
represents an important resource for achievement of economic policies.

1.6 Research Objectives and Scope

Taking into account the situations described under 1.3.2 and 1.5.2, and the actual scar-
city of publications on the present state of the Araucaria’s natural forests as well as on the
environmental consequences of their degradation, this study proposes the following objec-
tives:

To undertake a qualitative and quantitative analysis of the degradation of the
Araucaria’s natural forests and to evaluate their actual state, and to conduct a
study on the consequent land use change during the period 1960-2000.

As it usually happens during a research project, especially if the subject of study is poorly
known, lots of uncertainties arise, although restricting their scope is often a difficult task.
Eventually, the following discrete questions could be posed:

. What is the present state of the Araucaria natural forest’s ecosystem?

. What is the actual distribution of the Araucaria’s natural forests in the Province of
Misiones?

. What caused forest degradation? /What were the causes or reasons for the for-
est degradation?

. Are the current remnants of Araucaria forests enough and self-sustainable to
implement a regional strategy for Biodiversity Conservation?

. How does native population perceive the natural forests, as part of its environ-
ment?

. Are deforestation, reforestation and other land uses causing higher rates of soil
erosion?

. What possibilities and action strategies exist to achieve a future sustainable use

of the region?

The following research scope therefore presents

. Identification of land-use classes and corresponding map unit.
. Estimation of potential and actual erosion rates and corresponding map unit
. Elaboration of a spatial database for a Geographic Information System (GIS), as

a substantial part of a quantitative diagnosis aimed to define measures and
procedures for sustainable development.

1.7 Dissertation Significance

Three elements make this research relevant. The first constitutes its contribution to the de-
bate on human-environment interactions, specifically to subtropical deforestation together
competing views on structures and agency, and making explicit their linkages with land-
use/cover change. The second is its methodological perspective that sheds additional light
on the analysis possibilities of processes and patterns of deforestation and land use/land



Chapter 1 — Introduction 17

cover change in the Misiones rainforest. Last but not least, are its public policy implications
for policies shaping frontier expansion.

In regard to the policies shaping frontier expansion, in the Province of Misiones there is
intense debate about the pathways to adopt for regional development. On one hand, a
capitalist model focused on large-scale reforestation development is defended, based on
arguments about the economic efficiency of large-scale production. While this model
leads to greater deforestation, proponents argue that it would consolidate an intensive
system of land production in the long run, which could ameliorate pressures on frontier
expansion. On the other hand, the defenders of small-scale agriculture base their argu-
ments on the belief that cultivation could be environmentally sound and highly diversified,
and require minimal external inputs. Despite both positions, the provincial government
has not still developed a clear agricultural and/or forestry policy. This research seeks to
inform this debate by providing an empirical basis by which to assess specific social, eco-
nomic, and forest conversion outcomes.
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2. STUDY AREA

Considering the purposes of this work, the study area comprises the whole area of natural
distribution of A. angustifolia within the Province of Misiones. However, due to the vast
extension of study area and lack of basic road infrastructure, several field studies were
concentrated in the vicinity of San Pedro city.

2.1  Geographical Location

The study area lies in
the northeastern of the
Province Misiones, be-
tween 25°40'y 26°50' S
and between 54°15' W
and the Brazilian
boundary, covering an
area of approximately
380.000 ha (Fig. 2-1
and 2-2). The altitude
ranging between 200
and 830 m asl.

Fldorado

Posadas

Fig. 2-1: Geographic location of the Province Misiones based on
satellite image Landsat 7 ETM+ March 2002 (RGB
5,4,3).
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Fig. 2-2: Geographic location of the study area based on satellite image Landsat 7 ETM+
March 2001 (RGB 5,4,3).
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2.2 Climate
The climate of the study area is subtropical San Pediro (580) 90.3° 9360
hot and wet, without dry season, type Cfb (6 - 24) '

according Koéppen (1936) classification. g’gg
Mean annual rainfall range from 2100 mm, '
in San Antonio, up to 2360 mm in San

Pedro, but the actual amount in any one-
year may vary from less than 1300 mm to
more than 3500 mm. The rainfall pattern is
bimodal with two peaks: one in October and
the second from January to February. The
minimum precipitations occur in July-August

(Fig. 2-3/4). The dates on which these rainy
seasons start and end are very variables.

11,67
-5,0
J ASONDEFMAMJ

Thunderstorms and heavy storms occur dur-
ing all the months of year although more
frequently in summer and autumn, with pre- Fig. 2-3: Climate diagram of San Pedro
cipitation intensities above 120 mm h', oc- (Data: INTA Misiones, 2002).
casionally associated with hail. In summer

season, daily cloudbursts are frequent too, mainly in the warmest part of the day, with the
most probable time of occurrence among 2:00 and 4:00 p.m. In average, it rains 111
days a year, being the absolute monthly maximum precipitations above 40 mm (Fig. 2-5).

3,500
3,000

2,500 e T — AR A

2,000

1,500

Precipitation (mm)

1,000
500

2001

Fig. 2-4: Annual rainfall-course at the station San Pedro. The
precipitation values are indicated from mean=2360 mm.
The three maximum precipitation peaks coincide with
years of occurrence of “El Nifio” (Data: INTA Misiones,
2002).

Mean annual temperature range from 19°C, in the highest areas (Bernardo de Irigoyen)
to 22°C in the lowest (Andresito). The coldest month is usually July and the warmest month
is usually January or February. There are generally relatively small variations between
summer and winter temperatures (Fig. 2-6). Mean minimum monthly temperatures are
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above 13°C, still in the highest
areas. Mean maximum monthly
temperatures don’t overcome
26°C in the whole area. Tem-
peratures also drop about
0.7°C for every 100 m of alti-
tude. Between May and Sep-
tember, 5 to 15 days of frosts
are normally recorded. Occa-
sionally snowfall in the highest
areas (Bernardo de lIrigoyen).
Winds prevail, during all the

80.00 -
70.00 -

Precipitation [mm)

year, from N-NNE and SW-SSW  Fig. 2-5: Maximum absolute monthly rainfall at the station

sectors. The frequency of winds
increases from E in summer
(Data from INTA Montecarlo-
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Fig. 2-6: Statistical values of monthly means temperature at the

stations San Pedro and San Antonio, a) and b) respec-
tively (Data: INTA Misiones, 2002).

San Pedro (Data: INTA Misiones, 2002).

Misiones). Squalls of up to
120 km h™' associated with
thunderstorms, have some-
times known to occur. Dur-
ing the night, the wind is
usually light. Mean annual
relative humidity is above
76%, although there is a
very marked daily difference
in relative humidity. In the
early mornings, the air is
frequently very close to satu-
ration but in the afternoons,
the humidity is usually about

50%. The meteorological
information was received
from INTA Cerro Azul,

Misiones. The atmospheric
pressure in the area is be-
low the normal one (760
mm = 1012 Mb) that
makes it a cyclonal center.
Therefore, humid and hot
winds from the Atlantic are
attracted. These factors de-
termine a high percentage
of environment water va-
pour, which is manifested
like “dew” and it contributes
to maintain the soil moist
degree. The annual tem-
peratures course determines
the variation of the potential
evapo-transpiration (Etp). In
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summer (Dec-Feb) the monthly ET reaches numbers that oscillate between the 100 and
150 mm, in winter (May-Aug) it oscillates between 35 and 50mm, considering that these
values together with the mean monthly precipitation would have a surplus (Exc) of humid-
ity in the hydric balance of the soil. Table 2-1 lists the hydrological balance of San Pedro's
area. The Etp was calculated according to Thornthwaite (1948).

Table 2-1: Hydrological balance of San Pedro area, Rmax=100 mm (maximum soil holding capac-
ity); P: Precipitation (mm); ETP: Potential evapotranspiration (mm); R: Reserve (mm); VR:

Reserve variation (mm); ETR: Real evapotranspiration (mm); Exc: Excess-surplus (mm)
(Data: INTA Misiones, 2002).

J F M A M J J A S 0] N D

P 185 | 179 [ 169 | 198 | 183 | 184 | 156 | 147 | 186 | 236 | 177 | 186
ETP 139 | 114 | 107 | 73 50 36 39 50 60 88 | 105 | 132
P-ETP 46 65 62 | 125 (133 | 148 | 117 | 97 | 126 | 148 | 72 54
R 46 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
VR 46 54 0 0 0 0 0 0 0 0 0 0
ETRh 139 | 114 | 107 | 73 50 36 39 50 60 88 | 105 | 132

Exc 0 11 62 | 125 | 133 | 148 | 117 | 97 | 126 | 148 | 72 54

2.3  Geology

The study area lies over the Misiones plateau, part of the Serra Geral Formation, formed
by Mesozoic basaltic flood lavas, which, on certain sectors, are interceded with partially
metamorphosed sandstones. This plateau, extending over almost the whole Province of
Misiones with orientation NE-SW, constitutes the local water dividing, from which a num-
ber of small rivers run, strongly controlled by joint systems present in basaltic flood lavas
and lava flows.

These basaltic units, included in the Serra Geral Formation are tholeiitic basalts (TERUGGI,
1955 in GENTILLI and RIMOLDI, 1979), mostly with dense and microcrystalline, aphanitic
textures. These basalts were formed when the region was subject to extensional stress,
during the Upper Jurassic - Lower Cretaceous, which resulted in partial mantle melting
and its consequent movement upwards through faults and fractures. Some of these frac-
tures have several kilometres extension, prevailing the system with E-W direction. Eventu-
ally, flood basalts spilled over the surface. The process can therefore be defined as an
anorogenic continental magmatism. The maximum thickness of this rock formation
reaches 1531 m at Epitasio Pessoa (Brazil), and it is always thicker than 1100 m in the
whole Province of Misiones.

2.4  Geomorphology and Soils

The topography across the area varies from undulating in north of the study area (An-
dresito) to hilly in the remaining one. The area is conformed by two main mountain
systems: i) The Misiones Central Plateau (Sierra Central de Misiones) that crosses



Chapter 2 — Study area

23

almost the whole province with orientation SW-NE. The altitude range between 300 m

1. Undisturbed Central Plateau

. Partially Dissected Pediplan

. Partially Dissected Pediplan without Arboreal
Vegetation

. Highly Dissected Mountainous Relief

. Strongly Undulating to Hilly Relief

. Mountain Remnants of the Undisturbed Plateau

. Secondary Valleys with Alluvials Deposits Y

. Dissected and Encased Areas

. Slightly Undulating Plains and Outcrop Rd2k
Areas ,

w N

OO~ h

Fig. 2-7: Geomorphologic natural regions of the Province Misiones.
(Source: Atlas de suelo de la Rep. Arg., INTA, 1990).

asl in deep valleys
to 830 m asl in
Bernardo de
Irigoyen, ranging
the height mean
around to 529 m
asl, being the
height interval
between 500 and
600 m asl best
represented. ii) The
Victoria’s  Plateau
(Sierra de lar
Victoria) that
crosses the extreme
NE of the Province
from San Antonio
to Iguazd, with
orientation SE-NW.
The altitude
ranging  between
700 m asl near
San Antonio to 200
m asl in Andresito.
The area is
characterized by a

sharp relief, because of the active and intense fluvial erosion processes that form deep
valleys with hillsides above to 35%, in some sites. The mean slope ranging around to
9.61%. Subtropical climate has produced a deep weathering mantle that may reach
approx. 50 m. Given by particular geomorphologic characteristics of the Province of
Misiones, nine geomorphologic natural regions have been defined (INTA, 1990). The

study area extends over four of them (Fig. 2-7).

o Undisturbed Central Plateau

It is the topographic core of the
Province: a patchy flat upland
interrupted by undulating hills,
whose gentle slopes averages to
5 to 9%. Fault systems generate
topographic steps, which tend

to be higher from SW to NE. Six
hundred meters are recorded in
San Pedro, and up to 850 m, in

Fig. 2-8: Schema of typical soil associations
in an undisturbed central plateau
landscape, o=Oxisols (10-30%),

Bdo. De Irigoyen. Soils are usu- u=Ultisols (60%), a=Alfisols (25-
ally red, thick and formed by 40%) and e=Entisols (10%).

clay (Kaolinite prevails) derived



Chapter 2 — Study area

24

from basalts. Taxonomically, they fall within the Ultisols and Oxisols orders
(Soil Taxonomy, USDA 1975) (Fig. 2-8).

Highly dissected mountainous Relief

It extends over the NW portion
of the province. It is character-
ized by a steep sloped-relief,
formed after dissection of the
undisturbed Central Plateau.
Typical landforms are given by
isolated hills, which form the
boundaries of the Pepiri-Guaz(
and most of the Uruguay tribu-
tary river valleys. This area has
a high number of streams and
creeks, carved into deep valleys
without defined alluvial depos-
its. This implies juvenile erosive
action occurring into a little-

Fig. 2-9:

Fig. 2-10:

Schema of typical soil association
in a strongly undulating to hilly re-
lief. In this region prevails the
moderately deep Alfisols, which
usually present partially weathered
basalt. a=Alfisols (50-70%),
u=Ultisols (5-30%) and e=Entisols
(20%).

Schema of typical soil associations
in a highly dissected mountainous
landscape, e=Entisols (40-50%),
m=Mollisols  (20%), a=Alfisols
(20%) and |=Inceptisols (20%).

stabilized landscape. Results of
active erosion processes, thin to
moderately thick, pebbly to rocky
soils are formed on hilly slopes.
They are very poorly developed
Entisols and Mollisols. Close to
the slopes feet, Inceptisols, also
poorly developed but with
genetic horizons, can be defined
(Fig. 2-9). Finally, basaltic rocky

outcrops commonly form
hilltops.
o Strongly undulating to
hilly relief

It is characterized by hills with

moderate and short slopes
(up to 20%), associated to
sharp sectors. Hills are nor-
mally aligned throughout the
mountainous relief. This area
enlarges to the north of the

Fig. 2-11:

Schema of typical soil associations in a

Province, over the Uruguay
and San Antonio basins,

mountain remnants of the undisturbed  where sub-recent colluvial
plateau landscape, e=Entisols (20- deposits can be found at the
30%), a=Alfisols (40-50%) and

u=Ultisols (30%).

foot of steep sloped hills. In
the area of Uruguay River,
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prevailing soils are moderately thick, and fall within the Alfisols (good fertility
associated), and Ultisols orders, the latter being affected by hydraulic erosion
and its solum barely reaches 2 m. These soils are always associated to other
thin, pebbly soils of hilly areas. At the mountainous area, soils are moderately
developed, formed on hills and sub-recent colluvial deposits, and fall within
the Alfisols order. They are moderately thick to thick soils, naturally fertile,

and associated to those poorly developed Mollisols formed in hilly areas (Fig.
2-10)

e Mountain remnants of the undisturbed plateau

It presents a moderately to strongly undulated relief, formed by hills associ-
ated to steep, highly weathered slopes. Hydraulic erosion exerts its action over
this whole area. Soils fall within Alfisols (good fertility, variable solum thick-
ness, from 100 to 200 cm), Ultisols (eroded hills, 200 cm thick from basaltic
bedrock) and Inceptisols orders (pebbly slopes dipping to water channels)

(Fig. 2-11).

2.5 Hydrology

Many streams and
creeks cross the
study area, consti-
tuting large hydro-
logic network. This
contains three main
watersheds: of the
lguazd, Parand and
Uruguay rivers.
Misiones Central
Plateau  separates
the last two water-
sheds from each
other (Fig. 2-12).
This great fluvial
density is conse-
guence of the humid
climate and of the
fast runoff promoted
by the slopes. The
climatic and soil
conditions are very
favourable for this
runoff; therefore,
the drainage coeffi-
cient is very high.
The infiltration and
groundwater flows
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Hydrologic network of the Province Misiones and study area.
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absorb an important part of the superficial water and the restitution of the water to the
atmosphere for transpiration it is of considerable magnitude, thanks to great volume
of vegetation.

The fluvial erosion has played a fundamental role in the relief formation that has not
still arrived to its equilibrium profile. The heavy back erosion has achieved in the
Misiones streams a type of longitudinal profile that repeats in almost all the cases.
Usually a stream, after the first ones 5 to 10 km, enters into a zigzagging canyon,
rocky, narrow, with hillsides covered for gallery forest, and whose longitude, following
the valley, is from 2 to 2.5 times the straight longitude between the ends of the tract.
The area of the canyon can reach up 70-80 Km, and the mean slope of the stream
channel oscillates around 1%. Stream up, begins the area of the long rapids and small
and medium cascades that are developed until reaching the level of the superior pla-
teau- tributary. Framed in this profile the rivers Piray Guazd, Urugua-i and Pepiri Mini
can be mentioned.

Main tributary of the Alto Parand, from north to south are:

e Urugua-i River: Descends from the eastern hillsides of Sierra de la Victoria.
Along its course receives two important tributaries: the Uruzu stream from the
right side and the Marambas or Falso Urugua-I from the left side. After a long
and sinuous course empties its water north of Puerto Libertad.

e Rio Piray-Mini: extremely serpentine river, with a course mostly with orientation
E-W. The Piray-Mini receives several important tributaries (Alegria, Despedido y
Paquita), together with other minor ones. After developing several meanders, it
falls into the Alto Parand.

e Piray-GuazU: is one of the interior Misiones rivers of great longitude. Born in
the Alegria Hill to 600 m asl, in the north of the Sierra Central de Misiones. Re-
ceives several important streams (Alegria, San Pedro and De las Antas). From
this last one its course becomes very sinuous until before reaching their end, at
about 3 km to the north of Puerto Piray. An evaluation of the Piray-Guazd basin
was performed in order to elaborate a hydroelectric project.

Main tributary of Iguazé River:

e San Antonio River is the most important that is born in the south of the Sierra de
la Victoria (Argentina) and of the Cerro Negro (Brazil) to 450 m asl, running
with orientation N-S. The San Antonio forms the partial boundary between both
countries, in its entire course. It is very sinuous and receives along its tract sev-
eral courses of short longitude.

Main tributaries of Uruguay River:

e Pepiri-Guazi River form parts of the boundary with Brazil. It is born south of
Bernardo of Irigoyen, receiving then from the Argentinean side, two important
streams A° Dos Hermanas and A° Toro that are born in the Sierra Central de
Misiones. After a very sinuous tract, falls into the Uruguay River.
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e River Yaboty that is formed for the streams Yaboty-Mini and Pepiri Mini, which
descend of the Misiones’s mountain.

2.6  Vegetation

Prevailing vegetation is a
tropical  semi-deciduous
forest and mixed semi-
deciduous forest of A. an-
gustifolia, according to
CABRERA  and  WILLINK
(1980), who have included
this area within the “Pine
district” of the Paranaense
Phytogeographic Province.
The forests of the Province
Misiones are a continua-
tion of the Brazilian “Mata
Atlantica” or Atlantic rain-
forest. They presents a
high diversity, with more
than two thousand know  Fig. 2-13: Araucaria forest. In this picture it can be seen the
two strata or superior layers. The A layer, repre-

sented here by araucaria and grapia trees. Im-
mediately under this layer, the B layer, it can also

species. A vertical stratifi-
cation of five layers is ap-

parent. The first three ar- be observed araucaria individuals among other
boreal layers have been arboreal species. San Pedro, Misiones. (Photo:
identified as A, B, and C M. F. Rau, 2002)

layers: 55

e A layer: the
emergent.
Widely spaced
trees 25 to 40
m tall and with

] LY

umbrella-
shaped cano-
pies extend

above the gen-
eral canopy of
the forest (Fig.

2-13).  These
trees tend to
have small
leaves O_nd Fig. 2-14: Arborescent ferns (A. procera). These ferns can reach,
some  species sometimes, up to 6 m height. In this case, the presence
are deciduous of brightness is due to a clearing generated by the fall of
during the win- trees after a storm. San Pedro - Misiones (Photo: Frank

Rau, 1999).
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ter season. A. angustifolia dominates this layer together with, among other,
Meliaceas (e.g. Cedrela fissilis or cedro and Cabralea oblongifolia or cancha-
rana), Fabaceas (e.g. Apuleia Leiocarpa or grapia and Peltophorum dubium or
ibird-pitd) and Apocinaceas (e.g. Aspidosperma polyerum or rose stick).

e B layer: a closed canopy of 15 to 25 m trees. Light is readily available at the
top of this layer, but greatly reduced below it. Some species of this layer are
also deciduous during the winter season. Compound mainly for trees of the fol-
lowing families: Mirtaceas (such as Campomanesia xanthocarpa or guabiroba),
Rutaceas (such as Baufourodendron rieidelianun or guatambd blanco), Fa-
baceas (e.g. Holocalyx balansae or alecrin, Parapitptadenia rigida or anchico
rojo, Myrocarpus frondosus or incienso, Lonchocarpus muehlbergianus or rabo
molle, etc), Lauraceas (e.g. Nectandra saligna o laurel negro and N. lanceolata
or laurel amarillo, Ocotea
puberula or guaicd), Aqui-
foleaceas (llex paraguarien-
sis or yerba mate), Tilaceas
(Luehea divaricata or azota
caballo), Bignonaceas (e.g.
Tabebuia ipe or lapacho ne-
gro and T. pulcherrima or
lapacho amarillo), Boragi-
naceas (Cordia trichotoma
or peteribi), Bombacaceas
(e.g. Chorisia speciosa or
samoh() and Palmeras (Eu-
terpe edulis or palmito and
Sagrus romanzoffiana or
pindd), etc. Families of the A
layer are also present.

e C layer: a closed canopy of
15 m trees. In this layer can
be found: Moraceas (e.g.
Cecropia pachystachya or
ambai), Rutaceas (e.g. Heli-
etta apiculata or canela de
venado), Estiracaceas (such
as Styrax leprosus or carne  Fig. 2-15: A view of the forest interior where the
de vaca), Bignoniaceas (such shortage of light can be observed in the

. low stratum. The eventual fall of supe-
as Jacorcmda mlcrcmfha or .
rior strata trees allows the entrance of

caroba),  Fabaceas (e.g. small light clearings. As it can be ap-
Gleditsia amorphoides or preciated in this picture, this stratum is
espina de corona, Inga characterized by the presence of ferns
urugiiensis or ingd colorado and lianas. San Pedro — Misiones. (Pho-

and Bahuinia fortificata or to: M. F. Rau, 2001)

pata de vaca), Solanaceas
(e.g. Solanum verbascifolium
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or fumo bravo), Caricaceas (e.g. Jacaratia spinosa or jacaratid), etc.

Shrub/sapling layer: Less than 3 % of the light intercepted at the top of the for-
est canopy passes to this layer. It mainly constitute by arborescent ferns, bush
and bambuseas, among those stand out: Urera baccifera (ortiga brava), Chus-
quea ramosissima (tacuarembd), Guadua angustifolia (tacuara), Guadua trinii
(tacuaruzd), Alsophira procera (chachi bravo) (Fig. 2-14).

Ground layer: sparse plant growth. Less than 1% of the light that strikes the top
of the forest penetrates to the forest floor (Fig. 2-15). They are also covered by
lianas (vines), epiphytes, ferns and few other herbs, among those can be men-
tioned: Doryopteris palmata, Doryopteris submarginalis, Doryopteris concolor,
Olyra latifolia, Pharus glaber, Oncidium spp., Pleurothallis spp., Maxillaria spp.,
Octomeria spp., Polypodium phyllitidis, P. pectinatum, P. filicula, Asplenium au-
ritum (gUembé), Rhipsalis caereuscula and Billbergia nutans.
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3. DEGRADATION OF THE ARAUCARIA FORESTS IN NE MISIONES

Since the end of the XIX century and until the middle of the XX, the exploitation of the natu-
ral forests has been the main economic activity from the Misiones rainforest.

In 1885, AMBROSETI commented about the virtues from the araucaria when said:

“... This wood is very good and has great conditions that make it exceptional for
many uses; because of this, it is necessary to think about the possibility of its ex-
ploitation that would mean for Misiones a great element of wealth. The grain is
rich and, upon everything, abundant, thus it is worthy to care about this mat-

n

ter...”.

Years later, SPEGAZzINI (1908), returning from his trip to Misiones commented about the
goodness of the araucaria wood for paper elaboration and other derived industries. But it
is not until the beginning of the 1940’s that began the selective harvest of A. angustifolia
and, to a lesser extent other “valuable wood", likes the Myrocarpus frondosus (incienso),
Tabebuia ipe (lapacho), Cordia trichotoma (peteribi) and Cedrela fissilis (cedro). This ex-
ploitation continued later on all those other species considerable marketable.

Today, it can be observed that the species has been drastically devastated; the natural
forests have been notably reduced, as much as for the timber and fuelwood as for clear-

ing for agriculture and forestry conversion.

Therefore, and by virtue of:

. the advanced degree of degradation of the Araucaria forests and the risk of per-
petuity as ecosystem;

. the potential loss of A. angustifolia in Misiones as a germplasm repository;

. the scarce literature published on Araucaria forests in the Province of Misiones,
Argenting;

The aim of this chapter was to carry out a research about the araucarias natural forest
degradation, taking as base the work of Cozzo (1960). Evaluate the actual state and dis-
tribution of the natural araucaria forest and the remnant existence of A. angustifolia,
through the historical aerial photography analysis, field work and socio-cultural informa-
tion, so much historical as current.
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3.1  Data and Processing

To carry out the present work, it has been used as primary analysis source the following
material:

(1) Aerial Photography of Compania Argentina de Relevamientos Topogrdficos y
Aerofotogramétricos (CARTA), area of San Pedro-San Antonio
o Date: acquisition date unknown

Scenes: 6404-07; 6498-99; 6726-28; 6780-81; 6870-71; 6909-11;
6991-92; 7024-25; 7110-12; 7200-03; 7285-89; 7290-99; 7300;
7812-14; 7890-91; 7898-99 and 7901-03

Scale approximately 1:30 000

Size: 23 * 23 cm

Overlap: 60%

(2) Aerial Photography of San Pedro City’s and surroundings
e Date: 5/8/1997

Scenes: 10 to 20

e Scale approximately 1:20 000

e Size: 23* 23 cm

e Overlap: 60%

(3) Topographical Maps CARTA

e Year: 1962-63

e Maps N°: Series 2754-15: TA/1B; A4; 2B1/B4; 2C/D; 4A/B. Series 2754-9:
2A/D; 4A/B; 4C1/C4 and 4D1/D4. Series 2754-4:2754-4: 1A, 1B1/B4,
1C, 1D/1D4, 2A3, 2C1/C4, 3A/B, 3C/D, 4A1/A4 and 4C1/CA4.

e Scale 1:10 000

e Maps N°: Series 2754-16:1A/1D, 2A/C, 3A/3D, 4A and 4C. Series 2754-
10: 1A/D, 2A, 2C, 3A/D, 4A and 4C. Series 2554-34: 1A/D and 3A/D.

e Scale 1: 20 000

e Datum: Campo Inchauspe (1909)

(4) Topographical Maps of Instituto Geogréfico Militar (IGM)
e Year: 1997
e Maps N°: 2754-9 San Pedro; 2745-15 San Vicente; 2754-10 Tobuna;
2754-4 Bernardo de Irigoyen; 2754-16 La Gruta; 2754-3 Delicia and
2554-34 Colonia Manuel Belgrano.
e Scale 1:100 000.
e Datum: Campo Inchauspe (1969)

3.1.1 Aerial Photography and Map Analysis

In view of the size of the examined areaq, the application of aerial photograph offered itself
because of greater surfaces can be processed freely with its help and extensive structures
become clear. Therefore, the forests were recognized with help of a combined procedure
from aerial photography and maps analysis.

As mentioned in Chapter 1.4.1 Cozzo (1960) presented a map of the distribution and
location of the existent stands of A. angustifolia in Misiones. Since this is the only complete
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map published to date, and the presence of other stands out of the natural area of
distribution was not confirmed (Ch. 1.3.1), this was taken as base to study the actual
occurrence of araucaria in its natural area.

The characteristics dominance of the araucaria and the distinctive circular shape of its
crown, together with a dark hue due to the reflectance of the needles, the texture caused
by the disposition of their branches, shade and relative size of the image in the
photographic scale, make the araucaria identifiable through the observation of a
stereoscopic pair of aerial photographs (Fig. 3-1 a and b). Given this, and in support to
the location of the previous stands, an analysis of the stereoscopic pairs of aerial
photographs was carried out, together with their location in the current map.

(a) (b)

Fig. 3-1: a) Semi-deciduous rainforest. Scale 1:30.000. b) Araucaria forest. Scale 1:30.000. This forest
is recognizable due the dominant crown of araucaria.

3.1.2 Terrestrial and Aerial Recognition

With the aim of verification of the actual existence and location of the A. angustifolia
stands, during the field campaigns between years 1999-2002 terrestrial and air
recognitions in the entire area of natural distribution were performed, covering
approximately an area of 3500 km?2. To obtain a correct location of these stands, as a first
steps a re-scaling of the araucaria distribution map of 1960 preceded. Then all the stands
were located geographically, and finally were these points transposed to current maps.
These maps were used as field guide, a journey plan was traced and proceeded to the
recognition, location and count of the remnants stands and the isolated groups and
individuals of araucaria. It is worth to add that in many cases the access to the stands or
to the isolated individuals were most difficult.

The geoposition was established using a GPS receiver (Global Position System) Garmin,
model 12. This navigator possesses the reception capacity of 12 parallel channels,
differential-ready, an acquisition time of approx. 15-45 seconds and RMS: 15 m
(approx.). Moreover, 120 control points were taken with this GPS to produce a subsequent
georeferentiation, based on series of aerial photographs and maps mentioned above.
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3.1.3 Socio-cultural Approach

Informal interviews were held with ex- forestry workers and personnel of the former
General Forests Office and farmers to introduce the objectives of this study as well as to
confirm general information about the exploitation of the Araucaria forests, and to acquire
additional information about the agricultural system, area and location of land under
agricultural activity in the area. The mentioned interviews were recorded and subsequently
transcribed. Furthermore, in order to be used as ancillary information, a questionnaire of
72 questions was developed (Appendix 6) dedicated mainly to the farmers, divided in two
areas: a) general farm information, b) general knowledge on environment and its
protection. One hundred (100) families, between local and rural residents, were
interviewed.

3.1.4 Tools

A common problem faced in conducting a research, is either the lack of available
information or too large amount of data to handle. In the latter, employing Geographic
Information Systems (GIS), which is
capable of providing spatial analysis

Images
tools for effective data management l
systems, could solve the problem. A
GIS is a computer-assisted system for Maps b Statistical
the acquisition, storage, analysis and . " Svetom " Reports
display of geographic data (Fig. 3-2). }
GIS is capable of converting
georeferenced data into computerized U | e
maps, visualising the results and P | oW
implementing ‘what-if’ analysis. The }
key element in conducting a research Cartographic a Statistics
A Tabular Data

using GIS is the availability of spatial
data. Application of GIS includes site

suitability analysis and developing risk l
map. Today, a variety of software tools
are available to assist this activity.
However, fh,ey can . 'dncfer fro.m one Fig. 3-2: Organization schema of the modules in
another quite significantly, in part a GIS.

because of the way they represent and

work with geographic data, but also because of the relative emphasis they place on these
various operations (EASTMAN, 2001).

For this project, a GIS database has been developed for the study area using three
different GIS packs. Data in the GIS includes both contemporary and historical
environmental and cultural ones that have been derived from a variety of sources,
including historical aerial photos and maps.

Idrisi

IDRISI is a geographic information and image processing software system developed by
the Graduate School of Geography at Clark University, Worcester, and U.S.A. It covers the
full spectrum of GIS and remote sensing needs. The software has over 150 modules that
provide facilities for the input, display and analysis of geographic data.
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Erdas Imagine 8.4

ERDAS Imagine (Earth Resources Data Analysis System) is a Windows based image
processing and remote sensing software that contains sophisticated tools for
photogrammetric processing, 3-D mapping, and landscape visualization, in addition to a
full suite of image processing modules produced by the Engineering department of
ERDAS, Inc., Atlanta, U.S.A. ERDAS.

ArcView 3.2

ArcView is geographic information system software made by Environmental Systems
Research Institute (ESRI). It allows visualizing, exploring, querying and analysing data
spatially.

3.1.5 Mapping

Once the analysis of the aerial photographs, geoposition and counting of araucarias trees
was carried out, a map with the present distribution of the remnants of A. angustifolia was
produced. Hereby, the following processing steps were realised:

(1) Stereoscopic analysis of the aerial photographs and demarcation of the araucaria
stands.
(2) Digitalisation by means of a scanner of both, the aerial photographs and maps.

Import of the data into the GIS. Geometric correction of each map and
mosaicking of the corresponding temporal series (1962/63 and 1997). This
correction was performed using the 1% order Polynomial geometric model,
Projection Transverse Mercator, Datum Campo Inchauspe, International Ellipsoid
1924 (mean RMS: 1.5 pixels).

(3) Geometric correction of aerial photographs. Hereto, a first mosaic of aerial
photographs was made, those characters that remained without great
modifications through the time (crossings roads, rivers, bridges, etc.) were
evaluated and the present geographic placement from some of them was
established by means of GPS. The points thus defined together with others
obtained from present aerial photographs and maps, were used as GPCs
(Ground Points Control). The geometric correction was made using the 1°" Order
Polynomial Transformation, Transverse Mercator Projection, Datum Campo
Inchauspe, Ellipsoid International 1924. (Mean RMS: 1.84).

(4) Mosaicking of the 1962 aerial photography series and overlay to the cartographic
mosaic of the series 1997.
(5) Location and demarcation on the cartographic mosaic of the araucaria stands

Those stands that were out of the area comprised within the mosaic were
manually added to the cartographic mosaic.

3.1.6 Vegetation Inventory

With the aim of obtaining better knowledge of the arboreal floristic composition of the
Araucaria forests and A. angustifolia natural regeneration in Misiones, an vegetation
inventory was carried out. The inventory was conducted in an 2 ha sampling area of not
very disturbed Araucaria forest - were extracted a few araucaria trees during the 1960’
only - located near of San Pedro (26° 36’ 34.6"S - 54° 7' 3.1" W), at 570 masl.
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To carry out this inventory, the sampling area was divided into 20 rectangular parcels of
25 x 50 m each one. At the intersection point each 4 parcel a circular plot of r=14 m and
630 m? surface was defined (Fig. 3-3). In each plot, trees and large shrubs grater than 20
cm height were inventoried. Four tree height classes were established: <2 m, 2-4 m, 4-8
m and >8 m. Abundance and frequency were estimated for all individuals from each plot.
Species richness (S), evenness (E) and community diversity for trees and shrubs larger 2 m
height was calculated using Shannon-Wiener index (H’) and Simpson reciprocal index

(1/D).

Fig. 3-3: Design of the circular parcels sampling for vegetation inventory.

The species were identified in field by their Argentinean names. Samples of each
inventoried species were taken, which were determined with the help of specialists of the
National University of Misiones and of the Faculty of Forest Sciences herbarium.

3.2  History of Destruction
3.2.1 Exploitation of A. angustifolia

In 1876, the explorers C. Bosetti and A. Luchesi, during their trip to the countryside Eré
(today Brazil), give account of the existence of natural yerba mate fields in San Pedro, but
the exploitation of these fields takes place in 1885 at great scale (RAMOS, 1934). In this
way, and since then, San Pedro and the region of the araucarias are included in the
national economy.

On his Third trip to Misiones, AMBROSETI (1885) relates the following:
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“...San Pedro de Monteagudo is situated in the middle of the region of the great
pines or better said araucarias (A. brasiliensis). These gigantic trees are first seen
there and continue for leagues and leagues occupying the backbone of the
Misiones mountain range and a good part of the neighbouring Brazilian state of
Parand. The number of pines is huge, and their grouping on the heights has a
special character that contrasts with the other types of vegetation.”

In that same year, the Governor Balestra sent a mission with the task of studying the
region and informing if San Pedro corresponded to state lands, in order to propose, if
affirmative, the foundation of the town. In September of 1899, by National Decree, San
Pedro city was founded, with a surface of 410 ha.

According to SPEGAZzINI (1908), the natural yerba mate fields existing within the state lands
of San Pedro were almost destroyed, and most of the dwellers were migrating to Barracén
(Bernardo de Irigoyen). In that place many sawmills were already installed and, being
located on private land, they did not require a permission of the Argentine Forestry Office.

It is important to emphasize that Argentinean didn't count broad extensions of native
coniferous, and even less conifers of long fibres. Of the three species offering certain
forestry perspectives, A. araucana, Podocarpus lambertii and A. angustifolia, the latter had
importance as a source of soft, light-weight and long fibre wood, given its larger area of
distribution, its rich extractable content, its industrial yield and exploitation facilities.

Until the beginning of 1940’s, Argentina was a forest importer country, as much as of
sawed wood as of press paper. Celulosa Argentina, founded in 1929, had begun with the
manufacture of paste paper from wheat straw. In 1942, and under protection of the
country industrialization policy, the company Celulosa Argentina settles in Misiones for the
paper paste manufacture from araucaria timber, and will be this company that will play a
very important role in the exploitation of A. angustifolia. As of 1947, with the installation
of the first big laminated timber factory in private property (Colonizadora Misionera, in
Tobuna) starts the exploitation at great scale (Cozzo, 1960). During the following years,
until the middle 1950’s, the araucaria exploitation would be limited only to private
properties. In that period, many big factories for sawing and laminated timber production
of araucaria, for example, Terciados Paraiso, Terciados PifAalito, Pan- Padovdn vy
Santinelli, Terciados el Liso, Fébrica Caffetti, Celulosa Argentina, etc., were installed in the
region. In 1955-56 the exploitation of state land areas began in the Department of San
Pedro —having these areas the greater concentration of large araucaria stands- through
the denominated 'Timber Operators of the Province". Through it, the province
administered the exploitation, conceding part of extraction to contractors. This system
lasted only 5 years, until approximately the beginnings of the 1960’s. Since then, the
province, through the General Office of Forestry, began with the concession of 100
hectares parcels for the araucaria exploitation. Here already the province would happen
only to receive a gauging by extraction. By the end of the 1960’s and beginnings of the
1970’s, the existing stands in the Department of San Pedro were already exhausted, with
only small isolated groups and with few trees in the smaller size classes or poor vigour left,
of little value for the extraction at great scale. Consequently, the exploitation is moved
towards the north of the province, to the stands located in the area of San Antonio and
Deseado. In this region, given the small size of its stands, the harvesting of araucaria as
profitable activity lasted only few years more.
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During those years, the araucaria was subjected to intensive exploitation. According to
personal comments of Mr. Duarte -old araucaria logger and later employee of the
province- between 100 and 140 trucks left the area of San Pedro per day, loaded with
stumps of 1.75 and 2.25 m length, mainly for the laminated timber industry (60%) and
paste of cellulose (40%) (Cozzo, 1960). The minimum girth limit was 0.60 m dbh and
from a big tree of araucaria around 9 stumps were obtained. According to Mr. Duarte,
nothing was wasted, only the branches were left in the felling place. Those individuals that
were not apt for the sawing or for obtaining laminated timber were used by Celulosa
Argentina to be destined to cellulose paste.

At the end of the 1970’s and beginnings of 1980'’s, the existence of native araucarias was
scanty. Although the harvesting of this species for the timber industry, the low number of
individuals and its geographic isolation become of it a non-profitable business. The big
laminated timber factories either reconverted towards the sawing of other hard and semi-
hard wood or closed.

In 1986, with the promulgation of the Provincial Law N° 2380, every action towards the
exploitation, commercialization, and use of the species A. angustifolia of natural origin is
finished. In spite of this the few and isolated individuals that remained continued, and
continue, being victims of the furtive felling. The figure 3-4 shows a chronological schema
of the araucaria exploitation.

Fig. 3-4: Schematic evolution, according chronology, of A. angustifolia exploitation.

3.2.2 Degradation of Natural Forests

Coverage of natural forest in the Province of Misiones has been decreasing at alarming
rate, from 87% of the whole area (2.610.000 ha) just before the turn of the XX century to
40% (1.230.000 ha) by the early 1980s (SCHMALTZ, 1988). Many authors have attributed
forest shrinkage to population growth, economic development, and misguided
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government. Other factors, such as conversion of forestland to forestry and agricultural
land and harvesting of trees for timber and fuelwood, are generally considered the most
important in the process of forest degradation.

The major causes for the degradation of natural forests in Misiones are:

1. The harvesting activity of A. angustifolia and the consequent depletion of their
stand, left as capital the existence of:

e Basic road network for extraction

e Machinery specialized to saw

o Timber industry for the exploitation and unemployed labour force
e Channels of commercialization established

2. The National and Provincial State forest policy and the aptitude of the forest soils
conferred to Misiones the particular privilege to develop reforestations with fast
growth species.

3. Increasing necessities of fuelwood and timber for construction, furniture, paper,
etc., because of the population's growth, as well provincial as national (table 3-1)
as well as of the demand to exports. This late because of national, provincial and
worldwide economy changes and the shortage of timer products supplies
produced in these markets by the destruction of other forests.

Table 3-1: Population of Argentine and of the Province Misiones, according census of
1914 10 2001 (Source: INDEC - Instituto Nacional de Estadisticas y Censos).

1914 1947 1960 1970 1980 1991 2001 (1)

Total Pais 7,903,662 15,893,811 | 20,013,793 | 23,364,431 | 27,949,480 | 32,615,528 | 36,223,947

Misiones 53,563 246,396 361,440 443,020 588,977 788,915 963,869

4. The conversion the forest land to agricultural land because of: i) the total
exploitation of the natural yerba mate’s trees and the increase of the demand of
this product, ii) the immigration of farmers coming from the south of the Province
like consequence to the soil fertility loss and iii) the agricultural State policy.

5. The control lack and/or non-application of the forest laws that regulate the
exploitation from the provincial authorities.

6. The authorities inability, so much to apply in times early concepts of sustainable
management as to long-term planning of the resource use.

Until the 70's decade the A. angustifolia specie was harvested almost exclusively. The
depletion of its stands left an established industry and unemployed labour force. This fact
together with the increasing pressure for forest products, led to the conversion of the
timber industry and the beginning of the harvesting of other marketable trees. Major this
marketable timber trees species are Cedrela fissilis, Tabebuia ipe, Aspidosperma
polyneuron, Cordia trichotoma, Myrocarpus frondosus, Parapitadenia rigida, Peltophorum
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dubium, Apuleia leiocarpa, Enterolobium contortisiliquum, Balfourodendron riedelianum,
Jacaranda serratifolia, Ocotea puberula, Nectandra saligna, Nectandra lanceolata,
Ruprecchtia laxiflora and, Luehea divaricata. Of all these species, five were heavily
harvested (C. fissilis, T. ipe, C. trichotoma, M. frondosus and A. polynerum). Today, felling
A. polyneuron is prohibited.

Regarding the forestry, the forest clearing for reforestations is indirectly subsidies, by the
National State. This promotion to the reforestation began with the decree law N° 456/74,
which claimed lowering of taxes to the companies that invested in forestry. This acted as a
multiplier of the afforested surface. Law N° 21.695/78 of Fiscal Incentivate for
Reforestation, replaced the system of previous promotion. By this law, the government
gave certificates of state credit exchangeable by money. In the province it was
contemplated the deforestation costs, what means that the state subsidized this
deforestation. This promotion system is annulled in 1991 when the proposed goals of
forestry surface had not being reached. Later, the Law 25.080/98 denominated “Law of
Investments for Forests Cultivated”, promotes the implantation of forests either exotic
species or native species. These incentives to the reforestation have played a very
important role in detriment of the permanency of the natural forest. Widespread areas
were completely deforested with the purpose of being replaced by mono-cultivation of
forestry species.

The rural population’s growth and the agricultural development are the primary social
factors associated with the forest degradation. The population of Manuel Belgrano and
San Pedro has been increasing continuously and often rapidly. Between 1980 and 2001,
the population nearly doubled, from 28.981 in 1980 to 56.927 (Fig. 3-5). Following the
revolution in 1976, when the military council took over the government, a settling farmer
program took place. In 1978 Andresito town, in northeast of the province, is settled, with
a clear agricultural purpose.

In the Department of San Pedro,
after restoration of the democracy

Population

(1984) and with the auspices of 40 -
the provincial government began o
the state land occupation. This 30 -

25 -
20 -
15
10 -

settling was carried out without
planning and arrangement and
without taking account
environmental consequences.
“The spirit of settling” of Arrechea
Plan, the Governor of the
Province of Misiones, had a direct
approach towards agriculture. An
extent  government  political
propaganda offering better land
in the region was developed
during this period. As
consequence, there came a migratory movement toward to the interior of the province,
formerly settled down in the south, owners of degraded lands for agricultural misuse
migrated towards new places, too.

Inhabitants (10%)

Fig. 3-5: Population growth of San Pedro and Manuel
Belgrano Departments.



Chapter 3 — Degradation of the Araucaria Forests in NE Misiones 40

On the other hand, the Seed Nurseries Reserves established by Law 854 in state areas
(Cap. 1.331) were given for their occupation and later subdivision for the process of spon-
taneous settling through temporary improvements. Clearing permission of 5 hectares per
year by slash-and-burn for the yerba mate crops were given starting from 1987 as part of
. —— this settling plan
. (i.e., in this year
550 clearing
permissions  were
given). In 1988-89
the use of the native
forest in state areas
by selective system
of 50 trees per time
and twice per year
was established,
with the purpose of
diminishing the
number of cleared
requests and to
preserve the forest.
Today this system
continues.

Fig. 3-6: Representative landscape of northeastern Misiones. The en- Althouah the verba
croachment of farming has increased during the last years. At 9 Y
the bottom of the picture, degraded forest. San Pedro — Misio- mate crop was the
nes. (Foto: M. F. Rau, 2002) motor of the land

occupation, later

other crops such as tobacco, tea, tung, citric, corn, manioc, etc has been incorporated.
This process of extension of agricultural land has resulted in the rapid and permanent loss
of forest cover. Moreover, due to the rapidly growing population, average plot sizes are
declining over time because of the subdivision of small plots too small to sustain larger
families.

Today, undisturbed semi-deciduous rainforest can only be found in areas of steep slopes,
far from towns. Most of the accessible forests have been heavily disturbed. Selective
logging, encroachment of farming, grazing and agricultural use has reduced the area of
forest cover and caused its degradation (Fig. 3-6). The figure 3-7 shows an schema of the
sequence of the natural araucaria forest degradation.
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Fig. 3-7: Sequence of the natural araucaria forest degradation and land cover change be-
tween 1940 and 2001.

3.3  Results of Exploitation
3.3.1 Actual State of A. angustifolia

According to Cozzo (1960) the distribution of the Araucaria forests occupied in Misiones a
surface about 210.000 ha (Ch. 1.3.2). If it was possible to group all the individuals in
only one large stand, it would occupy a surface about 40.000 ha, and an existence of
mere 2.300.000 m3. Of these, 60 percent corresponded to logging individuals and the
remaining 40 percent to individuals that were below the minimum girth limit or to
individuals that were total or partially decrepit, ill or unusable. Having to add to this, the
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author expressed, other approximately 700.000 m3 exploited during the period going
from the beginning of the araucaria exploitation, year 1940, until 1960. In agreement to
the estimations made by Cozzo, the existence of A. angustifolia would have been of
3.000.000 m3. In addition, the author considered that the yield average by unit logging
able was of 6.25 m3. From this, considering as much the cutable individuals as the non-
cutable ones, it can be concluded that altogether there would have been approximately
480.000 trees of araucaria in all the area of distribution, with density around 12
individuals per hectare.

Although today the araucaria natural distribution area is the same one, according show
the Figure 3-8 b, the number of stands, small groups and isolated individuals have
diminished considerably. Of the field surveys, both terrestrial and aerial, the individual
count of araucaria tree gave as result approximately 7.300 (Table 3-2). If this result is
underestimated by 60 percent, due as much to the impossibility to accede to some sites by
lack of access roads as to the topography, it is finally obtained an existence about 19.000
individuals of A. angustifolia in the whole area. Continuing with that proposed by Cozzo
and taking as base 12 individuals per hectare, if they were to be grouped in a single large
stand, this would hardly occupy a surface of 1.580 ha, scarcely reaching to 4% of the
original existence. A summary of the results is listed in table 3-3.

The obtained results, except for the count of the even existent individuals of araucaria, are
relative and according to the review values given by C0zzO, who bases part their
estimates in studies carried out in the San Juan’s stand. Therefore, it should be considered
as mere estimate. In addition, the author does not explain if in their estimate isolated
individuals were included (Fig.3-8 a). If these were not included, it would be considerably
superior the number of individuals, diminishing notably in consequence, the percentage of
actual existence regarding the original.
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Table 3-2: Summary of previous and current existence of A. angustifolia.
Stand Latitude Longitude Location :;z :;?::se Curtr:rr:eexis-
1 26°49'10" S 54°11'30" W Chnia.Aristébulo del Valle 6 000 m3 100 trees
2 26°42'25" S 54°11'48" W Ruta Nac. km 1319 6 000 m3
3 26°38'54" S 54°04'48" W Barro preto 150 000 m3 330 trees
4 26°17'37" S 54°01'36" W Ex Reserva Gendarmeria Nac. 400 000 m3 450 trees
5 26°38'54" S 53°5829" W San Juan 25 000 m3 40 trees
6 26°4314"S | 53°5509"