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Abstract 

Development activities in Altamira. Par& Brazil began with the construction of the Transamazon Highway in 1970. In 
the early years land use emphasized annual mp. followed by pasture development. During the second decade of settlement, 
land cover in the region shifted h m  'degraded pastures' or early stages of secondary successional vegetation to increased 
dominance of intermediate and late secondary succession. This finding is a result of recent research using Landsat TM 
satellite data and detailed field studies of vegetation stand structure. Close to 40% of the forest had been removed by 1985. 
but between 1985 and 1991 there is clear evidence for twice as much regrowth as there is new deforestation. Land use has a 
significant effect on the vegetation's total height, stem height. and basal area The use of satellite data in combination with 
detailed studies of vegetation stand structure and land use histories gathered from households provide a multilevel approach 
that allows integration of local. regional, and global patterns of secondary succession in agricultural areas, and informs 
restoration strategies for Amazonia 
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1. Introduction 

The devastating processes of deforestation in the 
Amazon Basin have attracted a great deal of anen- 
tion in the past decade. The exponential rates of 
deforestation in the Brazilian Amazon in the 1975- 
1985 decade resulted in persistent international pres- 
sure and led to major policy shifts (Mahar, 1988; 
Anderson, 1990). One of these important shifts was 
the reduction in fiscal incentives that had encouraged 
the destruction of forests by supporting policies that 
did not value land until the forest cover was re- 
moved. The reduction in fiscal incentives for cattle 
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ranching, together with the economic stagnation and 
hyperinflation that Brazil experienced from 1987 to 
1994, has been associated with reduction in the rates 
of deforestation. With the reduction in hyperinflation 
and the return of positive rates of economic growth 
in 1995, deforestation rates have begun to increase 
once again, making it all the more urgent to under- 
stand the processes of deforestation in Amazonia 

Attention to these questions has deflected discus- 
sion of a no less important process in the region-the 
natural regrowth of vegetation following deforesta- 
tion and the use of these secondary forests by farm- 
ers. This natural restoration of the landscape has 
important implications. for processes such as the 
global carbon cycle, the hydrological cycle, and the 
sustainability of agricultural systems in the humid 
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were larger in size were generally preferred over 
very small ones which could be a product of error in 
these early stages of image classification, or could 
prove ephemeral through time. Upon arrival, a 
discussion with the farmer took place, followed by a 
visit to the forest, secondary successional area, or 
pasture of interest. While observing the area, one 
could verify its history and age-and ensure its 
continued existence to the present-followed by a 
detailed interview about household demographic 
composition, range of economic activities of the 
household, and a detailed history of the land use on 
the property, particularly the area to be sampled. In 
some cases it was discovered that the area no longer 
existed in the same state that was true for the satel- 
lite data available (i.e., that the area had been altered 
since the date of the satellite image), which made it a 
poor candidate for soil/vegetation sampling. While 
such a property might not be sampled in depth, 
general observations of land use were made and the 
information obtained from the interview were still of 
value in order to further spectral analysis and super- 
vised classification.. If the property was appropriate 
for sampling, the principal author asked permission 
from the property owner to have the team come the 
next day (or a convenient day and time) to carry out 
the detailed soil/vegetation inventory. 

From these interviews we selected sites of differ- 
ently aged classes of secondary growth that would 
become the focus of field sampling. With a crew of 6. 
collaborators, 22 plots were sampled in 1992 at the 
Altamira site and an additional 14 samples were 
added during fieldwork in 1993 for a total of 36 soil 
and vegetation inventories* A few of the 1992 sam- 
pled areas could not be used in this paper because of 
experimentation with plot. sizes during the first year. 
Plots from 1992 which differed from the standard 
size in 1993 were excluded for the purpose of statis- 
tical analysis. At each sampled area, we took soil 

Another reason to choose larger areas is that due to Selective 
Availability in GPS technology, as much as a 100-m error is 
possible in location. This is a policy of the Defense Department in 
the U.S. applied lo civilian GPS receivers. This m r  can be 
reduced through differential comction; nevertheless. chances for 
error increase if the study area is smaller than 3 pixels or 0.9 
hectares. 

profile samples to 1 m depth, counted and identified 
spkies, percentage of covered ground. and measured ' 

stem height and total height of plants if equal to or 
over 10 cm diameter at breast height and/or over 2 
m in height. 

The field-based research, supported by the previ- 
ous laboratory land-use analysis, represents a 'bot- 
tom-up' approach that characterizes our research 
methodology and provides a contrast to other remote 
sensing analyses in Amazonia. While it is a usual 
practice among remote sensing analysts to cany 
fieldwork only as a procedure to check unsupervised 
classifications, our study assigns fieldwork a very 
different role. As new information concerning vege- 
tation classes and dynamics emerged from fieldwork, 
we used it to re-interpret and change previous classi- 
fications and even to create new classes of land 
cover. Unsupervised spectral analysis and simple 
verification of already created classes can obscure 
the realities of a complex landscape. The use of field 
data, especially vegetation information and land-use 
histories, gives new meaning to spectral statistical 
patterns and brings to light local differences in the 
process of land cover change within a large region. 

3.2. Regional scale vegetation change 

Areas studied included major vegetation types 
found in the region: dense moist and liana forests, 
pastures, pastures invaded with palms such as inaja 
(Maximilianu maripa, now Attalea muripa) and 
baba~ii (Orbignya phalerata, now Attalea speciosa) 
(Henderson, 1995). and fallows representing age 
classes 0-2, 3-5, 6-10, 1 1-15, 16-20 and over 20 
years. After 1992 we aggregated 0-2 and 3-5 data 
into a 0-5 interval of early secondary succession (or 
SSl) due to the difficulty in attaining high degrees of 
accuracy in the spectral analysis between 0-2 and 
3-5. When aggregated into this 5-year interval, ac- 
curacy reached 88.3% (Mausel et al., 1993). Crop- 
land and agroforestry plantations were also included, 
but will be the focus of a separate paper. 

At regional scale, using a combination of spectral 
analysis and field research, it is possible to observe 
in Altamira a declipe in the area of mature forest 
from 64.01% in 1985 to 58.73% in 1988 to 56.99% 
in 1991 (see Table 1). Pastures declined in areal 
extent during this same period. Relatively homoge- 




















