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Land Use Change in the Amazon Estuary: 
Patterns of Caboclo Settlement and Landscape 
Management 

Eduardo  S. Brondizio ,  1 Emil io F. Moran,  2 Paul Mausel ,  and You Wu 3 

Landsat TM scenes for 1985 and 1991 are used to produce a georeferenced 
map of  land cover and land use for an area of  the Amazon estuary inhabited 
by three populations of  caboclos with distinct patterns o f  land use. This 
information is combined in a geographic information system with ethnographic 
and survey research carried out over the past 5 years to develop representative 
spectral "signatures" which permit measurement and differentiation o f  land 
uses and the detection o f  change even between small areas o f  managed 
floodplain forest and unmanaged forest, and between three distinct age~growth 
classes o f  secondary succession following deforestation. Implementation o f  
these procedures permit the scaling up or down o f  research at different 
resolutions. Three distinct patterns o f  land use are examined with differential 
impact on the environment. Mechanized agriculture at one site has eliminated 
virtually all the mature upland forest and is now dominated by secondary 
successional vegetation. The more traditional system of  diversified land use at 
the next site shows a subtle cycling of  flooded forest to managed palm forest 
through time in response to the price of  palm fruit and cycling in the use of  
fallow land. A third site, based on palm fruit extractivism, shows minimal 
changes in land cover due to persistent specialization on management o f  
flooded forest extraction. There is little evidence that the community with the 
greatest impact on forest cover is any better off  economically than the two 
communities which have minimal impact on the landscape. This study suggests 
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how a balance between use and conservation in Amazonia may be achieved 
in floodplain and estuarine areas, and the effectiveness o f  monitoring these 
types of  land cover from satellite platforms. 

KEY WORDS: land use; land cover; Amazon; estuary; flooded forest; afai; palms; agriculture; 
pastures; swidden; slash-and-burn agriculture; succession; remote sensing; GIS. 

INTRODUCTION 

The importance and potential of orbital remote sensing for interdiso 
ciplinary research have been increasingly recognized and discussed not only 
by earth scientists but also by social and biological scientists (Reining, 1979; 
Conant, 1990; Moran, 1990; NASA, 1990). One can highlight at least three 
advantages offered by remotely sensed data to the field of human ecology. 
First, it facilitates quantitative comparison of the impact of processes such 
as land use intensification and population growth. Second, it links more 
effectively temporal and spatial variation that result from land use changes 
in an environmental, socioeconomic, and cultural context. It offers, as well, 
analysis at a scale that bridges local adaptive strategies with ecological and 
economic variation at regional level. This process of cross-fertilization be- 
tween remote sensing and human ecology has increased further with ad- 
vances in geographic information systems (GIS). While numerous works 
have encouraged interaction between human ecology and landscape ecol- 
ogy through the use of remote sensing and GIS (e.g., Naveh and Lieber- 
man, 1984; Vink, 1980; Behrens, 1990), the integration of socioeconomic 
and cultural data in a GIS structure has been rare (Morren, 1990). 

This paper uses remotely sensed data as a component of a large-scale 
human ecological study through a study of land use change among three 
populations of the lower/,anazon estuary, at Maraj6 Island, Brazil. The 
methodology presented here combines spectral information and image clas- 
sification with environmental and ethnographic data. 

Unlike land use change in the upland interfluves affected by govern- 
ment-sponsored development projects (cf. Moran, 1981, 1993) where de- 
forestation has been as high as 49% of the total land cover, land use change 
in the estuary bears fewer visible scars. The estuary region in this study is 
located at Maraj6 island, a delta island at the mouth of the Amazon, which 
is a region with a wide variety of vegetation types and land use strategies 
that include cattle ranching, mechanized agriculture, palm fruit/wood/oil ex- 
tractivism, and swidden cultivation. It is an area with a large population 
of Amazonian caboclos (similar in characteristics to Peruvian ribere~os) 
which combines indigenous knowledge of land use with adaptations to the 
economic and cultural system imposed first by European colonists and then 
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by the dominant national forces (Wagley, 1953; Moran, 1974; Parker, 1985; 
Hiraoka, 1985; Chibnick, 1944). 

Changes brought about by economic development in the interfluves 
have also reached into the estuary, albeit less forcefully. Increases in de- 
mand for forest and cultivated products in nearby urban centers such as 
Bel6m (today with a population in excess of two million) have led to in- 
creased levels of extractivism, agricultural intensification, fishing and hunt- 
ing. Caboclos settled on the productive floodplain forests have responded 
to increased market demand by intensification of their exploitation of for- 
ests (i.e., agroforestry) (Anderson, 1991). 

Their management of forests is subtle, since it involves underclearing 
and increasing the frequency of individual trees that produce valued prod- 
ucts. For example, the palm Euterpe oleracea occurs naturally in low lying 
areas of floodplain forest. The fruit of this palm, afar, has grown in value 
fourfold in urban areas in the past 10 years. Increasing the production and 
productivity of this palm has become a major goal of estuary populations. 
Competing with this agroforestry form of land use are traditional swidden- 
ers, cattle ranchers, and modernized mechanized agriculturalists. The Jesu- 
its introduced plantation agriculture and cattle into Maraj6 in the 17th 
century and, after their expulsion in the 18th century, the eastern portion 
of the island became the province of cattle ranches. On the western part 
of the island, forest resource extraction and swidden cultivation has per- 
sisted. In the transitional area, a local bishop has sought to modernize the 
caboclo economy by creating cooperatives financed by international donors 
and mechanized farming on cooperative lands. The sustainability of these 
alterations, their impact on a peasant economy, and the possibility of moni- 
toring these regional land use changes from satellite platforms are issues 
addressed in this study. 

A number of questions attracted us to study land use in Maraj6: does 
the estuarine environment provide conditions for land use that permit 
greater sustainability than the interfluves? What strategies of land use pro- 
vide evidence for sustainability? Is the impact of deforestation in the estuary 
less severe than it is in the upland forest interfluves? Is it possible to address 
these issues by combining field studies with analysis of digital satellite data 
that would permit regional-level assessment of land use outcomes? 

THE STUDY AREA'S LAND COVER 

The study area is located in the estuarine region of the lower Amazon 
on Maraj6 island in the county of Ponta de Pedras in the state of Par~i 
(see Fig. 1). It is a transitional region between two macro-environments: 
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the dense floodplain forest to the west and the natural grasslands to the 
east. The study area has a broad array of land cover. Tidal floodplain forest 
(Prance, 1980) is internally diverse with areas flooded only at high tide, 
and other areas flooded more frequently. The vegetation has complex struc- 
ture and is rich in palms. According to Lima (1956) floodplain forest occurs 
in 25,000 km 2 of the Amazon estuary. Upland forest occurs at sites that 
date from the Tertiary period. They are dominated by oxisols with sandy 
texture and low pI--I (commonly below 5.0). The forest presents uniform 
stratification consisting of large trees with their canopy reaching about 40 
meters and it has a sparse herbaceous layer. Few palms are present. Dis- 
turbed areas, whether floodplain or upland forest, become secondary for- 
ests at diverse stages of regrowth fairly quickly. Savannas occur and consist 
mainly of trees of 2-5 meters in height widely spread across a mantle of 
grasses such as Aristida and Eragrostis. Transitional forest is located in the 
ecotone between forest and savanna. It is characterized by lianas and palms 
such as Desmoncus orthocantus and Mauritia martiana. Mangroves consist 
of arboreal formations dominated by Rhizophora mangle which reaches a 
canopy height of about 25-30 meters. It is preceded in the aquatic envi- 
ronment by marsh vegetation dominated by Montrichardia arborecens and 
Drepanoc arpus lunatos (RADAM, 1974). 

THE STUDY AREA'S CULTURAL ECOLOGICAL LANDSCAPE 

The region's population has been studied since 1989 by a multidisci- 
plinary, multiinstitutional, and multinational team representing the Goeldi 
Museum in Bel6m, the University of S~o Paulo, and Indiana University. 
The goal of the project has been to understand the adaptive strategies of 
these populations. Particular attention has been devoted to sociffl organi- 
zation, settlement pattern, economy, and environmental impact of the vari- 
ous strategies of resource use and land use (cf. Murrieta et al., 1989; 
Murrieta et al., in press; Brondizio and Neves,. 1992; Brondizio et al., 1993). 

In the study region three sites have been studied which represent 
three distinct systems of land use. One site, named Paricatuba hereafter, 
is illustrative of the "traditional" system of land use. This population has 
the most diversified resource use strategies of the three with a settlement 
pattern characteristic of riverine peoples and households scattered from 20 
to 300 meters apart. Their land use focuses on swidden cultivation on both 
floodplain and upland forests, and on palm fruit extraction. The importance 
of shifting agriculture to this population distinguishes them from the ma- 
jority of the caboclo population of the estuary, where this activity has been 
steadily decreasing. 
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The second site, named Maraj6-a~ti hereafter, has a similar riverine 
settlement pattern but households are more widely spaced (from 50 to 500 
meters apart). The economy centers on the extraction of a~af palm fruit 
and its sale. Slash and bum cultivation has been steadily abandoned as a 
result of the intensification in the extraction of a~ai. Shrimp and fish rep- 
resent important sources of protein .and are also sold for cash. 

The third site, hereafter named Praia Grande, represents the most trans- 
formed economy in the study area. Currently, most of this population is settled 
in an upland area, dispersed linearly along a road rather than a river. With 
assistance from the local Catholic bishop the population has since the 1960s 
organized an agricultural cooperative based on mechanized agriculture pro- 
ducing corn, beans, rice, and coconuts. Mechanized preparation of land for 
pasture and cattle was also undertaken. A modest amount of extractMsm con- 
tinues, supplemented by fishing, shrimping, and other activities. 

Figure 2 illustrates the relative role of different economic activities 
on the land cover of the areas affected by each of the populations inhab- 
iting the three sites. All three areas have at least 90% of households en- 
gaged in the extraction of af.af palm fruit, an important resource of the 
Amazon estuary and flood-prone areas in the interfluves. Two out of the 
three areas are involved in swidden cultivation (i.e., Paricatuba and Ma- 
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Fig. 2. Subsistence activity affecting land cover, caboclo populations--Marajo 
Island, 1990. 
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raj6-a~tl). Over 50% of households in the "traditional" site (Paricatuba) 
are engaged in it, while only 20% of those at Maraj6-A~6 still cultivate in 
this manner. Mechanized agriculture and cattle ranching are restricted to 
one of the three areas, Praia Grande, driven by subsidies provided by the 
Church and a Church-based cooperative that has virtually eliminated the 
practice of swidden cultivation, and all but 28 hectares of upland forest. 

METHODS USED 

In addition to ethnographic studies and household level surveys carded 
out since 1989, two Thematic Mapper (TM) Landsat scenes (path 224, row 
61) for July 21, 1985 and for July 22, 1991 were used in this analysis. The 
two scenes were cloud-free and recorded land cover for both dates. The 
scenes were registered one to another (i.e., overlayed one on the other pixel- 
to-pixel) resulting in a single multi-temporal image with 12 channels, the first 
six representing the six bands of the 1985 TM scene and the other six those 
for 1991 (the thermal band was omitted from both dates for this analysis). 4 
This multitemporal image allowed us to select training samples from known 
areas for both dates. The two scenes are within a few days of each other, 
thus with minor differences in sun angle. However, in order to minimize at- 
mospheric effects between dates, the 1991 image was adjusted to 1985 spec- 
tral values using distant and intact forest in both years as controls for 
differences in spectral values between years. These forest areas are the most 
consistent features in both scenes, with overall spectral values relatively con- 
stant. The images were spatially registered and geocorrected (i.e., georefer- 
enced) to a UTM grid using available base maps of 1:100,000 (FIBGE, 1984). 
This made it possible to register ground-truth data precisely on the image, 
collected with a Magellan 1000 Pro Global Positioning System (GPS) re- 
ceiver, in areas where vegetation sampling and household visits were made. 

Initial methods focused on the identification of discernible land cover 
classes, the development of representative statistics associated with a par- 
ticular class of land cover. This classification procedure began with high 
dimensional clustering (i.e., unsupervised classification) of small areas of 
less than 15,000 pixels to cluster as many as 60 classes of land cover. During 
studies, representative clusters were saved for use as training statistics 0f 
that class in a supervised classification. The spectral statistics of each class 
were also evaluated for their congruence with known characteristics of the 

4Separability analys.es indicated that the thermal band did not provide significant additional 
information to the questions being addressed. In addition, the 120-meter resolution of the 
thermal band is too poor to discriminate between features of interest. The thermal band was 
saved as a separate file for future use on other questions. 
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study sites. This led to the development of a conceptual spectral model 
that defined the land cover classes and that considered the reflection and 
absorption characteristics of the physical components that made up each 
class. For example, floodplain forest as a class will have low reflectance in 
bands 2 and 3 due to high chlorophyll absorption. High biomass and high 
water content leads to lower values in band 5 and the shadowing present 
explains lower values in the near infrared band 4 when compared to afai 
palm forest (see Fig. 5 later in this paper). This kind of procedure and 
examination was carried out for each "signature" or spectral pattern. 

To complement the ethnographic research and the image analysis, in- 
tensive botanical and environmental work was carried out in June and July 
1992, as well as in the same period in 1993. Representative samples of land 
cover classes identified in the unsupervised classification results were taken 
during fieldwork, and some additional classes were added and sampled as a 
result of field studies. All vegetation classes present in the classification 
scheme of 1992 were sampled in order to determine composition, frequency, 
density and dominance, basal area, percent of ground covered, stem height, 
and total height. This data collection was further expanded and refined in 
fieldwork in 1993-using the supervised classification produced as a result of 
the 1992 field study. In parallel, ethnographic data were collected about the 
history of land use, length of fallow periods, and management techniques. 

The capability of geographic information systems was relied on heav- 
ily to integrate raster information (e.g., the thematic classification) with 
point data (e.g., the GPS coordinates) and attribute data (e.g., time of 
abandonment, soil characteristics). The general steps taken for GIS related 
work were as follows: First, a georeferenced base map was created using 
ARC/INFO GIS which included the GPS Ground Control Points (GCPs) 
collected in the field. Magellan post-processing software was used to con- 
vert the GPS data directly into ARC/INFO format. The next step was to 
indicate map coordinates. The ground control points were categorized into 
three groups: household site data, vegetation samples, and other ground 
truth observations. GIS data layers were created for each group. 

Second, the information associated with each GCP in the base map 
was entered into a relational database structure (in this case dBase IV). 
The critical factor at this step was to ensure that data records in the rela- 
tional database were keyed to their respective GCPs in the GIS. The side- 
by-side visualization of attribute data and map display make it possible to 
associate ground information with land use classes and to check their clas- 
sification accuracy. 

Third, the layer of GCPs was converted to ERDAS (i.e., raster) for- 
mat to be integrated on a six channel TM Landsat image. The image can 
then be displayed showing the location and distribution of the collected 
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GCPs. This proved useful in the process of training sample selection for 
developing a supervised classification. Since the image is geocorrected to 
UTM coordinates, this makes the collection of GCPs, also collected as 
UTM coordinates, invaluable to the precise location of training samples, 
such as shifting cultivation areas, which would otherwise by inaccurately 
located. However, the results will be identical whether one uses the overlay 
procedure (described above), or the CURSES 5 program in ERDAS to lo- 
cate the GCPs directly on the image itself. 

Classification procedures were based on a hybrid approach that com- 
bined unsupervised and supervised classification. Each data (1985 and 1991) 
was classified independently and ovedayed later in ERDAS. Subscenes from 
the larger scene were extracted to correspond with the study sites. Maraj6- 
aqfi represents an area of 185 by 173 pixels (i.e., 2,880 ha), Paricatuba an 
area of 131 by 113 (i.e., 1,332 ha), and Praia Grande an area of 147 by 116 
pixels (i.e., 1,534 ha). Each image was submitted to transformed divergence 
separability analysis 6 (TDS). Parametric statistics (means, standard devia- 
tions, and covariance) of clusters associated with each one of the classes of 
interest were used in TDS analysis. This analysis indicated that bands 2, 3, 
4, and 5 were the best set to be used for image classification. The classes 
and training samples selected according to their spectral signatures and spa- 
tial configuration were submitted to a Gaussian Maximum-Likelihood Clas- 
sifier. 7 A second method was applied to verify change in land use based on 
the thematic classification of the 1985 and 1991 images. The program "AL- 
GEBRA" in ERDAS was used to overlay, and subsequently add one clas- 
sification (1985) to another (1991). s Finally, results were obtained using the 

5The CURSES program in ERDAS 7.5 allows one to view information about a specific pixel 
or pixels (i.e., spectral values, image and cartographic coordinates), by positioning a pointer 
on the desired pixel(s) (ERDAS Field Guide, 1991). 

6Transformed divergence separability analysis causes calculations to be performed which assist 
in determining the subset of features to be used for a given training set. This processor 
calculates the statistical distance between all class pairs for each of the subsets of channel 
combinations chosen. 

7The Gaussian maximum likelihood classification uses the training data as a means of 
estimating means and variances of the classes, which are then used to estimate the 
probabilities for membership in each class. It considers not only the mean, or average, values 
in assigning classification but also the variability of brightness values in each class. 

SALGEBRA is a program in ERDAS which allows the user to perform algebraic operations 
on image or GIS data. In this situation, it is applied to two GIS Files so that the changes 
between the two dates can be identified. If the first input file is the result of 1985's image 
classification, it is named X1. The second file is the result of 1991's image classification and 
it is named X2. Assume in an example that both GIS files have two classes, Forest and SS3. 
In order to make the results understandable, two files are recoded. In X1, Forest = 10, SS3 
= 20. In X2 Forest -'-- 1, SS3 = 2. If the input equation is (X1 + X2), four possible classes 
are created, which are classes 11, 12, 21, and 22. Class 11 means forest without change. Class 
12 represents change from forest to SS3. Class 21 reflects change from SS3 to Forest and 
class 22 is the SS3 without change. 
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program "LISTIT" also in ERDAS to express the area of change between 
one class and the next, given this temporal change. 9 This process made it 
possible to analyze the conversion of land use classes, such as the changes 
in stages of fallow between 1985 and 1991. 

Table I provides the adjusted class mean spectral values (DN), 1~ a "sig- 
nature" for each land cover class. Spectral modeling of land cover classes is 
a hybrid process of analysis. It requires the integration of physical and bio- 
logical characteristics of land cover classes of interest with detailed knowledge 
of the structure of the land cover, other physical characteristics of the vege- 
tation such as vegetation structure, light penetration through the canopy, and 
vegetation composition and diversity. History of the use to which the land 
has been put can also be helpful in the analysis. Many classes were relatively 
homogeneous and the boundaries between these features and other ones was 
clear. For example, water, bare ground, upland forest, flooded forest, and 
savanna have very distinct reflective properties and, hence, spectral signatures 
(see Fig. 3). Other features of interest had more complex spectral charac- 
teristics because the mix of earth features were subject to considerable vari- 
ation over small distances. The spectral definition of these classes is somewhat 
"noisy," as are any classes that name a land cover type that represents dy- 
namic plant communities along a continuum. Secondary succession occurs 
along a continuum that represents numerous factors such as land use, age 
of secondary growth, opportunistic colonization by pioneer and gap species, 
and landscape features such as soil quality and slope. Late initial succession 
grades imperceptibly into an early intermediate succession (see the similarity 
in Fig. 4 in spectral signatures except for the ability of the mid-infrared chan- 
nel to distinguish between moisture levels (which reflects greater shadowing 
and stratification with time). Values in Table I represent midpoints of a class, 
recognizing that for each class there may be some mis-elassified pixels that 
are closer to the endpoints of the range present. 

The basic elements of spectral modeling involve a recognition of the 
visible bands' sensitivity to chlorophyll absorption, of the near infrared to 
mesophyll reflectance, and of the mid-infrared to water and moisture ab- 
sorption. The cross-section of these elements helps discriminate between 
types of secondary succession, between flooded forest and managed forest, 
and between mechanized and swidden cultivation. For example, in an un- 

9"I'he LISTIT program in ERDAS is used to produce a listing o f  the information stored in 
the header and trailer of a data file, either a image file or a GIS file. The list includes the 
statistical data, e.g., mean, max. and rain. values for image file, and the areal percentage for 
each class. 

1~ number in an image file is a digital number. It is also called "data file value," "file 
value," "image file value," "digital number (DN)," "brightness value," "pixel value," or only 
"pixel" (ERDAS Field Guide, 1991). These values were adjusted to correct for atmospheric 
effects. 
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managed flooded forest, a more irregular and higher canopy is present, 
there is a denser understory, and more stratification which creates shad- 
owing that particularly depresses the near-infrared and mid-infrared spec- 
tral values. This process makes it possible to distinguish between managed 
and unmanaged flooded forest (see Fig. 5). 

ANALYSIS AND RESULTS 

Four major land management practices influence vegetation cover in 
the study area: burning of vegetation, mechanized land clearing/weeding, 
palm forest management, and secondary succession. In slash-and-burn ag- 
riculture gardens are not actively planted after 2-3 years and succession 
occurs fairly quickly. The areas used for this purpose are well-drained soils 
of upland forest or old-regrowth fallow. These are preferable because they 
require the least labor to slash. The average size of gardens is 2500 m 2. 
Mechanically cleared areas vary in size from 1 to 5 hectares, and involves 
both short fallow management and fertilizer input. These areas are distin- 
guishable from the slash-and-burn gardens by the shorter length of the fal- 
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Fig. 5, Spectral curves of selected features, Marajo Island, 1991. 
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low cycle, by their spatial form (generally more square and rectangular) 
and by their distribution and rate of secondary successional regrowth. Be- 
cause the mechanized areas are maintained in cultivation longer than swid- 
den areas, regrowth is slower and soil fertility is lower. Intensive weeding 
of pastures, whether through fire or tractor, slows the rate of regrowth of 
woody species. Such areas are characterized by the presence of palm trees 
adapted to resist burning, chief among them Maximiliana maripa ("inajfi") 
and Astrocaryum vulgare ("tucumfi"). Palm forest management ("aqaizai") 
involves management of floodplain forest dominated by Euterpe oleracea 
("aqai"). Preliminary data on palm forest management indicate that the 
Importance Value 11 ofEuterpe oleracea increases from 0.2 in an unmanaged 
floodplain forest to an average of 0.6 in managed floodplain forests (Bron- 
dizio et al., 1993). The management techniques involved in this process 
can be broadly characterized by five steps: selective thinning of non-desir- 
able forest species; selective thinning of understory vegetation and vines; 
pruning of palm seedlings, saplings, and trees; planting of palm seedlings 
and seeds; and annual weeding of the area. 

Secondary succession processes were discriminated, using combined 
Landsat TM and botanical fieldwork, into three stages: Initial (SS1), In- 
termediate (SS2), and Advanced (SS3) secondary succession. These cate- 
gories roughly correspond to age classes of 0-5 years, 6-10 years, and 
greater than 11 years, respectively, in most of the study area. The combined 
analysis of vegetation sampling, data on land use history, and spectral sig- 
natures, suggest that these are the most appropriate classes given the TM 
Landsat spectral and spatial resolutions. To date it has not been possible 
to differentiate a 20-year regrowth fallow from undisturbed forest. We be- 
lieve that improvements in ground-truth information may provide better 
data in the future and refined classification of successional land cover. 

Supervised classifications of the 1985 and 1991 images, respectively, 
for Maraj6-aqfi (Figs. 6 and 7), Paricatuba (Figs. 8 and 9), and Praia 
Grande (Figs. 10 and 11) illustrate the nature of the changes taking place. 
In the period between the two views of land cover, changes can be seen 
in land cover (see Table II) although the scale of these changes are im- 
perceptible in overall percentages. The changes brought about by market 
forces and external subsidies have affected Maraj6's land cover. The de- 
mand for afa[ together with the flow of funds to the cooperative have trans- 

11Importance Value is a vegetation index which accounts for relative density, frequency and 
dominance (basal area) of a species. 

I.V. = Relative density + Relative Dominance + Relative frequency 
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Fig. 6. Paricatuba, 1985 classification. Note the patchy nature of land cover, resulting from a 
predominantly shifting cultivation system. Note the presence of pastures (magenta) and initial 
secondary succession (light blue). (For Figs. 6-11 see color key on p. 270). 

formed the way the local populations treat the landspace. In the three study 
areas that impact varies considerably from place to place. The most widely 
shared change has been the increased management of flooded forest for 
aqai palm fruit products. While this change is the most widely shared by 
households, and economically important, it has had the least impact on land 
cover. The area in managed palm forest increased by 0.2%, 1.6%, and 1.8% 
between 1985 and 1991 in the three study areas. More significant in land 
cover impact has been the mechanization of agriculture at Praia Grande 
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Fig. 7. Paricatuba, 1991 Classification. Note the development of pastures and initial secondary 
succession areas into intermediate (navy blue) and advanced (dotty gray) stages of secondary 
succession. 

which led to removal of much of the upland forest in the 1960s. Many of 
these areas failed to be sustainably productive and were undergoing sec- 
ondary growth. Advanced secondary succession went from 6.8% of total 
land cover in 1985 to 16.4% by 1991 at Praia Grande. Areas in pasture 
have concomitantly decreased, as have those of low productivity. 

"Fhe land use conversion matrices presented in Tables III, IV, and V 
permits two types of analysis. First, it provides a more fine-grained under- 
standing of the changes in land use/cover, and serves to verify the consis- 
tency of the image classification. For instance, some areas show changes 
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Fig. 8. Sororoca, 1985. Note the lesser variability in land cover, due to this island's focus 
on extrac~ivism of acai fruit (yellow). 

from bare soil in 1985 to forest in 1991, which is theoretically and biologi- 
cally impossible. These areas are unlikely to represent true changes, and 
are in fact, more likely border effects in areas between forest and bare 
soil, 12 or possibly between forest and savanna with dry ground cover in 

12Border effects refer to the presence of mixels or mixed pixels at the ecotone between two 
types of vegetation. A pixel whose spectral response is a composite of two or more features 
often will be classified incorrectly. Given that the study sites all have 12-15 distinct types of 
land cover, there is a small percentage of pixels at the borders which will be classified on 
one side or the other of the named classes or create an entirely new class, rather than as 
embodying both kinds of vegetation. 
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Fig. 9. Sororoca. 1991. Note the increase in acai palm forests (yellow) in the six year inter- 
val, as compared to figure 8 on the opposite page. 

summer. Changes from upland forest in 1985 to advanced secondary suc- 
cession in 1991 represent areas experiencing selective logging or similar 
disturbances. Changes between bare soil and pasture, and vice versa could 
be associated with ground cover cycles, such as senescence and wilting of 
grasses in summer-time. In the floodplain, changes are often associated 
with tidal influence. In this estuarine region, daily water level variation has 
a direct influence on vegetation classes, such as palm forest, floodplain for- 
est, and mangrove/marsh. 

Forest management, as in the case of afaizal, is highly influenced by 
market demand. This region was intensively exploited for palm heart pro- 
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Fig. 10. Praia Grande. 1985. Note the large areas in pasture (magenta) and low savanna (see 
color key) and in bare ground (orange). Bare ground usually represents cropped areas bare 
after harvest of cereal crops. 

duction (also from Euterpe oleracea) in the 1960s and 1970s. Palm heart 
exploitation, which requires clear cutting of palm forest, depleted the palm 
stock on the region. The migration of rural caboclos to urban centers in 
the 1970s and 1980s increased the demand for and helped increase the 
prices for the fruit of Euterpe oleracea. This fruit is a staple food of regional 
caboclos, providing a considerable portion of their total caloric intake (An- 
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Fig. 11. Praia Grande, 1991. Upland forest (olive) which had largely disappeared in 1985 is 
seen as returning in 1991 through land abandonment and subsequent processes of secondary 
succession. 

derson et al., 1985). Thus, the management of palm forest for fruit pro- 
duction was largely an incremental response to market demand. Combining 
the floodplain productivity with the fast regrowth and maturation of the 
afai palm, the region's output went from 4000 tons in 1975 to 11,158 tons 
in 1985 to 38,450 tons in 1989 (FIBGE, 1974-1989). In the last 10 years, 
the afaf fruit became the main economic product of the region. However, 
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I Upland Forest 

I loodplain Forest 
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Color Key. This key refers to figures 6 to 11. In this 
estuarine ~vironm~t it is of particular note the 
pres~nc~ of floodplain forest, acai palm forest, man- 
groves and thr~ ~nds of savanna distinguishabl~ by 
their differential draiaag~. 

there was no outstanding area increase in this class between 1985 and 1991. 
This may be related to the fact that management has been intensified in 
already existing a~aizal palm forests. There are many possible degrees of 
management. Up to now, we can distinguish a palm forest in which the 
average Importance Value of the species is around 0.6 although it includes 
higher Importance Values (above 0.6) as tested in other training samples, 
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it did not include beginning stages of management (Importance V a l u e -  
0.3--0.5) since its importance at that level can occur naturally. 

The land use conversion matrix of the Padcatuba area (Table III) 
shows many common characteristics of slash-and-burn agriculture. The 
amount of open area (Bare Soil) decreased from 35.2 ha in 1985 to 18.7 
ha in 1991. This implies that areas that were bare soil in 1985 are now in 
different stages of secondary succession. This is most clearly demonstrated 
by looking at the percentage contributed by this class to the three stages of 
secondary succession. There is also a considerable increase in areas of ad- 
vanced secondary succession from 99.7 ha in 1985 to 222.3 ha in 1991. Out 
of the total area in secondary succession in 1991, 23.8% or 52.8 ha were in 
an intermediate stage of succession in 1985. These changes in successional 
stages characterize agriculture based on long fallow cycles. There is an in- 
crease of upland forest of 14.2 ha, although minor deforestation took place 
as evident in the contribution of forest to other classes. In the floodplain, 
there is a small area of a~aizal palm forest, and while we can observe that 
some areas were abandoned between 1985 to 1991, 67% of the palm forests 
mapped in 1991 come from the management of areas classified as floodplain 
forest or mangrove in 1985. The area of palm forests indicated as abandoned 
(which is the area changed from a~aizal in 1985 to floodplain or mangrove 
in 1991) is characterized by an increase in tree species and by higher density 
of understory vegetation. This is also common in older and less productive 
palm forests which have had reduced management recently. 

The land use conversion matrix of Praia Grande (Table IV) reveals 
the environmental dimension of the socioeconomic changes taking place in 
the area since the late 1960s.. The upland area was largely deforested to 
make it possible to implement intensive mechanized agriculture and cattle 
ranching projects. By 1985 only 29.2 ha of upland forest remained standing. 
Considerable areas of advanced secondary succession had developed enough 
by 1991 from the earlier deforestation of the 1960s that some areas had 
grown back to become indistinguishable from forest in the satellite imagery 
which reveals an increase in very advanced secondary forest approaching 
biomass of upland forest cover to a total of 43.1 ha. The failure of cattle 
ranching in this region is clearly shown by the decrease in the extent of 
pasture areas from 223 ha in 1985 to 54 ha in 1991. These areas are now 
in different stages of secondary succession - -  a process not unlike that taking 
place throughout the Amazon basin on a much grander scale (cf. Moran, 
1993). Large areas (i.e., 111.3 ha) of pasture were already abandoned by 
1985, as can be observed in the land cover class "Pasture with palms" (the 
vegetation result of pasture management based on burning). The dominant 
palms on these pasture areas are Maximiliana raaripa and Astrocaryum vul- 
gate. Similarly, large areas were used for cropping in the 1970s and later 
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abandoned due to low fertility and soil compaction, which explains the large 
amount of area observed in different stages of secondary succession in 1985 
and 1991. Note in Table IV that initial secondary succession (SS1) went 
from 149.7 ha in 1985 to 178.6 ha in 1991, while advanced secondary sue- 
cession (SS3) went from 104.5 ha in 1985 to 251.7 ha in 1991. 

The decrease in intermediate secondary succession (SS2) may reflect 
the recleadng of areas for agropastoral activity in lieu of clearing primary 
forest. This situation indicates the failure of a land use model based on 
intensification and short-term fallow in an area with limited soil fertility, 
as was applied by the Church cooperative. The result of that experiment 
led to the total removal of terra firma forest from the study area without 
any notable increases in income or sustainable yields. Instead, mechanized 
areas have become dominated by secondary growth due to the abandon- 
ment of many areas due to declining yields. Earlier work in this study area 
(Murrieta et al., in press) noted a significant shortage of manioc flour 
(Manihot esculenta), which is the main caloric source for the population. 
The floodplain forests continue to play an important role in the subsistence 
of caboclos at Praia Grande. While upland forest deforestation and mecha- 
nized agriculture and pastures seem to be reverting to regrowth, the areas 
of palm forest have increased from 47.3 ha in 1985 to 71.7 ha in 1991, a 
change that shows the decrease in open areas of agriculture, despite efforts 
by leaders of the cooperative to wean caboclos away from extractivism. 

The land use conversion matrix of Maraj6-a~ti (Table V) shows few 
changes in either upland or floodplain forest cover. This population has pro- 
gressively abandoned slash-and-bum gardening in exchange for the intensi- 
fication of an a~ai-based economy (Murrieta et al., 1989). Old garden sites 
can be observed in different stages of secondary succession in 1985 and 1991. 
The amount of bare soil decreased from 50 ha in 1985 to 25.3 ha in 1991, 
which is probably the result of the earlier thinning of flooded forest for a~ai 
managed forest. Maraj6-aqt~ has the largest area of floodplain forest of the 
three areas studied here, compared to the other two populations. Areas suit- 
able for upland gardening are restricted in areal extent in this region due 
to its low position on the landscape and greater proneness to flooding. The 
total area of a~ai palm forest does not show much change. However, the 
management of new regions is economically significant. 

This study gives support to the value and sustainability of the traditional 
system of diversified land use. This system has left minimal impact on the 
native vegetation cover, has been capable of adjusting to shifts in the value 
of commodities, and provides the human population with a diverse diet. In 
contrast, the model, of intensive mechanized agriculture promoted by the 
Church cooperative, has severely impacted the landscape, has been costly in 
terms of labor and capital, and has not proven sustainable as evidenced by 
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the large areas that have been abandoned to secondary growth despite the 
availability of tractors to control weed invasion. The study has also shown 
that it is possible to monitor these changes in cropping pattern, secondary 
growth, and savanna expansion. The estuary provides conditions that favor 
small scale agriculture combined with extractive activities and fishing, rather 
than conditions for intensive mechanized agriculture. The impact of defor- 
estation has been less in the estuary than in the interfluves because of the 
presence of traditional caboclo populations practicing diversified systems of 
land use appropriate to the daily flooding patterns of the estuary. In those 
cases where "modern" forms of intensive land use are promoted, deforesta- 
tion can be just as severe as in the interfluves, as has been the case in the 
Praia Grande site discussed in this paper. As has been the case in colonization 
areas of the interfluves, those deforested areas have often proven unproduc- 
tive and are now undergoing secondary successional processes that may re- 
turn them to the diversity that they had earlier. Our study continues at 
present as it tries to determine the role of soil fertility, size of area cleared 
and land use practices' impact on the rates of secondary succession in estu- 
arine and interfluvial areas (cf. Moran, 1993; Moran et al., 1994; Mausel et 
al., 1993). The linkage between satellite data and field studies, within a GIS, 
has proven a useful medium for analyzing these processes in time and space. 

CONCLUSIONS 

In the last 20 years, subsistence strategies of caboclo populations have 
been affected by a number of external forces such as market pressure and 
development programs. There is increased concern worldwide for the long- 
term impact of intensification in agriculture and forest extraction on local 
environmental resources (Murrieta et al., 1989; Moran, 1993b). It remains to 
be seen what level of economic intensification best addresses the subsistence 
needs of local populations. Remote sensing is a powerful tool for human 
ecological studies in the Amazon. The refinement of methodologies to bridge 
socioeconomic and historical data to thematic classification of satellite images 
will encourage a new phase in the analysis of social and environmental in- 
teractions in the Amazon. For this to happen, an interdisciplinary research 
team must develop common research protocols that incorporate the experi- 
ence of anthropologists, ecologists, geographers, and economists as well as 
the use of the techniques of remote sensing and geographic information sys- 
tems. The study of local systems of land use in regional and global context 
can inform how best to develop models that can serve the human and envi- 
ronmental interests in a region. The traditional populations of the Amazon 
estuary give evidence of being capable of intensifying land use without leaving 
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a deforested landscape in their wake, while externally induced strategies, such 
as implemented at Praia Grande, have been both costly environmentally, and 
economically unsustainable to date. Continued monitoring of the differential 
impact of land use strategies suggests ways to proceed in the years ahead. 
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