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ABSTRACT

This paper demonstrates the applicability of Lamdsat Thematic Mapper data to mapping Acai palm forest distribution
and point out the feasibjlity of estimating fruit production at local and regional level. Production figures from the
literature and fieldwork are used to estimate production of Acai fruit under two levels of forest management (intensive
nanaged and vnmanaged). The analysis presented on the paper incorporates spectral modeling and grovad-based dats about
land use history and site-specific vegetation stand inventories for several areas of Floodplain and Acai palm Iorest
located at Ponta de Pedras, Marajo island, Brazil. Bybrid process of image classification using a parasetric classifier
(ECHO) was used for a TH image of 1991, This methodology allowed to define spectral sigmatures of 15 land cover
featores, specially between managed (Acai palm forest) and unmanaged floodplain forest, and between three stages of
secondary succession. Acai palam forest covers 5.7% of the area, vhile unmanaged Floodplain forest covers 16.3%.
Accoracy assessment using test fields showed 85.7% accuracy for the classification of Acai palm forest. Management
of Floodplain forest increases up to fivefold the production of Acai fruit.

1. INTRODUCTION

Amazon deforestation has attracted worldwide
attention due to its multifaced socio-economic and
ecological consequences at local, regional apd global
scales. In the global change research comeunity a
large body of studies have focused on monmitoring
large scale deforestation rates (see Skole and Tucker
1993 for the most recent assessment), its impact on
climate change and atmospheric trace gases (Dickinson
1987, Shukla et al. 1990), and its effects on
biodiversity {Wilson 1988). Less attention has been
paid to local-level trajectories of land use change,
to post-deforestation processes of forest regrowth,
and to the contribution of local knowledge to the
development of intensive systems of food production
{Moran et al. 1994, Dale o+ al. 1993). The assessment
of land cover change as a function of socio-econoric
and ecological factors is a fundamental step to
understanding the sustaimability of current foras of
land use, and the consequences of these actions on
the region's land cover (Brondizio et al. in press).

Forest management is a widespread activity in
Amazonia with signiticant economic importamce for
local populations. So far, the remote senmsing
community has not paid enough attention to
. Qifferentiate between natural and anthropogemic
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forest using satellite data. The goal of this pape:
is to demonstrate that Llandsat TH image can be
effectively used to wmapping subtle forms of
anthropogenic forest, such as the case of Acai palm
forest when integrated with ground level research
that includes ecological and socio-economic
dimensions of land use. As an example, secondary data
or acai froit production is used to provide s
demonstrative estimation of fruit production
considering the spatial distribution of acai palnm
forest provided by image classification.

In the last twenty years, increases in demand
for cultivated and forest preducts by a growing vrbas
market have led to increased levels of agriculture
intensification and extractivism with diiferent
socio-economic and environmental results. In the
Amazop estvary, Joral populations have managed
floodplain forest to increase production of Acai
fruit (Euterpe oleracea), creating estensive areas of
pala forest, which, nevertheless has become one of
the most important economic resource in the region.
The Acai froit is a staple food of regiona!
population, providing a considerable portion of tota:
caloric intake {Siqueira and Murrieta 1993). This
region was intensively exploited for palm heart
production {2 sub-product of Euterpe oleracea) in the
60's and 70's. Palm heart exploitation, which
requires clear cotting of palm tree, has in some
cases depleted the palm stock on the region. However,




as a result of the combination between market demand,

floodplain productivity, and the fast rate of

regrowth and maturation of the ‘acai pals",
production of fruit has boomed in the last two
decades. For instance, in Ponta de Pedras (study area
of this paper), in Marajo islamd, fruit production
went from 4,000 tons ia 1975 to 11,158 tons in 1985
to 38,450 tons in 1989, while palm heart production
has dropped in the same proportion {FIBGE 1974-1989).

Studies have suggested that this agroforestry
practice, which incorporates structural and
fonctional aspects of the forest, can maintain the
functional integrity of an ecosystem, while providing
teliable income for local producers (Anderson and
Ioris 1989). However, so far, this agriculteral
strategy has been neglected by government policies as
3 viable alternative for rural development in the
estvary context. Distribution and production were
never mapped before.

As a tool, remote sensing can bring important
contributions to enconrage alternatives solutions to
Amazon deforestation, as far as more attention is
paid to molti-level analysis concerning the
integration of local subsistence strategies and
regional land vse dynamics.

2. STUDY AREA
2.1 Boviroomental Settings

The study area is located in the estuarine region
of the lower Amazon, on Marajo island, in the county
of Ponta de Pedras, state of Para'. It is a
transitional region between two macro-environments:
natural gqrassland and forest, most of which are
flooded forest (Pires 1973; Prance 1980). According
to Lima (1956) floodplain occurs in 25,000 square
kilometers of the Amazon estuary. Acai pala forest is
a vegetation type in the floodplain area
characterized by the high concentration of Euterpe
oleracea. It is an anthropogenic formation resulting
from different means of management of floodplain
forest (for more information see Jardim and Anderson
1987). According to Calzavara (1972) these palms
forests occopy 10,000 square kilometers in the lower
Amazon. Another major vegetation class in the
floodplain is Mangrove.

Upland forest occurs at sites that date from
the tertiary period. These sedimentary areas are
dominated by Oxisols with sandy texture and low ph.
Vegetation regrowth in different stages of secondary
soccession are widely scattered in the area as a
tesult of shiftisg- arnd  conventional-based
agriculture and cattle ranching. Secondary succession
occurs along a continuam that reflects numerous
factors such as land use history, opportunistic
colonization by opportunistic and gap species, and

landscape features sach as soil quality and
topography.

Grassland savannas (Radam 1974) are one of the
nost prominent features in the study area. Three
grassland savannas types may be characterized in the
area (Brondizio et al. 1993). Between the grassland
areas and the forest one can identify a transitional
forest characterized by the dominance of palas and
vines.

‘2.2 Cultural and Socio-economic Context

The human populations of Marajo island may be
found in a small nuaber of urban centers, or
scattered along the river banks in a typical pattern
going back at least to the rubber boom period {Wagley
1953; Moran 1974; Parker 1985). In the last 20 years,
the rate of socio-economic change in Amazonia has
sotivated fondamental transformation of Caboclo
populations. The increasing influence of market and
development projects, as well as a greater proximity
of a national political stracture have motivated
these populations to a variety of changes in
subsistence strategies and social orgamization. The
effects of these changes in demographic patterns,
social organization, economy, and well-being, as well
as its environment impact is still lacking for
studies that seeks to understand the adaptive and
sociological respomses of these changes [Neves, ed.
1992}.

3.1 The Method of Multilevel Analysis of Land Dse

What is referred here as a multilevel analysis
of land use imvolves data integration at four
different scales and conterts: landscape, vegetation
class, farm/bousehold, and soil level (FIGURE 1).
This model of data collection relies upon a nested
saapling procedure that produces data that can be
scaled up and down independently or im integrated
fashion. The combined use of multi-temporal, high
resolution satellite images with local based data on
land use history and site specific vegetation
inventories makes it possible to wnderstand
ecological and social dimensions of land mse at local
scale, and link them to regional and global scales of
land use dymamics. Through this procedure one can
estimate the spatial distribution and production of
Acai palm forest.
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3.2 Image Processing and Classification

A Llandsat TM image (path/row 224/61) was
acquired from the Brazilian Agency on Space Research
(INPE), from July of 1991. The image was geo-
corrected to a UM qrid using available 1:100,000
topographic maps (FIBGE 1984). In this fashion, the
geo-processed image could be related to waypoints
collected in the field through use of a GPS (Giobal
Positioning System) device.

Classification procedure was based on a hybrid
approach that combined unsupervised and supervised
classifications. A hybrid approach allows us to
develop an analysis of the spectral patterns
presented in the TH bands in conjunction with ground
information to arrive at spectral signature patterns
which account for detailed differentiation of land
cover featores. Processing started with high-
dimensional clostering (40 to 60 classes) of the
whole image as well as in small subsets. Classes were
apalyzed based on their statistical values (mean,
standard deviation and co-variance). Training samples
with known vegetation and history of land use were
used to develop spectral signatures for the classes
of interest. In this fashion, a conceptual spectral
aodel can be developed in which the features of
interest can be

T
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incorporated. The analysis comsiders the reflection
and absorption characteristics of the physical
components that comprise each feature. 1t attempts to
account for chlorophyll absorption in the visible T
bands (1-3}, for mesophyll reflectance in the near-
infrared ™M band 4, and for both plant and soil water
absorption in the mid-infrared bands 5 and 7 (Jensen
1986). The integration of these spectral features
with field data on vegetation height, demsity and
dominance of species is necessary to differentiate
panagement in floodplain forest and stages of
secondary reqrowth (Mausel et al. 1993). For example,
the stratification of the floodplain forest creates
energy sinks as manifested by shadowing. This
influence is particularly noticeable in the near- and
nid-infrared. This factor analyzed together with
variation in camopy beight is necessary to
differentiate unmanaged from managed areas. The
lesser shadowing of the managed area and its lower
canopy is manifested in the near-infrared.

The amalysis of spectral statistics derived
froa clustering and from areas of kmown features
(training samples) allows the development of
representative statistics for supervised
classification. Transformed divergence amalysis was
applied in the training samples. Althongh it is not
a definitive predictor of classification accoracy, it
car provide insights into the spectral distinction of
training fields (Li et al, 1994). Each image was
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subaitted to separability analysis, which indicated
that channels 2,3,4 and 5 were the best set of bards
to be vsed for image classification. The 15 final
classes  were snbmitted to a spatial-spectral
classifier available in Maltispec (Ver.07/15/93),
ECHO - a texture-maximum likelihood classifier (for
a description of Multispec and ECHO see Landgrebe and
Biehl 1993). Test fields were wused during
classification to assess accoracy of feature
discrimination.

3.3 Land Use Bistory

Household level interviews have been carried ont
to record the sequence of management steps applied in
the land used in the sampling area. Data include the
date since the forest was cot or thinned, pruming of
Acai clumps, planting of seeds and seedlings,
burning, the crop yield, etc. The fieldwork protocol
was prepared based on a NASA fieldwork quide
developed for MSS image analysis (Joyce 1978).

1.4 Methods on Vegetation Inventory

Six areas of Acai palm forest and one of
floodplain forest were inventoried during May and
June 1992. Selection of areas with differential
management was based on ioterviews with local
producers, althoogh a concern with the spatial
distribution of the sites on the map was taken into
accoont. For each area the floristic composition and
structoral factors such as DBE (diameter at breath
height), number of individuals, percentage cover,
stem {first branch) and total height were collected.
Four plots of 25 x 25 meters, and four subplots of 5
1 2 meters were randomly located on the area
appointed by the prodmcers. In the plots all the
trees with DBE >= 10 cm were measured for DBH, stem
and total height. In these plots, all acai trees (DBE
»=5 cm) were counted taking into account the number
of steas per clump. Ia the subplots, all the
individuals were identified and counted, and saplings
{trees with DBR >=2 cm) were measured. In the
vomanaged forest, the number of plots and sub-plots
were doubled.

Botamical identification was made by
erperienced "mateiros” familiar with the species of
the region of the Botany Dept. at EMBRAPA in Belem in
site and in herbarium. In each area, soil samples
were collected at 20 cm intervals to one meter depth.
Soil sample were analyzed in CEPLAC and EMBRAPA labs
in Belem for both chemical and physical properties.

Sampled areas were located on the satellite
image and its coordinates were obtained with a
geopositional system device (GPS), a Magellan Nav
1000 Pro receiver. The nse of GPS to locate sampled
areas of Acai palm forest in the image epsures a

fundamental step to improve spectral discrimination
of land features with subtle differences, svch as
between these vegetation types.

3.5 Secondary Data

Secondary data were used fros two main sources:
Jardim and Anderson 1987, and Anderson and Jardim
{1989). These sources provided information on number
of individuals, basa) area, and importance valuve for
two sites (managed and wneapaged floodplain forest)
located at Ilha das Oncas, Barcarena, PA, Brazil.

4 ESTIMATION OF ACAI FRUIT PRODUCTION
4.1 Assumptions

Table 1 shows the changes on the number of
individoals of acai paslms in areas with different
intensities of management in relation to the total
number of individmals of the area. Considering the
information presented in Table 1, amd in accord to
the availability of secondary data for calcolation of
production-Tab 5, some preliminary assumptions need
to be made before one proceed w/ calculations.

1. ™wo classes will be considered: vnmanaged and
managed. These classes are consistent with the land
cover map geperated by the classification of the
satellite data, although vegetation data may suggest
differences between extensive and intensive
management of acai pala forest, these classes counld
not be differentiated so far during classification.
The calculation will be based on the classification
of the 1991 scene, which has more than 80% accuracy
in the training and test fields for acai palm forest
class.

2. The data used to calculate productivity is based
on Jardim and Anderson {ibid:12), which estimate
productivity of fruits per stem as showed in Table 4.
However, due to the large standard deviation and to
account for the most realistic scemario, the lowest
value of productivity (Kg/Stem/year) will be wused
here, i.e. 4.4 Kg/Stem/year. This value will be used
for both unmanaged and managed forest.

3. The nomber of stems per hectare will be also based
on the lowest pumber reported on Table 1, i.e. 354
stems/ha (site 1) for unmamaged forest, and 1880
stems/ha (site 5) for managed forest. 4.The final
production will be also converted to "rasas® which is
the regional measure for marketing of acai fruit. A
‘rasa’ is the equivalent to 15 kg (Calzavara 1972;
Lopes et al. 1982).

5. The price per kilo is estimated in US$ 0.15. Thus,
the price per 'rasa’ is US$ 2.2 (Field notes - 1993).



4.2 Spatial Distribution of Acai Palm Porest

Acai pala forest represents 5.7% (2088 ha) of
the whole area comprised by the TM image, while
Floodplain forest is the most dominant lamd cover
feature with an extent of 16.3% (5971 ha) (Table 2).
Table 3 shows the spectral sigmatures for the land
cover classes. Table 4 provides a matrix of accuracy,
showing the percentage correctly classified of the
test fields for 15 classes. Overall land cover
classification accuracy is high {97.8%), while Acai
palm forest alone has lower accuracy (85.7%3}). Due to
space restriction the classified image is not shown
in the paper. For more information see Broadizio et
al. in press).

4.3 Production of Acai Froit

Table 5 shows the calculation of production of
acai fraits for the whole area comprised by the T
scene. According to the assumptions wmade, the
economic retorn of fruit in a unmanaged forest in
Ponta de Pedras (US$ 231/ha/year) is consistent with
those of Jardim and Anderson (1987:16) estimate for
the same vegetation type (US$ 234/ha/year) in Ilha
das Oncas. However, difference is up to threefold in
areas of managed forest between Ponta de Pedras (US$
1239/ha/year) and Ilha das Oncas (0S§ 504 -best
estimate). This difference is explained by the higher
nomber of stems per hectare that were measured in
Ponta de Pedras. However, a question concerning the
differences in management techniques between these
two areas remains.

Such scenario shows that a smallholder with 3
hectares of managed acai palm forest may achieved
over US$ 3,000/year. The data shows that management
of acai palm forest increases up to fivefold the
retern of a hectare of floodplain forest. This
analysis does not take into account the costs of
sanagement, such as contracted labor. It is also
important to consider that prices are subjected to
fluctvations in accord to the "acai market® in Belem.
In addition, small producers of Ponta de Pedras are
subjected to middleman intermediation to tramsport
production.

Considering the production figures of FIBGE
(1989) we can derived that the area covered by the
image (36,634 ha) supplies 68% of the total
production of acai fruit of Ponta de Pedras as
seasured by FIBGE. It seems a reasonable amount
considering the large area of floodplain forest
presents in the stoudied area in relation to the
county area as a whole, which has large areas of
patural grasslands.

Ongoing research is focusing on the increase
of sampling areas, and on the defimition of spectral
signatere for Acai palm forest under intermediary

stages of management. The role of land tenure in
defining levels of intemsification has also been
analyzed. At the population level, the majority of
the households takes part in the activity independent
of ownership. In fact, acai froit production is the
main activity of share croppers. However, it is
expected that land ownership guarantees more astonomy
to define management levels, since it ensures the
long ters value of the land, increasing the security
of the household. Besides that, share-croppers are
frequently subjected to the price paid by the land
owner, which acts as siddleman.

5. CONCLUSION AXD FUTURE WORK

This experimental work has pointed out the
possibility of monitoring acai pale forest through
the combination of satellite images, ground-based
information and use of secondary data. However,
refinesent of methods and assusptions need to be
achieved. As mentioned before, on going research
(betweer August and December of 1994 - peak of
production season) will measure productivity of acai
froit in areas under differemt intensities of
management and will collect data on property
boundarijes in three different populations. Local
producers have agreed on collaborate with historical
data about acai production. The use of GPS will be
specially useful to delimitate property boundaries
and geo-reference it to the satellite image.
Understanding the spatial and temporal dimensions of
floodplain agroforestry and its integration with
other land use activities will provide information to
support future rural development policy for the
region that combines local kmowledge of management
and market.

Although it represents the main source of income
in the region. the production systems of floodplain
agroforestry is still little kmown in the Amazon
estvary. Studies opeed to include & Dbetter
understanding of land teoure, and market relationship
between producer, middleman, and central market, as
well as, the integration between floodplain
agroforestry with other types of land use, such as
upland agriculture. Floodplain agroforestry presents
an-outstanding opportunity to intensification of food
production in the region without displacement of
local populations, without constraining
diversification of land use, and without destruction
of the resource basis.
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Table 1
INDICATORS OF ACAJ PALM FOREST MANAGE MAENT

Table 2 Land cover

classes % irea)

2 UPLAND FOREST 132
5 ILOODPLAIN FOREST 16.3
4 ACAIPALM FOREST 57
5 MANGROVE 20
G BARF SOU 28

JZ: PASTURE 0@

FAS TURE W/ PALMS 06

D COCONUT PLANTATION 05
0 INITIAL 6.5, 23
11 INTERMEDIATE .. 31
12 ADVANCED S.S. 122
'3 HIGH SAVANNA 06
4 LOW SAVANNA 12 4
b5 “mpERaTA" savANNA 12

Table

~
N}

SPECTRAL SIGNATUNES OF LAND USE CLASSES
Felauva Specyul Response n Digral Nurnbers for TM Bands 2-5

CLASSES BANL'2S 0 BAND3 S0 BAND4 SD BAND S 8§D
WATER 348 07 368 1z 31 44 104 42
!JPLAND FOREST 305 056 248 04 817 16 664 4
LOODPLAIN FOREST 306 03 284 05 n 42 469 47
CAl PALM FOREST 309 06 288 06 716 39 463 6
ANGROVE 328 09 329 16 5236 8 326 c4
ARE SOIL 456 24 525 a5 609 4z 1079 72
ASTURE 39 08 388 23 98 33 15 3as
ASTURE W/ PALMS 37 02 341 06 967 26 1128 a1
NITIALS § 361 02 a3 11 96.9 63 1009 46
NTERMEDIATE § §. 359 07 38 13 936 38 926 5
OVANCED S S. 326 04 263 07 917 36 N2 54
IGH SAVANNA 3.7 04 339 02 44 37 698 38
OW SAVANNA N2 [+:] 35 12 665 35 781 22
IMPERATA" SAVANNA 323 06 314 11 65.6 18 615 21

190




161

ESTIMATIVES OF ACAI FRUT PRODUCTION

Acal production

Sampled Argas @ Mean&@ | Type Kg/Stem/fyear |#Stems/ha |Kg/hajyear US$Mhajyear
Control area 44a  |Unmanage 354 1857 2335
Selective Pruning (A) 6.6ab 44 |

Forest thining (B) 7.50 Managed 1680 8272 1239.75
(A) + (B) 7.4b

@ Adapted from Jardim & Anderson (1987)

Total Area (TM scene]
Rasas/ayr*  |Area(ha) Rasasfyear]
103|971 _&15013
551 2088 1150488
Total 1765501
*US$ 72377
**%Fibge(1989) 68%
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