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ACRE

69°W
J-10's
ropical forests
have gained
renown as the
majorreservoir forter-
restrial biological di-
versity and as an im-
portant reservoir for
biosphericcarbon that
can affect heat trap-
ping gases in the at-
mosphere. These for-
ests also house tradi-
tional communities
that have developed
unique approaches 1o
use these ecosystems. In Latin America these forests are the
site of some of the most active frontier expansion of modern
times. Brazil alone has seen an internal migration of over a
million colonists, miners, loggers. and ranchersto its Amazonia
in the past few decades. The flux of migrants to these forests
has accelerated the conversion of Amazonian ecosystems and
has created conflicts with traditional communities of the re-
gion.

One of the great challenges for conservation and development
in the humid tropics is to involve local communities in the
management of forests and associated ecosystems. Many pro-
posals have a top-down approach where the reserve or settiement
areaisdecided upon at a governmentlevel; local communities are
consuited, if at all, at the end of the process.

An innovative experiment in the Brazilian Amazon began as
a bottom-up movement in the mid-1980s. Local rural workers’
unions and the National Council of Rubber Tappers proposed the
establishment of extractive reserves to resolve the sine qua non
problem of sustainable development by local communities: the
land tenure issue.
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Figure 1. The Chico Mendes Extractive Reserve in eastern Acre State, Brazil. Rio Branco is the state
capital. Xapuri, Brasileia, and Assis Brasil are local urban centers. 8R-364 and BR-317 are federal
highways. The dark grey areas show where maps of family clearings have been completed. $. Sao
Pedro is the locale of the more detailed maps of Figures 2, 3, and 4.
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Al present many
of the legal battles
for creating extrac-
tive reserves are
being resolved:
residents are now
facedwiththemore
complex task of
making these ex-
periments in mul-
tipleland-use work.
A necessary stepin
this process in-
volvesdetermining
the distribution of
populations, natural resources, transportation networks. health prob-
lems, and other factors that influence present and future patterns of
land-use. In short, thematic maps are needed of these reserves.
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EXTRACTIVE RESERVES

Inextractive reserves the land is owned by the federal govern-
ment, with the use of the land and its resources bequeathed to
traditional dwellers. The administration of these arcas is the joint
responsibility of IBAMA. the Brazilian Institute of Environment
and Natural Renewable Resources, together with local commu-
nities. The objective of such a partitioning of land ownership is
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to eliminate land speculationand conflictas destabilizing factors for
extractivists.

Inspite of their official name. extractive reserves are multiple-
use areas that include agricultural as well as extractive activitics.
The concept of extractive reserves and settlements has been the
subjectof active debate (Alegretti 1990: Browder 1992; Feamside
1989; Anderson 1992 Homma 1992). Extractive reserves are not
the panacea for rainforest
conservation and develop-
ment, but one of several
options, albeit one of the
few in which local com-
munities have played a
major role. They represent
experiments in their initial
stages: if they survive their
birth, it will be decades
before they can be judged
SUCCESSes.

Any attempts to de-
scribe current land-use and
plan future land-userequire
geographic information
typically embodied in
maps. Consequently, orga-
nizations that participatein
administration of reserves,
suchas the National Coun-
cil of Rubber Tappers, lo-
cal unions of rural work-
ers, and IBAMA, have ar-
ticulated most stronigly the
need for mapping.

linked 10 a Pacific port. This road/fsca access to Pacific Rim
countricscould resultin incrcased land conflictas land values rise
along the highway (Martins 1994). Third. commercially valuable
wrees, such as mahogany. are relatively abundant in the forests of
the CMER. and many parts of the reserve with access by roads or
rivers are or soon will be subject to intense logging pressures.
Fourth, the level of political organization within the reserve
varies tremendously. rang-
ing from strong and active
organizations o remote
and isolated rubber tap-
pers whodon'teven know
that they live within an
extractive reserve. These
characteristics make the
CMER highly heteroge-
neous, dynamic, and a
challenge for land-use
planning.
Indevelopedcountries,
maps for land-use plan-
ning are usually available
with the necessary detail
and are periodically up-
dated. The planning may
then proceed by combin-
ing various types of maps.
such as of soils, transpor-
tation networks, ete. in a
geographic information
system. In many develop-
ing countries, however,
the basic maps have inad-

Another equally impor- cquate detail, arc out-of-
tant role for mapping is to date or inaccurate, or all
help forge a new political \ 0 %a three. In the case of cast-
and social identity for the L ?:;DL,-\ s ern Acre, the most recent
residents of these reserves. R and detailed maps are
In many cases, the prior e .-- Ro o Faagendol based on surveys in 1977
social unit, a seringal or R et o
former rubber estate, is Mé-}m

much smaller than an ex-
tractive reserve. Conse-
quently, residents must
modify radically their per-
spective of their territory, if they are to participate effectively in
management of extractive reserves.

THE CHICO MENDES EXTRACTIVE RESERVE

The Chico Mendes Extractive Reserve (CMER), named after
the murdered rubber tapper leader. differs in several aspects from
other reserves. First, it is by far the largest, covering nearly onc
million hectares that encompass a variety of forest types and over
forty seringals in eastern Acre State (Figure 1). Transportation to
the regional urban center, Rio Branco, for some communities can
be accomplished in a few hours, while for others it inay take four
to five days. Second, access to some border regions of the reserve
may become relatively easy if the highway bordering itbecomes

Fi{;(;ré 2..‘”I-Iand"ira"cin§ c;f. t.he Seringal Sao Pedro inuthe Chico Mendes Extractive
Reserve. A typical product of a meeting with rubber tappers.
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at 1:100,000 scale (one
centimeteron the maprep-
reseats one kilometer on
the ground). The seven-
teen-year period (1977-
1994} incorporates many
of the most important changes in land cover in the region with the
instaliation of large cattle ranches and colonization projects, the
results of which are not recorded on the maps available. In other
parts of Brazilian Amazonia, the lack of accurate, generally
accepted maps has helped generate a profusion of conflicting
land claims. Various maps arc then generated to validate these
varied claims. creating a *“War of Maps” (Monteiro 1994).

An alternative approach to produce up-dated maps is to use
satellite imagery as a base for mapping land cover. With such
land cover analysis, the land use can often be inferred. For
example, rectangular cleared areas of 100 to 1000 hectares are
typically pastures for cattle ranches. while irregular clearings of
one to ten hectares in size in the midst of forests are generally
made by extractivists to cultivate annual crops.
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Figure 3. Redrawn map of Figure 2 on a base map of 1:100,000 scale with
hydrography. This work is done by technicians at FUNTAC, the State
Foundation for Technology.

The details of how 0 do such mapping are discussed below.,
More important issues are “For whom are these maps?” and
“Who will use them?” Typically, the use of maps is concentrated
in government institutions: rarcly do they reach the local com-
munities. In this case, the mapping of the CMER was the direct
solicitation by the National Council of Rubber Tappers. The Council
needed the maps to consolidate information about the CMER for
extension activities. In addition, the Council found itself stymied in
negotiations with Brazilian and iniernationat agencies due tothe lack
of information about the reserve. This sitvation is conmmon among
many local communities in Amazonia when they must both plan
land-use and justify it to government otticials.

MATERIALS AND METHODS

The images used for mapping are from the satellite Landsat
TM withaspatial resolution of 30 m; that is, the individual picture
elements or “pixels” register the intensity of light reflected from
ground units of 30 m x 30 m. While objects of smaller dimen-
sions, such as houses and individual trees, are typically not able
to be discerned, linear features like roads and skidding trails can
often be detected. The reflected light is divided into spectral
bands, three in the visible spectrum and three in the infrared
spectrum. {Landsat TM also has a thermal infrared band with 120
m resolution, but it was not considered for our studies.)

For mapping purposes, the most important characteristic of these
bands is the contrast between objects of interest and their surround-
ings. Our first step in mapping the CMER has been to identify the
small clearings associated with colocagdes (singular: *colocagio”).
the land area encompassing the trails of rubber trees that the family
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unit taps. Typically. the total arca of the colocacio is on the order of
200 10 800 hectares, while the clearing where the family house and
subsistence agricuiture are located covers between one to ten hect-
ares. The best contrast between the surrounding forest and these
family clearings occurs in the spectral bands 3 and 5, the red and
middleinfrared bands. respectively. Inthese bands. the forests appear
dark and the clearings light (Brown etal. 1992). The mapping is done
on black and white images of 1:100.000 scale, purchased directly
from INPE, the Brazilian Space Institate, orof 1:75.000scale derived
from computer compatible tapes from INPE, Idrist 4.1 software,
IBM-compatible computers. and ink jet printers. More recently, we
have used pencil tracings of clearings from (hese images for field
work in order to minimize wear and tear of images and to allow
various groups to map at the same time.

Much of the information available from residents inthe reserve is
referenced to where families live. In order tocreate detailed thematic
maps, our first step has been to map the location of more than 1,000
families that live in the CMER. Naming the family clearings,
however, can only be done with the active participation of residents
of the communitics. We have found this participation to be most
effective when residents gather for meetings with union representa-
tives or during other similar activities. Once rubber tappers under-
stand that these maps will enable them to communicate with other
rubber tappers, union representatives, and government officials, we
begin the mapping exercise.

If we are in a family clearing that is on the map. we orient the
north of map to coincide with geographic north. Then we ask
rubber tappers to estimate the length and breadth of the clearing
and then try to find one with similar dimensions on the image or
tracing. For example. a clearing of 500 m by 200 m appears as a
light area of 5 mim by 2 mm on an image of 1:100,000 scale.

Once rubber tappers localize one clearing, other family clear-
ings are usually identified rapidly. Rubber tappers superimpose
their “mental maps™ with the image and typically produce a map
of clearings over thousands of hectares in a few hours. Once
drawn on tracing paper, these maps ate then transcribed to maps
with hydrography at 1:100,000 scale by technicians at the state
agency responsible for forest cover estimates (FUNTAC). The
last step involves creating a digital map of the arca, using
software packages Rootspro, Tosca 2.0. and Idrisi 4.1. Figures
2.3, and 4 show atypical sequence of these steps for the Sao Pedro
Seringal.

A COMMUNITY EFFORT

Approximately 200,000 hectares (~209%) of the CMER have
been mapped to the level of family clearings. Paper maps of these
arcas are already being used by rural union leaders and the
National Council of Rubber Tappers. Indeed. these paper maps
meet the initial demands for the mapping. They have been used
to show incursions of loggers into one seringal and to help plan
the implantation of agroforestry systems in another. Five people
are now capable of supervising such mapping and dozens of local
residents now are capable of interpreting maps.

Our training in mapping generated unanticipated demands for
more education in practical mathematics. Atour meetings ritbber
tappers began requesting a more comprehensive education pro-
gram that would include mapping and other guantitative skills,
such as how to calculate the number of seedlings needed in
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agroforestry systems or how to measure wood volume. The
rubber tappers know that mastery of such tools will be essential
if they are to become autonomous managers of the reserve.

Much of our current effort involves the digitalization of maps
and construction of a geographic information system (GIS). The
rationale for such work is that scttiements in the CMER are
dynamic with migration of population, new clearings developed
and old clearings abandoned. In one visit 1o a seringal we found
three new clearings that had appeared in the previous nine
months, so even our image of one year ago was already out of
date. Using digitized data, updating maps becomes relatively
casy and the integration of socioccononic and natural resource
data becomes possible.

This approach is not without its dangers. As Eastman et al.
(1993) noted. computerization may result in the creation of an
elite that uses GIS. exacerbating the differences between those
who know and those who don™t. We believe that computerization
is anecessary siep for a new model of how local communities can
use tropical forests. As with mapping the family clearings. the
expansion of this information basc will only be possible with the
active participation of residents of the CMER. The diminishing
cost of this technology has meant that computers with sufficient
power to run GIS software are now available at the regional
headquarters of the rural workers’™ unions and at a local univer-
sity. A recent gradusate in agronomy, not a specialist in GIS, is
now primarily responsible for construction of this system. Cur-
rently, the limiting factor for implementation of this approach at
the local level is not hardware, but the restricted time that rubber
tapper leaders and union representatives have for such activitics.

Anexample of how low cost canresult in technology transter
and encourage education is the use of GPS (Global Positioning
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Figure 4. Digitized map based on Figure 3. This map can now be integrated into
a geograptic information system as well as be easily updated and corrected.

CULTURAL SURVIVAL QUARTERLY

System) units Lo provide latitude and longitude of family clear-
ings. Becausce of price decreases in recent years. we have been
able to use such units as an adjunct to our mapping and to test their
accuracy. In our visits o local cominunitics, the use of GPS
generated interest among residents in learning geography and
about what latitude and longitude represent. With an inflatable
globe we were able to show them the logic behind the coordinate
system and the place of Acre in the world.

The mapping of the Chico Mendes Extractive Reserve has
served two purposes. It has helped generate information neces-
sary for the management of the Reserve. More importantly,
however, ithas stimulated dozens of rubber tappers to learn more
about their Reserve and encouraged them to develop the math-
ematical tools that will be necessary not only touse maps, but also
to help local communities decide their own fate. During the
continued mapping of the CMER we anticipate that rubber
tappers will continue to take more responsibility for the mapping
and posterior quality control, as well as to expand this mapping
to other areas. Already one rubber tapper is using the images to
analyze other extractive reserves and inform leaders about prob-
lems of logging activities.

If populations continue to grow in the reserve, these commu-
nities will be faced with issuecs of biotic impoverishment and new
demands for resources in the near future. Mapping, GIS, and
mathematics by themselves will not ensure the success of extrac-
tive reserves, Nevertheless. they are essential tools that local
communities will need in order to address their land-use issues.
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