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

Eduardo S. Brondizio,! Emilio F. Moran,? Paul Mausel, and You Wu?

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 of 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 of land
uses and the detection of change even between small areas of managed
floodplain forest and unmanaged forest, and berween three distinct agelgrowth
classes of secondary succession following deforestation. Implementation of
these procedures permit the scaling up or down of research at different
resolutions. Three distinct patterns of 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 of
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 of monitoring these
types of land cover from satellite platforms.

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

INTRODUCTION

The importance and potential of orbital remote sensing for interdis-
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 Amazon estuary, at Marajé 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 Marajé 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 ribererios)
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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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? 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 pH (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
Drepanocarpus lunatos (RADAM, 1974).

THE STUDY AREA’S CULTURAL ECOLOGICAL LANDSCAPE

The region’s population has been studied since 1989 by a multidisci-
plinary, multinstitutional, and multinational team representing the Goeldi
Museum in Belém, the University of Sdo 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 social 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 Marajé-agi 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 agal palm fruit
and its sale. Slash and burn cultivation has been steadily abandoned as a
result of the intensification in the extraction of agai. 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 extractivism 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 30% of households en-
gaged in the extraction of agai 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.




Pa193]105 21 JO uounquIsip pue uoneso] oyl Juimoys pakerdsip oq uoyy
ued ofeunt oYy, *sfewr 1espue AL [oUUBYO XIS ® uo pajeifeiur aq o jewr
-10] (101581 “9°T) SY(TYH 01 PILIGAUOD SBM SJD0) JO 19ke[ oy ‘puyJ,
‘AorInooe uonedIyIs
-SB[2 11341 J09Yd O] PUB SISSEI 9N PUB] Ylim UONEBWIOJUT punold o1eoosse
01 2[qrssod 11 oxew Aedsip dewr pue ejep 9InquIIe Jo UOHEZIENSIA ApIS-Aq
=9pIS AU, "SID Y1 Ul sJOD 9A109dsa1 119y3 01 pakoy a1om Iseqeiep [euon
-B[91 9Y3 UI SP10991 BIEBP JBY] 2Insus 03 sem dals sIyl Je 10308] [BONID Y],
"(AI esegp oseo SII UI) SIMIdNIS ISBQEIEP [PUONHR[SI B OJUI PAIdIUD SBM
dew as8q oW Wl DO YOBS Ullm PIIBIOOSSE UONBUIIOJUI A1) ‘puodag
"dno1d yoes 10] pajeaId d1om SI19AE] BIED S[O 'SUONEAISSQO YIni
punoid 1oyjo pue ‘sajdures uoneredea ‘erep ons pioyssnoy :sdnoig sary
ojul pazi103a1es S10m syutod [onuod punoid oyJ, 'sereurpioos dew oresipur
01 sem dais 3xau Y], JewlIo} OANI/OWY 0IUT 1199 BlRp SdD a1 119A
-U0d 03 pasn sem 21emijos Jurssaoord-1sod ueqafeln "proy ay1 ur pazosjod
(sd0D) swurod [onuo) punoin IO 9y papnEul YoM SID OANIOYV
duisn poresd sem dew oseq paouaIsyeIned € ISIL,] :SMO[O] SB 9I19M Nlom
Pa1B[21 STH 10 uaxel sdass [BIousf oy, "(SONSIISIOBIBYD [I0S “JUSWIOpURqE
Jo swmn “3-9) eiep sInquue pue (S9JBUIPIOOd SJr) oYl “8-9) ®ep jurod
yna (uonedyIssed onewey oyl “$'9) UopeWIOUl I9)sel vjederur o} A
-AB3Y UO p3l[al sem swalshs uonewoyur s1ydeifoosd jo Lniqedes oy,
'senbruyo9) jusweSeuew pue ‘spousd mofrey Jo Wugy ‘osn puef Jo A1o1s1y
243 1M0qe PRS00 d1em elep orydeifouyss ‘ferrered ur “Aprus pey 7661 ow
Jo 1nsa1 ® se paonpoid uonesyisse)d pasiaradns oy Suisn ¢661 Ul y1omplony
ut pauyger pue papuedxs Ioying sem uonodod eIEp SIYL 1YSroy [e10) pue
WSiey was ‘pa19a0d punoid jo jusoiad ‘eore [eseq ‘SoUBUIUIOD pue AJISUIp
“Aousnbayy ‘uonisoduios sutuLIajep 01 19pI1o Ul pajdures S10M ZEET JO SWOYDS
UONBOYISSE[d 29Ul Uf Jussaid sasse[d uone1nde |1y ‘selpnis pial jo ynsal
© st pajduies pue pappe 21om SISSR[Y [BUONIPPR SWIOS PUE “{Iomp[ely urnp
U1 2I0M SITNSAI UOHBOYISSEO pasiatodnsun 9yj Ul POlIIUIP! SISSB 19A0D
puey jo sojdwres aanRIUasa1day "g66T Ul potad SwLS 9Y) UI SB [[oM SE ‘2661
AIn[ pue ounN[ Uf INO PIILIED SeM YI0M [BJUSTIUOIAUS PUE [EOIUBIO] SAISUO]
-ut ‘siseue ofewr oy pue yoressar oryderSouts oy juswerduios o
‘wrened fenoads 10 s1njeudis, yoes 10§ 1N0 POLIIED SEM UOHEUILIEXD
pue ainpavoid jo pupy siyy, “(1oded swyy wr 1o1e] ¢ ‘Fig 99s) 15910] wijed
1950 01 paredwos Usym  puBq PAIRIJUI IBAU Y] UT SIN[EA Iomo] surerdxe
1uesaxd SUIMOPRYS Yl PUE § PUBQ Ul SSNBA 19MO] O) SPEA| JUSIUOD 191EM
ysiy pue sseworq ySiy wondiosqe jfydozorys ySig o1 anp € pue 7 spueq
Ut SOUBIOIPAI MO] 9ARY [[Im Sse]o © se 159107 uterdpooyy ‘ojdurexs 10, ‘ssepo
yoed dn spew 1eys siueuodwoo feorskyd o) Jo sousuadRIEYD uondiosqe
pU® UONI3{Ja1 oY) PIIIPISUOD JBY) PUB SISSB[O I9A0D PUE] 9YI PAUSP IB}
[opowr [e1vads [enydaouoo e Jo juswdo[aasp oy) 03 Pa SIYL 'sels Aprys

TAL pUR ‘[3SNBIN ‘UvIOly ‘ofzipuosg 95T

‘suorisanb 19y10 U0 9sn damIng 0] 91y Ireiedas e se paaes
SEM pUeq [BUIIaY) SYJ, *1SII3IUL JO SOINILI) USIMISQ IIBUIWILIISIP 01 100d 001 ST pueq [eurioyl
9Yj JO uONN[OSI1 1930W-0ZT Syl ‘uonIppe up ‘paIssarppe Suraq suonsanb oyl 01 uonewLIOjUL
Teuotiippe juesyiudis aptaoxd jou pIp pueq [ewroyl 2y 18y pIRIPUT sasAfeve Anjiqeredas,

oY1 JO $ONSIIOVIVYD UMOUY IIM 93U2nITU0H IJ19Y] I0] PAIBN[BAD OS[E SI9M
sses yoea jo sonsyels [endads ayJ, "uonesyissed pasiatadns B Uur $sB[O 1BUL
Jo sousnels Juiurel) se asn JOJ PIABS 9I9M SISnO aanwussardar ‘sotpnis
Sunn( 10A00 puej Jo sesse(d 09 st Auew st 193snd 03 sjexid QOO ST urY? SSO[
Jo seoxe pews Jo (uonesiyissed pasiaradnsun “o1) Sunreisnpd [euolsULMID
ySry yim uedoq srnpoeocord uonesyIsse[d SIY], ‘I9A0D puE| JO SSB[D I12[non
-1ed ¥ yum pojeoosse sonsnels sapejussardor Jo juowdojsasp oyl ‘sosseld
I0A00 pue[ 9[qIUISISIP JO UOHEININUIP! Y1 U0 PIsnd0] spoyIowt [eniug

‘gpeUL d1oMm $IISTA ployasnoy pue Jurdures uone1afoa a1oym Seale Ul ‘I9A1D0
-01 (S4D) walsks Suruonisod [eqo[D oid Q00T ueiefejy B Yiim pa1od|oo
‘ofeurt a1 wo Apespord erep yinm-punoid zaisifar o1 epqrssod 11 epeur siyJ,
"(¥861 ‘AOMIL) 000°001:1 Jo sdew aseq a[qe[reat Suisn pud W1 & o1 (paoud
-19J01093 “9°T) pa10a1102023 pue pararsidor Ajeneds a1om sofewr oyJ, juwis
-u09 AjoAnie[al sonjea [ex1oads [[BI9A0 YIIM ‘SOUS0S Y10q U SOITUBS) JULISISUOD
1SOUI Y1 Ik SBAIR 15910] 9SIYT, 'SIBaK Us9M19q sanfea [e110ads ul SOOUISHID
10} sjonjuod se sIeek Yloq Ul 159I0F 10BIUl pue juelstp Juisn senjea [eal
-0ads gggT 01 paisnlpe sem afewrt [66T oYl ‘s91Bp UDMISQ S193YQ dureydsour
<18 OZIUIIURI O] I9PIO0 Ul “I9AOMOL] 'o[8ur UNS U SSOUSIAIID JOUM UM SN
‘IOUI0 Yord JO SABP MO © UIYIIM 9IB SOUSDS OM] 9N 'S91ep yloq 10] sgale
umowy woly sojdures Sururen 1097195 01 sn panoqe ofeury jerodwaininur Sy,
o (stsAfeue s[y1 0] so1ep Y10q WIOI] panio Sem pueq [BULIAY) aUl) 1661 IOJ
95011 XIS JOYI0 Y] pue auads JALL, S86T U1 Jo spueq x1s 9yl Sunussaidar x1s
1s1J 9y3 ‘stouueyd 1 yim ofeurr [erodwal-nnur of8urs v ut Sunnsaz (jexid-o1
-1oxad 19130 9} UO U0 PAR[IBA0 “9°1) ISYIOUE 01 SUO PAILISIToL 2IoM SIUSDS
U] 's9lep Yjoq I0] I19A00 pUB] PIPIOIAI PUER 93I]-PNOD 2I9M SIUIIS OM]
QUL 'sishjeue sIyl ur pasn 1M 1661 ‘ZZ AInf 10} pue ¢86T ‘12 AInf 10} (19
mo1 ‘pgz yred) sauass 1espue (L) todden onewoy] oml ‘g8ET 9dUIS INO
patIIe) shoalns [9A9] ployasnoy pue sarpys orgdesSouyye 01 uonppe uj

) daasn SGOHLIN

159105 puedn Jo so1e1d9Y 97 ING ([ pUB ‘UONIBAIIIND UIpPpIMSs Jo adnoead
oY) pajeuruad Afeniaa sey jeyy saneredoos peseq-yoIny) ¥ pue ydIny)
a3 Aq popraoid sorpisqns Aq UQALIp ‘opurlr) eiRlJ ‘SBAIE 921yl 9y JO SUO
0] PaIoIIISal a1e JulyoueI A[118d pue aIninonSe PozZIUBYIA “Istueul Syl
ur a1eAnnd (s nSv-oferepl e 9soyl Jo 9407 Afuo oftym 1t ur pofedus ore
(eqnieotreg) a11s Jeuonipell,, 9yl Ul SPIOYISNOY Jo 940§ I9AQ0 ‘(nde-ofer

§ST vozwwy ay) g as puey




Land Use in the Amazon 257

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® 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 overlayed later in ERDAS. Subscenes from
the larger scene were extracted to correspond with the study sites. Maraj6-
agl 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 analysisé (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.” 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).8 Finally, results were obtained using the

>The 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).

Transformed 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.

"The 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’ image
classification, it is named X1. The second file is the result of 1991’ image classification and
it is named X2. Assume in an example that both GIS files have two classes, Forest and SS3.
In order 10 make the results understandable, two files are recoded. In X1, Forest = 10, SS3
= 20. In X2 Forest == 1, $83 = 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 represenis change from forest to SS3. Class 21 reflects change from SS3 to Forest and
class 22 is the $S3 without change.
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program “LISTIT” also in ERDAS to express the area & change co?aa.z
one class and the next, given this temporal change.’ 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. o

Table I provides the adjusted class mean spectral values (DN),"® a sig-
nature” for each land cover class. Spectral modeling of land cover &wmmwm. is
a hybrid process of analysis. It requires the .wuﬂamgnow of vc.wmsm_ and bio-
logical characteristics of land cover classes of interest with amﬁw:oa 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. mmwﬁoa\. of the use to which the .:Ea
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 mo.namr and
savanna have very distinct reflective properties and, hence, spectral signatures
(see Fig. 3). Other features of interest had more mon_wx mwwoﬁz oﬁmnwm-
teristics because the mix of earth features were subject to 83&.08@5 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 mmnﬁo&. such as land use, age
of secondary growth, opportunistic colonization by pioneer .Eﬁ gap species,
and landscape features such as soil quality wsa slope. H.&R initial succession
grades imperceptibly into an early msﬁaama_wﬁm.m.coowmwpos @wa. the similarity
in Fig. 4 in spectral signatures except for the mE:Q of the mid-infrared o:wm-
nel to distinguish between moisture levels (which reflects greater shadowing
and stratification with time). Values in Table I represent Bamo:;w nm a class,
recognizing that for each class there may be some mis-classified pixels that
are closer to the endpoints of the range present. N

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

i i isti f the information stored in
°The LISTIT program in ERDAS is used to produce a listing 0 atio
the header m%n %u:on of a data file, either a image file or a GIS file. The list includes Hmwo
statistical data, e.g., mean, max. and min. values for image file, and the areal percentage for

ach class. . ; .

:.wmwnr number in an image file is a digital number. It is also 8.:&: mm.S file <&wa. § Eww
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.




i

and

1
el

MiGran, Visgs

s iorny,

yALES

Heonds

DT

LAl dE ik LT Aldaduid

T
L
. | [ .
A : 2 w
N 3 o ’ 3
: K
‘ < }::;
! = o
| E] i
E Z 1 3
! -« 2 ]
! la x B -
g b = S
i | ¢ g
= S
1 HE :
Q
1t :
g7 ¥y 3 =
-g : “6 _g
g | ¢ )
z | 5
§ —
& g
Q
vy 2
« w
o - a
S F) E
=
2 8 8 8 § 8 8 2 8 8 = s g8 g 8 £ 8 8 2 3 8
SHEHNAOAN TVYLIOIQ qIALSNCQY B SHIGNNN TYLIOIA qaLsncay
‘6~7 spueq AL 0} sioquinu [m;ﬂgp ut SSUOdSQJ [BJIOOdS 0:\!18[9‘&,
1z $'I9 81 959 I't VIE 90 £7¢ euueaes  ererodwy,
(A4 '8L SE 99 71 SE 80 TEE BUURARS MOT]
8'€ 869 L€ b [A)) 6°€€E v LIE euueaes yIiH
v's TiL SE L6 L0 €92 b0 9'TE 'S'S pasueApy
S 976 g€ 9€6 €1 g€ Lo 6'SE ‘S'S 2MBIPOULISHI]
St 6°001 £9 6'S6 I't €¢ 70 ['9€ ‘S'S [enw|
I'v $TIL 97 L'96 90 I'pE 70 LE suied/m Qsmsed
S SII €€ 86 €7 8'SE 80 6€ a1mised
TL 6°L0L (A 609 S $TS vT Ssy tos a1eg
2] 9'Z€E 8 9€°ZS 91 6'7€ 60 8¢ ysiew/onosuey
S o 6°€ 9LL 90 682 ) 6'0€ 15310§ wied oy
Ly X (A i $0 2 £0 $0€ 1591404 ureidpooty
b v'ss 91 L8 ¥0 8 S0 S0E 15910 pueidny
Ty 1ot vy 'z TI 8'5€ Lo 8 BTN
(as) S pueg (as) b pueg (as) £ pueg (as) 7 pueg sosser)

,SUOUBIAS(] piepuel§ L3t ], pue staquny (endig ueapy :sassel) o5 pueT jo soumeudis (enoads 1 sqey,

|

I -M- UPLAND FOREST -5~ INITIAL SECSUC.  -E5— INTERMEDIARY S.S -3 ADVANCED S8

Fig. 4. Spectral curves of selected features, Marajo Island, 1991.
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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 m2.
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-

80

70

80

40

1 DIGITAL NUMBERS

ADJUSTE

30

BAND 2 BaND 3 BAND 4 HAND 5
LANDSAT TM BANDS

m...n FLOODPLAIN FOREST -~ ACAl PALM FOREST —F— MANGROYE/MARSH -~#¢ WATER

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 (“inaja”)
and Astrocaryum vulgare (“tucuma”). Palm forest management (“acaizal”)
involves management of floodplain forest dominated by Euterpe oleracea
(“agai”). Preliminary data on palm forest management indicate that the
Importance Valuel! of Euterpe 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 (8S2), 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-agi (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 Marajé’s land cover. The de-
mand for agal together with the flow of funds to the cooperative have trans-

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

LV. = Relative density + Relative Dominance + Relative frequency

3
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138360 731080 233600

2343994
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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 (dotly 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.

The 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

266 Brondizio, Moran, Mausel, and Wu

85004 Bas2000

2851900 352000

2850000
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2843000
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.
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Fig. 8. Sororoca, 1985, Note the lesser variability in land cover, due (o this island’s focus
on extractivism 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,’2 or possibly between forest and savanna with dry ground cover in

12Rgrder effects refer to the presence of mixels or mixed pixels at the ecotone between twa
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. 11. Praia Grande, 1991. Upland forest (olive) which had lar i i i

Grande, . gely disappeared in 1985 is

MMMMQMM. returning in 1991 through land abandonment and subsequent vaow.m&m of secondary
sion.

awam: 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
mmé\ palm, the region’s output went from 4000 tons in 1975 to 11,158 tons
in 1985 to 38,450 rons in 1989 (FIBGE, 1974-1989). In the last 10 years,
the acgal fruit became the main economic product of the region. However,

270 Brondizio, Moran, Mausel, and Wu

Upland Forest

Floodplain Forest

Agai Palm Forest
Mangrove
Bare Soil

Pasture

Paswre with Palms

Coconut Plantation

Inidal Secondary Succession
Intermediate Secondary Succession
Advanced Secondary Succession
High Savanna

Low Savanna

Imperata Savanna

Color Key. This key refers to figures 6 to 11. In this
estuarine environment it is of particular note the
presence of floodplain forest, acai paim forest, man-
groves and three kinds of savanna distinguishable by
their differential drainage.

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 ‘agaizal 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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Table V. Land Use Conversion Matrix — Marajo-Acu®

1991

Land Use in the Amazon

S.S.1 SS2 S.83
11.8 ha 149 ha 181.1 ha
(%) (%)

P.wipa
0.9 ha
(%)

B.soil Pastu
25.3 ha 2.7 ha
(%) (%)

Up.for
270 ha
(%)

Area-ha

282

%)

74
37
00
11.1
29.6

222

16.7
16.7
12.5

0.0
12.5
12.5

0.0
0.0
0.0
100.0
0.0
0.0
0.0

48
66.7
19.0

4.8

48

0.0

30.0
25.0
10.0
25
5.0
10.0

0.2

3.5
0.0
1.6
126

649

291.3 ha (%)
ha (%)
ha (%)

115 ha (%)

244 ha (%)

1125 ha (%)

194.5 ha (%)

50
12

Up.for.
B.soil
Pastu.
P.w/pa.
S.8.1
§82
SS3

1985

321

259

292

0.0

17.5

17.2

Mangr.
176.7 ha

1991
Acai

308 ha

Flo. fo.
1153 ha

Area-ha

(%)
160
186
65.5

(%)
325
16.1

514

3.0

(%)
739
23.1

947.3 ha (%)
295  ha (%)
164  ha (%)

Mangr.
“Up.for — Upland forest, B. soil — bare soil

Flo.fo.
Acai

1985

Ty
ai-palm
ass

P.w/pa.— Pasture with palms and shrubs, $.5.1-— initial seconda
ry succession, Flo.fo.— Floodplain forest, Ac:
, (%) Percent of 1985 class contributed 10 1991 ¢}

dvanced seconda

, Pastu. — pasture,

ry succession, 5.5.3-—a
, Mangr.— mangrove, area-ha— area in hectares

succession, S.S.2—intermediate secondal

forest (Euterpe oleracea)
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it did not include beginning stages of management (Importance Value —
0.3—0.5) since its importance at that level can occur naturally.

The land use conversion matrix of the Paricatuba 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 acaizal 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 agaizal 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 maripa and Astrocaryum vul-
gare. Similarly, large areas were used for cropping in the 1970s and later
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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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