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number of clearings in Par6, and 13.2o/o of the total number

of clearings in Rond6nia. However, when considering the

area deforested, we found that these same clearings contrib-

uted only 7 .6%, 3.2%, and 2.loh, respectively, of the total

deforestation for thesc states (Table 2). The larger clearings

(i.e., greater than 2000 ha) comprised only approximately

0.10%. 0.41%, and 0.40% of the total number/events 0f

clearings in Acre, Par6, and Rondonia, respectively, butthey

accounted for 86.0%, 912%, and 94.5ok of the total defor-

ested area, respectively. This result indicates that large clear-

ings are the most predominant f'eatures of deforestation in

each state. The inclusion of the state olMato Grosso would

certainly reinforce this pattern. These large clearings may

consist ofclearings ofiarge areas on one or several adjacent

properties creating one large area ol deforestation. Across

all three Brazilian states, we found that the total number

of clearings below 20 ha contributed to a small proporlion

of the total area deforested. Acre had the largest number ol

small clearings (e.g., number of clearings less than 20 ha),

which contributed to a larger amount of cleared area relative

to Parii and Rond6nia for similar clearing size ciasses. How-

ever, both Par6 and Rond6nia had a greater number of large

clearings (e.g., greater than 2000 ha), which contributed to

an overall larger, cleared area than in Acre.
While the contribution of small larmers to total regional

defbrestation may be relatively small, their contribution var-

ies across states and within states and, as such, has different

environmental consequences. The large number of clearing

events, albeit relatively small in total area, has irnportant

implications fbr environmental changes, dcpending on theu

landscape context. In colonization areas for instance, settle-

ment design and institutional arrallgement contribute to the

cumulative spatial pattem of forest cover and distributron

of deforestation lB atistel la, 2001 ; B atiste lla et al., 20031.

Depending on the property design of pafiicular settlements,

isolated small clearings can add up to represent large-scale

environmental change. Fttfihetmore, the diversity of land

use systems and the role and intensity of external pressures

makes it difficult to generalize the contribution of small farm-

ers to the regional environment as a whole. In many cases,

one finds productive interactions between the agro-ecology

and the spatial-temporal arangements oi local production

systems and their landscapes. At the same token, under par-

ticular contexts, they can impact wildlife habitat and popu-

iation, contribute to resource depletion and soil erosion,

and the spread of accidental fires to forests lToniolo,2004;
Sowen.sen.2004l.

According to the FAO, Ecuador had the highest rate of de-

forcstation in South America in the last trvo decades [.F7O,
200 l, 20051, and within Ecuador, the NEA is the second most

active deforestation fi'ont after the Choc6 resion in the coastal
'_dn+Clr)d-



province of Esmeraldas lSierra, 20001. Although deforesta-

iion rates are decreasing in NEA, ftom 2.5o/o cleared per

yearbetween 1986 and 1996 and 1.8% per annum in 1996

2002, these rates are still comparably high lMena et al',

2006b1. While the most important agent of deforestation

in the Ecuadorian Amazon has been the small farmer, and

smallholding agriculture has been the main process affecting

forests, the impact of other processes on forest ecosystems

in NEA shouid not be overlooked; for example, two large

agro-industrial projects, starting in 1913 when two co{pora-

tions were given land titles to establish African palm planta-

tions, have deforested a combined area of roughly 20,000 ha

lSantos and Messina,2008), the equivalent of 400 farms or

about 1.8% ofthe colonization area fcolonization area calcu-

lated from the areas of precooperatives of settlement in the

Aguarico Zone atd Coca Zone of Instituto Ecuatoriana de

Reforma Agraiay Colonizaci6n (IERAC)I in the NEA'

When comparing deforestation across colonization settle-

ments in different parts of the region, one finds that inter-

regional differences in forest clearing rates are closely

related to age and history of the settlement (Figure 2)' For

example, the Santar6m-Belterra region already experienced

deforestation before the I 970s, but experienced high rates of
conversion of forests to agropastoral uses during the period

between1973 and 19'79, followed by widespread secondary

regrowth. After this period, migration to the area and rates

offorest conversion stayed relatively lower until recent ex-

pansion of soybeans, starting around 1999.ln Altamira' one

observes pulses of deforestation coinciding with rates of mi-

gration and lot occupation (1913-1979) followed by periods
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ofdecline (1985-1993) and subsequent expansion ofcattle

ranching and deforestation such as during rhe 1997-2003

periods. The Acre site experienced spikes in deforestation

both during the late 1980s and after the mid-l990s' In all

cases, it is important to observe the variability of deforesta-

tion rates among farm lots within the same settlement' In the

Amazon estuary, however, one sees an opposite trend in de-

forestation associated with the intensification of small-scale

agroforestry systems by riverine farmers and the existence

of a diversified forest and river-based resource economies

closely engaged with regional and global markets lPinedo-
Vasquez and Padoch,2009; Pinedo-Vasquez et al',2001
Smith et a1.,2001; Brondizio,2008]. For more than two de-

cades, the estuary has been undergoing a "forest transition"

associated with the decline of annual crops and the rise of
forest products, a process which has simultaneously led to

land use intensification and population increase in urban and

rural areas lWinklerprins,2002; Padoch et a1.,2008; Costa

and Brondizio,2009l.

4.2. Farm Size as a Variable

Farm size, in particular, has played an important role in

the land use allocation strategies of farmers and the distribu-

tion of deforestation events over time. (Classes of private

property size arc controversially treated across the litera-

fure and within government agencies and programs' Several

levels of details and typologies are available and informed

our organrzation of size and categories. We consulted web-

sites and publications from government agencies such as the

Santar6m, PA Altamira, PA
Porto Acre, AC
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Figure 2. percentage of land (%) deforested by farm property lots in agricultural settlements in Porto Acre, Santar6m'

and Altamira, Brazil (boxes correspond to average values, comprehended within quartiles for each time period)'
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IBGE and INCRA, govelxment programs such as FNO, and
publications from the Brazilian nongovemment organiza-
tion IMAZON.) While the percentage of deforestation cor-
responds negatively with farm size (i.e., the larger the farm,
the smaller the percentage deforested), absolute deforesta-
tion (i.e., total deforested area in hectares) is positively cor-
related to farm size. In absolute terms, the contribution by
smali farmers to regional deforestation pales in relation to
the contribution by large farmers (Table 2). However, this
relationship varies for different parls ofthe region.

4.2.I. Santardm example. The estimated deforestation rate
and the factors explaining this rate are sensitive to the unit of
measurement, particularly when they are assessed in relation
to propefiy size. Figure 3 illustrates these relationships for
the Santar6m region of Brazilian Amazonia. Whereas small
farmers (e.g., fann properlies that are 200 ha or less) tend
to have higher proportions ofareas in use, the absolute size
of deforested area is small when compared to large farmers
(e.g., farm properties larger than 200 ha), despite the fact
that the deforested area represents a smaller percentage ofa
largeholder's property. Analyzing private properties of dif-
ferent sizes in the Santar6m-Belterra region, we found that,
in absolute terms. while small farmer deforestation events
tend not to exceed 5 ha, largeholders deforested areas rang-
ing from 10 to 500 ha. From 1986 to 1999 inthe area exam-
ined, smallholders together deforested approximately 1641
ha of land, while largeholders together deforested 6064 ha.
Similar pattems can also be found in terms of areas main-
tained in use and clearing of secondary succession. Small-
holders maintained up to 82oh of their property in use, while
largeholders had less than 5o/r: in use. In absolute terms,
smallholders had between 0 and 50 ha of area in production,
while largeholders had up to 100 ha of area, which was not a
substantially different absolute amount of land in production
relative to properly size. However, this relationship is chang-
ing with the consolidation and expansion of soybean pro-
duction and other large-scale mechanized crops lD'Antona
et a\.,20061.

4.2.2. Uruard example. Table 3 illustrates deforestation
by year and by aggregated property size classes. Because
ofthe distribution ofproperties in this particular site, the re-
search group made a distinction only between large glebas
of3000 ha(n:9) and all other property sizes (n :3263),the
vast majority of which were 100 ha. The few intermediate-
sized farms (glebas), those with approximately 400 ha, are
included here in the small farmer count, since there are
cases where a family own multiple adjacent lots of 100 ha.
They found that, in general, the amount of deforested land
in the two size classes increased over time. The deeree of

increment, however, was different, with large glebas adding

about 5 km2 of cleared land over the l3-year period, from

33.1 to 38.6 km2. Deforestation associated with these highly

capitalized interests occurred early in the colonization period

during the 1970s and has been rather static since that tirne.

Smallholder deforestation has steadily increased, more than

doubling from 441 .1 to 1 048. 1 km2 of cleared area over the

same period. This di erence, however, represents the dis
proporlional number of small farmers analyzed (n - 3263)

vis-d-vis large land holdings (n : 9).Because the recent im-

migration and settlement of smallholders are not significant

in the study area within the bounds of the cadastral map used

for this analysis, large amounts of deforestation have not

been caused by further settlement.

4.2.3. Ecuadorian example. In Ecuadorian Amazonia, paf
terns of land use were clearly visible according to the dura.

tion (e.g* years of settlement) and size of farm (Figure 4)

lBarbieri et aL.,20051. The research group, which includes

some ofthe authors here, fbund a decrease offorest through

time across all farm sizes, though among the smaller farms

(0-25 ha), the decrease offorest cover is highest in the early

years of settlement and clearing. The latter mostly refen

to the secondary wave of deforestation that occurred in the

study region in the 1990s linked to property subdivision,
Meanwhile, the proporlion of the cleared area in pasture in-

creases with duration of settlement, while the cleared area in

perennial and annual crops together increases only slightly
over time, then decreases slightly, reflecting some replace-

ment of crops by pasrure over time on medium and larger

farm sizes.

As mentioned before, the extensive subdivision of the

original farms or fincas madres since 1990 has led to a sec-

ond wave of deforestationlBilsborrow et aL.,2004; Barbieri
et aL.,2005; Pan and Bilsborrow,2005]. Thus, the original
farms containing no subdivision stiil had, in average, 56.1%

of their total area covered by forests in 1999, while fams
with two and three or more subdivisions had only 41% and

32Yo in forests, respectively lPan and Bilsborrow,,2005l.
Because of the processes of settlement that occurred in the

Ecuadorian Amazon, virlually all of the patches of defores-

tation are small compared to those in the Brazilian Amazon,
and with the subdivision process since 1990, cleared patches

are even smaller. Figure 5 shows how most deforestation in

the NEA has occurred in very small patches of 1 to 5 ha.

4. 3. Summarizing Var iabl es Erplaining D efores tation
Among Small Farnters

The complexity of factors underlying land use decisions

among small farmers defies any simplistic or linear expla-
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Figure 3. Land cover change (area and percentage offarm lots) according to farm-1ot size ciasses for the BR-163-San-
tar6m-Belterra Region (State ofPar6) between 1986 and 1999. Land cover includes area maintained in use, areas defor-
ested from secondary succession vegetation (SS), and areas deforested from mature forest.
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Table 3. Deforested Land and Annual Deforestation Rates in Uruar6, Par6, From 1986 to 1998 by Size Class and Year

Properly Size

1986 Area 1988 Area Deforestation 1991 Area Deforestation 1999 Area Defbrestation

(kmt) (k-2) Rateo (% a r) (k-2) Rate" (o% a r) (k-2) Rateu (% a r)

Largc farms (Glebas)
(r - 9) ) 3,000 ha

All other (n - 3,263) 578.5 3.3

33.7

417.1

29.9 3.2 36.4 7.2 38.6 0.7

750.6 9.9 l,048.1 4.9

oPercentageratesart: annualizedfortheperiodsl9S6 i988, 1988 1991,and199 I l999.SourcetsAldrir:hetal.12006l

nation of deforestation, which, nevertheless is unfortunately
common with this topic. Although we highlight the impor-
tance of, specific variables, one should remember that small

fanr-rers n-rake land use decisions in a multidimensional way.

In otl.rer words, a decision to deforest may represent at the

same time a reaction to a market opporlunity (e.g., pricc of
beefor a crop), a way ofincreasing land value and propefiy
legitimacy (e.g., deforestation as a proof of "use"), and/or

a step toward forming a farm. The rate, timing, and form
of deforestation, thus, rn'ill be influenced by different con-

ditions axd needs of farm families, such as their economic

and social expectations, household size and composition.
knowledge of forest resources, previous experiences and

preferences, technology and capital available, and location
of the farm in tenns of distance and accessibility. Differ-

ent processes, demographic, socioeconomic, cultural, and

environmental, are at work and interact at different spatial

and temporal scales to promote different land use strategies

lKaimowitz and Angelseir, 1998; Wood and Porro, 2002;

P erz, 2001 ; Bro nd izio, 20061.
The deterninants of deforestation include both household

factors and exogenous factors, many of which are region-

and country-specific, including the pressure of commodity
markets and national policies, such as incentives for agro-

pastoral expansion aiming at exporl, oil related investment,

and conservation efforts. Table 4 illustrates the imporlance

of different variables explaining deforestation among small

farmers, particularly those in colonization arcas, and the

studies examining the imporlance of these variables. In sum,

simplistic analysis of causality provides an ill picture of thcse
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Figure 5. Forest patch size frequency (a) and percent oftotal defor-
estation (%) (b) within sampled farms.

relationships. Thus, we do not want to convene the idea that

a single variable can explain deforestation, but illustrate the

relative role ofspecific factors influencing the process.

For example, according to different studies, besides age

of the farm and time of settlement, distance to market repre-

sents one of the most important variables explaining defor-
estation among small farmers, parlicularly those settled in
colonization areas. Several studies have shown that distance

to markets have a negative impact on deforestation lPich6n,
1991; Walker et a1.,2002; Caldas et a1.,20071. In many
sfudies, market factors are used as a proxy for distance to
market in explaining deforestation; however, these studies,
in attempting to model individual agents, may fail to capture

the use ofnatural resources on the landscape and the role of
local markets (e.g., cattle commercialization between neigh-
bors). Land market is also a key factor explaining deforesta-

tion, in some cases, independent of distance and location.
Since cleared land has higher market value (for legal and
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economic reasons), farmers, large and small, may choose

to invest in land clearing and deforestation to increase the

value oftheir property or to speculate in areas expected to be

targeted for agropastoral expansion. In the process, they may
adopt a combination of annual crops followed by pasture,

which can help to maximize short-term retum and minimize
risks (i.e., receive retum from crops, open new opporluni-
ties with pasture, and increase the market value of the farm)

lVosti et a\.,2003]. Por instance, for more than two decades,

cattle ranching has been widely adopted by small fatmers

inBrazll as a strategy to secure fast returns, to facilitate co-

operation with neighbors on raising and expanding herds,

to minimize risks associated with storage and dependency

on transpofiation (of perishabie crops), and to improve their
ability to negotiate and sell their livestock to a wide and di-
verse group of buyers lHecht, 19931.

Other attributes are also important, such as levei of wealth

lPich6n, 1997; Alston et aL.,2000; Walker et aL.,2002; Alston
et al.,19931 and length ofresidence on the properly lPich6n,
1991; Walker et aL.,2002; Vanwey et a1.,20071. For ex-

ample, the time of settlement in the NEA, as in Brazilian
Amazonia, is an impoftant factor in land clearing, with
less clearing on more recently settled land lPan et al.,
2004,20011.Both Pan et al. 120071and Barbieri et al. 120051
note that the relationship between time since settlement and

deforestation is not a strictly causal relationship, since it also

indicates the location in time and space of different cohorts

of migrant colonists. Thus, more recent cohorts have to set-

tle farther from roads and towns. In the NEA, for instance,

older fanns, closer to roads and towns, experienced the most
population growth in 1990-1999 (Figure 6), but less defor-
estation than the more recent cohorts, reflecting the faster
pace of deforestation on farms settled more recently, since
they are in the early stages of settlement.

Incorporating demographic variables to explain the de-

forestation in the region, we note that family size lPich6n,
1997; Pichon et aL.,2002], number of men in the household

lWalker et al., 2002; Pan and Bilsborrow, 2005; Caldas

et a\.,2007; Sydenstricker lrleto and Vosti, 19931, and level
ofdependency ll4/alker et aL.,20021 have an impact on either
agricultural systems or in the amount of land to be defor-
esIed. Marquette ll998l and Barbieri et al. 12005) also note

the important effects of the family life cycle and household

type in land use change, particularly according to the Chayo-

vian consumerllabor ratio, which was found to be important
in the colonization area lMarquette, 1998], including in the

buffer area of the Cuyabeno Wildlife Reserve lMena et al.,
2006a).

Pan and Bilsborrow [2005] studied the determinants of
land use in 1999 (shares of each farm in four different forms
of land use, in forests, in perennial crops such as coffee, in

It)
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Table 4. Summary of Variables Influencing DeforestationAmong Small Farmers

Independent Variable Type of Corelationu Examoles From the Literature

Age, length ofresidency, +
and family life cycle

Access to credit and number +
of credit acts

Household labor and number +
of men

Hired labor +
Mechanization and chainsaw r
Lot size Relative deforestahon -

Absolute deforestation -F

Pasture (%)

Deforested (%)
Lot fum over

(number of owners)
and lot aggregation

Distance to markets

Topography (flatness)

Soil quality and water
availability

Level of wealth and income

Land security

+
+

McCracken et al. ll999l, Moran et al.120021, Brondizio et al.

[2002], Walker et al. [2000], Pichonl1997l, Caldas et al. l200Tl,
Vanwey et al. 120071, Perz l200ll, Perz and Walker 120021

Walker et al. [2000], Pich6n et al.120021, Ludewigs et al. [2009],
Tura and Costa [20001

McCracken et al. [2002], Futemma and Brondizio 120031,
Pich6n 119971, Sydenstricker Neto and Vosti ll993l, Walker et al. 120021,

Pan and Bilsborrow [2005], Caldas et al.120071
Pich6n et al. 12002), Walker er al. 12000,20021
Pich6n et al. [20021, Pich6n 11997)
Walker et al. 120001, D'Antona et al. 120061

Moran et al. 120021, McCracken et al. ll999l, Walker et al. [20001,
Pich6n 119971, Ludewigs 120061, Murphy 120011

McCracken et al. ll999l, Vanwey et al.120071
Ludewigs 120061, Ludewigs et al. [2009], Vanwey et al. [20071,

D'Antona et al. 120061

Pich1n ll997l, Moran et al. 120021, McCracken et al. ll999l, Caldas
et al.12007), Walker et al.120021

McCracken et al. ll999l, Pich1n |9971, Pan et al.120041
Caldas et al.120071, Moran et al.120021, Pich6n ll997l

Alston et al. 119931, Jones et al. |9951, Pichon [1997),
Murphy l200ll

Futemma and Brondizio [2003], Alston et al.120001, Pichon ll997l,
Toniolo [2004]

uPlus sign indicates positive corelation; minus sign indicates negative conelation.

annual crops, and in pasture) at the household level, based
upon a multiresponse linear model. Their results reveal the
most powerful determinants to be plot size, plot access to
road and the nearest community, years living on plot, house-
hold labor availability, especially males, and population
density on the plot. It is striking that population density is
a powerful factor even when plot size and all demographic
variables are included, which provides strong support for the
important, independent effects of population pressure.

Yet, data from the Amazon estuary shows that afforesta-
tion can occur simultaneously with population increase in
urban and rural areas. The estuarine region (over 20 munici-
palities in Brazil) has witnessed a forest transition and rates

ofdeforestation close to zero, due to the expansion ofagro-
forestry-based agai fruit production and a forest economy,
which involves a variety of timber and nontimber resources.
In addition to expanding national and global markets for
these products, estuarine farmers are culfurally familiar and
knowledgeable about forest management and resources,
which has allowed them to respond to market opporlunities
using local management technologies and multicropping
agroforestry systems fBrondizio, 2008; Jarvis et al., 2007;

Rerkasem and Pinedo-Vasquez, 2007; Pinedo-Vasquez
and Padoch,2009; Brooffield,200l; Padoch and Pinedo-
Vasquez,2006]. Ironically, these same systems are often re-
garded as backward and unproductive.

Some studies have obserwed that large deforested areas of-
ten appear on properties that have families with substantial
family labor resources, including hired labor lPich6n, 1997;
I4/alker et aL.,2002; Pan and Bilsborrow,2005l. In Ecuador,
as in Brazil, deforestation within colonization areas also re-
lates to the duration ofresidence on the property, education
level, and age ofhousehold head lPichon,1997; Alston et al.,
presented paper, 19931. Families with longer periods of res-
idency have deforested larger areas; however, the type of
forest used also varies with duration of residence, in that,
families with longer settlement histories tend to eventually
use and clear secondary forests, compared to more recent
settlers who clear remaining primary forest areas lBrondizio
et a1.,2002; Perz and Walker,2002l.

Environmental and resource constraints also structure the
amount and type of deforestation, particularly in combina-
tion with each other. For example, Pan et al.,120041 show
that landscape complexity and fragmentation, two important
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1975-79 1980-84
Time {years)

Figure 6" Pop 1990, finca population in 1990; Pop 1999, Finca poptlation in I999; Forest 1990, the percent of forest
cover on a finca in 1990; Forest I 999, the percent offorest cover on a finca in 1999; Nearest City (km), Euclidean distance
froml.he.finca to the nearest of the four major communities in 1999. Reprinted ftom Pan et at.120071, rvitir kind permis-
sion fi'om Springer Science and Business Media.
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measures within Landscape Ecology that have implications
for the flux of matter and energy in ecosystems, are asso-
ciated with household size and composition, expansion of
the road and electrical networks (increasing access of farm
households), year of plot settlement, and topography. This
indicates that in the Northern Ecuadorian Amazon, the spa-
tial amangerlent of agriculfural plots and forested patches
r,vithin the landscape have strong connections with changing
socioeconomic processes. Soil quality also directly affects
land allocation lA,[oran et u|.,2002] and, in combination with
other factors such as topography and water, can influence
type of crop adoptior.r and defbrestation in different ways

lMcCrttcken et al., 19991. Pan et al. 120041, for instance,
state that flat land is important to annual crops and pastures
and may be preferred for clearing. Caldas et al. 120071 show
that soils suitable for pasture and with water can positively
affect the total area deforested. However, their results are
not sustained when spatial autocorrelation analyses are im-
plemented. In shor1. several factors related to the rapid popu-
lation growth, plot subdivision, plot iocation/accessibility,
and resource availability ail have contributed to the conver-
sion of forest to crops and pasfure for cattle, which in turrl
has crcated a more complex and fragmented landscape.

Even though demographic and environmental factors are
implicated as drivers ofdeforestation, credit and land secu-
rity, are also important. That is, forest conseruation is posi-
tively associated with land security lPich6n, 1997; Alston
et a|.,2000; Fearnside,2001]. Nevertheless, there are dis-
agreements regarding this vier.v. Walker et al. 120001 argue

that land security can be a facilitator in credit acquisition,
and consequentiy, can be used for pasture fcrn-nation.

Finally, it is increasingly recognized, but little studied,
that rapid urbanization associated with adjacent processes
of lot turnover and land speculation in agrarian settlements
shape the spatial pattern and rate of deforestation for years

to come. For example, the main urban centers in the NEA
have had high rates ofpopulation growth and constitute key
centerpoints or poles of development. Several studies have
found proximity to these towns and their markets' important
factclrs contributing to deforestation aiming at increasing
land value lMena,2Q01; Bilsborrow et a|.,2004; Pan et al.,
2004; Barbieri and Carr,2005; Pctn and Bilsborrow,2005l.
Horvever, as the estuary example above illustrates, this rela-
tionship depends on the perceived value (e.g., water protec-
tion, recreation, symbolic meaning, storage of resources) and
market fbr forest resources. In some cases. market forces can
promote a relationship between farmers and fbrests inverse
to that described by the Ecuadorian case above or other colo-
nization areas in Brazll lBrondizio,2008,2009]. It is also
tmportant to note that colonist farmers understand better the
imporlance of forests over time. Most farmers tend to set
aside forest areas dedicatecl to protecting water sources and
hunting grounds and to have access to various raw materials
needed for daily fam operations, such as wood, fibers, and
roof covers lMuchagata,1997; Brondizio et aL.,2002; Cam-
pos,24061. Furthermore, recent studies have calied attention
to the growing interdependency between rural and urban
populations that rely on forest resources for their production
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and consumption needs, but also rely on city sewices for
health, education, and commerce. This pattern of rural-urban
connections and interdependency represents a growing real-
ity for the Amazon, within which small fanners play a vital
role lPadoch et a|.,20081.

5. SMALLFARMERS, LAND USE,
AND DEFORESTATION: MOVING

BEYOND MISCONCEPTIONS

As we stated in the beginning of this chapter, small farm-
ers form diverse social groups in Amazonia, but share many
widespread misconceptions about themselves and the region,
as described by Schmink and Wood 11992, p. 6l: (1) small
producers are not efficient; (2) peasant people are culturally
retrograde; (3) extractive activities are backward; (4) tradi-
tional knowledge is worlhless; (5) tropical forests provide
few usefil economic goods, with only a limited number of
hardwoods; and (6) community properly rights are antitheti-
cal to private propefiy. Such development paradigms create

inherent barriers to protecting the environment, to preserving
the boundaries of Indian lands, and to defending the rights
of smali farmers lSchmink and l(ood, 1992:61. In this con-
text, an interpretation of small farmers and deforestation in
Amazonia should be concemed with the politics of regional
development, interest groups and the distribution of eco-
nomic incentives, the role of external forces, and, not least,

the views of development and u'hat constitutes "modemiza-
tion" put forward by different sectors of society. Below, we
discuss three common misconceptions associated with small
farming land use systems and deforestation in Amazonia.

5.l. Misconception I : Small Farmers Have Backuard
Land Use Systems Associated With Low Productivity and
Ext ens iv e D efo re s tat io n and Sub s is t e nc e Pro ductio n

Small farm land use varies from intensive to extensive
methods, including sophisticated agriculturai systems com-
bining indigenous technology, as weli as high input pro-
duction systems fBrondizio,2004; Costa et a1.,20061. In
colonization areas, iand use evolves with the age and ex-
periences of farmers in the region. Smali farming land uses

include various forms of swidden cultivation, horticulture
and polyculture, intensive agroforestry, forest management
and extractivism, and cattle ranching. Access to technol-
ogy is a recurrent problem among smail farmers who often
have to rely on the use of fire and manual tools that limit
their ability to change their land use strategies, even amid
perceived problems such as extended drought lBrondizio,
2004; Brondizio and Moran, 2008; Costa, 2006]. Data from
INCRA and IBGE lGuanziroli et aL.,20011 show that small

farmers, especially in the Brazilian Amazon have mrnrmum

access to extension selice and technology:5.7ok of farm-

ers use extension services, 9.3oh of farmers have electric en-

eryy, 3 .7oh of farmers use mechanized implements and other

forms of technologies (such as animal traction), and 87.1%

of farmers depend on manual labor for land use activities.

These regional numbers corroborate household surveys car-

ried out in the sites illustrated here. Furthermore, the "dis-

mantling" of the Empresa de Assist6ncia T6cnica e Extensdo

Rural (EMATER) extension service in Brazil after 1990 has

contributed to the lack of assistance and support to small

fatmers. Although its support varies across states. and in
spite of the effort of many agricultural extension agents, in

most of Amazonia, they do not have conditions even to visit
local farmers, or as one extension agent in Par6 reported,
"EMATER now-a-days is a 'dead-alive' (vivo morlo), that

is here, but without a working phone line, gasoline and trans-

portation, and technicians to attend to famers' requests"

lBrondizio, 2004, field notesl. Yet, it is usually among

small farmers that we find the most creative land use solu-

tions, such as planting consortiums, better land preparation
methods, land use diversification, and a high degree of agro-

biodiversity. Colonist famers tend to experiment with dif-
ferent methods of land use management, usually combining
techniques brought from other regions.

Despite having smaller propefty sizes, limited access to

technology, and technical assistance, small farmers (small-

holders) compare positiveiy to largeholders in Brazil. Ac-
cording to some sfudies, in Amazonia, small farmers have an

average annual income of R$52lha (approximateiy US$29),
almost five times more than the largeholders, while in south-

ern Brazil, smallholders have an average annual income
of R$241lha (approximately US$128) and largeholders an

average annual income of R$99lha (approximately US$53)

lGunnziroli et aL.,20011. Different examples of small-scale,
highly productive systems exist in the region, such as among

agroforestry farmers of Tom6-Agu, cocoa farmers of the

Transamazon, agai farmers throughout the Amazon estuary,

horliculfural fanlers around large urban centers, and manioc
farmers in many areas who use multicropping and rnultiva-
riety systems.

Small farmers throughout the region are highly engaged

in market dynamics, responding to price changes and new
market opportunities, while combining irousehold consump-
tion and commercialization. Though many crops are pro-
duced for familial consumption, such as manioc, beans, rice,
corn, and agai firrit, depending on the region, these crops

aiso have been produced exclusively for commercialization.
Imporlant commodity products for small farmers have in-
cluded not only manioc, rice, beans, and corn, but also black
pepper, coffee, cocoa, a great diversity of fruits and seeds,
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Analysis of deforestation in relation to farm size thus needs

to account for both absolute (e.g., ha) and relative (e.9., o/o)

measures of deforestation. In general, we see an inverse re-

lationship between these two measures' in relation to farm

size, though these relationships also vary with location and

context, history ofoccupation, and social group-

A great technological and economic divide exists between

groups of small and large farmers in Amazonia- Field data

collected among rural families in the Santar6m region in

2001 and 2002 indicate that more than90o/o of the farmers

depend on axes, shovels, and machetes for their production,

whereas large-scale producers use machines, chemical fer-

tilizers, and pesticides, mostly subsidized by bank loans'

The percentage of small farmers who were able to obtain

(applied for and received) credit from 1998 to 2002 was

lower than 5o/o, compared to 80% among large farmers in

this study area. The NCRA data conflrm that limited access

to technology, technical assistance, and financial supporl is

widely found among small farmers all over Brazil' especially

in the north and norlhem regions lGuanziroli et al',2001).
On the other hand, riverine farmers of the Amazon estuary

have been able to use their knowledge of multicropping sys-

tems to reach levels of intensification higher than any other

regional production system and have transformed aqai fruit

agroforestry systems into the most important land use and

economy activity in the region without any help from re-

search and govemment agencies lBrondizio and Siqueira,

1997 ; Brondizio, 20081.

Despite their economic and technological disadvantages,

which limit their ability to intensify production on the land,

small farmers have been able to keep some portion of mature

forest within their properties (rather than extensively clear-

ing properlies to increase production area). The research

team reporting on the Santar6m region found that on small

private properties ranging in size from 0.9 to 200 ha, for-

est cover is approximately 41.89 ha and, on average, small

farmers maintain approximately 60% of their properties in

forest. However, by aggregating small farmers, we found

that 85.5% oftheir land is kept in forest, as opposed to large

farmers that maintain only 70.7%o in forest (Table 5). The

latter is a result of higher deforestation rates among large

farmers, making their relative contribution to total deforesta-

tion significantly higher in this region'

5.3. Misconception 3; Small Farmers, Particularly Colonist

Farmers, Follow an Inexorable Path of Deforestation

Unless Curbed by Government Ac!ions

The extent, amount, and trajectory of deforestation vary

significantly at the farm lot level, depending on characteris-

tics such as time in the region, knowledge of forest resources

and views of forest as productive land, stage of farm for-

mation, household demographics, capital, short- and long-

term goals, and market opporlunities for different crops

(see Table 4 for a detailed list ofvariables). The high rate of

adoption of cattle ranching among small farmers corelates

to risk minimization strategies, aggregation of land vaiue'

and economic incentives to adopt pasture and cattle ranch-

ing as land use strategies. At the same time, small farm-

ers adopt diverse land use strategies, including annual and

perennial crops, different forms of husbandry, fishing and

hunting, and a variety of off-farm and sharecropping labor

arrangements.
Secondary forest areas are widely used in farming systems

among small farmers. Data from the Transamazon regron

of Altamira-Medicildndia and BR-163 region of Santar6m-

Beltena indicate that among colonists, phases of lot forma-

tion lead to increased use of fallow land, and older, settled

farmers tend to use more secondary forests than mafure

forests lBrondizio et at., 2002]' These results also show

that befween 1986 and 1999, older, settled farmers cleared

more secondary forests than mafure forests, compared to re-

cent-settled smallholders and largeholders (Figure 3). Even

small farmers with less than 10 ha were still able to maintain

Table 5. Absolute and Relative Distribution of Land Cover Changes in the Santar6m-Belterra Region, Par6L, From

1986 to 1999 According to Different Properly Sizes: Small and Large

Clearance of
Secondary

Forest
Property

Size N
Areas

in Use

Deforestation of
Mature Forest Reseneration Mature Forest Total

Absolute Area' hau

<200 ha 1,823.00 683.64 610.i1 l'641'33 907'38

>200 ha 37.00 4,829.31 4,745.25 6,063'93 6,363'18

Re lative D istribution Area,'%
2.30 6.10

6.20 8.00
<200 ha
>200 ha

I,823.00
37.00

2.60
6.30

3.40

8.40

22,823.73 26,700.03

s3,800.65 76.068.36

85.50 100.00
'70.70 100.00

"Aggregated for al1 properties within each class.
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areasofforest'albeitsmallerthanareasof secondaryvegeta- in addition to the lack of access to services such as educa-tion' The majority of small farmers with lot si"es up 6 10 tion and health, and lack of support for local entrepreneur-ha maintain at least 25o/o of the land in forest, while those ship.Allthesefactorsleadtoahighrateof lotturnoverandwith l0 to 20 ha maintain approximately 40% or more, and in"ieur" the impoverishment of small-scale farmers. (Jne ofmost farmers of 20 to 50 ha lots maintain more than 50Yo in our comparative studies involving three seftlement in theforest' However' as noted above, one finds significant varia- states of par6 and Acre indicates a rate of lot furnover aroundtton within settlements and between subregions of Brazilian 75oh overthe life of these settlements, which illustrates notAmazonia.

rime in the region arso rerates to a sreat appreciation and ;ll1,fH:jl':",lll"ffitiJ:,l]:"f,'T,1'#ffi::lfJtja
knowledge of the economic and ecosystem services-of for- orug"o.i", such as INCRA, but also the scale of challenges,est areas and to forest conseryation' However, market op- ecoiomi", cultural and social, infiastructural, faced by smallportunities can be strong enough to motivate deforestation farmers fLudewigs et al.,2x[gf.small farmers have beenor reforestation independent of time in the lot and available disregarded alreadv very early in the developmental projecttechnology' During the 1990s, for instance, farmers along oieiuroniu lMoian, r-9g1; wood and schmink, 19791 andthe Transamazon increased deforestation to formpastureland continue to be so today umid new settlement projects, evenduring a period of high prices for beef and declining prices uy foil"i", targeted at small-scale production systems. per-for cocoa' on the other hand, farmers in the Amazon estu- rrupr, ttr" current precarious situation of EMATER officesary have virtually abandoned deforestation and annual crops thriughout Amazonia illustrates also the situation of theduring the past two decades in favor of forest management popul-ution they aim at serving.and agroforestry systems for regional' national, and interna- ' irr"r, in areas of active 

""oio-y involving small farmers,tional markets' However, along the Transamazon, besides such as the agai fiuit econorny of the Amazon estuary, ruralshiftingpricesforbeefandcocoa,ratesofpastureexpansion 
households depend mostly on retirement income of fam-have been influenced by an active land market formally or ily members and government aid such as the bolsa familiainformally sanctioned by INCRA' In summary, small farm- (iamily-aid) fBrondizio, 20091. Lackof govemance in theers tend to decide their deforestation strategies bas"d on e*- Amarlnfrontier has been cited as one of the main problemstenral and internal conditions during different phases of their regarding deforestation lNepstad et at.,2002l.The disregardfarm operation and family life cycle, but particularly market oismall farmers in relation to credit, extension services,opporfunities for land and commodities' technology, transportation, and access to markets tends to

6. CONCLUSION 
create and promote land speculation and a vicious cycle of
selling small lots to largeholders and moving to new frontier

It is imporlant to understand smau rarmers in the contexr fi:11j1"ffffi'31ffi;#1il:#fi,].if;:,,T3:;1:
of the political ecology of deforestation and conservation needed, which incorporate effective agrarianprograms (e.g.,rn Amazonia' hence' breaking old assumptions that rural technology, extension services, credit, and support for com-communities are homogeneous and adapted or are failed mercialiiation), regal uno inrtltutlonal infrastructure (e.g.,adaptations to extemal environments. This is an old but re- land titling, legal lefinition oi rights of resource use, andcurrent discussion in Latin America fDurham, 1988; Rose- monitoring anJ sanctions on forest clearing), and sociocul-berry' 19931' The development paradigm guiding public tural recognition (e.g., valorization of forests as productivepolicy since the 1960s has led policy matets to condemn land.;valorizationof-small-scaleproductionsystems). 

Simi-small-scale production systems as transitory and inefficient larly,conservation policies should include and promote di-without addressing the problems faced by rural popula- u".r" lo"ul systems of production without trying to ,,freeze,,
tions' Most public policy programs have a tendency to frame and "essentialize" smailholders as ..traditional 

populations,,small-scale production as only related to family. tonsump- 
";""i;l to protect forests with disregard of their economiction needs' while failing to consider their contribution and needs. pe.hups most important, smal farmers, and the regionwider economic potential, thus missing the opportunity to as a whole, would benefit from policies aiming at promotingsuppoft more inclusive forms of regional developmeni. In value aggregation of agricultural and forest resources, which

Hffifl,o,1'J:?1ff:Tff#H:lffils 
pubric poricv pro- courd dclitate commlrcia tizati,onto the advantage orpro-

Amazoniapararlels other regions orlatin America where :ffi;"t:ffJln:Ti::lfrTJ,[#iiil#1#J#"?',T,"ila development model intersects with rural impoverishment, other words, small farmers would beneflt from policies fos-environmental problems' and inequality in lana distribution tering the development of transfbrmative industries within
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the region, which involves the participation of producers'

External subsidies to promote conservation-development

programs in the region have proved at best to be transitory in

the past. Credits for carbon or subsidies for protection of en-

vironmental services will run into similar problems if empty

of mechanisms for economic participation and valorization

ofregional resources.

Small farmers form a sizable population in Amazonia and

represent an important form of employment for a large con-

tingent of people that otherwise have little or no option in a

region with limited transformative industries and little em-

ployment outside the informal economy. Their contribution

to food production for regional consumption and export is

undeniable and growing. Their presence in rural and urban

areas through various forms of social and economic networks,

and their presence in virtually all nonindigenous reserves of
BrazllianAmazonia indicate their central role in the overall

development and governance of the region. The quality and

seriousness of public policies concerning the economic and

social needs of small farmers will continue to influence their

land use systems and role on regional land use and deforesta-

tion. More attention and fewer stereotypes will contribute to

improve their condition and reconcile their economic contri-

bution and environmental footprint in Amazonia.

Note added in proof. As this paper goes to press, IBGE

l2009bl released a report (2 October 2009) confirming the

overwhelming importance of small farmers for food produc-

tion and security in Brazll (e.g', 70%o beans, 87oh manioc,

and 58%o milk consumed nationally) and rural employment

(employing 75oh of the rural labor force). Confirming the

analysis presented in this paper, the report shows small farm-

ers producing more in less area. Collected for the first time

as part ofa national-level census (2006), these data confirm

our arguments in favor of the social and economic impor-

tance of small-scale production systems at local and national

levels and reaffirm our call to overcome misconceptions and

the invisibility of small farmers in Brazil.
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