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FROM EXTRACTIVISTS

TO FOREST FARMERS:
CHANGING CONCEPTS OF CABOCLO
AGROFORESTRY IN THE AMAZON ESTUARY

Eduardo S. Brondizio and Andréa D. Siqueira

INTRODUCTION

Amazonian caboclos—the largest native, non-Indian population of the Brazilian
Amazon—Iliving in the floodplain have been historically the major contributors to
the regional agricultural and forest economy. As population grows in urban cen-
ters, their role and that of the fertile floodplain tend to increase. This paper focuses
on the production system of agaf fruit (Euterpe oleracea Mart.), based on the estu-
arine floodplain environment, that has become the main economic activity for a
large number of towns. Agaf is the vernacular name given to a multi-stem palm,
the individual plant of which forms a clump, that occurs naturally in the floodplain
areas of the eastern Amazon region. The abundance of agaf in floodplain forest,
together with its multi-stem regeneration capacity, makes it a species highly suit-
able for management. Various management and planting practices transform these
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fioodplain forests into agaf agroforestry, locally called agaizais. Agaf fruit, after
being manually or mechanically processed into a thick juice, is a highly appreci-
ated regional staple food in rural and urban areas alike. In rural areas, it is the sec-
ond most important caloric source, behind manioc flour (Siqueira & Murrieta
n.d.). In addition, agaf palm provides the so-called heart of palm, or palmito, a del-
icacy used in salads, soups, and pies, which is one of the main export products of
the Amazon estuary.

Despite its importance, the agaf fruit production system is generally regarded as
mere extraciivism, and it has been treated as such in national socioeconomic sur-
veys, by the regional population, and by scholars (see, e.g., Lima 1956, Calzavara
1972, FIBGE 1974—1989).1 This assessment is not only a result of the region’s
socioeconomic history of export-oriented extractivism and outside control of
resources, but also a consequence of the way agricultural intensification has been
defined. The rigid boundary drawn between different food production systems has
placed forested areas (as in the case of agroforestry systems) in the “unproductive”
or, at best, the “extractive” category. Agricultural intensification, conventionally
defined, is synonymous with deforestation and also implies the ability to keep a
place deforested over time. This paper discusses the application of intensification
parameters to a food production system, agal agroforestry, that maintains inten-
sive, Jong-term staple food production in forested areas with simple, locally devel-
oped technological inputs. )

Although the literature contains much criticism of the way agriculture intensifi-
cation has been defined and applied, there have been few attempts to translate that
criticism into rural development policies and agricultural practices on the ground.
The term “intensification” is frequently applied to factors of production, such as
energy and capital inputs, rather than to land use in general (Netting 1993). Thus,
classical accounts of intensification have a tendency to quantify it as proportional
to increases in energy, technology, and capital input to a given area. That focus
tends to overlook the maintenance of output over time and its relationship to other
land uses and socioeconomic facets of agriculture. The approach leads to empha-
sis on the replacement of local land use strategies by external technology based on
energy- and capital-intensive systems primarily focused on export-oriented agri-
culture. Within that framework, the tendency is to neglect investment in existing
socioeconomic and physical infrastructure that would enhance local production
systems, without threatening the local resource basis, and consequently, economic
and food security. In the sustainable development agenda, which has agriculture at
its core, intensification has been an elusive concept, an offspring of modernization
thought contradictory to productivity, efficiency, sustainability, and adaptability of
agricultural systems (Netting 1993).

This paper is organized into three main parts. The firstis a literature review of its
main topics: agriculture intensification and the co-development of the caboclo’s’
agricultural system and the extractivist economy. This first part concludes with an
analysis of the spatial dimensions of land use in the accounts of agriculture inten-
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sification and sustainability. In the second part, data from a study site in the Ama-
zon estuary are used to exemplify the SOCIOECOnOMmiC Structure, Management,
production, and mapping of agaf agroforestry. Two sets of data are used. The first
concerns 12 sites where agroforestry and vegetation inventories were carried out
to measure how management changes vegetation structure and composition; the
second set comes from eight sites used as experimental agroforestry areas during
the harvesting season (between August 1994 and January 1995) to measure pro-
duction of agaf fruit at the levels of stem, clump, and the whole agroforestry area.
The third part of the paper presents, in the light of study area’s data, a discussion
of the suitability of using conventional intensification measures [o account for
intensification in agroforesiry systems, such as that of acai. The paper concludes
with a review of the extractivism stigma carried by caboclos and how a revision of
the agriculture intensification concept, based on the example of agaf agroforestry,

can help to build an identity as rural producers.

CONCEPTUAL AND HISTORICAL BACKGROUND

Agricultural Intensification

The most cited reference on agriculture intensification is The Conditions to
Agricultural Growth, by Ester Boserup (1965). Her seminal work brought an alter-
native viewpoint to the relationship between population growth and food produc-
tion, one that questioned the traditional, classical-economic approach to
agriculture based on the Malthusian paradigm. While Malthusian advocates had
regarded population growth as the dependent variable in relation to food produc-
tion, Boserup did the opposite. Her model defined population growth as the inde-
pendent variable that induces intensification and increases food production. Her
model contradicted the classical definition, which separated agricultural land into
productive and nonproductive categories. In contrast, she (Boserup 1965:13) pro-
posed a model based on “the frequency with which the land is cropped,” portray-
ing agriculture as dynamic and related to 2 broader array of land use activities and
landscape changes. Boserup’s model, which related intensity to frequency of cul-
tivation, proposed five progressive categories of intensification: (1) Forest-Fallow
(20-25-year cycle), (2) Bush-Fallow (6-10 years), (3) Short-Fallow (1-2 years), (4)
Annual Cropping (yearly), and (5) Multi-cropping (sequential). As a general
model, hers is relatively environmentally, technologically, and socioeconomically
“free,” allowing for the elasticity, manageability, and variability of human societ-
ies, providing a more optimistic view than that of the Malthusians about human
adaptive capacity to population growth and environmental limitations. In this
sense, for instance, soil does not have a “given” fertility, but instead is manage-
able, depending on labor input. Nevertheless, although Boserup’s work is a pow-
erful heuristic tool for framing general agricultural change, problems emerge
when it is applied to particular socioeconomic systems.
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Two years before the publication of Boserup’s work, Geeriz {1963) published
another important work on agricultural intensification, namely, Agricultural Invo-
{ution, about the intensification of rice production in Indonesia. In addition to his
important contribution to cultural ecology and his seminal use of the ecosystem
concept in anthropology, Geeriz related agricultural change to a broader array of
historical and political explanations. A bit earlier, Brookfield’s (1962) studies of
New Guinea agriculture used a more traditional economic view of intensification,
categorizing it in accordance with quality and quantity of input, such as capital,
technology, and labor, instead of processes of change.

These three works are the basis for most of the theoretical debates on agricul-
tural change that emerged during the following decades, but certain other publica-
tions are also essential to an understanding of the issues. First, Conklin’s (1957)
Hanunoo Agriculture defined a new phase in the studies of traditional swidden
agriculwralists. He changed the simplistic view of swidden agriculture by show-
ing the complexity and diversity of crop association and the efficiency of labor
input and output yield in these systems. Second, and contemporary to Brookfield,
Geertz, and Boserup, is Netting’s (1963, 1965) work among the Kofyar of Nigeria,
showing the efficiency of their intercropping/intensification techniques. Although
Netuting used a framework analogous 10 Boserup’s population-intensification, he
shifted from her very general scale to a local level approach that incorporated farm
and household into the analysis. Third, with regard to Amazonian agriculture, Car-
neiro’s (1960) work on slash-and-burn agriculture among Kuikuru Indians chal-
lenged the environmental determinism argument (mainly about low soil fertility)
commonly used to explain the low density of Amazonian populations and the sup-
posedly low productivity of their agricultural system (Meggers 1954). Finally, the
work of Nye and Greenland (1960) on the relationship between soil and shifting
agriculture provided a scientific basis for understanding the efficiency of swidden
agriculture and its impact on soils.

A series of important works testing Boserup’s hypothesis have followed. For
instance, Clarke (1966) compared four communities in the process of intensifica-
tion in highland New Guinea. His work supported Boserup’s argument and
stressed that shifting cultivation is a dynamic land use system with a flexible pro-
ductive capacity. In addition, his work called attention to the often overly rigid
boundaries drawn between swidden and sedentary agriculture, and the tendency to
view agricultural growth as a pathway to sedentarism, not to food security. In a
later work, Clarke (1976) pointed out the importance of enhancing traditional agri-
culwre by incorporating modern methods but without dismissing local knowledge
and technology. He recognized the value of crop diversity and also the possibility
of incorporating livestock and tree crops to enhance traditional land use systems.
Turner et al. (1977) used regression analysis to test Boserup’s model of population
pressure and agricultural intensification. Although their results supported Bose-
rup’s theory, they found that environmental and subsistence variables needed to be
incorporated to improve explanations of agricultural intensification, as earlier pro-
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posed by Brookfield (1962). However, the correlation they found was based on
data from populations not fully integrated to marketing activities, thus making it
difficult to apply their explanations to most small farmers, to whom agricultural
decisions are based on market demand. A year later, Turner and Doolitte (1978)
proposed a new method for defining and measuring agricultural intensification.
They emphasized an ongoing argument that intensification should be measured in
terms of production output (yield/area/time). Their model integrates both Boserup
(increased frequency of cultivation) and Brookfield (increased technology) as cor-
related to intensification and defines agricultural intensification as a result of out-
put responding to input.

Closely related to intensification is the carrying capacity concept. Although this
concept emerged from animal ecology, one can find its origins in Malthus’ theory
of population-food balance. Brush (1975) reviewed the concept in the light of
shifting agricultural systems, comparing four “formulas” as used by Allan (1949),
Carneiro (1960), Conklin (1959), and Gourou (1966). Among the problems he
found were the lack of inclusion of other resources important in demographic for-
mulations (e.g., fish and game in Amazonia), assumptions about a limited pool of
resources, few considerations of the role of technology, overuse of homeostasis/
equilibrium notions, and the difficulty of defining and correlating variables related
to the population-land balance. These problems aside, the concept may neverthe-
less be used advantageously as a descriptive or heuristic device to explain agricul-
tural intensification in relation to land use change.

Vasey (1979) proposed a different reading of agricultural intensification in the
humid tropics. His review of the Boserup, Geertz, and Brookfield models sug-
gested that “agriculture intensification in the humid tropics can best be encom-
passed not by a general model of stages but by the recognition of ecologically
optimal strategies at different population densities” (Varsey 1979:280). Likewise,
he called attention to the importance of incorporating historical processes, the
growth of urban markets, and the role of modern technology to better explain con-
temporary agricultural intensification in the humid tropics. Of equal importance in
his work is the reappraisal of the secondary succession regrowth stages (i.e., fal-
low cycles) proposed by Boserup (1965). She dismissed the relationship between
land use strategies and regrowth, and overlooked the great regrowth capacity of
secondary vegetation in the tropics. Furthermore, Boserup’s proposed “grass-fal-
low system,” as an advanced stage of intensification, does not take into account the
disadvantages of such a system in terms of instability, low productivity, grass com-
petition, and exhaustion and acidity of soils.

The revision of the role of fallows as a productive part of swidden systems has
been of particular importance to understanding tropical agriculture. The pioneer-
ing studies carried out among the Bora Indians of Peru (see Denevan & Padoch
1987) have revised the idea of fallows as abandoned and unproductive fields. In
swidden systems, fallows assume important roles in supplying raw materials,
food, and market products, besides their environmental and physical significance.
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The basis provided by these and other studies concerning the use of fallows in
tropical agriculture (e.g., Anderson & Posey 1989) has added a new dimension to
the categorization of stages of intensification of traditional cultivation systems and
to the understanding of so-called hidden harvesting.

Assessment of the productivity of swidden cultivation also underwent important
revisions during the 1980s. The best example is the Human Ecology special issue
(1983) entitled Does the Swidden Ape the Jungle? In the light of various studies in
wopical areas, the general view of swidden gardens as involving highly diversified
crops was challenged. These studies show that this system favors the development
of monocropping-gardens, which are, however, of a polivarieties type. Instead of
an intercropping of species, the dominance of a single but polivariety crop tends to
increase yield, while decreasing, for instance, the risk of loss due to pest infesta-
tion. The authors call attention to the significance of such a system for tropical
agriculture in economic, technical, and theoretical terms (Beckerman 1983,
Boster 1983, Hames 1983, Stocks 1983).

Five other works may be singled out to represent general aspects of intensifica-
tion studies in the 1980s. First, Wilken's Good Farmers (1987) provided a better
understanding of the complexity of traditional agriculture and resource manage-
ment practices in Mexico and Central America. He called attention to the degree of
specialization developed by small farmers to cope with environmental and socio-
economic limitations of areas that sometimes are considered inappropriate for
agriculture.

Second, McGrath (1987) reviewed the role of biomass in shifting cultivation,
challenging the traditional view of this system as highly productive in terms of
energy input/output ratio. If the energy input of biomass burning is considered,
shifting cultivation becomes, rather, an energy-inefficient system. Thus, he ques-
tioned the use of length of fallow rather than vegetation-soil complex as the best
measure to analyze energy input and intensification in this system.

Third, Guillet’s studies of the Central Andes of Peru added other amendments to
Boserup’s model. He showed that “both intensification and deintensification of
production can occur simultaneously at the regional or even the community level”
(Guillet 1987:201), noting the importance of considering the coexistence of agri-
culture strategies within a broad scope of land use.

The fourth and fifth of these works point out the emergence of two interdiscipli-
nary approaches, identified as Farming System Research (Turner & Brush 1987)
and agroecology (Altieri & Hecht 1990). Both agendas went beyond the develop-
ment of an interdisciplinary and comparative method, with emphasis at the micro-
and meso-scales, to include agriculture change in the context of socioeconomic
and ecological changes. While FSR tends to focus on technology, agroecological
studies tend to target the understanding of ecological relationships within agricul-
wral systems. In both cases, however, agricultural studies are broadened by a
scheme that considers production and technology types, as well as intensity mea-
sures with emphasis on yield and ecological sustainability.

From Extractivists to Forest Farmers

New Paradigms of Agricultural Intensification

The last few years of agricultural intensification research may be summarized
under two main headings, both related to a broader discussion of the so-called sus-
tainable development and global change agendas: (1) intensification analysis
based on small-farm agriculture and resource management, and (2) land use anal-
ysis that places agriculture within a broader spatial and temporal landscape con-
text, proposing nested scales of analysis at the local, regional, and global levels.

The best example of the first trend is the outstanding effort by Netting (1993) in
evaluating and highlighting the importance and efficiency of small farmer inten-
sive agriculture. Netting’s book not only redefined intensification in the light of
sustainability and productivity, but also criticized the myth of small-farm unpro-
ductivity and backwardness, a connotation historically associated with peasant
agriculture. According to him (Netting 1993:262),

Defining intensive agriculture in terms of yields per unit of land over time emphasizes output
as the dependent variable, and it does not prejudge the effect of economic inputs of labor, cap-
ital, or technological change. Increases in these independent variables, singly or in combina-
tion, on a constant land area, may intensify its use..., but this must be demonstrated by the

analysis rather than assumed.

He pointed out that the disruption of small farmer agriculture in favor of moder,
energy-intensive technology has recurrently deintensified agriculture and has pro-

moted more extensive forms of land use.
The second important trend of agricultural studies emerging in the 1990s, spec-

ified above, is a result of research that integrates approaches and methods of eco-
logical and economic anthropology and land use/landscape ecology. There are two
main reasons for this development. On the one hand, ecologically- and economi-
cally-oriented anthropologists have scaled up their local unit of analysis, due to the
need to understand agriculture and economics at a broader, regional scale (Moran
et al. 1994a, Brondizio et al. 1994, NASA 1990, Behrens etal. 1994). On the other
hand, ecological and physical scientists working at a global scale have perceived
the need to scale down in order to understand the impact of local land use strate-
gies in regional-scale processes (Dale et al. 1993, NRC 1992, Ojima et al. 1994,
Skole et al. 1994, Kummer & Turner 1994).

Various unifying interests have contributed to this process of integration. For
instance, the increased demand for food in less developed countries, the effects of
deforestation upon global biogeochemical and hydrological cycles, and the loss of
biological and crop diversity are a result of a model of agricultural expansion based
on energy-intensive, export-oriented production systems. By showing the contrast
between the complexity and efficiency of local land use strategies and the impact
of conventional agriculture and cattle ranching, social and ecological scientists
have been the main critics of such development approaches. In this process, the
tools of analysis have also changed. Site-specific measures of agricultural activity
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have been used in conjunction with remotely sensed data and Geographical Infor-
mation Systems, making possible the extrapolation of spatial and temperal scales.
In this research agenda, the dimensions of agricultural change tend to assume a
more complex hue. Rates of fallow regrowth and frequency of cropping, such as
those proposed by Boserup (1965), can be tested, as can the environmental impact
and sustainability of production systems. As Behrens et al. (1994:280) stated,
“[Bly mapping processes of human disturbance onto a landscape, translating them
to the spatial domain, it becomes possible to derive quantitative measures of inten-
sity and diversity.” However, the ability to shift levels of analysis depends on the
ability to translate information across scales with minimum loss of detail, a con-
dition that can be achieved only through interdisciplinary research and methods.

Defining Agroforestry

Agroforestry has evolved as a conceptual field in agriculture and forestry over
the last 30 years as an alternative response to rural development problems. As an
agricultural practice, however, it has been carried out worldwide for centuries,
encompassing a countless variety of systems ranging from swidden-fallow to sil-
vopastoral activities. In a global inventory carried out by ICRAF (International
Research Center for Agroforestry) in 1987 (Nair 1990), more than 150 different
agroforestry systems were registered, including traditional and newly developed
systems (also see Gholz 1987). A practical definition encompassing the large vari-
ety of agroforestry systems is proposed by ICRAF (1983:33):

Agroforestry is a collective name for all land use systems and technologies where woody
perennials (trees, shrubs, palms, bamboos, etc.) are incorporated on the same land unit as agri-
cultural crops and/or animals, in some form of spatial arrangement or temporal
sequence....An agroforestry system integrates both ecological and socioeconomical compo-
nents...an interface between forestry and agriculture.

Caboclo Agriculture: Coping With an Extractivist History

In the previous section, we discussed the flaws of agricultural intensification
theories with regard to small-scale agriculture and agroforestry. We now look at
the issue of agricultural intensification from the caboclo’s social and historical
perspective. Attention is paid to the historical development of the caboclo cultural
system, the sociocuitural categorization of caboclos, and the historical relation-
ship between extractivism and caboclo agriculture.

The term “caboclo” in the Brazilian Amazon context incorporates several dis-
tinctive meanings. As used by anthropologists and other social scientists, and in
this paper, it incorporates the idea of a social category which originated from
detribalization, depopulation, and miscegenation by Portuguese, Africans, and
their descendent with the Indians who inhabited the Amazon floodplain between
the 16th and 18th centuries, and the later assimilation of northeastern Brazilian
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migrants to the region in late 19th and early 20th century during the rubber boom
(Moran 1974, Parker 1985). In contrast, colloquial usage of the term is loaded with
prejudice, since it refers to the rural lower class, a terminology that represents a
stigma rather than a categorization (Wagley 1953, Ayres 1992, Nugent 1993). In
addition, its colloquial use is a synonym for laziness and lack of “entrepreneur
mentality.” Caboclo material poverty is often explained as the product of resis-
tance to socioeconomic integration into a wider society, to avoidance of external
and new ideas, and even to their origin as “mixed bloods.”” As a social category,
they are seen as “doomed,” in need of being changed, “opened up,” or “modern-
ized” in order to be incorporated into a market economy; or as a group who will
“inevitably” disappear with the development of capitalism. The lack of under-
standing of their agroforestry management—i.c., the misunderstanding of it as
mere extractivism—is an example of this biased perception.

Caboclos’ use of the vdrzea (Amazonian floodplain) for agriculture is still a
challenge for farming studies. As Ross (1978:198) states, “The main question
remains; [that of] why peasant economic strategies did not include any significant
utilization of the rich soils of the vdrzea.” The main focus has been on the analysis

of the role that economic extractivism has played in supposedly limiting the cab-
oclos” agricultural intensification. Attention has been concentrated on the role of

caboclos in the intensification of grain production, such as of maize and rice, while
less concern has been dedicated to intensification of local production systems and
crops. However, an increasing number of studies of caboclo production systems,
agroforestry, ethnoecology, and marketing have helped to complement and
broaden the analysis. Swidden agriculture in the uplands and agroforestry in the
floodplain coevolved with the extractivist cconomy. While these activities coped
with extractivist social and land tenure structures, they improved the food security
of households and provided an occasional surplus for market. The caboclos’ inti-
mate knowledge of floodplain ecology allowed them to nurture their environment
towards intensive systems of food and raw material production, among which are
the so-called floodplain agroforestry systems, that are invisible to conventional
measures of production. However, explaining the current mode of agriculture and
agroforestry production of caboclos requires a longitudinal analysis of the coloni-
zation and extractivist history of the Amazon.

Colonization, Extractivism, and Caboclo Agriculture

During the first centuries of Portuguese colonization of the Amazon floodplain,
indigenous peoples represented the only labor force to exploit forest commodities
of interest to the European market. Expeditions to capture and ensiave indigenous
labor were widely organized by Portuguese colonizers. This practice, character-
ized by cruelty and unscrupulous extinction of indigenous groups, raised contro-
versies among colonizers, Portuguese royal authorities, and missionaries. For the
Portuguese royalty and for missionaries, Indians were to be integrated into the
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“state” and “Christian society” mainly through their labor power, but pacifically.
In 1563, the Portuguese crown called upon missionaries (mainly Jesuit, but also
Mercedarians) to “civilize and protect” Indians from colonizers and “slave hunt-
ers.” Missions were installed all over the region, but mainly in the lower Amazon
and In the estuary, an area already under Portuguese control.

Two mechanisms were fundamental to the missions’ success. First, the Jesuits
established a lingua geral (general language), or Inhengatu, mixing the indige-
nous Tupf and Portuguese languages. Second, they persuaded the Indians to take
part in merchandise-oriented cash cropping, ranching, and extractivism under the
control of local missions. The missions restricted the labor force required by col-
onizers to carry out a more extensive extractivist economy of great interest to the
Portuguese royalty. However, the confrontation between missionaries and civil-
lans motivated the Portuguese crown to expel the Jesuits from the region in 1757.
Later, in 1794, the Mercedarians were also expelled.

Furthermore, the Portuguese crown created the diretérios (directorates), follow-
ing a structure similar to the missions but more clearly devoted to “integrating”
Indians definitively within the state as an available labor force. The lingua geral
was forbidden in favor of Portuguese. The directorates strongly emphasized inter-
racial marriage among Portuguese, Indians, and African descendants, and the
wearing of Western clothes, as integration strategies. Considered inefficient by the
crown, the directorates were abolished by the end of the 18th century. The direc-
torates contributed decisively to the “caboclization” process of the floodplain
indigenous people (Parker 1985). ’

The directorates were in place from 1757 to 1790, following the expulsion of the
Jesuits, with the assignment to “organize” agriculture and increase its labor force
with the “integrated” Indians. Subject directly to Portugal’s crown and to the Con-
selho Ultramarino (Overseas Council), their aim was to increase commodity
exportation 10 European centers, as well as to urban centers and military bases
scattered over the region. During the directorate period, agriculture was catego-
rized into two main systems, “plantation” and *subsistence” (see R. Anderson
1976). While plantations were designated for white settlers, subsistence agricul-
ture was carried out by Indians but controlled by the directorate administration.
Plantations were mainly monocrop-oriented and large-scale operations with a
focus on export production. In contrast, subsistence agriculture aimed at supply-
ing such foods as manioc, beans, and maize to local populations, but the director-
ate decided what and how much (o plant.

An important aspect of this period is the transfer of land ownership. The Jesuits’
latifundia were divided into large farms and granted or sold to Portuguese settlers
to establish plantations or cattle ranches, maintaining ownership control in the
hands of the few. Land grants were given mainly along the floodplain but also
encompassed large tracts of upland forest. By the end of the directorate period,
essentially all floodplain areas were under white settler control, while Indians
were restricted (o the plots assigned by the directorate or were working on planta-
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tions. Following the Jesuit system, Marajé grasslands were almost exclusively
dedicated (o cattle ranching, while other floodplain areas were designated as plan-
tations. Interesting to note is the establishment of plantations based on agrofor-
estry systems, as in the case of cacao and coffee, which were planted in shaded
areas (R. Anderson 1976). Finding few reports citing problems with coffee in the
agricultural records of the period, R. Anderson (1976) deduced that it was proba-
bly suited to the arca and economically attractive. Plantation systems also devel-

.oped large agricultural areas on the floodplain, mainly dedicared 1o rice, cacao,

and sugarcane.
The formation of the caboclo sociocultural system occurred in this scenario.

Caboclos have emerged on the “edges” of Amazonian history, seen as a labor
force, not as producers. The process of riverine settlement imposed by the later
rubber economy only reinforced the subjugation of the emergent caboclo popula-
tion to the large landowners. Despite their importance, caboclos never had a place
of their own in the floodplain. That circumstance alone may answer Ross’

(1978:198) question, posed earlier.
Although the directorates had a strong impact on the socioeconomic structure of

estuarine agriculture, it was the transition to a rubber-oriented economy in the late
19th century that most decisively shaped the current mode of caboclo agricultural
production. The wild rubber economy employed almost the entire agricultural
labor force. Plantations entered into decline during the first half of the 19th century
due to labor shortages, despite a growing market in regional urban centers. The
crisis worstened after the abolition of slavery in 1888.

The settlement pattern required by wild rubber extraction was one of indepen-
dent household units following the distribution of resources along the floodplain
and the dictates of the tenure structure imposed by landowners. Rubber tappers
were subjected to forced labor and slavery, as well as forced dependence based on
debt servitude, aviamento. During the directorates, individuals and production
systems were ruled by the area’s directors, whereas the system of aviamenro sub-
stituted a much stronger form of control and dependence. This relationship is pre-
sented in Euclides da Cunha’s A Margem da Histéria (1941), which describes the
rubber tapper as a man working to enslave himself.

Extractivism not only limited the agricultural development of the region, but
reinforced economic isolation and a social structure of dependence between tenant
and owner of resources. Weinstein (1983) notes that the power of a seringal (an
area of wild rubber production) owner extended not only over the land and the rub-
ber trees but over the seringueiro (rubber tapper) himself. The constant fractioning
of groups and communities o fit the extensive nature and seasonality of extractiv-
ism constricted the development of social and political organization at the local
level, as well as the emergence of an agricultural system focused on local rather
than on outside economic advancement. Although different in structure, this
period is marked by the same political ideclogy as that of the directorates—one
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focused on the production of commodities for exportation, with a lack of concern
for the costs to the local population and to regional development.

After the decline of the rubber economy at the beginning of 20th century, a new
cycle of floodplain agriculture based on rice and sugarcane began in the estuary.
These activities occupied an impressive areal extent in the floodplain during the
following decades, but they declined after the 1950s. However, these production
systems developed according to the same model of directorate plantations. Thus,
caboclos were not involved as independent producers but, as before, were
absorbed as a labor force. In this scenario, floodplain agroforestry combined with
upland swidden agriculture evolved as adapted land use systems parallel to extrac-
tivism and plantations.

The land use system based on swidden gardens of manjoc in upland soils was a
system already in place and suited to the labor priorities required by extractivism.
Manioc offered a number of advantages to the extractivist, such as lower labor
requirements; a stable caloric source, manioc was suited to Jow fertility and acidity
of upland oxisols and was storable for a lon g time in situ. Manioc was, thus, a crop

that made flexible use of household labor. In this sense, manioc gardens were a
secure mode of production adapted to the uncertainty of an extractivist economy,

to the needs of riverine households, and to a debt system that pocketed a producer’s
extractivist yield and prevented the accumulation of savings and capital at the
household level. In some cases, however, the seringueiros were not even allowed
to grow manioc gardens but had to buy food (manioc flour) from their landlords,
using their rubber harvest earnings, reinforcing a structure of debt servitude.

Therefore, the development of labor-intensive floodplain agriculture, such as for
grain production, overlaps with the socioeconomic settings of extractive and plan-
tation industries, and with a land tenure system based on outside ownership. Even
if allowed, the economic risk of more specialized agriculture has been too high to
be undertaken by uncapitalized and unassisted riverine populations. Besides envi-
ronmental risks related to flooding and pests, the risk of having the output confis-
cated by owners needs to be considered. The most feasible alternatives for
floodplain inhabitants have been the consortium of short-cycle agriculture and
management of native economic species, and/or management of economic species
already widely available in the vegetation, such as the acai palm.

Early Amazonian travelers, such as Wallace (1853), Bates (1988), and Spruce
(1908), had enthusiastically noted the high concentration of palm and fruit trees
surrounding riverine dwellers, The management strategy that mimics gardening
and native vegetation has long provided a diversified resource pool for Amazo-
nians (Beckerman 1979, Lathrap 1970, Roosevelt 1989). However, it is only
recently that better understanding of native agroforestry systems has come about
(Anderson et al. 1985, Balée & Gelly 1989, Denevan & Padoch 1987, Moran et al.
1994b, Posey 1985). The main challenge to these systems has been how to
increase surplus production without exponential increases of labor input. The abil-
ity to expand agroforestry systems into floodplain forests is based on progressive
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management that incorporates previous] y unmanaged areas into the resource pool.
Management is undertaken at the species level, not at the level of the whole spec-
trum of vegetation, which makes this agricultural “transformation” not easily rec-
ognized by outsiders. Floodplain agroforestry offers advantages such as low cost,
high productivity, and low risk. For these reasons, forest management, not short-
cycle agriculture, has been the main food production system in the floodplain dur-
ing the last two centuries. Its compatibility with rubber, logging, and other extrac-
tivism-oriented activities has minimized the risk of conflict between land users

- and landowners, while providing households with food at minimal labor costs.

Acal agroforestry illustrates the potential for intensification of this system when
opportunity, such as market demand, is favorable. Although the floodplain envi-
ronment has been successfully used by its inhabitants as part of local agroforestry
technology, the agroforestry strategy has remained “invisible” as a production sys-
tem. This is especially true in the case of sharecroppers, who cannot claim any
rights to the land or reimbursement for land improvement based on forest manage-
ment, despite the labor and technology applied to create intensive agroforestry
systems. Let us look again at the example of agaf agroforestry. Before the 1970s,
when acaf fruit still had a weak market, sharecroppers were allowed to commer-
cialize their harvests themselves and had a free hand in managing their surround-
ings. This scenario has changed in proportion to the growing market value of the
fruit. Former absentee landowners have reinforced the sharecropping system in
acai production areas, many times taking advantage of previous forest manage-
ment carried out by their tenants. Nowadays, in addition to conrrolling harvesting
activities, such as when and how much to harvest, most landowners sell the crop
themselves, later sharing part of the profits with their tentants.

Agricultural Intensification in the Context of Land Use

The points raised in the previous sections lead to the conclusion that intensifi-
cation models and comparative analysis of food production systems, such as agaf
agroforestry, need to integrate a larger array of variables. Intensification does not
proceed linearly, dependent on one factor (e.g., population growth or market
demand), nor is it ahistorical. Instead, it occurs as a combination of these factors
with other variables, such as internal population dynamics and opportunities
offered by external sources (e.g., incentives from development projects). Thus,
intensification responds to multilineal processes combining variables operating on
multiple scales that interconnect regional, local, household, and individual levels.

Land use history is an important component of agricultural analysis, since it
reflects the correlation between the present condition of plant/soil interaction and
past socioeconomic events and management practices motivating land use change.
Thus, the history of use provides a good understanding of the land use impact of
a particular farming technique. The focus on processes of land use intensification,
that is, coexistence of land use strategies, is more relevant than characterization of
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stages of intensification, such as frequency of cropping in a given area. A land-
use-based approach makes it possible to grasp the process of coexistence between
intensification and deintensification as related 1o temporal variation of land use
strategies. For instance, increased intensification in one production zone may
coexist with transient deintensification in another (see Guillet 1987). This is the
case of many Amazonian estuarine populations, who have virtually abandoned
swidden agriculture in the upland forest in favor of agaf production and trading,
However, the thriving regrowth of fallows subjected to swidden agriculture allows
manioc agriculture to be reconsidered whenever neecessity arises. Another com-
mon case in the estuary is that of areas that have received the heavy impact of
repeated mechanization of agriculture (in general called “intensive™) which,
besides creating dependency on tractors and fertilizer, has limited the regrowth
capacity of vegetation, thus constraining future uses of the area. Within this frame-
work, patterns of intensification may be defined in terms of the capacity of the eco-
system (o sustain future uses. Thus, variability in land use intensification can be
reinterpreted in terms of flexibility of economic and ecological strategies, rather
than in terms of input/output ratios at one point in time only.

Another important aspect 1o be considered in a multilevel analysis of intensifi-
cation is the unit and scale of analysis of land use systems. In putting site-specific
measures in a regional perspective, one needs to scale up from a garden plot to a
farm, a population 1o a landscape and, finally, to a regional context of intensifica-
tion. For instance, the impact of agriculture on the vegetation/soil complex
imposes an ecosystemic function on the landscape and, thus, is seen within a spa-
tio-temporal setting. We may ask how much a given practice affects the regrowth
capacity of vegetalion at the site and how it changes landscape heterogeneity over
time. In other words, a highly intensive system in the short term (e.g., artificially
fertilized agriculture), which limits the use capacity of the land in the long term,
can be seen as extensive rather than intensive, and as temporally unsustainable.
The capacity for continuous use and the maintenance of a larger economic portfo-
lio (i.e., the opportunity to shift to other activities) defines intensification as a
dependent variable of sustainability, that is, a definition that accounts for the abil-
ity to maintain production over time, without constraining change in the produc-
tion system in the future.

THE FIELD DATA

The data presented here derive from our 1994-95 fieldwork, which focused on
understanding the production system of agaf agroforesiry and its relationship to
land use change. However, our research in the area began in 1989. Special atten-
tion has been given to three populations representing different economic and land
use patterns. Ethnographic, socioeconomic, and ecological accounts concerning
these populations can be found in Murrieta et al. (1989), (1992), Neves (1992),
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Brondizio & Neves (1996), Brondizio et al. (1994a-b), Murrieta (1994), Siqueira
et al. (1993), and Brondizio (1996).

The present paper draws upon a series of previously published works focused on
land use change and landscape analysis of the study area. Methodology and results
concerning the use of Landsat Thematic Mapper satellite images to classify 14
land use/cover classes, including unmanaged floodplain forest, agaf agroforestry,
and three stages of forest succession, can be reviewed in Brondizio et al. (1993a-
b, 1994, 1996), Brondizio, Moran, Siqueira et al. (1996), Moran et al. (1994b), and
Mausel et al. (1993). Special attention has been given to the integration of field and

" remotely sensed data, i.e., incorporating data collected from site-specific vegeta-

tion and agroforestry inventories into satellite images to generate micro- and
meso-regional scale land use classification maps. This methodological procedure
is referred to as a multilevel analysis of land use that involves data integration at
four different scales and contexts: landscape, vegetation class, farm/household,
and soil (Brondizio 1996). This model of data collection relies upen a nested sam-
pling procedure that produces data that can be scaled up and down, independently
or in integrated fashion. The combined use of multi-temporal, high-resolution sat-
ellite images with local-based data on land use history and site-specific vegetation
and agroforestry inventories makes it possible to understand ecological and social
dimensions of land use at a local scale, and to link them to regional and global

scales of land use and land cover dynamics.

The Study Area

The study area is located in the estuarine region of the Amazon, on Marajé
Island, in the municipio of Ponta de Pedras, state of Pard (see Figure 1), Itis a tran-
sitional region between two macro-environments—natural grassland and forest—
most of which are flooded areas (Pires 1973, Prance 1980). According to Lima
(1956), the floodplain covers 25,000 sq km (about 50%) of the Amazon estuary.
Calzavara (1972) estimates that agai-dominated floodplain forests occupy 10,000
sq km in the estuary. Mangrove is another major vegetation class in the floodplain.

Upland forest occurs at sites that date from the tertiary period. These sedimen-
tary areas are dominated by oxisols with sandy texture and low pH. Vegetation
regrowth in different stages of secondary succession is widely scattered in the area
as a result of shifting- and conventional-based agriculture and cattle ranching.
Grassland savannas (RADAM 1974) are one of the most prominent features in the
study area. Three grassland savanna types can be identified in the area (Brondizio
et al, 1993b). Between the grassland areas and the forest, one can identify a tran-
sitional forest characterized by the dominance of palms and vines. Within the nat-
ural grasslands are islands of forests, some of them on mounds of likely prehistoric
origin and others related to drainage characteristics.

The human population of the region may be found in small urban centers or
scattered along the river banks in a typical pattern going back at least to the rubber
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Figure 1. The Amazon Estuary, Showing the Study Area in Relation
to Marajé Island, the City of Belém, and Par4 State
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boom period of the 19th century (Wagley 1953; Moran 1974, 1990; Parker 1985).
The prehistoric people of Marajé have long attracted attention, resulting in a sub-
stantive literature (Meggers & Evans 1957, Roosevelt 1989, 1991) that has tried to
explain the presence of large-scale settlernents and mound-buildings cultures. The
dominant explanations posit either external occupation followed by devolution or
endogenous developments that antecede even those of the Andes. In contrast, very
little attention has been paid to the populations on Marajé Island since contact
with Europeans. In the last 20 years, the rate of socioeconomic change in Amazo-
nia has motivated fundamental transformation of caboclo populations. The
increasing influence of the market and of government and private development
projects has motivated these populations to make a variety of changes in subsis-
tence strategies and social organization. The effects of these changes in demo-
graphic patterns, social organization, economy, and well-being, as well as their
environment impact, await studies that seeks to understand caboclo responses to

them.

Inventory Data

Vegetation and agroforestry stand inventories were developed for 10 areas char-
acterizing different levels of management of acaf agroforestry. These data are too
extensive to present fully here (see Brondizio 1996), but a summary table of the
forest inventories (Table 1) and the following descriptive information provide
insight into them.

The selection of the ten agaf agroforestry and the two unmanaged floodplain for-
est sites for inventory took into account the number of years the former had been
managed and the location of the managed areas within the region. During the
inventory, four adjacent plots (25m X 25m) and four nested subplots (2m X 5m)

" were selected in each agroforestry site. In each plot, all the trees with a DBH

(Diameter at Breast Height) greater than or equal to 10 cm were identified, their
DBH measured, and their stem and total height recorded. All agaf with DBH equal
to or greater than 5 cm were counted, recording the number of stems per clump. In
the subplots, all the individual plants (including herbs, seedlings, and saplings)
were identified and counted, and saplings (tree individuals with a DBH equal to or
greater than 2 cm) were measured for DBH and total height. In the unmanaged
floodplain forest areas, the number of plots was doubled to eight plots of 25m x
25m and four subplots of 2m x 5m each. These data were entered on a spreadsheet
(Quatro Pro 3.0) and processed to derive information on vegetation and agrofor-
estry structure (e.g., density, biomass, and height) and composition. In each inven-
toried area, geographical coordinates were obtained by the use of a GPS (Global
Positioning System) device. These data were then geo-referenced to a satellite
image (Landsat TM of 1991) to inform land use classification.

During the 1994-95 agali fruit harvesting season, a series of field experiments
were carried out with the goal of measuring the acaf fruit production in agrofor-
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Table2. Acai Fruit Production Experimental Sites,
Ponta de Pedras, Pard, 1994-95
Producers and Their Land Tenure
Sites  Management History Characteristics

1 Unmanaged floodplain forest Producer A: Medium-sized owner of 100
ha, inherited more than 20 years previously.

2 10 years of management (thinning Producer A:  see above.
and weeding but no pruning)

3 10 years of management (thinning,  Producer B: Small-sized owner, holding
weeding, pruning, planting, annual 15 ha, inherited 10 years previously.
maintenance)

4 5 years of planting to acaf agrofor- Producer B:  see above.
estry (rogado de vdrzea)

5 1 year of initial management (selec-  Producer C: Affiliated with cooperative,
tive thinning, pruning, and weeding) which designated 2 ha of land for his use.

6 3 years of management (intensive Producer C: see above,
thinning, pruning, and weeding)

7 2 years of management (initial thin-  Producer D: Sharecropper of 20 ha belong-

ing to a larger landowner (200 ha), whose

ning, weeding, and pruning)
land is divided among 4 sharecroppers.

8 2 years of management (initial thin-  Producer D: seeabove.
ning, weeding, and pruning)

estry areas managed at different levels of intensity. Four different acaf producers
agreed to record agaf fruit production during the whole harvesting season (from
August 1994 to February 1995). Each producer provided two agroforesiry areas
for experimental purposes. The selection of these areas was based on both socic-
economic (e.g., land tenure and property size) and agroforestry (e.g., years of
management) criteria. The four producers and respective eight selected experi-
mental areas are described in Table 2.

The selection of experiment areas was based on interviews with the producers
about the areas’ management history (e.g., first years of management and tech-
niques applied) and on field surveys to determine the exact location and bound-
aries of the experimental area. Each area designated for experimental purposes
measured 25m x 25m. A cord was used to “fence” the area and restrict its use to
the experiment’s purpose (from August 1994 to February 1995). Inside each area,
a smaller plot of 10m x 10m was marked and fenced in the same way. The location
of these smaller plots was based on a random selection.

In the large (25m X 25m) area, a complete inventory was taken of all trees with
DBH equal to or greater than 10 cm and of all agal stems with DBH equal to or
greater than 2 cm; species identification, DBH, total height, and number of agai
stems per clump were recorded. During the whole season, the weight of all agaf
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fruit bunches harvested in the area was recorded. In the smaller (10m x 10m) plots,
all agaf clumps and respective stems were labeled, to allow recording of the pro-
duction of fruit in each stem and clump, as well as to map the location of each
clump.

Each producer was trained in the experiment’s procedures and was given a note-
book to fill out during the harvest. The orientation involved a clear statement of the
goals of the experiment, the use of a scale for weighing acaf fruit bunches, and
how to record the number of agaf stems and clumps harvested. However, in the
vast majority of instances, the research team itself was present to record the har-
vesting of all the sites.

From August to December 1994, the researchers followed the major marketing
activities and interviewed middlemen, agai market workers, and producers from
other areas of the Amazon estuary. Five large local producers of agaf fruit also col-
laborated in this research with private data about production and prices of agaf
fruit. Archival research was done at FIBGE (Brazilian Institute of Statistics and
Geography), in Belém, to assess the production of agai fruit and acaf heart of palm

in the study area, region, and country.
An Overview of the History of Agai Economy in the Estuary

The estuarine economy has gone through multiple cycles during the past 150
years, but one can argue that, since the end of the rubber boom in the 1910s, only
agai resources (fruit and heart of palm) have involved as many people and had the
same economic sif,rniﬁcance.2 However, the most important aspect of the agaf
economy is the possibility it has created for caboclo populations to play a key role
in a major regional activity. Contrary to other floodplain economies (e.g., rubber,
rice, sugarcane, and cattle ranching), in which caboclos were considered only as
labor force, agaf fruit has allowed caboclos, for the first time, to play a key eco-
nomic role as producers.

Agriculture in estuarine floodplains, despite its potential (Lima 1956), has been
relatively modest in economic terms. Around 1917, immediately after the decline
of the rubber economy, rice began to be planted in floodplain areas of the estuary.
Another important cycle was marked by the sugarcane mills. Sugarcane planta-
tions were started on the floodplain in the 1920s. At that time, most plantations
occupied areas of approximately 2,000 ha. During the 1950s and 1960s, the aver-
age size increased to an estimated 10,000 ha. The sugarcane economy peaked
between 1960 and 1975 and then faded because of economic development policies
at the national and regional levels (see S. Anderson 1992). Another major eco-
nomic activity is the lumber industry, dedicated to plywood processing based on
Virola surinamensis. Timber harvesting began in the region in 1956 (A. Anderson
et al. 1993).% The emergence of this industry was a result of increased demand by
international markets as well as the breakdown of incipient floodplain agriculture.
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Figure 2, Brazilian Production of Acaf Fruit, 1974-1991

The so-called agaizacdo (after Hiraoka 1994) of the estuary symbolizes the
importance that agaf agroforestry has gained during the last 25 years in the region.
The most notable reason is the expansion of the urban market, especially around
large urban centers such as Belém. The rate of rural out-migration began to
increase drastically in the region during the late 1960s and early 1970s. The
migrants brought to the city their dietary habits, strongly based on acaf and manioc
flour. In addition, agaf could provide an affordable food source compared to other
staple foods, which were generally imported from the south of Brazil.

Belém’s population has grown from approximately 300,000 in the 1950s to
nearly 2,000,000 today, mainly composed of low-income inhabitants living in
floodplain areas surrounding the city. As shown in Figure 2, acai fruit production
increased five-fold during the period from 1975 to 1991.% According to FIBGE
data (1991), around 110,000 tons of agaf fruit are produced in the estuarine region.
Of total Brazilian production, more than 95 percent comes from the state of Par4,
although the state of Amap4 is growing in importance.® We estimate that commer-
cialization of agaf fruit generates U.S.$15 million for producers, U.S.$1.5 million
for transportation, and U.S.$3.75 million for market brokers, while processing and
comercialization of agaf juice amounts to U.S.$55 million. Overall, we estimate
that acaf fruit supports an economy of at least U.S.$75.25 million/year in the estu-
ary.® Market availability for agai, coupled with lack of immediate promise of agri-
cultural production in floodplain areas, provided new opportunities for caboclo
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populations who already knew the agroforestry production techniques for agaf
fruit. Today, agaf fruit is the most important income source for a vast majority of
riverine houscholds, as shown by data from the regions of Ponta de Pedras
(POEMA 1994), Abaetetuba (Hiraoka 1994), and the islands (e.g., [lha das Ongas)
(Anderson & loris 1992). In Ponta de Pedras (Praia Grande community), agaf rep-
resents 64 percent of household income generated from agricultural products
(including rice, beans, and coconut). In Abaetetuba, agai fruit is responsible for 50
percent of the household income of families involved in agroforestry, whereas in
Ilha das Ongas, agal reportedly represents 63 percent of the income generated by

commercial products.
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The intensification of the agai economy during the past 25 years has created a
complex socioeconomic structure based on land tenure and market access. Despite i
the overall participation of caboclo populations in agaf production and marketing, R
there are some significant aspects that differentiate caboclo producers: resource

ownership, freedom of decision making, and control over yield.
Between producer and consumer, various participants arc involved in the pro-

cesses of resource management, harvesting, transportation, market brokering,
market distibuting, processing, and exporting, as sketched in Figure 3. There are
variations among agai producers due to landholding size and conirol. Landhold-
ings can be small or medium/large. Caboclos who are small owners are character-
ized by landholdings of 1-50 ha that are used exclusively by households for
subsistence and market production. Medium and large owners are mainly urban
entrepreneurs, although a few rural caboclos have reached this status, with rural
properties of 50-200 ha. Some estates are larger than 200 ha. Despite the differ-
ences in property size, medium and large owners are both dependent on sharecrop-
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ping for production.
Caboclos who are sharecropper are part of a socioeconomic category that varies

widely in terms of origin, time of land occupation, right to resource use, and role
within the land. A dissimilar and relatively new category of producers are called
arrendatarios (lessees). Associated with lessees are the so-called apanhadores
(harvesters). They are usually landless caboclos subject to a large/medium owner
or to an arrendatario.

Acal management and planting activities are directly related to the degree of
autonomy a person has over the resource. Land tenure creates a line that distin-
guishes decision making among caboclos who are small owners and those who
are sharecroppers. Management can take a variety of pathways in relation to
intensification of production. Whereas small owners are independent in
resource management and can decide which level and means of intensification
to proceed with, sharecroppers are bound by the landowner’s decision regarding
pace and degree of intensification. The possibility of creating legal ties to a
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Figure 3. Pathways of Acai Fruit from Producer to Consumer
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piece of land and, thus, acquiring right of ownership is a frequent threat to
absent landlords. For this reason, the categorization of agaf fruit as an extractiv-
ist resource rather than as a production system can be seen as advantageous (o
landowners. Since acal management mainiains forest vegetation, it is not recog-
nized as a “benefit” (improvement) to the land in legal terms, thereby obscuring
the sharecropper’s labor input on the managed land. Although some sharecrop-
pers have the “freedom” to decide upon management strategies, they are retuc-
1ant to increase their labor input since the threat of being expelled from the land
is often presented.

Small owners, on the other hand, are generally engaged in more than one means
of management, including the management of natural stands, housegardens, and
planted agroforestry (rogado de vdrzea). Management of natural stands can also
be intensified at a significant pace. Some important reasons behind such manage-
ment are the possibility of quick expansion of the production base, an increase in
property value, an increase in income in the medium and long term, and the pos-
sibility of quick capitalization resulting from exploitation of timber and heart of

palm.
Differences in land tenure also explain the main differences between the mar-

keting strategies of caboclos who are small owners and those who are sharecrop-
pers. Two main decisions are involved: first, about the beginning and periodicity of
harvesting; and second, about to whom to sell the production. The decision on the
harvesting period is directly related to market fluctuations and household needs.
Whereas owners have autonomy in weighing the risks of waiting for better prices,
sharecroppers need to follow the owners’ schedule and decisions. Thus, share-
croppers may be subjected to selling all their production when the lowest prices
are to be had.

The second decision, market choice, has far more complex arrangements asso-
ciated with it. Transportation and marketing infrastructure has historically been
one of the main constraints on the regional economy. Distance, isolation, and
lack of access to transportation means and capital have excluded a large number
of Amazonian producers from taking part in the market without the interference
of middlemen. This circumstance has created a complex structure of middlemen
and a dependency on “intermediate” markets for both small owners and share
croppers. :

The bulk of estuarine agaf fruit production ends up in Belém, while a smaller
portion is sold to local dealers in small towns around the estuary. Belém’s main
market, “Feira do Acai,” concentrates production from all over the estuary and
from the state of Maranhdo, making it a rather large agai market compared to other
regional products. At the peak of the harvesting season, the number of agai baskets
(paneiros) in the market reaches 10,000-15,000 per day, the equivalent of 150-180
metric tons/day of fruit being negotiated for local consumption and exportation to
other parts of the country, such as Rio de Janeiro, Sdo Paulo, and Brasilia.
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The agai market is organized around brokers who share different lots on the
ground of an open area near the famous “Mercado do Ver-o-Peso” on the shore of
Guajara Bay. During the main season, one can find up to 100 brokers and about
300 manual transporters working exclusively with agai. Market price for agaf is
regulated by a combination of quantity and quality factors. Quantity regulates the
supply and demand principle, thus providing a basis for daily and seasonal price
fluctuation. On the other side, quality and point of origin of the fruit regulates the
variation in prices among brokers. Agai producers know that quality is a large con-
sideration in determining price. For this reason, they allocate a considerable
amount of time to the selection of fruit and careful preparation of each basket. Dry
and rotten fruits are discarded, as are twigs and leaves. There is also a careful
selection of “perfect” fruits for the top layer of each basket (each of which holds
about 11-12 kg of agai fruit).

The evolution of agai prices during the last decade has shown a respectable per-
formance, even when compared to all major crops and husbandry products in the
state (Brondizio 1996). Also important is the consistent market for the product
during the last decade, which shows signs of a well-structured production system.
Production has increased five-fold during the past 15 years due to management
and planting, rather than extraction from untapped sources. Increased production
and price maintenance have been followed by the emergence of a new socioeco-
nomic organization around production, distribution, marketing, and processing,
introducing a new class of producers and workers emerging from an extractivist
economy but already functioning as an agricultural category.

Acgai Agroforestry Management

Acaf agroforestry management has been the focus of a considerable number of
studies in the Amazon estuary, especially after the 1980s, when a marked increase
in fruit production could be perceived (Calzavara 1972, Lopes et al. 1982, A,
Anderson et al. 1985, Jardim & Anderson 1987; A. Anderson 1988, 1990, 1991,
1992: Murrieta et al. 1989, Jardim 1991, Anderson & Ioris 1992, Peters 1992,
Neves 1992, Jardim & Kageyama 1994, Hiraoka 1994; Brondizio et al. 1993a-b,
1994, 1996; Brondizio, Moran, Siqueira et al. 1994, Moran et al. 1994b). Despite
such attention, many aspects of acai agroforestry systems are still poorly under-
stood, such as levels of management intensity, spatial distribution of managed
areas, and associated planting techniques. This section explores some of these
aspects of management and characterizes levels of intensification based on the
inventory of 10 agaf agroforestry sites and two floodplain forest sites located
around the town of Ponta de Pedras (Table 1).

Our understanding of agroforestry management requires knowledge at two lev-
els: site-specific and land use. Whereas the study of site-specific management can
reveal the level of management applied to changes in structural and functional
characteristics of the vegetation stand, it is limited for showing the spatial exten-
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sion of these ureas Spatial unalysis of management is important in revealing spa-
tal interactions between arcas managed at different intensity levels and their
interrelationship with other tund use classes. For instance, based on a classification
of 2 1991 Landsat TM image of the study area of Ponta de Pedras, we found that,
on average, 25-30 percent ol all loodplain forest area is occupied by agaf agrofor-
estry (Brondizio et al. 1994a-b, 1996; Brondizio 1996). This figure indicates that
the areal extent of agai agroforestry represents nowadays the most economically
important land use class in the region.

Acaf palm occurs in relative abundance in estuarine floodplain forest, varying in
density and distribution depending on environmental and anthropogenic factors.
Different management and planting strategies transform these areas into agaf agro-
forestry, known locally as agaizais. The term encompasses different intensities of
management, population densities, and vegetation structure, as well as a wide
range of species compaosition.

The three main means of agaf agroforestry development are: (1) management of
nalive stands; (2) planting of acaf stands following annual or biannual crops, that
is, rogado de vdrzea; and (3} combined management and planting in native stands.

Management of native stands can be understood at two different levels: forest
stand and plant levels. At the forest stand level, thinning and weeding techniques

are used. At the plant level, management focuses on pruning techniques. During
the development of the agal agroforestry, weeding and pruning are used to encour-
age the development of seedlings and to control the density of stems per clump.
These techniques are maintained continuously over the years during the formation
of a dense agaf stand.

Planted Ac¢ai Agroforestry: The Rogado de Virzea

Rogado de vdrzea is an intensive intercropping sysiem that combines annual,
biannual, and perennial crops in a spatio-temporal sequence resembling stages of
secondary succession. This system has been described in Siqueira et al. (1993),
Moran et al. (1994b), Hiraoka (1994), and Brondizio (1996).

A rogado is prepared by slashing and burning. During slashing, species consid-
ered important, such as rubber trees, remain untouched. Once the area is burned,
careful cleaning removes unburned branches and prepares the area for intercrop-
ping. A sequence of rogado de vdrzea is presented in Figures 4, 5, 6, and 7. As
noted by Hiraoka (1994), rogados aré unique in terms of plant combinations, as
each producer can sort different spatial and temporal arrangements of planis.
However, the technique used to plant a rogado is similar among producers, as is
the end product characterized by agaf-dominated agroforestry.

Planting usually starts with a mixture of annual, short-cycle crops and biannual
species (see Figure 5). Short-cycle species such as pumpkin, watermelon, and
cucumber are dispersed around the site, while other annual crops, such as maize,
rice, okra, sesame, and sweel manioc, are planted in alternating rows or clustered

Fromt Extractivists ta Forest Faruers

Figure 5. The Second Stage of Rogado de Virzen Agroforestry,
Showing a Mixture of Annual and Biannual Crops and Fruit Trees
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Figure 6. The Third Stage of Rogado de Virzea Agroforestry,
Showing the Gradual Aging.of Bananas and Other Fruits

in particular arrangements. In addition to annual and biannual species, perennial
fruit trees. spices, and medicinal species are planted, such as coconut, papaya,
peach palm, orange, lime, cupuagu, breadfruit, and cacao, among others. By the
end of the first year, a rich diversity of economic species is in place.

The first products of a rogado are the annual species that begin producing after
the second month, such as pumpkin and cucumber. Three to four months later,
annual crops such as maize and sesame are producing. In both cases, most of the
yield is consumed by the producing households and the surplus is taken to the mar-
ket. Six months after planting, banana and sugarcane begin to dominate ground
cover, although some other species are still producing. By the end of the first year,
banana, sugarcane, and pineapple begin producing. The overall structure of the
rogado is characterized by the dominance of these species, followed by perennial
trees. After the first year, acaf seedlings begin to grow in the understory of the
banana stand, which shows the first signs of the next stage of agroforestry, char-
acterized by trees. Producers usually encourage agaf seedlings during this period
by weeding around them. Agaf seeds are both randomly sown and planted in spe-
cific spots. Agaf colonization is strengthened by dispersion of seeds from neigh-
boring agaizais, mainly during high flooding, which occasionally reaches the
rogado.

Between the first and second years, the producer harvests a wealth of bananas,
sugarcane, and pineapples (see Figure 6). Although these crops will continue pro-
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Figure 7. The Fourth Stage of Rogado de Virzea Agroforestry,
Showing the Dominance of Agaf Palm in Relation to Other Species

ducing over the next three years, productivity will fall drastically after acai over-
takes the canopy and shadows other species. As the end of the second year
approaches, agaf begins to outdo the banana in height and to dominate the area.
After the third year, agaf starts to become clearly dominant and overshadows
banana and sugarcane. Agai production begins within three-and-a-half and five
years of the establishment of the ro¢ado, when other fruit species such as coconut,
cacao, and cupuagu begin producing as well. At the end of five years, the rogado
already has the structure and composition of agaf agroforestry (see Figure 7).
Pruning is carefully carried out during this period to balance acaf clumps, usually
characterized by a wealth of offshoots. When the ro¢ado is completely developed
and carefully maintained and managed, it has a high density of agai clumps and a
relatively clear understory where fruit trees can be seen.

The development of a rogado, thus, imitates the stages of secondary regrowth
while creating an economically productive agroforestry that can be maintained for
decades. Hardwood species for household use that also have market value, such as
Virola surinamensis, are generally maintained during weeding and thinning, thus
increasing the value of the area. The technique of managing ro¢ados represents
one of the most important strategies of floodplain agricultural intensification for
the region, with the potential for providing for household consumption and repre-
senting income and increased property and resource value, while providing output

for market.
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Defining Levels of Management Intensity

Intensification of production systems on the Amazonian floodplain has been fre-
quently associated with deforestation and an increase in energy input and labor to
a given area. This approach has frequently contributed to a biased analysis of
locally developed agroforestry systems. Agroforestry systems that mimic native
forest are “invisible” in the analysis of most researchers, who employ conven-
tional measures of intensification. The result is agroforestry’s characterization as
extensive, partially extractivist, and nondependent on labor and energy input other
than for “gathering.”

Defining intensification parameters for locally developed agroforestry systems
is a challenge that requires analysis at different levels. While site-specific data on
vegetation structure, composition, and development can reveal the degree to
which intensification is taking place, it frequently fails to show the spatial partic-
ularities associated with it. By nature, the floodplain is not an indivisible tract of
land where expansion occurs in a homogeneous fashion. Rather, it resembles a
network of sites where different levels of intensification are present, composing a
mosaic of more intensively managed sites interconnected by less intensive areas.

Management can be characterized by a series of outcomes on site composition
and structure. One can perceive such changes by looking at species arrangement,
stand height, density of individuals, and basal area distribution. The unmanaged
floodplain forest areas contained 44 or 45 significant tree species, while the num-
ber of species in agaf agroforestry varies from 11 to 28—a clear change towards a
concentration of economically valuable species. In an unmanaged floodplain for-
est, the acaf importance value’ lies between 18 and 30 percent, whereas it rises to
around 70 percent in intensively managed agaf agroforestry areas. A jump in
importance value occurs soon after management starts and seems to reach a top
value after five years of management. Table 1 shows the importance values of agaf
increasing as species diversity declines with increased management. The more
managed the floodplain forest, the fewer the number of species with DBH (Diam-
ster at Breast Height) greater than 10 cm and the greater the dominance and impor-
tance value of agal. In structural terms, there is a decrease in the average canopy
height from 19.0m to 16.5m and a change in first stem height from 12.4m to
10.0m. However, considerably taller trees still occur in agroforestry areas. The
vigor of biomass, represented by basal area,8 also confirms the variation between
unmanaged floodplain forest and agaf agroforestry (Table 1). In floodplain forest,
agaf contributes less than 15 percent (< 10% in one case) to total stand basal area
and represents less than 20 percent of total individuals. As management proceeds,
acai contribution tends to increase to 50 percent of total basal area and up to 90
percent of total number of individuals. Interestingly enough, management does
not radically change standing biomass, but rather, the particular species that con-
tribute to it. Thus, it is possible to achieve intensification of management and pro-
duction without disrupting the structural-functional characteristics of the forest.
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Figure 8. 'The Density of Agai Stems and Clumps per Hectare
at Study Sites Near the Town of Ponta de Pedras, Para

In this study, we have argued that yield ci an agroforestry stand is the key indi-
cator of agricultural intensification in these systems. This criterion has led us to
ground our analysis of management levels upon the dominance of the production
unit of agai agroforestry, that is, the agaf clumps and stems. We also propose the
use of two main sets of intensification parameters associated with it. The firstis a
measure of the density of agai clumps and stem per hectare. The second is a func-
tion of management practices on the production units, such as average height,
number of stems per clump, and the contribution of agaf stems to overall site struc-
ture and floristic composition. Therefore, management should be seen as a combi-
nation of these parameters. This is important because production does not respond
only to density of production units but also to the level of maintenance of each
unit. For instance, a site with high agaf density but characterized by excessively
tall or old stems and an unbalanced number of stems per clump may have the same
yield as a lower-density site with well-managed production units,

Density of stems and clumps is the main indicator of management level, since it
reflects the dominance of the production unit in an area.® At our study sites in Ponta
de Pedras (Table 1), density of clumps and stems per hectare can be aggregated
into three main levels: low density, medium density, and high density (see Figure
8). Low density is generally found in floodplain forests, whereas medium and high
densities are present in intermediate and intensively managed areas. Under low
density conditions, there is an average of 150 clumps (450 stems) per hectare,
while this number can increase up to nine times in managed areas. Most of the
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Table 3. Acai Production Experiments: Summary
Years of Number Agai Clumps  Agai Fruit Yield  Yield in Baskets

Sites Management of Species per Hectare (kglha) per Hectare?
1 Unmanaged 31 256 1,392 116

2 10 6 656 3,568 297

3 10 5 1,216 12,240 1,020

4 5 6 896 8,904 742

5 1 14 736 2,612 217

6 2 8 1,200 6,476 540

7 1 7 656 2,984 249

8 2 7 608 3,788 315

1 basket=11-12 kg

study sites lie in the medium density class, that is, with an average of 500 clumps
and 2,000 stems per hectare, but the more intensively managed sites present more
than 800 clumps and 3,000 stems per hectare. Medium density agroforestry areas
can be achieved after five years of management and maintained over the years. It
is likely that the maintenance of productive clumps at such a density requires less
labor input than highly dense areas, while achieving substantial production.

Acgaf Fruit Production

The production pattern resulting from the experimental sites (Table 3) closely
corresponds to the patterns found in relation to level of management at the sites,
discussed earlier (Tabie 1). The three basic groups of agaf agroforestry associated
with clump density can thus be related to output production. Group 1 (site 1 only),
occurring in unmanaged sites, evidences 256 clumps/ha. In this group, yield is
around 1,392 kg/ha/yr, that is, an average of 116 agaf baskets/ha. Group 2 (sites 2,
5,7, 8), occuring in initially and intermediately managed sites, average 608-736
clumps/ha. In this group, yield varies between 2,612 and 3,788 kg/ha/yr, i.e., an
average of 269 acaf baskets/ha. Finally, Group 3 (sites 3, 4, 6), typifying more
intensively managed sites, average 896-1,216 clumps/ha. In this group, production
varies more widely, from 6,476 to 12,240 kg/ha/yr, or an average of 767 agaf bas-
kets/ha. The typically large standard deviation in this group occurs because, within
the same density group, other variables are likely to influence yield, such as years
of management (compare sites 6, 4, an 3 in Table 3), level of care in each produc-
tion unit (pruning, weeding, and planting), and yearly variation in production.
Also, the same area is likely to oscillate in production from year to year.

Estimation of the economic return of agaf fruit must take into account price vari-
ation during the harvesting season!! (Brondizio & Safar n.d.). Price is usually low
during the first half of the season, due to an abundant market supply. During this
period, price of an agaf basket ranges from 1J.5.$0.80 to U.S.$1.20. This price
increases up to sixfold by the end of the season, and it may be as much as tenfold

v
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Table 4. Productivity and Economic Return of Major Crops

Economic
Calories Return
Productivity  Yield per (US$/hal
Crops Location Data Source (kg/ha) Hectare? year)®
Rice Floodplain  Lima (1956) 4,500 15,556,500 900
Maize Floodplain  Lima (1956) 600 2,179,800 180
Beans Floodplain  Lima (1956) 550 1,870,000 319
~ Rice Upland POEMA (1994) 1,500 5,185,500 300
Maize Upland POEMA (1994) 600 2,179,800 180
Beans Upland POEMA (1994) 802 2,726,800 460
Manioc Upland Brondizio (1996) 12,000 10,266,840 960
Acaf Floodplain  Brondizio (1996) 1,390 1,267,680 150-200
(unmanaged)
Acai Floodplain  Brondizio (1996) 2,612 2,918,400 300-500
(intermediately
managed)
Acai Floodplain  Brondizio (1996) 6,476 8,390,400 700-1,200
(intensively
managed)

2Based on Franco (1987). Manioc yield is the average productivity of manioc flour.
b Average price in December 1994 (field data).

higher during the winter season. The economic return of agaf fruit is quite depen-
dent on the producer’s ability to place his harvest on the market during the period
of higher prices. This ability is much reduced for sharecropper caboclos, who
depend on the landowner’s decision to harvest during a specific period. In the
experimental sites, the economic return of fruit production was measured by tak-
ing price variation into account during the season; return was calculated according
to the percentage of production placed on the market each month (from September
to February), less the cost of transportation to market.

In agroforestry areas of low clump density, the net return ranged between
U.5.$150 and U.S.$200/ha/year, while net return in areas of medium clump aver-
aged U.S.$300-500/ha/year, and in areas of high clump density, U.S.$700-1,200/
ha/year. However, in all cases, the economic return depends on harvesting sched-
ule in relation to price fluctuation during the harvesting season. Therefore, returns
may be twice or three times higher if most of a producer’s yield is sold in the sec-
ond half of the harvesting season.

Comparison of agai production and the economic return of other crops puts
this agroforestry system in perspective (Table 4). Compared to other floodplain
crops, such as maize, rice, and beans, agai produced under intensively man-
aged agroforestry is one of the most productive, comparable only to rice and
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manioc and returning twice as much as beans and maize. However, if produc-
tion costs are taking into account, rice will show a smaller net return. Interme-

maize farming in the floodplain. Most interesting, however, is the outstanding
return provided by manioc (after processing into flour), which is greater than
that for floodplain rice. .

In caloric terms, rice, manioc (processed into flour), and intensively managed
acal are the most productive crops. Agai agroforestry areas may yield as much as
six times more agal fruit than floodplain forest areas. It is important to note that
agal fruit and manioc flour make up more than 50 percent of the total caloric intake
of the average rural household, while rice is not a significant item in the caboclo
diet (Siqueira & Murrieta n.d.). The productivity and high economic return of agai
fruit, in addition to its nutritional importance, indicate the significance of this crop
for caboclo households and the region as a whole.

DISCUSSION
Application of Intensification Models to Agroforestry Systems

The application of conventional measures of intensification to Amazonian
agriculture and agroforestry is hampered by numerous constrains. These limita-
tions are not unique to the study region; they are germane to most small-scale
agriculture in the wopics. A primary problem is the focus on a single agricultural
activity instead of land use systems into which an agricultural field fits as part of
a larger economic/subsistence strategy. This statement brings us back to two
ideas discussed above: (1) the importance of seeing agriculture within a spatial
context, and (2) the co-existence of intensification and deintensification of agri-
culture as part of a larger land use strategy (Netting 1993, Guillet 1987). These
points can be illustrated by a large body of literature on Amazonian floodplain
populations showing more intensive use of the floodplain associated with exten-
sive (i.e., less intensive) swidden in the upland, both correlated with other eco-
nomic activities, such as fishing, extractivism, hunting, and cattle ranching
{(Meggers 1971, Moran 1989, Roosevelt 1989, Denevan 1984, Hiraoka 1985,
Padoch 1989, Brondizio et al. 1994a, McGraph et al. 1994, Chibnik 1994,
Brondizio 1996).

The most problematical application of intensification models concerns agrofor-
estry activities, especially in cases such as agaf agroforestry, where the differences
between agroforestry systems are the result of management and planting, and
where unmanaged forest is generally overlooked in agricultural analysis. Intensi-
fication models are inadequate to evaluate agaf and other agroforestry production
systems, due to five main issues: forestry structure, technology, spatial dimen-
sions, “hidden harvest,” and floodplain cycles, explained below,

From Exiractivists to Forest Farmers

Forest Structure

-~ “Themostseriousconstraint on an understanding of agaf agroforestry using con-

ventional measures of intensification concerns forest structure and frequency of
production. This constraint arises because this system does not fit into intensifica-
tion measures, such as Boserup’s (1965) “frequency model,” which designated the
cleaﬁng of forest and fallow areas as the beginning of the production process.
Indeed, agai agroforestry may be assigned to both extremes of Boserup’s model. In
the first place, management of floodplain forest does not replace forest with bare
soil. In other words, it does not follow the conventional agricultural path of defor-
estation-crop-fallow commonly used to assess intensification in a production sys-
tem. Rather, management transforms forest into forest, changing not its ecological
structure and function but the dominance and diversity of economically desirable
species. As a result, an agaf stand resembles (to an outsider) an ordinary forest and
not an agricultural site. There is no category such as food-productive forest in con-
ventional intensification models and, for this reason, an agai agroforestry area may
be characterized as “unproductive land” or, as is commonly said in the region, as

extractivist forest.
A planted agaf agroforestry area (i.e., one derived from a rogado de vdrzea), as

described earlier, may be characterized as one of the most intensive extremes of
Boserup’s (1965) frequency model. A rocado de vdrzea produces short-cycle
crops (e.g., rice, maize, squash) during the first months, continues with annual and
bi-annual crops (e.g., banana, sugarcane, pineapple), and then produces a smaller
quantity of fruit trees (e.g., pupunha, citrus, coconut) and larger quantities of agaf
fruit. Production in this area may be continual and uninterrupted in the long
term—as long as management is maintained. In other words, this production sys-
tem fits neatly into the more intensive, multi-cropping category of Boserup’s
(1965) model. In mature agaf agroforestry, however, one cannot discern whether
the stand results from forest management or whether it is an advanced stage of a
rogado de vdrzea. Thus, application of Boserup’s (1965) model to define intensi-
fication of agaf agroforestry is highly paradoxical, placing it at both extremes of
intensification—continual cropping and non-cropping—and failing to incorporate
its long-term efficiency and productive capacity, which are the result not of high
technological, labor, and capital inputs but, instead, of locally developed manage-

ment technology.

Technology

It is commonly said that caboclos have inherited the agricultural knowledge of
pre-Colombian populations with regard to floodplain agriculture (Moran 1989,
Hiraoka 1992). Even if that is true, their application of this knowledge has been
shaped by both historical factors (e.g., extractivistic economy) and available mar-
ket opportunities. Agal agroforestry is part of this process. As a result of increased
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rural migration to urban centers, the demand for acaf fruit has increased exponen-
tially in the last 25 years, creating a prosperous market for the fruit. The wide-
spread natural occurrence of agaf palm in the floodplain, associated with its great
productivity, makes agaf highly responsive to management. Management occurs at
the species level, gradually affecting the vegetation as a whole, making these areas
hardly distinguishable from floodplain forest to an outsider. Agaf producers have
managed, concurrently, natural populations in floodplain forest and intensively
planted agai palm in floodplain areas (i.e., rogado de vdrzea) in conjunction with
annual and perennial crops. The relatively low labor requirement of such tech-
niques, with virtually no specialized tools, characterizes it as a technologically
very simple system when compared to conventional horticultural production, for
instance,

In general, a rogado de vdrzea follows a development similar to forest succes-
sion by starting with annual crops interplanted with a few slower growing species
of fruit and native trees. This production system combines the functional and
structural characteristics of the forest with economic returns of agroforestry. Dur-
ing the first three years, the area produces grains, tubers, and fruits uninterrupt-
edly, until they are replaced by a mature agaf stand that shades out other species.
Once an agaf agroforest is in place, its production will be continual as long as
appropriate management is maintained—not only of agaf fruit, but of heart of
palm, as well. Only axes and machete are used to prepare and maintain these areas
but, while technologically simple, this process involves highly specialized knowl-
edge about the species and vegetation-soil interactions. Therefore, any account of
the technological input in this systems cannot rely simply on a comparison with
energy-intensive agricultural technology, but should include considerations of
accumulated management knowledge, specialized labor, efficiency of production,

and sustainability.
Spatial Dimensions

The spatial distribution of agaf agroforestry consists of a complex patchwork of
production sites interconnected by both managed and unmanaged forest. Inten-
sively managed and planted agaf agroforestry may be perceived as a result of the
dominance of agaf palm. However, areas under management as well as transitional
rogado de vdrzea (e.g., from annual to perennial crop) tend to be confused with
unmanaged forest or secondary succession. Therefore, assessment of the manage-
ment intensity of agaf agroforestry cannot be achieved through site-specific inven-
tory alone, but must incorporate analysis of the spatial dimensions and
interrelationships between areas under different levels of management.

Three levels of management have being described in relation to both site-spe-
cific structure and spatial arrangement: unmanaged, intermediately managed, and
intensively managed (including planting areas resulting from rogado de vdrzea).
These levels are not only a measure of the density of agaf clumps and stems in an

r
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area, but also reflect their spatial extent. Unmanaged areas are generally contigu-
ous stretches of floodplain forest, which, structurally and functionally, are not
dominated by agai palm, but where agaf may be a prominent species, In contrast,
intensively managed agroforestry areas are clearly dominated by agaf palm. Defin-
ing the intermediary level of management requires an understanding of both site-
specific dominance of agai palm and the spatial connections between intensively
managed and unmanaged areas. In short, intermediately managed areas consist of
sites of intensively managed areas that are neither contiguous nor continuous, but
which are interconnected by unmanaged forest. Thus, intermediately managed
areas indicate a progressive expansion of intensively managed areas that become
interconnected as management proceeds. Although site-specific assessment can
reveal the level of management applied to change the structural characteristics of
the vegetation, it affords only limited insight into how intensification of manage-
ment proceeds in spatial terms. In summary, such a pattern of progressive expan-
sion of intensive sites poses a challenge to straightforward measures of
intensification based on input (energy, labor, capital) per unit of area and to mea-
sures of crop frequency based on the contrast between productive and non-produc-

tive areas.
“Hidden Harvest”

The subsistence economy of tropical agriculturalists involves more than edible
products (Ellen 1982). The literature on non-timber products of tropical forests
has flourished in the last few years, as has the search for alternatives to deforesta-
tion and for better knowledge of local economic strategies (Plotkin & Famolare
1992, Nepstad & Schwartzman 1992, Hecht et al. 1988, Lescure et al. 1994).
Although sometimes considered almost impossible, taking into account the whole
range of agroforestry products is fundamental to understanding the relevance of
these areas in terms of supplying the household with food, raw materials, and
medicine, and providing market opportunities sometimes even more lucrative than
market crops. A good example is Hiraoka’s (n.d.) work in the estuary, showing the
importance of miriti (Mauritia flexuosa) to household income. There, the market-
ing of miriti fruit represents 13-15 percent of total household income.

Secondary output of agai agroforestry involves both household and market
products with variable values. Raw materials such as fibers and stems, used in
building houses and fish traps, contrast with highly valuable hardwood. Although
the market value of hardwood may be easily assessed, such assessment is much
harder for non-timber products. Nevertheless, studies have shown that these latter
account for a considerable part of the local economy, and in some cases they may
exceed other activities, such as agriculture and ranching (Peters et al. 1989, Hecht
1992). In summary, access to a large portfolio of timber and non-timber products
present in agroforestry areas increases market independence in terms of raw mate-
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rials and constitutes an important part of both household and market economy that
should be considered when accounting for agroforestry productivity.

Flooding Cycles

Another contradiction in the use of Boserup’s (1965) model to define the inten-
sification of floodplain agriculture is noted by Chibnik (1994), based on his work
in the Peruvian Amazon. He noted that the cropping frequency model does not fit
the floodplain cycles, since agriculture is regulated by the seasonal rise and fall of
rivers. In addition, production in these areas varies yearly largely due to environ-
mential conditions, rather to variation in technological and labor inputs. This vari-
ation is less of a problem in the estuary, where flooding is regulated by the daily
tides, but it is true for most of the Amazonian floodplain, which is seasonally
flooded. In summary, the comparison of cropping frequencies is not adequate in
this circumstance, and even yield needs to be considered as a variable less depen-
dent on technology and capital input and more strongly dependent on environmen-
tal variables, such as annual rain or flood pattern.

OVERCOMING CONTRADICTIONS:
CABOCLOS AS RURAL PRODUCERS

In the context of creating a new economic development concept based on social
Justice and environmental grounds, it is important to modify our conception of
caboclos as a social category. In this sense, Netting’s (1993) contribution is enor-
mous. Although he avoids the term “peasant,” probably because of the negative
connotation attached to the concept, he has contributed to redefining peasant cat-
egorization by calling attention to the important role peasant farming plays in the
world’s agriculture. The characteristics pointed out by Netting (1993) to typify the
smallholder are useful for understanding the analytical concept of “peasant.” Peas-
ants are a rural population; they produce for themselves but also produce for the
market; their economy depends on family labor, but they often employ themselves
off their farms in a market economy and employ others as needed; they are not spe-
cific to any historical time or geographic place, i.e., they existed before capitalism
and probably will exist “after” it in different parts of the world. As a social cate-
gory, they are not “inexorably” doomed to disappear, nor they are a homogeneous
group. The social, cultural, and environmental diversities of this social category
must be recognized and taken to account. As rural producers, they are an important
social category of contemporary societies and, as such, they need to be recognized,
especially by the political authorities who control the economic and development
policies in rural areas.

In summary, redefining caboclos’ identity as rural producers in the sense of Net-
ting’s (1993) small farmer is an important step towards overcoming the prejudices
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entailed by the very term “caboclo.” Recognizing the role they play in regional

agriculture and food production may contribute to a shifi from seeing their pro-
duction system as extractivist toward seeing it as nothing less than forest farming.
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NOTES

1. FIBGE (Fundagao Brasileira de Geografia e Estatfstica) defines vegetal extractivism thusly: “It
is the process of exploring natural vegetation resources that comprises gathering or harvesting of prod-
ucts such as wood, latex, seeds, fibers, fruits, and roots, among others, via rational means, allowing a
sustainable production over time or, in primitive and itinerant form, allowing, usually, a single harvest”
(our translation). The limits of the term extractivism for characterizing agaf agroforestry have been
briefly discussed in the studies of A.B. Anderson et al. (1985) and Anderson (1990, 1992) in the estuary.

2. We concentrate our analysis on the forested areas of the estuary, but it is important to point out
that cattle ranching on Marajé’s grasslands is of major significance, as is fishing in the estuary.

3. Anderson et al. (1993) estimate that Virola suranimensis industry generates an economy of
US$ 50 million/year; a government publication, Pard Rico por Natureza (1993) estimates that expor-




.

272 EDUARDO S. BRONDIZIO and ANDREA D. SIQUEIRA

tation of heart of palm in Pard is responsibie for an economy of U.S.$30 million. However, taking into
account all the sectors of the heart of palm industry, Pollack et al. (1994) estimated that it alone con-
tributes approximately US$ 300 million to the estuarine economy.

4. The quality of agai fruit production data provided by FIBGE is highly suspect. Among the

problems is the reliance on daia from Belém’s market and the lack of systematic data collection in
Belém and other parts of the estuary. To our knowledge, there are no systematic daily and seasonal sur-
veys of agai market and production fluctuations; another problem is the informality of the sector, which
makes it barely quantifiable by traditional statistical methods. However, FIBGE data can be of practical
use in understanding the growth pattern associated with the agai fruit economy and the overall figures
of agaf production in the region. Data on heart of palm are expected to be more precise, since this prod-
uct is highly controlled by industries and distributors, and it is an important export product for the state
of Pard.
5. During the last decade, the state of MaranhZo has also been increasing its participation in the
market, including Belém. Ponta de Pedras is responsible for around 30 percent of total production,
which makes it the main supplier of fruit. However, during the last decade other municipalities in the
estuary, such as Camet4 and Abaetetuba, have made a greater contribution. Of equal importance is the
participation of the estuarine islands (regido das ilhas), especially those located near Belém.

6. These figures assume that the average price of an agafl basket (around 12 kg) in the estuary
equals U.S.$1.60. The cost of transportation corresponds to 7-10 percent of total basket price. Agai
market brokers work with a 25 percent profit margin on each basket. The average juice production of
one agaf fruit basket is 6 liters. The average price of one liter of agaf juice equals U.S.$2.00. This does
not take into account the amount and the economic significance of agaf consumed directly by riverine

households.
7. Importance value is a index calculated by averaging relative density (abundance), relative fre-

quency (spatial distribution), and relative dominance (biomass) of a species in a given vegelation stand,
providing a means of balancing the different characteristics of a species in the plant community.

8. Basal area is the cross-sectional area possessed by a tree trunk. DBH (Diameter at Breast
Height) is the most pratical way of assessing basal area. Basal area is one of the most widely used indi-
cator of species dominance (i.e., biomass).

9. There are different accounts of stem and clump density for different areas of the estuary.
Calzavara (1972) reports areas of heart of palm (and agaf fruit) production with the highest densities
among all accounts. In an experiment, he describes the occurrence of more than 9,000 stems per hect-
are, divided roughly equally between small, medium, and large stems. Assuming the figure of approx-
imately 5 to 6 stems per clump, we would find up to 1,500 clumps per hectare under such conditions.
Hiraoka (1994) describes an average of 600 to 650 clumps per hectare in Abaetetuba. Jardim &
Kageyama (1994) describe a population of 232 clumps and 540 stems at a 1.5 ha site in Combu Island
in an unmanaged area. Lopes et al. (1982) report an average of 600 stems per hectare in an unmanaged
floodplain forest, and about 625 clumps and 3,750 stems per hectare in a managed forest, Jardim &
Anderson (1987) describe different densities, depending on management strategies; they found that
management can increase clump density up to 50 percent. The same situation is described in Anderson
(1990), who notes that an area of 0.25 ha in unmanaged forest may have 100 clumps (around 400/ha),
and a managed forest, 163 clumps (around 652/ha). It is important to note, however, that both of these
accounts seem to focus only on the first two years of management.

10.  Some comparisons can be made between the production figures from Ponta de Pedras exper-
imental sites and other sites reported in the literature. For instance, considering the number of clumps/
ha (between 131 and 200) presented by Jardim and Anderson (1987), yield is consistent between the
two studies. While their estimates range from 1,158 to 2,437 kg/ha/yr, this work presents an average of
1,390 kg/ha/yr for the same density of clumps. The same analogy seems to be true of the work of Peters
(1992). Compared to Hiraoka’s (1994) work, however, similar density of clumps (550—650/ha) cor-
related with lower output production in Ponta de Pedras. While he estimates an average production of
8,250 kg/halyr, we found an average of 3,200 kg/ha/yr in areas of similar clump density. However, it
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should to be considered that Hiraoka’s estimate is derived using the assumption of average production
of agaf baskets per hectare (approximately 550) and on an average basket weight of 15 kg. As men-
tioned before, the average basket weight measured in Ponta de Pedras was 11.3 kg, not 15 kg. By
changing this figure, his estimate drops from 8,250 10 6,215 kg/halyr, a figure closer to that of Ponta de
Pedras. There are no data available to compare highly intensive sites, that is, those with clump densities
greater than 900 individuals/ha. At this level, the data indicate an average production of 9,206 kg/ha/
yr. a figure similar to that initially presented by Hiraoka. This suggests that Hiraoka's data may come
from intensively managed sites.

1. The production season starts generally in August or September and streaches until late January
or February, depending on the year. This period is called summer harvesting season. A winter harvest-
ing season of much less intensity occurs between March and June. Winter season, although less pro-
ductive, is very important for ensuring household supply of fruit; it also provides an additional income,
due to the high market price of agaf during this time. The standard measure of acaf fruit is the basket,
locally called “paneiro.” A basket correspond to about 12 kg of fruit.
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