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Abstract

This paper examines the impact of early market integration on the extraction of forest resources by traditional
forest-based households, with emphasis on the commercial-subsistence dichotomy. Empirical analysis of resource use
transition among the Huaorani People of the Ecuadorian Amazon shows that as markets become more accessible
production patterns change but do not seem to affect subsistence production. Huaoranis increase the production of
animal resources from forests. However, the extraction of harvested and primarily of farmed commodities seems not
to be affected. Data also suggest that trade relies on limited specialization. Trade among the Huaorani communities
studied depends on raising the production of some of the same commodities that are found in the subsistence basket.
These changes are clearly explained if a flexible-labor theory of early market integration is used. This period is
characterized by labor and land abundance and a relative ease to move labor from low return to more productive
activities. Under these conditions, market participation need not be accompanied by a reduction in the production of
subsistence commodities or commodity specialization. High risks and uncertainty and high transportation costs keep
poor forest households from shifting completely to commercial activities. This contrasts with a long presumption that
production of individual commodities responds quickly to price changes, based on demand shifts between products,
but that total output is slow to respond. Only after all the surplus labor has been allocated to productive activities
total output becomes less flexible. At this point increased production requires commodity or technological specializa-
tion. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Commodity exchanges have long occurred
among tropical forest societies as a means to
obtain resources not available locally (Bailey et
al., 1989; Headland and Reid, 1989; Stiles, 1994).
Forest resources are today traded by traditional
peoples in surrounding markets based on cash
and market transactions more often than on
barter or commodity exchanges. This is the result
of reduced isolation, higher population densities,
and, most of all, the development of commodity,
land and labor markets in and around traditional
territories. However, it is still unclear how forest-
based communities change their traditional use of
local resources as markets become more accessi-
ble, trade increases, and as household incomes
rise. Advances in the theory and analysis of the
impact of income and market accessibility on
resource use shifts in tropical areas are primarily
based on the empirical examination of stages
when access to markets and adopted commercial
commodities already play a significant role in
traditional households’ budgets (Behrens, 1992;
Godoy et al., 1992; Behrens et al., 1994; Godoy et
al., 1995; Henrich, 1997).! A fundamental element
of these theories is the trade-off between commer-
cial and subsistence production. Market participa-
tion and income generation are said to take place
at the expense of subsistence production. Because,
with few exceptions (Hart, 1978), early stages of
integration have not been studied, it is unclear to
what extent these accurately describe resource use
shifts among traditional forest-based households
who are just beginning their participation in and
have limited access to markets, but among which
household budgets include a cash (i.e. income)
component.

Furthermore, Godoy et al. (1992, 1995) and
Redford and Robinson (1987) note that while
much work has been done on the transition from
hunting and gathering to horticulture and pas-
toralism, little effort has been dedicated to mea-

! The term household income is used throughout this paper
to refer to cash flows from trade, while household budget
refers to the value of all resources available to a household,
including commodities produced for subsistence.

suring changes in the composition of goods
extracted from the forests as economies modern-
ize and specialize. Often, studies have emphasized
only one type of resource (e.g. plants) or data
have been gathered for short periods of time,
hence not reflecting seasonal variability in forest
and agricultural product availability.

This paper examines the impact of market inte-
gration and accessibility and increasing incomes
on the extraction of forest resources in isolated
forest-based households, with emphasis on the
commercial-subsistence dichotomy. A flexible-
labor framework of early market integration is
proposed here for this period, which complements
the theories developed for later stages. An analy-
sis of resource use transition among the Huaorani
People in the Upper Amazon forest of Ecuador
provides empirical detail to these propositions.

2. Frameworks of resource use change in tropical
regions: the issue of labor scarcity

Macdonald (1981), Godoy et al. (1992, 1995),
Behrens (1992), Behrens et al. (1994), Stearman
and Redford (1992), Hammond et al. (1995) and
Henrich (1997) have examined various factors
related to the shift from subsistence to commer-
cial production among tropical communities. In
general, their propositions about resource use
changes during market integration agree in the
following major conditions:

1. Market integration and income generation take

place in labor scarce environments. Most analy-

sis of resource use shifts and market integration
among forest-based societies implicitly or ex-
plicitly assume that total output is constant and
that changes in commodity composition are
constrained by a variety of factors. Of these the
most important is labor. Changes in the quanti-
ties of commodities produced respond to re-al-
locations of labor, and this in turn responds to
changes in the marginal return of competing
activities. Labor is moved from low return ac-
tivities to high return activities. In this way, by
reducing the labor allocated to the activity with
the lowest marginal return there is a net posi-
tive gain from the production of another com-



R. Sierra et al. / Ecological Economics 30 (1999) 107—119 109

modity with a higher return. This condition is
exemplified by the work of Locay (1989) and
Behrens (1992), who assume constant labor in
their analysis. Binswanger and Mclntire (1987)
describe  similar conditions for frontier
agriculture.

ii. Increased incomes are accompanied by labor
and commodity specialization. Changes in the
opportunity cost of labor or in the relative
value of the commodities produced fosters spe-
cialization in those activities with the highest
marginal return and a drop in the number of
commodities produced. In turn, specialization
can lead to substantially increased incomes
(Padoch et al., 1985; Behrens, 1992; Humphries,
1993; Hammond et al., 1995). Increased income
facilitates the adoption of new technologies and
progressive specialization to offset high transac-
tion costs (i.e. low yields per unit of area) and
labor scarcity. On the output side, specializa-
tion results in increases in the volume of com-
mercial commodities extracted from forests or
farmed by traditional communities. Specializa-
tion on traditional forest commodities also in-
creases the value of the forest value per unit of
area and causes a reduction in the area ex-
ploited, even if more forest is still available
(Godoy et al., 1992, 1995).

iii. Commercial production occurs at the expense
of subsistence production. The combination of
conditions 1 and ii is critical, because it deter-
mines that an increase in the production of
commercial commodities must be accompanied
by a drop in the production of subsistence
commodities. Increases in the opportunity cost
of forest laborers cause less labor to be allo-
cated to subsistence activities and proportion-
ally more labor to commercial production. This
can occur in two ways. The first one is the
replacement of subsistence commodities with
non-traditional cash crops. Producing these
crops requires land and labor. Land is abun-
dant and can be obtained from clearing forests,
so it is not a constraint. Labor, on the other
hand, needs to be removed from subsistence
activities. The second avenue is by the increase
in the trade of traditional forest commodities,
which also requires a reduction in subsistence
consumption and specialization.

Empirical work shows ambiguous support for
these propositions. For example, Behrens’
(Behrens, 1992) study of Shipibo Indians found
commodity specialization and the formation of
local markets based on exchanges between agri-
cultural households and hunting households and
the creation of a labor market. However, the
study by Godoy et al. (1995) of Sumu Indians of
Nicaragua did not find evidence of specialization.
The number of commodities produced did not
drop when trade occurred. Behrens et al. (1994)
found that land and forest area per capita de-
creased with production for markets in a study of
the Bari of Venezuela. In contrast, Godoy and
Lubanski (1991), based on a study by Padoch and
De Jong (1990) who found that local people in the
Brazilian Amazon extracted only 2.5-3.5% of the
total value of the forest, suggest that intensifica-
tion of extraction is possible without increasing
the area exploited.

The third proposition is supported by several
studies. The study by Kanoeka and Solberg
(1997) of the relationship between deforestation,
population growth, and farming systems in Tan-
zania, for example, concluded that diversions of
family labor to commercial production are ac-
companied by a drop in the labor available for
subsistence production. Behrens (1992) study of
the Shipibo Indians of Eastern Peru analyzed
labor allocation using two major types of com-
modities: purchased goods, which require trade
and, often, monetary exchange, and locally pro-
duced consumed goods. Behrens found a negative
correlation between cash cropping and subsistence
hunting and gathering. The labor allocated to
traditional activities (including hunting and gath-
ering) dropped as cash crops were adopted. An-
other study, by Alcorn (1984), notes that the shift
to commercial agriculture is accompanied by a
deterioration of diet among subsistence
communities.

3. Research approach
3.1. The empirical model

An empirical model was developed to evaluate
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two summary propositions for the early stages of
market integration. These are: (1) market inte-
gration and income generation relies on the in-
crease of production of commercial commodities
and on the decline in production of subsistence
commodities; and (2) expansion of commercial
production requires specialization.

Godoy et al. (1992) suggested that an appro-
priate approach for such analysis would be to
study two culturally comparable communities liv-
ing in similar environments but with different
levels of dependence on cash income. This study
used three sets of households living in the same
general area but with different levels of market
interaction possibilities, based on their relative
locations to markets. Similar cultural back-
grounds allowed to normalize for potential varia-
tion in resource use patterns. Still, limited
variability in resource endowments and in the
level of market integration is a positive factor for
this analysis.

Two regression models examine changes in re-
source extraction patterns among the Huaoranis
associated with rising incomes and market acces-
sibility. The role of the three types of commodi-
ties in the generation of income among Huaorani
households is examined by:

HOUSEINC = a, + a; WHUNTIND
+ a;WHARVIND
+ a,WFARMIND (1)

where: HOUSEINC, total estimated income for
each household in US$ for the study period;
WHUNTIND, total weight, in kilograms, of ani-
mal products from hunting and fishing per adult
individual in a household for the study period;
WHARVIND, total weight, in kilograms, of har-
vested timber and non-timber products from the
forest per adult individual in a household for the
study period; and WFARMIND, total weight, in
kilograms, of farmed commodities per adult indi-
vidual in a household for the study period.

Eq. (1) represents the proposition relating in-
come with increased extraction of traditional
forest resources and limited specialization. Ex-

traction of forest resources is measured as the
total weight hunted, extracted or harvested by
each household of the three communities studied.
The use of weights as independent variables per-
mitted to avoid several statistical issues: circular-
ity (explaining income with income) and the
significant price variability among commodities
traded (bargaining is a common practice). More
importantly, this permitted the analysis of the
relationship between income and production, in-
cluding the production of non-traded (i.e. non-
priced) commodities.

Further detail about the impact of market in-
tegration on both commercial and subsistence
production is provided by following set of equa-
tions:

WHUNTIND = a, + a, THUNTIND
+ a;HUNTEFFI
+ a,MARKTDIS )

WHARVIND = a, + a, THARVIND
+ ayHARVEFFI
+ a,MARKTDIS 3)

WFARMIND = a, + a;TFARMIND
+ asFARMEFFI
+ a,MARKTDIS @)

where: WHUNTIND, WHARVIND and WFAR-
MIND are as defined in (Eq. (1)); THUNTIND,
total time spent by each adult individual in each
household in hunting during the study period;
THARVIND, total time spent by each adult indi-
vidual in each household in harvesting forest
products during the study period; TFARMIND,
total time spent by each adult individual in each
household in farming during the study period;
HUNTEFFI, hunting efficiency, measured as the
average weight of animal products taken per
hour by each adult individual in each household;
HARVEFFI, harvesting efficiency, measured as
the average weight of forest products harvested
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per hour by each adult individual in each house-
hold; FARMEFFI, farming efficiency, measured
as the average weight of farmed products har-
vested per hour by each adult individual in each
household; and MARKTDIS, normalized distance
from household to most frequent market.

This set of equations examines the linkage be-
tween labor allocation (i.e. time) and increased
production in each of the three groups of com-
modities. The efficiency variable is expected to
account for differences in local resource endow-
ments and the relative ability of producers to
extract some products in better conditions than
others. Market opportunities are represented by
the normalized distance to the nearest market and
measures the relative cost of bringing production
to markets. It is also assumed to, indirectly, ap-
proximate the level of the stimulus markets
provide to change production patterns. A com-
plex least cost path was calculated for each pro-
duction origin to each market destination, based
on a cost-surface representing the relative costs of
the various types of transportation required to get
to and from markets. River transportation was
assumed to be twice as costly as road transporta-
tion per unit of distance (250 m). The cost of river
transportation was estimated to be half that of
terrestrial (i.e. walking) transportation. At first
glance this may sound as an over-estimation of
road transportation costs. However, this is a rea-
sonable assumption because the cost of road
transport is sharply increased due to low traffic
flows along the isolated road the Huaorani have
access to. This approach varies considerably from
previous studies, in which the impact of access to
markets has been assumed to be a constant or
estimated as a one-dimensional variable (i.e. as
the crow flies; Hart, 1978; Padoch, 1988; Behrens
et al., 1994).

3.2. The Huaorani of the Ecuadorian Amazonia

The Huaorani people live in the rain forests of
Upper Amazonia in Ecuador. The Huaorani
number less than 1000 and have maintained a
significant level of self-imposed isolation until re-
cently. Yost (1979) characterized them as an inter-
rivers group because their traditional territories

were bound by big rivers. Furthermore, canoes
were not constructed or used nor fishing an im-
portant source of protein until recently. Most
animal protein was obtained through hunting
forest animals. Traditionally, the Huaorani lived
spread over a very large territory, with family-
based clans using temporary settlements and in an
almost complete subsistence economy.

In general, contact with westerners, mostly mis-
sionaries, is very recent, dating to the 1950s (Ca-
bodevilla, 1992). Some of the more isolated
groups did not even have dogs by the early 1980s
(Yost and Kelley, 1983). Encroachment on their
traditional territory by colonization and oil devel-
opment is even more recent, beginning in the late
1970s in some areas and the late 1980s in others.
Since then, the impact of oil jobs and related
economic opportunities (e.g. markets for meat)
and missionary activities has resulted in important
changes for a large segment of the population.
Many now live in a few newly formed towns,
although these are still located along rivers and
often, far from road access. Other groups, how-
ever, continue to avoid contact with outsiders.

3.3. Study area and data

Data on all products consumed and traded by
64 households in and around the Huaorani com-
munities of Cacataro, Quehueiri-ono and Tiguino
were collected for a 9-month period (Fig. 1).
These settlement arecas existed before any road
entered the region (Yost and Kelley, 1983). By
1995 each had a different level of integration to
markets. The closest to a market is Tiguino,
which is near a dirt road with sporadic traffic,
mostly by oil company trucks. Cacataro is far
from any road, but is only a few hours walk from
a major river, which in turn provides access to
markets. Quehueiri-ono is the most isolated of the
three and during this study was accessed using
helicopters. Data for 47 of these households were
considered reliable and included in this study
(n=6, 28 and 13, respectively). Income was esti-
mated through periodic interviews about the cash
value of the different types of commodities traded
by each one of these households. Commodities
traded varied drastically both in type and prices
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and in time. Income was not discounted for the
cost of transportation.

For analysis, commodities produced were
grouped into three categories: hunted, harvested
and farmed. Given the very large number of forest
resources used, grouping commodities was critical
for statistical analysis of the relationship between
markets, income and subsistence and commercial
production. However, commodities in each group
were fairly homogenous among the three study
areas. In general, there seems to be limited vari-
ability in the type of resources extracted from or
hunted in the forest by traditional societies in this
region. This is consistent with other studies about
the use of resource by traditional households liv-
ing in the Amazon rain forests (Hames, 1979;

Yost and Kelley, 1983; Vickers, 1988; Hammond
et al., 1995).

4. Results

Regression results from model (1) show that
increases in income depend on expanding the
production of a particular set of commodities but
that the production of others is not affected
(Table 1). Income is strongly related to the pro-
duction of animal products, and to a lesser extent
to harvesting forest products, but is not related to
farming activities. Among the Huaorani, hunting
focused on mammals, primarily woolly monkeys
(Lagothrix lagothricha) and collared peccaries
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Table 1

Coefficient estimates for commodity factors affecting income among Huaorani households

Variables* p Coefficient t P-value

Dependent Independent

(1) HOUSEINC WHUNTIND 0.54 4.123 0.0002
WFARMIND —0.08 —0.627 0.5339
WHARVIND 0.27 2.007 0.0510

&N =47

(Tayassu tajacu). These were used for consump-
tion, but were also sold as meat and sometimes as
pets. Many species of birds, especially guans and
parrots, were also captured for food or sold as
pets. Harvested production was traded less. The
Huaorani exploited 76 plant species in 31 families;
60.1% of which were used as food, 13.1% for
construction purposes, 4.8% for fuel wood, 2.9%
for medicinal purposes, and 1.6% for other users.
Only the remaining 17.5%, used for crafts (e.g.
natural fibers), dyes, and the like, were sometimes
sold in nearby markets. Farmed products offered
a good example of subsistence commodities, as
these were rarely sold or traded, and had almost
no impact on household incomes. The Huaorani
cultivate swidden fields with a small number of
staples, primarily manioc (Manihot sculenta) and
banana (Musa sp.), and include managed wild
crops, such as fruit trees. Manioc and bananas are
widely produced and producers with high trans-
portation costs, such as the Huaorani, are at a
disadvantage. The specific types of commodities
affected may, however, vary from place to place.

The relative independence between market ac-
cess, and hence commercial production, and sub-
sistence production is confirmed by results of Egs.
(2)—(4) (Table 2). Only hunting is clearly affected
by access to markets. The closer a household is to
a market the more animal resources it would
extract from the forest. The production of har-
vested or farmed commodities is not affected by
market access. Commodity production per indi-
vidual is directly and strongly related to the time
spent producing all types of commodities. Individ-
uals and households increase the production of
certain commodities by putting more time on

these. This is important, because if time were a
major productive constraint, income should be
significantly but negatively related to income in
model (1). The fact that it is not shows that
commercial production did not affect non-com-
mercial (i.e. subsistence) production among the
Huaorani. This in turn suggests that intensified
production draws upon unused productive re-
sources. Models (2) through (4) suggest that time
is such a resource. To be sure, the ability of
producing more per unit of effort (i.e. per hour) is
also a key factor explaining increases in output.
Efficiency is related to environmental and re-
source endowment variability and other factors,
such as skill development and technological
change, but these were not studied here. In the
case of the Huaorani it probably reflects techno-
logical change more than commodity changes.
Interestingly, shotguns, the easiest technological
adoption, are something relatively new among the
Huaorani, and their value is not always certain as
using them scares other potential prey. Further-
more, due to isolation, ammunition is difficult to
come by. It is also rare to find other types of
technological adaptations, like the use of flash-
lights for night hunting, common in other forest
groups in the area, such as the Cofanes and
Sionas (Yost and Kelley, 1983). According to
Yost and Kelley (1983) the use of dogs is proba-
bly the most important adaptation because it
increases hunting efficiency significantly. Dogs
first appeared among the Huaorani in the mid-
1970s.

Data also show that initial market integration
is based on limited specialization. Animal prod-
ucts traded were the same as those used for
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subsistence, as in the case of woolly monkeys and
peccaries, but the amount produced rose as mar-
ket opportunities increased. If the households in
each of three study areas are grouped, the total
number of animal species hunted (not including
fish species) ranges from 41 to 72, with the lowest
number in Cacataro, an area with an intermediate
level of isolation, and the highest in Quehueiri-
ono, the most isolated of the study areas. This is
similar to the data in Yost and Kelley (1983), who
listed 37 species as being hunted by the Huaorani,
not including those that did not add to at least 10
kg total weight.

Trade depends on commodities households are
familiar with and for which production does not
require jeopardizing the minimum acceptable self-
sufficiency level. The comparative advantage of
the Huaorani at this early stage of market integra-
tion lies in the production of forest products.
These findings are consistent with data from other
similar settings. Among the Ticuna of neighboring
Colombia, for example, only one of 77 managed
species was used exclusively for commercial trade.
Most were managed solely for consumption, and
a few for both consumption and trade (Hammond
et al., 1995). Similar findings are reported by
Behrens (1992) for the Shipibo Indians in Eastern
Peru.

Table 2
The impact of market accessibility and specialization

5. Resource use shifts during early market
integration: the role of hidden labor resources

Attempts to interpret the results of the statisti-
cal analysis carried out here would find that the
propositions outlined above do not explain sev-
eral of the conditions found among the Huaorani.
Two stand out: (i) there seems to be no trade-off
in the production of commercial and subsistence
commodities; and (ii) there is no evidence of
significant commodity specialization.

The propositions that follow attempt to provide
a framework under which such conditions can be
interpreted and formalized. Of particular concern
is the treatment of labor and the impact of labor
reallocations in the analysis of the early market
integration. It is important to note that this
framework does not contradict the propositions
outlined in Section 2. It is argued here that these
apply in later stages of market integration. The
following propositions apply to the period in
which forest-based household’s participation in
markets is dependant on traditional commodities
and, more importantly, trade does not constitute
a critical element of the household’s budget.

. Early market integration occurs under labor

surplus environments. Time and labor allocation

is a factor of production that has been consis-

Variables* p Coefficient t P-value

Dependent Independent

(2) WHUNTIND THUNTIND 0.23 3.33 0.0018
HUNTEFFI 0.64 8.08 0.0000
MARKTDIS —0.28 —3.57 0.0009
(Constant) 0.56 0.58

(3) WHARVIND THARVIND 0.75 14.04 0.0000
HARVEFFI 0.38 8.15 0.0000
MARKTDIS —0.03 —0.61 0.5442
(Constant) —2.67 0.0108

(4) WFARMIND TFARMIND 0.66 13.09 0.0000
FARMEFFI 0.63 11.88 0.0000
MARKTDIS —0.08 —1.49 0.1435
(Constant) —3.47 0.00

dN=47.
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tently examined in tropical traditional commu-
nities (Yost and Kelley, 1983; Behrens, 1986,
1992). However, it has rarely been examined in
the light of its potential budget of productive
resources or in relation to the maximum
availability of labor. Several studies (Boserup,
1965; Hart, 1978; Macdonald, 1981; Yost and
Kelley, 1983; Swetman, 1989; Anderson, 1992;
Behrens, 1992) directly and indirectly suggest
that traditional households have a labor reser-
voir that makes them labor-surplus units. The
well known work by Boserup (1965), for exam-
ple, recognizes the role of flexible resource allo-
cation in agricultural intensification and its
impact on output. This resource reservoir is
primarily contained in the time spent by house-
hold members in social (i.e. non-productive) or
communal activities. In isolated areas, where
markets or regular trade are absent, people will
tend to work fewer hours than if these opportu-
nities exist, because once a sufficient supply of
commodities has been met the marginal utility
of labor is very low (Chayanov, 1966;
Binswanger and Mclntire, 1987). Subsistence
producers aim to produce a stable level of
production to maintain a culturally defined
level of comfort. Beyond this level, surplus re-
sources are dedicated to activities designed to
improve that minimum acceptable level of com-
fort and specifically to deal with uncertainty
and risk.

ii". Early market articulation is accompanied by
limited labor and commodity specialization. Be-
cause key factors of production (i.e. labor,
land) are abundant, and markets risky, the
composition or types of commodities produced
is likely to remain stable. Maintaining tradi-
tional commodities facilitates commercial pro-
duction without affecting subsistence
production. Indeed, cash production may be an
undesirable alternative to subsistence produc-
tion in high transaction costs environments.
Hence, limited specialization refers to the in-
crease in the production of a particular set of
traditional commodities while maintaining the
production of the other commodities which
were also produced before the change. Also,
because the distribution of valuable commodi-

ties in tropical forests is dispersed and commer-
cial production is based on subsistence
production, increasing extraction also requires
expanding the area under production. The use
of traditional products continues until their
marginal return drops below that of non-tradi-
tional commodities and when factors of pro-
duction are fully employed. This happens
during later stages of market integration for
various reasons, such as the rise in transaction
costs from the exhaustion of local natural re-
sources, development of land markets, tenure
insecurity, etc.

iii". Early commercial production is compatible
with subsistence production. Based on 1" and ii’ it
is possible to anticipate that initial market par-
ticipation takes place without a significant im-
pact in subsistence production. Increases in
output are obtained by reallocating labor from
non-productive to productive activities. In this
way the labor used in subsistence activities does
not need to be reduced. This is reasonable,
since the opportunity cost of social and com-
munity activities is likely to be lower than that
of subsistence production. In other words,
labor surplus means that beyond some level of
production, labor’s marginal product from sub-
sistence hunting, gathering and farming is be-
low its opportunity cost in non-productive
activities. This surplus can be reallocated to
other activities, such as commercial hunting,
gathering and farming, if their marginal
product becomes positive and close to the wage
rate. Land abundance facilitates such realloca-
tion. During early market integration there is
little incentive for local households to change
their subsistence activities because market par-
ticipation is risky and labor markets non-exis-
tent. Even wage opportunities can be matched
by intensification of forest product extraction
when wages are discounted by living costs out-
side home areas, transportation costs, and other
risks. Work by Swetman (1989) suggests that
the time needed for wage work to be an attrac-
tive alternative to subsistence labor may be long
in isolated communities, facing low wage mar-
kets and uncertainty.
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Fig. 2. Flexible labor model of resource use and subsistence
and commercial production change during market integration.
Axis represent quantities of hypothetical commodities 7" and
S.

Fig. 2 illustrates the most important features of
the model proposed here. In this model the curve
ZZ is the production possibility frontier which
defines output combinations available to forest-
based households. Any combination within this
frontier is possible but only those on the border
are efficient and desirable. Both 7 and S can be
interpreted in different ways, without any change
in the analytical results. 7 and S may represent
the same broad set of commodities, which is the
basis of the household economy, but 7 is the
fraction destined for exchange and the purchase
of commodities produced outside. S represents
consumption of locally produced commodities. T
and S may also represent a different set of com-
modities, one for consumption and the other for
trade. Based on the discussion above, the first
scenario is more likely to occur, so let in this case
T be the production fraction that is traded from
any commodity. 7 and S are used to satisfy an
optimal consumption level, which is defined both
by culture and environmental constraints. As be-
fore, it should be expected that 7>0 for any
period. In the absence of significant market incen-
tives, forest based households will produce at
point A, that is an s amount of S and a ¢+ amount
of T, with terms of trade PP.

An increase of the relative price of 7, denoted
by a steeper P'P’ line, fosters the reallocation of
labor from non-productive activities to productive
activities, pushing the production possibility fron-
tier to Z'Z’. At this stage a higher level of con-
sumption can be reached at point B. The new
production possibility curve has been pushed out
because new productive resources, namely labor,
are made available. More importantly, such a
shift does not require a reduction in the output of
S. Also, limited specialization, in the form of
increased extraction of the commodities needed
for trade, allows forest based households to
change the shape of the production possibility
curve (or alternatively, to change the scale of the
T axis), so that an even higher consumption level
is achieved (i.e. farther away from the origin) at
point C. Even if specialization is based on techno-
logical change, subsistence output need not drop,
as the capital required to purchase such technol-
ogy is obtained in the move from ZZ to Z'Z'. At
this point, all the labor stored in non-productive
activities is depleted and the production of one
unit more of 7' (e.g. from ¢” to ¢*) requires a
reduction in the production of S (e.g. from s to
s*). Under this scenario, the move from condition
C to condition D is consistent with the proposi-
tions outlined in Section 2, and is considered here
a second stage in the process of market
integration.

In the case of the Huaorani, the move from
condition A to condition B is met by producing
more animal products, from ¢ to ¢’. To do this no
new commodities (or animal species) were added
nor subsistence production sacrificed. In theory,
the Huaorani would continue this pattern until
condition C, when all the labor available has been
allocated to either subsistence or commercial pro-
duction, or when another limiting factor (e.g.
land) forces them to do that. Other empirical
studies also support these propositions. Macdon-
ald’s (1981) study of the Quichua Indians of Up-
per Amazonia found that increases in agricultural
activities affected primarily the community and
social activities that were common before markets
were accessible. Similarly, Behrens (1992) found
that increases in market activity among the Ship-
ibo brought about more independence of house-
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hold production activities from the community.
Jayne (1994) shows a direct relationship between
commercial production and surplus subsistence
production of poor farmers in Zimbabwe. Hart’s
(1978) study of the Mbuti found that market
participation was dependent on the production of
a surplus of meat for sale. Hart concluded that
the Mbuti’s commercial production was not, in
any way, a commitment to change but was ac-
cepted as a temporary shift to take advantage of
certain opportunities.

6. Conclusions

The discussion above highlights and empirically
evaluates the shifts in resource uses that should be
expected during the early stages of market inte-
gration in traditional forest-based communities.
These stages are characterized by labor and land
abundance and a relative ease to move labor from
low return to more productive activities. For this
reason, market participation does not necessarily
entail a reduction in the production of subsistence
commodities. This contrasts with a longstanding
presumption that production of individual com-
modities responds quickly to price changes, based
on demand shifts between products, but that total
output is slow to respond. It was shown here that
only after all the surplus labor has been allocated
to productive activities total output becomes less
flexible. At this point increased production re-
quires commodity or technological specialization.
When surplus resources are used up, increasing
labor opportunity costs will first foster specializa-
tion in high return commodities and a reduction
of subsistence output. The stability in subsistence
production is a logical characteristic of risky early
market integration. Also, it should be expected
that commercial activities be more constrained by
locational conditions (closeness to a river or flood
plain, closeness to a road, existence of non-timber
products in demand, etc.) than subsistence
activities.

Results also suggest that initial trade relies on
limited specialization. This means increasing the
production of some of the same commodities that
are found in the subsistence basket. This is consis-

tent with previous propositions noting that tradi-
tional communities increase extraction of
non-timber forest products for trade up to a point
when it stabilizes (Vincent and Binkley, 1991;
Homma, 1992). Production of these commodities
drops due to the increase in non-forest based
activities such as cash agriculture, cattle ranching,
or logging. Among the Huaorani, all households
seem to produce a similar mix of products for
commerce, based primarily on animal products.

Overall, results show that market integration
goes through two general stages. The first one is
based on traditional resources and the stability of
subsistence production. This stage is represented
in Fig. 2 by the shift from conditions A to B and
from B to C. Because isolated forest-based soci-
eties are labor surplus and because they face
poorly developed labor markets (i.e. the opportu-
nity cost of labor is zero), the most important
costs associated with commercial production are
the cost of social activities, which is low, and the
time needed to transport commodities to markets.
As markets become more accessible the opportu-
nity cost of certain activities increases so that less
and less low return activities are carried out, and
more and more high value forest commodities are
needed to keep up with wage levels. At the same
time, high risks and uncertainty, and high trans-
portation costs keep people from shifting com-
pletely to commercial activities.

The second stage is characterized by the adop-
tion of new commodities and other factors iden-
tified and summarized by Godoy et al. (1992,
1995): decrease in households’ dependence on
subsistence production, reduction in the number
of commodities produced, increase of the forest
value per unit of area, and reduction of the area
exploited even if more forest is still available. In
Fig. 2 this is represented as the shift from condi-
tion C to condition D. This shift may occur,
however, after a considerable time of market par-
ticipation and once all labor has been incorpo-
rated into productive activities. Traditional
commodities may also be replaced by new com-
modities due to resource depletion. Specialization
in particular high-value forest commodities can
speed up rates of extraction beyond the natural
replenishment rate (Nietschman, 1973; Hart,
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1978; Headland and Bailey, 1991; Layton et al.,
1991; Godoy et al., 1992; Behrens et al., 1994;
Godoy et al., 1995). Vincent and Binkley (1991),
Homma (1992), and Godoy et al. (1995) argue
that the stock of wild commodities goes through a
cycle, with an initial stage of abundance, an inter-
mediate stage of depletion, and a final stage of
recovery. Recovery occurs because pressure on
local resources drops when populations emigrate,
industrial or fully domesticated commodities re-
place forest goods, and increased transaction costs
and labor intensity makes them less desirable.
Vickers (1988) provides empirical evidence for this
assumption. Vickers show that the total output of
animal resources extracted from the forest by the
Cofan of Ecuador is affected by the number of
people in the community. When the size of the
community dropped, resources and output recu-
perated. However, a constant decline in local re-
sources is also possible even if pressure on them
subsides. This may occur because during the later
stages of market integration, forest-based activi-
ties are replaced by non-traditional activities re-
quiring  forest clearing (i.e. = commercial
agriculture).

A key inference is that tropical forest resources
could be threatened even in the absence of new
commodities and without major changes in the
technological and cultural setup of forest based
communities. Ecocentric constructs often surface
as calls for maintaining traditional institutions
and rescuing traditional knowledge (Bunyard,
1989; Posey, 1993; Place, 1994). Low intensity
productive strategies and community organization
are assumed to guarantee environmental conser-
vation, cultural survival, and the economic and
political independence of forest-based groups. As
commendable as these calls are, they may not be
consistent with the economic and productive ob-
jectives of poor forest-based households, nor with
the need to support economic development and to
improve standards of living to achieve conserva-
tion. The reality is that forest-based communities
are increasingly managing their resources for
commercial purposes, which often results in re-
source degradation and biodiversity loss. To be
sure, this is not a challenge to the rights of
traditional communities over the resources they

manage or their traditional territories. Simply, the
premise is that resource use shifts among tradi-
tional communities are a ‘natural’ consequence of
the economic goals of local communities. These
shifts, in turn, result from rapidly changing rela-
tions of production (i.e. from land abundance and
relative labor scarcity to land scarcity and relative
labor abundance) and from the spatial-temporal
location of households within a productive-oppor-
tunity continuum. Under this light, conservation
is possible if both the economic goals of tradi-
tional households, such as the Huaorani’s, and
the resource base that makes those goals attain-
able complement each other. Culture and tradi-
tional resource use strategies are important as
these provide the basis for sustainable manage-
ment, but do not seem to offer an alternative by
themselves.
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