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Among themyriad complications involved in the current food crisis,
the relationship between agriculture and the rest of nature is one
of the most important yet remains only incompletely analyzed.
Particularly in tropical areas, agriculture is frequently seen as the
antithesis of the naturalworld,where the problem is framed as one
of minimizing land devoted to agriculture so as to devote more to
conservation of biodiversity and other ecosystem services. In
particular, the “forest transition model” projects an overly optimis-
tic vision of a futurewhere increased agricultural intensification (to
produce more per hectare) and/or increased rural-to-urban migra-
tion (to reduce the rural population that cuts forest for agriculture)
suggests a near future of much tropical aforestation and higher
agricultural production. Reviewing recent developments in ecolog-
ical theory (showing the importance of migration between frag-
ments and local extinction rates) coupled with empirical evidence,
we argue that there is little to suggest that the forest transition
model is useful for tropical areas, at least under current sociopolit-
ical structures. A model that incorporates the agricultural matrix as
an integral component of conservation programs is proposed. Fur-
thermore, we suggest that this model will be most successful
within a framework of small-scale agroecological production.

food crisis | biodiversity | fragmented landscapes | matrix quality | small-
scale farmers

The current food crisis calls attention to the need for con-
struction of sustainable ecosystems more generally. As

Robert Watson, the cochair of the International Assessment of
Agricultural Knowledge, Science and Technology for Develop-
ment (IAASTD) stated in a press conference when the report
was released in 2008, “Business as usual is not an option.”
Although the particulars are variable, the underlying sense is
clear—the longue durée of economic, social, and political
development in which environmental variables are regarded as
externalities has come to a close. Within this awakening, the loss
of biodiversity is regarded as one of the more important envi-
ronmental issues related to both sustainability and food pro-
duction. With extinction rates currently at greater levels than
natural background, some have suggested that we are in the
midst of another mass extinction comparable to the one that
occurred at the end of the Cretaceous (1), except this time it is
driven by humans rather than a natural catastrophic event, and
the major human activity involved is agriculture, which clearly
links the biodiversity crisis with the current food crisis.
In this article, we focus on one aspect of these crises—the

debate about the application of the traditional forest transition
(FT) model to the tropics in general, a debate that has subtle but
important relations with the world food system. We contrast this
model with what we refer to as the “matrix quality” model, in
which agriculture is seen as an intimate and inextricable com-
ponent of the biodiversity conservation agenda.

The Forest Transition Model
The European colonization of eastern North America began with
massive deforestation that accompanied the expansion of agri-
culture. But then, through industrialization and the urbanization
that accompanied it, agriculture declined and forests returned (2).

The dynamics that drove this process are evident at a broad qual-
itative level—wealth from agriculture drives local industrialization
that, in turn, acts as a magnet for labor, which depopulates the
countryside, leaving natural succession to take over. Although this
general view has many complications that drive local ecological
and sociopolitical dynamics, as an overview of eastern North
American forest history it seemshistorically accurate, andhas been
referred to as the “forest transition model” (3–5). Similar pro-
cesses have been described for some European countries (5), the
rural U.S. South (6), and, most importantly given its tropical
location, Puerto Rico (7–10). Based on this and other examples,
some have proposed that the FT model could be a framework for
understanding tropical landscape dynamics in general and even be
used for promoting a conservation agenda (8, 9, 11).
Although the argument is usually made in an informal qual-

itative sense, there is an underlying quantitative logic that drives
the conclusions. Understanding that logic is helpful for under-
standing exactly where the argument is wrong.
Consider a defined land area of total size T divided into one

portion that is agricultural (a) and another set aside for con-
servation (c); p represents the units of production (in energy per
unit area), NL is the local (rural) population density, and e is the
energy requirements of a single person. Clearly, at equilibrium,

pa ¼ NLe; or

a∗ ¼ NLe=p; [1]

which suggests that we can minimize a* by minimizing NL and/or
maximizing p (assuming e will always remain constant). At its
most simplistic level, this is the land-sparing argument (12).
The argument is elementary, based on simple accounting,

suggesting that there are basically two sociopolitical-ecological
forces in operation: first, a spatial concentration and intensifica-
tion of agricultural production and, second, an exodus of the rural
population to industrializing urban centers. Taken together, these
forces reduce the demand for cropland, thus freeing marginal
farmlands and leading to recovery of forests. This idea has
become common and is sometimes taken as a self-evident process,
worthy of paradigmatic status for conservation (e.g., refs. 11–13).
Obvious complications arise with only a slightly larger view of

the population that must be serviced by agriculture. Consider, for
example, that the total population, NT, consists of the sum of the
rural population, NL, and the urban population (i.e., the pop-
ulation not involved in agricultural production but needing the
products of agriculture), NU; in other words, NL + NU = NT.
Modifying Eq. 1, we have a* = e(NL + NU)/p. Presuming each
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person works (w) land units to maintain and produce in the
agricultural system, we have, at equilibrium,

ðNL þ NUÞe
p

¼ wNL; [2]

where the left-hand side is the amount of agricultural land
needed to support the relevant population (NL + NU) and the
right-hand side is the amount of agricultural land maintainable
with NL workers working at a rate w. If the agricultural land
needed is greater than the agricultural land maintainable, we see
(from Eq. 2)

NUe> ðpw− eÞNL; [3]

and the local experiencewill beoneof a labor shortage (because the
agricultural land needed to sustain the population is greater than
the available labor can sustain).Making the reasonable assumption
that equilibrium will be a social goal, the FT model proposes that
wecanequilibrate3by increasingeitherworp, which couldbedone
with labor-saving technology or higher units of production. How-
ever,with this formulation it is evident that increasingwor p are not
theonlyways of equilibrating 3. An alternativewould be to increase
the local rural population (contrary to the FTmodel). Ironically, as
rural-to-urban migration proceeds, the inequality in 3 becomes
more accentuated and the need to increase rural population con-
sequently increases yet further.
Consider the reverse situation, where the agricultural land

needed is less than the agricultural land maintainable (i.e., the
inequality in 3 is reversed). Here the local experience is over-
production. Equilibrating the equation can be done by decreas-
ing w (which is easily accomplished by taking land out of
production), decreasing NL, or decreasing p, the last of which is
clearly contrary to the basic ideas of the FT model.
Human response to the experience of either labor shortage

(relation 3) or overproduction (relation 3 with the sign reversed)
has always been complicated, with strong dependence on the way
the society is organized. For example, in early barter and
exchange societies where most agricultural production was for
the use of the agricultural family itself, the response to over-
production is likely to be simply reducing w, that is, to take land
out of production (no need to produce what you will not need).
However, in more market-oriented societies, overproduction
may lead to lowered market prices and the tendency by indi-
vidual producers to increase production further to increase total
farm revenue, or a shift to another commodity which may require
more land (for example, extensive cattle pasture). In both cases,
the result is the reverse of what would be expected from the
simple FT model. Additionally, if production planning is keyed
to current price conditions, simple nonlinearities may lead to
chaotic price and production trajectories over the long haul,
making it, in principle, impossible to say whether w will increase
or decrease (14). Clearly, the social context makes an enormous
difference.
Ultimately, the FT model rests on two quantitative assump-

tions and a seemingly logical conclusion. The two assumptions
are, first, a given population density requires a certain land base
to enable productive activities adequate to survival of the whole
population (the “sustainable” population) and, second, the
amount of food required to support that population, divided by
current per-area productivity, equals the land area necessary for
agricultural production (the rural population density required to
support that production is the “necessary” population). The
logical conclusion is that the total land area minus the area
necessary for production is what is available for conservation.
The “rural-to-urban migration” part of the FT model focuses on

the first assumption and notes that, with the reduction in rural
population,more landwill be available for conservation (fewer rural

people, less use of land for agriculture, and thus natural regener-
ation of forest or other natural habitat). The “productivity” argu-
ment focuses on the second assumption and argues that if per-unit
production could be increased, the required land base would be
reduced, and consequently more land would be available for con-
servation (the same number of people needing food but higher
productivity, thus less land for agriculture and more land for con-
servation). Referring again to 3, it is certainly possible for the FT
model to operate, but our point is that it is not in any way quanti-
tatively assured that it actually will. Theoretically, the issue is
indeterminate. It thus makes sense to ask to what extent do real-
world data suggest that recent tropical situations replay the expe-
rience of the previous examples that had given conservationists such
hope (e.g., Puerto Rico or New England).
Angelsen and Kaimowitz (15) report on detailed studies that,

as might be expected from the argument presented above,
sometimes support the FT model, sometimes fail to support it.
Their study notes an underlying contradiction in the basic ideas
of the FT model. First, “the belief that technological progress in
agriculture reduces pressure on forests by allowing farmers to
produce the same amount of food in a smaller area has become
almost an article of faith in development and environmental
circles.” Second, “basic economic theory suggests that techno-
logical progress makes agriculture more profitable and gives
farmers an incentive to expand production onto additional land,”
suggesting that whether the predictions of the FT model are true
or not depends to a great extent on specific sociopolitical and
ecological circumstances. Examining 17 case studies from Latin
America, Africa, and Asia (16), these authors conclude that the
issue of intensification of agriculture and its relationship to
deforestation is complex and, effectively, that agricultural policy
could be modified in such a way as to promote forest-preserva-
tive policies rather than policies that, however unintentionally,
actually promote more deforestation with “improved” agricul-
tural technologies. Below, in the context of our matrix quality
model, we discuss the qualitative nature of the sorts of agricul-
tural development models that might be expected to restrain
deforestation.
To be sure, a few studies show support for the forest transition

model (9, 17–19) whereas others describe more complex sit-
uations (20, 21), but the great majority of the studies show no
effect or increased deforestation with either agricultural inten-
sification or rural population decline (15, 16). Other studies
reflect similar complexity:

(i) In the Sarapiqui region of Costa Rica (22), in spite of all
of the conditions appropriate for the FT model (agricul-
tural intensification, a national shift to an industrial and
service economy that attracts people from rural to urban
areas) in addition to changes in attitude of landowners in
favor of forests (in part due to an increase in ecotourism),
forest recovery has been prevented and forest fragmen-
tation has continued due to the concentration of land
into absentee-owned cattle ranches, producing what has
been called “hollow frontiers” (22–24).

(ii) In El Salvador, through analysis of satellite images, it was
found that local rural population density was uncorre-
lated with forest recovery, whereas remittances from fam-
ily members living abroad correlated positively with
forest recovery (25).

(iii) In a review of the evidence surrounding the claim that
population drives deforestation in Panama (11), Sloan
(26) concludes that where institutional, economic, or con-
textual factors are considered, population-deforestation
correlations are found to be “spurious or even counter-
intuitive.”

(iv) In Missiones, Argentina, Izquierdo et al. (27) note that
although the population growth rate is slowing and the
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rural population is declining, forest cover continues to
decline. They further note that, especially when soil and
other physical conditions are not limiting, rural-to-urban
migration does little to prevent further agricultural pen-
etration into natural habitat, as has been happening in the
Atlantic forest of Brazil.

(v) A recent review of 17 studies of rural population dynam-
ics in Mexico (28) found little evidence that either inten-
sification (in the form of eliminating peasant agriculture)
or rural outmigration has had the result expected from
the forest transition paradigm. Of the 17 studies, 16
exhibited net deforestation even though the background
conditions correspond to the requisites for the FT model
to be applicable.

In sum, social context makes a difference in the direction as well
as the degree of impact of agricultural intensification on defor-
estation, what Schmink calls the “socioeconomic matrix of
deforestation” (29). These and other studies reject the simplifying
assumptions of the forest transition model and echo the call of
Angelsen and Kaimowitz (16) for careful examination of the
social-political forces operative in land-use planning so as to
develop programs that indeed will function to reduce defor-
estation. It is clear that the optimistic projections of a simple forest
transitionmodel, taking from the experience of some regions (e.g.,
Eastern United States, Europe) and applying wholesale to trop-
ical regions in today’s political climate, could be misleading.
In a break with such simplifying assumptions, Hecht (30) pro-

poses the addition of a newconceptual framework specifically tuned
to the contemporary situation (and most evidently applicable to
Latin America). This new conceptual framework is called the “new
rurality,” and categorizes rural landscapes into four broad and
overlapping categories: environmental, socioenvironmental, agro-
industrial, and peasant. Such a categorization would not havemade
a great deal of sense either before the Cold War or during the
heydays of neoliberalism after theColdWar, but, arguesHecht, it is
a framework that strongly aids our understanding of rural dynamics
in the contemporary world as it has been unfolding since the end of
the ColdWar. Analysts concerned with rural landscapes tend to fall
into one of these categories, and their analysis is consequently
driven by the vision they bring to the table. Environmentalists seek
to preserve native habitats, socioenvironmentalists seek to incor-
porate indigenous and local communities in their conservation plan,
and agroindustrialists see tremendous opportunity in the expansion
of industrial agriculture, which sometimes includes, sometimes
excludes, the peasant element. Those who see the rural areas still
populated with peasants (small family farms) see them acting in a
variety of complex ways, sometimes with strong economic and
sociocultural links to cities. These complicated actions and linkages
ultimately will determine the fate of rural landscapes, according to
this point of view.

The Matrix Quality Model
Aligning ourselves effectively in Hecht’s description of those who
see rural areas still populated with peasants and small-size family
farms, and focusing on the past few decades of development in the
science of ecology, we argue that data and theory suggest that
conservation should be viewed froma larger landscape perspective
and that, with that perspective, moving agriculture toward a sus-
tainability priority rather than a productivist priority has more
potential to affect biodiversity conservation positively. Fur-
thermore, there is at least circumstantial evidence that such a
model would help, indirectly, to solve several aspects of the world
food crisis.

The Ecological Component, a Mean-Field Approach. Reflecting older
arguments in ecology, the standard preservationist attitude is

effectively a “local carrying capacity” attitude, focusing on the
size of a natural area, noting, correctly, that a minimum area is
required for the long-term persistence of target species but
failing to acknowledge up front that the larger landscape is
sometimes more important for species survival than the size of a
particular patch of natural habitat. This preservationist attitude
has been criticized mostly from a social, moral, and ethical point
of view (31, 32). More recently, the criticism has been enriched
with ecological theory that supports what might be called an
“interfragment migration” approach, deriving mainly from
recent ecological research on metapopulations (33, 34). This new
approach emphasizes the matrix within which fragments are
located, and frames the argument as the “quality” of that matrix.
This framing can be formalized through the use of meta-
population theory (35–37). To this end, an extension of the
Levins model has been employed (38–40), namely, letting p be
the proportion of potential habitats occupied by the species in
question, m be the migration rate, and e be the extinction rate,

dp
dt

¼ mðh− pÞp− ep; [4]

where h is the amount of appropriate habitat still available (h =
1 is an unperturbed habitat). Thus, the equilibrium situation will
be p* = h – e/m, and the critical habitat loss that results in
regional extinction would then be h = e/m (38, 41).
This approach carries with it the critical assumption that as

habitats are lost, the migration coefficient will remain constant.
This assumption is not likely to be satisfied in many cases in
nature. Consider, for example, a set of n very small habitat
patches arranged in a one-dimensional space of length N. The
average distance between patches is N/n. If the fraction of suit-
able habitat remaining is changed from 1 to h (where 0 < h < 1),
the number of habitats will be hn, and the distance between
patches will be approximately N/hn. Given an organism that is
capable of migrating at some fixed rate, the effective patch-to-
patch rate will be proportional to N/hn, which is to say the
migration rate will be a function of h, the fraction of remaining
suitable habitats. Thus, in Eq. 4 the migration coefficient should
be replaced by a function of h.
As a first approximation, take the function to be a simple

proportion (that is, the migration coefficient multiplied by the
fraction of suitable habitat remaining = m1h), which gives

dp
dt

¼ m1hðh− pÞp− ep

with an equilibrium value of p* = h − e/m1h, whence we can
calculate that the metapopulation will persist (i.e., p* will be
greater than zero) as long as

h>
ffiffiffiffiffiffi
e
m1

r
: [5]

And because e/m1 < 1 for persistence even without habitat
destruction, we note that ffiffiffiffiffiffi

e
m1

r
>

e
m1

;

which means that the original notion that h must be greater than
the extinction-to-migration ratio for persistence is optimistic.
Because of the common, if not inevitable, reduction in overall
migration rate with the reduction in fragment numbers, the
critical habitat loss is scaled to the square root of that ratio, not
the ratio itself.
From the point of view of our matrix quality model, an addi-

tional point about h is essential. In the real world it is only rarely
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the case that habitats are “completely” destroyed. Furthermore, a
great deal of conservation biology now concerns itself with the
quality of the matrix, partially because of the significant amounts
of biodiversity that may be contained therein but especially
because interfragment migration is necessary for metapopulation
survival (33, 42–50). In previous work (44), the limited nature of
the classic metapopulation approach has been noted, especially
with respect to its assumption that the matrix in which sub-
populations are situated is homogeneous, showing one way in
which that assumption could be relaxed—that is, by allowing the
quality of the matrix to enter the basic equation as a linear input
to the migration rate. The framework presented here expands on
that relaxation by focusing on h, a focus explicitly relevant to
anthropogenic landscapes but retaining the heuristic convenience
of the mean-field approach. If h is the amount of original habitat
left, suppose the rest is divided between q1 and q2, good-quality
matrix and poor-quality matrix, respectively. Suppose the good-
quality matrix (q1) in fact does permit the same migration coef-
ficient as when h = 1 but there is a significant reduction in the
poor-quality matrix (q2). Thus, assuming q2 = 0, we have

dp
dt

¼ m1ðhþ q1Þðh− pÞp− ep

with an equilibrium value of p* = h − e/m1(h + q1), whence we
calculate that the metapopulation will persist as long as

h>

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
q21
4
þ e
m1

s
−
q1
2
: [6]

And, comparing this value with the original criterion on h, we
find persistence always enhanced by matrix quality, not surpris-
ingly. Relating the critical habitat with zero matrix quality to the
critical habitat with q1 matrix quality, we can formulate the
benefit of improving matrix quality as the ratio of those two
critical habitats, which is

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ m1q21

4e

q :

Note the somewhat surprising result that an improvement in
matrix quality can outweigh the negative effects of habitat loss at
values of h > 1 − q1, a fact that could have important practical
consequences and clearly relates to the question of what is being
done in the matrix habitat. It is worth noting also that, as in the
standard metapopulation model, when p is very small it is
especially sensitive to changes in migration and extinction rates.
This approach, using the simple mean-field metapopulation

model, only relates to the question of persistence or extinction of
a particular species, and is, effectively, an extension of previous
approaches (40, 44). Scaling up to the community level is in the
realm of metacommunity theory (51). If a metacommunity is
thought of as only a collection of metapopulations (not the only
possible definition), then our argument extends in an elementary
fashion. Furthermore, we acknowledge the obvious fact that the
direct biodiversity conservation value of agriculture varies greatly,
with some forms of agriculture well-known to contain within their
associated biodiversity almost as many species of some taxa as the
natural habitat from which they were carved (42). Finally, we note
that matrix quality will vary for different species, and in particular
with the type of natural habitat that agriculture replaces.

Extinctions in Fragments and Migrations Through the Matrix. Much
of spatial ecological theory depends on extinction as one of the
major processes driving patterns, including patterns of biodiversity
(52–57). Although the fact of local extinctions is well-established it
does not occur randomly, and certainly deserves more study (58–

60). Nevertheless, there is little doubt that amid many complica-
tions, populations living in isolated fragments of natural vegeta-
tion can expect to experience extinctions, if enough time passes. If
conservation is to be a long-term goal, this elementary and unde-
niable fact must be incorporated into planning.
A further complication may result from spatial self-organization.

Consider, for example, plant communities in which the constituent
species tend to expand in space through seed dispersal but are
attacked by natural enemies in a density-dependent fashion ac-
cording to the Janzen/Connell effect (61–63). It can be shown that
such anarrangementwill result in the clumpingoforganisms even in
a uniform environment (64). Because of the dynamic interplay of
seed dispersal and density-dependent control, any given clump is
expected to go locally extinct over the long run. In such a situation,
fragmenting the continuoushabitat doesnot changemuchabout the
local extinct rates, which are a consequence of density-dependent
operation of natural enemy dynamics. However, normal migration
(i.e., seed dispersal) will be reduced.
Unfortunately, long-term studies that uncover such patterns of

extinctions in continuous habitat are not common in the liter-
ature. Rooney et al. (65) demonstrated dramatic changes in
species composition in plots embedded in natural forest com-
munities in the northern Great Lakes region of the United States.
Environmental drivers in this case included forces such as deer
hunting and invasive species, but one of their key results is that,
even in this unfragmented forest, species loss at a local level was
dramatic. In a 20-year study of the amphibians occupying small
ponds in a forested matrix, ≈30 local extinction events were
observed (66). In this case, the researchers were able to demon-
strate that “reinvasions,” which is to say, migration events, com-
pletely balanced these local extinctions (66). In summary, both
ecological theory and empirical studies strongly suggest a three-
part conclusion. First, local extinctions are normal and occur even
in areas of continuous natural habitats. Second, migrations
throughout the matrix can balance those extinctions and maintain
a metapopulation structure that will prevent regional extinction.
Third, the quality of the matrix matters; high-quality matrices are
those that promote migration, thus maintaining metapopulation
structures that obviate regional extinction.

Convergence of Food Production with Nature Conservation
The matrix quality model challenges the assumption that agri-
culture is the enemy of conservation. It is the kind of agriculture,
not the simple fact of its existence, that matters. Whether looked
at from the point of view of the simple mean-field model (Eqs. 4–
6) or from the more qualitative empirical fact that some habitats
promote more migration than others, the agricultural matrix is
perhaps the most important habitat on which conservation
efforts must focus. But this brings us face to face with one of the
multiple functions of agriculture: to produce food, fiber, drugs,
and energy for human use.
Regarding the productivity of agriculture, we face what seems

at first to be a dilemma. The sort of high-energy-demanding,
chemically intensive agriculture associated with modernity gen-
erates a very low quality matrix, whereas alternative agriculture
(organic, agroecological, natural-systems agriculture, etc.) would
seem to be precisely the forms that would produce a high-quality
matrix. Yet it is just such agricultural types that are normally
assumed to be less productive. A simple accounting from this
assumption is precisely what generates the land-sparing model,
the forest transition model, and the optimistic assessments that
rural-urban migration, as it decreases the number of “peasant”
producers (automatically presumed to be inefficient), will result
in equivalent, or even higher, production on less land, generating
more forest recovery. However, what evidence supports this
fundamental assumption?
Anecdotes can easily support the assumption, especially when

highly subsidized farmers from the United States and other indus-
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trialized regions are compared with small-scale farmers of the
Global South, and the measure of productivity is yield of the main
commercial crop or net profit. However, if the measure of pro-
ductivity is simply total output per area, relevant data do not seem
to support the basic assumption. For example, analyzing data
relating farm size to productivity (output per unit area), Cornia (67)
found that in all cases the trend was decreasing productivity as farm
size increased. Indeed, the “productivity-size inverse relationship”
is a well-known fact among agricultural economists, and was first
pointed out by Nobel laureate Amartya Sen in the 1960s (68, 69). It
seems that small owner-operated farms tend to bemore efficient in
that the farmer knows the land and its ecologywell, and plants crops
with that knowledge, usually using a multicropping strategy to take
advantage of local peculiarities such as, for example, the Kayapó’s
management of their Amazonian landscape where the patches of
the matrix are an entangled mosaic that takes advantage of micro-
climatic and soil differences to produce and promote hundreds of
species of plants and animals (70). Many other examples could be
cited. Contrarily, large, highly capitalized farms seek economies of
scale in which those local ecological peculiarities are purposefully
ignored. Ironically, the recent enthusiasm for so-called precision
farming (71) acknowledges precisely this underlying ecological
structure, but proposes to resolve it with a high-tech strategy of
sensors and delivery systems. As one of our students reviewing the
literature on precision farming quipped, “small-scale farmers
already do precision farming.” Thus, both the logic and the data
(67) suggest that small-scale agriculture can be more productive,
on a per unit-area basis, than large-scale agriculture.
The assumption that large-scale intensive monocultures are

more productive than agroecological and organic systems is
likewise debatable. In a recent review of almost 300 studies
comparing yields of organic/agroecological and conventional
agriculture throughout the world, it was found that, on average,
organic and agroecological systems produce as much, if not
more, than conventional systems (72), corroborating many other
studies (73–77). Furthermore, it has now been well-established
that energy efficiency in traditional and many organic systems is
higher than in high-industrial/conventional agriculture (78–81).
In summary, contrary to the conventional wisdom that industrial

agriculture is needed to produce enough food to feed theworld, the
empirical evidence suggests that peasant and small-scale family
farm operations adopting agroecological methods can be as (or
more) productive than industrial agriculture. Given that most of
the world’s poor live in rural areas or are urban poor recently dis-
placed from rural areas, an agricultural matrix composed of small-
scale sustainable farms can thus create a win-win situation that
addresses both the current food crisis and the biodiversity crisis.
However, there exists a very complicated irony that is rarely

addressed. The search formore productivity, part and parcel of the
research agenda ofmost agricultural researchers, is not necessarily
a rational project. Inmany cases (and here coffee andmaize would
be excellent recent examples), the major agricultural problem is
“overproduction” and consequent low prices. The recent (and
temporary) increase in food prices notwithstanding, it is often the
case that farmers receive inadequate compensation for their
efforts largely because markets become saturated. If unregulated
markets must be the rule, an assumption that itself might be

questioned, overproduction and low prices will continue to plague
farmers, not continuously, but on a boom-and-bust cycle. Indeed,
the IAASTD, an intergovernmental assessment process that
involved 3 years of research and 400 experts from all over the
world, concluded that conventional/industrial agriculture is not a
rational option for alleviating poverty and ending hunger and
malnutrition nor for sustainable development, further noting that
more equality is needed for alleviating hunger and malnutrition
(82). This equality is more likely to be achieved through a land
reform that redistributes land that is in the hands of big agro-
business and planted in commercial monocultures and puts it in
the hands of small- and medium-size family farmers who are more
likely to construct a landscape mosaic that promotes biodiversity
and produces more food.

Discussion
In this paper, we present a framework for analyzing the relationship
between agriculture and conservation,whatwe refer to as thematrix
quality approach, intended to be an alternative to some other
approaches such as the forest transition model. Our analysis does
not aim to prove that the predictions of the forest transition model
cannot be true, but rather seeks to frame the problem in such a way
as to first see that its predictions areweak froma theoretical point of
view and do not inevitably play out as expected in the real world. On
the other hand, the realities of the current tropical world, which is
mainly in a state of extreme fragmentation, coupled with the
growing consensus among ecologists that metapopulations, meta-
communities, and landscape processes are important determinants
ofbiodiversity, suggest that thematrix framinghas abetter chanceof
capturing reality than the alternatives. Given this model, the prac-
tical consequences suggest that promotion of small-scale sustain-
able agriculture, as an integral part of tropical landscapes, is more
likely to preserve biodiversity in the long term.Furthermore, it is the
small-scale agriculturalists who are more likely to adopt sustainable
agricultural technologies because they use fewornoexternal inputs,
use locally and naturally available materials, and generate agro-
ecosystems that aremore diverse and resistant to stress than capital-
intensive technologies (77, 82).
In the end, it appears that the real needs of people for a diet that

is sufficient in quantity and quality is the same as the need of the
landscape for a high-qualitymatrix withinwhich fragments of high-
diversity native vegetation can persist along with biodiversity-
friendly agroecosystems to form an integrated landscape. Indeed,
recent international documents that evaluate the role of agri-
culture in alleviating hunger and promoting sustainable develop-
ment (including the IAASTD) coincide with the conclusion that
small-scale sustainable farming systems are the best option for
achieving both of these goals (77, 82, 83).
In a world where people go hungry amid an abundance of food

and where the great majority of the poor live in rural areas or are
forced, by economic necessity, to abandon their rural livelihood,
models of agricultural intensification that continue this trend are
bound to fail. A new rurality based on the matrix quality
approach is more likely to lead to situations in which biodiversity
is conserved at the same time that more food is available to those
who need it the most.
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