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Introduction

Land-use policies, especially in tropical zones, are fre-
quently seen as facing three insoluble problems: (1) low
or inefficient agricultural production, which leads to (2)
clearing of natural habitat for more farmland, which leads
to (3) loss of biodiversity (Ausebel 1996; Glokany 1998;
Trewavas 2001). The solution to this three-part dilemma is
often seen by going backward, so to speak (1) loss of bio-
diversity can be stemmed if (2) farmers stop clearing nat-
ural habitat, which can be done if (3) agricultural produc-
tion is intensified on land already devoted to agricultural
production. The seemingly inescapable conclusion is that
intensifying agriculture already underway is the main so-
lution to the problem of biodiversity loss (Green et al.
2005). We argue that this seemingly impeccable frame-
work is wrong and that a more realistic framing suggests
a view of conservation that is distinct from more tradi-
tional forms. In our view this more-realistic framing must
acknowledge the conservation consequences of the agri-
cultural matrix in a landscape framework.

Here, we focus on the issue of land-use policies, es-
pecially on the ecological relationship between natural
areas and the surrounding agricultural matrix. The way
the problem is frequently framed, as a zero-sum game
where competition for land is divided between produc-
tion and conservation, is wrong, as noted by Angelsen
and Kaimowitz (2001 and chapters therein). The prob-
lem with this framing is that it tacitly assumes a closed
system. What normally happens in practice is that when
agriculture is intensified in one corner of the world, that
very intensification acts as a magnet to attract more pro-
ducers to the area, which actually leads to more habitat
conversion, as demonstrated by Angelson and Kaimowitz
(2001). The simple three-part logical sequence is theoret-
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ically sound but only within the framework of its own as-
sumptions, which apparently are mainly incorrect in the
real world (i.e., few if any on-the-ground situations actu-
ally represent a closed system) (Vendermeer & Perfecto
2005).

We suggest that a more useful framing must recognize
that (1) in some areas native habitat destruction is cur-
rently underway and (2) in other areas native habitat de-
struction has run its course. In the first situation the focus
is properly on deterrence of future natural habitat con-
version. But in the second situation there is a tendency
to focus on the patches of natural habitat, thinking of the
converted habitats as “destroyed” and thus of little inter-
est to conservation. Placing this second category on the
back burner is lamentable given what is now understood
about ecology at a large scale. When framed properly a
vision of conservation emerges that shifts the focus from
the remaining patches of natural habitat to the matrix in
which they occur.

When Habitat Destruction is Ongoing

In the first situation, where habitat destruction is cur-
rently underway, it is most frequently the case that natural
habitat is being cleared mainly to create farms (Allen &
Barns 1985; Myers 1993; Ranjan & Upadhyay 1999). This
clearing is done by landless or land-poor peasants to es-
tablish small family farms or by already land-rich people
to further accumulate riches in a speculative economic
environment. The assumption that further land clearing
is inevitable because of either inefficient agricultural pro-
duction or a more globally envisioned need for more food
is wrong. The world already produces more food than it
consumes (Alexandratos 1999; Dyson 1999), and there is
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general agreement among conventional development ex-
perts as well as so-called hunger activists that inability to
purchase readily available food is normally the problem,
not absolute abundance of food, certainly not at the global
level and only rarely at a regional level (Moore Lappé et
al. 1998). Indeed, even in the face of some of humanity’s
most famous famines, food was exported away from the
famine victims (Polanyi 1944; Davis 2001).

Farmers, as well as academic agricultural economists,
note that the principal problem in agriculture today is
overproduction, which leads to low commodity prices
(Johnson & Quance 1972; Cochrane 2003); thus, putting
yet more land in production is economically absurd from
a regional planning perspective. A potential, if currently
impractical, solution to the problem would be to stop
land speculation and ensure that the landless obtain either
access to sufficient land to make a living or opportunities
for employment in other economic sectors.

Cuba and Puerto Rico can be illustrative in this respect.
In Cuba the socialist revolution eliminated land specula-
tion and implemented a land reform that, combined with
the provision of alternative employment for the landless,
reduced the rates of deforestation (Perera Puga & Rosabel
González 1986; Levins 1990; Santana 1991). Similarly, al-
though under very different political and economic ar-
rangements, in Puerto Rico deforestation was stopped
and even reversed when the country shifted from agri-
culture to manufacturing (Grau et al. 2003; Aide & Grau
2004). Underlying assumptions on the inevitability of so-
cial inequality certainly create significant barriers to such
solutions. If conservationists could join the chorus of the
many political actors striving for land reform, it would
ultimately help the cause of conservation (e.g., Cullen et
al. 2005).

After Habitats Are Converted

In the second situation, where habitat conversion has al-
ready run its course, what remains is a landscape of frag-
ments in a matrix of production systems. It is likely that
this will be the situation in the near future the world
over. After all of the conceivable parks and reserves are
established, it is probable that the majority of the world’s
biodiversity (including nematodes, arthropods, and the
other small things that “run the world” [Wilson 1987])
will exist in the fragments of remaining habitats that exist
within the agricultural matrix (Tscharntke et al. 2002).
Ecological research over the past decade has empha-
sized the “meta” nature of preserving biodiversity in this
sort of landscape (e.g., Opdam 1991; Hanski 1999; Per-
fecto & Vandermeer 2002). Specifically, local extinctions
inevitably happen in fragments, a well-established fact
based on the vast amount of empirical research motivated
by the theories of island biogeography and metapopula-

tions (now including metacommunities) (e.g., Fischer &
Stöcklin 1985; Burkey 1989; Bolger et al. 1991; Stratford
& Stouffer 1999). Although small fragments would gen-
erate local extinctions, we now understand that extinc-
tions are likely even in large fragments (Newmark 1995;
Ferraz et al. 2003). As the theory states and empirical
work confirms, regional extinctions will occur if there is
no interfragment migration to balance the inevitable local
extinctions. A focus on the matrix, through which these
migrations must occur, is thus required if we are serious
about solving the extinction crisis (Burkey 1989; Hanski
1999; Fischer et al. 2006), and that matrix is usually an
agroecosystem of some sort.

The past several decades have seen a great deal of re-
search that challenges the basic assumptions of the con-
ventional agricultural system that developed since the
end of WWII. The chemically intensive system causes its
own environmental problems (Dinham 1993; Matson et
al. 1997), and the claim that such a system is a neces-
sity for feeding the world is wrong (Clark et al. 1999;
Bunch 1999; Badgley et al. 2006). Rather, a more eco-
logically sound form of agriculture has increasingly been
promoted by many producers and planners. It is not our
intention to enter the debate on reforming agriculture to-
ward a more ecological form—that discussion is long and
has been taken up by many (Trewavas 2001; Badgley et
al. 2006). Our reason for noting this is that much of the
alternative agriculture movement promotes the idea of
creating structures within agroecosystems that are much
more like the original habitat than is normal under a con-
ventional system (Soule & Piper 1992, Jackson & Jackson
2002). If this is true, and it is almost certainly true for trop-
ical areas, the alternative agroecological matrix would be
a high-quality matrix from the point of view of allowing
migration among fragments.

An example of a highly fragmented natural habitat is
the Atlantic rain forest of southeastern Brazil. Popularly
thought to be over 90% destroyed (Saatchi et al. 2001),
this habitat is cited as one of the most threatened in the
world. A recent study (Hirsch 2003), based on satellite
images, shows that in one river basin in the Atlantic for-
est (the Rio Doce) approximately 1 million ha remain in
forest, almost 15% of the total area, but, with the excep-
tion of a large state park, virtually all are small fragments
(28,240 fragments larger than 1 ha were counted). Never-
theless, this same study shows that almost all the matrix
between these fragments is either sun coffee or open pas-
ture, neither of which contains trees as a part of the pro-
duction system and both of which likely preclude much
interfragment migration of most organisms.

The problem here is not in ensuring that the extant
fragments remain. That has already been done. The prob-
lem is creating a matrix that will allow migration among
the fragments to stem the inevitable tide of local extinc-
tions becoming regional. If the well-known technologies
of organic and shade coffee (e.g., Perfecto et al. 1996;
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Moguel & Toledo 1999; Perfecto & Armbrecht 2003),
silvopastoral systems (Ashton & Montagnini 1999), and
other agroforestry systems were to be pursued, which
could easily occur with the proper political incentives
and technical advise, it is likely that the permeability of
the matrix would increase dramatically. It is not a sur-
prise that it is precisely in the Atlantic forest region of
Brazil, one of the most highly fragmented habitats in the
tropics, where environmental nongovernmental organi-
zations and land-reform activists are collaborating to de-
velop farming systems and landscape structures that are
compatible with the conservation of biodiversity (Cullen
et al. 2005), with a major focus on the role of the agri-
cultural matrix as a migration pathway. These initiatives
and collaborations represent the best hope for conserv-
ing biodiversity in areas of the world where most of the
natural habitat has already been converted to agriculture
or other land-use systems.

Thus, in the environment likely to be common in the
future, the focus needs to be on the agricultural matrix,
not only as a potential reserve of biodiversity (Pimentel et
al. 1992; Perfecto et al. 1996; McNelly & Scherr 2002) but
perhaps more importantly as the medium through which
migrations must occur to ward off the process of turn-
ing isolated local extinctions to regional or even global
extinctions (Burkey 1989; Vandermeer & Carvajal 2001;
Vandermeer et al. 2006). A focus on the landscape (or the
countryside [Daily 2001]) and within that on the agroe-
cological matrix (Vandermeer et al. 2006) is thus not only
worthy for its environmental soundness but also it is nec-
essary for the fundamental goals of biodiversity conserva-
tion.
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