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Forest loss and fragmentation in the Amazon: implications for wildlife
conservation

William F. Laurance, Heraldo L. Vasconcelos and Thomas E. Lovejoy

Abstract Amazonian forests are experiencing rapid,
unprecedented changes that are having major impacts
on wildlife, regional hydrology and the global climate.
Rates of deforestation and logging have accelerated in
recent years and patterns of forest loss are changing,
with extensive new highways providing conduits for
settlers and loggers into the heart of the Amazon basin.
These myriad changes are causing widespread frag-
mentation of forests. Fragmented landscapes in the
Amazon experience diverse changes in forest dynamics,

structure, composition and microclimate, and are
highly vulnerable to droughts and fires—alterations
that negatively affect a wide variety of animal species.
In human-dominated lands intensive hunting may in-
teract synergistically with fragmentation to further
threaten wildlife populations.

Keywords Amazon forest, Brazil, deforestation, edge
effects, habitat fragmentation, hunting, logging, tropical
rain forest, wildlife.

Accelerating forest conversion

The Amazon basin contains over half of the world's
remaining tropical rain forest, and probably sustains
more plant and animal species than any other region on
earth (Myers & Myers, 1992). It is also experiencing the
world's highest absolute rate of forest destruction
(Whitmore, 1997). In Brazilian Amazonia, which en-
compasses two-thirds of the basin, the pace of forest
clearance has accelerated in recent years (Fig. 1), with
the area of deforested lands now equalling the total
area of France (INPE, 1996, 1998; Schomberg, 1999).
Rates of forest loss have also risen sharply in some
other parts of the Amazon, such as in Bolivia, Ecuador
and Colombia (Laurance, 1998).

Logging operations are also expanding rapidly. To
extract valuable timbers, such as mahogany Swietenia
spp., loggers bulldoze labyrinths of roads and small
clearings in forests, causing collateral tree mortality,
soil erosion and compaction, vine and grass invasions,
and microclimatic changes associated with disruption
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of the forest canopy (Uhl & Vieira, 1989; Johns, 1997).
Logged forests are far more accessible to hunters and
this can affect drastically some wildlife species. In the
Malaysian state of Sarawak, for example, workers at
one large logging camp were estimated to consume
33,000 kg of bush-meat each year (Bennett, 1996). Slash-
and-burn farmers frequently invade logged areas and
convert forests into mosaics of crops and degraded
scrub (Johns, 1997).

Logging operations are becoming increasingly inter-
national. In recent years multinational timber com-
panies from Malaysia, Indonesia, Taiwan and other Asian
countries have moved rapidly into the Amazon. In 1996
alone, Asian companies invested over $US500 million
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Fig. 1 Rates of deforestation in the Brazilian Amazon since 1990

(a composite rate was estimated for the years 1992 and 1993).

Values do not include small ( < 6.25 ha) clearings or extensive

areas degraded by logging or ground fires. The fitted regression

line shows the overall trend of increasing deforestation rates this

decade. Sources: INPE, 1996, 1998.
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in the Brazilian timber industry, and now own or
control at least 12 million ha of Amazonian forest (Lau-
rance, 1998). In addition, there are nearly 400 Brazilian
timber companies, most of which have poor environ-
mental records. A government inspection of 34 logging
operations in Para state, for example, concluded that
'the results were a disaster' and that not one was using
accepted practices to limit forest damage (Walker,
1996). Indeed, much of the Amazonian timber trade is
unregulated: the Brazilian government now estimates
that 80 per cent of Amazon timber is harvested illegally,
being subjected to no environmental controls whatso-
ever (Abramovitz, 1998). The explosive growth of Ama-
zonian logging is reflected in Brazil's recent decision to
open an additional 14 million ha of its forests to logging
(Anon, 1997).

Changing patterns of forest loss

In addition to rapid forest conversion, the spatial pat-
terns of Amazonian development are changing in un-
precedented ways. Since the 1960s, large-scale de-
forestation has been concentrated in the eastern and
southern parts of the basin—in the Brazilian states of
Para, Maranhao, Rondonia, Acre and Mato Grosso, and
in northern Bolivia. There has also been some clearing
along major rivers and in the western and northern
Amazon, particularly in Ecuador, Colombia, Venezuela,
Peru and, most recently, in Roraima, Brazil (Laurance,
1998).

Today, however, a bevy of new highways, power-
lines and transportation projects are dissecting the heart
of the Amazon basin, providing access to areas once
considered too remote for settlement or development.
One major new highway, BR-174, runs from the city
of Manaus in central Amazonia, northward to the
Venezuelan border, spanning over 1000 km. Although
initially promoted as a 'surgical cut' through the forest
to allow access to markets in Venezuela, Brazilian Pres-
ident Cardoso announced in 1997 that 6 million ha of
land along the highway would be opened to settlement,
and suggested that the area to be farmed was 'so
colossal that it will double the nation's agricultural
production' (de Cassia, 1997). This highway is already
promoting rapid forest clearance, especially near the
cities of Manaus and Boa Vista (Laurance, 1998).

The alarming pace of Amazonian development is
causing widespread forest fragmentation. In 1988, the
area of forest in Brazilian Amazonia that was frag-
mented (defined as isolated forest tracts of < 100 sq km
in area) or prone to edge effects (< 1 km from
clearings) was over 1.5 times larger than the area actu-
ally deforested (Skole & Tucker, 1993). More than
13 per cent of the region has now been deforested
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Fig. 2 Annual rates of tree mortality and damage in Amazonian
rain forests as a function of distance to the nearest forest edge.
Only large (> 10 cm diameter at breast height) trees are included
in this comparison (Laurance et at, 1998b).

(Schomberg, 1999), and the total area affected by frag-
mentation, clearing and edge effects could comprise as
much as a third of the Brazilian Amazon (Laurance,
1998). These figures do not include the very extensive
areas affected by logging and ground-fires, both of
which cause important changes in forest ecology (Uhl
& Vieira, 1989; Cochrane et al, 1999) but are not de-
tected by the satellite images used to map Amazon
deforestation (Nepstad et al, 1999).

Ecological changes in fragmented landscapes

Long-term studies, such as the Biological Dynamics of
Forest Fragments Project (BDFFP) near Manaus, Brazil
(Lovejoy et al, 1986; Bierregaard et al, 1992), are reveal-
ing that habitat fragmentation affects the ecology of
Amazonian forests in many ways, such as altering the
diversity and composition of fragment biotas (Laurance
& Bierregaard, 1997), and changing ecological processes
such as nutrient-cycling and pollination (Powell &
Powell, 1987; Klein, 1989; Didham, 1997a). Recent
evidence indicates that fragmentation also alters forest
dynamics (Fig. 2), causing sharp increases in rates of
tree mortality, damage and canopy-gap formation as a
result of greater desiccation and wind turbulence near
forest edges (Ferreira & Laurance, 1997; Laurance et al.,
1998b).

These changes have pervasive effects on forest eco-
logy, especially within 100-300 m of edges (Laurance et
al., 1998b). Pioneer and secondary tree numbers in-
crease sharply in fragments, while old-growth, forest-
interior trees decline in number (Benitez-Malvido, 1998;
Laurance et al, 1998c). Lianas (woody vines) become
more abundant near edges, leading to higher rates of
tree infestation and mortality (Laurance, 1991a).
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Increases in canopy gaps in fragments alter forest mi-
croclimate (Kapos, 1989; Camargo & Kapos, 1995) and
lead to a proliferation of disturbance-adapted plants in
the forest understorey (Laurance, in press).

A further consequence of elevated tree mortality is
the loss of living biomass in fragments (Laurance et al,
1997, 1998a, d). As dead trees decompose, they emit
greenhouse gases, particularly carbon dioxide and
methane. Mathematical models suggest that the loss of
biomass from rapid fragmentation of the world's tropi-
cal forests could cause the emission of up to
150 million tons of atmospheric carbon annually (Lau-
rance et al., 1998d). These emissions—equivalent to
clearing and burning as much as 1.1 million ha of rain
forest each year, above and beyond that actually defor-
ested—could contribute significantly to global warm-
ing. Such emissions are predicted to increase markedly
in fragments under 100-400 ha in area (Laurance et al.,
1997, 1998b).

Finally, there are important synergisms between
forest fragmentation and natural climatic variability.
Because they are prone to desiccation, fragmented for-
ests appear to be far more vulnerable than intact forests
to droughts and fires. Fragmentation also causes forest
remnants to be juxtaposed with fire-prone pastures,
farmlands and regrowth (Kauffman & Uhl, 1991). A
common pattern is for fires lit by farmers and ranchers
to penetrate hundreds of metres into nearby forests,
often burning only leaf-litter. Although of low intensity,
these ground-fires initiate an insidious cycle: they kill
some rain-forest trees, creating additional woody debris
and openings in the forest canopy. These in turn cause
the forest to become drier and more inflammable, mak-
ing it far more prone to devastating wildfires in the
future (Cochrane et al, 1999).

The threat from Amazonian forest fires is clearly
increasing (Nepstad et al, 1998, 1999). During the 1997/
98 El Nino drought, wildfires ignited by farmers and
ranchers swept through over 1 million ha of frag-
mented, logged and regrowth forest in the northern
Brazilian state of Roraima (Barbosa, 1998), with ad-
ditional wildfires in many other locations (Cochrane &
Schulze, 1998). Over a 4-month period in 1997, satellite
images revealed 44,734 separate fires in the Amazon,
virtually all of them caused by humans (Brown, 1998).
Smoke from burning forest became so severe in
Manaus and Boa Vista that the city airports were closed
temporarily and local hospitals reported increases of
40-100 per cent in the incidence of respiratory prob-
lems (Laurance, 1998).

Implications for wildlife

Although much remains unknown about these prob-

lems, it is apparent that forest fragmentation has
myriad effects on Amazonian wildlife. During the past
20 years, BDFFP research has revealed that many faunal
groups, such as insectivorous understorey birds, most
primates and many larger mammals, decline in abun-
dance or disappear in fragmented forests (Lovejoy et al,
1986; Zimmerman & Bierregaard, 1986; Rylands &
Keuroghlian, 1988; Schwartzkopf & Rylands, 1989;
Bierregaard et al, 1992; Bierregaard & Stouffer, 1997;
Nelson, 1999). Numerous invertebrate species, such as
certain ants, beetles, butterflies and termites, also re-
spond negatively to fragmentation and edge effects
(Klein, 1989; Souza & Brown, 1994; Brown & Hutch-
ings, 1997; Didham, 1997b; Carvalho & Vasconcelos, 1999).

Several important trends have been revealed by
BDFFP research. First, it is apparent that many animals
are strongly influenced by ecological changes in frag-
ments, especially those caused by edge effects (Fig. 3).
Given the magnitude of changes in forest dynamics,
structure, composition and microclimate, this is per-
haps not surprising. Species' responses to edges vary
widely, with some groups (e.g. butterflies) being
affected as far as 250 m into the forest (Brown &
Hutchings, 1997).

Second, numerous species, such as many arboreal
mammals and understorey birds, are unable or unwill-
ing to cross even small ( < 80 m wide) forest clearings
(Lovejoy et al., 1986; Bierregaard et al., 1992; Bierregaard
& Stouffer, 1997; Laurance & Laurance, 1999). Even
unpaved roads (30-80-m-wide clearings) inhibit the
movements of some forest-interior birds, particularly
specialized ant-followers (Formicariidae) and small in-
sectivores that forage in mixed-species flocks (S. G.
Laurance, pers. comm.). Mathematical simulations sug-
gest that two key traits—an inability to cross clearings
and large home-range size—will strongly increase the
vulnerability of Amazonian vertebrates to forest frag-
mentation (Dale et al, 1994).

Third, an increasing body of evidence suggests that
species that tolerate or exploit the matrix of modified
habitats surrounding fragments—such as cattle pas-
tures and forests regrowth—are likely to persist in
fragments, while those that avoid the matrix usually
decline or disappear (Laurance, 1991b; Malcolm, 1991;
Bierregaard & Stouffer, 1997; Gascon et al, 1999). This
trend is apparent in at least three vertebrate groups—
birds, frogs, and small terrestrial mammals (Gascon et
al., 1999)—and probably arises for two reasons: (i)
matrix-tolerant species are better able to move among
fragments and other forest areas, thereby reducing the
deleterious genetic and demographic effects of popu-
lation isolation; and (ii) matrix-tolerant species have
relatively broad habitat tolerances, and thus are less
sensitive to the myriad ecological changes in fragments.
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A surprising result of the BDFFP is that a few faunal
groups, such as small mammals and frogs, appear quite
resilient to fragmentation (Malcolm, 1997; Tocher et al.,
1997; de Lima & Gascon, 1999). The species richness of
frogs, for example, actually increases in forest frag-
ments after isolation, largely because of an influx of
generalist species that thrive in adjoining regrowth and
pastures (Tocher et al., 1997). It must be emphasized,
however, that these results may not be typical of other
fragmented landscapes, because the BDFFP frag-
ments are still quite young (14-18 years old), often
surrounded by regrowth forest and separated only
by short distances (70-1000 m) from very large
( > 1 million ha) forest tracts. Thus, our findings are
probably conservative: the impacts of fragmentation on
Amazonian fauna in other localities will be at least as
great as those observed here.

The BDFFP experiment is also conservative because
the study area is protected from chronic disturbances,
such as hunting, logging and major wildfires, which

plague many anthropogenic landscapes (Laurance &
Bierregaard, 1997). In the eastern Amazon, where de-
forestation is particularly severe, many fragments are
damaged by logging and fires. A typical 100-ha frag-
ment near Paragominas, Para, for example, had about
half of its area burned in 1995 and 1997. The burned
areas supported only dead trees with short, scrubby
regrowth in the understorey (W. F. Laurance, pers.
obs.).

Hunting pressure is growing throughout the Amazon
because of greater access to forests and markets, and
the increasing use of shotguns. Commonly exploited
species include larger birds and primates, deer, tapirs,
peccaries, large rodents and top carnivores such as
jaguars Panthera onca and pumas Puma concolor (Peres,
1990; Robinson & Redford, 1991, 1994; Bodmer et al,
1994; Cullen, 1997). Intensive hunting can extirpate
species with low reproductive rates and dramatically
alter the species composition of faunal communities
(Robinson & Redford, 1991; Alvard et al, 1997). Such
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changes are likely to have especially dire consequences
in fragmented landscapes, where wildlife populations
are often small, isolated and vulnerable to overharvest-
ing (Cullen, 1997; Woodroffe & Ginsberg, 1998;
Chiarello, 1999).

Future prospects for the Amazon

Conservation in the Amazon is an uphill battle. The
population of the Brazilian Amazon has increased ten-
fold since the early 1960s, from about 2 million to
20 million people, accompanied by an equally dramatic
rise in major transportation, logging, mining and in-
frastructure projects (Laurance, 1998). Since 1988, con-
trol of Amazonian resources has been progressively
shifting from the Brazilian federal government to state
and municipal authorities, which are poorly qualified
to meet this challenge and prone to local development
pressures. In addition, Amazonian nations have tra-
ditionally viewed the basin as a source of wealth, and
have often regarded foreign initiatives to promote
forest conservation with suspicion and ambivalence
(Laurance & Fearnside, 1999).

Several international and domestic programmes have
the potential to improve Amazonian conservation, but
all face daunting challenges. Stronger environmental
legislation was recently enacted in Brazil, but its im-
plementation has been obstructed by executive and
congressional interference, which have rendered it vir-
tually powerless (Laurance, 1999). Despite such hin-
drances, Brazil's national environment agency, IBAMA
(Instituto Brasileiro do Meioambiente e dos Recursos
Naturis Renovaveis), isnowenlistingthehelpofthe army-

to patrol the Amazon for illegal logging, mining
and deforestation.

The most important international initiative is the
Pilot Program to Conserve the Brazilian Rainforest
(Anon, 1999). Administered by the World Bank, the
Pilot Program is attempting to channel about
$US350 million from Germany, the European Com-
munity, Britain and other major industrial nations into
Amazonian conservation programmes. The Program
embodies many good ideas—land-use planning, ex-
tractive and Amerindian reserves, ecological corridor
systems, applied research, and capacity-building for
local governments, among others. It has been particu-
larly successful in fostering the creation of new non-
governmental organizations, many of which are
oriented towards sustainable development or in-
digenous communities, and in promoting the designation
of Amerindian reserves (Laurance & Fearnside, 1999).

The Pilot Program faces major obstacles, however,
and nearly collapsed in early 1999 when Brazil with-
drew its own contributions to the programme, which

total about a tenth of the overall budget. Under intense
international and domestic pressure, the Brazilian gov-
ernment later reversed this decision. Although Brazil's
actions were precipitated by its recent economic crisis,
its wavering support for Amazonian conservation has
raised serious concerns in many quarters (Laurance &
Fearnside, 1999).

If there is any reason for optimism, it is that local
support for conservation appears to be growing in the
Amazon. Today there are about 350 indigenous and
environmental groups in Brazil (Anon, 1999). These
grassroots organizations provide some hope for the
future, but there is not the slightest room for compla-
cency. For unless present trends are altered, the
Amazon and its wildlife will be massively diminished
in the years to come.
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