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IT IS WIDELY ANTICIPATED THAT HABITAT LOSS will cause a mass
extinction of tropical forest species. To evaluate this possibility,
Wright & Muller-Landau (2006, henceforth WML) project fu-
ture net tropical forest loss from United Nations projections of
human population growth and present day relationships between
human population density and the percentage of original forest
cover remaining for 45 countries that support 89.6 percent of ex-
tant, humid tropical forest. Absolute rates of deforestation (area/yr)
are predicted to decline in this analysis, and urbanization is pre-
dicted to accelerate the decline to the extent that rural popula-
tions control forest cover change. These projections suggest that
large areas of tropical forest cover will remain in 2030 and be-
yond, and thus that habitat loss will threaten extinction for a
smaller proportion of tropical forest species than previously pre-
dicted. Brook et al. (2006, henceforth BBKS) object. BBKS re-
peat caveats presented by WML and raise additional objections.
Here, we show why we believe most of these new objections are
unfounded.

HUMAN POPULATION DENSITY AND NET
FOREST LOSS

BBKS believe present day age structures skewed toward youth create
a human population growth momentum that compromises the
analysis of WML. This argument is irrelevant, because the United
Nations population projections used by WML incorporate present
day age structure. Even with this momentum, tropical populations
stop growing. Moreover, the present day skewed age structures mean
that the number of young people stops growing sooner than the
population as a whole. Thus, if BBKS are correct that the young
population causes most deforestation, then net forest loss is likely
to decrease even faster and sooner than projected by WML based
on total population growth.

BBKS argue that the relationship between rural population
density and forest cover is likely to change in the future, because ur-
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ban populations also place demands on forests, and because the cor-
relation between urban and rural population sizes is projected to de-
cline. These uncertainties are one reason WML repeated their anal-
yses for both total (urban plus rural) and rural population densities.
The net loss of forest cover is surprisingly small even when projected
from total population growth (Fig. 6 in WML). In an increasingly
global economy, however, forest cover may be decoupled even from
total country-level population density and respond instead to global
markets, as BBKS and WML both note. Global food needs are un-
likely to result in a large expansion of the worldwide area in agri-
culture, given increasing agricultural yields, especially in the tropics
(Green et al. 2005), although increasing meat consumption in devel-
oping countries could substantially increase the per capita impact on
forest cover (Green et al. 2005). However, increased trade liberaliza-
tion could lead to shifts in agricultural production from temperate
to tropical countries, increasing pressure on tropical forests. Energy
demand represents a potentially larger danger to tropical forests if
biofuels are developed on large scales: the production of sugarcane
for ethanol, oil palm for palm oil, and plantation trees for wood
could easily replace all natural forests (Pacala & Socolow 2004).
Thus, agricultural trade liberalization and large-scale increases in
biofuel production could both lead to increased demand for tropical
land, and change land-use dynamics in such a way that country-
level population densities, rural or urban, cease to predict forest
cover.

BBKS introduce a “business as usual” scenario that predicts
forest loss not much greater than that projected by WML, and
thus reinforces the case for an optimistic view while understating
the difference between traditional projections of forest loss and the
projections of WML. BBKS assume “the annual percentage rate of
forest loss (l) remains constant” to project Southeast Asian forest
loss for 2000–2030. Absolute deforestation rates decline under this
assumption. The 30-yr decline equals F × l × [1 − (1 − l )29],
where F is the area forested in 2000, F × l is the area deforested in
2000–2001, and F × l × (1 − l)29 is the area deforested in 2029–
2030. This “business as usual” scenario and the total population
growth projection of WML, respectively, predict similar 30-yr
decreases of 33 and 48 percent in absolute deforestation rates
and similar percentages of 26.5 and 35 percent of the original
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forest cover remaining in 2030 for Southeast Asia. These predic-
tions contrast with the Millennium Ecosystem Assessment (2005,
henceforth MEA). The MEA documents the loss of about 3
percent of the potential area of tropical and subtropical moist
broadleaf forest in 40 yr from 1950 to 1990 and predicts the ad-
ditional loss of nearly 20 percent in 60 yr from 1990 to 2050
(Fig. 4.4 in MEA). Thus, the MEA predicts a huge increase in ab-
solute deforestation rates. In a similar vein, Dirzo & Raven (2003)
conclude “It is therefore doubtful that more than 10 percent of
the tropical forests will be protected, and probably more real-
istic to think of 5 percent surviving the next 50 years.” These
and many similar predictions, which differ radically from the
“business as usual” scenario of BBKS, stimulated the analysis by
WML.

EXTINCTION AND FOREST AREA LOSS

Species-area relationships are used to predict the number of species
of habitat specialists that will become extinct when the global
area of a habitat is reduced (Pimm & Askins 1995). The con-
cept of an extinction debt applies when habitat area has been re-
duced, but the resulting extinctions have yet to occur because of
short-term persistence of ultimately unviably small populations.
No one knows how long it will take to settle the present day
extinction debt. But, we do know that all extant tropical forest
species survived past reductions in tropical forest cover associated
with glacial cycles and the activities of prehistoric humans. Thus,
WML reasoned that the length of time and the area affected dur-
ing past changes in forest cover provide insights into the length
of time it will take to settle the present day extinction debt in-
duced by the reduction in the area of primary tropical forests.
This window of time presents an opportunity for natural sec-
ondary succession to reestablish forest habitats and reduce modern
extinctions.

BBKS respond that species “previously driven to small popu-
lation sizes are already committed to extinction . . .because they are
too small to be viable in the long term.” We reiterate that all ex-
tant species survived much longer periods of habitat contraction in
the past, and that this suggests that the resulting small populations
are in fact viable. We argue that the small population paradigm
is relevant only to species undergoing the most severe and histori-
cally unprecedented habitat contractions, such as Brazilian Atlantic
forest endemics (Brooks et al. 2002). BBKS further dispute the rel-
evance of historical forest contraction to current extinction risks,
because present day forest contraction and expansion is more rapid,
and because habitat fragmentation and environmental alteration
are more severe. We believe that the rate of forest loss is irrelevant,
because forest area is contracting, and thus habitat specialists need
not disperse to the forests that will survive (they are already there).
The higher rate of forest expansion through secondary regrowth can
only be a plus: faster expansion should reduce the time species must
endure small population size and enhance their survival probabil-

ity. We agree that present day environmental conditions pose many
challenges that might increase extinction rates above those predicted
based on remaining habitat area alone. Nonetheless, we believe the
large number, long duration, and severity of past changes in the
tropical forest area, which all extant species survived, provide an
important perspective on the capacity of tropical species to endure
habitat reductions.

EXTINCTION, DEGRADATION,
AND SECONDARY FORESTS

A crucial difference between BBKS and WML concerns the con-
servation value of degraded and secondary forests. The optimistic
arguments of WML are based on counting the increasing area of
secondary tropical forests as current or future habitat for tropical
species—habitat that could rescue species unlikely to persist in the
long term in the small remaining areas of old-growth forest alone.
BBKS believe tropical secondary forests are depauperate, are dom-
inated by generalist species, and can act as reproductive sinks that
diminish the viability of remnant populations in nearby primary
habitats.

Secondary and degraded tropical forests are crucially impor-
tant to conservation because of the vast areas of land involved.
There are approximately 11,000,000 km2 of tropical forest to-
day, of which 5,000,000 km2 are degraded or secondary forests
(International Tropical Timber Organization 2002, Wright 2005).
Conservationists have only recently begun to evaluate these forests
(Cannon et al. 1998, Lawton et al. 1998). Logged and unlogged
forests support similar plant species diversity, and even tree species
targeted by decades of selective logging maintain large populations,
although not of timber-quality individuals (Cannon et al. 1998,
ter Steege et al. 2002). Secondary forests quickly restore condi-
tions favorable for functionally important arthropods and often
support as many animal species as do nearby primary forests af-
ter just 40 yr of natural regrowth (Lawton et al. 1998, Dunn
2004, Quintero & Roslin 2005). Species composition often dif-
fers between primary and secondary forests, however, and the ex-
tent of such differences varies widely among higher taxa (Lawton
et al. 1998, Chazdon 2003, Dunn 2004, Lugo & Helmer 2004).
A landscape perspective also indicates that small forest fragments
can enhance biodiversity in largely agricultural settings (Ricketts
et al. 2001, Horner-Devine et al. 2003). There are many promis-
ing indications that secondary and degraded tropical forests might
rescue threatened species even though the conservation value of
these new tropical forests and landscapes has only just begun to be
explored.

Finally, whatever their value in the short term, most secondary
and degraded forests have the potential to attain a structure and
species composition similar to primary forests in the long term,
provided that they are sufficiently connected to sources of pri-
mary forest species and protected from further disturbance (Lamb
et al. 2005). Current and future conservation efforts are crucial to
determining the degree to which this potential will be realized,
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and thus to the long-term contribution that 5,000,000 km2 of sec-
ondary and degraded tropical forests will make to the conservation
of biodiversity.

CONCLUSIONS

The uncertain future of tropical forest species suggests that the
widespread belief in an inevitable mass extinction might be pre-
mature. This conclusion is reinforced by recent evidence for the
effectiveness of tropical protected areas. The IUCN lists 3026 pro-
tected areas that include 1,542,000 km2 of tropical forests (S. J.
Wright, C. Portillo, and A. Sanchez-Azofeifa, pers. obs.). Recent
satellite image analyses indicate that these protected areas reduce
deforestation and fire frequency (DeFries et al. 2005, Nepstad
et al. 2006). The world’s poorer countries have made a vast commit-
ment of their scarce resources to conservation, and this commitment
is already having a positive effect. As tropical agricultural experi-
ments on marginal lands fail and are abandoned, these protected
old growth forests will continue to serve as a source of colonists
for secondary forest succession. Management to enhance the re-
covery of secondary forests will further enhance their biodiver-
sity value (Lamb et al. 2005). In sum, we believe that the area
covered by tropical forest will never fall to the exceedingly low
levels that are often predicted, and that extinction will threaten
a smaller proportion of tropical forest species than previously
predicted.

Answers to two key questions raised by WML and by BBKS are
urgently needed to validate this optimism. First, what proportion
of tropical species is completely dependent on pristine, old growth
forests? These are the species most vulnerable to extinction caused
by habitat loss, and it will be an immense job to identify them
(Lawton et al. 1998). Second, how will global atmospheric and
climatic changes affect old growth and secondary tropical forests?
Ongoing changes to temperature, rainfall, nutrient deposition, and
atmospheric CO2 concentrations and transmissivity to solar energy
could yet undo tropical forests (Lewis et al. 2004, Wright 2005).
Among a nearly infinite number of possible recommendations, we
repeat here just one recommendation made by WML. Assist coun-
tries with large areas of extant forest, large projected human popula-
tion growth rates, and limited protected area networks to establish
and maintain new protected areas now. The Democratic Republic of
the Congo is a prime example. Forest still covered 65 percent of its
potential distribution in 2000, the human population is projected
to increase by 312 percent by 2050, and just seven IUCN-listed
reserves include forest today (another 15 reserves include savannah
or shrubland). The window of opportunity to establish protected
areas will soon close in the Democratic Republic of the Congo and
similar countries.
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