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communities may develop near the inter-
face between the “Three-Gorges Lake” and
the remnant forests, which can significant-
ly impact the island biotas and the regional
landscape. In addition, changes in land-use
patterns due to increased accessibility to
mountain tops, in terms of tourism and re-
settlement of local people, may have vari-
ous impacts on biodiversity. Aside from 
island biogeography, other perspectives of
biodiversity and fragmentation, including
neutral theory (20), metapopulation theory,
self-organization of biotic communities,
and landscape ecology (1, 21), should be
considered.

Many hypotheses concerning fragmenta-
tion effects and biota relaxation require em-
pirical data over decades or centuries (7, 8,
22), so it is critical to establish long-term
monitoring programs with permanent field
sites. Meanwhile, rapid biodiversity loss
may occur immediately after “island” for-
mation. For example, Barro Colorado
Island, the largest island in Lake Gatun
formed by damming the Chagres River in
1913, lost 45% of its breeding bird species
in less than 50 years (7). The study of
Terborgh et al. (6) in Lake Guri, created by
damming in 1986, showed that small islands
(<1 ha) lost 75% of their biological species
within only 15 years, and that all islands lost
their top predators within 4 years! A signif-

icant portion of the top predators in most
small islands of TGRA may disappear at an
even faster pace because of higher human
population pressure. Thus, initial field sur-
veys are essential to establish credible refer-
ence conditions for future research. This is
especially true for species at higher trophic
levels because they usually are much more
sensitive to habitat fragmentation than those
at lower trophic levels (6, 23). 

One of the limitations with such natural
experiments has been the lack of the base-
line biological and land-use information be-
fore the habitat fragmentation. Such infor-
mation has been inferred from often incom-
plete museum collections and historical
records of the island biotas or their compa-
rable mainland sources (23). Although the
first detailed survey was a decade after iso-
lation for Barro Colorado Island and 4 years
later for Lake Guri, Chinese scientists have
already begun to compile past and current
ecological data for TGRA before the dam is
fully operational (16–18). 

The world’s largest dam is not only a
demonstration of the mighty power of hu-
manity; it can and should become a unique
and rich source of information for under-
standing and conserving biodiversity and
ecosystem services. To take advantage of
this opportunity, international funding and
long-term collaborations are needed.
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C
hina is the most populous country,
has one of the largest territories, has
a booming economy (1), and recent-

ly has significantly changed its political
leadership. As China’s new top leaders be-
gin to develop socioeconomic priorities,
initiatives, regulations, policies, and legis-
lation, it is important for them to expand
the support for biodiversity conservation.

China has so many ecosystem types
that it has >30,000 species of vascular

plants [behind only Brazil and Colombia,
(2)] and ~2340 species of terrestrial verte-
brates (3), >10% of the world total in both
cases (2). Perhaps half of China’s species
are found nowhere else; these include
many archaic and distinctive evolutionary
lines, like giant pandas and ginkgoes (4).

As elsewhere, China’s biodiversity suf-
fers from the explosive increase in the in-
tensity and extent of human activities.
Forest cover now accounts for only 16.5%
of its area (5). Its rangelands are severely
overgrazed, its wetlands are shrinking rapid-
ly, and invasive species are an increasingly
serious problem. Poaching of plants and
wildlife is still common despite government
bans. For example, tourist shops near some
nature reserves conspicuously display skins
of the endangered snow leopard. Air and
water pollution are among the most severe
in the world. The World Conservation
Union (IUCN) 2002 Red List places China
among the countries with the most threat-
ened birds and mammals (6). Perhaps 

a quarter of its species are threatened (7).
To protect its biodiversity, China has es-

tablished 1757 national and local nature re-
serves, most within the last 20 years (see
figure, next page). They cover about 13%
of the nation’s area (8). Among them, 171
are national reserves (9), 21 have been des-
ignated Biosphere Reserves of the United
Nation’s Educational, Scientific and
Cultural Organization’s (UNESCO’s) Man
and the Biosphere Programme (10), and 7
have been designated globally significant
wetlands (11). China has set an ambitious
goal of increasing the number of reserves to
1800 (covering 15% of the area) by 2010
and 2500 by 2050 (12). These achievements
are remarkable given China’s population
and the pressing need for economic devel-
opment. Nonetheless, the nature reserve
system faces serious challenges. We (11,
13–18), together with others (19), have be-
gun to address the major issues.

Enhance the National Plan
and Administrative System
For the most part, lower-level government
organizations have established national and
provincial reserves, with ultimate approval
by upper-echelon government organizations
(11). This bottom-up approach rescued
many threatened ecosystems and endan-
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gered species from immediate loss, but it
has been opportunistic. It lacks systematic
planning and an adequate conceptual base.
Most reserves are too small to ensure
species survival and sustain ecosystem
function. Many important areas are exclud-
ed. For example, no land managed by the
military has been incorporated into the re-
serve system, even though some of it is eco-
logically diverse and contains many endan-
gered and threatened species. In some coun-
tries (e.g., the United States), the military’s
primary mission still permits a secondary
responsibility for stewardship
(20). National reserve planning
would identify priorities and
gaps in the existing system, and
the need for new reserves that
could follow ecosystems across
provincial and national bound-
aries. It might strengthen coop-
eration among reserves and re-
gional bureaucracies. 

National and local reserves
are under the jurisdiction of
several ministries and state
agencies, including the State
Forestry Administration (SFA)
and State Environmental Pro-
tection Administration (SEPA)
(11). Although most reserves are
under the jurisdiction of SFA, SEPA is cur-
rently responsible for their coordination.
Local governments manage most of the na-
tional reserves. The central government pro-
vides reserves only limited financial sup-
port; a third have no clear boundaries, no
management teams, and no staff (11). The
reserve system needs centralized manage-
ment and coordination under the State
Council. A new State Administration for
Nature Reserves should be established with
increased authority and funding, as well as a
comprehensive Nature Reserve Law at the
national level. 

Increase Investment
National reserves received only $113/km2

(operating and construction funds), much
lower than the world average ($893/km2),
and even lower than the average of reserves
in developing countries ($157/km2). Local
reserves receive only $53/km2 (13). Of 85
reserves surveyed, the government covered
only about a third of their needs. 

Economic activities of reserve staff (such
as harvesting and selling resources unavail-
able to others) have caused severe damages
(14), yet managers must pursue such prac-
tices to pay their staff. When local govern-
ment assumes the management of national
reserves, the central government should pro-
vide adequate funds (11). Similarly, locally
owned and operated reserves should be ac-
corded higher levels of attention by the per-

tinent governmental units (21). Based on
carefully considered national priorities, addi-
tional funds should be sought from the pri-
vate sector and from nongovernmental or-
ganizations and international organizations
for the proper management of all reserves
(22). A separate national budget should cov-
er the operational expenses of national re-
serves, and local reserves deserve a separate
budget from the local governments. 

Tourism creates opportunities for em-
ployment and revenue (23), but it has also
caused harm, including habitat destruction,

landscape fragmentation, increases in pollu-
tion, and the introduction of exotic species
(23). In the 11 high-profile reserves sur-
veyed (13), visits increased from 942,000 in
1995 to 1,770,000 in 1998 (13). Tourism is
being developed in the central regions of
many reserves, which are often the most
sensitive and biologically significant areas
(21). Tourism must be managed to ensure
long-term health and sustainability of the re-
serves, not short-term economic gain (15).

Help Local Communities
China’s reserves are mostly in its poorer ar-
eas (13). Residents, neighbors, and local
governments often view reserves as obsta-
cles to human welfare and economic devel-
opment. As elsewhere in the world, re-
serves will survive only if the residents’
and neighbors’ legitimate concerns are re-
spected and addressed (24). Tourism and
resource development should benefit local
communities. Reserves should also help
through technology transfer, such as re-
placing wood harvested for fuel with other,
alternative-energy sources (24, 25). In the
short-term, however, direct payments may
be necessary to offset local communities’
costs in forgoing extractive activities (26).

Conservation education has traditional-
ly focused on increasing stakeholders’
awareness to make them agree with and
participate in conservation actions; it has
not been very effective. There is another di-

mension of education that might prove
much more cost effective. In the Wolong
Nature Reserve, for example, the govern-
ment has offered conservation education
(and economic incentives) for residents to
move out and thus to protect the giant pan-
das. Young people cause the greatest harm
to the reserve, so encouraging their leaving
will achieve the greatest benefit. This will
not happen unless the quality of their edu-
cation improves so that they can pass en-
trance exams to college or technical
school. We recommend increased invest-
ment in schools (17, 18).
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