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Abstract. Protected areas throughout the world are key for conserving biodiversity, and
land use is key for providing food, fiber, and other ecosystem services essential for human
sustenance. As land use change isolates protected areas from their surrounding landscapes, the
challenge is to identify management opportunities that maintain ecological function while
minimizing restrictions on human land use. Building on the case studies in this Invited Feature
and on ecological principles, we identify opportunities for regional land management that
maintain both ecological function in protected areas and human land use options, including
preserving crucial habitats and migration corridors, and reducing dependence of local human
populations on protected area resources. Identification of appropriate and effective manage-
ment opportunities depends on clear definitions of: (1) the biodiversity attributes of concern;
(2) landscape connections to delineate particular locations with strong ecological interactions
between the protected area and its surrounding landscape; and (3) socioeconomic dynamics
that determine current and future use of land resources in and around the protected area.
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THE CHALLENGE TO BALANCE HUMAN NEEDS
AND EcoLocicaL FuncTion

Land use for agriculture, forestry, and settlements
provides food, fiber, and other ecosystem services that
satisfy immediate human needs (Millennium Ecosystem
Assessment 2003). Protected areas provide a host of
other services, including biodiversity, watershed protec-
tion, and carbon storage, as well as more difficult to
quantify cultural services such as recreation and spiritual
fulfillment. We follow the World Conservation Union
(IUCN) definition of protected area as “an area of land
and/or sea especially dedicated to the protection and
maintenance of biological diversity, and of natural and
associated cultural resources, and managed through
legal or other effective means.” Protected areas include
strict nature reserves, wilderness areas, national parks,
and management areas. The appropriate balance be-
tween land use to improve human well-being and
protected areas to conserve other ecosystem services is
ultimately a societal decision at the crux of the debate

Manuscript received 2 August 2005; revised 15 March 2006;
accepted 11 April 2006. Corresponding Editor: M. Friedl. For
reprints of this Invited Feature, see footnote 1, p. 972.

7 E-mail: rdefries@mail.umd.edu

between conservation and development (Adams et al.
2004, DeFries et al. 2004).

As land use change occurs outside the administrative
boundaries of existing protected areas, with potential
negative consequences for the ecological functioning of
the protected areas themselves (Hansen and DeFries
2007), the trade-offs between human uses and longer
term conservation of ecosystem services become com-
plex. In this paper, we explore possibilities for manage-
ment alternatives that recognize both human needs for
using unprotected lands and conservation needs to
maintain ecological function in protected areas. The
challenge is to apply ecological principles to identify
opportunities that do not unrealistically constrict human
land use, while minimizing negative consequences for
protected areas.

Ideally, land use management can achieve “win-win”
solutions that satisfy human needs while maintaining
ecological function (Daily and Ellison 2002, Rosenzweig
2003), for example, where conservation results in direct
economic benefits. Natural amenities in the American
West have spurred economic growth (Rasker and
Hansen 2000). Tourism revenue from wildlife is a major
component of national economies in East Africa. In the
case of the Wolong Nature Reserve in Sichuan, China
(Vidia et al. 2007), a “win—-win” alternative was achieved
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by providing nonagricultural employment opportunities
for local populations around the reserve, simultaneously
reducing pressure on giant panda (Ailuropoda melano-
leuca) habitat from fuelwood collection and agriculture
while improving local livelihoods. In Kitengela, Kenya,
payments to families to prevent the building of fences on
land in the wildebeest migration corridor double the
income of the poorest families during droughts, when
they need cash the most (calculated from data in
Kristjanson and Nkedianye [2001]). The effectiveness
of these management strategies is dependent on sound
ecological understanding of the habitat loss from human
pressures and its implication for wildlife populations.

Although ideal, “win—win” opportunities are not
possible in all situations. Nonlinear relationships be-
tween ecological responses and land area under protec-
tion make it possible to identify “small loss—big gain”
opportunities, in which ecological functioning of the
protected area might be maintained (“big gain”) with
minimum negative consequences for human land use
(“small loss”) (DeFries et al. 2004). In the Greater
Yellowstone Ecosystem (GYE), for example, Gude et al.
(2007) illustrate that restrictions in rural home develop-
ment in key, but small, crucial habitats covering only a
small percentage of land area outside the park dis-
proportionately benefit biodiversity in the park. In this
case, restrictions over a small land area (“small loss™)
can achieve a “big gain” for biodiversity.

In the coming decades, many protected areas around
the world are likely to undergo increasing pressures,
depending on the land use and socioeconomic dynamics
of the regions in which they are located. The case studies
in this Invited Feature illustrate some of these varying
conditions. Protected areas located in affluent countries,
such as the case study in the Greater Yellowstone
Ecosystem (Gude et al. 2007), probably will continue to
be magnets for homes and tourism. Other protected
areas are located in densely populated areas where
poverty and insufficient employment opportunities
dictate that local human populations rely on local
resources for food and energy needs. Such situations
are common throughout the developing world, as illus-
trated by the case study on the Wolong Nature Reserve
in Sichuan, China (Vifa et al. 2007). Other protected
areas are likely to undergo changes in types and extents
of land use in their surroundings as regions undergo
land use transitions from subsistence to commercial
agriculture (Mustard et al. 2004), such as the conversion
from swidden (“cut-and-burn”) agriculture to commer-
cial chili production around the Calakmul Nature
Reserve in the southern Yucatan Peninsula (Vester
et al. 2007).

The challenge to develop scientifically based, regional
land use management approaches pertains to both the
development community to incorporate ecological
principles in land management (Dale and Haeuber
2001) and the ecological community to consider growing
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human needs for ecosystem services in management
recommendations.

This paper draws on the case studies in this Invited
Feature to provide a framework for identifying manage-
ment alternatives, developed on the concept that
protected areas are embedded within larger ecosystems.
The complexities of ecosystems and their multiple
interactions among biotic, abiotic, and human compo-
nents on multiple temporal and spatial scales (Mayer
and Rietkerk 2004) foreclose simple prescriptions that
are applicable across many situations. Effective manage-
ment requires detailed and specific understanding
developed by scientists and managers with long-term
field knowledge of particular regions. Instead, in this
paper, we identify a framework applicable across
varying situations as a basis for identifying specific
management options in particular situations.

EcoLoGicAL KNOWLEDGE FOR REGIONAL MANAGEMENT
oF LAND USE AROUND PROTECTED AREAS

Ecosystem management provides a framework for
identifying land use options around protected areas
(Grumbine 1994). An important component of eco-
system management is cross-boundary management,
e.g., managing ecological functions across ecosystem
boundaries (Liu and Taylor 2002, Schneider et al.
2002). Craighead (1979) focused attention on ecosys-
tem management by showing that the needs of grizzly
bears could not be met solely within the borders of
Yellowstone National Park. Newmark (1985) demon-
strated that the park boundaries do not encompass
the necessary area for any of the large fauna. These
works help to establish the notion of greater ecosystems
in which protected areas are embedded, although the
attributes that should be used to define a greater
ecosystem remain controversial (Andelman and Fagan
2000).

A greater ecosystem, whether defined by ranges of
particular species, hydrologic boundaries, or other
ecological attributes, characterizes very large areas well
outside the boundaries of existing protected areas. It is
unlikely that such large areas can be wholly conserved
without unrealistic compromises with human needs,
except in the few remaining remote areas of the world
(Sanderson et al. 2002). In much of the world, these
large ranges are no longer suitable for carnivores due to
human land use. The question then becomes: Are there
key locations within the greater ecosystem that, if
managed appropriately, would maintain ecological
function while minimizing restrictions on human use?
As described in Hansen and DeFries (2007), the
ecological mechanisms through which land use change
alters ecological functioning of protected areas suggest
approaches for identifying these key locations. These
mechanisms include (1) changes in effective size of a
protected area, with implications for minimum dynamic
area, species richness, and trophic structure; (2) altered
flows of materials and disturbances into and out of
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Schematic representation of biophysical settings of protected areas (light gray) within greater ecosystems (dark gray) for

different biophysical settings: (A) high elevation in protected area and low elevation in population sources areas; (B) protected area
in lower reaches of watershed; and (C) protected area situated in gradient from low to high precipitation and productivity.

reserves; (3) loss of crucial habitats for seasonal
migrations and population source areas; and (4)
exposure to human activity through hunting, poaching,
exotic species, and disease.

The relative importance of these ecological mecha-
nisms in any particular protected area varies with the
ecological characteristics and socioeconomic setting. If a
protected area is located in the lower reaches of a
watershed, for example, water quality is likely to be
altered by land use occurring in the upper watershed.
Human effects are more likely to be important if popu-
lations rely on natural resources obtained within a
protected area. Critical habitats, population source areas,
and migration routes for wild populations are likely to be
located outside protected area boundaries when pro-
tected areas do not encompass gradients in climate and
productivity present in the greater ecosystem.

The relative size and placement of a protected area
within the greater ecosystem may be more relevant than
absolute size for the ability of a protected area to
maintain ecological function. Most protected area
boundaries do not encompass biophysical gradients in
precipitation, elevation, and temperature present within
the greater ecosystem, not even the large Serengeti
National Park in Tanzania with boundaries designed to
encompass the migratory extent of wildebeest (Sinclair
1995). Here, the dry-season grazing reserve for the
million-strong wildebeest migration lies across an
international boundary in Mara Reserve and surround-
ing pastoral lands of Kenya (Broten and Said 1995).
Protected areas are generally situated in locations with
low productivity, high elevation, poor soils, and other
areas less desirable for human use (Scott et al. 2001).
Plant communities and other resources critical to wild
populations are consequently not proportionally repre-
sented in the protected areas, and animal species rely on

areas outside the boundaries of protected areas for food
and water sources and breeding.

Delineating the placement of the protected area within
the biophysical gradients of the greater ecosystem is key
for identifying movements of species, critical habitats,
and other ecological interactions (Fig. 1). The biophys-
ical setting helps to identify the “zone of interaction”
and possible management opportunities. For example,
panda habitat within the Wolong Reserve is connected
to similar habitat outside the reserve, with the “zone of
interaction” being defined by the distance a panda can
travel (Vina et al. 2007).

The degree to which a protected area maintains
ecological function also is not static through time.
Disturbances, such as drought, fire, and hurricanes, may
alter the representation of different habitats. If the
protected area does not contain the minimum area for a
“shifting steady state” of habitat types (Gillson and
Willis 2004), the “zone of interaction” with outside areas
will also shift over time as ecological flows vary. In the
Calakmul Biosphere Reserve, for example, hurricanes
shift the proportional representation of secondary and
mature forest patches (Vester et al. 2007).

Placement of the protected area within the greater
ecosystem guides management opportunities to balance
human land use needs with ecological function of
protected areas (Fig. 1). Where the biophysical setting
leads to population source areas located distant from the
protected area, as in Yellowstone National Park,
conservation easements or incentives to maintain those
relatively small areas can maintain ecological function.
Where the protected area is located downstream in a
watershed, upstream watershed protection might be
more important to maintain ecological function. Main-
taining corridors for migrations will be most important
where protected areas are located within large, gradual
biophysical gradients, such as in East Africa.
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Examples of management opportunities appropriate for different socioeconomic and land use settings.

Land use in and around protected areas

Socioeconomic setting Forest ecosystems

Savanna ecosystems Management opportunities

Remote, low human low-intensity use of forest

population density products
Extractive frontier landscape  logging, mining, agricultural
expansion

fuelwood and NTFP¥}
collection, forest grazing,
hunting or poaching

second homes, recreation,
tourism

High density of human
populations dependent on
local resources

High density of affluent
human populations

low-intensity pastoral not needed

conversion of pastoral to
sedentary agriculture

nomadic livestock grazing,
farming, settlements,
hunting or poaching

second homes, recreation,
tourism

identify and protect critical
habitats and corridors

promote alternative
livelihoods to reduce
resource dependence

concentrate development
away from crucial habitats
with incentives such as
conservation easements

T Non-timber forest products.

KNowLEDGE oOF SocioecoNomic CONDITIONS
FOR REGIONAL MANAGEMENT OF LAND USE
AROUND PROTECTED AREAS

People reside within the boundaries of 70% of
protected areas in the tropics (Terborgh and Peres
2002) and almost 90% in China (China’s National
Committee on Man and the Biosphere 2000). Some form
of human land use occurs around all but the most
remote protected areas. Poaching and hunting affect
more than three-fourths of the parks in the tropics (van
Schaik et al. 1997, Dugelby and Libby 1998). Even the
most ardent conservationist will concede that manage-
ment of protected areas must consider people’s needs
and aspirations for use of land and other resources,
particularly where the livelihoods of indigenous, tribal,
and traditional peoples depend on these resources.

Polarized debates continue about whether conserva-
tion in developing countries should follow the “Yellow-
stone” model, excluding local and indigenous people
from parks, or the “people and parks” model, accom-
modating development and livelihoods needs (Stevens
1997h). On one hand, local peoples are essential
components for long-term conservation (Schwartzman
et al. 2000), particularly in tropical hot spots of
biodiversity where human population densities are high
(Cincotta et al. 2000). On the other hand, conservation
projects that have attempted to link with social and
economic development in surrounding communities
have a mixed record of success due to insufficient clarity
in goals and institutional constraints (Barret and Arcese
1995, Agrawal and Gibson 1999, Schelhas 2001).
Regardless of one’s stand on the moral and ethical
dimensions of strict conservation vs. local rights to use
natural resources, the historical view of protected areas
as islands isolated from surrounding areas and neigh-
boring communities is superseded by the reality that
effective management in and around protected areas
must account for human use of natural resources.

Many questions remain to apply scientifically based
management to these issues. What are the relative
contributions of people living inside protected areas vs.

human pressures in the surrounding area to declining
ecological function? Do employment opportunities
through tourism for local peoples reduce or increase
pressure on protected areas? Answers probably vary
from place to place, and require attention from the
research community.

Management opportunities for balancing human
needs and ecological function of protected areas vary
with socioeconomic setting and stage in the land use
transition (DeFries et al. 2004, Mustard et al. 2004)
(Table 1). Protected areas in remote locations may have
fewer conflicts with human use of local resources. In
frontier landscapes undergoing rapid transitions from
wild lands to stable human land uses, extraction of
resources takes the form of logging, mining, rapid
agricultural expansion, and hunting. Challenges to
conservation are significant in these frontier landscapes
due to general lack of institutional infrastructure and
few possibilities for enforcement (Brandon 2002). The
opportunity is to identify and protect critical habitats
and corridors before they are converted.

In more stable, non-frontier landscapes, management
opportunities and challenges vary depending on the
socioeconomic setting. In locations with human pop-
ulations that are heavily reliant on local resources, as in
much of the biodiversity-rich developing world, the
foremost management challenge is to promote live-
lihood alternatives that improve human well-being and
reduce overexploitation of forest products and other
land resources. This is perhaps the greatest conservation
challenge for the coming decades (Terborgh and van
Schaik 2002). In more affluent settings, management
that deflects development away from critical habitats
might be achieved through existing institutions for
zoning and economic incentives.

Regardless of the specific case, ecological theory is
better developed than human—environment theory on
which to base management principles. Development of a
sound basis for management depends on a better
understanding of interactions between nonhuman and
human species, interactions within human communities,



June 2007

institutions, resource use, and many other socioeconom-
ic factors. Because the vast majority of protected areas
are public, the challenges for effective governance of the
commons are particularly pertinent (Dietz et al. 2003).

LEssoNs FROM CASE STUDIES

Although it is not possible to capture the full range of
ecological and socioeconomic conditions around pro-
tected areas throughout the world, the case studies in
this Invited Feature provide insight into how these
varying factors suggest management approaches that
might be effective in different situations. The case
studies represent variations in several factors: biodiver-
sity attribute considered in the analysis; ecological
setting of the protected area within the greater
ecosystem; and conflicts with use of land and other
resources in and around the protected area. These
factors determine which ecological mechanisms and
attributes might be most altered by land use surrounding
the protected area and ultimately guide the identification
of “win-win” or “small loss—big gain” management
opportunities.

Each case study considered different attributes of
biodiversity appropriate for the location. The Wolong
Nature Reserve analysis considered a single species, the
giant panda (Vifia et al. 2007). Others considered a range
of species depending on data availability, such as
butterflies and tree species in the southern Yucatan
(Vester et al. 2007), and bird hotspots, migration
corridors for grizzly bear (Ursus arctos), elk (Cervus
elaphus), pronghorn antelope (Antilocapra americana),
and moose (Alces alces), and an index of habitat
irreplaceability (Pressey and Cowling 2001) in Yellow-
stone (Gude et al. 2007). The management opportunities
depend on the biodiversity attribute of interest. For
instance, a focus on large migratory mammals suggests a
management focus on corridors, dispersal areas, and
connectivity between protected areas. A focus on bird
populations might shift focus to critical population
source areas outside the protected area.

Second, the case studies vary in terms of the
biophysical setting of the protected areas within their
greater ecosystems. Boundaries of protected areas
generally do not encompass the full gradients in
precipitation, temperature, elevation, and other bio-
physical factors present in the larger ecosystem. Yellow-
stone National Park is located at higher elevation and
has lower productivity than the greater ecosystem.
Calakmul Biosphere Reserve in the southern Yucatan
Peninsula spans the precipitation gradient present in the
greater ecosystem, but does not include proportional
representation of secondary and mature forest types,
especially the more humid variety. Wolong Nature
Reserve is not located across a gradient to the same
extent. Instead, the connectivity is essential to maintain
panda populations due to habitat loss inside the reserve
during stochastic events such as fire and bamboo
flowering.

LAND USE CHANGE AROUND PROTECTED AREAS
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Third, the case studies vary greatly in the socio-
economic conditions in which they are located and the
resulting conflicts. Conflicts with surrounding land use
in Yellowstone National Park arise from the attraction
for second homes and tourism in proximity to the park.
Conflicts around the Wolong Nature Reserve in
Sichuan, China are rooted in the dependence of local
people upon fuelwood and subsistence agriculture. In
Calakmul Biosphere Reserve, land uses for local
subsistence are changing to more market-based agricul-
ture, so that the conflict is shifting from hunting pressure
and clearing for swidden agriculture to sustained habitat
loss from intensive chili production. Understanding the
nature of these conflicts is key to identifying appropriate
management strategies that minimize constraints on
human needs. Locating sedentary agriculture away from
migration corridors and dispersal areas, for example,
provides a management opportunity.

APPROACH TO IDENTIFY MANAGEMENT OPPORTUNITIES

Various management approaches address ecological
interactions between protected areas and their surround-
ing landscapes. One approach focuses on maintaining
connectivity among protected areas within a region.
Examples include the Yukon to Yellowstone (Y2Y)
corridor, which aims to maintain intact landscapes for
native wildlife in North America (Chester 2003), and the
Mesoamerican Biological Corridor in Central America
(Miller et al. 2001). Another management approach to
resolve conflicts between local populations and pro-
tected areas became popular over the last few decades
with mixed-used biosphere reserves, buffers, and Inte-
grated Conservation and Development Projects (ICDP)
(Stevens 1997a). Community involvement and partic-
ipatory management, in theory, address the dual goals
of conserving biodiversity and alleviating poverty for
peoples living near protected areas. The degree to which
these goals have been achieved and whether they are
complementary or contradictory remain an open ques-
tion (Adams et al. 2004).

Biological corridors and local community develop-
ment address only two of the four ecological mecha-
nisms governing interactions between protected areas
and their surroundings, as identified in Hansen and
DeFries (2007): critical habitats outside protected areas
and effects from exposure to human activity, respec-
tively. Although the need to manage protected areas
within a regional context is increasingly recognized
(Prendergast et al. 1999, Margules and Pressey 2000),
comprehensive approaches to regional management that
consider the range of ecological mechanisms and socio-
economic interactions relevant in particular settings
have not been systematically identified.

The case studies highlight that regional management
approaches aimed at balancing human needs and
ecological function in protected areas will be most
effective if based on detailed knowledge of particular
ecological and socioeconomic conditions. However, a
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general approach to arrive at management options may
be applicable across different conditions. We identify
three factors that can help to identify management
opportunities for regional land use: clear definition of
the biodiversity attributes of greatest concern to
management; delineation of the “zone of interaction”
between protected areas and their surrounding land-
scapes based on the biophysical setting; and consider-
ation of the socioeconomic conditions that lead to
current or future conflicts between land use and
biodiversity. These factors can together help managers
to identify opportunities to maintain ecological function
of protected areas while minimizing constraints on
human land use.

The management objectives: which attributes
of biodiversity are of greatest concern?

Management of some protected areas focuses on
particular keystone or flagship species, such as giant
panda in Wolong Nature Reserve in Sichuan, China
(Vifia et al. 2007). The premise is that maintaining
habitat for these species also conserves other species.
Not all protected areas have such clearly stated goals,
focusing rather on maintaining native, intact, or pristine
habitats; mosaics of habitats; aesthetic, scenic, or
recreational uses; or overall species richness.

Clear definitions of the biodiversity and ecological
attributes of greatest concern are crucial to delineate
“zones of interaction.” Focus on giant panda will
include bamboo forests, birds on riparian habitats, large
migratory mammals on seasonal corridors, and dispersal
areas, depending on life history traits. In reality,
management goals relate to a variety of species and
habitats, but clear articulation of the biodiversity
responses of interest will allow most straightforward
assessment of key locations within the greater ecosystem
and identification of management opportunities. Gude
et al. (2007) analyze multiple biodiversity attributes
(bird hotspots, mammal migrations, and habitat irre-
placeability) to identify overlapping areas of particular
management concern. Such approaches that use multi-
ple indicators may be particularly useful in increasing
the conservation value of landscapes protected for single
species.

The biophysical setting: What is the spatial extent
of interactions between protected areas
and their surroundings?

Although ecological flows of materials, energy, and
organisms are rarely contained within the administrative
boundaries of protected areas, the spatial scales of the
interactions are difficult to define, and depend on the
species and communities of interest, ecological setting,
and land use characteristic. Large mammals might
migrate far outside protected area boundaries where
biophysical gradients span large areas and locations of
food and water resources vary seasonally. Steep topo-
graphic gradients might restrict populations to small
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areas. Very distant economic and political processes also
influence protected areas in cases where global markets
or national policies influence land use and livelihoods of
people living in and around protected areas (Liu and
Diamond 2005).

Protected areas do not generally have systematically
determined boundaries for the larger ecosystems in
which they are contained. The Greater Yellowstone
Ecosystem is the exception, with the boundaries defined
by grizzly bear range combined with administrative
jurisdictions (Gude et al. 2007). Although it is difficult to
define precise boundaries of the spatial extent of
ecological interactions with protected areas, identifica-
tion of the general area of interest is necessary to
determine opportunities for regional management.
Perhaps more importantly, specifically located “zones
of interactions” within the greater ecosystem where
ecological interactions with the protected area are
particularly strong are key to identifying “small loss—
big gain” management opportunities. Detailed analyses
and ground-based understanding of the region can
identify these locations, as indicated through the case
studies in this Invited Feature.

The socioeconomic setting: what are the conflicts between
biodiversity and land use in and around the protected area?

Finally, the extent and magnitude of human resource
use in and around a protected area will determine which
management approaches might be most effective to
balance human needs with ecological function of
protected areas. Existing and future uses of land and
other resources in the greater ecosystem set the stage for
identifying possible regional-scale management ap-
proaches. Where the land use leads to conversion of
habitat, such as in frontier landscapes with agricultural
expansion or logging, efforts to identify the most crucial
habitats and locations to maintain ecological flows
before they are converted is an appropriate management
focus. Where effects from poaching, hunting, and other
human pressures are intense but do not result in habitat
conversion per se, alternative livelihoods for local
populations might be most effective. The latter is a
major challenge as conservation efforts focus on
biodiversity-rich tropics. Successful approaches to deal
with these conflicts have not been widely demonstrated.

The socioeconomic setting also determines types of
land use, which vary in terms of their ability to support
biodiversity. Agroforestry and low-intensity agriculture,
for example, provide more suitable habitat than
intensive, mechanized farmland. However, some results
suggest that, on balance, the latter may maintain higher
levels of biodiversity over a landscape (Green et al.
2005). In reality, studies addressing the trade-offs of
different land uses for both biodiversity and human
well-being are few and the lessons sparse. The subject
requires attention to identify opportunities for alter-
native land uses within critical “zones of interaction.”
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CONCLUSIONS

Land use surrounding protected areas probably will
continue to expand and intensify. A key management
challenge is to identify “small loss—big gain” opportu-
nities, in which ecological functioning of the protected
area might be maintained (“big gain”) with minimum
negative consequences for human land use well-being
(“small loss”). Case studies in this Invited Feature offer
examples. Concentration of development away from
small but critical bird habitats in the Greater Yellow-
stone Ecosystem would result in a “big gain” for
ecological function with no reduction in the overall
development of rural homes. Provision of nonagricul-
tural livelihoods reduced dependence of local peoples on
forest resources and improved habitat connectivity for
giant pandas in Wolong Nature Reserve in Sichuan,
China. This connectivity is particularly important for
maintaining panda populations in times of stochastic
events such as fire and bamboo flowering.

Identification of these “small loss—big gain” oppor-
tunities depends on detailed understanding of the
ecological and socioeconomic settings in and around
the particular protected areas. Regional land use
management to balance human well-being and ecolog-
ical function in protected areas will be most effective if
based on detailed knowledge of these conditions in
particular situations. A general approach for identifying
the management opportunities, however, emerges from
the case studies. Components are:

1) Clear definition of the management objective and
biodiversity attributes of concern. These attributes
might be maintaining populations of particular flagship
species, representative habitats, or recreational and
tourism objectives.

2) Delineation of the spatial extent of ecological
interactions between protected areas and their surround-
ing landscapes, based on the biophysical setting.
Ecological flows of materials, energy, and organisms
across the landscape depend on the biophysical gra-
dients and migration patterns. Within these greater
ecosystems around protected areas, particularly impor-
tant “zones of interaction” for migrations, critical
habitats, and disturbances can guide management to
focus on key locations that cover a small area but have
particular ecological significance.

3) Understanding the socioeconomic setting and
conflicts between use of land and other resources in
and around protected areas. In frontier landscapes
where land clearing and agricultural intensification is
underway, such as in the southern Yucatan case study in
this Invited Feature, the management challenge is to
identify and conserve key portions of the landscape
before they are converted. In more stable landscapes, a
major challenge occurs in many areas throughout the
developing world where local populations rely on
resources in and around protected areas for livelihoods.

Focus on key locations around protected areas that
are most important for the biodiversity attributes of
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management concern can help bound this difficult
management challenge. Ultimately, human needs and
desires for land and other resources determine both the
pressures on protected areas and the management
options to reduce them. Management approaches based
on detailed, scientific analysis of the interactions on the
regional scale, aimed toward maintaining ecological
function with minimum constraints on human uses,
offer possibilities for maintaining function of protected
areas in a world where biodiversity is rapidly declining.
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