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Beyond Population Size: Examining
Intricate Interactions Among

Population Structure, Land Use, and
Environment in Wolong Nature

Reserve, China
Jianguo Liu, Li An, Sandra S. Batie, Scott L. Bearer,

Xiaodong Chen, Richard E. Groop, Guangming He, Zai
Liang, Marc A. Linderman, Angela G. Mertig, Zhiyun
Ouyang, Jiaguo Qi, Hemin Zhan, and Shiqiang Zhou

INTRODUCTION

Human population growth influences long-term patterns of land use
(Jolly and Torrey, 1993), which is a major force behind environmental
changes. Many studies on human population and environment have been
conducted at the aggregate level (Ehrlich and Holdren, 1971; Harrison,
1991; Thompson and Jones, 1999; Reid et al., 2000; McKee et al., 2004).
For example, biodiversity loss is often related to aggregate variables, such
as human population size and population density (Cincotta, Wisnewski,
and Engelman, 2000). While these aggregate-level studies have generated
important insights, there is an increasing recognition that focusing on ag-
gregate variables, like population size or population growth, is not enough,
because changes in population structure (e.g., age and arrangement of
people into different households) are also important to the understanding
of land use and environmental changes (e.g., Moran, Brondizio, and
VanWey, Chapter 5; Pichon, 1997; Entwisle et al., 1998; Geoghegan et al.,
2001; Perz, 2001; Fox et al., 2003). For example, age structure and sex
structure affect patterns of land use and environmental conditions (Liu et
al., 1999a; McCracken et al., 1999; Moran, Siqueira, and Brondizio, 2003).
Also, because the household is a basic socioeconomic unit and each house-
hold occupies a specific land area, consumes natural resources, and pro-
duces wastes (e.g., CO2), it is essential to understand the effects of house-
hold dynamics on the environment (MacKellar et al., 1995; Liu et al.,
2003b; Moran et al., Chapter 5; Walsh et al., Chapter 6). Household
numbers have been increasing much faster than population size has world-
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218 POPULATION, LAND USE, AND ENVIRONMENT

wide, and this trend is most likely to continue (Liu et al., 2003b). Even in
areas with declining population size, household numbers are nevertheless
increasing substantially. While population explosion (Ehrlich and Ehrlich,
1990) appears to be ebbing, household explosion is intensifying, elevating
demands for household products and releasing more wastes, which in turn
exert tremendous impacts on the environment, such as the loss and frag-
mentation of wildlife habitat.

Human impact on the environment is so widespread that it exists not
only in nonprotected common property areas (e.g., Foster, Chapter 12;
Matson et al., Chapter 10), but also in many of the world’s approximately
100,000 protected areas (accounting for approximately 12 percent of the
Earth’s land surface) (World Conservation Union and World Commission
on Protected Areas, 2003), which have been established to protect natural
resources and biodiversity (Dompka, 1996; Liu, 2001). Although protected
areas are believed to be the cornerstone of biological conservation (McNeely
and Miller, 1983) and are often perceived as the safest preserves for nature
(Armesto et al., 1998), human encroachments and threats are still very
common (Dompka, 1996; Kramer et al., 1997; Liu et al., 2001). Although
in some protected areas there are no local residents or land use has been
restricted to designated zones, numbers of local residents have been increas-
ing and human activities have been becoming more extensive in many
protected areas. Understanding population-environment interactions in pro-
tected areas is critically important because such areas usually contain rich
biodiversity that is vulnerable to human disturbances. Many ecological
studies have been conducted in reserves (e.g., Schaller et al., 1985), but
relatively few of those studies have explicitly investigated human dimen-
sions, and even fewer studies have coupled ecological and human compo-
nents (Hansen et al., 2002).

In this chapter, we use the Wolong Nature Reserve in China for the
endangered giant panda to illustrate complex linkages among human popu-
lation structure, land use, and panda habitat. We focus on two basic types
of land use—agriculture and fuelwood collection. The former is the main
source of human subsistence (food), whereas the latter provides energy for
cooking and heating. Questions that we are particularly interested in are:

• What are the reciprocal interactions among human population
structure, land use, and panda habitat (e.g., how do changes in human
population structure influence land use and panda habitat)?

• How do human population structure, land use, and panda habitat
as well as their interrelationships respond to changes in government
policies?
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STUDY AREA

Our field study was conducted in Wolong Nature Reserve (Plate 8),
Sichuan Province, southwestern China (30°45′ to 31°25′ North, 102°52′ to
103°24' East) (Schaller et al., 1985; Liu et al., 2001b). Wolong was estab-
lished in 1975 as a nature reserve of 200,000 hectares (ha) (current size)
and is one of the largest homes to the panda. It contains about 10 percent of
the wild panda population (Zhang et al., 1997). Wolong is located between
the Sichuan Basin and the Qinghai-Tibet Plateau. Its topography is very
complex, with high mountains and deep valleys (elevation ranges from
1,200 to 6,525 m) (Plate 8), resulting in several climatic zones, rich habitat
diversity (Schaller et al., 1985), over 2,200 animal and insect species, and
about 4,000 plant species (Tan, Ouyang, and Zhang, 1995). Besides the
giant panda, 12 other animal species and 47 plant species in the reserve also
appear on China’s national protection list. Furthermore, Wolong is part of
the international Man and Biosphere Reserve Network (He, Liang, and
Yin, 1996) and lies in one of the global biodiversity hot spots (Myers et al.,
2000).

Along with biodiversity, there are also more than 4,000 local residents
in Wolong. Although human presence inside nature reserves may surprise
many people in developed countries, it is very common in China (China’s
National Committee on Man and Biosphere, 2000) because the vast major-
ity of the reserves were established in the past two decades, and a large
number of people had already settled in those areas before they were desig-
nated as reserves (Liu et al., 2003c). The Chinese government has tried to
relocate residents from some reserves, including Wolong, but there have
been many socioeconomic challenges to such relocations and the results
were less than satisfactory. For example, some people who moved out of
Wolong have returned to the reserve because they could not adapt to the
new environment and encountered many difficulties in the new location.
Local residents inside Wolong are almost exclusively farmers and are dis-
tributed in over 1,000 households. With so many people and households,
human activities are diverse, including farming, fuelwood collection, house
building, as well as road construction and maintenance. It is these activities
that have direct impacts on the environment.

CONCEPTUAL FRAMEWORK

The interactions among human population, land use, and panda habitat
are reciprocal, complex, and dynamic over time and across space and can be
shaped by such contextual factors as government policies (Liu et al., 2003a,
2004) (Figure 9-1, Table 9-1). Other contextual factors include prices, tech-
nology, and institutions, but they are not considered in this chapter.  Popula-
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tion factors include population size, process (e.g., birth, death, and migra-
tion), structure (e.g., age, sex, spatial distribution like household arrange-
ment, socioeconomic conditions), and their changes over time.

Environmental factors consist of animals, plants, and physical and geo-
graphic conditions (Table 9-1). Here, we concentrate on panda habitat, the
area that provides food and cover for pandas’ reproduction and other
activities. Suitability of panda habitat is a function of abiotic and biotic
factors, as well as human impacts (Liu et al., 1999b). The main abiotic
factors include slope and elevation (Schaller et al., 1985; Liu et al., 1999b,
2001b). Pandas like flat areas or gentle slopes in which they can easily move
around. Bamboo and forest cover are major biotic factors. The panda uses
bamboo (an understory species) as staple food and forest canopy as cover
(Schaller et al., 1985; Liu et al., 1999b; Bearer et al., no date).

Land use is a direct link between population and the environment;
through land use, local residents influence forests directly and panda habi-
tat indirectly (Figure 9-1). These influences are exerted through the flows of
material and energy (e.g., labor) from the residential areas to the forested
areas. Along with labor is the energy and time spent in the forest to collect
and transport fuelwood. As a result of fuelwood collection for cooking
food (for people and pigs) and heating, a large amount of panda habitat has
been lost (Liu et al., 1999b).

Changes in forest cover also affect the panda’s food supply (Schaller
et al., 1985) by altering the growth of understory bamboo (Table 9-1).
Thus, changes in forest cover can have an important impact on panda
habitat quantity, quality, location, and timing (i.e., when the habitat
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FIGURE 9-1 Conceptual framework.
SOURCE: Modified from Liu et al. (1999b).
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becomes available) (Liu et al., 1999b). Because slopes in some regions of
Wolong are too steep or elevations too high, about half of the reserve is
not suitable for the panda even in the absence of human impacts (Liu et
al., 1999b).

Government policies directly affect population and indirectly affect
forest and panda habitat through flow of information (e.g., government
regulations) and material (e.g., financial support) from upper level
government agencies (China’s State Forestry Administration and Sichuan
Province’s Department of Forestry) to the Wolong Nature Reserve Ad-
ministration Bureau and ultimately to the local residents (Table 9-1). The
effectiveness of policies, however, can be influenced by local residents.
For example, local residents may not follow government policies because
financial supports may not be high enough to meet their needs and wants,
including electric appliances for cooking. In addition, the majority of
local residents belong to minority ethnic groups (mainly Tibetans), who
add another layer of complexity to government policies because minority
ethnic groups receive some preferential treatments (e.g., exemption from
China’s one-child policy). Deteriorated habitat conditions (Liu et al.,
1999b, 2001a; Liu, 2001) have prompted the government to develop and
implement more effective policies for conservation. Furthermore, popula-
tion and land use may be constrained by feedback from the forest system.
As forests used for fuelwood collection shrink and are more distant from
households, fuelwood collection becomes more difficult (He et al., no
date). After all the trees in a forest are harvested, local residents must
adopt a different lifestyle without the use of fuelwood (Liu et al., 2004).

APPROACHES

Systems Approach: We consider ecological and demographic factors
as well as socioeconomic and behavioral factors; factors inside the reserve
and those outside the reserve; what happened in the past, what is happening
now, and what may happen in the future. The reserve is an open system and
has inflows (e.g., in-migration through marriage, organisms moving into
the reserve, commercial or nonmarket products brought into the reserve)
and outflows (e.g., out-migration through marriage or seeking higher edu-
cation in cities, organisms moving out of the reserve, and local products
purchased by tourists visiting the reserve). The interactions among various
components of the reserve are accomplished by exchanging matter, energy,
and information; they vary over time; and they are influenced by a combi-
nation of interacting factors.

Interdisciplinary Approach: To understand population, land use, and
panda habitat as well as their interrelationships, we integrate ecology, con-
servation biology, forestry, demography, sociology, geography, economics,
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behavioral science, and advanced technologies (remote sensing, geographic
information systems, and systems modeling and simulation). These disci-
plines are complementary to each other and provide different perspectives,
methods, and theories.

Collaborative Approach: Our international team consists of reserve
managers and experts in the disciplines mentioned above. We have built
close relationships among team members; have accumulated experience
dealing with demographic, socioeconomic, behavioral, institutional, and
ecological issues; have enjoyed good cooperation and support from local
residents; and have become very familiar with the local conditions, as well
as data collection methods and analytical tools.

Multiscale Approach: Our research and interactions among popula-
tion, land use, and environment take place at several spatial, temporal, and
organizational scales. Spatial scales range from plots or pixels (1 by 1 m, …,
80 by 80 m), patches (e.g., forest stand, agricultural land parcel), to the
entire reserve landscape. The time span of our research is from daily to
decadal. For population, the organizational scale ranges from individuals,
households, villages, and townships to the entire reserve community.

Integrated Approach: We have developed and taken an integrated
approach to data collection, management, analysis, and integration. Data
were collected using various methods (Table 9-2), such as field studies,
interviews, analysis of government statistics and documents, review of lit-
erature, remote sensing (satellite imagery and aerial photographs), and glo-
bal positioning systems (GPS). To understand detailed forest structure and
composition, we have taken random samples (plot sizes were from 1 by 1 to
60 by 60 m) in areas with different forest conditions (e.g., with and without
fuelwood collection). We chose large plots for assessing conditions of large
trees and forest canopy, and we sampled smaller plots for shrubs (5 by 5 m,
three in each plot) and herbaceous plants (1 by 1 m) (Liu et al., 1999b). To
measure spatial and temporal patterns of forest and panda habitat changes,
we have acquired a number of remote sensing imagery (Table 9-2): Corona
data from 1965; Landsat Multi-Spectral Scanner (MSS) data from 1974;
Landsat Thematic Mapper (TM) data from 1987 and 1997; Landsat 7
(data from 1999, 2001, 2002); SPOT data from 1998 and 1999; and
IKONOS data from 2000 (Liu et al., 2001b, 2003a; Linderman et al.,
2004).

We began collecting socioeconomic, demographic, and behavioral data
in 1996 (Liu et al., 1999b, 2001b; An et al., 2001, 2002; An, Mertig, and
Liu, 2003; Tables 9-1 and 9-2), and the most recent survey was conducted
in summer 2004. The surveys include household interviews regarding fuel-
wood consumption, socioeconomic conditions, and demographic condi-
tions (For more detailed information on survey data, see Liu et al. (2003a).
We also interviewed more than 300 people regarding their time allocation
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for different activities (e.g., fuelwood, agriculture, road construction, and
herbal medicine collection). Sample size for particular portions of the data
collection depended on specific research objectives, for example, for house-
hold fuelwood consumption, we surveyed 220 households (An et al., 2002).
In our household surveys, we selected respondents using simple or stratified
random designs (Liu et al., 2003a). We used face-to-face interviews with
local residents because this method has proven to be the best and most
feasible approach for Wolong (An et al., 2001) and almost everyone who
was asked to be interviewed did participate in the interviews.

At the household level, we collected a variety of data, such as house-
hold size, structure, location, time of formation and dissolution (e.g.,
through divorce and marriage); amount of annual income; sources of in-
come; amount of expenses; aspects of expenses (e.g., schooling); labor force;
land area; area of the house; crop production; number of livestock (e.g.,
pigs); types of land use (e.g., fuelwood collection); and amount of electricity
for cooking, heating, and electronic appliances (such as TVs and radios).

Individual information includes age; sex; marital status; time of mar-
riage, separation or divorce if applicable; occupation; years of schooling;
and attitudes towards out-migration and childbearing. Besides these first-
hand data, we have also obtained some secondary data (Table 9-2), includ-
ing those of Wolong Administration Bureau (e.g., annual population reports
with records on birth, death, age, sex, in-migration, and out-migration),
national population census data in 1982 (Wenchuan County, 1983), the
1996 Agricultural Census (Wolong Nature Reserve, 1996), and national
population census data in 2000 (Wolong Nature Reserve, 2000). Popula-
tion census data were collected based on a de jure approach, which counts
people who are usually in a household.

Macro-level socioeconomic factors (contextual factors beyond the house-
hold level, such as roads, trade centers, administration buildings, bridges,
dams, and schools) also influence population–land use–environment interac-
tions because their relationships with households (e.g., households’ distances
to major roads or trade centers) are different. The measurements include
these factors’ locations and timing of occurrence. We obtained the informa-
tion regarding the timing of occurrence from the records of the Wolong
Administration Bureau, or by interviewing local residents, officials, and other
stakeholders (Table 9-2). The locations of these factors were measured using
GPS receivers, from remote sensing imagery (IKONOS), or from topographic
maps (Liu et al., 2003a) (Table 9-1).

All the data were entered into and are managed in a relational database
program (i.e., ACCESS) and geographic information systems (GIS, includ-
ing both Arc/Info and ArcView) for analysis. Remotely sensed data were
classified using ERDAS Imagine software or visual classification. We geo-
referenced the remotely sensed data using highly accurate data (1-5 m) from
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GPS receivers (Trimble Pathfinder) and used data from ground-based ob-
servations for training and validating supervised classifications of the re-
motely sensed data (Table 9-2). The accuracy of classification ranged from
80 to 87 percent (Liu et al., 2001b). We analyzed various data using spatial
statistics, GIS, and statistical packages such as SAS, SPSS, and LISREL (An
et al., 2001, 2002, An, Mertig, and Liu, 2003), depending on types of data
and questions.

We developed several systems simulation models to synthesize informa-
tion from various sources (Liu et al., 1999b; An et al., 2001, 2005a, 2005b;
Linderman et al., in press, 2005). The models fall into three major types: at
the household level (An et al., 2001), at the reserve level (Liu et al., 1999b;
Linderman et al., in press, 2005), and at the multiple levels ranging from
individuals and households to the entire reserve (An et al., 2005a, 2005b).
The household-level model integrates household demography (e.g., house-
hold size and age and schooling years of each family member), household
economy (land use activities, income and expense sources, etc.), attitudes
toward issues of interest (e.g., childbearing), and fuelwood consumption.
The reserve-level models consider the collective impact of all households
(Liu et al., 1999b; Linderman et al., in press, 2005). The multilevel model is
agent-based, (treating individuals and households as agents and simulating
the interactions among individuals and households, land use, and panda
habitat at multiple levels (An et al., 2005a, 2005b). Both the reserve-level
and multilevel models are linked with a GIS to project demographic and
ecological consequences of policy scenarios in a spatially explicit manner.

Our models differ from those discussed in Fischer and O’Neill (Chap-
ter 3) in several aspects. First, their models use aggregated population size
rather than households. Second, our multilevel model and household-level
model are process-based, whereas their models are regression-based. Third,
their models treat population change as an exogenous variable to land use
change and environmental impact. In our models, population (e.g., loca-
tions of new households) not only may affect the environment but also may
be affected by the environment and policy changes.

FINDINGS

Population size in Wolong increased by over 70 percent and the num-
ber of households more than doubled (125 percent) between 1975 (the year
the reserve of current size was established) and 1999 (Figure 9-2). As in
many other places around the world (Liu et al., 2003b), the reason for this
more rapid increase in household numbers is household division or the
continued reduction in household size (the number of people in a house-
hold) (Figure 9-3) due to such factors as declines in multigeneration fami-
lies, an increase in the divorce rate, and population aging. Land use deci-
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sions are affected by the transition from fewer to more households. The
increase in the number of households means more land is used for house
construction as well as for farming, and more timber is needed for house
construction and furniture. Also, as household size declines, the amount of
fuelwood use per capita increases (Figure 9-4), the total amount of fuelwood
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FIGURE 9-2 Dynamics of human population size and numbers of households.

FIGURE 9-3 Change in average household size over time.
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consumption increases, and more forest needs to be harvested.  As the
demand for fuelwood increases and the forests near households become
exhausted, people spend more time collecting fuelwood in areas farther
away from their residences. The average distance between household loca-
tions and locations of fuelwood collection has increased, and the elevation
of fuelwood collection has also increased over time (from the 1970s to the
1990s) (He et al., no date). Because those forested areas farther from the
households and at higher elevations happen to be better panda habitat,
fuelwood collection in those areas has done more damage to it.

Population structure has changed dramatically (Figure 9-5). The rise in
the proportions and numbers of adults, particularly males, increased the
labor force involved in fuelwood collection and farming. Through inter-
views with 328 people in the reserve about their activities in 1997 (Liu et
al., unpublished data), we found that the number of days that local resi-
dents participated in fuelwood collection increased with age, reached its
peak in the age group of 25-59, and decreased sharply after age 60 (Figure
9-6a). Furthermore, men spent more time in collecting fuelwood than
women (Figure 9-6b). Although farming (Figure 9-6c, 9-6d) showed similar
general patterns to those of fuelwood collection, there are two major differ-
ences between fuelwood collection and farming labor forces. First, the
average numbers of days that people participated in farming (Figure 9-6c)
was much larger than those for fuelwood collection (Figure 9-6a) across age
and gender groups. Second, on average, women spent 75 more days on
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farming than men in the age group of 25-59, whereas in the other age
groups, men spent equal or greater amounts of time in farming than women
(Figure 9-6d).

Fuelwood consumption is influenced by household size as well as age
structure (An et al., 2001) (Figure 9-7). On average, more fuelwood is
needed in a large household because more food needs to be cooked for
more people, although household size does not affect the amount of fuel-
wood needed for heating that much. However, households with one or
more senior residents consume more fuelwood than those without seniors,
because the heating season for the elderly is longer (starting earlier and
ending later) (An et al., 2001).

Land use has contributed to the significant changes in panda habitat in
Wolong. We found that forest cover in Wolong had been dramatically
reduced from 1965 to 1997 (Liu et al., 2001b) and high-quality panda
habitat has been lost more rapidly after the reserve’s establishment than
before it was created (Liu et al., 2001b). Furthermore, fragmentation of
high-quality habitat became more severe.

Our models, validated through comparisons between independent em-
pirical data and model results (Liu et al., 1999b; An et al., 2001, 2005a,
2005b; Linderman et al., in press, 2005), helped us to gain better insights
into the mechanisms of population–land use–habitat interactions and to
understand the long-term consequences of altering various components.
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FIGURE 9-7 Fuelwood consumption as a function of age structure and household
size.
SOURCE: An et al. (2001).
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For example, if one of every five young people left the reserve, the popula-
tion size would decline by more than 80 percent (from about 4,320 in 1997
to 760 in 2047) over a period of 50 years (Liu et al., 1999b). However,
under the status quo, population size would increase by nearly 40 percent
(to 5,960 in 2047). If fuelwood consumption were replaced by electricity,
panda habitat would gradually recover (Liu et al., 1999b).

Government policies have profound impacts on population, land use,
and forest and panda habitat. A sudden and unexpected increase of 65
households occurred in 2001, approximately three times higher than the
average annual rate of household increase during the past 25 years (about
21 new households a year from 1975 to 1999, Figure 9-2). Based on our
interviews with local residents (He et al., unpublished data), at least two-
thirds of those new households were formed to take advantage of the
subsidies from the Natural Forest Conservation Program, whose aim is to
prevent natural forests from illegal harvesting. Households monitor forest
parcels assigned by the government and receive subsidies from the govern-
ment on a household basis. The subsidies provide significant household
revenue, as it may account for about 20-25 percent of total annual income
for most of the households involved (Sichuan Forestry Survey Institute and
Wolong Nature Reserve, 2000). The impact of the Grain to Green Program
on agriculture land use is another example. Its goal is to restore hillside
agricultural land to forested area over a period of five to eight years. Farm-
ers are given grain and cash subsidies according to the amount of cropland
converted to forests. So far, trees or bamboo have been planted on approxi-
mately 450 ha of cropland since 2000 (Wolong Nature Reserve, 2000).

CONCLUDING REMARKS

Integrating natural and social sciences was essential for us to under-
stand the patterns and mechanisms of changes in population, land use, and
panda habitat as well as their interactions. Through this integration process
we were able to determine the reasons for the unexpected higher rate of loss
of high-quality panda habitat after the reserve was established (Liu et al.,
2001b). Our integrated study enabled us to evaluate the reasons for policy
failures and successes, develop recommendations for more feasible and
effective policies, and assess long-term consequences of policy scenarios.
The emigration policy serves as an example. In the past, the government
tried to move local residents out of the reserve on a household basis to
reduce population pressure on panda habitat (Liu et al., 1999b). However,
the success of the program was very limited, despite economic incentives.
We found that middle-aged and senior residents did not want to relocate
because they were accustomed to the local conditions. However, young
people were more than willing to relocate, especially if they could attain
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higher education and find jobs elsewhere. Thus, relocating young people
out of the reserve would be not only socially acceptable, but also more
ecologically effective and economically efficient, compared with relocating
senior and middle-aged people (Liu et al., 1999b, 2001b, 2003c). In addi-
tion to enhancing school education so that more children can go to college
and find jobs elsewhere (Liu et al., 2003c ), perhaps there is something that
Wolong can do to facilitate temporary labor migration of more young
people.  In fact, there is such a precedent, also in Sichuan Province.  In
Jintang County (about 60 kilometers from Chengdu, the capital of Sichuan
Province, approximately 150 kilometers from Wolong), the county govern-
ment has been actively involved in facilitating labor migration.  They do so
by helping migrants get jobs in specific destinations, running bus lines on
frequently traveled routes for them, and protecting their labor rights in the
places to which they travel (Jintang County Government, 2004).  The
experience of Jintang has been very successful.

Our research in the reserve has generated many ideas that have been
applied and scaled up to the national and global levels. The understanding
of interrelationships among population, land use, and panda habitat in
Wolong (e.g., Liu et al., 2001a, 2001b) helped us to examine the status and
challenges in designing and managing the entire nature reserve system (with
a total of 1,757 reserves) in China (Liu et al., 2003c) as well as China’s en-
vironment in the context of globalization (Liu and Diamond, no date). It
also enabled us to link wildlife management with global human health (Liu,
2003). The higher growth rate of household numbers versus population
growth in Wolong prompted us to compare household growth and popula-
tion growth at the global scale (Liu et al., 2003b).

While the benefits of integrating social and natural sciences are enor-
mous, it is also challenging throughout the integration process (Liu, 2001).
Our research indicates land use and panda habitat were affected not only
by population size, but also by population structure. However, going be-
yond population size was more challenging than considering population
size alone, because more detailed and more comprehensive data were
needed, and more time and effort were also spent to analyze and interpret
the data. Despite this challenge, population structure provides many unique
insights and thus should be integrated into more studies at the local as well
as national and global scales.
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