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ABSTRACT. Conserving wildlife while simultaneously meeting the resource needs of a growing human population is a major
sustainability challenge. As such, using combined social and environmental perspectives to understand how people and wildlife are
interlinked, together with the mechanisms that may weaken or strengthen those linkages, is of utmost importance. However, such
integrated information is lacking. To help fill this information gap, we describe an integrated coupled human and natural systems
(CHANY) approach for analyzing the patterns, causes, and consequences of changes in wildlife population and habitat, human
population and land use, and their interactions. Using this approach, we synthesize research in two sites, Wolong Nature Reserve in
China and Chitwan National Park in Nepal, to explicate key relationships between people and two globally endangered wildlife
conservation icons, the giant panda and the Bengal tiger. This synthesis reveals that local resident characteristics such as household
socioeconomics and demography, as well as community-level attributes such as resource management organizations, affect wildlife
and their habitats in complex and even countervailing ways. Human impacts on wildlife and their habitats are in turn modifying the
suite of ecosystem services that they provide to local residents in both sites, including access to forest products and cultural values.
These interactions are further complicated by human and natural disturbance (e.g., civil wars, earthquakes), feedbacks (including
policies), and telecouplings (socioeconomic and environmental interactions over distances) that increasingly link the focal systems
with other distant systems. We highlight several important implications of using a CHANS approach for wildlife research and

conservation that is useful not only in China and Nepal but in many other places around the world facing similar challenges.
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INTRODUCTION

Coupled human and natural systems (CHANS; or coupled
social-ecological systems [Walker et al. 2004] or coupled human-
environment systems [Turner et al. 2003]) are integrated and
complex systems in which humans and nature interact with one
another (Liu et al. 2007«). Wildlife are important components
of CHANS because they interact with humans in numerous
complex ways in today’s increasingly human-influenced world.
Globally, the continuing conversion of natural ecosystems to
areas used intensively by humans has greatly reduced wildlife
habitat, leading to an “extinction crisis” (Hoekstra et al.
2005:23). The disappearance of wildlife and their habitats entails
the degradation of life-sustaining ecosystem services such as the
availability of medicines, control of pests and diseases, and
provision of clean water and air (De Groot et al. 2002).
Moreover, because people worldwide value nature for numerous
reasons (e.g., aesthetic, cultural, religious, economic,
educational), the loss of wildlife and their habitats diminishes
humans’ quality of life (Manfredo et al. 2009, Carter et al.
20124).

Given these challenges, an integrated CHANS approach for
understanding human-wildlife interactions is of utmost
importance. Although interactions between people and wildlife
have been examined for some time, most studies are
compartmentalized within disciplines. There is little knowledge
on how people and wildlife are interlinked, across space and
through time, from combined social and environmental
perspectives, together with the mechanisms that may weaken or
strengthen those linkages. Thus, to reach broad, generalizable
insights about wildlife dynamics, findings from sites with
different ecological, socioeconomic, political, demographic,

and/or cultural settings need to be synthesized. Such cross-site
syntheses will have significant scientific value and facilitate
knowledge exchange among multiple stakeholders, including
local residents, managers of natural resources, policy makers,
tourists, and researchers. This is critical for developing an array
of policies and interventions that improve human wellbeing while
sustaining wildlife populations and their habitats.

Here, we describe an integrated CHANS approach for analyzing
the patterns, causes, and consequences of changes in wildlife
population and habitat, human population and land use
(Rindfuss et al. 2008), and their interactions (Linderman et al.
2005a, Bearer et al. 2008). Using this approach, we synthesize
research in two globally important sites, the Wolong Nature
Reserve (hereafter Wolong) in China and the Chitwan National
Park (hereafter Chitwan) in Nepal, to explicate key relationships
between people and two endangered wildlife conservation icons,
the giant panda (A4iluropoda melanoleuca) and the Bengal tiger
(Panthera tigris tigris). Wolong and Chitwan are flagship
protected areas located within global biodiversity hotspots
(Myers et al. 2000) and support important populations of pandas
and tigers, respectively. Because both of these species are confined
to a fraction of the geographic ranges they once occupied,
protecting their remaining habitat is crucial for their long-term
survival. Thus, both of these protected areas are part of national
and international programs to sustain populations of these
conservation icons. Yet, in both sites, growing local human
populations continue to pursue natural resource-based
livelihoods. We provide a foundation for a cross-site synthesis by
integrating information about CHANS processes in both sites.
Through the synthesis, we highlight several important
implications of using a CHANS approach for wildlife
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conservation thatis useful not only in China (Liu 2010) and Nepal,
but in many other places around the world facing similar
challenges.

THE COUPLED HUMAN AND NATURAL SYSTEMS
APPROACH

Inherently integrative in nature, the CHANS approach brings
together theoretical and analytical techniques from diverse
disciplines, including those from ecological and social sciences, to
understand the nuances of such complex systems (Turner et al.
2003, Walker et al. 2004, Liu et al. 2007a,b, Ostrom 2009). The
CHANS approach is thus well suited for understanding wildlife
dynamics in human-influenced landscapes. First, by transcending
a single discipline, the approach can account for the patterns and
processes that link people and their activities with wildlife and
their habitats. Second, rather than focusing on unidirectional
relationships, the approach can identify key relationships and
feedbacks between people and wildlife. Third, the approach
facilitates understanding of cross-scale (e.g., spatial, temporal,
and organizational) interactions between people and wildlife.
Thus, the CHANS approach can better clarify relationships
between people and wildlife and consequently help to prevent
further habitat loss and wildlife population decline in the face of
synergistic and increasingly complex threats (e.g., overexploitation
of natural resources, climate change) while simultaneously
responding to growing human aspirations for improved quality
of life.

We conceptualize each of the focal sites as a coupled system
consisting of two main subsystems, the human subsystem and the
natural subsystem, whose detailed operation is made evident
through appropriate disciplinary analyses. For our purposes, the
human subsystem comprises communities and local residents,
and the natural subsystem comprises wildlife and the land cover
characterizing their habitat (Fig. 1). Telecouplings (i.e.,
socioeconomic and environmental interactions over distances,
Liu et al. 2013) link the focal coupled system to other distant
coupled systems (Fig. 1). The characteristics of each of these
system components are interrelated and influence the
characteristics of the other system components (Turner et al.
2003, Walker et al. 2004, Liu et al. 20075, Ostrom 2009). For
example, collection of fuelwood and grasses by local residents can
change land cover composition and structure and disrupt the
spatial and temporal distribution of wildlife. Community
organizations such as forest user group committees can encourage
reforestation, which in turn provides more income for local
residents. Networks of people in the community connected
through “weak ties” (Granovetter 1973) can shape and be shaped
by policies and norms that influence many aspects of the daily
lives of local residents. Wildlife can change forest characteristics
through browsing and might decrease household income by eating
crops and/or livestock. The interactions within and among each
of these components influence and are influenced by
telecouplings such as tourism and migration, among many others
(Fig. 1). For example, labor demands by urban centers generate
rural-urban migration, which can reduce the proportion of young
people living in a rural area. Fewer young people collecting
natural resources from nearby forests can slow rates of wildlife
habitat degradation.

Worldviews differ markedly with respect to the way people
understand the world, and particularly, what it is to be human
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and the role humans play in that world (Ingold 2000, Descola and
Palsson 2013). The CHANS approach is intended neither to
perpetuate one worldview (e.g., people separate from nature) over
another, nor to ignore the perceptions and knowledge of certain
groups of people. Rather, it is intended to serve as a pragmatic,
heuristic tool for analyzing interrelationships between people and
the environment, seeking to reunite the scientific traditions
focusing on particular subsystems. The CHANS framework
emphasizes that the human and natural components are coupled
rather than separate. Furthermore, it emphasizes feedbacks
between the components. Collaboration among a range of
stakeholders helps CHANS projects build alternative hypotheses
and understandings of complex issues.

Fig. 1. General conceptual diagram of dynamic (changing
across space and time) and reciprocal relationships between
main components of coupled human and natural systems
(CHANS) with respect to wildlife research and conservation.
Human-nature interactions (wildlife impacts on people and vice
versa) are weakened and/or strengthened by a number of
factors and processes such as disturbances, policies, and
feedbacks. Telecoupling processes (socioeconomic and
environmental interactions over distances) link the focal
CHANS to other distant CHANS. For simplicity, inter-
relationships among subsystem characteristics are not shown.
Dotted lines indicate that system boundaries are permeable.
This framework has similarities with the framework illustrated
in Ostrom (2009) for broadly analyzing social-ecological
systems.
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We use the CHANS approach to understand key interactions
between people and wildlife in Wolong and Chitwan (Fig. 2) and
as a guiding principle for synthesizing findings across the two
sites. These two protected areas are ideal for synthesizing human-
wildlife interactions because long-term empirical and
interdisciplinary data are available. This allows us to obtain a
holistic perspective of the various interconnections among the
components of the CHANS in each site (Table 1). Moreover, the
dynamics between humans and wildlife in both sites, as well as
their interactions, are similar to many other sites around the
world, including some of the 170,000 protected areas that
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Table 1. Major characteristics of key components in coupled human and natural systems in Wolong, China, and Chitwan, Nepal. We
focused on the dynamics of these coupled systems as they pertain specifically to the globally endangered giant panda in Wolong and
Bengal tiger in Chitwan. The manner in which disturbances, conservation policies, and feedbacks weaken and/or strengthen human-

nature interactions (wildlife impacts on people and vice-versa) in both sites are described in the text.

System
Component Major Wolong (China) Chitwan (Nepal)
characteristics
Human subsystem
Community Organizations Local government, reserve administration National park managing department, community
forest user groups

Services Roads, schools, hospitals, markets, employment Roads, schools, hospitals, markets, employment
centers (e.g., tourist lodges), hydropower, post- centers (e.g., tourist lodges), agricultural co-
earthquake aid operatives

Networks Kin relationships in large families (including out-  Kin relationships in large families (including out-
migrants to distant places), cross-department migrants to distant places), cross-scale
government partnerships, business partnerships institutional collaborations (park managers and

community forest users), business partnerships
Local residents  Distribution Within the reserve, close to the main road and Outside the park, concentrated mostly around the
water sources main city

Socioeconomics Mostly rural poor; income earned mainly through Mostly rural poor; income earned mainly through
farming (growing crops and rearing livestock), farming (growing crops and rearing livestock),
entrepreneurship (e.g., tourist venture, entrepreneurship (e.g., tourist venture, retail shop),
transportation business), and construction construction, and government employment

Demography Mainly ethnic minorities (Tibetan and Qiang) Mainly higher caste Hindus, but also Terai Tibeto-

Burmese (Indigenous), hill Tibeto-Burmese, and
lower caste Hindus

Behaviors Farming, timber harvesting, fuelwood and Farming, timber harvesting, fuelwood and
medicinal herb collection, hunting, infrastructure medicinal herb collection, infrastructure
construction, participation in conservation construction, participation in conservation
programs programs

Natural subsystem
Land cover Spatial Forest found along mid-elevations, alpine region ~ Park mostly covered with forests, large grassland
distribution in high elevations; human communities (farmland, complexes found alongside rivers; human
built structures) in low elevations along main road communities (farmland, built structures) surround
running northeast to southwest through the park on all sides (interspersed with few forest
reserve’s center tracts), with city just north of the park

Composition Mainly coniferous forest, deciduous broadleaf Deciduous forest (i.e., sal forest), mixed deciduous-
forest, mixed deciduous-coniferous forest, evergreen forest (i.e., riverine forest), grassland
grassland above the tree line (mostly along river banks)

Structure Topography is complex with slopes exceeding 50°  Topography is relatively flat with elevations
with deep valleys formed by tectonic activity; ranging from 150 to 815 m; forests/grasslands have
forests have high biodiversity and complex vertical high biodiversity and complex vertical structure,
structure, with bamboo dominating the with many different grass and shrub understory
understory species

Wildlife Species Giant panda, golden monkey, takin, snow leopard Bengal tiger, one-horned rhinocerus, wild

(charismatic elephant, gharial crocodile, gaur

megafauna)

Populations Populations have declined in the last century; Populations have declined in the last century;
giant panda and several other species are at Bengal tiger and several other species are at
endangered status endangered status

Distribution Fragmented; giant pandas are in three distinct Single commingling population of Bengal tigers
groups (one is isolated from the other two) resides in Chitwan and surrounding forests but is

isolated from the other two populations in Nepal

Behaviors Pandas avoid humans, prefer areas with higher Tigers prefer grasslands and connected land cover;
bamboo cover, gentle slopes, and no human tigers avoid people by being mostly active at night
impacts

Telecoupling Connections to Conservation policy frameworks created outside ~ Conservation policy frameworks created outside

distant coupled
systems

Wolong; increasing tourists from distant places;
rural-urban out-migration

Chitwan; increasing tourists from distant places;
rural-urban out-migration




currently cover 12.7% of the world’s land area (Bertzky et al.
2012). Therefore, results and lessons drawn from these two sites
will establish a basis for extended comparative studies from which
more general lessons can be drawn. In the following paragraphs,
we synthesize key aspects of the natural subsystem, the human
subsystem, the interactions between them, and telecoupling
processes in both sites.

Fig. 2. Locations of the two focal coupled human and natural
systems (CHANS) examined: Wolong Nature Reserve in China
and Chitwan National Park in Nepal. Forested and cultivated
areas are shown for each CHANS. The locations of many other
protected areas are indicated in gray.
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NATURAL SUBSYSTEMS

At the broadest level, characteristics of the natural subsystems in
both study sites are a function of local biogeographic conditions.
For example, the two study sites considered here are located in
Asia, on the flanks of the Tibetan plateau: Chitwan in the Terai
foothills of the Himalayas above the Indo-Gangetic Plain, and
Wolong in the Qionglai Mountains above the Sichuan Basin
(Tuanmu et al. 2010). Both sites comprise segments of major
rivers feeding the plains below; Wolong sits astride the Pitiao
River and its tributaries, and Chitwan straddles the Rapti River
at its confluence with the Narayani. Despite these similarities,
there are important differences in biophysical context. For
example, the topography of Wolong is more rugged, with
elevations ranging from 1200 to > 6200 m (Vina et al. 2008),
whereas Chitwan lies at relatively low elevations between 150 and
815 m (Carter et al. 2013).

Land cover

In both sites, forests are conspicuous natural land cover (Table
1). In Wolong, forests are mainly coniferous and deciduous
broadleaf at lower elevations, whereas higher elevations are
characterized by subalpine coniferous forests (Tuanmu et al.
2011). These forest types have a dense understory, including
bamboo species such as Bashania fabri and Fargesia robusta,
which are the staple food of the giant panda (Schaller et al. 1985,
Reid and Hu 1991, Taylor and Qin 1993). Other natural land-
cover types in Wolong include alpine meadows located above the
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tree line (Linderman et al. 2005b). In Chitwan, the forests are
mainly deciduous, dominated by sal (Shorea robusta), and with
some mixed deciduous/evergreen forests found mainly along
river banks. Other land-cover types in Chitwan include
grasslands (i.e., wooded grasslands, phantas, and floodplain
grasslands; Chaudhary 1998).

Wildlife

Both sites support many endangered wildlife species (Table 1).
In this synthesis, however, we focus on tigers in Chitwan and
giant pandasin Wolong. Estimated at 25 animals in the late 1960s
(Nepal and Weber 1995a), the tiger population in Chitwan
currently consists of approximately 125 adults, constituting one
of the largest commingling populations of tigers in South Asia
(Karki et al. 2014). However, the Chitwan tiger population is
isolated from the other two tiger populations in Nepal, which
reside primarily in Bardia National Park and Suklaphanta
Wildlife Reserve, west of Chitwan (Smith et al. 1998). Tigers in
Chitwan prefer areas with large patches of grassland (Carter et
al. 2013), which support high densities of their prey and contain
important water sources (Eisenberg and Seidensticker 1976) as
well as provide cover for tigers” hunting activities (Sunarto et al.
2012). Tigers also prefer contiguous patches of vegetated land
cover (e.g., grasslands, sal forest) over fragmented land-cover
types, likely because such areas facilitate their movement across
the landscape (Carter et al. 2013).

The giant panda population in Wolong is currently estimated at
154 animals, accounting for approximately 10% of the entire wild
giant panda population (Chen et al. 20125). The distribution of
pandas in Wolong is fragmented (as it is throughout their entire
geographic range; Viiia et al. 2010), with three distinct sub-
populations, one of which is isolated from the other two, making
the Wolong population at potential risk of local extinction in
the future due to genetic isolation (Hu 2001). Coniferous forests
as well as mixed coniferous and deciduous broadleaf forests with
bamboo understory provide the most suitable land-cover types
for pandas (Schaller et al. 1985). Pandas affect land-cover
attributes in complex ways. For example, although pandas have
not been observed to deplete bamboo populations via foraging,
selective bamboo foraging by pandas according to different culm
characteristics can affect local bamboo populations by altering
bamboo age structure and regeneration patterns (Wang et al.
2007, Hull et al. 2011a). For ease of movement, pandas prefer
relatively flat terrain. Pandas also prefer elevations below ~3250
m because there is little bamboo above that elevation (Schaller
et al. 1985, Liu et al. 1999c¢).

HUMAN SUBSYSTEMS

The region around Wolong has been inhabited by people for
centuries. Small-scale commercial logging emerged in the area
in the early 20th century. In the early 1960s, the first road to the
reserve was paved and a government forest bureau was
established (Ghimire 1997). By 1965, forests covered
approximately 50% of the landscape (Viia et al. 2007).

Likewise, the Chitwan Valley has been inhabited by people for
centuries, though only sparsely until the early 1950s, when the
Government of Nepal, with the assistance of the United States,
initiated a program in the 7Zerai to eradicate malaria and
distribute land to settlers from the higher Himalayas, who were



experiencing famine at the time (Shivakoti et al. 1999, Axinn and
Ghimire 2011). The migrants rapidly transformed the dense
forests of the valley into farmland (Matthews et al. 2000,
Nagendra et al. 2005), with nearly one-half of the Chitwan forests
converted to cultivation between 1961 and 1977 (Department of
National Parks and Wildlife Conservation 1999).

Local residents

Chitwan’s human population consists mostly of higher caste
Hindus and also includes ethnic minority groups, including the
indigenous 7erai Tibeto-Burmese peoples (Table 1). Like
approximately one-half of the developing-country rural
population worldwide (Jazairy et al. 1992), the majority of
Chitwan’s residents are semi-subsistence farmers (Matthews et al.
2000, Gurung et al. 2009) who grow cereals, fruits, and vegetables.
Most people raise livestock (cattle, buffalo, goats, and chickens)
for consumption, transport, manure, house construction
materials (e.g., dung is mixed with mud to plaster house walls and
floors), and to generate cash (e.g., milk, meat, and eggs sold in
markets; Sharma 1990). Except for a contingent of the Nepal
Army that regularly patrols the park to deter illegal hunting and
logging, no one currently resides inside the park. In 2011,
approximately 580,000 local residents in > 132,000 households
were living in Chitwan district directly outside the park (Nepal
Central Bureau of Statistics 2014).

In contrast, Wolong people live both nearby and within the
reserve. In 2004, approximately 37,500 local residents inhabited
the four townships adjoining the reserve along its eastern border
(Vina et al. 2007). Rugged topography and long travel distances
discourage outsiders from entering Wolong on foot, and there are
no practicable roads entering the reserve. Therefore, few people
living outside the reserve rely on the natural resources of the
reserve as do the people living within. The area inside the reserve
is currently home to approximately 5000 local residents in > 1100
households. More than 90% of the people living inside the reserve
are farmers (Table 1) who grow maize, potato, and vegetables,
largely for subsistence (An et al. 2001, Vifia et al. 2007). Wolong’s
rural population self-identifies mainly as being of Tibetan and
Qiangdescent, both of which are ethnic minority groups in China.
They raise several kinds of livestock (e.g., pigs, cattle, yaks, horses,
chickens, and goats), which are essential sources of food and
income (e.g., selling pork and bacon to tourists and local
restaurants; An et al. 2001).

Aside from farming, local residents in both sites engage in a
number of activities that involve interaction with the natural
subsystem, which are discussed below in Human-nature
interactions.

Communities

Historically, most social activities of daily life in both sites were
organized within the extended family. Changes in the
technological and institutional contexts in Wolong and Chitwan,
as with much of the world, are increasingly altering the degree to
which social activities are now organized outside the family
(Coleman 1994). New schools, health services, markets, wage
employers, and transportation services (Table 1) continue to
sprout in both sites, changing social activities, including
consumption, residence, recreation, protection, socialization,
procreation, and production (Ghimire 1997, Axinn and Ghimire
2011). In both sites, for example, new community organizations,
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services, and networks are gradually leading to a shift in
production to a more commercial orientation and leading to an
increase in the consumption of resources produced in distant
lands (Axinn and Ghimire 2011, Bhandari 2013).

Local forests were managed by local communities in both sites
prior to the nationalization of forests in China and Nepal in the
20th century (Agrawal and Ostrom 2001, Kant 2001). Since then,
natural resource management decisions affecting both sites
originate primarily from the regional or central governments.
Wolongis managed by the Wolong Administration Bureau, which
reports to both the State Forestry Administration (a central
government agency) and the Forestry Department of Sichuan
Province. Chitwan National Park is managed by the Department
of National Parks and Wildlife Conservation (offices inside and
adjacent to the park) under the Ministry of Forests and Soil
Conservation (Table 1). However, a recent broad-scale process of
decentralization in forest management in both China (Liu and
Diamond 2005) and Nepal (Nagendra et al. 2005), mirroring a
developing-world trend (Agrawal et al. 2008), has led to the re-
emergence of community organizations and networks that
manage and monitor forests in both sites (Nagendra et al. 2005,
Liu et al. 2008).

HUMAN-NATURE INTERACTIONS

We next highlight wildlife impacts on humans, human impacts
on wildlife, and how these impacts are interlinked in both sites.
We also investigate the role of natural and human disturbance,
conservation policies, and feedbacks on both of the coupled
systems. We pay particular attention to how conservation policies
mediate human-wildlife interactions because policies are human-
made and therefore can be modified to influence system dynamics.
Development policies also strongly influence system dynamics in
both sites; however, a review of their effects is beyond the scope
of this work.

Wildlife impacts on humans

In both areas, there are many families that have lived there for
just one or a few generations, whereas others have lived there for
hundreds of years (Ghimire 1997, McLean 1999). After such time,
the day-to-day interactions with and knowledge of the wildlife
and their environments has helped to shape the local human
cultures. The gods of the Tharu people, an indigenous minority
in Chitwan, include a large number of deities that live in the nearby
forest (Miiller-Boker 1991). To the Tibetan people who occupy
Wolong and the surrounding areas, the mountains and the trees
and animals (including pandas) that reside in them are sacred (Liu
et al. 2011). The people that have arrived more recently, even if
they are not accustomed to living with the wildlife where they now
reside, also have strong cultural ties to the wildlife that have
inhabited the broader region for a long time. For example, in the
religious foundations of Buddhism and Hinduism, both of which
originated in South Asia and dominate in Chitwan, animals can
serve as vessels for the souls of one’s ancestors (McNeely and
Sochaczewski 1991). As such, respecting the forest and its animal
inhabitants is important because not doing so invites tragedy. This
is illustrated in Chitwan by people leaving small gifts (e.g., fruit)
at animal altars, often symbolizing elephants and tigers, to help
ensure safe passage through the forests. Local knowledge and
perceptions of wildlife in turn influence how people interact with
wildlife and view their conservation (Kissui 2008). More than 90%



of respondents to a recent survey in Chitwan acknowledged that
tigers were there before people and have the right to live alongside
people (Carter et al. 20124).

Pandas and tigers also increasingly provide economic benefits to
local residents through tourism. In Wolong, household average
net benefits from panda-related tourism increased from 0.07% of
annual income in 1998 to 6% in 2007 (Yang et al. 2013a). Local
residents near Chitwan also receive direct and indirect benefits
from tiger-related tourism (Bookbinder et al. 1998). However, in
both sites, the benefits are not evenly distributed among local
residents, with some groups (e.g., those living closer to tourist
centers) benefitting disproportionately (He et al. 2008, Spiteri and
Nepal 2008, Liuetal. 2012). It appears that progress is being made
in ensuring that wildlife-related tourism benefits accrue to a
greater number of people in both sites. In addition to providing
direct economic benefits, tigers regulate ungulate populations
(Terborghetal. 1999) that, if unchecked, may devastate crop fields
and reduce the availability of flora important to local residents
(Ripple et al. 2014). Nonetheless, according to a recent survey, a
majority of local respondents in Chitwan did not strongly
associate tigers with ecological benefits (Carter et al. 2012a).

Despite the benefits wildlife confer on local residents, like those
in Wolong and Chitwan, economic and psychological costs,
among others, of living near wildlife are many (Inskip and
Zimmermann 2009, Carter et al. 2014). Those closest to panda
and tiger habitat, in particular, have incurred high costs from
conservation efforts (Nepal and Weber 19954, He et al. 2008).
These costs include restrictions on certain agricultural activities,
fuelwood collection, timber harvesting, and hunting. Direct
negative impacts of large predators such as tigers on people are
especially severe. Nearly one-half of the respondents in one study
in Chitwan experienced livestock predation, with tigers often
blamed for the attacks (Spiteri and Nepal 2008). Tiger attacks on
people in Chitwan are occurring with increasing frequency: 65
local residents were killed between 1998 and 2006 compared to 6
during 1989-1997 (Gurung et al. 2008). The benefits and right-
to-exist values that local people attribute to tigers have been
moderated by these impacts, as evidenced by 40% of respondents
in one study indicating that tigers were a significant nuisance
(Carteretal. 20124). Intolerance of these impacts can lead people
to kill wildlife in retaliation or demand that conservation
authorities control the perceived culprit animals. Twenty-five
tigers thought to have attacked or threatened local residents were
killed or removed from Chitwan from 1979 to 2006 (Gurung et
al. 2008).

Given the diverse and changing ways in which people interact
with pandas and tigers, the extent to which increases in the
populations of these species provide benefits to local residents
relative to costs imposed is difficult, if not impossible, to quantify.
However, it is worth noting that a wide and growing array of
interventions exists to reduce costs associated with the
conservation of these species (e.g., ecotourism benefits, payments
to offset livestock loss; Treves et al. 2006, Dickman et al. 2011).

Human impacts on wildlife

Hunting of pandas and tigers in both sites was more common in
the past than now. Although most local residents would not likely
be comfortable intentionally killing a panda, some local residents
hunted pandas for marketable pelts. Pandas were also accidentally
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snared in traps for other species such as musk deer (Schaller et al.
1985). Much of the tiger hunting in Chitwan was undertaken by
people from outside Chitwan. For example, two single hunting
events in Chitwan, organized for the ruling elite in 1935-1936 and
in 1939, culminated in the taking of 77 and 120 tigers, respectively,
within the same area (Smythies 1942, Sunquist et al. 1999).
Policies enacted in the second half of the 20th century in Nepal
and China specifically prohibited the hunting of tigers and pandas
in any area, and more broadly forbade all hunting inside national
parks and nature reserves (Schaller et al. 1985, Heinen and Kattel
1992). Despite these regulations, hunting of pandas in Wolong
continued throughout the 1970s and 1980s, apparently stimulated
by international demand for panda pelts in wealthy nations like
Japan (Schaller 1993). As many as 400 pandas were poached in
thelate 1970s and 1980s across the giant panda’s geographic range
(Hu 1989), incidents that occurred even within nature reserves,
including Wolong. Hunting of tigers and their prey in Chitwan
continues to be a threat (Chapron et al. 2008). However, the
restrictions on hunting in Chitwan and Wolong are currently more
strictly enforced than in the past (e.g., with capital punishment
applied in some instances in China). Anti-poaching initiatives led
by local residents have also enhanced enforcement. As a result,
hunting impacts on tigers and pandas currently appear to be small
in the two sites (Reid and Jien 1999, Nowell 2012).

Although hunting pressure is currently low, the habitat
preferences of both tigers and pandas put them at odds with
nearby human communities. The human-wildlife resource
conflicts occurring in the two coupled systems mirror those
occurring in other similarly diverse regions such as Russia,
Bhutan, and South Africa (Ervin 2003). Many household
activities in both sites, such as conversion of forest to cropland,
collection of forest products (a significant component of local
livelihoods), or grazing of livestock in forests, negatively affect
not only the habitat of pandas and tigers but also modify their
behavioral patterns (e.g., dispersal, mating). In the forests of
Wolong, collection of bamboo shoots and cutting of trees (which
provide cover for shade-dependent bamboo species) for timber or
fuelwood fragment and otherwise degrade panda habitat (Liu et
al. 2001, Viiia et al. 2007). Fuelwood is one of the most important
forest products in Wolong, calculated recently to constitute
approximately one-half of the energy used for heating during
winter and one-third of that used to cook food (it is also used to
cook pig fodder; Vifia et al. 2007). Similarly, in Chitwan, the
collection of natural resources degrades tiger habitat, forexample,
by potentially decreasing grassland area in the park (Carter et al.
2013).

Livestock grazing in, and the collection of fodder from, the forests
of Wolong and Chitwan also can negatively affect wildlife and
their habitats in both sites (Hull et al. 20115, 2014, Carter et al.
2013). In Wolong, free-ranging livestock, especially horses,
degrade panda habitat by eating bamboo, and their very presence
excludes pandas from suitable areas (Hull et al. 2014). The
significant impacts of livestock on wildlife numbers, behaviors,
and habitats have been noted in other regions of the world,
including India, Kenya, and the United States (Madhusudan
2004, Beck and Peek 2005, Young et al. 2005). Human presence
inside Chitwan’s forests also disrupts the daily activity patterns
of tigers. A recent study indicates that tigers overlap spatially with
humans (e.g., people on foot, vehicles) in Chitwan’s forests, but



have become significantly less active during the day, when human
activity peaks, to avoid humans (Carter et al. 2012b). Similar
patterns have been noted elsewhere (Tigas et al. 2002, Boydston
et al. 2003), for example, in Botswana, where African lions
(Panthera leo) avoid temporal overlap with people when people
are most active (Valeix et al. 2012).

In both sites, human impacts (e.g., resource collection, livestock
husbandry) on natural systems are significantly linked with
increases in household numbers. Household proliferation is a
worldwide phenomenon, and because the increase in household
numbers is related to decreasing household size (i.e., number of
people living in the house), the per capita consumption of natural
resources to maintain the household and support its occupants
increases as well (Liu et al. 2003b). The growth in the number of
households in Wolong and Chitwan has outstripped population
growth over the last few decades (Liu et al. 1999¢, Sichuan
Statistics Bureau 2008, Nepal Central Bureau of Statistics 2014).
It is not surprising that the area of suitable panda habitat inside
Wolong Nature Reserve declined between 1974 and 1997 (Liu et
al. 2001, Viia et al. 2007), and the area of highly suitable tiger
habitat declined along the northern portion of Chitwan National
Park between 1989 and 2009 (Carter et al. 2013).

In addition to the number of households, their spatial distribution
influences the degree of their habitat impacts (Peterson et al.
2013). Past research indicates that household location has a
nonlinear impact on habitat in Wolong and Chitwan. In both
sites, local people are traveling farther from their home to collect
natural resources than in the past, and thus, human-induced
changes in wildlife habitat are occurring deeper inside both of the
protected areas over time (He et al. 2009, Carter et al. 2013; Fig.
3A,B). Other studies in the states of Idaho, Wyoming, and
Colorado, USA, also indicate that household location choices
have important implications on wildlife and their conservation
(Theobald et al. 1997, Peterson et al. 2008). The spatial
relationships between household location and wildlife habitat are
highly salient to the management of protected areas because these
areas may attract human settlement (Wittemyer et al. 2008, but
see Hoffman et al. 2011).

The consumption of forest products also varies with household
demographic characteristics and ethnic background. For
instance, fertility and marriage timing are key drivers of
household formation and thus influence habitat transformation
in both sites (An and Liu 2010, Axinn and Ghimire 2011). In
Chitwan, forest resource use has also been found to be
significantly associated with ethnicity. Lower caste Hindus and
Terai Tibeto-Burmese ethnic groups, typically considered to be
politically and economically marginalized groups, depend more
on fuelwood than do higher caste Hindus and Hill Tibeto-
Burmese, who appear to have greater access to alternative fuel
sources such as electricity (Link et al. 2012).

Disturbance

Disturbance can be both natural (e.g., floods, fires, earthquakes)
and anthropogenic (e.g., civil wars, introduction of invasive
species). Such disturbance influences both natural and human
subsystems and their interactions. In Chitwan, for example, large-
scale shifts of the Rapti River inundate some areas, whereas other
areas abandoned by the river are rapidly colonized by grasses
(Peet et al. 1999), which are an important food source for species
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that tigers consume. The environmental impacts of a major flood
(i.e., inundation of cropland) in 1993 triggered the relocation of
families living inside the park to an area outside (Dhakal et al.
2011). The resettled community relies mainly on natural resources
from outside rather than inside the park, which they previously
depended upon almost entirely (Streede and Treue 2006).

Also, in Chitwan, local residents often set fire to grasslands to
burn the leaves off the reeds, which are then used as construction
materials. Fire is also viewed as a way to delay the succession of
grasslands. In Wolong, fire was widely used to maintain livestock
pastures in the past. However, prescribed fire was restricted in the
1970s to protect tree plantations installed in community pastures.
Now that fire is more rare, shrub encroachment in pastures is
generating increased resource conflicts over grazing rights and is
likely inducing some residents to graze their livestock in the forests
(i.e., panda habitat).

Fig. 3. (A) Change in Bengal tiger estimated habitat suitability
index (HSI) in the 1990s and 2000s with distance from human
settled areas inside the northern portion of Chitwan National
Park, Nepal. Source: adapted from Carter et al. (20135). (B)
Temporal dynamics of distances of fuelwood collection sites
from household locations. Bars indicate mean and SE. ED,
Euclidean distance between a household and its fuelwood
collection site; TD, length of the shortest road traveled by a
household to the corresponding fuelwood site in road networks;
ND, Euclidean distance from a fuelwood collection site to the
location of the nearest household. Source: adapted from He et
al. 20009.

2

0.6
0.4

/7N / \
02 A A '\
N N, P

0.2
0.4

.
-0.6 A
0.8

—1989 - 1999

12 1999 - 2009

-1.4

Mean change (95% Cl) in tiger HSI

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Distance (100m) from human settled area

B)
4,000
I =1970s
3,000
- I =1980s
E
@Q
8 2000 1990s
g I
172}
8 I
1,000 ' ‘ F3
-
) [
ED TD ND
Distance Type



A strong earthquake in Wolong in 2008 caused a number of
severe landslides that reduced forest cover (Vifia et al. 2011). The
earthquake also destroyed many homes, forcing people to
relocate to other areasinside and outside of the reserve. However,
the relocation of displaced people to consolidated residential
areas with electrical cooking and heating might ultimately reduce
their per capita impact on local panda habitat by reducing their
reliance on fuelwood as their main fuel source (Viiia et al. 2011)
and increasing the abandonment of marginal agricultural fields.

Exotic and sometimes invasive organisms, considered a major
threat to global biodiversity (Ricciardi et al. 2000), also impact
pandas and tigers and their habitats. For instance, Mikania
micranthia is an invasive vine that has spread rapidly in Chitwan
since it was first reported in 2000 (Sapkota 2007). M. micranthia

does not appear to be palatable to wild ungulates, and by
smothering vegetation, effectively reduces the food available to
tiger prey species. In Wolong, fast-growing exotic tree species,
including Japanese larch (Larix kaempferi), are often used for
reforestation. Although reforestation efforts provide many
ecosystem services (e.g., erosion control), monospecific
plantations of exotic species are not typically associated with
dense bamboo understories, especially when they are young,
making them less suitable for pandas than natural forest types.
Smaller exotic organisms, e.g., those causing disease, might pose
equal or greater danger to protected wildlife. Reduced wildlife
numbers due to disease outbreaks have not been reported for
Wolong and Chitwan. Given the relatively small wildlife
population sizes in both sites, researchers should be alert to
wildlife disease and how spread of disease is influenced by and
affects humans.

Perturbations in the human subsystems, e.g., civil wars and
political upheaval, are more frequent in lesser-developed regions,
where a disproportionate share of the world’s biodiversity occurs
(Baral and Heinen 2005), as in Chitwan and Wolong. A civil war
in Nepal from 1996 to 2006 affected the daily lives of people in
Chitwan in profound ways (e.g., family members or friends
killed, community services frequently interrupted) but also had
negative consequences on tigers in Chitwan and elsewhere in
Nepal. Lax security, resulting largely from the Nepal Army
leaving the National Park to fight insurgents elsewhere, and
inefficient anti-poaching efforts during the civil war allowed
poaching of tigers to increase sharply (Baral and Heinen 2005).
Human disturbance of this sort has not taken place in Wolong
for some time. However, many families report that they migrated
to Wolong during periods of armed conflict or social upheaval,
such as during China’s civil wars (1927-1935 and 1946-1950)
and the Great Leap Forward (1958-1961). In addition to causing
dramatic shifts in family structure and community
organizations, these conflicts are also associated with significant
forest loss, particularly in Sichuan province where Wolong is
located (Studley 1999, Sayer and Sun 2003, Wenguang et al.
2008), and almost certainly reduced panda habitat, not only in
Wolong, but also across the entire geographic range of the
species.

Conservation policies

Conservation policies are implemented by human communities
and are usually aimed at reducing, or reversing, human impacts
on natural subsystems, and in turn have cascading effects on
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human-nature interactions. A rapid decline in forest cover in
Chitwan district and in the population of several wildlife species
(e.g., one-horned rhinoceros [Rhinoceros unicornis] and Bengal
tigers) following the influx of mid-hill migrants beginning in the
1950s (Jha et al. 1994) prompted the government of Nepal to
establish the country’s first national park in Chitwan in 1973
(originally 54,400 ha and enlarged to 93,200 ha in 1977; Adhikari
2002). In Wolong, hunting pressure on pandas and large-scale
logging in the 1960s (Schaller et al. 1985) motivated the
government of China to establish the Wolong Nature Reserve in
1963 (expanded to 200,000 ha in 1975; Liu et al. 19995, Wolong
Administration Bureau 2004). Management of both protected
areas emphasizes the protection of their charismatic, large-bodied
wildlife species, in part, because it is viewed that their protection
confers protection to a large number of co-occurring species (i.
e., umbrella effect; Roberge and Angelstam 2004).

Restricting land use

Conservation measures implemented in both sites were initially
based on a rather traditional strict zoning approach that involves
assigning land-use rights to discrete areas to contain human
impacts. In Chitwan National Park, various activities such as
hunting, land clearing, and grazing livestock inside the park were
prohibited (Heinen and Kattel 1992). The exclusion policies,
enforced by the Nepal Army, created resentment among local
residents who felt that access to forest products they relied on was
denied without their consent (Nepal and Weber 1995b). To reduce
park-people conflicts, a grass-cutting program was initiated in
1976 to allow local residents to enter the park for approximately
two weeks annually to collect thatch grass, reeds, rope bark, and
rope grass, but not wood (Streede and Helles 2000). The grass-
cutting concession undoubtedly reduced local resentment toward
the park; however, the program only marginally satisfies local
demand for natural resources from inside the park (Nepal and
Weber 19954, Streede and Treue 2006).

Like all other nature reserves in China, Wolong was divided into
core, buffer, and experimental zones (Hull et al. 20115). Human
habitation and land uses are limited to the experimental zone, and
biodiversity conservation is given priority in the core zones, with
the buffer zones serving to soften the human impacts in the areas
between the two. However, the effectiveness of this zoning scheme
is limited by unclear policies on the requirements for each zone,
poor design (e.g., zones not accurately reflecting panda habitat
quality), and inability to enforce the zoning designations on the
ground to contain human impacts effectively. For example,
although the zoning scheme in Wolong may have succeeded in
preventing the construction of houses and roads in the core zone,
it proved less effective at eliminating more ephemeral activities
such as livestock grazing and collection of forest products in such
sensitive areas (Liu et al. 2003q, Hull et al. 20115).

Incentive-based and collaborative approaches

Following trends toward more collaborative management
approaches in and around protected areas around the world
(Agrawal et al. 2008), the authorities in both Chitwan and Wolong
have begun to engage local residents in conservation, and these
approaches appear to be more successful than top-down
approaches. To combat forest degradation outside Chitwan
National Park, the government of Nepal established a buffer zone



(~750 km?) around the park in 1996 that was designed to restore
ecosystem integrity and simultaneously improve human
livelihoods. Livestock grazing was prohibited in the forests of the
buffer zone (Sharma 1990, Gurung et al. 2008). To offset this
imposition, 30-50% of the park’s annual revenue must be invested
in the surrounding buffer zone to support community
development programs, including alternative income opportunities
and infrastructure improvement (Government of Nepal 1993).
Likewise, management responsibility for several forest tracts in
Chitwan’s buffer zone was devolved to local community user
groups (Nagendra et al. 2005, Gurung et al. 2008). Decisions on
when and how natural resources can be collected from those
community forests now reside with local residents according to
State-sanctioned management plans (Nagendra et al. 2005).
Community forestry in concert with the prohibition of livestock
grazing has helped to reverse forest degradation and
fragmentation in the buffer zone forests (Nagendra et al. 2008).
Consequently, the buffer zone forests now support greater
densities of wild tiger prey species and provide better cover for
tigers (Carter et al. 2013).

The forest management policies affecting panda habitat in
Wolong are perhaps broader in scope than those affecting tiger
habitat in Chitwan, yet they also demonstrate the utility of
involving local residents in conservation. In Wolong, the
nationwide Natural Forest Conservation Program (NFCP) was
implemented in a collaborative way. Initiated in 2001, NFCP aims
to protect and restore natural forests through such means as
logging bans, which require monitoring. Program funds were used
to provide cash for residents to monitor forests collectively to
preventillegal harvesting (Liu et al. 2008, Yangetal. 20135). Thus,
in Wolong, NFCP departs from the traditional top-down model
because it does not rely solely on State agents to monitor all
forests. To complement NFCP, the Grain-to-Green program
(GTGP), initiated in China in 2000, aims to return steep hillside
cropland to forest (Liu et al. 2008). To encourage participation in
the program, the Chinese government provides agricultural
households with an annual payment for converting cropland to
forest and keeping the converted plots forested. The
implementation of both NFCP and GTGP has helped reverse a
> 30-yr trend of forest degradation in the reserve (Xu et al. 2006,
Viiia et al. 2007).

Experience at both sites demonstrates that the effectiveness of
conservation programs such as logging bans or community
forestry may be improved by leveraging social norms (Kinzig et
al. 2013). In Wolong, local residents’ intentions to re-enroll in the
GTGP are influenced by whether or not their neighbors re-enroll
(Chen et al. 2009). In Chitwan, many local residents depend on
forest products; thus, despite socioeconomic and ethnic
heterogeneity, prevailing norms coalesce around the sustainable
collection and use of natural resources from community forests.
The direct role of social norms in fostering wildlife conservation
has also been documented elsewhere such as for tenrecs (Tenrec
ecudatus) and pandans (Pandanus spp.) in Madagascar and lions
in Kenya (Jones et al. 2008, Hazzah et al. 2014).

Feedbacks

A hallmark of the CHANS approach is its direct analysis of the
reciprocal interactions of people and nature. As such, the effects
of human activities on wildlife and their habitats often generate
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feedbacks affecting humans and their activities (Liu et al. 2007b).
Forexample, as forest cover decreased in both sites, forests became
more distant from households, which made the extraction of
timber and nontimber forest products more difficult and time
consuming (He et al. 2009, Axinn and Ghimire 2011). Such
changes reciprocally influence human demographic behavior,
including childbearing, which in turn affect wildlife habitat. For
example, in Chitwan, increasing costs and time in collecting forest
products are linked to population growth because couples bear
more children to help support the household and collect forest
resources (Biddlecom et al. 2005).

Conservation policies are important feedbacks in coupled
systems. As noted, pervasive ecological degradation in both sites
triggered initial conservation policies (e.g., establishment of
protected areas) to mitigate, or even reverse, human impacts on
the natural subsystem. The limited success of the initial
conservation approach (strict zones with insufficient resources for
enforcement), created a further feedback in which conservation
agencies in both sites pursued more collaborative approaches to
forest governance.

As the positive effects of habitat conservation policies in both
sites become manifest, feedbacks are also emerging in the form
of human-wildlife conflicts. For example, increased forest cover
in Wolong appears to be resulting in an increase in the population
of native wildlife species that are raiding cropland and tree
seedlings (Fleischner 1994, Liu et al. 19994, Ran 2003, State
Forestry Administration 2006, Steinfeld et al. 2006). In Chitwan,
forest recovery is attracting and supporting greater numbers of
tigers (Barlow et al. 2009), resulting in an increase in the number
of attacks on people over the last 15 years (Gurung et al. 2008).
The feedback of wildlife recovery on human livelihoods has
occurred in many places, for example, in the United States and
Europe, where increasing reports of livestock predation have been
correlated with the recovery of wolves (Skogen et al. 2008).

Forest conservation policies in both sites have given rise to other
types of feedback. Perhaps as a means of filling the income gap
created by the loss of pasture and the timber harvesting ban in
China (i.e., NFCP), local residents in Wolong began commercial
horse breeding and keeping their horses in the forest to take
advantage of the lack of natural livestock predators and lax
enforcement of grazing restrictions (Hull et al. 20115). Recently,
however, such free grazing became severe enough to warrant more
strict enforcement by the reserve administration, and residents
have been forced to sell their herds (V. Hull and J. Liu, personal
observation). In contrast to Wolong, grazing restrictions in
Chitwan are more strictly enforced through monitoring and
sanctions, although some illegal grazing still occurs. In response
to these restrictions, households in Chitwan have reduced the
number of free-ranginglivestock (e.g., buffalo) and have increased
livestock stall feeding. Currently, people prefer goats because they
are easier to stall feed and because goat milk and meat is
commercially valuable. The costs of keeping larger livestock are
high, and livestock are now less commonly used as draft animals
due to the adoption of mechanized farm equipment and declining
agricultural land holdings (Gurung et al. 2009).

TELECOUPLING PROCESSES
People in both sites have always been connected to distant places,
as evidenced by historical records of migration and trade routes.



However, the vast and rapid expansion of transportation and
communication technologies in the past century has increasingly
connected both sites to previously distant places through the
transport of goods, people, and information. These flows
constitute telecoupling processes when they influence both
socioeconomic and environmental interactions among CHANS
(see Liu et al. 2013 for discussion of the telecoupling framework).
Telecoupling links coupled systems to other distant coupled
systems to form complex interactive systems; for example, many
residents from Chitwan work as migrant laborers in the Middle
East.

Conservation policies implemented in both sites are examples of
telecouplings. The policy frameworks used to set aside areas of
Chitwan and Wolong as protected areas were developed primarily
by the central governments in Kathmandu and Beijing (i.e.,
coupled systems distant from the focal sites), both of which were
eager to join the community of nations seeking to preserve the
Earth’s dwindling biodiversity. Because we have already explored
several socioeconomic and environmental implications of
different conservation policies in both sites (as well as their
feedbacks), we next focus on two other telecoupling processes
(while acknowledging that many others also exist) that have
cascading and important effects on pandas and tigers as well as
humans: migration and tourism.

Migration

Earlier, we mentioned human immigration in both sites. Here, we
focus on rural-urban migration, a long-standing feature of the
process of industrialization (Montgomery 2008). Rising
aspiration fueled by access to a range of media portraying urban
lifestyles and the lure of employment in urban areas (e.g.,
Chengdu and Beijing in China; Kathmandu in Nepal), where
higher-paying jobs are more prevalent, has spurred out-migration
from both sites. Out-migration has influenced household
demographics and the economy of both sites. For example, those
migrating from Wolong and Chitwan are mostly men, leaving the
women to maintain the households and collect forest resources
(Bohra and Massey 2009, Chen et al. 20124). Additionally, an
increasing proportion of household income comes from
remittances sent from family members working in areas outside
Wolong and Chitwan (Bohra and Massey 2009, Chen et al.
2012a). Out-migration consequently has significant implications
for wildlife habitat dynamics. One study predicts that the
relocation of people between 17 and 25 years old from Wolong
will substantially aid the recovery of panda habitat in the future
(Liu et al. 1999b). Also, household goods and services (e.g.,
electricity) purchased with remittances may substitute for local
natural resources (e.g., fuelwood) and reduce human pressure on
nearby wildlife habitat in both sites (Chen et al. 20124, Bhandari
2013, Bohra-Mishra 2013).

It is important to note that changes in these two coupled systems
caused by telecoupling processes have spillover effects on other
coupled systems (Liu et al. 2013). Although electricity, stall
feeding of livestock, mechanization of farm equipment, and
rural-urban migration may benefit tigers and pandas in Chitwan
and Wolong, their socioeconomic and environmental impacts
outside these coupled systems may be severe and broader in scale.
For example, much of the electricity in Wolong and Chitwan is
generated by hydroelectric power plants straddling the rivers
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within and near the protected areas. So while greater dependence
on electricity may reduce natural resource demands by local
people from within panda and tiger habitat, landslides, water and
air pollution, greenhouse gas emissions, soil erosion, and
biodiversity losses associated with electricity generation could
offset these gains. Other questions remain, such as how does
mechanization influence local and regional pollution or demand
for fuel, and does the food used for stall feeding livestock
negatively affect the food security or agricultural output of places
outside Wolong and Chitwan? We add our voice to recent calls
(Liu and Yang 2013, Liu et al. 2013) for more systematic
assessments of these spillover systems under the telecoupling
framework and explicit consideration of them when developing
and implementing policies.

Tourism

Although rural-urban migration may help to reduce local
consumption of natural resources (Chen et al. 2012a), the
booming tourism industry at both sites appears to have
ambiguous effects (He et al. 2008, Liu et al. 2012). Corresponding
with worldwide trends (Balmford et al. 2009), Wolong and
Chitwan have been visited by a growing number of domestic and
international tourists over the past two decades. The number of
tourists visiting Wolong increased 10-fold between 1996 (~20,000)
and 2006 (~200,000; Liu et al. 2012). In Chitwan, tourist numbers
more than tripled between 1990 (36,500) and 2009 (113,788;
Bookbinder et al. 1998, Government of Nepal 2009).
Accordingly, employment of local people in the tourism industry
(e.g., nature guides, hotel support staff) has increased.
Furthermore, new tourism infrastructure (e.g., roads, lodges) are
leading Wolong and Chitwan’s residents increasingly to find
employment in the construction sector (Axinn and Ghimire 2011,
Liu et al. 2012).

On the one hand, many conservation strategies envision tourism
as an ideal means to support or supplement local livelihoods and
thus reduce local demand for forest resources (Bookbinder et al.
1998, Liu et al. 2012). On the other hand, factors associated with
increasing tourism (e.g., greater infrastructure development, new
markets for local residents, and increased human presence) might
detrimentally affect wildlife habitat and behavior. For instance,
growth of the tourism industry after Wolong Nature Reserve was
established led local people to use more fuelwood to produce
marketable goods (e.g., smoked pork), thus exacerbating panda
habitat degradation (Liu et al. 2001). In Chitwan, no lodges
existed outside the National Park in 1977, but 60 were in operation
by 1998, giving rise to concerns that unregulated growth in
tourism would disturb wildlife and their habitats inside the park
(UNESCO/TUCN 2003).

CONCLUSIONS

Our cross-site synthesis of CHANS dynamics in Wolong and
Chitwan indicates that many factors in the human subsystem,
including community (e.g., organizations and services) and local
resident characteristics (e.g., socioeconomics and demography),
affect wildlife and their habitats, and vice versa. These interactions
are further complicated by human and natural disturbance,
feedbacks (including policies), and telecouplings that link the
focal systems with other distant systems (see Figs. 4 and 5 for
examples of the general CHANS framework applied to Wolong
and Chitwan, respectively). For example, the CHANS approach
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Fig. 4. Illustration of relationships within the human and natural subsystems as well as human-nature interactions that are
important to understanding and conserving giant pandas in Wolong Nature Reserve, China. Relations are shown using a general
coupled human and natural systems (CHANS) framework (see Fig. 1), and are not exhaustive or constant over time and across
space. We encourage future research and conservation efforts to use this CHANS approach to continue filling in important
information gaps in this and other sites where people and wildlife interact in complex ways.
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reveals some key within-household dynamics (e.g., fertility and
marriage timing) underlying important aggregate-level patterns
(e.g., household number associated with habitat loss). The
CHANS approach also reveals the normative basis of a farmer’s
decision to participate in conservation activities or engage in
particular resource consumption behaviors. These connections,
so important for developing effective conservation plans, would
likely have been missed had an integrated CHANS research
approach not been used. Moreover, we argue that a CHANS
approach can fill many remaining information gaps crucial to
conserving wildlife in human-influenced areas.

The many links between local human communities and wildlife
demonstrated in this synthesis further strengthen the rationale for
the collaboration of environmental and social scientists when
conducting CHANS research and developing policy recommendations
(Roy et al. 2013). Conducting long-term studies is especially
important because it allows an interdisciplinary team of
researchers to witness and understand feedbacks as well as
telecoupling (McConnell et al. 2011, Hummel et al. 2012, Liu
2014). Furthermore, incorporating ideas, concepts, and methods
from a wide and broadening range of disciplines into long-term
research projects will foster theoretical development and generate
innovative and actionable solutions (Palmer 2012) for reconciling
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Fig. 5. Illustration of relationships within the human and natural subsystems as well as human-nature interactions that are
important to understanding and conserving Bengal tigers in Chitwan National Park, Nepal. Relations are shown using a general
coupled human and natural systems (CHANS) framework (see Fig. 1), and are not exhaustive or constant over time and across
space. We encourage future research and conservation efforts to use this CHANS approach to continue filling in important
information gaps in this and other sites where people and wildlife interact in complex ways.
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create alternative
income opportunities
for local residents

» Fire may maintain
early successional
communities that
support high
herbivore densities

rarely — people

« Tigers attract tourism revenue
for local communities

< Tigers play important roles in
Buddhism and Hinduism

« Conservation policies
enabled the tiger population
to increase which has
contributed to increased
numbers of tiger attacks on
people

« Livestock grazing restrictions
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degradation changed
livestock composition and
fodder demands
Changes in the social organization of daily life increasingly create Remittances from family members may reduce
opportunities for local residents to leave Chitwan to find jobs in household dependence on local natural resources
Kathmandu or in other countries and slow tiger habitat degradation
Telecoupling processes ]
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