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Mountains have long been admired and protected on the grounds of their wilderness,character and landscape beauty. But
despite their remoteness and low human population density, many mountain ecosystems are strongly affected by drivers
of global change. Mountain ecosystems in the tropical and sub-tropical regions have attracted the attention of a number of
scientists, policy makers and natural resource managers because of their critical role in the supply of ecosystem services,
and their vulnerability to environmental changes induced by anthropogenic and climatic factors. Adapting to and mitigating
the effects of environmental change and sustaining ecosystem services in the context of a burgeoning human population is
a major challenge.The Convention on Biological Diversity, Millennium Development Goals, and other international agreements
explicitly connect conservation to poverty alleviation. It has become clear that nature conservation only works in practice
if people’s needs are also taken into account; while conservation efforts based on community participation and ownership
tend to be more effective. A concerted effort is needed to develop a better scientific understanding of ecosystem structure
and functioning and drivers of change as a basis for formulating comprehensive ecosystem management approaches and
strategies that link to human wellbeing and poverty alleviation. This paper reviews the state of  knowledge on  five principle
pressures, driving biodiversity loss in the HKH region, and describes evolving processes that highlight reconciliation of the
conservation and development perspectives.
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Introduction

Mountain ecosystems have long been admired and
protected on the grounds of their serenity, wilderness
character, and landscape beauty (Chester et al., 2013;
Messerli and Ives, 1997). In general, direct human
influence on the world’s mountains is low, although
there are marked differences between regions and
mountain ranges. Only 6.5% of the world’s mountain
areas have a high level of direct human influence and
more than half have only a low level (Huber et al.,
2005). Not surprisingly, most heavily influenced
mountain areas are located in the most densely
populated regions in the world. Nevertheless, despite
their remoteness and the low density of human
population, many mountain ecosystems are strongly

affected by drivers of global change such as land use
change and climate change (Miehe et al., 2009;
Shrestha et al., 2012) and are experiencing a loss of
biodiversity. The mountain ecosystem in the Hindu
Kush Himalayas (HKH) is no exception.

The HKH covers an area of more than four
million square kilometres and includes all of Bhutan
and Nepal and parts of Afghanistan, Bangladesh,
China, India, Myanmar and Pakistan. It is one of the
most diverse ecosystems among the global mountain
biome with extreme variations in vegetation; climate
and ecosystems resulted from altitudinal and latitudinal
gradients (Sharma et al., 2010; Xu et al., 2009a).
The region is the major source of ten major river
systems (Table 1) and includes all or part of four
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Global Biodiversity Hotspots – Himalayan, Indo-
Burma, Mountains of South-West China and
Mountains of Central Asia (Mittermeier et al., 2004)
– which contain a rich variety of gene pools and
species, ecosystems and endemic species of global
importance (Table 2). The HKH is included in lists of
‘Crisis Ecoregions’, ‘Biodiversity Hotspots’, ‘Endemic
Bird Areas’, ‘Mega Diversity Countries’, and ‘Global
200 Ecoregions’ (Brooks et al., 2006). The goods and
services from the mountain ecosystem directly sustain
210 million people in the region and benefit some 1.3
billion people in the downstream river basin areas.
The significance of HKH biodiversity as the source
of a wide range of ecosystem goods and services has
been well recognized by many scholars (Messerli and
Ives, 1997; Viviroli et al., 2007). The HKH region
plays an extremely important role as a provider of
ecosystem goods and services to a downstream area
with services such as provision of the vast water
resources used for irrigation (Molden et al., 2014;
Quyang, 2009), biodiversity based resources for food,

shelter, and economic development (Pant et al., 2012;
Sharma et al., 2015; Singh, 2002; 2006) and climate
regulation (Messerli and Ives, 1997). However,
although the region is rich in resources, the levels of
poverty are generally higher than in the downstream
counterpart areas (Gerlitz et al., 2012).

Environmental degradation has been identified
as a major threat to the functioning of HKH
ecosystems and flow of ecosystem services (Chettri
et al., 2010; ICIMOD and RSPN 2014; ICIMOD
and MoFSC 2014; Xu et al., 2009a). Globally, five
principal pressures have been identified as directly
driving biodiversity loss – habitat change, over-
exploitation, pollution, invasive alien species and
climate change – and most are increasing rather than
decreasing in intensity across the globe (MA, 2005;
Secretariat of the CBD, 2014). Adapting to and
mitigating the effects of these changes and sustaining
ecosystem services in the context of a burgeoning
human population is a major challenge in the HKH as

Table 1: The ten major river basins with origins in the HKH region

River basin Basin area Countries Population Population density
(per sq.km) (‘000) (per sq. km)

Amu Darya 534,739 Afghanistan, Tajikistan, Turkmenistan, Uzbekistan 20,855 39

Brahmaputra 651,335 Bhutan, Bangladesh, China, India 118,543 182

Ganges 1,016,124 Bangladesh, China, India, Nepal 407,466 401

Indus 1,081,718 China, India, Pakistan 178,483 165

Irrawaddy 413,710 Myanmar 32,683 79

Mekong 805,604 Cambodia, China, Laos, Myanmar, Thailand, Vietnam 57,198 71

Salween 271,914 China, Myanmar, Thailand 5,982 22

Tarim 1,152,448 China, Kyrgyzstan 8,067 7

Yangtze 1,722,193 China 368,549 214

Yellow 944,970 China 147,415 156

Total 8,594,755 1,345,241

Source: adapted from Eriksson et al., (2009)

Table 2: Endemic species in the four Biodiversity Hotspots located in the HKH

Hotspot Mammals Birds Amphibians Reptiles

Himalaya 24 128 75 128

Indo-Burma 165 312 216 333

Mountains of Southwest China 10 13 14 20

Mountains of Central Asia 6 0 4 1

Source: Mittermeier et al., (2004)



Reconciling the Mountain Biodiversity Conservation and Human Wellbeing 55

elsewhere (Molden et al., 2014; Xu J et al., 2009). It
is important to improve scientific understanding of
ecosystem structure and functioning and drivers of
change as a basis for formulating comprehensive
ecosystem management approaches and strategies
that link to human well-being and poverty alleviation
(Chettri et al., 2015; Molden et al., 2014). But, despite
the significance of the HKH biodiversity, there has
been little coordinated effort to understand the drivers
of biodiversity loss or their impact on conservation
and economic development (Sharma et al., 2010).
The International Centre for Integrated Mountain
Development has developed a programme on trans-
boundary landscapes, which uses integrated and multi-
disciplinary research to increase scientific
understanding of mountain ecosystems and to develop
people-centred approaches to resource conservation
that lead to sustainable and equitable development
(see Chettri et al., 2009; Ning et al., 2014; Zomer
and Oli, 2011). In this paper, we review the state of
knowledge on five principle pressures driving
biodiversity loss in the HKH region and describe

evolving processes that highlight the reconciliation of
the conservation and development perspectives.

Drivers of Change and Impacts on Biodiversity

The major driving forces identified as responsible for
loss of biodiversity globally (habitat change, over-
exploitation, pollution, invasive alien species, and
climate change) are all affecting biodiversity in the
HKH region.

Habitat Change

The HKH is home to rich biodiversity including many
charismatic species, such as Snow leopard (Uncia
uncial), Red panda (Ailurus fulgens) among others
(Kandel et al., 2015; Forrest et al., 2012). More than
half (54%) of the HKH area is rangeland (Fig. 1), a
habitat for many species including Snow leopard
(Uncia uncia) and trans-Himalayan ungulates
(Chettri et al., 2012). This is followed by 26%
agricultural land with rich agro-biodiversity (Partap
and Sthapit 1998; Tulachand, 2001), and 14% forest
as habitat for a wide range of species, including Red

Fig. 1: Land use and land cover in the HKH region
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Table 3: Land cover and protected area in the HKH countries

Country Total area Total area within the Population Protected Agricultural Forested Grassland,
(km2) HKH region in HKH area area within area** within area within shrubland

(km2) %* in 2007 the HKH HKH (km2) HKH (km2) and other
(millions) (km2) (km2)

Afghanistan 641,903 391,560 61 28.48 2,461 94,577 2,179 235,935

Bangladesh 137,878 15,543 11 1.33 632 2,723 4,920 7,912

Bhutan 39,837 39,837 100 0.71 12,681 2,897 28,739 3,994

China 9,369,194 2,395,105 26 29.48 1,522,172 688,294 228,699 1,388,496

India 3,152,148 404,701 13 72.36 62,417 99,886 140,097 137,806

Myanmar 667,062 323,646 49 11.01 23,967 63,747 143,588 112,488

Nepal 147,163 147,163 100 27.80 24,972 68,777 41,942 26,929

Pakistan 876,534 479,039 55 39.36 18,721 84,644 5,541 354,044

Total 15,031,719 ~4,190,000 210.53 1,668,023 1,105,546 595,705 2,267,600

Proportion of 39% 26% 14% 54%
HKH total

*% of total country area located in the HKH. **Agricultural area includes irrigated cropland, rain-fed cropland, mosaic cropland/
vegetation, and mosaic vegetation/cropland. Source: Bajracharya and Shrestha,(2011); Chettri et al. (2008)

panda (Forrest et al., 2012; Kandel et al., 2015).
Close to 40% of the land lies within some form of
protected area (Table 3). Though there are variations
in scale, change in land use and cover is prominent in
many parts of the region (Cue and Graf, 2009; Gautam
et al., 2004; Wakeel et al., 2005; Wang et al., 2008)
with natural habitats shrinking through forest
fragmentation (Pandit et al., 2007; Reddy et al., 2013;
Uddin et al., 2015), regime shift (Brandt et al., 2013;
Joshi et al., 2012), or changes in agriculture land
(Semwal et al., 2004) and others. However, habitat
degradation is not homogenous across the HKH. In
some of the agro-ecological zones, the area used for
agriculture is growing, with increases as high as 50%
reported in some watersheds in the Garhwal
Himalayas between 1963 and 1993 (Sen et al., 2002).
Annual loss of forest area of 0.2% has been reported
for India (Reddy et al., 2013) and 0.3% for Myanmar
(Leimgruber et al., 2005), although in Bhutan, forest
cover is increasing at an annual rate of 0.22% (Gilani
et al., 2015). Fragmentation and loss of forest, and
conversion to agricultural land, means that for many
species the available habitat is shrinking (Munsi et
al., 2010)  and the connectivity required for species
movement are fragmented (Zomer et al., 2001).

Over-exploitation

The area of our earth is finite, but the growth in world
population and economic activity is leading to an
increased demand for natural resources and
ecosystem services (Lam, 2011). Recent remarkable
economic growth in India and China brought many
benefits through higher incomes and employment, but
also fuelled threats to its ecosystems and biodiversity
through habitat degradation and biodiversity loss
(Squires, 2013). The anthropogenic pressure on natural
resources are widely documented from across the
HKH (Sundriyal and Sharma, 1996; Chettri et al.,
2002; Bawa and Seidler 2015), many of the pressures
are manifested to poverty (e.g. Bawa et al., 2007;
Sandhu and Sandhu 2015) leading to over-exploitation
(Adnam et al., 2015; Kala, 2015; Khan et al., 2012;
Rikhari et al., 2000). The human pressure and over-
exploitation has been reported for valuable resources,
such as Taxus baccata (Purohit et al., 2001; Poudel
et al., 2013). These resources are widely used as
they are simple to collect and freely available; other
commercial sources are generally difficult to access
as a result of high prices and limited supply (Chettri
et al., 2002). Asia covers 14 per cent of the world,
but contains half of the world’s population, with
population density eight times higher than the global
average (MacKinnon, 2002). Humans annually
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mobilize about 40 per cent of the total land primary
production (Squires, 2014) and as a result, it exerts
increasing pressure on these resources with often
unsustainable levels of extraction accompanied by a
marked loss in biodiversity (Bawa et al., 2007).

Recent studies have clearly revealed that the
issues of poverty and population seem to ‘stand at
one end of a long chain of cause and effect’ and ‘are
the messenger of unsustainability rather than its agent’
(UNFPA, 2001). There is a growing view that the
poor are not necessarily the main agents responsible
for resource degradation: quite often, the rich play a
much greater role in this process (Jodha 2000). In
some areas of the HKH, there are evidences that the
forested degradation is triggering due to commercial
use and poor management practices (Ali and
Benjaminsen, 2004) as reported for Taxus exploitation
by Rikhari et al. (2000). But it is the poor who are the
most vulnerable to the impacts of environmental
degradation and biodiversity loss because of their
higher dependency on these resources (Gerlitz et al.,
2012; ICIMOD and RSPN, 2014). There are concerns
about the intensive use of natural resources by local
communities in the forests surrounding protected areas.
But there are other more broader issues, such as
internal domestic pressure (inequality, immigration,
marginality, and cultural change), international
pressure (macroeconomic policies, international trade
factors), and policy responses (policy failure, poor
environmental law, weak enforcement, unsustainable
development projects, and lack of control over
resources) that are seen as the underlying drivers of
the over-exploitation of resources (Chettri et al., 2002;
Jha and Bawa 2005; Mahat et al., 1987; Sundriyal
and Sharma 1996).

Pollution

Pollution plays an important role in both ecosystem
degradation and reduction in human well-being in the
HKH (Geneletti and Dawa, 2009; Srivastava et al.,
2014). However, despite the risks of pollution and the
potential impacts on ecosystems and human health, it
still receives little attention in the HKH region and
has yet to become a priority topic. Direct levels of
pollution reported in the HKH outside big cities are
generally low, whether water, air, or noise (Sarkar
2010), but the number of studies is also limited. There
is some documentation related to outdoor pollution

with an impact on human health (e.g. Pandey et al.,
1989; Sharma 2012), freshwater ecosystems (e.g.
Korte et al., 2010) and others (Loewen et al., 2005;
Shukla and Upreti 2008).

More recent studies have focused on pollution
like black carbon, ozone, and mineral dust, which is
transported to the region and in some cases is having
a marked impact on the environment (Ramanathan
and Carmichael 2008; Menon et al., 2010; Cristofanelli
et al., 2014). Some studies have indicated, that the
sources of the pollutants coming to the HKH lie as
far as away as the Thar desert and Indo-Gangetic
plains (Cong et al., 2015; Cristofanelli et al., 2014),
and even across the Himalayas to reach the Tibetan
plateau (Cong et al., 2015). The HKH is considered
to be a hot-spot for impacts from the atmospheric
brown cloud – with persistent high levels of short-
lived climate forcers and pollutants such as ozone,
black carbon, and other aerosol particles (see UNEP
and GAW, 2011). Large amounts of absorbing
particles such as black carbon and mineral dust can
have multiple effects on biodiversity and ecosystems
overall, as they accelerate local warming (Carrico et
al., 2003; Gautam et al., 2010; Ménégoz et al., 2014).
For example, scattering and absorption of solar
radiation by the atmospheric brown cloud produces a
solar dimming effect (Ramanathan et al., 2005).
Excessive aerosol loading during the pre-monsoon
season (especially during May) leads to reduced cloud
cover and precipitation, which, in turn, heats the land
surface, leading to strengthening of the monsoon in
June and July (Bollasina et al., 2008). Higher
proportions of black carbon and aerosol have
implications for the regional and global climate, as
well as, for hydrological regimes and the availability
of freshwater over South Asia (e.g. Flanner et al.,
2009; Qian et al., 2011; Xu B et al., 2009) that
accelerate melting (ICIMOD 2011). Thus, the HKH
can be strongly affected by vertical upward transport
of air masses, that are rich in anthropogenic pollutants
and mineral dust, especially during the pre-monsoon
season (Bonasoni et al., 2010; Marinoni et al., 2010;
2013; Shrestha et al., 2010). The consequences are
already reported by a number of scholars on
biodiversity and ecosystems (Chettri et al., 2010; Hart
et al., 2014; Shrestha et al., 2012) including, human
health issues (Ebi et al., 2007; Sarkar 2010; Sharma
2012).
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Invasive Alien Species

Over the past half century, the spread of alien invasive
species has become a global challenge and the focus
of intense management and research activities (Dogra
et al., 2010; Kennedy et al., 2002). However, studies
of invasive species in the HKH are sporadic, but cover
a wide range of latitudes (Dobhal et al., 2011; Khuroo
et al., 2007; Kosaka et al., 2010; Kunwar, 2003;
Saxena and Ramakrishnan, 1984) and altitudinal
gradients (Kosaka et al, 2010; Bhattarai et al., 2014).
Both, Kosaka et al. (2010) and Bhattarai et al. (2014)
reported that road construction facilitated plant invasion
in mountainous regions of India and Nepal and the
distribution pattern of invasive plants along roadsides
varied with altitude. Bhattarai et al. (2014) found
strong and positive correlation between invasive
species and tree species diversity and negatively with
elevation. There have been a number of inventories
within the HKH (Towari et al., 2005; Dobhal et al.,
2011; Khuroo, et al., 2012; Sekar, et al., 2012). In
India, overall, the most recent inventory listed 1,599
species belonging to 842 genera in 161 families, 8.5%
of the total Indian vascular flora (Khuroo, et al., 2012),
while 190 invasive alien species belonging to 112
genera in 47 families were identified in  the Indian
Himalayas (Sekar, et al., 2012). Contrastingly, Khuroo
et al. (2007) documentation reveals that the alien flora
of Kashmir Himalaya alone is comprised of 571 plant
species belonging to 352 genera and 104 families with
Amaranthaceae and Chenopodiaceae include the
highest percentage of 83 and 72 of alien species,
respectively. In Nepal, 166 species were reported
(Tiwari et al., 2005). Majority of the studies indicated
that the origin of these species are America and
Europe, and mostly herbaceous in nature. Some of
the widely documented and spread species are
Ageratum adenophora, Lantana camara,
Parthenium adenophorus and Bidens pilosa.
Eichornia crassipes are reported from marsh and
swamp, whereas, Mikania micrantha from the
forested areas. Interestingly, about 50% of the species
are deliberately introduced in the Himalayas and others
came through trade and gain imports (Sekar et al.,
2012).

However, even though ecological studies have
been quite substantial (Kohli, et al., 2006; Inderjit, et
al., 2011; Bhatt, et al., 2011; Kohli, et al., 2012;

Tripathi, et al., 2012a; 2012b; Bajpai and Inderjit, 2013;
Mandal and Joshi, 2015) and at different scales (Shah,
et al. 2014), little effort has been made to study the
impact on indigenous biodiversity, ecosystems, or
human well-being (e.g. Kosaka, et al., 2010). There
are various instances of evidence, including, reducing
the plant diversity (Kohli, et al., 2004; Dogra, et al.,
2009), habitat loss (Dobhal, et al., 2011) and loss of
biodiversity (Bawa, et al., 2007; ICIMOD and
MoFSC, 2014). However, comprehensive understating
of the impacts of alien and invasive species to
biodiversity in the HKH is far from complete.

Climate Change

The Inter-governmental Panel on Climate Change
(IPCC) gave two pieces of information in its fourth
assessment report (AR4) that drew global attention
to the HKH region (IPCC, 2007). First, the report
showed clearly the lack of data available to support
assessments for the HKH region. Second, it made an
erroneous claim that all glaciers in the Himalayas could
disappear by 2035 (Cruz, et al., 2007), an error that
was subsequently traced back to an inaccurate citation
of the grey literature (Schiermeier, 2010). The
controversy that ensued highlighted how little is known
about the HKH region in general. However,
notwithstanding the lack of detailed information, it is
widely believed that the Hindu Kush-Himalayan region
is one of the planet’s hot-spots of climate change (see
the ranking in Maplecroft, 2011).

There are relatively few climate stations in the
HKH region and even fewer at high altitude, so that
information on climate parameters over time is very
limited. Table 4 summarizes the results of a few studies
on changes in temperature and precipitation in different
parts of the region. Despite the variation, the studies
show a consistent warming trend over the past 100
years (see also Liu and Chen, 2000; Shrestha et al.,
1999; Xu B et al., 2009; Yao et al., 2007). This
indicates that the highland areas are susceptible to
global climate change. A number of reports also
indicate that the higher elevation areas have warmed-
up more than lowland areas; Liu and Chen (2000)
argue that the Tibetan Plateau is a harbinger of climate
change due to its early and accelerated warming.
Based on various local and regional analyses, it is
predicted that temperatures in the HKH will continue
to rise in the future. For example, Rupa et al. (2006)
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predict that temperatures on the Indian subcontinent
will rise between 3.5 and 5.5oC by 2100, while, Shi
(2001) expects temperatures on the Tibetan Plateau
to increase by 2.5oC by 2050 and 5oC by 2100.

The historical trends in precipitation in  HKH
region are less clear, with varied and inconsistent
results in different areas (Bhutiyani et al., 2010;
Shrestha et al., 2000; Xu B et al., 2009). Ice core
studies on the Tibetan Plateau indicate that both wet
and dry periods have occurred since 960 AD (Tan et
al., 2007) and 1600 AD (Yao et al., 2008). Further
south, historical records show a weakening of
monsoon in the 18th Century, followed by
strengthening between the 19th Century and early
20th Century, and again weakening from the early
1920s to the present (Duan et al., 2004). During the
past few decades, inter-seasonal, inter-annual and
spatial variability in rainfall trends have been observed
across Asia.

Observations of a cumulative negative mass
balance of glaciers (Yao et al., 2007), increases in
permafrost temperature (Zhao et al., 2004), and
glacial recession (Seko et al., 1998; Fujita et al., 2001;
Kadota et al., 2000) are also thought to reflect the
impact of rising temperatures on the region (Table 5).
In the last half century, 82% of the glaciers in western
China have retreated (Liu et al., 2006), the glacial
area on the Tibetan Plateau decreased by 4.5% over
the last 20 years and 7% over the last 40 years (CN
CCC, 2007). A recent modelling study on the Everest
region of Nepal indicated that a large part of the
glaciated area could sustain mass loss by the end of
this century (Shea et al. 2015).

Continued de-glaciation as a result of climate
change is expected to have a profound impact on the
hydrological regimes of the ten rivers originating in
the HKH (Akhtar et al., 2008; Barnett et al., 2005;
Immerzeel et al., 2010; Shrestha and Aryal, 2011).
River discharge is likely to increase for some time
due to accelerated melting, but later as the glacier
water storage capacity is reduced the flow is likely to
decline (Eriksson et al., 2009; Nepal and Shrestha,
2015). A study by Lutz et al. (2014) also projected an
increase in run-off to mid century caused by an
increase in precipitation in the upper Ganges,
Brahmaputra, Salween and Mekong basins and
accelerated melt in the upper Indus Basin. The Indus,
Tarim, Yangtze, Brahmaputra and Amu Darya are
likely to experience the greatest loss in water
availability later in the century due to loss of glacial
melt (Xu B et al., 2009). Loss of glacier area and
changes in water availability are likely to have an
impact on the environmental resources in the region
as well as people’s well-being.

Changes in temperature and precipitation could
have serious implications for biodiversity and the
goods and services derived from it (Tse-ring et al.,
2010; Singh et al., 2011). A wide range of community
perception studies have also reported changing climate
tends toward supporting the scientific observations
(Chaudhary et al., 2011; Tse-ring et al., 2010;
Vedwan, 2006). Observational evidence indicates that
climate warming is already leading to visible effects
in the HKH region with indications of changes in
phenology (Hart et al., 2014; Ranjitkar et al., 2013)
and degradation of vegetation (Arthur et al., 2007).
There are also indications of changes in ecosystems

Table 4: Changes in temperature and precipitation in different parts of the HKH region

Area Overall change of temperature Precipitation Period Source

Northeast Himalayas +1.0°C in winter, +1.1°C in autumnSmall increase 1901-2003 Dash et al., (2007)
Southeast Himalayas +0.008 to +0.06°C per year 1960-1990 APN (2003)
West China +0.01 to +0.04°C per year -2.9 to -5.3 mm per year1960-2000 Yunling and Yiping,

at one place (2005); Yin, (2006)

Eastern Himalayas per year <1,000 masl +0.01°C; 1970-2000 Shrestha and Devkota,
1,000 < 4,000 masl+0.02°C; (2010)
>4,000 masl +0.04°C

Bhutan +0.5°C(approx. 0.03 per year) Uncertain 1985-2002 T-sering (2003)
(non-monsoon period)
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(Shrestha et al., 2012); some ecoregions are likely to
be more vulnerable to climate change than others
(Chettri et al., 2010; Tse-ring et al. 2010) as climate
change may shift the existing climatic zones (Zomer
et al., 2014); change the available habitats of iconic
species such as Snow leopard (Forrest et al., 2012)
and the availability of highly valuable Chinese
caterpillar-plant (Cordyceps sp.) (Shrestha and Bawa,
2014) among other. Observation has also been made
on reduction on agriculture production in some of the
major crops in some parts of the HKH (Aggrawal,
2008; Vedan et al., 2001).

The Changing Paradigm

Biodiversity conservation has made a great progress
using the protected area approach at national
(Deguignet et al., 2014), regional (Chettri et al., 2008;
Clark et al., 2013), and global levels (Deguignet et
al., 2014; Watson et al., 2014). The approach has
become more successful with the increasing
recognition of the role of biodiversity and ecosystem-
derived goods and services in addressing economic
development and poverty alleviation (Motel et al.,
2014; Ros-Tonen et al., 2005; Zedan, 2005), and of
the need to involve local communities in a holistic
conservation effort, rather than exclude them from
designated areas (Sharma et al., 2010). The need for
conservation and development through poverty
alleviation are now well recognised in global policy

frameworks – the Convention on Biological Diversity
and the Millennium Development Goals (now has
become the Sustainable Development Goals) (Zedan,
2005; Giggs, 2013).

In recent decades, the HKH has also witnessed
significant conceptual development in regional
approaches to biodiversity conservation, from ‘people
exclusionary’ and ‘species focused’ to ‘people-centred
community-based’ and ‘ecosystem/landscape
approach’, as reflected by conservation policies and
practices within the various countries in the region
(Sharma et al., 2010). The classical approach of
biodiversity conservation, which started with an
emphasis on the conservation of flagship species (e.g.
Yonzon, 1989; Wikramanayake et al., 1998) evolved
to the understanding that “conservation and
management of biodiversity are impossible without
people’s participation” (Chettri and Shakya, 2008).
Since 1980s, de-centralization and devolution of
authority for biodiversity conservation were evident
in Governments’ efforts across the HKH region (see
Sharma et al., 2010). The United Nations Conference
on Environment and Development (UNCED) in 1992
placed a premium on people’s participation and
promotion of this conceptual shift in both natural
resources management and biodiversity conservation.
In response, participatory forest management
approaches evolved as accepted means in the HKH
(Sharma and Chettri, 2003). During the process, it

Table 5: Changes in glacier area in the HKH region

Study area Period Overall change in glacier area (%)

Su-Lo Mountain Glacier 1966-1999 –7.0

East Pamirs (northwestern Tibetan Plateau ) 1962/66-1999 –7.9

Xinqingfeng (northwestern Tibetan Plateau) 1973-2000 –1.7

Geladandong (central Tibetan Plateau) 1969-2002 –4.8

Karakoram (northwestern Tibetan Plateau) 1969-1999 –4.1

Pumqu (central Himalayas) 1970-2001 –9.0

Naimona’nyi (western Himalayas) 1976-2003 –8.8

Daxue Mountain (northeastern Tibetan Plateau) 1956-1990 –4.8

A’nyêmaqên Mountain (northeastern Tibetan Plateau) 1966-2000 –17.0

West Kunlun (northwestern Tibetan Plateau ) 1970-2001 –0.4

Zemestan Glacier, Wakhan corridor 1976-2003 –10.0

Rongbuk Glacier, Everest, Nepal 1966-1997 recession by 170-270 m

Source: Dahe et al., (2000); Wang et al., (2008)
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was realised that biodiversity management by local
people is more effective when the utility value and
benefit to communities thereof is evident. For
example, successful examples of community-based
biodiversity conservation linked to enterprise
development include oak-based silk production in
Garhwal (India); Jatamansi (Nardostachys
jatamansi) in Humla (Nepal); traditional local paper
from lokta (Daphne spp.) and argeli (Edgeworthia
gardeneri) in Nepal; and ecotourism in India (Sikkim)
and Nepal (Annapurna Conservation Area) (see
Sharma et al., 2006). In all of these examples, and
many others, community-based biodiversity
conservation was seen as instruments that enhance
conservation and sustainable use of threatened or
vulnerable species and or ecosystems.

In addition, the conservation approaches in the
HKH took on a new dimension with the concept of
linking the existing protected areas with corridors
(Sherpa and Norbu, 1999). This approach, while
addressing the biophysical advantages of corridors
for migration, habitat contiguity, species refugia for
restoration, and shifting of species and habitat types
in response to environmental pressures such as climate
change, also incorporates the notion that communities
and how they manage their natural resources play an
important role both in connecting protected areas, and
the effectiveness of those protected areas.
Subsequently, the concept of landscape-level
conservation approaches (Smith and Maltby, 2003;
Secretariat of the CBD, 2004) evolved in the region
generally adopting the ‘Ecosystem Approach’
advocated by the CBD (see Sherpa et al., 2003;
Sherpa et al., 2004; GoN/MFSC, 2006; Chettri et al.,
2007; Zomer and Oli, 2011).

Reconciling Conservation and Human Wellbeing
using the Landscape Approach

Landscape-level biodiversity conservation is an
evolving concept in the HKH (Sherpa and Norbu,
1999; Sharma and Chettri 2005; Chettri et al., 2007;
Zomer and Oli, 2011). The concept has emerged
primarily out of recognition that strict protection through
a network of protected areas (e.g. national parks,
sanctuaries, wildlife reserves) is an essential but
insufficient strategy for biodiversity conservation
(Chettri et al., 2007; Chettri et al., 2009). Now, the
focus has shifted from simply preserving isolated

patches of sustained wilderness in the form of
protected areas, to the need for  maintaining landscape
integrity and to see – and conserve – ecosystems as
part of larger agro-ecological and socio-cultural
landscapes (Chettri et al., 2015). However, the
progress towards wider landscape approach is also
witnessing various challenges including the human
wildlife conflict (HWC). The increasing conservation
efforts including protection through policy and
practices have resulted in increase in population of
many wildlife species (Selvan et al., 2014; Ashraf et
al., 2015; Raza et al 2015). As a result, the HWC
has also increased substantially across the HKH,adding
more challenges in conservation (Carter et al., 2012;
Kabir et al., 2014; Sapkota et al., 2014).

The trans-boundary landscape approach is
gaining prominence in many areas in the search for
solutions to reconcile these conservation and
development tradeoffs (see Sharma et al., 2007;
Zomer and Oli, 2011).

There are a number of landscape level initiatives
for biodiversity conservation in HKH at different
development levels (Table 6). The majority of these
initiatives have looked at ways of reconciling
conservation with development with a focus on
community well-being. In recent years, the
International Centre for Integrated Development
(ICIMOD) has been advocating for bio-diversity
conservation and sustainable development in the HKH
region using an ecosystem approach within trans-
boundary landscapes, and including consideration of
cross-cutting issues related to policy, governance, and
equity and gender, while mainstreaming principles of
information and knowledge management. The concept
is to bring HKH regional member countries together
to facilitate effective conservation in critical trans-
boundary complexes. Six potential landscape areas
have been identified (Fig. 2) and a four-step
framework (Fig. 3) is being used to support
programme design. The programme has a strong
element of monitoring change through long-term
environmental and socio-ecological monitoring (see
Chettri et al., 2015) and focuses on managing the
landscapes to sustain the flow of ecosystem goods
and services in order to improve livelihoods and
enhance ecological integrity, economic development,
and socio-cultural resilience to environmental changes
(Box 1). There are five thematic focus areas:
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Table 6: Landscape initiatives in the HKH region

Landscape initiative Geographical area Main themes Source

Bhutan Biological Bhutan Community-based conservation in protectedSherpa and Norbu (1999);
Conservation Complex areas and conservation corridors NCD (2004)

Everest Complex China and Nepal Regional cooperation, information sharing, Sherpa et al. (2003)
and developing decision making tools Bajracharya et al. (2010)

Terai Arc Landscape Nepal Community-based conservation in protectedGurung (2004)
areas and conservation corridors

Kangchenjunga LandscapeEastern Nepal, Sikkim Conservation and development in protectedSharma and Chettri (2005)
and north Bengal in India, areas and conservation corridors
and western Bhutan

Kailash Sacred LandscapeWestern Nepal, Uttara- Conservation and development around sacredZomer and Oli (2011)
khand in India and Tibet sites and in protected areas
Autonomous Region in
China

Far-Eastern Himalayas Arunachal Pradesh in India,Conservation and development in biodiversityGuangwei (2002);
Kachin State in Myanmarhotspots Shakya et al. (2011)
and Yunnan in China

Karakoram Pamir and Afghanistan, China, Conservation and development in arid Ning et al. (2014)
Wakhan Pakistan,and Tajikistan ecosystems

Box 1. Programme on Conservation and Sustainable Use of Transboundary Landscapes

Goal: Trans-boundary landscapes are better conserved and managed for sustaining ecosystem goods
and services, and to improve livelihoods and enhance ecological integrity, economic development, and
socio-cultural resilience to environmental changes.

Overall objectives: Improved cooperation among regional member countries of the Hindu Kush
Himalayas for sustainable and inclusive ecosystem management in identified landscapes for enhanced
and equitable livelihood benefits, climate change resilience, and contributing to global conservation
agendas.

The specific objectives (five major domains of change) for the programme are:

1)  Improve livelihoods and climate change adaptation of mountain communities

2)  Enhance community-based participatory ecosystem management

3)  Improve resource governance

4)  Strengthen long-term environmental and socioeconomic monitoring systems

5)  Establish regional cooperation, knowledge management and an enabling policy environment.

livelihoods and climate change adaptation (socio-
economic development), community-based
participatory ecosystem management (ecosystem
wellbeing), resources governance, long-term
monitoring, and regional cooperation (Fig. 4). The

priority areas are addressed using a consultative
process keeping socio-economic development as the
central focus.

The programme is now working in four
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Fig. 2: Four common stages in trans-boundary landscape programmes (sources – Adapted with modification from Erg et al.,
(2012)

Fig. 3: The six selected trans-boundary landscapes in the HKH region

landscapes, with three at the initial stages of diagnosis
and design (Karakoram Pamir and Wakhan,
Kangchenjunga and Far Eastern Himalayas) and one
in the early stages of implementation (Kailash)
(Chettri et al., 2007; Ning et al., 2014; Sharma and

Chettri, 2005; Zomer and Oli, 2011). All of these
programmes have a long term vision of 20 years and
the strategic process of conservation and development
interventions have been developed. The participating
countries have also shown ownership of the
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programme and are making commitments to work at
the landscape level in the trans-boundary areas. Efforts
are also being made to look at major threats identified
at the global scale. Some work has been initiated on
habitat change through land use cover change and
forest fragmentation (Uddin et al., 2015), over-
exploitation (Chettri et al., 2002), climate change
(Zomer et al., 2014), and pollution and invasive alien
species.

Conclusion

Global biodiversity is under acute pressure from the
anthropogeic pressure and destruction of habitats.
This is manifested in local, national and international
pressure as well as policy responses. Drivers of
change include forest degradation and habitat
fragmentation as a result of agricultural intensification,
overexploitation of resources, and industrial and
economic development. Pollution is affecting both
ecosystems and human health, and habitats are being
changed by invasive and alien species, making
conservation and development a more challenging task
than ever. Climate variability and change are adding
to the burden of these challenges. The international
community is realizing the urgent need for holistic
development integrating multidisciplinary approaches,
a strong research base, and participatory decision

making to address the challenges at a regional and
transboundary scale.

Protected areas have increased greatly in
number and extent but cannot exist in isolation as
islands, neither within countries nor across national
borders, as they are embedded in a matrix of human
needs and surrounding lands. They are also insufficient
to achieve local, national, regional, and global
conservation goals. Experience has shown that
biodiversity conservation requires a comprehensive
and multi-scaled approach, that includes both reserve
and non-reserve areas and takes into account people’s
dependence on resources for their subsistence. A
holistic approach is needed at the landscape/
ecosystem scale which includes people as part of the
system. The integrated approach to conservation is
supported by efforts to reconcile conservation with
development by ensuring that communities both
participate in and benefit from conservation
approaches.

Over the past decade, ICIMOD has been playing
a pivotal role in the HKH in forming partnerships,
developing community-based natural resource
management strategies in and around protected areas,
and exploring the feasibility of developing trans-
boundary landscapes. Recent trans-boundary
initiatives promote participatory processes and
landscape level ecosystem management to address
trans-boundary conservation and sustainable
development. They provide a unique opportunity for
long term visions and strategies to promote regional
cooperation and common understanding on trans-
boundary landscape issues, including the impact of
climate change, to conserve this irreplaceable cultural
and natural landscape. The initiatives support the aim
of the HKH countries to sustainably manage the
cultural and ecological diversity in the region as well
as the broad objectives of global efforts, as reflected
in the CBD and other relevant international
conventions. A strong thrust has been given to
community development at the local level, as well as.
to cooperation at the regional level to meet global
commitments.
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