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Foreword

Amongst the global mountain systems, Himalayan ranges stand out as the youngest
and one of the most fragile regions of the world; Himalaya separates northern part of
the Asian continent from south Asia. The region, being a discrete geographic and
ecological entity, figures prominently in major bio-physical settings on the planet earth.
This vast mountain chain (over 2500 km long and 80-300 km wide and rising from low
lying plains to over 8000 m amsl) produces a distinctive climate of its own and influences
the climate of much of Asia. Temporal and spatial variations caused by geographical
diversity have resulted into a marked difference in climate and physiography, and
consequently in the distribution of biotic elements. The Indian Himalayan Region (IHR)
stands at the biological and cultural cross-roads of Asia, the meeting point of floral and
faunal assemblage, and cultures of the Indian sub continent. Its forests display
phenomenal diversity, and along with the associated biodiversity, NTFPs in particular,
meet diverse needs of the people in addition to being a source of livelihoods. The
beautiful landscapes, numerous rivers and streams cascading down the mountain slopes,
diversity of cultures and religions, and colourful traditions and festivals of indigenous/
ethnic communities, and a myriad of biotic forms plus unique geological features have
long been a source of attraction for people from nearby regions and far away places
across the globe, from naturalists, scientific investigators, wildlife enthusiasts,
anthropologists, philosophers, thinkers, saints and sages, to mountaineers, adventure
seekers and travelers.

The people of the IHR, like elsewhere in other mountain ecosystems, are heavily
dependent for their livelihood on their surrounding natural resources and production
from primary sectors such as agriculture, forestry and animal husbandry, etc. The
dependency of the continually growing population on finite resources, lack of viable
technologies to mitigate the mountain specificities and enhance production to meet the
ever increasing demands are depleting the natural resources with concomitant increase
in marginality of farmers, poverty and out migration. Recent report of Forest Survey of
India (2011) has, however, shown an overall increase of 5% in the forest cover of IHR,
which is a very welcome sign. Recognition of forests as a major provider of goods and
services, and provision for “maintenance of forests” funds by the Planning Commission
would go a long way in betterment of the forest wealth of the country.

Forests are not only the providers of a variety of ecosystem goods and services
but also provide a sink for atmospheric CO,, which is on the rise due to various
anthropogenic activities. IHR provides asylum to the species, particularly to those
which are likely to migrate and shift boundary ranges as a consequence of global
warming, which is reportedly taking place, more so at the higher altitudes of Himalaya.
The hydrological regulation by mountain forest ecosystem in the lowlands, connected
with the river systems, is yet another service that needs to be understood fully and its
value appreciated. Himalayan forests help maintain soil fertility and essential atmospheric
moisture in the adjacent Gangetic plains through rivers originating from the region.
Attempts are now required to adequately capture such Ecosystem Services (ES) of the
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Himalayan forests in National Accounting System with primary focus on Gross Domestic
Product (GDP). Their role would become more imminent as we move towards “Green
Economy”. The launch of eight National Missions, as envisaged under the National
Action Plan on Climate Change (2008) is worth mentioning; two of the missions, namely
Green India Mission and National Mission for Sustaining the Himalayan Ecosystem
are particularly relevant for the IHR.

I hope this special issue brought out by the ENVIS Centre on Himalayan Ecology
of the GBPIHED, on Himalayan forestry research on the occasion of International Year
of Forests — 2011 will be useful to those engaged in forest ecology research in the
Himalayan region. | thank the contributors and the editors of this volume in bringing it
before the readers.

L.M.S. Palni, FNASc, FNAAS

Director, GBPIHED
Kosi-Katarmal, Almora



Preface

The United Nations General Assembly designated 2011 the “International Year of
Forests” to raise awareness on sustainable management, conservation and development
of all types of forests. “Forests for People” is the main theme of the Year, highlighting
the dynamic relationship between forests and the people. National, regional and local
organizations around the world are encouraged to plan “Forests 2011” events that
provide an unprecedented opportunity to bring attention to the interconnectivity
between people and forests. To celebrate the “International Year of Forests” and
enhance capacity of human beings to address the challenges of conservation of forests
for well being of people, governments, regional and international organizations and
civil society organizations organized several activities all across the globe.

Forests are an integral part of global sustainable development. Forests provide us
with various natural services and play an important role in economy of the nations. As
per World Bank estimates, more than 1.6 billion people depend on forests for their
livelihoods. The forest products traded internationally worth $270 billion. Forests
provide habitats to about two-thirds of all species on earth. FAO estimates that the
world’s forests and forest soil store more than one trillion tons of carbon — twice the
amount found in the atmosphere, and every year 130,000 km? of the world’s forests are
lost due to deforestation, conversion to agricultural land, unsustainable harvesting of
timber, unsound land management practices and creation of human settlements, etc.
Deforestation accounts for up to 20% of the global greenhouse gas emissions. Forest
ecosystems play a critical role in provisioning of a variety of goods for daily living of
the people, raw materials for industries, absorbing the greenhouse gases, mitigating
the effects of climate change and protecting biodiversity. Many socio-cultural benefits
and base for indigenous knowledge is provided by the forests. Because of the multiple
roles of the forests and resources obtained from them, forests of the world are under
threat due to overexploitation, deforestation, urbanization, shifting cultivation practices
and natural disasters, etc. Considering the importance of forests in human survival,
there is a need to better understand, manage and protect the forest ecosystems.

India is one of the countries with rich forest resource in the world. In India, forest
is the largest land use next to the agriculture. The forests play vital role in harboring
more than 45,000 floral and 81,000 faunal species of which 5150 floral and 1837 faunal
species are endemic. As per the India State of Forest Report - 2009, the total forest
cover of the country is 690,899 km2 constituting 21.02% of the total geographic area of
the country. In the Indian Himalayan region (IHR), forest is major land use/land cover
category, which covers about 41% of geographical area in the IHR. While the rest of
the country is witnessing reduction in the dense forest cover, the situation in the IHR
has recorded an increase of over 5% during 1997-2007, which is generally believed to
be due to many local governance institutions.

Forests of the IHR provide a myriad of Ecosystem Services (ES) to people not only
to the inhabitants of the region but also to the people residing in the lowlands connected
with the river systems in terms of regulated flow of water, soil and nutrients, which
support many land based and developmental activities. Forest vegetation of the IHR
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has a large “sponging effect”, soaking up and storing rainwater that reduces the impact
of downstream flood or drought. The most notable among the forest ES is carbon
sequestration particularly in the face of global warming. The C pool in IHR forests
(forest biomass + soil C) has been estimated at 5.4 billion t C and at regional scale the
approximate values of ES of Himalayan forests with regards to C- sequestration has
been estimated as Rs. 943 billion/yr.

Forests of the IHR are facing a number of anthropogenic and natural threats. Fire
causes irreparable damage to the forest ecosystem, habitat loss for many of the
indigenous varieties of plants and animals, and soil erosion by water and wind. Illicit
felling of trees, extraction of medicinal plants and other minor forest product, poaching
of wildlife, age-old practice of Jhum cultivation in the north-east region, destruction of
forests due to mega-projects and natural events such as floods and landslides are
other potential threats faced by the forests of IHR. Various measures have been taken
up to conserve forests in India. India’s National Action Plan for Climate Change
(NAPCC) includes National Mission for a Green India among the eight countrywide
missions. This mission underlines the indispensable role of forests in the preservation
of ecological balance, maintenance of biodiversity and as effective carbon sinks. It
builds on the Prime Minister’s Green India campaign for afforestation of 6 million
hectares and the national target of increasing land area under forest cover to 33%.
Various govt. and non-governmental efforts are continuing to save the forests and
wildlife in India. In the IHR, areas rich in biodiversity are designated as Biosphere
Reserves (7 BR), which spread over 26,421 km? area. A total of 25 National Parks and 98
Sanctuaries are established to protect the forests and wildlife in the IHR, which make
up about 14% of the geographical area of India.

ENVIS Centre on Himalayan Ecology at GBPIHED, under the aegis of Ministry of
Environment & Forests (MoEF), Govt. of India, is mandated for collecting and compiling
of information, and its dissemination to various stakeholders for helping research and
development in the areas related to Himalayan Ecology. | am happy to note that this
Centre of the Institute is bringing out a special volume in the form of this edited book
to mark the celebration of “International Year of Forests-2011". This book consists of
22 research articles contributed by various scholars engaged in the forestry research
and try to provide an overview of priority issues for forestry research in the IHR in the
R10+20 Era. In general, a “paradigm shift” in the forestry research could be witnessed
in terms of a broad departure of studying structural and functional aspects of forests to
more focus on forest conservation and management issues to cater the need of not
only academicians but also planners and policy makers. Issues of global importance
such as carbon sequestration, forest ecosystem services and innovative management
regimes for better conservation have figured more in the forestry research in the region.
However, there is an urgent need to apply new tools and techniques, methodology and
approaches to better the local-regional-national-global connect of the forestry research
in the Himalayan region.

Prof. S.P. Singh, FNA
Former Vice-Chancellor,

HNB Garhwal University, Srinagar-Garhwal, Uttarakhand
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Twenty Priority Issues for Forestry Research with
Particular Reference to Indian Himalayan Region in the
RI10+20 Era

G.C.S. Negi, R.S. Rawal, P.P. Dhyani and L.M.S. Palni
G.B. Pant Institute of Himalayan Environment and Development
Kosi-Katarmal, Almora, Uttarakhand, India

Forest ecosystems play a crucial role in sustaining life on the planet earth.
In view of the increased interest in realizing the full potential of forests for
global sustainable development in recent years, the United Nations General
Assembly proclaimed 2011 the “International Year of Forests”. This has been
instrumental in translating this interest into year-long action, as well as to raise
general awareness and understanding about the vital role of forests and
strengthening sustainable forest management for the benefit of current and
future generations. As we preapare to “shift gears” to realize the true intent of
the Green Economy from the so called era of Brown Economy, humankind
must ensure, through concerted actions around the world, sustainable growth
and health of all forest types for global good. “Forests for People”, the main
theme of the Year, amply highlights the pivotal association between forests
and the people; it is envisaged that this should catalyze a meaningful dialogue
and begin the process of shared learning for achieving sustainable solutions,
by bringing together best practices from governments and stakeholders, towards
greater understanding and convergence of practical approaches for forests and
people — and their sustainable future worldwide, who one way or the other
depend on forests. The first Earth Summit held way back in 1992 at Rio De
Janeiro emphasized the value of forests largely for the environmental benefits;
it is encouraging to note that our understanding, over the years, has broadened
considerably to value and recognize the equally important role of forests as
providers of economic, social and cultural benefits.

Globally forests are now regarded as the major repository of nature to be
conserved and managed for posterity, and not to be regarded solely as an
important source of revenue. In the Indian context, forests are a prominent
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feature of the Indian landscape, covering almost 79 million hectares which
represents almost a quarter (23.8%) of the geographical area of the country
(FSI, 2011). These forests are integral to the environment, economy, culture
and history of the country. While providing multiple tangible benefits such as
timber, fuel-wood, pulp-wood, fodder, fiber, medicines, grasses and other valuable
non-wood products, forests also regulate the hydrological cycle, protect aquifers,
conserve biodiversity, enhance carbon sequestration as a spin-off effect of
forest conservation, and promote ecotourism (Dilip Kumar, 2011; In Press).
Accordingly recent decades have witnessed several challenges in forestry
research and management. This paper attempts to highlight the need to bring
about a paradigm shift in the traditional thinking and approach in forestry research
in respect of the Indian Himalayan Region (IHR) and evolve research
programmes that are sensitive to stakeholder needs in addition to being forest
friendly and in tune with the fast changing global thinking on the subject, especially
in Rio+20 scenario.

The IHR stretches over 2,500 km from Jammu & Kashmir in the north-
west to Arunachal Pradesh in the north-east, and covers partially/fully twelve
mountainous states of India (Fig.1). The region with a geographical coverage
of over 5.37 lakh sq Km (appx. 16.2% of the geographical area of the country)
is inhabited by about 42 million people. Biogeographically, the IHR represents
three biogeographic zones (namely, trans Himalaya, Himalaya and North East
India) and nine biogeographic provinces. Each of these provinces has remarkable
cultural, ethnic and biological diversity. The region contains snow-clad peaks,
glaciers and dense forests with rich diversity. Over 9,000 Himalayan glaciers
and high altitude lakes form a unique reservoir storing about 12,000 km? of
fresh water (Valdiya, 1998). Mighty streams like the Indus, Sutlej, Yamuna,
Ganga, Kali, and Brahmaputra arise from the Himalayan region?. Through
geological time in the region, warm, wet periods have alternated with cool, dry
ones. Along with the rise in maximal elevation (from less than 2500 m in the
mid-Miocene to more than 8000 m today), such changes in climate have caused
extinctions and also have facilitated immigration of taxa from surrounding
regions. For example, between 8000 and 4500 years ago, as the climate warmed
and snow melted, oaks expanded their importance at the expanse of pine trees
(Zobel and Singh, 1997).

1. The “Foreword” in this publication may be seen for general appreciation of the true value of
the region, not just for those who inhibit IHR but also for the people who live far beyond its
boundaries.
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Fig. 1: Indian Himalayan region (Source: G-SHE, 2009)

FORESTS OF THE HIMALAYA

In the IHR forest is major land use/land cover category (as recorded forest
area). According to the State of Forest Report (FSI, 2011), forests cover ~41%
of geographical area in the IHR out of which 16.9% area is under very dense
forest cover, 45.4% under moderate forest cover and the remaining 37.7%
under open forest category (Table 1). Himalayan states show that considerable
forest area in these states is private (42%), followed by area under community
management (33%) and revenue department (25%). According to a recent
Report of the Task Force, Planning Commission (Anonymous, 2010) Uttarakhand
is the only state where all types of ownerships exist, while Nagaland has mainly
private forests. Although the rest of the country seems to be witnessing a
reduction in the dense forest cover, situation in the IHR appeared to have
improved as per the FSI assessments of 2001 and 2011, and is generally believed
to be due to many local governance institutions (e.g., Van Panchayats).
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Table 1: Contribution of the IHR to total forest cover of India (2011)

Region | Geographical Forest cover (km?)
area (km?)
(values in %) | Very dense | Moderate Open Total (% of _
(% of total) |(% of total) | (% of total) | total geographic
area)
IHR 537435 37648 101005 83881 222534
(16.3) (16.9) (45.4) (37.7) (41.40)
India 3287263 83471 320736 287820 6920274
(100) (12.1) (46.3) (41.6) (21.1)

Himalayan forests are extensive and diverse and they differ significantly
from both tropical and temperate forests with respect to structure, phenology
and function; as well as in terms of ecosystem processes (Zobel and Singh,
1997). The forest vegetation in the Himalayan region ranges from tropical dry
deciduous forests in the foothills to alpine meadows above timberline
(Champion and Seth, 1968). The biomass productivity (17.0 -21.0 t/ha/yr) of
the pristine forests of the region is comparable to the highly productive forests
of the world ranging from 15.0 — 30.0 t/ha/yr among major forests of the region
(Singh and Singh, 1992). Diversity and uniqueness of Himalayan forests has
contributed significantly towards richness of biodiversity elements at different
levels that places the region amongst 34 identified Global Biodiversity Hotspots.
Richness and uniqueness of biodiversity in Himalayan hotspot is included in
Table 2.

Table 2: Richness and uniqueness of biodiversity in Himalayan hotspot

Taxonomic group Species Endemic species | % of Endemism
Vascular Plants 10,000 3,160 31.60
Mammals 300 12 4.00
Birds 979 15 153
Reptiles 177 49 27.68
Ampbhibians 105 42 40.00
Freshwater Fishes 269 33 12.26

Source: http://www.biodiversityhotspots.org
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THE GLOBAL CONTEXT

The Mountains, which cover nearly one quarter of Earths’ land area, host
over 12% of global human population. More importantly, >50% of global human
population draws benefits directly or indirectly from resources and services
emanating from the mountain ecosystems (Messerli and Ives, 1997). These
regions, although well recognized for their evolutionary significance and
ecological value manifested by ecosystem integrity, adaptability and services,
have largely remained marginalized from economic development perspectives.
However, in the aftermath of Rio Earth Summit and the implementation of its
Agenda 21, awareness about the mountains has increased manifold, and the
region is being institutionalized on mainstream developmental agenda. In this
context, on account of richness (diversity), representativeness and unigueness,
the mountain biodiversity elements have gained considerable attention. Further,
under the provisions of Convention on Biological Diversity (CBD), the global
value of Mountains has been recognized in the form of a specific Programme
of Work on Mountain biodiversity. The programme elements include: (1) Direct
actions for conservation, sustainable use and benefit sharing; (2) Means of
implementation for conservation, sustainable use and benefit sharing; and (3)
Supporting actions for conservation, sustainable use and benefit sharing (http:/
/www.cbd.int/mountain/wopo.shtml?prog=p1). Therefore, while defining
research agenda and any other action priorities pertaining to mountain
biodiversity, including the forests, it is important to consider these work
elements, goals and specific actions suggested therein. In this context, as
indicated above, the globally recognized ‘Himalayan Biodiversity Hotspots’,
represents a unique bio-physical entity with a huge range of diversity in forest
types and their life sustaining values. Therefore, this unique system has always
remained an attraction for researchers from different parts of world. However,
in the Rio+20 era, when global attention has increasingly focused on sustainable
development needs under the accelerated global change scenario, there is an
urgent need to reorient research priorities to address the changing global needs,
e.g., to scientifically develop sound methodologies for estimation of ecological
services in order to arrive at realistic monetary contribution of tangible and
intangible benefits of forests to the GDP (collectively at the global level and at
individual country level). Furthermore, the current global thinking on forests
supports cross-sectoral and cross-institutional policies promoting sustainable
forest management and stresses the importance of integrating sustainable forest
management objectives and practices into the mainstream of economic policy
and decision making.
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THE NATIONAL CONTEXT

The Himalayan region being a forest dominated landscape; the forestry
sector calls for immediate attention and implementation of action oriented
programmes. In this context, keeping the experiences of on-going forestry
research in the region in view, and recognizing the current needs, an attempt
has been made through this article to highlight twenty important issues which
require in-depth efforts to better understand the forests of this region,
particularly for their role in human well-being and sustaining the Himalayan
ecosystem. The emphasis in identification of issues is to highlight hitherto
neglected and/or less explored areas of research that have convergence with
the contemporary global thinking as well as hold greater significance for
emerging priorities at the national level. For instance, India’s National Action
Plan on Climate Change - NAPCC (Gol, 2008), considering national and global
importance of the Himalayan Ecosystem, has made special provision of a
National Mission for Sustaining Himalayan Ecosystem, one of eight missions
and the only mission which is location specific. This mission, among others,
aims to: (i) understand, whether and to which extent, the Himalayan glaciers
are in recession and how the problem could be addressed, (ii) establish an
observational and monitoring network for the Himalayan environment, (iii)
promote community based management of the ecosystem through incentives
to community organizations and panchayats for the protection of forested lands.
Furthermore, specifically focusing on forestry sector, the National Mission for
a Green India has given directions for defining priorities specially in order to
address climate change (CC) vulnerabilities in the landscape by way of: (i)
enhancing carbon sinks in sustainably managed forests and other ecosystems,
(ii) enhancing resilience and ability of vulnerable species/ ecosystems to adapt
to the changing climate, and (iii) enabling forest dependent local communities
for better adaptation in the face of climate variability.

Considering the above, it is an opportune time in the “International Year of
Forests”- 2011 to rethink and reorient our forestry research in the region to
contribute in achieving long-term national and international goals of
environmental conservation and sustainable development.

IHR FORESTRY RESEARCH — CONTEMPORARY ISSUES

1. Quantification and valuation of forest ecosystem services (FES) has
occupied the centre stage of research agenda the world over. Emphasis is
being paid to value the intangible services of the forest ecosystems so that
conservation efforts of the stakeholders are rewarded in economic terms.
In the IHR, FES is intricately linked with the livelihood of the people,
hence well recognized but poorly understood (Singh, 2007; Joshi and Negi,



Special Issue in the International Year of Forests-2011 7

2011). Therefore, systematic studies are required to better understand,
quantify and value the FES. Particularly the regulating services of the
forests such as pollination, soil and water conservation, soil fertility
maintenance, C-sequestration, biodiversity conservation, etc., deserve
priority attention so that compensation mechanisms are devised and brought
into the policy framework. The 2010 report of the Task Force for Planning
Commission, Gol (Anonymous, 2010), has emphasized the need for
highlighting contribution of forests of the IHR to the national accounting
system (so far forest contribution to the GDP of India is taken as <2%) and
quality of life. It would follow from such estimation that the nation must
be willing to pay for maintaining such services. There is a great scope for
using Himalayan forests as C-sink and developing C-markets through the
involvement of local inhabitants in management of community forests. As
such, there has been an increasing global interest in translating the concept
of ecosystem services into practice, both as a rationale for conservation of
biological diversity and as a method to design policies that maximize
benefits from the sustainable management of ecosystems (Sutherland et
al., 2009). Ecologists and environmental economists must come together
to address this aspect.

2. Alarger part of the Himalayan population is agriculture based, and the hill
agriculture is organic in nature and continues to be dependent on forest
biomass. With the changing trends of climate and global economies, the
agricultural patterns and systems in the region are fast changing. This
obviously impacts on the forests and forest resources. In this context, the
carrying capacity of forests vis-a-vis agricultural intensification /
diversification needs to be understood and calls for the forest based
resources to be projected not only in view of the CC, but should also take
stock of the aspirations of local communities and changing scenario of
crops and cropping patterns. This requires deeper understanding of existing
systems and the undergoing transformations therein. This understanding
would follow only if these issues are systematically considered as proper
research questions.

3. While considering intricate linkages of forests with other land based
production systems (i.e., agriculture and horticulture) in the region, among
others, the role of forests in providing “pollination services” to the
agricultural and horticultural landscapes needs to be taken up on priority.
This need is evident, as over 90% of flowering plants are pollinated by
animals and majority of crop plants are pollinated by insects; bee pollinated
crops alone contributing about 30% of human food. Further, studies have
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indicated that pollination often becomes a constraint in insect pollinated
species that results in marked reduction in crop productivity. This has been
attributed to reduction in the population of native pollinators, due to habitat
loss of insects (Shivanna, 2011). Therefore, land use changes and
consequent impacts on pollinators diversity and density that affect the
potential of agriculture and horticulture crops, becomes an interesting area
of investigation. The interest has been triggered by the increasing number
of cases where reduction in insect pollinations led pollination deficit-yield
reduction because of insufficient pollination (Mburu et al., 2006). Also
there is a lack of common methods for valuing the pollination services
(Mburu et al., 2006). This calls for attention from researchers to make
valuation methods more consistent and their assumptions more explicit,
by way of using pollination services as model ecosystem service. Also, it
is important to look into values at different scales that range from local,
regional to national and global. While considering local scale,
commissioning studies for assessing the contribution of various forest types
and their health in maintaining the diversity of pollinators and consequent
flow of pollination services assumes greater significance and should be
integral to any action agenda for the region.

Forests play a key role in removal of accumulated CO, in the atmosphere,
and sequester it in vegetation, soil and wood products. In spite of modest
beginning towards assessing the carbon sequestration potential of forests,
there exists considerable scope to undertake systematic studies to design
mitigation strategies in terms of potential trees of multiple use / forest
types. Focus needs to shift from the hitherto major produce from the forests
(e.g., timber) to minor forest products (e.g., medicinal plants, wild edibles
etc.). In the decade ending 2005, the carbon stocks in the forests in India
and tree cover have reportedly increased registering an annual increment
of 38 million tons of carbon, equivalent to 138 million tons of CO,. This
CO, removal is considered enough to neutralize 11.25% of India’s total
greenhouse gas emissions at 1994 level (Dilip Kumar, 2011; In Press).
Also, there exists a huge potential for enhancing the C sequestration in
the vegetation and soils of the Himalayan region, provided strategies are
developed with adequate research based information for restoration and
improved management of degraded/waste lands through plantation of eco-
physiologically hardy mix of multipurpose tree species and employing soil
and water conservation measures. Deployment and use of CO, towers for
assessment of C-sequestration potential of various forest types (including
sub alpine regions and alpine meadows), in different seasons, would go a
long way in choosing appropriate forest species for plantation purposes.
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These studies would also help in defining the age at which particular forest
types become net CO, emitter (rather than sink); noteworthy initiatives in
this direction have been taken by the Forest Department in Uttarakhand
State in recent years. The role of forests in maintaining the health of alpine
meadows with huge C-sequestration capacity also need to be highlighted
based on sound data; other largely unexplored area of work involve
understanding the linkages between forest types and associated microbial
biomass and elucidating the role thereof.

5. Asis well known, forests are also a rich repository of genetic diversity. In
future biodiversity is expected to bring enhanced and economic prosperity
to the people living in biodiversity rich areas, like the Himalaya. There is,
therefore, an overwhelming need, with community participation, to make
special plans, and provisions for initiating activities that will facilitate the
maintenance, protection, conservation and wise use of biodiversity in the
entire IHR. The issues of forest biodiversity conservation, sustainable use
and benefit sharing, as defined in the CBD Programme of Work for
Mountains, deserve priority in forestry research. Among others, the role of
forests as habitat for unique (i.e., endemic, charismatic, flagship or umbrella
species) and high value (e.g., medicinal plants, wild edible plants, etc.)
elements of biodiversity also requires adequate research attention.
Moreover, studies to adequately understand risks of forest habitat loss,
cost of restoration and reintroduction, vis-a-vis benefits of conservation
need to be given higher attention. Studies on response of forest biodiversity,
especially the unique and high value taxa, towards changing climate and
harvesting intensities would help in appropriately defining the effective
forest management regimes. Further, the development of modern science
and technologies notably biotechnology and information technology have
increased the value of biodiversity and associated traditional knowledge
of its use and conservation. The Biological Diversity Rules, 2004 published
by Govt. of India under section 22 states that ‘every local body shall
constitute a Biodiversity Management Committee (BMC) within its
jurisdiction’. National Biodiversity Authority at National level and State
Biodiversity Boards (SBBs) at State level have been formed and the process
of constituting BMCs and maintaining ‘People’s Biodiversity Registers’
has already begun in the country. The adequate research must flow in for
making the products of this nationwide process authentic and acceptable
across stakeholder groups.

6. Fire has now become an integral part of the mountain landscape, particularly
around the human settlements. Forest fires of medium to severe magnitude
are often witnessed in the region in late spring and summer, and sometime
during the long dry spells in winter also. Further, anthropogenic pressures
magnify the loss of forest wealth due to fire. For example, in the western
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Himalayan region because of biotic pressure on oak forests (which provide
quality fuel wood, fodder, bedding leaves for cattle, minor forest products,
medicinal plants etc.), chir pine (an early successional and less useful
species for the local people) has slowly but steadily invaded the oak (late
successional species) forests (Singh et al., 1984). Pine forests represent a
fire adapted ecosystems (Semwal and Mehta, 1996), and the upward
expansion of chir pine in the oak zone is ushering changes in the
composition and FES accrued from the same. Some pioneering studies on
forest fires do exist; however, fire being a powerful tool that affects the
forested landscape and also contributes to black carbon in the atmosphere.
These aspects need to be studied in some detail, particularly with respect
to several structural and functional attributes of forests (such as, soil erosion,
nutrient leaching, invasion of weeds, loss to the native biodiversity, etc.)
and the extent to which black carbon is emitted and the distance it travels
along with seasonal effect, if any, following different intensities of fire.
Whether, the present management practices of fire-fighting employed by
forest department could be changed suitably to minimize the loss to forests,
e.g., by the use of pine needles as a source of bio-energy and other alternative
uses such as making of fuel briquettes which is being tried in the region
(particularly Uttarakhand) at a pilot scale. The long term ecological
consequences of pine needle removal from the forest floor needs to be
investigated, particularly in respect of nutrient dynamics.

The IHR, due to a plethora of reasons, including the changing economic
aspirations of its inhabitants, is going through a phase of rapid
transformation. As a result land use and land cover changes are a common
occurrence. In particular, competition for resource use, development of
road networks, hydro-power projects and other developmental activities,
mineral extraction, recreation related changes, market oriented agriculture,
forestry and livestock grazing, etc., have contributed towards such changes.
Land use change also changes the local albedo by influencing the ground
cover and altering the amount of sunlight that is absorbed. Further,
deforestation also causes change in precipitation, temperature and
ultraviolet beta radiation arising from changes in CO, levels in the
atmosphere, and the consequential damage to the ozone layer. Forests that
experience a net loss of biomass volume through mortality due to disease
or fire become net C emitters (Kyrklund, 1990). However, we lack adequate
research on most of these aspects. Among others, effective use of RS and
GIS technology towards assessment of patterns and intensity of land use
and land cover change in the region, and development of likely scenarios
both at spatial and temporal scale should form an immediate research agenda
in the region; incidentally remote sensing should be widely used for
monitoring the spread of fires (and thereby as a tool for combating the
same) and assess the ensuing damage (see previous point 6). These
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programmes would need to involve deployment of state-of-art techniques
and generation of comparable data sets.

8. Impact of CC on forest ecosystems is a subject of recent origin. In this
context biophysical models in association with regional CC scenarios need
to be used to assess the impact of CC on forest ecosystems at national and
regional levels in terms of the (i) shifts in boundary of forest ecosystems
and upward movement of tree lines, (ii) forest ecosystem change matrix,
(iii) change in species mix and composition of vegetation types, and (iv)
species vulnerability to identify vulnerable forest ecosystems, regions and
hotspots. Implications of CC on biodiversity, biomass production and net
primary productivity also need to be kept in view in designing programmes
of work (Anonymous, 2009). It is envisaged that the effects of CC on the
sub-alpine and alpine plant species that inhabit mountain ranges with
restricted habitat availability, above the tree line, would experience severe
fragmentation, habitat loss, or even local extinction if they fail in moving
to higher elevations (Singh et al., 2010). Identification and management
of corridors for facilitating effective movement of biota in the face of CC
have, therefore, gained global attention. There is imminent need at the
regional level, to have reliable information to predict the most vulnerable
forest types as well as regions. Likewise, research based evidences are
required to project future scenarios of shifts in boundaries, and/or to
highlight potential corridors for movement of forest species and wildlife
under changing climate. These aspects, and many more, require immediate
attention of the planners, researchers, forest managers with adequate
sensitization of stakeholders.

9. Inmany of the old—growth forests regeneration is hampered on account of
abiotic factors. Limited openings in the forest canopy to allow penetration
of sunlight for forest regeneration is increasingly being emphasized by
studies elsewhere. In this respect only a few studies have been conducted
in the region (e.g., Singh et al., 1997). A preliminary study involving 180
plots of chir pine forests of Uttarakhand by Forest Department found that
the growing stock (that is a function of crop height and density) was better
at sunny sites under seeding felling plots that makes a basis for scientific
management (i.e., allow felling trees selectively) only on sunny slopes.
Likewise, a more recent study by Rawal, et al. (2011, in press) has reported
disturbance sensitive recruitment patterns amongst oak forests of the region.
Recognizing the value of such leads from studies, and to evolve effective
management regimes, it would be pertinent to undertake systematic studies
across diverse forests, under varying disturbance intensities, so as to
understand trends of natural regeneration and suggest appropriate silvi-
cultural measures.
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10. Community managed/conserved forests, such as Van Panchayats (VPs) in

11.

Uttarakhand state, are amongst the oldest surviving examples of community
based forest management in the region. Today there are 12089 VPs in the
state of Uttarakhand managing some 16% forest area of the state. Many
community managed/conserved forests are in excellent condition, thereby
contributing significantly to environmental conservation and providing a
range of ecosystem goods and services to the stakeholder communities.
Also these VPs meet essential requirements to operationalize REDD*
provisions in the region. Similarly, a rich tradition of conservation and
management of forests in NE India by the tribal communities following
their respective customary norms and traditional institutions is noteworthy.
For example, among the Naga community the village land is divided in
different zones such as woodlands, common village land and homesteads
to meet various requirements of the village people (Pathak, 2009). The
relationship of communities with forests, relevance and effectiveness of
community conserved areas under changing scenario, therefore, emerge
as important areas of research for biologists and social scientists alike.
More research efforts are needed to strengthen best management practices
including the community managed forests. Proper acknowledgement (with
adequate reward) of the contribution of indigenous communities in the
maintenance of goods and services emanating from the Himalayan
ecosystems is essential and justified. There is need for putting in place
appropriate mechanisms to compensate and further encourage the
indigenous communities that maintain and contribute towards improvement
of such services (G-SHE, 2009). Any attempt to develop such strategies
would, necessarily require adequate and authentic information base
emerging from research outcomes.

The Himalayan forests, on account of large dependence of inhabitants for
a variety of biomass needs, are under different levels of chronic disturbance.
However, understanding of the relationships between disturbance levels,
vegetation (and regeneration) patterns, which provide important basis for
predicting the status of species diversity and population dynamics in plant
communities is poorly understood for the Himalayan forests (Singh and
Singh, 1992). Few studies in recent years have, however, provided empirical
evidences of disturbance sensitive patterns and processes of Himalayan
forests. For example, significant impacts of disturbance intensities on
compositional patterns highlighted the need for different management
strategies across disturbance intensities in diverse oak forests (Rawal et
al., 2011 in press) and sub-alpine forests (Gairola et al., 2009) of the west
Himalayan region. Considering these clues, forests in the region require
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13.

more intensive investigations for better understanding the impacts of ongoing
changes under continued anthropogenic pressure. Likewise, categorization
of disturbance intensities, using multiple factors (e.g., density of useful taxa
due to selective removal, fruit/seed production, seedling establishment, etc.)
has not been attempted. In this context, it is important to realize that while
qualifying the disturbance levels, consideration (and their impact) of existing
management/protection practices is relevant. Thus identification of zones
under chronic stress due to anthropogenic pressure, and prioritization for
such zones for implementation of afforestation and reforestation programmes
in nearby community wastelands to divert the pressure from surrounding
forests should be used for devising research and action agenda. Also it is
imperative to assess and monitor these forests from ecological integrity
perspective. In this context, ecological niche studies need to consider the
contribution of native species both in forest ecosystem composition and
function (Dhar et al., 1997).

A critical assessment of available information on Himalayan forests is
essentially required and the outcome should be used to create a globally
acceptable Himalayan forest database, so as to remove confusion and
bring in clarity on various issues, such as: (i) most often, in existing
literature, the ecological value of selected prominent (dominant/co-
dominant) taxa has been exaggerated with gross underestimation of the
role of other associates. As a result, management and conservation
prescriptions of forests are largely focused on issues related to dominant
taxa; (ii) there is very little information on possible effects of habitat/spatial
heterogeneity on demographic processes of individual species (including
the widely known dominants). Therefore, the potential predictive values
associated with a species remain masked, and questions on inter and intra-
specific interactions of plants have remained unanswered; (iii) most of the
available information appears to be biased in favour of hermaphrodite or
monoecious group of species. Therefore, many significant dioecy dependent
effects on structure and function of forest stands have remained
unaccounted. These aspects, and many others, highlight the gaps in
Himalayan forest database (Rawal et al., 2003). Such gaps can be filled
through appropriately designed research studies in the region.

Soil and water conservation (SWC) is one of the most important ecological
services of the forests. Regulation of hydrological regimes (streamflows
and atmosphereic moisture) by the forest vegetation both at local and
regional scale drives a variety of ecosystem functions. Provisioning of
water for people and role of forests in soil formation and soil fertility
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14.

15.

16.

replenishment has both local and regional relevance (Singh, 2007). In spite
of this crucial link of forests and water the hydrology of the forests and
forested watersheds in the IHR is least understood (Negi, 2001). It is still
uncertain that which of the forest types (viz., broadleaf or conifer) and tree
life forms (evergreen or deciduous) are desirable for achieveing SWC in
the region without compromising other ecosystem services resasonably.
Therefore, hydrological studies on forests are essential for planning
afforestation and soil and water conservation programmes in the IHR.

Invasion of weeds such as, Lantana, Eupatorium, Parthenium, spp. etc.
have posed an additional risk to forest biodiversity and resources in the
region. Ways and means of systematic eradication of such weeds is required.
The impact of invasive (alien) species on native biodiversity elements and
overall ecosystem processes should form one of the action problems of
applied value for the consideration of researchers. Further, possibilities of
utilization of these species, as a part of participatory eradication strategy,
need to be worked out following in-depth researches along with cost-benefit
assessments. Identification of potential areas of invasion, particularly under
changing climate scenario, and likely impacts on ecosystem structure and
function also needs urgent attention (Negi and Palni, 2010).

In spite of rapid economic growth in recent decades, incidence of poverty
is relatively high in remote and isolated areas, such as the Himalaya, even
under the hype of “inclusive” and “more inclusive” growth. Dominance of
forested landscapes in such mountainous areas is often viewed as a
hindrance in mainstream development, and thus some people wrongly refer
to the protection of forests as a part of perpetual poverty trap. Further, the
contribution of forests to direct (cash) income of rural masses, by and
large, has remained limited. Therefore, working out feasibility of forest
resources and forestry activities in promoting rural development in the
region should be considered as a part of intensive research agenda. For
example, the hidden wealth of non-timber forest products (NTFPs) in
Himalayan forests could contribute significantly to the primary sector based
domestic products, pushing up the per capita income of local communities.
Likewise, forest bio-diversity based industrial potential holds promise for
various kinds of manufacturing activities in pharma, nutraceuticals and
cosmetic sectors (Tolia, 2011, in press). Harnessing such potential would,
however, depend on reliable data and research.

While considering the possibilities of linking forests with rural poverty
alleviation, the 12" Five Year Plan of India lays particular focus on service
sector with emphasis on tourism and hospitality sectors so as to increase
the participation of a much larger proportion of people in the process of
growth. The diversity and extent of forests in the region, thus provides an
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option and opportunity to work in tandem, both for developing sustainable
forest/wilderness and responsible tourism in the region based on the same.
This would, however, require systematic investigations across diverse
sectors ranging from micro-to-macro levels, including product and
infrastructure development, marketing, branding and promotion, planning,
policy and investment (Tolia, 2011, in press). All this should come through
after in-depth analyses of concepts and field based investigations.

With the fast changing national and international policy dimensions and
upcoming frameworks on environmental protection and sustainable use in
general, and forestry sector in particular, there is a growing need for an
improved understanding of all such policies so as to accrue benefits to the
region and its people. For example, special efforts need to be made for the
implementation of Payment for Ecosystem Services (PES) in the region
under the upcoming international climate framework, and adequate steps
should be taken to harness benefits from programmes like ‘Reduced Emission
from Deforestation and Forest Degradation’ (REDD) under the United
Nations Framework Convention on Climate Change (UNFCC). Likewise,
there is ample scope for obtaining benefits from existing national/
international opportunities (Kishwan and Pande, 2011). This can be
achieved if adequate emphasis is given to integrate policy studies also in
the forestry research domain.

Reports indicate that approximately 15% area of the Himalayan Biodiversity
Hotspot has some form of legal protection; this percentage comes down to
10% when only areas under the IUCN categories | to IV are considered.
In view of the significance of the region, Government of India has established
over 173 Protected Areas (PASs) in the Indian Himalayan states, which
cover approximately 47, 500 sq km area. The coverage under PA network
in IHR has steadily expanded over the years (MoEF, 2009). While there
have been success in establishing PAs and more experimental, multiple
land use conservation areas in the region, much remains to be done to
safeguard the biological wealth of the IHR currently present in areas outside
formally protected reserves. The PAs in the Himalayan region, particularly
in the lowlands along south-facing slopes, are too small to maintain viable
populations of threatened species. Further, while considering the issues of
adequate protection of representative forests, there is a serious need for
analyzing the IHR-PA Network for gaps in forest protection with respect
to achieving 10% protection target as per CBD for each forest types along
with the representativeness features (Schmitt et al., 2009). Also, there is a
need to have a systematic conservation planning, which considers the detailed
distribution patterns of biodiversity within forests, the socio-economic
situations and conservation effectiveness of existing PAs (Langhammer et
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19.

al., 2007). Besides, legally designated PAs, the Biosphere Reserves (BRs),
which represent characteristic ecosystems in different biogeographic
regions and consider human communities as their integral component, are
increasingly receiving greater attention across the globe. In this context,
India has taken definite strides. The Himalayan BRs, with extensive vertical
gradient and biogeographic representation from east to trans north west
Himalaya, have emerged as important candidate for anchoring research,
training, capacity building and demonstration agenda of MAB (Man and
the Biosphere Programme). Among others, linking of BRs with concerted
promotion of local level economic development that is sustainable both in
terms of ecology and socio-cultural milieu has been suggested for infusing
dynamism in Indian BRs (Palni et al., 2011, In press). All such needs from
PAs and/or BRs call for an immediate attention and appropriate research
studies and surveys in the region.

In keeping with the fact that, due to unique vertical gradient, the Himalayan
biodiversity is highly sensitive to CC as well as to the anthropogenic
impacts, and in turn this would define the future of mountain ecosystems
and local people, there is an urgent need to understand intensity and
direction of consequent on-going and potential impacts of changes on
structure and functioning of biodiversity elements, especially in forested
ecosystems, in the region. On the whole, the data on climate change in the
region is very fragmentary. As a result, the relationships between
biodiversity response and CC have not been developed. Realizing the
importance of understanding relationships of CC and biodiversity through
systematic datasets, covering various aspects of environment, biodiversity
and socio-economy, there is, therefore, imminent need to promote Long-
Term Research and Monitoring in the region. Towards meeting this goal,
the region would require a strong network of Long-term Observational
Sites. This will ensure continuity of long term research and monitoring
following globally accepted protocols, so as to benefit the region by way
of developing: (i) Reliable and continued availability of climate data for
this largely data deficient region, (i) Early warning indicators, and (iii) Strong
research based plans for conservation and sustainable utilization of
representative and unique forest biodiversity elements. This initiative, along
with the ones suggested earlier (particularly under point 12), would help
in adequately representing hitherto less represented Himalayan forest data
base (Zobel and Singh, 1997) in global data base. This aspect needs serious
thinking along with an emergent need to update the methodology (both
field and laboratory) in several aspects of forestry research considering
fast changing environmental and socio-cultural scenario, and technological
advancements. Vital aspects such as plant-animal interaction, reproductive
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biology, tree architecture, hydrological and soil and water conservation
function of forests (c.f. Negi, 2001), soil binding capacity of root system,
etc. have remained marginalized due to the so called anthropocentric bias
in research activities; the situation calls for hard core taxonomists,
ecologists, wildlife biologists and environmental engineers, etc. to take-
up these challenges in more holistic and integrated manner.

20. Realizing that the Himalaya is considered almost a ‘white spot’ in terms of
climate data, development of long-term data sets relating to mountain
meteorology and related aspects of atmospheric science have emerged as a
research priority. Therefore, establishment of a network of reliable weather
stations (or wherever possible climate profilers) across the region is an
urgent need. Further, effective linking of data sets thus generated, especially
in pursuing researches on impact of CC on forests and other biodiversity
components, emerges as a challenging area. Establishment of a chain of
long-term environmental monitoring sites in representative forest types
and application of uniform, globally acceptable monitoring protocols would
help in generating reliable data sets on diverse aspects of forest ecosystem
structure and functioning. Subsequently these data sets would feed to
environmental modeling needs in the region and elsewhere as well.

In conclusion, the entire nation which is based on a “Aranya Sanskriti”, and
the inhabitants of IHR who in particular share a forest dominated landscape
must rejoice in what has said by Josip Kozarac, esteemed Croatian writer and
forester, in the late nineteenth century “Lucky are nations sharing their lives
with forests, even luckier are those who appreciate the wealth they possess”.
We must also keep in our minds the famous words of a Kashmiri saint,
Nundrishi, that remind us that “The food will last as long as the forests last” —
so true in the context of IHR where agriculture is largely fuelled by energy
derived from the forest biomass, apart from the intricate link between many
goods and services and the health of forests in the region. Broadly divided into
eastern and the western Himalaya, each region has its unique culture and cultural
diversity. A wide spectrum of bio-physical gradients when superimposed with
socio-cultural diversity make the IHR all the more heterogeneous, necessitating
formulation of location specific development plans (in tune with the principle
of more inclusive growth) as well as finding solutions to the local problems,
based on stakeholders needs, and through appropriate research investigations.
There is a distinct social awareness on conservation and natural resource
management in the region, as reflected by the origin of world famous
environmental movement “Chipko”, that has its roots in the Garhwal region
of IHR. Our actions on the ground and research agenda, both in the short-and
long-term, must ensure that forests should continue to sustain livelihoods, host
biodiversity, help stabilize the climate, provide sustainable materials and renewable
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energy, contribute to greening the economy, protect soils and water, and prevent
floods, erosion and avalanches. Fragmented approaches and singular actions
are bound to fail when attempting to address the complexity of these expectations
and challenges. The concept, principles and practice of sustainable forest
management does provide the basic framework for securing the long-term
economic, environmental and social functions of forests comprehensively and
in a balanced manner. What is required is to enhance our efforts, strengthen
our commitments, establish robust political roadmap at all levels along with well
thought out research priorities, and appropriate and dynamic strategies to put
sustainable forest management in practice. At the end keeping Rio+20 and
mountains (IHR included) in focus, the central question is “how to keep the
mountains green and reduce poverty”- forests are likely to provide lasting
solutions for both.
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