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Himalaya is a Biodiversity Hotspot

• Himalaya represents a 
large wilderness area with 
cold climate and provides 
safe area for plant 
migration under the 
warming world.

• Himalayan forests are 
known for their rich 
biodiversity, and the 
Eastern Himalaya is among 
the 25 biodiversity “Hot 
Spots” in the world.  

Group Total Species % Endemism

Angiosperms 8000 40

Gymnosperms 44 16

Pteridophytes 600 25

Bryophytes 1737 32.5

Lichens 1159 11.2

Fungi 6900 27.4

Fishes 218 25.7

Amphibians 74 47.3

Reptiles 149 19.5

Birds 528 -

Mammals 241 -

Richness of endemics in IHR

(Source: Singh & Hajra, 1996; Ghosh, 1997).



Map of the Himalaya (before 31 Oct. 
2019) showing the 12 Indian states, Nepal 
and Bhutan IHR (16.3% of India)

Forest Cover (2017)
VDF = 14.7%
MDF = 43.1%
OF = 42.1%
Overall decline of 4.9% in 
2017 wrt. 2015

Loss of biodiversity is a 
matter of great concern yet 
its magnitude is not 
known...  



1. Forest ecosystem services (ES) need to be better understood and valued

Source: Emerton 2003 (FAO)

 MEA has categorized the ES into (i) 
Provisioning (ii) Regulating (iii) Supporting, 
and (iv) Cultural Services.

 Forests provide both tangible and intangible 
benefits for the human well-being (MEA, 
2005).

 Quantification and valuation of forest 
ecosystem is important for conservation and 
sustainable utilization of the forest resources.

• Methods of both quantification and valuation of ES are still evolving….(Use and non-use value, direct & 
indirect use value, existence and bequest value)

• Costanza et al. (1997) estimated the current economic value of 17 ES  of earth  (Av. US$33 trillion per 
year).

• In India several attempts have been made to value ES still there is a big challenge as to how to account 
for the ES values in GNP/GDP. 

• Valuation of ES has a great significance in informed decision making and making compensation for the 
bygone opportunity cost of the ES due to landuse conversion.



Himalayan forests need particular attention for ES valuation.... 
• They generate a variety of ecosystem goods and 

services (important being MAPS & river flows), not 
only for local people but also to those living in the 
Gangetic plains. 

• The total value of ES of the forests of IHR is estimated 
at Rs. 9430 million/yr (Singh, 2007).

• Another estimates of ES of forests of H.P. (Verma, 
2000) put Rs. 0.69 million/ha  for intangible ES as 
against Rs. 53000/ha  for tangible goods for actual 
forest cover.

• Most studies on Himalayan forests are devoted to 
estimate C stock (Oak forests vegetation + soil pool = 
Rs. 1.44 million/ha) and C sequestration and 
provisioning services such as fuelwood, fodder etc. 

• Thus large number of other ES such as SWC are not 
valued in the want of proper methodology. 

Biodiversity vis-a-vis FES relation 
need to be understood….



2.  Sustainable agriculture and forestry practices……

 Agriculture plays central role in the 
livelihood of Himalayan inhabitants.

 Agricultural practices are  directly and 
indirectly dependent on the 
surrounding forest ecosystems. 

 Each energy unit of crops cultivated 
entails about 10-20 units of biomass 
energy from forest ecosystems. 

 Climate change is predicted to 
influence agriculture in terms of 
changing scenario of crops and 
cropping pattern. 

 Thus understanding need to be 
improved on the dependence on 
forests for various goods and services 
and sustaining agriculture. 

•Carbon sequestration
•Energy (Fuel / Fodder)

•Biodiversity
•Soil Formation/Fertility 

maintenance
•Hydrological Cycle

•Climate moderation
•Land stabilization

•Pollination
• Wild edibles (NTFPs)

•Aesthetic 



3. Plant-animal interaction…….

Source: www.lifeofplant.blogspot.com

 Pollination plays a very important role in 
the ecosystem health.

 Over 90% of flowering plants are 
pollinated by animals and majority of crop 
plants (84% out of 300) are pollinated by 
insects. 

 Bee pollinated crops alone contribute 
about 30% of human food. Bee pollination  
is alone valued (3250 US$ / ha/yr)

 Degrading quality of forests and loss of 
biodiversity has a bearing on the 
availability of foraging resources for 
pollinators.

 Also, due to invasion of weeds and forest 
fire the foraging resources are dwindling.

 Thus there is a need to understand plant-
animal interaction and its role on the 
ecosystem health.

• Use of rented bee colonies as the bee 
pollinators population has declined due to use 
of pesticides in H.P. 

• People also use “bouquets” to attract 
pollinators . 



4. Estimation of C-sink value of forests……….

Source: www.wikipedia.org

 Forests play a key role in providing sink 
for atmospheric CO2, and sequester it 
in vegetation, soil and dead wood 
pool. 

 As per the FSI (2019) Indian Himalayan 
forests has a C stock 2701 Mt. C-
sequestration of the forests is still to 
be estimated precisely (@ 5-10 
t/ha/yr).

 Studies are required to determine the 
suitable forest types and age of the 
forests to provide optimal CO2 sink.

 Leakage of C from the forests due to 
fire, soil erosion, biomass harvest etc. 
also needs to be estimated. 

 The role of Himalayan forests in C 
sequestration and its global 
importance in CC mitigation would be 
helpful for the REDD+ strategy.



5. Forest fires and its prevention requires immediate attention……

 Forest fire has now become an integral 
part of the Himalayan forest ecosystems, 
which is mainly ascribed to 
anthropogenic origin.

 Pine forests are particularly prone to 
forest fires. For example, in the recorded 
history of FF in UA the devastating FF 
was recorded in 1999 affecting 5086 sq. 
km. (around 23% forest area) with a 
total loss estimated at 50 lakh ?

 Thus, loss due to FF is grossly 
underestimated and studies are 
required to understand the overall 
impact of the FF on the loss of 
biodiversity and SWC services. 

 Research is also required to understand 
the black C emission in the atmosphere 
and .

Contribution of man-made intentional 
and accidental FF and those of natural 
fires need to be understood so that 
preventive measures are worked out 



6. Regeneration failure of the forests………

Source: Tinya et al. 2019, FEM, 433:(720-728)

 Regeneration success of the forests 
governed by abiotic and biotic factors 
determines the health of a forest.

 Forest canopy  closure hampers penetration 
of sunlight to the forest floor thus affecting 
regeneration and future composition of 
forests.  Thus, suitable opening in the forest 
canopy is recommended (e.g., Oak forests 
in the western Himalaya).

 Many viviparous species (e.g., Oak) are 
dependent on monsoon for regeneration 
success. Drought and seed desiccation on 
forest floor leads to seedling mortality. 

 Anthropogenic impacts like grazing, litter 
collection, lopping etc. also impact the 
regeneration very severely.

 Thus research on regeneration pattern is 
required that makes a basis for scientific 
management of the forests.



7. Impact of climate change on forest ecosystem……

 Himalayan region is predicted to face higher 
than global average temperate due to 
climate change (Wester et al. 2019).

 Increasing temperature has already been 
reported to cause upward shift of plant 
species in the Himalaya (Telwala et al. 
2013).

 Himalayan forests house many endemic, 
rare and threatened species with restricted 
distribution ranges.

 Timberline ecotone are particularly 
vulnerable to impacts of CC.

 Ecotone species are prone to the impact of 
increasing temperature as they require 
space for upward movement. Thus studies 
on conservation and monitoring of such 
species is required.



8. Community models of forest protection need to be popularized and scaled up…..  

 Participatory appraoaches, such as 
Van Panchayats are amongst the 
oldest surviving examples of 
community based forest management 
in the Himalaya. 

 For example, in Uttarakhand 12089 
VPs manage 16% forest area. 

 Community management is very 
important for strengthening the 
government efforts in conservation.

 Intensive efforts are required to 
promote this participatory forest 
conservation through REDD+ and PES 
approaches.

 Mountain communities, particularly 
women are to be capacitated for 
estimating ES and C sink value of the 
VPs to earn C credits in future. 



9. Soil and water conservation services of forests…..

 Soil and water conservation (SWC) is one of the most 
important ecological services of the forests. 

 A recent estimate of SWC by Oak forests of 
Uttarakhand puts soil conservation (3x107 t/yr) and 
water conservation (4.4x107 m3/yr) value Rs. 2808 
thousand US$ /yr. 

 Regulation of hydrological regimes by the forest 
vegetation both at local and regional scale drives a 
variety of ecosystem functions and services. 

 In the present climate change scenario severe impacts 
have been reported on the seasonality and 
magnitude of water resources (e.g, river flows).

 The sponge function of the forests is yet to be fully 
understood to decipher the desired LUCC for 
augmentation of water and concomitant soil 
conservation. 



10. Invasion of weeds is altering diversity…

 Invasion of weeds such as, Lantana, 
Eupatorium, Parthenium, spp. etc. have 
posed another risk to Himalayan forests. 

 The rate of expansion of such species is very 
rapid due to their high regeneration 
capacity which has covered vast tracts of 
forests especially in the foothills.

 Similar trends of weed invasion in future, 
particularly in the changing climate scenario 
are expected to even higher elevations of 
the Himalaya (Mungi et al., 2018).

 Thus large scale monitoring, utilization and 
eradication programs are required for 
quantifying the impact of the invasive plants 
in the Himalaya.



Soil as an ecosystem has been least studied 
in the Himalayan forests.

Most studies deal with physico-chemical 
characteristics leaving the vital soil fauna 
component and their role in organic matter 
decomposition.

A  few studies are available on earthworms.

Therefore, diversity and population 
dynamics of soil fauna and its role in soil 
fertility maintenance makes an important 
area for future research. 

Role of forests as future food..as the IHR 
presents a treasure of NTFPs. 

11. Soil biology is a neglected ecosystem in forest research……



12. Long-term research and monitoring (LTEM) for management planning…..

 Many fields of research like climate 
change, succession etc. require 
temporal and spatial ecological data.

 Globally, many programs conduct 
long-term monitoring of various 
ecosystems and habitats.

 In India, and particularly in the 
Himalaya, very few long-term 
monitoring programs are under 
action, but are gaining momentum in 
the recent times. 

 LTEM is very important for quantifying 
the temporal and spatial patterns of 
change in the Himalayan forests under 
the influence of CC.

Source: 
www.opc.ca.gov



CONCLUSION....

A dozen following priority issues in forest ecosystem research in the Himalayan 
mountains were highlighted:

1. Forest ecosystem services (ES) need to be better understood and valued.
2. Sustainable agriculture and forestry practices……
3. Plant-animal interaction…….
4. Estimation of C-sink value of forests……….
5. Forest fires and its prevention requires immediate attention……
6. Regeneration failure of the forests………
7. Impact of climate change on forest ecosystem……
8. Community models of forest protection need to be popularized and scaled 

up….. 
9. Soil and water conservation  services of forests…..
10. Invasion of weeds is altering forest diversity…
11. Soil biology is a neglected ecosystem in forest research……
12. Long-term research and monitoring  (LTEM) for management planning…..

Multi-site, multi-partner projects need to be developed using uniform study 
design and sate-of-art methods/ instrumentation to address these issues.... 
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