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ABSTRACT

The genus Quercus comprises very important tree species of the Himalayan forests. Oaks are crucial for 
a multitude of ecosystem services and livelihood support services reaped by the locals in the Himalayan 
region. Quercus semecarpifolia is the oldest and dominating species of the Himalayan region. It is considered 
a lifeline for people of this region due to the wider range of ecosystem and livelihood services provided 
by it. But this species forest is depleting very rapidly in his region due to over dependency. Major cause of 
overexploitation is lopping for fodder and fuelwood. The present study attempted to Quantify, recognize, 
and group the ecosystem services provided by Q. semecarpifolia. Further, certain factors responsible for 
regular shrinkage of Q. semecarpifolia forests were also addressed.

Highlights

 m Ecosystem services of Quercus semecarpifolia forests were quantified and recognized.
 m Quercus semecarpifolia forests in certain Himalayan Region are overexploited and threatened mainly 
due to anthropogenic disturbances.

 m Quantification, valuation, and prioritization of Forests Ecosystem services derived from the other 
ecosystems of Himalaya is still in its commencement.
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Mankind relies upon numerous ecosystem services 
provided by forest ecosystems. These services are 
invaluable and contribute to human survival and 
quality of life. Ecosystem services have received 
global attention due to recognition in the last few 
years because of their role in supporting rural 
livelihoods and reducing climate vulnerabilities 
in developing and underdeveloped countries. Due 
to undulating topography and remoteness, for 
centuries, inhabitants of the Himalayas are also 
relying mainly on the Himalayan natural resources 
for livelihood and regulating services. Himalayan 
forests harbor diversified flora and mountain 
ecosystems (Singh 2006). High altitude broadleaved 
forests form the most substantial ecosystems in the 
Himalayan region. Oaks form climax vegetation 
and dominate moist temperate forests of the Indian 

Himalayan region (Troup 1921). Approximately 35 
oak species were reported and spread at elevations 
between 800 to 3800 m AMSL (above mean seal 
level) throughout the Himalaya in the Himalayan 
region (Negi and Naithani 1995).
Among Himalayan oaks, Q. semecarpifolia, generally 
recognized as ‘Kharsu’ or brown oak, is the key 
forest forming tree species of upper temperate 
to sub-alpine regions (2500–3300 m) (Singh and 
Singh 1992). It is dominating vegetation of 1million 
ha of forest in the mountains and spread from 
southwest china to Afghanistan in the Himalayan 
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region (Singh 1996). These regions are remote and 
inaccessible, so communities of this region are 
deprived of employment and access to modern 
technologies. Oak species serve as a lifeline for the 
local communities in the Himalayan region because 
they are linked with agroecosystems and provide 
valuable livelihood services to these communities 
(Upreti et al. 1985; Singh and Singh 1986). Q. 
semecarpifolia serves numerous ecosystem services, 
which are significant, especially for the livelihood 
of inhabitants of the sub-alpine and alpine region. 
Despite the provision of multiple valuable services, 
Q. semecarpifolia,s forests in certain Himalayan Region 
are overexploited and threatened. Populations of Q. 
semecarpifolia are seriously threatened in Himalayas 
by several factors, the most important of which are 
of anthropogenic origin. In combination with an 
innately slow growth rate, this species is degrading 
and shrinking in the Himalayan region (Shrestha 
2003; Subedi 2006).
As a consequence, ecosystem services of Q. 
semecarpifolia forests have reduced considerably 
in recent decades and subsequently require 
consideration and suitable conservation efforts. 
Conventionally forest ecosystem services were 
thought of as a ‘gift of nature’ and utilized 
throughout generations, though their quantification, 
recognition, and economic valuation are often 
ignored or underestimated. In this review, an 
attempt was made to Quantify, recognize and group 
the ecosystem services provided by Q. Semecarpifolia 
forests in the Himalayan region. It is expected that 
review of this species will enhance the human well-
being in this region by conservation and suitable 
management of Q. semecarpifolia ecosystems.

Quercus semecarpifolia and the Ecosystem 
Services it Provides

Ecosystem services of Q. semecarpifolia were 
quantified, recognized, and grouped according to 
(De groot et al. 2010).

Provisioning services

(a) Fuelwood: Trees have been used for centuries 
as fuel globally (Smith 1992; Kababya et al. 1998; 
Perevolotsky et al. 1998). Fuelwood is an essential 
component of household economies in the 
Himalayas. Q. semecarpifolia is an important fuel 
to these people living in remote areas (Shrestha 

2003). Large branches are preferred as firewood 
and charcoal possess high calorific value (Orwa et 
al. 2009).
(b) Fodder: Tree leaves are an important feed of 
livestock (Holechek 1984; Papachristou & Nastis 
1996; Saklani 1999) and play an important role in 
the nutrition of livestock in areas where few or 
no alternatives are available (Meuret et al. 1990). 
As in many other regions of the world, a farmer 
in the mountainous region of Indian Himalaya 
relies heavily on this resource for sustaining their 
livestock for almost half of the year. Q. semecarpifolia 
supplies dry season fodder to Himalayan People 
when there is a scarcity of green fodder (Orwa et 
al. 2009; Singh and Todaria 2012). But public forests 
are heavily lopped continuously whole year by 
farmers to fulfill forage demands (Shrestha and 
Paudel 1996).
(c) Leaf litter (natural fertilizer): The Himalayan 
population is rural, agrarian, and dependent on 
conventional agriculture for livelihood. Generally, 
Hill agriculture is reliant upon leaf litter for 
natural fertilizer rather than chemical fertilizers. Q. 
semecarpifolia,s is among those species whose leaf 
litter is used by hill farmers for making compost 
(Shrestha 2003; Roder et al. 2003).
(d) Non-timber forest products: Humans have been 
provisioned by Oak trees with goods and services 
for centuries, from the ink for writing that comes 
from tannins in the bark. Q. semecarpifolia’s bark is 
an important source of tannin (Pandey and Makkar 
1991). Galls produced in great numbers on the tree 
due to larval activity of insects are tannin’s source 
(Orwa et al. 2009).
(e) Timber: Q. semecarpifolia’s wood is strong, fine, 
and durable in nature. Its wood can be easily 
shaped and used for furniture work and agricultural 
implements (Shrestha 2003). Heartwood is reddish-
grey in color and hard, but annual rings are not very 
distinct. Weight 850 kg/cum. The wood is found 
to split on seasoning. Wood is also in demand by 
distilleries as a substitute for imported oak for kegs 
(Orwa et al. 2009).
(f) Food: Q. semecarpifolia dominates forests of 
temperate and sub-alpine and supplies food to a 
wide range of fauna. The acorns are consumed as 
food by many wild animals like bears, monkeys, 
squirrels, and birds (Shrestha 2003). Seeds can be 
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dried or ground into a powder and further mixing 
with cereals for making bread (Orwa et al. 2009).

Regulating services

Generally regulating services of oaks are perhaps 
well recognized than their provisioning services. 
But In the climax community Q. semecarpifolia is 
a keystone species, where it has to play a crucial 
role in balancing the environment at both local and 
regional levels.
(a) Maintaining Soil fertility: Q. semecarpifolia 
forests produce plenty of litter which forms sponge-
like formation. This plentiful litter production 
helps in sustaining soil fertility and checks soil 
erosion (Shrestha 2003; Roder et al. 2003). The 
decomposition rate (% weight loss) of leaf litter was 
highest for Q. semecarpifolia oak (74%) after 3 years 
in treeline ecotones of Kedarnath Wildlife Sanctuary 
in Western Himalaya (Rai et al. 2020).
(b) Water regulation: Recharge of mountain springs 
is also regulated and promoted by Oaks (Valdia 
1998). Due to their sponge-like nature, the Forests 
of Q. semecarpifolia helps in the retention of moisture 
for a long time, which helps in regulating the 
hydrology cycle and provides water to the rivulets.

Habitat services

(a) Maintenance of genetic diversity: Q. semecarpifolia 
provides microclimate and food for a wide range of 
flora and fauna. The closed canopy is necessary for 
the luxuriant growth of shade demanding ground 
vegetation. Mature tree branches support the 
growth of many vascular and epiphytes (Shrestha 
2003). Certain patches of the forest in Bhutan were 
conserved, protected, and devoted to local gods and 
goddesses. These forest areas harbor a great deal of 
biodiversity, and trees here act as mother trees for 
seed production (Dorji et al. 2018).

Cultural & amenity services

(a) Spiritual experience: Some forests are preserved 
as the abode of local deities and well-known 
for spiritual experiences. An example is of Q. 
semecarpifolia single tree recognized by the name 
“Gomju drake”. This great oak is assumed to be 
more than a thousand years old and situated in 
the middle of Sheling village, Khotokha, Bhutan. 
Local people trust that this tree is dominated by 

a brutal local deity and if someone harms the tree 
deliberately or even unintentionally experience 
brutal illness (Dorji et al. 2018).

Reduction of Quercus semecarpifolia Forest 
Ecosystem Services

The Himalayas are home to human settlements 
and have been living for centuries. Numerous 
ecosystem services and livelihood support services 
of Q. semecarpifolia are significant for the Himalayan 
people. But presently, it is amongst one of the 
most exploited species in the Himalayan region. 
Anthropogenic activities like lopping for fuelwood 
and fodder are major threats to Q. semecarpifolia 
forests. Dependency on this species for fodder and 
firewood is so high that, in public forests, heavy 
and random lopping continues all over the year 
(Shrestha and Paudel 1996). The evergreen leaves 
of the Q. semecarpifolia are an important source of 
forage of livestock during the dry winters. Trees 
are reduced to naked poles to meet the demand 
for dry season fodder. Moreover, due to its higher 
calorific value of Q. semecarpifolia’s wood, it is also 
used as fuelwood. Due to heavy lopping, trees are 
not able to produce abundant seeds, which leads to 
poor regeneration. Realizing the exploitation and 
decline in Q. semecarpifolia population in the 2000s, 
the Bhutan government has prohibited the felling 
of this species (Moktan 2014).
Altogether Q. semecarpifolia forest is degrading and 
shrinking in the Himalayan region. Consequently, 
it is attributed to over-utilization and a natural 
slow growth rate (Mathema 1991; Shrestha and 
Paudel 1996; Shrestha 2003; Dorji 2018). Degrading 
and shrinking in the population structure of this 
species has been linked to climate change (Upreti 
et al. 1985), but there is no population dynamics 
data to support this hypothesis. Depletion of this 
species may lead to a reduction of fodder, firewood 
manure, and timber. Due to shortage of fodder, 
farmers may give up the practice of animal keeping 
and ultimately reduction of crop production in 
this region (Shrestha and Paudel 1996). Himalayan 
people are mainly rural and agrarian; maintaining 
soil fertility with minimum chemical fertilizer inputs 
is their priority. Forest fodder and leaf litter are 
necessary for transferring nutrients from forests 
to agricultural fields (Roder et al. 2003). So due to 
the dearth of leaf litter and fodder, farmers may 
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further give up conventional methods of cultivation. 
Further distribution of many bryophytes, epiphytes, 
and fauna depends on the microclimate provided by 
this species. Being a keystone species disturbance in 
its habitats may lead to the extinction of dependents 
like epiphytic plants, ground vegetation, and fauna.

CONCLUSION
This review emphasizes the quantification and 
reduction of important broad-leaved forest ecosystem 
services of Q. semecarpifolia in the Himalayan region. 
A review of literature reveals that ecosystem studies 
conducted in the Himalayas were dedicated only 
towards provisioning services, and other ecosystem 
services like regulating, habitat services and Cultural 
services are ignored due to their indirect benefits to 
communities. Conclusively 10 different types of 
ecosystem services were quantified and review of 
a certain degree of disturbances causing depletion 
of this species. Moreover, the present study can be 
used to address several research questions like Q. 
semecarpifolia forests depleting rapidly under the 
influence of anthropogenic disturbances. So, in a 
nutshell, there is a need to carry out comprehensive 
research of Himalayan forest ecosystem services on 
all important components of namely quantification, 
valuation, prioritization, and socio-cultural values. 
Quantification, valuation, and prioritization of 
Ecosystem services derived from the forests and 
other ecosystems of Himalaya are still in their 
inception and may need several years of research. 
Our study provides baseline data to address future 
comparisons, conservation, management, and 
reduction in ecosystem services of this species in 
the Himalayan region.
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