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| ABSTRACT

The functioning of ecosystems, wellness for humans, and ecological diversity all have
been severely endangered under the multifaceted worldwide catastrophe known as
climate change. The consequences are particularly evident throughout regions like
the westernmost Himalayas, specifically the Johar Valley in Uttarakhand, India,
where medicinal plant species are particularly susceptible. Especially in remote areas
that have restricted availability of conventional medical services, these plants serve as
vital for primary healthcare and local economic development. However, the accessi-
bility and efficiency of those species are currently being jeopardized by an amalgam-
ation of climate-induced shifts in patterns of precipitation and temperature, as well
as increasing human-induced factors such as degradation of habitat, excessive har-
vesting, and sociocultural disruptions. Insights from reviewed studies examining how
climate change influences Western Himalayan ethno-medicinal vegetation, with a
special focus on the Johar Valley, are systematically assembled in this review. The
process of counting votes was implemented in a mixed semi-quantitative approach to
determine discord, gaps in research, and points of consensus throughout research.
However, the original research insights from the Johar Valley are also being incorpo-
rated in this review paper. Under heightened stresses from the environment, out-
comes repeatedly demonstrate altered phytochemical patterns and decreasing bio-
mass production among significant species. The plants' medicinal properties, as well
as traditional wisdom structures and economics that depend upon them, are both at
threat due to these shifts. A conspicuous shortcoming in climate-adaptive gauges that
correspond to the biological products and social-cultural circumstances of the region
in question persists, despite some constrained conservation endeavors. Integrative
conservation models that integrate traditional ecological expertise (TEK) with cli-
mate-resilient approaches to management are of paramount importance, as this re-
view illustrates clearly. Promoting climate-resilient expanding techniques, establish-
ing frameworks for monitoring medicinal plants, and supporting community-based
conservation are some of the policy concepts. An outline for future investigation and
legislative action that would encourage the long-term utilization and safeguarding of
medicinal plant diversity in the Western Himalayan ecosystem is presented by this
study, which reveals important trends and challenges.
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Introduction

Understanding the consequences of human endeav-
ors on the overall supply of medicinal plants has
frequently required investigations into vegetation
and landscape changes (Nautiyal et al., 2005;
Gunderson et al., 2002). The biological and ecologi-
cal repercussions of regional changes in vegetation

and forest patterns, which are triggered by human
credibility with the natural environment, contribute
to an improved understanding of the interactions
between ecological and social structures. However,a
few thorough investigations have been carried out in
Nepal illustrating how the socioeconomic back-
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ground of the vicinity and shifts in forest ecosys-
tems influence the harmonious functioning of hu-
man-plant relationships (Dhakal et al., 2012; Tse-
ring et al., 2012; Deb et al., 2015). Rising relocation,
influenced by the market plant gatherings, altered
land use, slopes that are steep, "fragile ecological
systems," and severe weather are all correlated with
problematic effects in the Nepal Himalaya. By 2100,
More probable to negatively impact biodiversity
than climate change, the arrival of new species,and
shifts in atmospheric carbon dioxide ratios are the
human-induced impacts of shifting land use, espe-
cially with regard to traditional medicinal plants
(Sala et al., 2000). According to Parviainen et al.
(2008), plant use and propagation can be influenced
by non climate-related variables including the ter-
rain, vegetation diversity (Langhammer et al.,
2024), classification (Kunwar et al., 2018), vegeta-
tion cover, and the utilization of land (Thuiller et al.,
2004) or an intersection of all of these variables.
Rodriguez et al. (2007).

The Johar Valley in Uttarakhand and the remainder
of the Western Himalayas are experiencing enor-
mous climate change, which has significant conse-
quences for both the viability of indigenous species
of medicinal plants and ecological stability. A per-
sistent warming trend in the surrounding region has
been demonstrated by recent data on the cli-
mate.Based on research, the average temperature
has increased by 0.5°C to 1.5°C over the course of
the past century, with the rise in temperatures hav-
ing intensified since the 1980s (Dimri et al., 2021;
IMD,2023). From 1980 to 2020, the Uttarakhand
Himalaya's average temperature increased by ap-
proximately 0.03°C annually, with warming rates
increasing at higher altitudes (Negi er al., 2020).
Considering the trend toward greater intensity but
uncommon rainfall events, patterns of precipitation
have become more erratic. As stated by Singh ef al.
(2022), this issue includes an overall decrease in
precipitation during the winter and an apparent spike
in extreme weather events such as cloudbursts and
flash floods. Although ecological systems and spe-
cies in alpine valleys like Johar are extremely sus-
ceptible to even minimal changes in the climate,
these changes are particularly important.

Native medicinal plant species' phenomenology dis-
persion and the phytochemical properties certainly
indicate the outcomes of those modifications. In
multiple high-altitude medicinal plants, for instance,
carly flowering indicates decreasing accumulation
of biomass, and diminishing secondary substance
compositions have been associated with fluctuations
in the moisture and temperature regimes (Kala,2017;
Bhat et al., 2022). In order to better understand eco-
logical susceptibility and lead conservation strate-
gies specifically to a certain geographical area,it is
necessary to take into account localized data on cli-
mate.

The inhabitants of the Johar Valleys of the Higher
Himalaya in Uttarakhand Himalaya (India) (Fig. 1)
did their best to maintain their elevated standards of
lifestyle despite challenges resulting from physio-
graphic and environmental conditions and access to
resources factors. Human interference has accelerat-
ed the persistent and untamed events of climate
change. The general population appears to be starting
to experience the implications of climate change,
which frequently manifest themselves as adjustments
to phenology, hydrology, agricultural output, and
faunal and botanical populations. Due to anticipated
negative consequences on their standard of existence
and economic strategy, the people have recently been
compelled to reconsider numerous of their common
life-sustaining activities.

Whenever foreign plants collected in readily accessi-
ble woodland zones and artificial habitats acquired
recognition, existing research was examined in view
of the trend that hastened up the advancement of har-
vesting traditional medicinal plants. These patterns
have been correlated with shifting economic status
transitions, altering land usage, and diminishing old
growth primary forests. Following these alterations,
we could argue that vital landmarks and organisms
are getting more deeply embedded in community
traditions, thereby rendering traditional systems
adaptive, numerous, and responsive (Kunwar et
al.,2018). It has been confirmed that altered patterns
of rainfall correlate with elevated temperatures and
expanding proof of environmental degradation. The
rainfall is one climatic variable that requires to be
investigated in terms of magnitude for the purpose of
gathering information on changes in the climate. This
knowledge will subsequently assist us in compre-
hending more fully whether rural livelihoods and
decreasing levels of susceptibility are associated.

The research results definitely show that the patterns
of precipitation in the localities in the Kumaun re-
gion and the Pithoragarh district of Uttarakhand have
undergone changes. Shrestha (2012) reported that
multiple amenities would be disrupted by the shift, as
would the people of the countryside who resided in
the vulnerable highlands. Kunwar et al. (2006, 2009;
Rokaya et al., 2010) stated that residents of KSL and
the Johar Valley frequently utilized commodities as
remedies made from herbs. In Nepal's remote re-
gions, the conventional utilization of plants for me-
dicinal purposes is the most prevalent resource use
(Manandhar, 2002; Shrestha et al.,2004).

A substantial number of the population who gather
and utilize these herbs for healing diseases and ail-
ments are traditional medical practitioners. Numer-
ous diseases and disorders, including stomach prob-
lems, cuts, burns, coughs, colds, and asthma, can be
recovered from utilizing remedies made from plants.
The primary vegetation species used as medications
in this region encompass A conites, Dactylorhiza ha-
tagirea, Neopicrorhiza scrophulariiflora, Paris poly-
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Figure 1: Map showing study area of Johar Valley

phylla,  Diplazium  stoliczkae,  Lomatogonium
carinthiacum (Tikta), Aconitum heterophyllum
(Atish), 4 conitum spicatum (Bish), Ophiocordyceps
sinensis (Yarsagumbu), and Dactylorhiza hatagirea
(Hattajadi). Fortunately, multiple widely recognized
medicinal species, such as Lomatogonium carinthi-
acum and Ophiocordyceps sinensis, make use of the
entire plant.

Based on the part being utilized and the specific
kind of disease being medicated for, the dosage pro-
cess will differ. Table 1 Shows the list of medicinal
plants found in ohar valeey along with their benefits.
A consistency of paste or powder derived from an
identifiable matter (Phyllanthus emblica, Paris poly-
phylla, Dactylorhiza hatagirea, Ophiocordyceps
sinensis, etc.) usually represents a commodity that
the healer prescribes. Still, several portions of plants
(including variables such as the rhizomes of aco-
nites, Bergenia ciliata, Paris polyphylla, etc.) or
their unprocessed counterparts (like Dactylorhiza
hatagirea, Neopicrorhiza scrophulariiflora, Lo-
matogonium carinthiacum, etc.) may be beneficial
(Chaudhary et al., 2017).

Climate change and its impact on medicinal
plants in context to Western Himalayas and
Kailash sacred landscape (KSL)

In accordance with Elliott ef al. (2012), the investi-
gation region's statistics were obtained from previ-
ous research and encompassed an assortment of for-
est types having an elevation difference of 257 to
7132, from highland Betula-Rhododendron ecosys-
tems to tropical Sal (Shorea robusta) forests. This
can be contrary to the alpine Darchula district of
KSL, wherein trees comprise only 34 percent of the
terrain. Dadeldhura and Baitadi are two highland

districts at a moderate elevation that have 79% and
50% forest cover, respectively (Uddin ef al., 2015).
Johar Valley contains more than half of the alpine
vegetation.

The average annual temperature in this research area
remained 18.15°C, with 2326 millimeters of precipi-
tation.The mean amount of rainfall has not varied
substantially in the preceding 35 years, but the aver-
age temperature has (R?> = 0.63). The key objective
of the study on medicinal plants in the Indian Hima-
layan region has been to gather evidence of the
availability, the nation, responsibility, and consumer
demand for Himalayan plants for medicinal purpos-
es (Kala, 2000; Garbyal et al., 2005; Bopana et al.,
2007). In another study, Gras et al. (2017) reported
that herbs that have been used traditionally in medi-
cine have also been a focus of numerous research.
Very rarely, nevertheless, has the severity of dam-
age to these frequently utilized medicinal herbs been
recognized.

Further, Samant et al. (1998) reported that the Him-
alayas are regarded to be one of the most important
sources of therapeutically valued and aromatic vege-
tation. One of the world's biggest ecologically var-
ied regions, the Indian Himalayan Region (IHR), is
inhabited by about 1748 plant species, as reported
by Samant et al. (1998). In another investigation,
Samant et al. (1998) and Kala, (2005) stated that the
plants with medicinal properties are prevalent in
Sikkim, Uttarakhand in the Western Himalayas, and
the IHR region in North Bengal. The studies con-
ducted by Tewari er al.(2013) stated that there are
actually around 337 plant species that have signifi-
cant medicinal benefits in the cold desert region of
the Indian Himalaya, specifically the KSL, which
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Table 1: Medicinal plants and herbs of Johar Valley

Plant Name Family Local Name | Benefits of Medicinal Plant

Aconitum Ranunculaceae Atish To treat diabetes, piles, fever, malarial fever,

heterophyllum hysteria, and stomach ache.

Aconitum spicatum Ranunculaceae Bish Use in the treatment of rheumatism, pain, and
postpartum lethargy

Angelica archangelica Apiaceae Gananu Cure disorders of the nerve system and brain

Ophiocordyceps sinensis | Ophiocordycipitaceae | Yarsagunbu | Improves energy and stamina

Dactylorhiza Orchidaceae Hattajadi Treat intestinal and kidney diseases and en-

hatagirea hance the digestive system.

Saussurea Asteraceae Kaunl Kaffu | cure for cold-related illnesses, wounds, and

obvallata. bruises.

Bergenia ciliata Saxifragaceae. Ghyu Patti/ | utilize to treat kidney and bladder problems and

Pattharchatta | dissolve and remove stones from the kidneys.

Neopicrorhiza Scrophulariaceae Kutki Treat conditions include lung illness, fever,

scrophulariiflora gastritis, and excessive blood pressure.

Zanthoxylum Rutaceae Timoor Colds, coughs, and asthma are treated with

armatum toothache and digestive aid.

Taxus baccata Taxaceae Thuner use to treat colds, coughs, and asthma, lower
inflammation and joint discomfort, and admin-
ister chemotherapy for cancer.

encompasses an area that measures approximately
74,809 square kilometers. Tewari et al. (2013) also
stated that the Himalayan Mountain Range and its
subsidiary ranges' rain shadowing phenomenon is
substantially accountable for them in their final days
stretching from the Indus Rift in the direction of the
northwest to the Brahmaputra Rift in the northeast.
Solely certain areas in Sikkim, Pooh, Lahaul and
Spiti, the Ladakh region of Jammu & Kashmir, and
the Jadh Ganga to Malari possess freezing deserts.
The indigenous groups who inhabit the faraway re-
gions of IHR retain the capability to manage an ex-
tensive variety of diseases utilizing conventional
remedies as well as expertise found in cold desert
settings. Uniyal ef al. (2006) investigated that more
than fifty percent (50%) of the more than 1600 spe-
cies of plants for medicinal purposes that have been
used traditionally in India are believed to have origi-
nated in the Himalayan territory. However, the long-
term viability of these essential resources and thera-
peutic plants is under threat by habitat destruction
and continual commercialized extraction of these
plants from wilderness, as is prevalent in different
parts of the world (CBD, 2008). Bhattarai et al.
(2010) found that many medicinal plants are also
removed for financial gain in cold desert regions,
such as the trans-Himalayan dry zone. But when
wild plants are removed in large quantities, high-
value medicinal plants (HMPs) are overused, which
lowers their population. Therefore, a thorough in-
vestigation of population structure and regeneration
rates is necessary to develop conservation strategies
for the rich plant species of the IHR in light of their
potential for medicinal use (Bhat ef al.,2013).
Documenting HMPs (Himalayan Medicinal Plants)

and their traditional use has also become a significant
issue due to the market demand for herbal medicines
growing quickly and concerns around access, benefit
-sharing, and biopiracy. With the objective to arrive
at a new extensive worldview of survival and sus-
tainable utilization that is more politically reasona-
ble, financially feasible, and less deleterious to the
environment. According to Shinwari and Gilani
(2003), this scenario provides a probability to inte-
grate traditional understanding with contemporary
ideas from science.

While there has been an increasing variety of aca-
demic work examining the variety of medicinal plant
species in the Indian Himalayan Region (IHR), not
much has been discovered concerning how variation
in the climate specifically affects these species' dis-
tribution of wealth, prosperity, and phytochemical
performance, especially among ecologically sensitive
regions like the Johar Valley and the broader Kailash
Sacred Landscape (KSL). Fewer investigations have
carefully examined how stresses brought through
environmental change translate straight away toward
ecological and socioeconomic vulnerabilities for
communities that are dependent on these natural re-
sources, given that previous research has concentrat-
ed on documenting medicinal plants (Kala, 2000;
Samant et al., 1998; Tewari et al., 2013).

The present investigation is organized by the investi-
gations that follow with the intent to offer an individ-
ualized and comprehensive approach:

1. What changes in the climate have been noticed in
the Johar Valley and nearby regions such as the
Western Himalayas and KSL during the past few
decades, such as temperature increases and variations
in precipitation?
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2. What consequences are these climate changes ex-
erting on significant species of medicinal plants, es-
pecially with regard to their phenology, distribution
of wealth, and the production of bioactive elements?
3. What are the main causes other than humans (such
as exploitation and altering agricultural practices)
that make high-value medicinal plants (HMPs) in
this geographical region highly vulnerable?

4. Which empirical or indigenous methods for con-
servation are being used or offered as options to sup-
port the environmentally sound handling of Himala-
yan medicinal plants in an environment of climate
change?

These inquiries make it conceivable to recognize
significant gaps in understanding for the next empiri-
cal research and additionally the current body of
knowledge. Significantly, these findings are in ac-
cordance with the growing urgency for a compro-
mise between the contemporary science of conserva-
tion and traditional ecological understanding.
Perceptions of climate change and environmental
shifts in Johar valley: Implications for agriculture
and medicinal plant pependency

The Johar Valley in Uttarakhand offers valuable
small-scale indications of the way climate change is
influencing localized systems of agriculture, hydro-
dynamics, and dependency on medicinal plant re-
sources, whereas this overview emphasizes the wider
Western Himalayas. Tables 2 and 3 demonstrate an
empirical knowledge of such modifications deter-
mined by community opinions using a poll of 150
respondents.

Trends of rainfall and snowfall are particularly im-
pacted by climate change. A tremendous 96% of the
respondents polled observed less snowfall, while
56% saw shifts in the snowfall's seasonal time frame.
Patterns of rain were also characterized as being ex-
ceptionally unpredictable: 45% of the people sur-
veyed highlighted erratic precipitation timing, while
50% of participants noted escalating rainfall, which
contributed to crop calendar and accessibility to wa-
ter instability. Additionally, 82% of the poll partici-
pants saw an apparent spike in catastrophes caused
by nature, such as landslides and flash floods, which
pose a direct threat to infrastructure and agricultural
land, and 59% indicated a boost in cloudburst-like
activity.Regional examinations also showed a strong
influence of hydrological factors. A full 95% of re-
spondents said that the availability of water had de-
creased, and 82% said that the overall quality of the
water that was available was unchanged from earlier
times.This two fold story stable quality but de-
creased quantity indicates the requirement for further
indepth hydro-climatic studies in alpine watersheds.
These environmental shifts provoked varied socioec-
onomic behaviors. Due to diminished agricultural
output (12%), frequent land loss from calamities
(32%), and generalized livelihood insecurity, 85% of
the people surveyed said they had departed their

homeland. Others reported using additional forms of
income 46% of the time when asked, with 22% stat-
ing a rise in the collection of high-value medicinal
herbs, such as the highly valued ethnomedicinal fun-
gus Keedajadi (Yarsa Gumbo). A redirection of lo-
cal economies towards biodiversity assets that are
both highly profitable and climate resistant has been
suggested by this change.

The survey additionally emphasized this transition's
sociocultural and multigenerational aspects. The
younger generation's lack of involvement with tradi-
tional farming, along with the allure of alternate,
frequently extractive, monetary options, isevident in
the fact that just 16% of respondents reported enthu-
siasm for traditional farming. When utilized togeth-
er, such localized findings provide significant evi-
dence that the Johar Valley's climate change is
changing not just the physical environment but also
the way individuals connect with the region's land,
agricultural resources, and medicinal plants. The
significance for integrated environmental adaptation
assessments that take into account both ecosystem
and sociocultural resilience has been demonstrated
by these alterations.

Preliminary research carried out on medicinal
plants in context to cultural services in Johar
Valley

The Ecosystem Assessment's findings indicate that
cultural services are intangible advantages that peo-
ple obtain from ecosystems (Heinrich, 2021).
Gomez et al. (2010) reported in their study that the
cultural services offered by ecosystems, however,
have not received much attention in the discussion
of ecosystem services, despite the fact that multi-
functional landscapes include them. Benefits provid-
ed by cultural ecosystems that symbolize "cultural
heritage" are the focus of KSLCDI, especially those
with a spiritual or religious importance. Deacon
(2003) found that the material artifacts, intangible
qualities, and physiological traits that have been
passed down from one generation to the next and
preserved for the benefit of future generations are
frequently referred to as a group's or civilization's
cultural heritage.

The phrase "cultural heritage" in the context of
Kailash Sacred Landscape ecosystems specifically
refers to sacred natural regions, including the pil-
grimage routes that traverse the region and the in-
tangible traditional knowledge related to these sites,
species, medicinal plants, and pathways. Arnold and
Pérez (2001), Olsen (2005), and Maroyi (2013) re-
ported that with reference to ecology, society, econ-
omy, and culture, the medicinal plants of the Hima-
layas are considered to be extremely valua-
ble.However, overdrafting (Kala, 2006), vegetation,
social changes Pirker er al. (2012) and land use
changes (Maitima et al., 2009; Paudyal et al., 2017)
pose serious problems for many medicinal plant spe-
cies. Many plant species' distribution and use are
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Table 2 : Distribution of Respondent according to their knowledge about decline in agriculture

practices in Johar Valley (n=150)

Statements Number of Percentage of Participants
Participants
Inadequate agricultural yields 18 12%
A surplus of precipitation 39 26%
Shifting in snowfall Pattern 84 56%
Reduced amount of snowfall 144 96%
Frequent Natural Disasters Impacting Agricultural Land 48 32%
Out Migration of community 127 85%
Alternative Source of Income 69 46%
Younger generation shows less enthusiasm 24 16%
turned toward keedajadi (Yarsa Gumbo), or therapeutic herbs 33 22%

Table 3. Distribution of respondents according to their knowledge about the climate change and

changes in environment in Johar Valley (n=150)

Observed Changes by Statements Respondent No. of respondents

Respondents Percentage

Rainfall Unsettled rainfall timing 45% 67
Escalating Rainfall 50% 75
In Contrast to the season 3% 5
A situation similar to flooding 2%
No changes 0% 0

Snowfall Rate Increasing 0% 0
Decreasing 100% 150

Water Resources Increasing 3% 5
Decreasing 95% 142
Stayed the same 2% 3

Water Condition In good condition as previously 82% 123
When it rains, insects are 14% 21
present.
The Worst State 4% 6

Cloud Burst Like Activities Increasing 59% 88
Stayed the same 21% 31
Decreasing 2% 3
never heard of this term before 5% 8
We have heard this term lately, 8% 12
and it is occurring.
Exclusively occurs in Talla Jo- 1% 2
har
Nothing ever occurs in Malla 4% 6
Johar

Natural Disasters Increasing 82% 123
Decreasing 2% 3
Stayed the same 16% 24
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poorly understood; Ghimire (2008) found that, mak-
ing it difficult to forecast how their populations, par-
ticularly those of indigenous medicinal herbs, will
react to the changes. Specifically, invasive species
threaten indigenous medicinal plants (Anyinam,
1995; Alves and Rosa, 2007) and cause native herbs
to be displaced (Petruzzella et al., 2020).

The vegetation along the elevation gradient in Utta-
rakhand's arid, frigid Johar Valley, West Himalaya,is
the main subject of this study. Because of their his-
toric applications, trade demand, secondary data-
bases, and the perception of rarity in society, it iden-
tifies plants that are very valuable and endangered.
Additionally, it employs conventional techniques to
evaluate the ecological and threat status of the plants,
taking into account the high use value and conserva-
tion importance of HMPs. Research on medicinal
plants in the Himalayan area of India is ongoing.
Furthermore, Shrestha et al. (1999) and wester et al.
(2019) stated that it appears that the Himalayas are
especially vulnerable to climate change and have
demonstrated that changes in land use and land cover
have decreased.

However, investigations by Kunwar et al. (2009),
Rokaya et al. (2010) and Mahara et al. (2024)
showed that their influence on the availability and
potential uses of local and indigenous medicinal
plants in far western Nepal is still completely unre-
solved. According to traditional healers, remote re-
gions of the Nepal Himalaya offer high-quality inter-
ventions (Adnan and Holscher, 2011). Chaudhary et
al. (2009) investigated that there is disagreement on
their effectiveness in halting global warming. Since
land-use change, forest cover, and vegetation have an
impact on local livelihoods, the Kailash Sacred
Landscape (KSL) in far-western Nepal will be used
as a model region. In order to understand how the
shifting forest and flora impact the livelihoods of the
local population, as well as the ways and locations of
the usage of medicinal herbs in Nepal's Kailash Sa-
cred Landscape, research was conducted by Kunwar
et al. (2016).

Vulnerable and high value medicinal plants
(HMPs) of Johar valley

Kunwar et al. (2019) reported that the Kailash Sacred
Landscape includes the Johar Valley, which has his-
torically been ruled by an indigenous civilization. A
variety of forest types and beneficial plant species
are among its many examples of its high biodiversi-
ty. This region's woods and other vegetation are im-
pacted by the interplay of human (disturbance), cli-
matic (temperature), and natural (elevation) factors.
However, the ever-changing climate, land use, cul-
tural practices, and human migration patterns have
put the woods in jeopardy. The continued existence
of relationships between people and the environment
and sustainable handling of the forest and wildlife in
the Johar Valley of the Kailash Sacred Landscape are
dependent upon indigenous forestry initiatives that

include protection and social norms.

In all, 219 species (208 angiosperms and 11 gymno-
sperms) and 132 genera were found in the study re-
gion. 22 of the 91 species that were reported to have
known medicinal qualities were classified as
THMPs due to their distinctiveness, economic val-
ue, and local customs. Since Milam (3430 m asl)
had the highest concentration of THMPs (8 spe-
cies;24%) and 7 species (21%), the route from Mar-
toli to Nanda Devi base (4009 m asl) was selected.
Plots at mid-altitude had the highest concentration
of THMPs (40%) compared to those at higher and
lower elevations (31.4% and 28.6%, respectively).
Moreover, it was shown that more species were used
medicinally at higher elevations than at lower ones
(Malik et al., 2015). The Kedarnath Wildlife Sanctu-
ary in the West Himalaya (Kunwar and Bussmann,
2008) and the Nepal Himalaya also noted a similar
tendency. The Milam bugyal community, which is
pastureland/grassland, and Milam village, a recently
defunct village in the Johar valley, are incorporated
in the study's moderate height range. In order to as-
certain the unconventional applications of medicinal
herbs, a comparable earlier study was also carried
out at several sites throughout the Dharchula area of
the Pithoragarh district of Uttarakhand at various
seasons. With 68 million inhabitants, India is home
to 227 ethnic groupings and 573 tribal communities.
The Kumaun region of the state is home to four of
these tribes: the Tharus, Buxas, Rajis, and Bhotias.
Located in a remote place encircled by thick forest
in the Dharchula region, the Bhotiya tribe relies
solely on nature to meet their daily needs. The state
is inhabited by eight major Bhotia groups of people:
the Marccha, Tolcha, Chudans, Byansi, Juthora,
Darmi, Jad, and Johari. The Bhotia community not
only constitutes 8.13% of the indigenous population
but also comprises a staggering 18.70% of the na-
tion. The primary objective of this study was to pre-
serve significant indigenous traditional knowledge
regarding the traits and applications of plants that
the IUCN has classified as red data for ethnomedi-
cine. It was provided by the community members,
who used 17 plant species from 15 families as tradi-
tional remedies for various ailments. It was also at-
tempted to write a description of the economic char-
acteristics, customs, and environment of the Bhotia
tribes.

The Bhotia tribe is native to the Johar Valley, the
Dharchula region, and Uttarakhand's Pithoragarh
District. The examination delivers comprehensive
information on their environment, customs, econom-
ic benefits, and traditional therapeutic applications
of plants. Research in the selected locations can em-
ploy plant resources in a traditional way, as is com-
monly recognized after looking through the litera-
ture database. Many species are used by the indige-
nous people to treat a wide range of ailments. They
utilize a variety of plant parts in different ways to
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fulfill their daily needs. It is essential to identify,
record, and disseminate all ethnobotanical and cul-
tural knowledge across the diverse ethnic groups in
order to keep traditional civilizations from com-
pletely disappearing.

The traditional knowledge base of our country is
currently disintegrating at a faster rate, according to
studies. Data on ethnomedicinal use must be docu-
mented in order to preserve knowledge. Bhatt et al.
(2013) said that integrating this sort of data into ad-
ditional IHR parts could enable subsequent genera-
tions to consult an extensive catalog of the plants
employed for multiple purposes. Pandey et al
(2018) discussed in their study that the Johar Val-
ley's population had dropped by 30% during the pre-
vious decade. The genus has applied to be classified
as "Vulnerable" for regions by the IUCN, according
to its analysis. 50% of the THMPs were found to be
growing on slopes that were either gravel/soil or
stony/rocky.

Steep slopes and a profusion of rocks are character-
istics of the chilly desert area of all living things;
only two species of western Himalayan trees have
been discovered in the chilly desert of the Johar Val-
ley. Juniperus semiglobosa was surpassed by Betula
utilis in terms of density. The most prevalent of the
five shrub species found was Rhododendron an-
thopogon. The remaining four were Ephedra ger-
ardiana,Juniperus indica, Juniperus communis, and
Ephedra intermedia. The research article identifies
about 15 THMPs (herbaceous life forms), with Thy-
mus linearis and Polygonatum cirrhifolium having
the highest numbers. 4 conitum heterophyllum, Nar-
dostachys jatamanasi, and Rheum moorcroftianum
had the lowest quantities during their study.
According to the study, species such as J. semi-
globosa, J. indica, E. intermedia, and E. gerardiana
have relatively low populations (density 100 ind
ha™) in the valley, indicating that there is not
enough supply for widespread exploitation. The
lowest concentrations were detected in Rheum
moorcroftianum, Nardostachys jatamanasi, and Ac-
onitum heterophyllum. Since species like J. semi-
globosa, J. indica, E. intermedia, and E. gerardiana
have relatively low populations (density 100 ind
ha™) in the valley, the study concludes that there is
insufficient supply for widespread exploitation. A
variety of THMP components are utilized in the
manufacturing of pharmaceuticals, including the
root, inflorescence, leaf, bark, stem, and seed. Roots
and rhizomes are examples of the below-ground
portion that is utilized most frequently (64%) and
least frequently (9%). According to similar findings
by Kuwar et al. (2013), West Nepalese plants' rhi-
zomes and roots were the most commonly used
plant parts. Moore (1994) reported that the signifi-
cant relevance of the subsurface part was explained
by the large concentration of bioactive chemicals
found there.

Concerning linked effects of climate change in
context to Medicinal plants in western Himalayas
In addition to inherent environmental fragility and
significant reliance on resources from the environ-
ment, the Western Himalayas have become particu-
larly susceptible to the significant breaches of natural
balance and health care security brought about by
climate change (Dimri et al., 2021; Singh et dl.,
2022). The availability and quality of medicinal
plants are directly impacted by variations in tempera-
ture regimes, cyclical nature, and patterns of precipi-
tation in the Johar Valley of Uttarakhand, which
forms a part of the bigger Kailash Sacred Landscape
(KSL).In parts of the Uttarakhand Himalayas, the
average temperature every year increased by around
0.03°C annually between 1980 and 2020, based upon
contemporary meteorological statistics; the rise in
temperatures is evident at higher altitudes (Negi et
al., 2020). Furthermore, the process of precipitation,
while regularly influencing the snowfall and replen-
ishment of groundwater, is becoming increasingly
unpredictable, resulting in greater uncertainty in the
monsoon commencement and intensity and reduced
wintertime precipitation (IMD, 2023; Singh et al.,
2022).Assessments of the inhabitants in the Johar
Valley's field investigation identified unique ecologi-
cal consequences associated with these climate
shifts. Among those surveyed, 64.9% witnessed phe-
nological alterations, which involve greater or
pushed-back blooming and fruiting instances. Alpine
medicinal plants like Picrorhiza kurroa (Kutki), Nar-
dostachys jatamansi (Jatamansi), and Aconitum het-
erophyllum (Atis), all of which are generally used to
treat fevers, neurological illnesses, and problems
with the liver, have noticed changes in their develop-
mental stages as an outcome of these shifts, and these
have been associated with prolonged periods of
drought and more substantial spring temperatures
(Kala, 2005 and Bhatt, 2013).

Additionally, 49% of the people surveyed experi-
enced an abrupt shift in the exact moment of the an-
thesis process and fruiting, as well as 48% indicating
early blooming and 35.5% observing delayed occur-
rences. Rising spring temperatures and less moisture
availability were primarily blamed for the difference.
These factors can impact the generation of secondary
metabolites and induce developmental stress in
young plant tissues (Dalal et al., 2018). 58.5% of
community members indicated saying that they had
changed both harvesting and planting strategies to
take into consideration climate-related uncertainty. It
demonstrates an evolving local recognition of cli-
mate- plant dynamics in conjunction with behavioral
adaptation.

Traditionally primary healthcare depends upon me-
dicinal flora, which contributes to the consequences
of climate-induced phenological alterations. A com-
bination of extended periods of drought and reduced
rainfall, which subsequently hinder vegetative regen-
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eration, means springs that originate outdoors, like
Naula-Dhara, which is a crucial water source, are
disappearing in outlying KSL territories (Uddin et
al., 2015). Weather constraints and excessive har-
vesting have rendered species like Rheum emodi
(used for gastrointestinal disorders), Bergenia ciliata
(used for kidney stones), and V aleriana jatamansi
(which is employed as a relaxant) harder to find in
natural environments. Traditional methods are re-
quired to be blended with a comprehensive under-
standing of the environment. Rich systems of
knowledge concerning cyclical harvesting, ethical
collecting, and multifunctional utilization of plants
persist to be maintained by indigenous elders and
healers (Vaids). A ngelica glauca, for instance, is fre-
quently employed for diagnosing bronchial and di-
gestive disorders, and Saussurea costus, which is
currently critically endangered, has been for decades
an important trading commodity and medicinal
plant. When developing culturally compatible con-
servation tactics, it is vital to document certain an-
cestral customs and independently examine climatic
and biological modifications.

Conclusion and recommendations

Biological diversity, the biomass, and vegetative
cover have all been significantly affected by climate
change, specifically in the Highlands. Plants with
medicinal properties are now harder to come by ow-
ing to shifts in vegetation and woodland covering
triggered by changing values for conservation and
alterations in culture. Communities that depend upon
these forests for grazing, spiritual practices, and me-
dicinal foragers, the pilgrims, and collectors face
challenges as environmental degradation ravages
forests and native species in preference towards
nonnative ones. Alpine populations have become
especially susceptible owing to their rural setting,
lack of assets, and dependence on rainfall-based ag-
riculture, especially in rural areas like the Johar Val-
ley. The research study underscores that the primary
root cause of migration and vulnerability is the ab-
sence of capacity to adapt through the use of in-
depth interviews and a comprehensive vulnerability
assessment. Rising numbers of youth migrants typi-
cally confront structural shortcomings, which esca-
late the hazards. It is crucial to support sustainable
harvesting approaches, cultivate medicinal plants on
a local level, safeguard traditional knowledge, and
develop mechanisms for quality assurance in order
to improve resilience and sustainability. To assess
how climate change affects plant quality, certifica-
tion processes for wild-collected commodities and
the tracking of indicators for medicinal plants are
vital.

In order to save species, aided migration and ex situ
seed banking might also be necessary. In order to
guarantee vulnerable populations' continuous access
to high-quality traditional medicines, these steps

must be combined with other initiatives. To protect
livelithoods and health, these measures should be
given top priority by governments, nongovernmen-
tal organizations, and the public health sector.
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