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Abstract. Among the 150 species of medicinal
plants found in the Tungnath region of the West-
ern Himalaya, herbs make up the majority (76.8%),
followed by shrubs, trees, climbers, and pterido-
phytes. Of these species, 20.2% are native to other
parts of the world, while 67.5% are native to the
Himalayan region. From sub-tropical to alpine cli-
mates, these plants are found in a range of elevation
gradients, with plant species suited to each zone.
Most medicinal plants are members of the Rosa-
ceae, Polygonaceae and Ranunculaceae families.
The most often utilized plant parts are complete
plants (22.5%), leaves (24.4%), and roots (28.7%).
Although these plants treat a variety of illnesses,
the most prevalent ones are gastrointestinal disor-
ders (23.8%), dermatological concerns (30.5%), and
general health difficulties like fever (34.6%). Addi-
tionally, the study sheds light on the location and
density of these plants throughout the May-Sep-
tember growing season. The cool, temperate, and
subalpine regions have the highest degree of plant
species similarity (82.7%) among climatic zones,
followed by other nearby zones. The research high-
lights the significance of protecting these plants
for both their therapeutic benefits and the region’s
ecological equilibrium.

Key words: alpine, medicinal plants, nativity, timberline,
traditional knowledge

Introduction

Ethnobotany involves the interaction of humans with
nature to extract and utilize plant species for their
properties, including in food, medicine, and other
uses. Over time, indigenous people and their cul-
tures have continued to use plant species for their
benefits. Traditional knowledge is a part of a wider
belief system and is considered integral to everyday
life and wellbeing. According to the WHO (2002), 65-
80% of the world's healthcare practice involves the
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use of traditional medicine (TM), commonly referred
to as Complementary and Alternative Medicine
(CAM). About 70% population of India use tradition-
al medicine in their primary health care needs (WHO
2002). The Himalaya occupies only 15% of the coun-
try's geographical area but accounts for about 30%
of the endemic species found in the Indian sub-con-
tinent (Nautiyal et al 1998). The Himalayan region
is endowed with a rich variety of floral and faunal
species. The region shows great diversity in vegeta-
tion with more than 18,440 species of plants. Among
these, 1,748 species are medicinal plants, including
118 species of essential oil-yielding medicinal plants
(Samant et al 2000). The medicinal plant species also
comprise economical, nutritional, aesthetic, cultural,
and sacred values, and are an important part of the
life and livelihood of the indigenous Himalayan com-
munities (Samant et al 1998, Makhuri et al 1998).
The Himalayan region is a reservoir of medicinal and
aromatic plants, and the diverse ecological and cli-
matic conditions of the region support the growth of
varieties of medicinal and aromatic plants (Adhikari
et al 2003, 2007, Maikhuri et al 1998). Uttarakhand
state in the Indian Region supports the highest num-
ber of plant species known for medicinal properties
due to its unique geography, varied topography, and
diverse climatic conditions (Kala et al 2004).

The income generated from the medicinal and
aromatic plants (MAPs) accounts for more than half
of the total earnings from the livestock, agriculture,
and cultivation of spices in the Himalayan region.
The high demand for MAPs in pharmacology in-
dustries leads to increased pressure on the alpine
region. Over exploitation of MAPs is primarily re-
sulting in the unsustainable extraction of resources.
The collection of MAPs has a negative impact on
the subalpine and alpine regions, which are also af-
fected by the collection of fuel wood because local
inhabitants run shops in religious or tourist areas
for their livelihood. Trampling by sheep and goats,
as well as camping by residents and tourists/natu-
ralists, disturb the topsoil in these habitats where
endangered and rare medicinal plant species occur.

In the Indian Himalayan region, MAPs are
known to have restricted habitats and limited dis-
tribution limits. Therefore, the conservation initia-
tives of threatened plant species are necessary to
reduce the pressure on natural resources (Nautiyal
et al 2001). The regulated extraction of MAPs leads
to an equitable sharing of resources among vari-
ous stakeholders and thereby would help in con-
serving and managing these natural resources. In
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the Himalayan region, medicinal plants are vital
to local communities’ livelihoods since they offer
both economic opportunities as well as necessary
healthcare resources. In places with little access
to contemporary medical services, these plants
frequently serve as the main source of traditional
medicine, assisting families in managing health
concerns (Angmo et al 2022). In addition to safe-
guarding these plants’ availability for future gen-
erations, sustainable harvesting boosts the regional
economy by facilitating trade in herbal products
(Mbelebele et al. 2024). Communities may protect
biodiversity and strengthen their resistance to eco-
nomic shifts by using sustainable practices like
managed harvesting and agriculture (Tiwari and
Tiwari 2014). Furthermore, raising knowledge of
the ecological and cultural importance of medicinal
plants supports conservation initiatives, supporting
the preservation of the ecosystem and local means
of subsistence (Chandra and Sharma 2018). There-
fore, maintaining the Himalayas' unique biodiver-
sity and promoting the socioeconomic well-being
of its inhabitants depends heavily on sustainable
utilization of plants for medicinal purposes.

Material and Methods
Study area

The study was conducted at and around the Tung-
nath region (Appendix 1) in the upper catchment of
the Alaknanda and Mandakini rivers of Uttarakhand,
West Himalaya (Fig. 1). Four distinct seasons were
discernible in the study area viz., summer (May -
June), monsoon (July to mid-September), autumn
(mid-September to October) and winter (November
- April). The period with total snow cover is usually
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Fig. 1. Location of study area in Kedarnath Wildlife Sanc-
tuary in Uttarakhand.

between 4-5 months, and melts during April - May,
marking the arrival of favorable conditions for plant
growth (Adhikari et al 2018). The study area can
be broadly divided into four major zones based on
vegetation type.

Sub-alpine forest: The subalpine forests in the
study area start at an elevation of 2800m, and end
at 3200m. The sub-alpine forest is dominated by
Abies pindrow, A. spectabilis and Quercus seme-
carpifolia, while the understory canopy is dominat-
ed by Rhododendron arboreum and Rhododendron
campanulatum, followed by Viburnum erubescens
and Sorbus sp. The shrub layer is represented by R.
barbatum, Rosa sericea, Rubus niveus, Salix spp.,
Cotoneaster spp. and Thamnocalamus spathiflorus.

Timberline: Timberline in the study area ranges
between 3200-3300m, and is populated by Betula uti-
lis and Abies spectabilis on north to north-west fac-
ing slopes, while south to south-west facing slopes
are dominated by Q. semecarpifolia and R. arboreum
(Rai et al 2012). However, the 'kmummholz layer
under the tree canopy is formed by Rhododendron
campanulatum. On steep rocky slopes, climatically
modified dwarf and stunted individuals of R. arbo-
reum form the timberline. Other major shrub species
in the zone include Rubus niveus, Salix denticulata,
Rosa sericea, Viburnum grandiflorum, Cotoneaster
microphylla, Lonicera spp., and Berberis spp. Cypri-
pedium elegans, C. cordigerum, Neottia pinetorum,
and Platanthera leptocaulon are some varieties of
rare orchid taxa in the area (Rai et al 2012).

Treeline: The treeline in the study area is domi-
nated by Rhododendron campanulatum, a dominant
shrub species interspersed with a few individuals of
Sorbus, Abies, Acer and Betula species that form
the 'krummbholz between 3300 and 3400m, along
with the dwarf shrubs viz., R. anthopogon and R.
lepidotum, and provides micro-habitat to several
important MAPs.

Alpine meadow and scrubs: The alpine meadow
above 3400m supports various plant communities,
including cushionoid herb, grasses, and sedges.
Herbaceous flora is represented by Anaphalis spp.,
Anemone spp., Corydalis cornuta, Swertia ciliata,
Hypericum sp., Origanum vulgare, Thymus linearis,
Fritillaria roylei, Cypripedium himalaicum, Dactylo-
rhiza hatagirea, Goodyera repens, Paeonia emodi
Meconopsis aculeata, Sinopodophyllum hexdmm,
Rheum australe, Aconitum heterophyllum, Caltha
palustris, Potentilla argyrophylla, Bergenia stracheyi
and Pedicularis hoffmeisteri, Bistorta spp., Gaul-
theria strichophylla, Trachydium roylei, Sibbaldia
cuneata, Tanacetum longifolium, and many other
species (Appendix 2).

Methods

Based on the secondary literature, including Samant
et al (1998, 2000), Makhuri et al (1998), Adhikari et
al (2003, 2005, 2007), Kala et al (2004), Nautiyal et
al (1998, 2001), Rai et al (2012), Kala et al (2004),
Chandra et al (2021), Kala (2005), Semwal et al
(2007), Rawat et al (2016), Nautiyal (1981), Purohit
et al (1985), Rawat and Pangtey (1987), Uniyal et al
(2002), a list of medicinal plants was prepared for the
Tungnath region. Interviews were also performed
with local inhabitants such as shopkeepers, priests,
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graziers/local laborers who frequently use the area,
including those who collect medicinal plants for per-
sonal or commercial purposes. As mentioned, the el-
evation range of MAPs was taken from the literature,
not from the study area.

Results

The study area, (i.e., Tungnath region) harbours
150 species of medicinal plants, as detailed by Ap-
pendix 3. Herbs contributed significantly (76.8%) to
the population, followed by shrubs (14.6%), trees
(6.0%), climbers (1.3%), and pteridophytes (0.7%).
The study area supports 67.5% of native species of
the Himalayan region, 5.3% of Himalayan region or
Indian origin, and 20.2% from other regions of the
world. These medicinal plant species are largely
wide-ranging, and their range distribution along
the elevation gradient is shown in Fig. 2.

Of the 150 medicinal plants recorded, 56 species
are distributed from the sub-tropical to the alpine
region (55.4% species in the cool temperate region,
14.3% species up to the subalpine region, and 30.4%
species up to the alpine region). 31 species are dis-
tributed from the warm temperate region to the
alpine region (38.7% species in the cool temperate
region, 6.5% species up to the subalpine region, and
54.8% species up to the alpine region). 46 species
are distributed from the cool temperate region to
the alpine region (8.7% species in the cool temper-
ate region, and 91.3% species in the alpine region).
Finally, 6 species are distributed from the subalpine
to the alpine region, whereas 12 species (Aconi-
tum balfourii, Potentilla multifida, Alllum humile,
Nardostachys jatamansi, Gentiana stipitate, Rheum
webbianum, Picrorhiza kurroa, Juniperus indica,
Rheum moorcroftianum, Neopicrorhiza scrophulari-
iflora, Nardostachys grandiflora and Swertia cuneata)
are distributed only in the alpine region.

Rosaceae was the dominant family among the
families, with 15 species, followed by Polygonaceae
(13), Ranunculaceae (11 species), Asteraceae (10
species), Apiaceae and Ericaceae (7 species each),
Lamiaceae and Scrophulariaceae (6 species each),
Orchidaceae (5 species), Alliaceae, Caprifoliaceae,
Fumariaceae, Gentianaceae and Saxifragaceae (4
species each), Berberidaceae, Geraniaceae and Va-
lerianaceae (3 species each), Balsaminaceae, Bras-
sicaceae, Campanulaceae, Fabaceae, Liliaceae,

Papaveraceae, Parnassiaceae, Pinaceae, Plantag-
inaceae, Rubiaceae, and Violaceae (2 species each;
Appendix 1). However, 19 families (Aceraceae, Bet-
ulaceae, Boraginaceae, Caryophyllaceae, Cupres-
saceae, Grossulariaceae, Hypericaceae, Iridaceae,
Lycopodiaceae, Melanthiaceae, Oleaceae, Onagra-
ceae, Oxalidaceae, Paeoniaceae, Podophyllaceae,
Primulaceae, Taxaceae, Urticaceae and Zingibera-
ceae) were represented by only a single species.

The plant parts used were in following order of
prevalence: roots (28.7%) > Leaves (24.4%) > whole
plant (22.5%) > fruit ~ seed (5.7%) > Flower (4.3%) >
Rhizome (3.3%) > Tuber (2.3%) > Bulb (1.4%) > Twig
(1.0%) > Resin (0.5% each), while the use of various
plant parts is shown in Fig. 3.

Medicinal plants used in different ailments have
been classified under 10 major categories shown
in Fig. 4. The use of medicinal plants under dif-
ferent categories of ailment (based on percentage)
are in the following order: Gastro-intestinal cate-
gory with 11 ailments [diarrhea (23.8%), dysentery
(22.2%), gastric (15.9%), ulcer (11.1%), vomiting,
anthelmintic and colic (4.7% each), digestive dis-
order, piles and acidity (3.1% each), gall stone and
vermicidal (1.6% each)]; Dermatological category
with 7 ailments [cut (30.5%), skin (23.7%), burn
(13.6%), boils (11.9%), antiseptic and sores (8.5%
each), insecticide (3.4%)], General category with 6
ailments percentage of species use [fever (34.6%),
cough (19.2%), headache (16.3%), cold (10.6%),
tonic (12.5%), astringent (6.7%)]; Circulatory cat-
egory with 6 ailments [anti-inflammatory and aph-
rodisiac (23.8% each), snakebite (19.0%), bleeding
(14.3%), diabetic and diuretic (9.5% each)]; Skele-
ton and muscles category with 6 ailments [wounds
(59.7%), body ache (12.9%), swelling (9.7%), rheu-
matism (8.1%), bone fracture and joint pain (4.8%
each)]; Respiratory category with 4 ailments [bron-
chitis (33.3%), lung disease and asthma (25.9%
each, throat (14.8%)], Vital organs category with
4 ailments [liver (40.0%), kidney (30.0%), jaundice
(20.0%), tuberculosis (10.0%)] and Genital category
with 3 ailments [urinary trouble (63.6%), abortifa-
cient (36.4%)]. However, the use of medicinal plant
species for the ailments like Ophthalmic (eye dis-
ease, 9), Dental (toothache, 5), Hair (dandruff 1)
and Vector-borne (malaria, 3).

The average density of different medicinal spe-
cies over several months is shown in Fig. b. In
the initiation phase of the growth period in May,
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Fig. 2. Distribution of medicinal plants across various
climatic zones.

= Root

= Leaves

= Whole plant
= Fruit

= Seed

= Flower

= Rhizome
= Tuber

= Bulb

= Twig

= Resin

Fig. 3. Use of various plant parts for different ailments.



20

B.S. Adhikari,
R Kumar & S.
Verma

Circulatory

Diuratic

Diabetic (B)
Bleeding
Snake bite
Aphrodisiac
Anti-inflammatory

Tuberculosis

Jaundice
Kidney
Liver
Throat

Lung disease
Asthma

Respiratory [Vital organs

Bronchitis
Abortificient

Gemt
ve

L]frepr
oduct|

Urinary trouble

Insecticide
Sores
Antiseptic
Boils
Burn

Skin
Cut

Dermatological

Vermicidal
Gall stone
Piles
Digestive disorder
Acidity
Vomiting
Colic
Anthelmintic
Ulcer

Gastric
Dysentery
Diarrhoea
Joint pain
Bone fracture
Rheumatism

Gastro-intestinal

Swelling
Bodyache
Wounds

Skeleton & Muscle]

General

Astringent
Cold
Tonic
Headache
Cough
Fever

(A)

= Skeleton & Muscle
= Dermatological

= Respiratory

= Circulatory

= Vital organs

= Genital/reproductive
= Ophthalmic

= Dental

= Vector-Bome

(@

Number of species

4-
0

Eye |Toothache| Malaria
disease

Opthalmic| Dental

Dandruf

Vector- Hair
Borne

Number of species

Fig. 4. Proportion of medicinal plants used in major categories (A & B) and number of species used in various ailments (C).

22 MAPs are present, of which 17 MAPs (Ranun-
culus hirtellus, Plantago major, Picrorhiza kurroa,
Bistorta amplexicaulis, Caltha palustris, Pedicularis
pectinata, Anemone rivularis, Tanacetum longifo-
lium, Prunella vulgaris, Primula denticulate, Dac-
tylorhiza hatagirea, Potentilla fulgens, Pimpinella
diversifolia, Rumex nepalensis, Anemone obtusi-
loba, Morina longifolia, and Aconitum heterophyl-
lum) have shown high density across the months
(May through September). Only 3 MAPs (Good-
yera repens, Parnassia nubicola, and Swertia cili-
ata) have shown high density during June out of 32

MAPs present, while 9 MAPs (Geranium wallichi-
anum, Potentilla atrosanguinea, Viola biflora, Seli-
num wallichianum, Bistorta vaccinifolia, Senecio
laetus, Geranium pratense, Epilobium royleanum,
and Elsholtzia stroblifera) have shown high density
values in July, of the total 38 MAPs present, and
only 5 MAPs (Parochetus communis, Jurinea dolo-
miaea, Saussurea auriculata, Bistorta macrophylla
and Impatiens scabrida) have shown high density
in August, of the 37 MAPs present. At the end of
the growth period, (i.e., September), 8 MAPs (Ta-
raxacum officinale, Plantago himalaica, Cynanthus
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Fig. 5. Medicinal plant density (average) across months.

lobatus, Cerastium cerastoides, Selinum vagina-
tum, Pedicularis hoffmeisteri Euphrasia himalaica,
and Corydalis cornuta) have shown high density of
the total 36 MAPs across the growing period. The
maximum density was shown by Ranunculus hirtel-
lus across the months and ranged from 27.43+2.4
to 39.8+8.7 individuals m?, Goodyera repens from 0
to 19.7+5.8 individuals m? Geranium wallichianum
0 to 9.5+2.1 individuals m*? Parochetus communis
1.5+0.4 to 4.1+1.3 individuals m®? and Taraxacum
officinale 13.7+2.6 to 18.4+3.0 individuals m2

Similarity of MAPs across the climatic zones

The similarity of MAPs across climatic zones is
shown in Table 1. The highest similarity was ob-
served between cool temperate and subalpine
regions (82.7%) > subalpine and alpine regions
(82.2%) > warm temperate and cool temperate re-
gions (80.2%) followed by subtropical and warm
temperate regions (79.1%).

Discussion

The average density of medicinal species was cal-
culated across the growing season from May to Sep-
tember for 2 years (2017 and 2018) and is presented
in Table 2. However, several other important me-
dicinal plants were present in the study area, which
have not been recorded through quadrat sampling.
The density of Picrorhiza kurroa was higher
(6.943.2 individuals m™) than that found in other
studies conducted in various parts of Himalaya, viz.
0.6-1.9 individuals m?in Kumaon region by Chandra
et al (2021), 0.71-3.9 individuals m? in Gurez valley,
Kashmir Himalaya by Dad and Khan (2011), 0.9-1.9
individuals m? in Kumaon Himalaya by Chandra et
al (2020), 3.4-4.5 individuals m* in Himalayan Pro-
tected Areas by Kala (2005), 2.2 individuals m™ in
Kedarnath WS by Semwal et al (2007). The den-
sity of Selinum wallichianum was lower (4.8+0.7
individuals m?) than that of the values reported for
various regions in Garhwal Himalaya (13.9+4.1 indi-
viduals m in Bhilangna range and 9.2+6.3 individu-
als m? in Gangotri range) and similar values 4.5+2.0
individuals m™ for North Jakholi range by Rawat et
al (2016) and higher than that of the values re-
ported for Valley of Flowers NP (2.5+1.7 individu-
als m?) by Kala (2005). The density of Dactylorhiza
hatagirea was within the range (6.7 individuals m?)
reported for Gurez valley, Kashmir Himalaya (0.12-
16.3 individuals m?) by Dad and Khan (2011) and
Protected areas in Himalayan region (0.37-18.0
individuals m?) by Kala (2005), while higher than
that of the values reported for Kumaon region (0.6-
1.1 individuals m?) by Chandra et al (2020), for
Langtang NP (0.2 individuals m?) by Shrestha and
Shrestha (2012) and for Kedarnath WS (3.5 individu-
als m?) by Semwal et al (2007). Similarly, the den-
sity value of Aconitum heterophyllum is within the
range reported for Gurez valley, Kashmir Himalaya
(0.28-1.48 individuals m?) by Dad and Khan (2011,
protected areas in Himalayan region by Kala (2005;
0.23-0.43 individuals m?) and north-central Nepal
by Chapagain et al (2019; 0.5-2.7 individuals m?),
but is on the lower side of the range reported for
Kumaon region by Chandra et al (2020; 0.9-1.5 in-
dividuals m?) and lower than the values reported
for Garhwal Himalaya by Nautiyal et al. (2002; 2.57
individuals m?), in Kedarnath WS by Semwal et al
(2007; 1.4-3.6 individuals m™?) and in Mandakini val-
ley, Garhwal Himalaya by Nautiyal et al. (2002; 1.0-
2.5 individuals m?). However, the density of Jurinea
dolomiaea (1.6+0.2 individuals m?) was higher than
that of Langtang NP (1.2 individuals m?) reported

Zone Sub-tropical Warm Temperate Cool Temperate Sub-alpine Alpine
Sub-tropical 100

Warm Temperate 79.1 100

Cool Temperate 59.1 80.2 100

Sub-alpine 46.3 59.7 82.7 100

Alpine 21.5 36.7 66.4 82.2 100

Table 1. Medicinal plants’ similarity (%) between various climatic zones.
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Species Density Species Density
Ranunculus hirtellus 31.4+2.0 Parochetus communis 3.3+0.5
Taraxacum officinale 16.2+0.9 Parnassia nubicola 3.2+0.2
Plantago major 16.2+2.3 Rumex nepalensis 3.0+0.6
Goodyera repens 11.242.4 Cerastium cerastoides 2.8+0.7
Pedicularis pectinata 9.0+1.7 Primula denticulata 2.5+1.0
Caltha palustris 8.6+2.1 Pedicularis hoffmeisteri 2.3+0.4
Cynanthus lobatus 8.2+0.8 FEuphrasia himalaica 2.3+0.2
Plantago himalaica 7.3+1.6 Bistorta vaccinifolia 2.2+0.1
Geranium wallichianum 7.1+1.1 Pimpinella diversifolia 1.8+0.8
Bistorta amplexicaulis 7.1+2.6 Swertia ciliata 1.8+0.4
Picrorhiza kurroa 6.9+3.2 Jurinea dolomiaea 1.6+0.2
Dactylorhiza hatagirea 6.7 Saussurea auriculata 1.3+0.2
Tanacetum longifolium 6.4+0.5 Morina longifolia 1.2+0.4
Potentilla atrosanguinea 6.3+1.3 Geranium pratense 1.0
Potentilla fulgens 5.8 Senecio laetus 1.0+0.1
Anemone rivularis 5.74¢1.9 Aconitum heterophyllum 0.840.1
Viola biflora 5.4+0.6 Epilobium royleanum 0.7+0.1
Prunella vulgaris 5.1+0.7 Bistorta macrophylla 0.4+0.02
Selinum wallichianum 4.8+0.7 Corydalis cornuta 0.4+0.02
Anemone obtusiloba 4.4 Impatiens scabrida 0.3+0.02
Selinum vaginatum 3.8+0.1 FElsholtzia stroblifera 0.2+0.02

Table 2. Medicinal plant density (individuals m) recorded across the months (May-September; average of 2 years).

by Shrestha and Shrestha (2012), lower than that
of protected areas of the Himalayan region (0.1-2.3
individuals m) reported by Kala (2005), and within
the range reported for Kumaon region (2.7 individu-
als m?) by Awasthi et al (2003).

The high similarity of medicinal and aromatic
plants between the immediate zones and the de-
creasing similarity with increasing elevation could
be due to several factors. Microclimates are more
similar in adjacent, lower-elevation zones with con-
sistent environmental factors like temperature, hu-
midity, sunlight and soil, supporting similar plant
species. Medicinal and aromatic plants requiring
specific conditions, are better suited to lower eleva-
tions due to temperature, oxygen and soil changes
at higher altitudes. The gene flow between species
decreases with altitude, as populations at higher
elevations become isolated and evolve differently.
The plant similarity declines with increasing alti-
tude, as species at higher elevations are more spe-
cialized. The seed dispersal is limited in steep or
variable terrains, reducing plant overlap between
zones. Habitat fragmentation is more pronounced
at higher elevations due to less favourable growth
conditions.

Implications of MAPs conservation in Tungnath region

Intensive livestock grazing in subalpine forests has
led to overgrazing, preventing the regeneration of
medicinal and aromatic plants (MAPs) in Tungnath
region. Continuous consumption by livestock, com-
bined with soil trampling, degrades soil structure and

impedes plant establishment, resulting in the decline
of plant populations. In alpine meadows, increased
foot traffic from pilgrims and tourists, particularly
from shortcuts, exacerbates the problem by causing
vegetation trampling and soil erosion, further hinder-
ing the growth and regeneration of both medicinal
and other native plant species (Appendix 3).

The spread of Polygonum polystachyum, an in-
vasive plant species in the region, intensifies com-
petition for essential resources, further threatening
native plant communities and reducing biodiversity.
Managing this invasive species is crucial for main-
taining the ecological integrity of the region and pre-
serving its native flora. Overharvesting of medicinal
plants, combined with these environmental stress-
ors, poses a significant risk to plant populations and
disrupts local biodiversity. This not only threatens
the viability of traditional medicinal practices but
also undermines the overall health of the ecosystem.
To ensure sustainability, it is crucial to develop poli-
cy and implement guidelines for plant collectors and
traditional practitioners, promoting responsible har-
vesting practices that support the long-term regen-
eration of medicinal plant populations while main-
taining the ecological balance of the region.

Indiscriminate fuelwood harvesting by local
shop owners and migratory herders poses a sig-
nificant threat to the region's vegetation, includ-
ing vital medicinal plants. This practice, coupled
with the area’s sensitivity to climate change, exac-
erbates the depletion of local plant resources, dis-
rupting the delicate ecological balance, especially
in the transitional zones between subalpine forests
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and alpine meadows. Unsustainable fuelwood col-
lection not only endangers the survival of medicinal
plants but also compromises the overall health of
these ecosystems. To mitigate these impacts, it is
essential to promote alternative fuel sources, such
as supply of gas cylinders at a subsidized rate, for
local shopkeepers and to encourage sustainable
harvesting practices among herders. Addition-
ally, implementing sustainable grazing practices,
controlling invasive species, and regulating plant
collection are key strategies for conserving medici-
nal plants in the region. A comprehensive policy
document, developed through collaboration with
local communities, government agencies and con-
servation organizations, is critical for ensuring the
long-term protection of these valuable resources.
By fostering cooperative efforts among stakehold-
ers, we can enhance the resilience of the region's
ecosystems. Protecting medicinal plants is not only
vital for maintaining biodiversity but also for safe-
guarding the region’s cultural heritage and health-
care practices, both traditional and modern.

The conservation of MAPs in the Tungnath
region is threatened by overgrazing, habitat frag-
mentation, invasive species, overharvesting, and
unsustainable fuelwood collection (Appendix 4).
To ensure their sustainability, it is essential to pro-
mote responsible harvesting, sustainable grazing
practices, control invasive species, and collaborate
on policy development with local communities and
authorities. Protecting MAPs is crucial for biodiver-
sity, ecosystem health, and preserving traditional
medicinal practices.
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Appendix 1. a) Danthonia dominated community with Krummholz, b) Alpine meadow dominated by Mixed herbaceous and
Danthonia communities, ¢) Danthonia community on higher slopes, d) Interspersed subalpine forest with krummholz, e) Upper
slopes dominated by Danthonia community, while flat meadow in centre dominated by Polygonum polystachyum and subal-
pine forest in the background and f) ridges (exposed sites) dominated by Danthonia community and furrows (depressed sites)
dominated by krummholz and fore ground is dominated by Polygonum polystachyum.
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Appendix 2

Appendix 2. Important medicinal plants of the study area: a) Picrorhiza kurroa, b) Cypripedium himalaicum, ¢) Rheum
emodi, d) Swertia speciosa, €) Trillium govanianum, f) Satyrium nepalense, g) Aconitum heterophyllum, h) Viola canescens,
i) Nardostachys jatamansi.
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34 Appendix 4
B.S. Adhikari,
R Kumar & S.
Verma

Appendix 4. Tungnath's beauty is fading under the strain of uncontrolled tourism, mule traffic and haphazard developmental
activities, like hotel and shop constructions (top left), uncontrolled sheep and goat grazing by herders in subalpine forest gaps
(top right), camping in forest gaps (middle left), uncontrolled visitation by tourists and pilgrims in pristine alpine meadows
(middle right), wild flower collection by local shopkeepers for sale as well as for show (lower left and right).



