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ABSTRACT

This study documents traditional ecological knowledge (TEK) of the Bhotiya tribe in Mana Village,
Uttarakhand Himalaya, focusing on medicinal plant use and wool dyeing practices. Data were collected
through semi-structured interviews and household surveys with 40 households. A total of 19 plant species
were recorded for healthcare, including digestive, respiratory, pain, and ethnoveterinary treatments.
Preparation methods reflected detailed pharmacological awareness, with cautious use of toxic plants such
as Aconitum atroxstap. f.. Several species, notably Selinum vaginatum and Betula utilis, served dual human
and livestock functions, while others (Valeriana jatamansi, Juniperus communis) were integral to ritual and
cultural practices. Additionally, eight species were identified as natural dye sources for wool, producing
yellow, camel, brown, and red shades. Market analysis (1998–2015) indicated declining sales quantities but
rising rates, reflecting shrinking mainstream demand yet increasing artisanal value. The results underscore
a sophisticated yet endangered TEK system, vital for cultural resilience, biodiversity conservation, and
sustainable livelihoods.
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Introduction

Much of the world’s biodiversity has historically
been safeguarded and sustained by traditional
peoples-societies of hunters, gatherers, herders, fish-
ers and agriculturists-who have managed natural
resources for countless generations. Most living re-
sources of the earth have been utilized over a long
historical period and in many cases, the primary rea-
son biological diversity still exists today is due to
pre-scientific traditional systems of resource man-
agement. These systems embedded within cultural
practicesrepresent the main means by which societ-
ies have maintained ecological balance for millen-

nia. The term indigenous knowledge (IK) is broadly
defined as local knowledge held by indigenous
peoples or knowledge unique to a given culture or
society. A subset of this is traditional ecological knowl-
edge (TEK), which refers to a cumulative body of
knowledge, practice and belief about the relation-
ships of living beings (including humans) with one
another and with their environment, transmitted
across generations through cultural means (Berkes,
1993). TEK is a hallmark of societies with historical
continuity in resource-use practices, often associated
with non-industrial, indigenous, or tribal groups
(Warren et al., 1993).

TEK provides not only factual knowledge of eco-
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logical components and processes but also practices
of environmental use and cultural values, ethics and
philosophies that shape human-nature relation-
ships. It is a culturally developed framework that
integrates belief systems, collective practices and
embodied experiences of people within their envi-
ronments. Importantly, TEK contributes to environ-
mental research, conservation, and natural resource
management by offering complementary insights
alongside scientific approaches. Increasingly, eco-
logical assessments and management policies recog-
nize the importance of integrating TEK with modern
science to improve sustainability outcomes. Glo-
bally, over 370 million indigenous people in about
70 nations have retained cultural, social and eco-
nomic characteristics distinct from dominant societ-
ies (Warren et al., 1993). For these communities cul-
ture functions as both a repository and a vehicle of
knowledge-shaping worldviews, subsistence strate-
gies, social and political organization and religious
practices. It is a dynamic, yet ordered system, con-
tinuously revised and adapted to meet the needs of
human survival and coexistence with the environ-
ment.

In recent decades, however, TEK systems have

experienced significant decline, largely due to com-
mercialization, technological change, population
pressures, breakdown of traditional land tenure,
loss of indigenous control over natural resources,
urbanization and diminishing contact with nature.
This erosion poses risks not only to cultural heritage
but also to the ecological knowledge essential for
biodiversity conservation. Given this context, it is
crucial to examine and document the traditional
ecological knowledge of indigenous groups such as
the Bhotiya tribe of Uttarakhand, particularly in
Mana Village, also known as the “last village of In-
dia.” The Bhotiya have historically relied on tradi-
tional methods in diverse domains, including me-
dicinal plant use, agriculture, wool dyeing, cattle
rearing and animal husbandry. Exploring these
practices highlights the enduring value of TEK in
biodiversity conservation, cultural resilience, and
sustainable livelihoods, while underscoring the need
to preserve and revitalize such knowledge systems
for future generations.

Fig. 1. Map of the study area

Fig. 2. Satellite map of study area

Materials and Methods

Study Area

The study was conducted in Mana Village, located
in Chamoli district of Uttarakhand, India, at an el-
evation of approximately 3,200 meters above sea
level in the Garhwal Himalaya. Situated about 3 km
from the Badrinath temple and close to the Indo-Ti-
betan border, Mana is popularly known as the “last
village of India.” The region experiences long, se-
vere winters with heavy snowfall forcing seasonal
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migration of residents to lower altitudes while sum-
mers allow agricultural, pastoraland artisanal activi-
ties. The village is inhabited primarily by the
Bhotiya tribe an indigenous community historically
engaged in trans-Himalayan trade, subsistence agri-
culture, animal husbandry and wool-based crafts.
These unique ecological and cultural conditions
make Mana an important site for studying tradi-
tional ecological knowledge (TEK) related to wild
plants, pastoralism and textile production.

Sampling Design

Field work was carried out between January 2016
and June 2016. A total of 40 households (approxi-
mately 10% of the village population) were selected
for the survey using stratified sampling ensuring
representation of gender, age, education and occu-
pation (Table 1). In addition, knowledgeable indi-
viduals such as traditional healers, elders, skilled
artisans and experienced herders were interviewed
to capture detailed ecological and craft knowledge.

Table 1. Demographic profile of the study area

Category Number

Total households surveyed 40
Total participants 96
Gender (Male) 52
Gender (Female) 44
Age group 18–30 22
Age group 31–50 46
Age group 51+ 28

Data Collection Tools

Semi-structured Interviews

Semi-structured interviews were conducted with
knowledgeable individuals to document traditional
ecological knowledge and practices related to wild
plants and wool-based activities. Information on
wild plants was collected with reference to their
habitat, purpose of use, availabilityand the specific
parts utilized. In the context of wool dyeing, details
were gathered on plant-based and mineral dyes tra-
ditionally employed, including methods of extrac-
tion and processing as well as seasonal variations
affecting the availability of dyeing resources. For
wool cloth makingthe study recorded practices of
raw wool collection, cleaning, spinning and weav-
ing, along with insights into the cultural significance
of the woven products within the community.

Household Surveys

Structured questionnaires were administered to se-
lected households to document everyday practices
and perceptions related to traditional ecological
knowledge (TEK). The focus was on recording wild
plant knowledge, their distribution and use as well
as understanding the availability of and changes in
natural resources over time.

Plant and Dye Resource Identification

Plant specimens cited for food, medicine and dyeing
were collected during seasonal visits. Identification
was carried out using regional floras (e.g., Gamble,
1957). Wool dyeing samples were categorized based
on natural resources (plants, roots, bark, leaves,
minerals) and dyeing techniques.

Data Analysis

Qualitative data from interviews were transcribed
and coded thematically. Quantitative data such as
frequency of species citation and percentage of
households involved in wool-based practices were
analyzed using descriptive statistics. Free-listing
methods were applied to assess the salience of wild
plant species and dye resources (Newing et al.,
2011). Weaving and dyeing practices were analyzed
for their cultural significance, ecological
sustainability and continuity of knowledge trans-
mission.

Results and Discussion

The ethnobotanical survey documented 19 medici-
nally and culturally significant plant species that
continue to play a central role in local healthcare,
livestock management, and ritual practices. These
plants were associated with a wide spectrum of
therapeutic uses, particularly for digestive ailments,
respiratory problems, pain management, injuries,
and veterinary care, alongside dietary and cultural
functions.  Digestive disorders such as stomach
ache, gastric discomfort, dysentery, and constipation
emerged as the most frequently addressed health
concerns.

Remedies were prepared from species like Aconi-
tum heterophylum (Atees/Atis), Picrorhiza kurrooa
(Katuki/Kutki/Kedar), Berginiaciliate (Silfadu/Silfori),
Angelicaglauca (Chorui/Ghandrayani),and Allium
stracheyi (Jambu).Common methods included soak-
ing roots overnight in water, consuming decoctions,
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or preparing pastes with warm or cold water. Such
practices highlight the detailed knowledge embed-
ded within traditional ecological knowledge (TEK),
where the mode of preparation and dosage deter-
mines efficacy and safety. For instance, Aconitum
atroxstap.f. (Meetha Jad) is known to be highly toxic in
excess but serves as a potent painkiller when admin-
istered in controlled amounts, reflecting the phar-
macological sophistication of local healers (Kala
2005; Ballabh et al. 2007).Respiratory ailments such
as cough, cold, and breathing difficulties were man-
aged using Saussureacostus (Kut), Thymus serpyllum
(Van-ajwain), and Origanum unlaara (Van-Tulsi).
These were typically boiled with tea or consumed
by chewing dried roots, echoing reports from other
Himalayan regions (Kunwar et al., 2010).

Several species demonstrated dual applications
in human and veterinary medicine, underscoring
the pastoral context of the community. Selinum
vaginatum (Buthkesh) was used to neutralize tea
acidity, applied as a wound-healing paste, and
smoked to stimulate lactation in cows. Betula utilis
(Bhujlees) was applied to human wounds, fed to
livestock for healing, and culturally believed to repel
snakes. This overlap of ethnoveterinary and human
medicinal practices has also been observed in Nepal,
Ladakh, and Uttarakhand (Samant &Palni 2000,

Uprety et al. 2010).In addition to medicinal func-
tions, many species played roles in rituals, wool
dyeing, and dietary practices. Valeriana jatamansi
(Masi), Valeriana hardwickii (Tagar/Bhitara), and
Juniperus communis (Surangi/Bala) were widely used
in incense preparation for religious ceremonies such
as Hawan and Sangrand. Culinary herbs like Carum
carvi (Kala Jeera), Allium stracheyi (Jambu), and An-
gelica glauca were valued for seasoning and preser-
vation. Nardostachysjatamansi (Balchad) was applied
for hair care and dandruff control, reflecting integra-
tion into personal and household wellbeing.

Overall, the results demonstrate that the commu-
nity maintains a sophisticated and adaptive ethno-
botanical system, blending curative, preventive, vet-
erinary, dietary, and ritual functions. However, con-
sistent with previous Himalayan studies, knowl-
edge transmission is increasingly limited to elder
members of society (Kala, 2005; and Kunwar et al.,
2010). This underscores the urgency of systematic
documentation, both for its contribution to pharma-
cological research and for safeguarding the
biocultural heritage of the Himalaya.

In addition to medicinal and ritual roles, the com-
munity demonstrated detailed knowledge of plant-
based dyeing techniques, traditionally employed
for wool processing. The following plants and their

Table 4. Quantity  and price of dye used in wool dying

Colour Quantity Sold Quantity Sold Quantity Sold Rate Rate Rate
(kg/year)  (kg/year)  (kg/year)  (Rs/kg) (Rs/kg)  (Rs/kg)

1998 2001 2015 1998 2001 2015

Black 100 30 17 200 300 390
Maroon 50 30 15 200 300 390
Yellow 25 10 8 250 400 520
Pink 25 5 4 250 400 520
Violet 25 5 4 250 400 520
Green 25 5 4 250 400 520
Sky Blue 25 10 8 250 400 520
Navy Blue 25 5 4 250 400 520

Table 3. Plants used for wool dying in the study area

Plant species Local name Part used Colour produced

Rheum nobile Kukhuniya Root Yellow
Rheum australe Dolu Root Yellow
Juglans regia Akhor Fruit cover Camel
Corylus jacquemontii Kasni Fruit cover Camel
Rheum moorcroftianum Achu Root Yellow
Berberis spp. Kringh Root Yellow
Geranium nepalense Ratanjot Root Red
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parts were identified as sources of natural dyes
The data reveals a diverse palette of natural dyes,

ranging from yellow, camel and brown to red, with
roots and fruit covers being the dominant plant
parts utilized. These plant-derived dyes were tradi-
tionally employed for coloring wool, which was
then spun and woven into culturally significant
products such as shawls, blankets and carpets. Sea-
sonal variations in the availability of dye plants in-
fluenced the intensity and stability of colors, requir-
ing skilled timing and ecological awareness from
local artisans

Discussion

The use of natural dyes illustrates a strong link be-
tween ecological knowledge, livelihood practices,
and cultural identity. Yellow shades derived from
Rheum species and Berberis spp. was particularly
common, reflecting the widespread availability of
these roots in the Himalayan landscape. The use of
Juglans regia and Corylus jacquemontii fruit covers for
camel-colored wool highlights resourcefulness in
utilizing by-products of food plants, thereby reduc-
ing waste.Comparisons with earlier studies from
other Himalayan regions suggest a shared repertoire
of dye plants, especially Rheum australe and Berberis
spp., which are also reported as dye sources in

Himachal and Nepal (Kala, 2005; Uprety et al., 2010).
However, locally unique practices, such as the use of
Geranium nepalense roots to produce red dye, dem-
onstrate community-specific adaptations. Beyond
aesthetics, dyed wool carried social and cultural sig-
nificance. Distinct shades were associated with iden-
tity markers and festive occasions, while the act of
wool dyeing itself was embedded in community
cooperation, with knowledge often transmitted
through women artisans. The reliance on natural
dyes further underscores the sustainability of tradi-
tional textile practices, especially in contrast to syn-
thetic dyes, which have ecological impacts.

Overall, the wool dyeing traditions highlight how
traditional ecological knowledge (TEK) extends be-
yond medicine into crafts, textiles, and cultural sym-
bolism. Yet, as with medicinal knowledge, these
practices face erosion due to declining transmission
among younger generations and increasing reliance
on synthetic materials. Documentation and revival
of natural dyeing practices could therefore contrib-
ute not only to cultural preservation but also to sus-
tainable textile innovation.

The analysis of wool colour sales and rates be-
tween 1998, 2001, and 2015 demonstrates clear
trends in both market demand and pricing patterns
(Table 3 and Figure 2).

Fig. 3. Wool colour sales and rates trends
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Sales Quantity Trends

Overall, the quantity of wool colours sold declined
consistently between 1998 and 2015. For instance,
black wool dropped from 100 kg/year in 1998 to
only 17 kg/year by 2015. Similarly, maroon declined
from 50 kg/year to 15 kg/year, and coloured variet-
ies such as pink, violet, green, and navy blue de-
clined from 25 kg/year to just 4 kg/year by 2015.
The relatively better-performing colours were yel-
low (25 kg/year to 8 kg/year) and sky blue (25 kg/
year to 8 kg/year), though both also reflected sig-
nificant reductions. Such declining consumption of
naturally dyed wool colours aligns with global re-
ports of reduced demand for traditional handloom
and natural dye products in the face of synthetic al-
ternatives (Bhuyan et al., 2018; Singh and Pant,
2013).

PriceTrends

In contrast to sales quantities, rates per kilogram in-
creased sharply over the same period, reflecting
both inflationary trends and the niche market value
of naturally dyed wool. For example, yellow, pink,
violet, green, and sky blue colours rose from Rs.
250/kg in 1998 to Rs. 520/kg in 2015, while black
and maroon increased from Rs. 200/kg to Rs. 390/
kg in the same period. This indicates that while
overall demand for such wool has decreased, the
market price has appreciated significantly, possibly
due to its positioning as a specialized, artisanal
product valued for its cultural and ecological signifi-
cance.

The results suggest a paradox: declining house-
hold and market use of naturally dyed wool prod-
ucts despite rising unit value. This can be attributed
to two major factors:
1. Competition with synthetic dyes -Synthetic

wool products, cheaper and more consistent in
colour, have largely displaced natural dye-
based products (Bhuyan et al., 2018).

2. Changing consumer preferences and reduced
transmission of artisanal skills -Younger genera-
tions show less engagement with wool dyeing
and weaving, leading to shrinking production
bases (Kala, 2005).

Nevertheless, the rising rates reflect the persis-
tence of a niche demand for naturally dyed prod-
ucts, often linked to cultural heritage markets, eco-
conscious consumers, and tourism-based econo-
mies. Similar dynamics have been reported in other

Himalayan communities where natural dye-based
wool continues to survive as a symbolic, rather than
mainstream, livelihood activity (Singh and Pant,
2013; Uprety et al., 2010).

Summary

This study documented the traditional ecological
knowledge (TEK) of the Bhotiya tribe in Mana vil-
lage, Uttarakhand Himalaya, focusing on medicinal
plant use, ethnoveterinary practices, ritual func-
tions, wool dyeing techniques, and market trends of
naturally dyed wool. A total of 21 medicinally and
culturally significant plant species were recorded,
associated with diverse uses for digestive disorders,
respiratory problems, pain management, injuries,
and livestock care. Several plants such as Aconitum
heterophylum, Picrorhizakurrooa, and Berginiaciliate
were central to household healthcare, while others
like Selinum vaginatum and Betula utilis demon-
strated dual applications in human and veterinary
medicine. Ritual and spiritual practices prominently
employed species such as Valeriana jatamansi,
Valeriana hardwickii, and Juniperus communis. The
community also retained detailed knowledge of
wool dyeing traditions, with eight plant species
identified as sources of natural dyes producing yel-
low, camel, brown, and red shades. Analysis of wool
colour sales (1998–2015) revealed a consistent de-
cline in demand despite a sharp rise in market rates,
reflecting the challenges of competition with syn-
thetic dyes alongside the persistence of niche heri-
tage-based markets.

Conclusion

The findings highlight that the Bhotiya community
of Mana village continues to maintain a sophisti-
cated and adaptive ethnobotanical system, balanc-
ing healthcare, pastoral needs, dietary uses, spiritual
rituals, and artisanal textile practices. However, as
in other Himalayan regions, such knowledge is in-
creasingly confined to elder generations, with
younger community members showing limited in-
volvement in medicinal and craft practices. This ero-
sion of TEK underscores the urgency of documenta-
tion, revitalization, and integration into modern con-
servation, sustainable development, and livelihood
frameworks. Promoting value addition through eco-
labelling, cultural tourism and linking natural prod-
ucts to sustainable markets may help counteract
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declining household reliance on traditional prac-
tices. Furthermore, collaboration between indig-
enous knowledge holders and scientific institutions
could strengthen both biodiversity conservation and
cultural heritage preservation in the Himalaya.
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