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Abstract

Background: The ethnic groups in Gilgit-Baltistan have been utilizing local resources in their centuries-old traditional

healing system. Most tribes within these ethnic groups still rely on traditional healing systems. We aim to understand

the current status, uses, and abundance of medicinal plants, associated traditional knowledge, and trade.

Materials and methods: The study incorporated over 300 local community members (70% men and 30% women) in

focused group discussions, semi-structured interviews, and homework assignments for 8th to 12th grade students to

document traditional knowledge (TK) in six districts in Northeast Pakistan. We calculated various indices such as

informant consensus factor, use value, relative frequency of citation, and CoKriging. These indices, along with

repetitively used medicinal plants, were used to analyze differences in studied locations.

Results: Most of the community members still rely on traditional medication in the study areas. However, we found

the highest number of medicinal plants used in Skardu and Gilgit compared to other districts and these two districts

also represent trade centers and a highly populated area regarding medicinal plants. Results indicate connection

amongst the surveyed villages signifying mixing of knowledge from different sources, with certain areas more

influenced by traditional Chinese medicine and others more by Ayurveda and Unani.

Conclusion: TK is mostly retained with elder community members; however, those directly linked with market value

chain retain rich knowledge on traditional use of the medicinal plants from the region. Major trade centers in the

region also coincide with a high density of medicinal plant occurrence, knowledge, and higher utilization. Therefore,

with the increasing trade in medicinal plant in the region, there is potential for rejuvenation of this knowledge and of

plant use in the region.
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Introduction
Gilgit-Baltistan, the northeast mountainous region of

Pakistan, is outstanding for its rich ethnic diversity [1–

3]. This region is situated in a strategic geographical lo-

cation that is important as a part of the ancient silk

route and its position along the China-Pakistan Eco-

nomic Corridor [3–5]. For centuries, knowledge ex-

change has occurred between indigenous dwellers and

migrants and peddlers from the southern, northern,

and western parts of Asia. Besides, the region is one of

the important plant areas in the Himalaya, Karakoram,

and Hindukush (HKH) landscape [6–12]. In the epoch

of Anthropocene, as for other parts of the world, this

region also experienced problems due to human popu-

lation growth and associated land use transformation

that severely affected both important species and the

wider ecosystem [13–15]. Still natural resources, espe-

cially plant diversity, are very significant for ethnic

communities in this mountainous landscape [10, 14, 16,

17]. Plants are the source of energy and food, a building

material for houses, and a main component of the

health care system as folklore medicine [18–27].

There are about 600 species of flowering plants in

Pakistan that are utilized as medicinal plants and around

500 of these have global significance and studies available

[9, 16, 28]. Around 50,000 traditional healers and informal

Pansaris (retailers) are registered in Pakistan who fre-

quently utilize and sell 400–600 plants species for their

medicinal, cultural, traditional, and spiritual benefits [29–

31]. Gilgit-Baltistan, with above 300 reported species of

MAPs, is a hotspot for medicinal plants and their

utilization in Pakistan [9, 12–14, 16, 27, 30, 32–41]. With

seven districts and an ideal mountainous landscape, this

region is naturally suitable for high-value medicinal plants.

The local communities have been utilizing this resource

for many generations [9, 12, 15, 33, 36, 42–45]. Several re-

searchers have previously documented traditionally used

medicinal plant from different districts in this region.

Shedayi and Gulshan (2012) and Shedayi et al. (2014) in

Ghizer district; Khan et al. (2013) and Akhtar et al.

(2016) in Hunza; Bano et al. (2014) in Skardu; Khan

and Khatoon (2007) and Fahad and Bano (2012) in Gil-

git; Abbas et al. (2016) in Baltistan and the contribu-

tions of Hussain et al. (2011), Khan et al. (2011),

Qureshi et al. (2006), and Ali et al. (2017) are important

and noteworthy for the documentation of plant species

used locally for medicinal purposes besides reporting

on the modes of their uses and diseases targeted/cured

through traditional herbal practitioners.

In addition to the utilization of medicinal plants in the

traditional healing system, trade in herbal raw material and

product is not new in the area. As this region serves as an

ancient trade route that connects south Asia with China,

Central Asia, and West Asia; trade in medicinal plants and

exchange of traditional healing knowledge is very

likely. For instance, archeological studies reveal the

influence of cultural incursions from the Indian

subcontinent, China, Scythia (Eurasia), Transoxiana

(Uzbekistan, Tajikistan, southern Kyrgyzstan, and

southwest Kazakhstan), and Ancient Greece, amongst

others on traditional medicinal system [3, 46]. Before

the introduction of Islam, the communities in Gilgit-

Baltistan were predominantly practicing Buddhism [3,

46–50]. The region is recognized for its contributions

towards survival and expansion of Ayurveda during

the British regime [51]. Hakim Ajmal Khan is a fam-

ous Indian physician who worked for the revival of

Ayurveda and Unani systems during the British era by

establishing an Ayurveda and Unani medical college

and a pharmaceutical company besides continuing

with his own clinical practice of the systems [52]. Be-

fore the region completely came under Dogra Raj of

the Kashmir State, Hunza, Gilgit, Nagar, and Ghizer

mainly remained under Chinese influence, whereas

Skardu, Astore, Ghanche, and Diamer remained under

Tibetan influence [3, 46]. Recently, with development

of the Karakoram Highway (KKH) and China-Pakistan

Economic Corridor (CPEC) that follow the ancient

Silk Routes [3, 50] in the region, this area has become

important junction of trade.

Our research provides the first comparative study for

six districts of Gilgit-Baltistan where the influence of

Chinese, Ayurveda, Unani, and Tibetan healing systems

on folk knowledge has been observed. Traditional

knowledge of medicinal plants is often socially inte-

grated through communal learning and intercultural

exchange. Medicinal plants in mountainous terrain are

known for their distribution in elevation corridors or

endemism to a particular locality. We therefore aim to

explore the richness of traditional knowledge of medi-

cinal plants, their uses, distribution, and trade in the

mountainous region of Gilgit-Baltistan, learn about the

knowledge exchange between the old and young gener-

ation as well as amongst different communities and lo-

calities of the region, and how medicinal systems like

Chinese, Ayurveda, Tibetan, and Unani influenced the

use of traditional medicine system in the region. We

also explore the possible factors behind the general de-

cline in knowledge about medicinal plants, yet the con-

tinued use of traditional medicine for treatment of

different diseases and how the current markets and

market players supplement this phenomenon. We take

an inventory of these plants, their use value, and local

importance at a regional level and current markets. We

also look at how these factors and the influence of dif-

ferent medicinal systems in the region compliment the

transfer of knowledge to younger generations and

across different ethnicities and locations in the region.
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Materials and methods
Study area

Gilgit-Baltistan is located in the far north of Pakistan, with

Afghanistan to the north and west, China to the north

and east, and India to the south [8]. The seven districts

are spread over an area of 72,496 km2. The region is rug-

ged and mountainous, located amongst three of the high-

est mountain ranges—the Himalayas, the Karakoram, and

the Hindukush (HKH) and home to the largest number of

glaciers outside the polar region [36, 53, 54].

The study was focused on Gilgit, Hunza, Nagar, Ghi-

zer, Skardu, and Astore Districts of Gilgit-Baltistan.

The residents are divided into sub-groups based on

their origin as well as their ethno-linguistic clustering

(Fig. 1). Yashkun, Sheen/Shinaki, Wakhi (those who mi-

grated from Wakhan), Burushos, Dom, Brokpa, and

Balti are the main tribes of the area; some Kashmiris,

Kohistani, Mongols, Mughals, Rajas, Pathans, Gujar,

Soniwal, Mon, Hor, and Kashgari also reside here [35,

55–60]. The majority of Gilgit-Baltistan is sparsely pop-

ulated with these tribes, but Ghizer is dominated by

Burushos; Gilgit, Hunza, and Nagar have Burushos, Sheen,

and Yashkun; Diamer and Astore are majorly populated by

Sheen, Yashkun, and Kohistani communities; and Skardu

and Ghanche are predominantly Mon, Hor, and Mongols

[60, 61]. The languages spoken by Burushos, Sheen, and

Yashkun are Shina, Burushaski, Wakhi, and Khowar (only

Ghizer and parts of Hunza) while the Mongols, Mon, and

Hor speak Balti [9, 38, 60, 62].

Communities in Gilgit-Baltistan are dependent on

agricultural resources and live close to the forest area

(Fig. 1). Land cover changes, lack of resource manage-

ment and sustainable harvesting policies, and political

interests at massive scale in the HKH and Pamir moun-

tain ranges have severe and long-lasting impacts on the

region [63–66]. Medicinal plants and traditional medica-

tion have been used for generations for curing different

diseases [34, 36, 63, 67]. Since opening of KKH in 1982

[4], markets for local products started to develop, thus

exerting pressure on natural resources [33, 68].

Ethnobotanical survey

The study was carried out from January 2017 to May

2018, during which 300+ local community members

Fig. 1 Area map showing vegetative cover, settlements, center of major ethno-linguistic clusters, and surveyed areas in Gilgit-Baltistan
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were approached via focused group discussions (FGDs),

semi-structured interviews, and homework assignments

for 8th to 12th Grade school and college students. The

participants included men and women community

members, local traditional health practitioners (THPs),

community elders, and wholesalers and retailers of me-

dicinal plants. Following the snowball sampling meth-

odology [69–74], a total of 15 FGDs and 240 individual

interviews were conducted for data collection. Sixty

students were provided with a set of questionnaires to

reach their families and understand what kind of

plants/herbal remedies are used in the families and how

traditional knowledge is preserved within a family. This

method was tested in Nepal and was quite effective to

document traditional knowledge [75]. Prior permission

and consent for data collection and publication was ob-

tained from all the participants. The homework assign-

ments for school students were administered under the

supervision of concerned class teachers. Data on age

and gender was also acquired from the participants.

These methods resulted in data covering an ethno-

botanical inventory of plants, part used, therapeutic util-

ities, the location and timing of acquiring the resource,

and the existing markets with trade opportunities. The ini-

tial taxonomic identification of medicinal plants was done

by a taxonomist in the field [76–78] and by cross-referen-

cing photographs, voucher specimens, and the local name

of species with previously available material and literature

from the study area [9, 35, 41, 79, 80]. Information on

local names of plant species, and parts of the plant utilized

for different medicinal purposes was recorded. Collected

specimens were mounted on herbarium sheets and identi-

fied by the taxonomists in the Karakoram International

University. The voucher specimens were authenticated

through the plant list (www.theplantlist.org), tropicos

(www.tropicos.org), and flora of Pakistan (www.eflora-

s.org) and deposited in the herbarium of the Karakoram

International University.

Quantitative analysis

We regressed age of participants against the number of

species reported by respective age group and people en-

gaged in the trade of medicinal plants during the survey

to understand TK in the region. We used CoKriging

method [81] to interpolate the number of species re-

corded and used in various medical conditions from the

surveyed locations to recognize section of highest me-

dicinal plant use in the region. Kriging is an advanced

geostatistical procedure that generates an estimated

surface from a scattered set of points with z values.

CoKriging is multivariate extension of Kriging method

that uses information from one or more correlated vari-

ables measured in the same range. This method is use-

ful in mountainous areas with rugged terrain. This

method has been tested and used in tree richness map-

ping, abundance mapping, and recognizing areas at

high risk of species invasion [81–83].

We calculated quantitative measures like informant

consensus factor (ICF), use value (UV), and relative fre-

quency of citation (RFC) for medicinal plants based on

208 illnesses categorized into 29 ailment groups from each

district in the survey. The illnesses were categorized based

on a particular part of the body affected or particular ill-

nesses for multiple parts of the body. For example, all

kinds of skin illnesses were categorized under skin infec-

tions while diseases related to stomach and intestinal dis-

orders were grouped into stomach and intestine category

(further detail is available in Additional files 1, 2, 3, 4, 5, 6,

7, 8, 9, 10, 11, and 12). A brief description of the quantita-

tive measures is provided below:

Informant consensus factor (ICF)

The ICF was calculated to find a consensus between

participants on the reported treatments for each set of

diseases [79, 84, 85]. ICF was calculated using given

formula [79, 86, 87];

ICF ¼
Nur−Ntð Þ

Nur−1ð Þ

where Nur indicates the number of use reports for a

specific disease category and Nt mentions the number of

taxa used for the disease category.

Use value (UV)

Use value determines the quantitative measure for rela-

tively important local plant species [78, 87–89]. The use

value is calculated using the following formula:

UV ¼

P
Ui

N

where∑Ui is the total number of use reports for a given

species and N is the total number of participants

inquired for the species.

Relative frequency of citation (RCF)

Ethno medicinal data was quantitatively analyzed using RFC

which indicated the local importance of medicinal species.

The RFC was calculated using given formula [87, 89, 90]:

RFC ¼
FC

N
0 < RFC < 1ð Þ

where FC is the number of participants reporting on the

use of a plant species and N is the total number of par-

ticipants in the survey.
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Discriminant analysis (DA)

We used discriminant analysis to delimit the geograph-

ical differences of the ethnobotanical knowledge using

quantitative measures (viz. UV and RCF), highly used

species, and number of treatments. Discriminant func-

tion analysis or discriminate analysis (DA) determines

naturally occurring groups and the variables responsible

for segregating amongst them [91–93].

Results and discussion
Demographic features of the participants

More than 300 participants including 70% men and 30%

women were interviewed during the survey (Fig. 2). The

Yashkun, Sheen/Shinaki, Burushos, Wakhi, and Balti

communities approached during the survey possessed

good knowledge on medicinal plants use. Although these

tribes maintain individual identities representing differ-

ent parts of the mountainous region, the cross-cultural

interactions have led to the growth and diversification of

the traditional knowledge. The results from FGDs, HH,

and market surveys revealed that regardless of ethnicity,

THPs and retailers retain a significant level of informa-

tion on the medicinal plants of the region, the locations

from where the plants can be acquired and the ailments

they can be utilized for. Although the participants from

the community and THPs provided more extensive in-

formation than the retailers, when it came to the ques-

tion of how to use a certain plant as medicine, the

retailers had ample information to share on a higher

number of medicinal plants and their general uses (Fig. 3

Fig. 4a). We found that participants above 50 years of

age had significant traditional knowledge regarding

utilization of medicinal plants. This was evident from

the number of species and their uses reported per inter-

view where a higher number of species was reported by

participants above 50 years of age. Our results from the

linear regression (R2 = 0.65; p < 0.0001) also revealed

that number of species reported increase with age of the

participant (Fig. 4b). The students responding to home-

work assignments mostly brought information from

women representatives of the household, thus providing

relevant information on which plant species are kept at

home and used for treating common sicknesses.

Taxonomic diversity

We documented a total of 231 species representing 141

genera and 61 families (Table 2). Compositae was the

most dominant family with 30 (12.9%) species reported,

followed by Leguminosae, Lamiacceae, Rosaceae, Polygo-

naceae, Ranunculaceae, Salicaceae, Apiaceae, and Ber-

beridaceae, with 16 (6.9%), 15 (6.5%), 15 (6.5%), 14 (6.1),

10 (4.3%), 10 (4.3%), 9 (3.9%), and 9 (3.9%) species, re-

spectively. In total, 208 diseases were treated with docu-

mented species. The herbaceous flora accounts for 64%

of the total reported species followed by shrubs at 20%,

trees at 13%, and grasses at 3% (Fig. 5). Figure 6 repre-

sents the percentages of uses of different parts of the

medicinal plants (further detail is available in Add-

itional files 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 where a

comprehensive list of species is provided besides the dis-

trict level analysis).

During the survey, the participants revealed that medi-

cinal plants are acquired from special locations and at a

specific time, i.e., during a FGD in Upper Hunza (Gojal),

the participants mentioned that medicinal plants are

found both at the village and in pastures, yet the plants

from pastures are used for medicinal purposes as those

found in villages are not considered effective for medica-

tion. This needs to be scientifically verified from the field

Fig. 2 a Comparison of medicinal plant species highest occurrence and uses in Gilgit-Baltistan region. b Linear regression showing relation of

age and number of plant species reported. Legend TK = participants and Trade = retailers and traditional healers
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area, yet cases of same plant species presenting different

chemical traits has been a known fact [94, 95].

Occurrence and markets for medicinal plants in Gilgit-

Baltistan

Interpolated results revealed that the utilization as well

as high occurrence of medicinal plants is mainly con-

centrated in two locations (Fig. 7). Valleys from Skardu,

Gilgit, and Ghizer are reported for the highest number

of medicinal plants and their uses. There are no formal

markets for medicinal plants in the region [35]. Gilgit

and Skardu being the main business hubs serve as main

markets for wholesale, retail, and purchase of medicinal

plants. Besides, small amounts of the medicinal plants

are supplied to bigger markets in Rawalpindi and La-

hore by the wholesalers. The market players reported

Skardu, Astore, and Gilgit districts as the main sup-

pliers of medicinal plants as well.

Participants from the market revealed that most of the

large herbal medicine production companies in Pakistan

rely on raw materials from Indian Territory representing

the same region across the border. Although a clear per-

centage of product flow was not known, during the mar-

ket survey, the participants mentioned that the current

markets for locally available plants are limited to the small

town market centers and partly target markets in big cities

like Rawalpindi (10%) and Lahore (10%) with meager

shares moving out across the border to China (1–2%).

The participants emphasized the involvement of govern-

ment agencies for sustainable promotion, collection, and

utilization of diverse plant resources in the region.

According to the retailers in Gilgit-Baltistan, Thymus

linearis, Delphinium brunonianum, Bergenia stracheyi,

Saussurea heteromalla, Saussurea lappa, Carthamus

tinctorius, Peganum harmala, Rheum emodi, Mentha

longifolia, Mentha arvensis, Valeriana wallichii, Ber-

beris lyceum, and Elaeagnus rhamnoides account for

the most demanded and utilized species. Although

most of the customers were aware of the uses, the re-

tailers had significant knowledge of the plant species

they sold. Our survey results revealed that there is a

large group of locals in Gilgit-Baltistan who rely on

Fig. 3 Section of the highest use and occurrence of medicinal plants and uses in Gilgit-Baltistan region

Fig. 4 Grouping survey sites in Gilgit-Baltistan based on the medicinal plants and their use reports
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traditional medicine, yet these practices and the know-

ledge associated with them is rapidly depleting from

the region. All the participants included in the survey

had used medicinal plants for treating a medical condi-

tion at least once in their life. 79.5% of participants re-

ported a transfer of knowledge from family elders. Out

of these, 48% were above 50 years, 38% above 40 years

while only 13% were below 40 years of age. 29.1% re-

ported learning from community elders, of whom 64%

were above 50 years, 32% above 40 years and only 3%

below 40 years. 15.6% reported that they had acquired

knowledge through interaction with other people, in-

cluding THPs, plant collectors, and traders from other

communities that include 87% above 50 years and 13%

above 40 years. 20.1% were not aware of any treatments

through medicinal plants which included only 4 and

26% participants above 50 and 40 years of age respect-

ively while 70% of these participants fell below 40 years

of age. Our results clearly indicate that the main source

of knowledge transfer rests within the family. Yet only

13% of participants below the age of 40 confirmed that

they had received such knowledge from within the fam-

ily. Traditional healers in the community are experts in

recognizing and collecting medicinal plants while other

community members are not fully aware of the exact

timing for collection. This is one of the main reasons

why knowledge transfer is mainly through family elders

as family secrets are not shared with outsiders. This

Fig. 5 Details of the age and gender of participants of survey

Fig. 6 Age groups of participants, and the average number of species reported from different age group and retailers
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allows the family to practice special medicinal remedies

as well as retain a good image as regular suppliers to

the wholesalers, retailers, and THPs in the region. The

gradual expansion of trade and an increasing demand

for medicinal plants in and outside the region has a

positive impact on knowledge sharing. Most of the sup-

pliers involved in the supply chain of medicinal plants

represent the age group 40–60 which raises great con-

cern for the future. Those representing the younger age

group are either not collecting proper plants at the

proper time or are too keen on gaining more financial

benefits, thus not taking long-term conservation into

account while collecting. This ever increasing gap be-

tween the young and old generation is affecting the

knowledge transfer mechanism, in combination with

over-exploitation and lack of conservation strategies,

and the impacts of climatic changes. Such issues have

also been observed in other studies [9, 30, 34, 42].

Informant consensus factor (ICF)

The ICF analysis was done separately for each location

in order to assess a clearer picture on which diseases

stand out at each location and how many plant species

are utilized for their treatment. Table 1 includes the

ICF values for diseases divided into 29 disease categor-

ies from each of the study locations. The table indicates

that stomach and intestinal disorders, respiratory disor-

ders, skin infections, internal and external wounds, pain

relief, ear, nose and throat disorders, hepatitis, and live-

stock diseases were the top disease categories reported

from all the field sites during the field study. Most of

the ailment categories were reported with a high ICF

value based on the number of species and their usage

reports. This is an indication of homogeneity in re-

sponses of the participants from each of the study sites

in terms of the medicinal plant species and the modes

of their use for addressing a particular disease. The re-

sults from ICF values clearly indicate that diseases re-

lated to stomach and intestinal disorders; respiratory

disorders especially asthma; skin infections; and ear,

nose, and throat infections were most common dis-

eases, which is also supported by various publications

[13, 18, 41]. Besides, the communities generally rely on

medicinal plants for treating different kinds of internal

and external wounds [10, 13, 18, 39, 41]. It is also evi-

dent that community members owning livestock hugely

depend on traditional mode of medication [38].

Relative frequency of citation (RFC) and use value (UV)

The RFC and UV values for each plant species were

calculated in order to validate the frequency of citation

for the species used for different ailment categories.

The values were calculated at district level in order to

authenticate the local frequency of use. The RFC value

is used for verifying the use of a medicinal plant species

for different diseases while the UV value is an indica-

tion for the relative importance of these species in a

particular population [78]. The highest RFC value from

all the sites was calculated for Dracocephalum nurista-

nicum Rech.f. & Edelb. (0.7) followed by Cupressus

sempervirens L., Prunella vulgaris L., and Potentilla

argyrophylla Wall. ex Lehm., averaged at 0.47 each in-

dicating that these species were highly reported by the

participants of the study. RFC directly depends on the

Fig. 7 Habitat/life form of species reported during the survey
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number of participants mentioning use of a particular

plant (FC); therefore, the abovementioned plants were

very commonly used in the study area. The UV values

for Amaranthus viridis L. (0.33), Artemisia herba-alba

Asso (0.28) and Astragalus zanskarensis Bunge (0.25),

and Aconitum violaceum Jacquem. Ex. Stapf (0.25) were

the highest averaged from the field sites. The results in-

dicate the usage and reliance on medicinal plants for

treatment of multiple diseases. Such reliance on medi-

cinal plants in both humans and livestock are reported

from the region [9, 16, 18, 30, 34, 38, 41]. Table 2 in-

cludes a list of reported species from all the six districts

of Gilgit-Baltistan with their local names, parts used,

mode of their utilization, the average values for RFC

and UV, number of ailment categories addressed, and

the number of uses reported for each of the plant spe-

cies. Area wise details for each of these species is pro-

vided in Additional files 2, 3, 4, 5, 6, 7, 8, and 9 while

the detailed list of diseases categorized in 29 ailment

categories is provided in S12.

Medicinal systems and affiliations

This region has already witnessed invasion by different

cultures and practices [3, 46–51]. The passes created by

the Indus River system in Hunza, Shigar, Shyjok, Ghi-

zer, Gilgit, and Astore valleys served as the main travel

routes for such invasions and exchanges as Gilgit got

its famous name “gate to India” [3]. This region wit-

nessed influence from Chinese, Tibetan, ancient Indian,

and Unani systems [3, 46]. This influence was reflected

during the field survey while recording the uses and

modes of use of medicinal plants.

Fifty percent of the participants were able to answer

the question related to influence of medicinal systems

on the indigenous knowledge existing in the region;

where 28% referred to Chinese influence, 23% chose In-

dian subcontinent while 18 and 14% selected Scythian/

Transoxianan, and ancient Greek influence on the trad-

itional medicinal system. It is worth mentioning that

41% of these participants referred to a mix of at least

two of these systems in the current traditional medi-

cinal system. Most of the participants from Astore and

Skardu mentioned Indian subcontinent followed by

Scythian/Transoxianan and ancient Greek influence

while participants from Hunza, Nagar, Gilgit, and Ghi-

zer ranked Chinese influence on top followed by Indian

subcontinent, Scythian/Transoxianan, and ancient

Greek. The market players on the other hand opted for

a mix of all these systems together as they deal with

customers from the whole region and are exposed to all

medicinal systems prevailing in the region. Another

reason for a mixed system described by the market

players is the fact that these markets were traditionally

placed at regional centers, thus were exposed to THPs

representing different systems. Their experiences with

these THPs and fulfilling their demands made them ac-

quire traits from all the systems. Although a clear

boundary could not be drawn between these systems, it

is likely that medicinal practices in Hunza, Nagar, Ghi-

zer, and Gilgit were influenced by traditional Chinese

medicine (TCM) system while the remaining part of

study area was dominated by a mix of Ayurveda and

Unani systems.

Discriminant analysis (DA)

Discriminant analysis revealed that Astore was distinct

from other surveyed areas whereas some overlap can be

observed in other surveyed areas (Fig. 8). Gojal showed

similarity with Skardu and Kargha, while Jalalabad showed

few similarities with Kargha and Hunza. Hunza, Nagar,

and Ghizer showed very similar traits while sharing few

similarities with Skardu, Kargha, and Jalalabad. This ana-

lysis mainly considered top 10 medicinal plants used and

the parameters calculated from each location. This does

not represent linkage with healing systems but separates

geographical location, tribal representation, and connect-

ivity to other parts of the region, e.g., China, India, and

routes to Western Asia. It also reflects on migration and

integration of the local tribes as well as those coming from

outside and provides an insight on the influence of differ-

ent invaders, travelers, and businessmen.

Plant species have responded to latitudinal and eleva-

tional changes in their habitat and adjusted over time, yet

the increasingly rapid pace of these changes is challenging

their adaptability and ability to respond [96–98]. The asso-

ciation of traditional knowledge with these species, trade

potentials, and transfer of knowledge from old to new

generation will have a direct effect on the conservation of

plant species and associated TK [90, 99–103].

Key discussion points

The environment and climatic conditions of Gilgit-Balti-

stan make it geographically one of the best locations for

growth and nourishment of medicinal plants [6, 9, 34,

104]. Traditional medicinal practices hold a significant

place in the lives of the local communities. The markets at

Gilgit and Skardu are serving as trade centers for medi-

cinal plants from the whole region, and the wholesalers

stationed here are responsible for small-scale trade in im-

portant plant species in both local and national markets.

The study shows that most of the large herbal medicine

production companies in Pakistan rely on supply of medi-

cinal plants from Indian territory—representing the same

region across the border—indicating that the production

and trade of medicinal plants is well organized across the

border. The trade of medicinal plants in Pakistan is infor-

mal, with little to none state interventions and incentives

[35, 105]. The high marketability of medicinal plants has
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led many local people to over-exploit this valuable re-

source. Over-exploitation of medicinal plant species is

widespread across the region, exacerbated by some local

people attempting to maximize financial benefits in a sin-

gle harvest, with little concern for the ramifications for

subsequent years [9, 30, 34, 42].

This study clearly reveals the importance and contribu-

tions of the THPs and retailers as well as the transfer of

knowledge within the families from elders to the younger

generation for the retention of indigenous medicinal

knowledge, where and when to acquire a particular spe-

cies and the utilization of medicinal plants. The THPs pre-

served existing knowledge and showed a great deal of

openness to knowledge sharing. They attributed the loss

of knowledge between generations, not to any failure of

their own to impart knowledge, but rather to a lack of

learning aptitude in the younger generation [34, 106]. Re-

tailers have adapted well to the demands of different eth-

nic and tribal groups. These factors point towards a high

level of cooperation, collaboration, and openness to know-

ledge exchange amongst the ethnicities and tribes of

Gilgit-Baltistan. Local public and private institutes can

therefore play a vital role in clustering the knowledge and

bridging the gaps by providing platforms for recording,

sharing, and disseminating traditional knowledge.

We found that Gilgit-Baltistan’s position as a gateway be-

tween the Central and South Asia caused its exposure to a

number of traditional medicinal systems including the

Ayurveda, traditional Chinese medicine, Unani, and Ti-

betan—which highly influenced traditional medicine know-

ledge in this region [3, 46]. Our study design and timeline

restricted us from further exploration of these historical

details. Therefore, we were not able to explore the timeline

and actual contributions of these systems to local know-

ledge. However, it appears likely that medicinal practices in

Hunza, Nagar, Ghizer, and Gilgit were influenced by trad-

itional Chinese medicine (TCM) system while the

remaining part of the study area was dominated by a mix

of Ayurveda and Unani systems. This is an interesting find-

ing and deserves further research. Most parts of Pakistan

are primarily relying on a mix of Unani and Ayurveda me-

dicinal systems—a combination which is rarely found else-

where [107]. A dedicated study exploring the approaches

followed by these medicinal systems, their complementar-

ities, and differences could lead to the generation of highly

valuable scientific findings that could contribute to the

communities relying on these systems globally.

With the involvement of multiple stakeholders (the rele-

vant local government departments, herbal medicine-pro-

ducing companies, THPs, and the interest of the national

Fig. 8 Percentage of the parts of plants used for medicinal purposes
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government), medicinal plants and associated traditional

knowledge from Gilgit-Baltistan can make a substantial

contribution to traditional health practices at a national

level as well as contribute significantly to the national mar-

ket and the livelihood resources of local communities.

Proper licensing will allow the THPs to legally practice,

document, and disseminate their knowledge. The con-

cerned government departments can provide a platform for

THPs from the region to get registered and licensed as ha-

kims [39]. Our effort to involve school students in the col-

lection of data is a way of exposing the younger generation

to identification of their resources and developing their

interest in traditional knowledge and why it is important to

ensure its transfer to them from the older generation. Such

a consortium will also prove beneficial for the production

of medicinal plants on a commercial scale, their sustainable

utilization, and organizing refreshers on different aspects

associated with medicinal plant resources for the local

THPs, retailers, and collectors in order to ensure an optimal

and efficient utilization of the available resources.

These points are of utmost importance when it comes

to the conservation and transfer of traditional medi-

cinal knowledge to future generations. Worldwide, pa-

tients are increasingly opting for medications involving

traditional techniques, herbal medicine, and meditation

[108, 109]. Gilgit-Baltistan has natural medicinal re-

sources, a vast indigenous knowledge bank, and most

importantly one of the best mountainous landscapes for

tourism and meditation. It is doubtless the best option

to be considered for developing into a sanctuary

through government interventions. Gilgit-Baltistan,

considered to be home to the ideology of “SHANGRI

LA” with its abundant natural resources, can provide a

home to those who seek medication through

centuries-old traditional knowledge, sacredly trans-

ferred from one generation to another.

Conclusions and recommendations

The diverse plant resources and the geographical im-

portance of the region for trade and travel routes, his-

torically made Gilgit-Baltistan a hotspot for cultural,

religious, and traditional knowledge exchange. Being

part of an ancient trade route, the resident communi-

ties adapted and upgraded their traditional healing

systems through interactions with the Indian subcon-

tinent, China, Scythia, Transoxiana, and Ancient

Greece. This influence and amalgamation of Chinese,

Ayurveda, Unani, and Tibetan medicinal systems is ap-

parent in local traditional knowledge. Our study re-

vealed that most of the local people still rely on

indigenous healing practices. Higher knowledge and

use of medicinal plants is retained in the areas that also

serve as main trade centers in the region. The trade of me-

dicinal plants in the region is the one key factor in

retaining traditional knowledge on medicinal plant

utilization. This continued reliance on medicinal plants

shows the significance of these traditional practices. A thor-

ough evaluation is needed by ethno-pharmacologists and

other concerned institutions working for public health and

hygiene, especially focusing on THPs, market actors and

old folk from the region. For strategies to be devised for

market exploration, raising awareness, and continuity of

TK, involvement is required from Government institutions,

research organizations, NGOs, donors, and the private

sector.
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