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A lack of precise information about the threat status of species hampers their effective conservation. The
Target 2 of the Convention on Biological Diversity calls for evaluation of threat status at global, national
and regional levels to identify plant species of urgent conservation concern. Here we have empirically as-
sessed the threat status of three valuable medicinal plant species (7rillium govanianum, Rheum tibeticum,
and Arnebia euchroma) through extensive field studies and herbarium consultations in Kashmir Himalaya
and cold desert region of Trans-Himalayan Ladakh. In accordance with the IUCN Red List categories and
criteria, each of the three target species turned out to be Near Threatened (NT). According to the Nature-
Serve Conservation Status Assessment, each of these species faces the overall threat impact of «High» to
«Very high». We found that the anthropogenic threats emanating from unplanned economic development,
road construction and other infrastructure related projects contribute to a fast decline in natural populations
of these three species. Keeping in view the value of these species, on the one hand, and growing threats
to their survival in the wild, on the other one, we call for urgent conservation strategies in the vulnerable
Himalayan habitats for regional socio-economic development.
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Introduction

Extinction of species is a natural phenomenon
that is fundamental to evolutionary change since the
origin of life on Earth (Turvey & Crees, 2019). How-
ever, in the present era of Anthropocene, the domi-
nant role of humans in global ecosystems has led to
a steep rise in the rate of extinctions in comparison
to the background levels (Johnson et al., 2017). As
a result, there has been a loss of rich biodiversity at
an unprecedented rate (Meng et al., 2021). Recent
studies have shown that extinction forces operate
differently in various ecoregions worldwide based
on regional socio-economic, geographical and politi-
cal factors; though rapid global change triggers new
extinction drivers with time (Le Roux et al., 2019).
Nevertheless, it is anticipated that main drivers of
plant extinctions in hotspots will be anthropogenic
including habitat destruction, land-use changes, hy-
drological disturbance and urbanisation (Le Roux et
al., 2019; Bowler et al., 2020). Subtle ecological in-
teractions among species are compromised with the
loss of even a single species, which may cascade and
cause deterioration of ecosystems and underlying
ecological processes thereof (Johnson et al., 2017).

Of the 34 global biodiversity hotspots (Myers et
al., 2000), India houses sizeable proportion of four
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biodiversity hotspots including the Western Ghats,
the Himalayas, Indo-Burma and Sundaland (Chitale
et al., 2015). The Indian Himalayan Region (IHR)
contains nearly 30% of India’s total 11 058 endemic
flowering plants (Mehta et al., 2020). Despite sup-
porting such a rich biodiversity, the IHR is under tre-
mendous anthropogenic pressure due to over exploi-
tation, urbanisation, invasion of alien species, illegal
trade of medicinal and valuable plants, deforestation,
developmental activities like roads, dams and envi-
ronmental pollution. On top of that, the threats of cli-
mate change and land-use land-cover changes have
significantly exacerbated the biodiversity loss (Roy
et al., 2015; Ganie et al., 2019; Mehta et al., 2020).
Medicinal plants are essential forest resources,
which are extracted from their natural habitats for
ethno-medicinal and pharmaceutical values for local
use and trade rather ruthlessly (Tali et al., 2015, 2018).
In India, about 90% of medicinally valuable plants are
directly collected from natural habitats thereby de-
clining their natural populations (Dawa et al., 2018).
These valuable plants are a means of revenue genera-
tion for Himalayan dwellers (Olsen & Larson, 2003;
Singh et al., 2019) and a source of raw medicine for
local healers (Samant et al., 1998; Badola & Aitken,
2003). Overharvesting of these species increases their
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risk of extinction, as overexploitation and habitat loss
make 21% of medicinal plant species to be endan-
gered globally (Schippmann et al., 2006; Chen et al.,
2016). Despite several international initiatives such as
the «Convention on Biological Diversity» and «Aichi
Biodiversity targets» to reduce the biodiversity loss,
conservation progress is hampered by huge informa-
tion gaps about most taxa (Butchart et al., 2010; Shep-
herd et al., 2016; Johnson et al., 2017).

To conserve the biodiversity, especially of vari-
ous threatened taxa, a collective effort spanning
various dimensions, such as scientific technology,
socio-economic aspects, organisational capacity and
level of engagement and of course the political will
is required both at global and national levels (Hey-
wood, 2017). In this regard, proper knowledge about
distribution and threat status of taxa (Sequeira et al.,
2018) is the first and foremost requirement. A lack of
credible scientific data about the impact of various
threats on the plant species distribution constrains
the proper conservation of these plants. Prioritisa-
tion of taxa for conservation in tandem with extinc-
tion risk needs credible knowledge of the specific
conservation status of each taxon (Tali et al., 2018).
The International Union for Conservation of Nature
(IUCN) Red List Categories and Criteria have been
developed and modified (IUCN, 2001, 2012b, 2019)
to achieve objectivity and transparency in conserva-
tion status assessment practice and as such classify
species at high extinction risk. Based on that, conser-
vation strategies have been developed (Collen et al.,
2016) that help in taking proper decisions and steps
for conservation of species in particular, and biodi-
versity in general (Maron et al., 2012).

Despite the increasing population and a grow-
ing demand on natural resources, India has shown
a strong interest and care for the safeguarding of its
biodiversity. For the conservation of various facets
of biodiversity, a number of measures from consti-
tutional, policy and administrative side including
Wildlife (Protection) Act, 1972, Indian Forest Act,
1927 and Forest (conservation) Act, 1980, Biologi-
cal Diversity Act, 2002, The National Green Tribu-
nal Act, 2010 etc. are in place (Rao, 2019). India
is also party to different international programmes
and conventions like CITES, Man and Biosphere
(MAB) of UNESCO, CBD and a global goal of
Bonn challenge (Rawal et al., 2021). Being aware
of the importance of Himalaya for ecological secu-
rity of the country, the Government of India places
great focus on the Himalayan ecosystems, which
are unique but exceedingly fragile. The National
Mission on Himalayan Studies (NMHS), a Grant-
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in-Aid Central Sector (CS) Scheme, aims to focus
via holistic understanding of the components of the
system and their connections, to solve the primary
conservation and sustainable natural resource man-
agement challenges in order to increase the quality
of life and preserve the regional ecosystems’ health
in the region (https://nmhsportal.org).

However, in recent times, the natural richness of
medicinal flora in the Indian Himalayan region has
been facing severe threats from several anthropogen-
ic factors, high dependency of local communities and
enhanced climate change (Ganie et al., 2019; Shar-
ma & Sharma, 2019; Rawal et al., 2021). This has
triggered extinction of various species and brought
a huge figure of medicinal plant species with small
natural populations under the threatened category
(Tali et al., 2015; Ganie et al., 2019). A total of 456
taxa of the Indian Himalayan region are categorised
as threatened under the various threat categories of
TUCN (Mehta et al., 2020). The three species select-
ed for the present study (7rillium govanianum Wall.
ex D.Don, Rheum tibeticum Maxim. ex Hook.f., Ar-
nebia euchroma (Royle ex Benth.) .LM.Johnst.) have
exceptional medicinal and other use-values. But they
are yet facing a tremendous pressure of illicit trade
together with other natural and anthropogenic threats
in the study area. Despite facing a plethora of threats,
the conservation status of the target species in this
Himalayan region has not been evaluated so far.

The formulation of effective conservation
measures requires understanding of the threatened
nature of species. In this backdrop, the present
study envisaged evaluating the conservation status
and overall threat impact (OTT) of these three plant
species. The purpose of this study was to inves-
tigate two specific questions vis-a-vis these target
species including (i) what are the major anthropo-
genic threats faced and OTI of the target plant spe-
cies in the study area?; (ii) to which specific [UCN
threat category do these target species belong?

Material and Methods

Study area

The Indian Himalayan region stretches to 10
states of India and ranges between 21.7° N and
36.9° N latitude and 72.7° E and 97.5° E lon-
gitude. Kashmir Himalaya is a part of the west-
ern Himalayan range, covering an area of about
222 235 km? (Hussain, 2002). It comprises two
union territories of India with three climatic
regions: Jammu, Kashmir valley and Ladakh
(Romshoo et al., 2020). Kashmir valley is sur-
rounded by lofty mountains of Pir-Panjal in the
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south and Great Himalayas in the north and east.
It is a profound elliptic bowl-shaped valley hav-
ing an area of 15 948 km?. Ladakh, surrounded
by Karakorum range and Great Himalayas in the
north and south, is mostly a Trans-Himalayan
land surface with an area of 59 147 km?. (Fig. 1).

A part of Kashmir Himalaya, including
Kashmir valley and Ladakh, which represent the
range of the target species, was selected for field
surveys. The information about the distribution
of the selected plant species and threats associ-
ated with each species on the respective localities
was collected during the field surveys. Prior to
this, the data on taxonomy, distribution and oc-
currence of the target species were gathered from
herbarium specimens at the Herbarium of Univer-
sity of Kashmir (KASH), supplemented with in-
formation from e-floras (http://www.efloras.org)
and on-line databases such as POWO (https://
powo.science.kew.org) and Global Biodiversity
Information Facility (GBIF) (https://www.gbif.
org). This preliminary information was used for
the planning and scheduling the field survey in
the study area. Field surveys over 2018-2019
were carried out on a number of occurrence sites
in various seasons and with intervals to record
the data on selected plant species and evaluate
their threat status.

Species evaluated

Three medicinal plant species, Trillium go-
vanianum, Rheum tibeticum, Arnebia euchroma
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(Fig. 2), were evaluated for the threat assess-
ment. These species are perennial herbs belong-
ing to three plant families, namely Trilliaceae,
Polygonaceae and Boraginaceae respectively.
The underground part of 7. govanianum is an
important source of trillarin, which upon hy-
drolysis yields diosgenin (Rathore et al., 2020).
It is also traditionally used for the treatment of
various ailments including reproductive dis-
orders, cancer, inflammation, hypertension,
sepsis, arthritis, giddiness and neurasthenia in
the study region and in adjoining areas of the
Himalaya (Chauhan et al., 2018). Similarly,
A. euchroma roots are a rich source of shiko-
nin and its derivatives (Zhang et al., 2018).
In addition, it is traditionally used as an anti-
septic, antipyretic, anti-inflammatory, cough
syrup, to improve hair growth, to treat wound
burns, skin disorders, used hair dye, and oth-
ers (Kumar et al., 2009; Hosseini et al., 2018).
The underground part of R. tibeticum is used
to treat wounds, boils and other skin diseases,
as an expectorant and appetizer. The leaves of
this species are cooked and used to treat rheu-
matism, also as a laxative. The distribution
and geographical co-ordinates of the sampling
sites in the surveyed area are depicted in Fig. 1
and Table 18, respectively. These three species
were assessed in accordance with ITUCN Red
List Categories and Criteria version 14 (IUCN,
2019) and IUCN Red List criteria on regional
level version 4.0 (IUCN, 2012a).
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Fig. 1. Map of study area (Kashmir valley and Ladakh region of Western Himalaya) depicting sites of the occurrence of the
three target species, namely Trillium govanianum, Rheum tibeticum and Arnebia euchroma.
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Fig. 2. Target plant species, Trillium govanianum (A), Ar-
nebia euchroma (B), and Rheum tibeticum (C), in their
natural habitats in Kashmir and Ladakh regions of the
Western Himalaya.

Criteria used for assigning a threat

For threat assessment, data obtained during the
field surveys and other sources were prepared in
view of the [IUCN Red List Categories and Criteria
version 14 (IUCN, 2019) and following the regional
IUCN guidelines version 4.0 (IUCN, 2012a). For
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assignment of the threat status to any taxon of the
world, the IUCN has defined five criteria (A-E);
however, only one criterion A, B, C, D or E should
be followed. Only one criterion needs to be met to as-
sign a threatened category (although data should be
gathered for as many criteria as possible) and when
little or no observed data are available, assessors are
encouraged to make use of an estimation, inference,
projection and suspicion (IUCN, 2001, 2012b). The
five criteria (A—E) of the [IUCN extinction risk as-
sessment are based on three parameters: diminution
(criteria A and E), geographic range (criterion B)
and abundance (criteria C and D) (Le Breton et al.,
2019). The present analysis of risk assessment was
carried out by following criteria B, i.e. geographic
range of [UCN Red List Categories and Criteria. Ac-
cording to criterion B, a geographic range should be
in the form of either B1 (Extent of Occurrence; here-
inafter — EOO) or B2 (Area of Occupancy; hereinaf-
ter — AOQ) and a taxon should also follow two of the
three (a, b and ¢) conditions (Table 1).

A decline in the number of mature individuals
was recorded during the field survey in two con-
secutive years (2018-2019) on most of the study
sites. Besides field surveys, research papers and
other reports were used to record the population
status of the species. For example, Chauhan et al.
(2018) reported the overexploitation and grazing of
Trillium govanianum from some areas of Himachal
Pradesh and Uttarakhand resulting in a decline and
disappearance of some of its populations. Simi-
larly, Singh et al. (2012) reported ruthless extrac-
tion of Arnebia euchroma roots by local residents
from the Western Himalaya for various purposes
resulting in habitat degradation and a decline in the
population density of the plant.

Data collection

To evaluate the threat status of a species, its
population size, threats, geographic range param-
eters, i.e. EOO and AOO, were calculated according
IUCN Red List guidelines (IUCN, 2001). On each
site, the whole population was monitored to know
the habitat type, operative threats and the decline in
the number of mature individuals by following Ali &
Qaiser (2010) and Tali et al. (2015), i.e. based on vi-
sual/physical observations. Besides, the information
about the dynamics of a population or threats faced
by the plants in areas, where field surveys could not
be conducted (i.e., extent areas of target species out-
side Ladakh and Kashmir valley), was gathered from
the literature surveys, including research papers
(Dhyani et al., 2020; Lal et al., 2020).
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Table 1. Summary of criterion B of the [IUCN Red List Categories and Criteria (IUCN, 2019) used to evaluate if a taxon be-

longs to any threat category (Critically Endangered, Endangered and Vulnerable)

Geographic range in the form of either B1 (extent of occurrence) and/ or B2 (area of occupancy)

Critically Endangered (CR) Endangered (EN) Vulnerable (VU)
B1 Extent of Occurrence <100 km? <5000 km? <20 000 km?
B2 Area of Occupancy <10 km? <500 km? <2000 km?
and at least two of the following three (a, b, ¢) conditions
brotlocations - <5 <10

(b) Continuing decline observed, estimated, inferred, or projected in any of (i) EOQO; (ii) AOO area; (iii) extent and or quality
of habitat; (iv) number of locations or subpopulations (v) number of mature individuals.

mature individuals.

(c) Extreme fluctuations in any of (i) EOO; (ii) AOO; (iii) number of locations or subpopulations; (iv) number of]

Note: EOO — Extent of Occurrence, AOO — Area of Occupancy.

The field survey data were supplemented
with records of the target plant species obtained
from various sources including the on-line
sources GBIF database (http://www.gbif.org),
ENVIS (Environmental Information System),
Centre on Medicinal Plants (http://envis.frlht.
org/frlhtenvis.nic.in) and herbarium records
from CAL, BSD, DD and KASH, published re-
search articles including Dhyani et al. (2020),
Lal et al. (2020). The occurrence data from all
sources were then used to calculate the param-
eters for an assessment of the threat status of
the target plant species.

Calculation of geographic range parameters

The R software package «Con R» (Dauby
et al., 2017) was used for calculation of various
parameters (EOO, AOO) of criterion B in the
IUCN risk assessment for estimating the threat
category of the target plants. EOO is a polygon
that is drawn to include all the known locations
and/or occurrences of a species and AOO is the
total occupied area index, computed by sum-
marising areas of standard size (2 x 2 km) grid
cells (Bland et al., 2017; ITUCN, 2019).

Location and sub-population

The term «location» indicates a distinct geo-
graphical or ecological area where a single threat-
ening event has potential to quickly influence
all members of the taxon present (IUCN, 2001;
Rivers et al., 2010; Dauby et al., 2017). Whereas
sub-population is defined as a spatially distinct
segment of the global population that experienc-
es low or reproductively unsuccessful migration
(of seeds or pollen) from other sub-populations.
(IUCN, 2012b; Dauby et al., 2017). A location
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may comprise single or many sub-populations
depending on the area affected by the threatening
event (IUCN, 2012b; Dauby et al., 2017).

In «ConR» package, the circular buffer
method and a fixed or sliding grid approach are
used for estimation of the number of sub-popu-
lations and locations respectively. In the circular
buffer approach, each site is encircled by a given
radius and those circles, which overlap forms a
single sub-population (Dauby et al., 2017). The
circular buffer method gives as estimation of the
subpopulation number (Rivers et al., 2010) and
may be higher or lower when the dispersal abil-
ity of a species is taken into consideration. In
the fixed or sliding grid approach, the cell grid is
laid over the whole taxon distribution in a way
that gives a minimum count of the estimated lo-
cations (Dauby et al., 2017).

During the present study, each unique oc-
currence was buffered with a circle of 5-km
radius and overlaid with a 10-km size of grid
cells for the estimation of a sub-population
and location respectively. The output results of
various calculated and estimated/approximated
parameters are then visualised along with the
threat assignment and distribution map.

Estimation of overall threat impact

To determine the actual and potential threats
to the natural population(s) of the target plant spe-
cies in the study area, extensive field surveys were
conducted. The OTI indicates the degree to which
a species is observed, inferred, or suspected to be
directly or indirectly threatened in the area of in-
terest (globe, national, regional) (Salafsky et al.,
2008). The observed threats are defined as «the
proximate (human) activities or processes that
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have caused, are causing, or may cause the destruc-
tion, degradation, and/or impairment of biodiver-
sity and natural processes» (Salafsky et al., 2008).
In the present study, the «Impact»/«Magnitude»
has been calculated from the «scope» and «sever-
ity» according to Master et al. (2012) and Ganie et
al. (2019) (Electronic Supplement).

Results

Species distribution

Distribution data of the target species were
collected from field surveys conducted in two
consecutive years (2018 and 2019), from 36 sites
over the geographical range of the Indian Hima-
laya encompassing the regions of Kashmir Hi-
malaya and Trans-Himalayan Ladakh. The field
survey data were augmented with herbarium re-
cords and various online data sources to include
the presence data for estimation of the EOO and
AOO of each species from other regions of In-
dian Himalaya. During this study, the plant spe-
cies were investigated in various habitats with
varying altitudinal range in the Kashmir and La-
dakh regions. We found that 7rillium govania-
num grows in the moist, sub-alpine forests with a
good content of humus in the Kashmir Himalaya,
at an altitude range from 2264 m a.s.l (Sheikh-
pora Anantnag) to 2887 m a.s.l. (Doodhpathri).
Arnebia euchroma grows in the alpine, open, dry,
stony, and steeper region with an altitude range
from 3214 m a.s.l. (Karpokhar, Kargil) to 4453
m a.s.l. (Drung Drung glacier). Rheum tibeticum
was found in alpine, rocky, open, dry, and steep-
er regions with an altitudinal range from 3628 m
a.s.l. (Parkachik, Kargil) to 4370 m a.s.l. (Sapi
La, Kargil) in the Ladakh region of the Trans-
Himalayas (Table 1S).

Operative threats and overall threat impact

During the course of field survey, the ma-
jor operative threats in the natural habitats for
the sampled species include overexploitation,
overgrazing, illicit trade, invasion, construction
activities, uncontrolled tourism, deforestation,
landslides, and others (Table 2). The intensity
and the impact of these threats varied on various
locations having various levels of scope, sever-
ity and impact, affecting target plants and their
habitats. For Trillium govanianum a total of ten
threats were found in its natural habitat of all
surveyed areas, though the number of operative
threats varies from site to site. A maximum of
eight threats were found on the sites «Khilan-
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marg Gulmarg» and «Drung» and a minimum
number (three threats) was found on the site of
«Sheikhpora Anantnag» (Table 2). Overgrazing
is the major operative threat to 7. govanianum
followed by deforestation, overexploitation and
road construction in the Kashmir Himalaya (Ta-
ble 2). The OTI of T. govanianum varied from
«High» to «Very high» on various study sites
(Table 3, Table 3S). The number of mature indi-
viduals was 8270 in 2018 and 7661 in 2019. The
decline in the percentage of mature individuals
was profound with a decline of 7.4% mature in-
dividuals per year.

For Arnebia euchroma the eight major op-
erative threats include land-use change, over-
grazing, landslides, overexploitation for local
use, constructional activities in natural habitat,
underground fibre line transmission for telecom-
munication, road construction, and unmanaged
tourism. The highest number of threats (five)
was found on the site of «Zulidok» and the low-
est (two) on the sites of «KRungdum», and «Drung
Drung glacier». Overgrazing, overexploitation,
road construction and landslides were among the
major threats followed by constructional activi-
ties in natural habitat and unregulated tourism
(Table 2). The OTI of this plant species is «High»
in all studied habitats except for «Rungdum
Gompa» and «Nun Kun glacier» where the OTI
for the species was «Low» and «Medium» overall
threat rank, respectively (Table 3, Table 3S). For
Arnebia euchroma 7735 mature individuals were
recorded in 2018 and 7508 mature individuals in
2019. A decrease of 2.9% mature individuals was
found in all unique occurrences of Ladakh in a
period of one year.

For Rheum tibeticum the total number of op-
erative threats in the study area was seven threats.
They include overgrazing, landslides, overex-
ploitation for local use, illicit trade, road con-
struction, constructional activities and unman-
aged tourism. All seven threats were operative
in «Parkachi-Kargil» and a minimum of threats
(three) in «Khalsar Nubra» (Table 2). Landslides,
unmanaged tourism, overgrazing and road con-
structions were major operative threats for this
plant species in the study area (Fig. 3). The OTI
of R. tibeticum is «Very high» in all studied habi-
tats (Table 3, Table 3S). A total of 4603 mature
individuals of R. tibeticum were found in 2018
while only 4433 mature individuals were found
in 2019. A decrease of 3.7% in mature individu-
als was found between 2018-2019.
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Table 2. Occurrence parameters and operative threats to the selected plant species (7rillium govanianum, Arnebia euchroma,
and Rheum tibeticum) in Kashmir valley and Ladakh of Indian Himalayan region

Population size (number of

mature individuals)

Taxa Occurrence sites % Threats
ear
2018 2019
Ferozpora Tangmarg 477 429 Overgrazing, deforestation, overexploitation for local use, landslides, invasion
Overgrazing, deforestation, overexploitation for local use, landslides, un-
Drung 309 302 managed tourism, construction activities in natural area, road construc-
tion, invasion
. Overgrazing, unmanaged tourism, deforestation, overexploitation for local use,
Khilanmarg Gulmarg 1796 1773 construction activities in natural areas, forest fires, invasion, road construction
Near cantonment 158 138 Qvergrazmg, 1.mmanag.ec1 .tou?lsm, illicit trade, landslides, road construc-
tion, constructional activities in natural areas
Alupathri 1043 1012 Unmanaged tourism, deforestation, over exploitation for local use, landslides
Trillium Sheikhpora Anantnag 63 60 Overexploitation for local use, illicit trade, overgrazing
govanianum Patherebal Anantnag 149 111 Overexploitation for local use, illicit trade, overgrazing, deforestation
Sirinder Bandipora 156 124 Overgrazing, road construction, illicit trade, deforestation, invasion
Doodhpathri 712 655 Unmanaged tourism, landslides, overgrazing, illicit trade, invasion
Hirpora shupian 2003 1941 Overgrazing, road construction, invasion, deforestation, over exploitation
for local use
Bungus valley 547 470 Deforestation, road construction, landslides, illicit trade, invasion
Machil kupawara 271 254 Landslides, overgrazing, road construction, invasion
Daksum 536 392 Overg.raz.mg, road constru.ctllo.n, deforestation, unmanaged tourism, over-
exploitation for local use, illicit trade
TOTAL 8270 7661
Karpokhar Kargil 202 180 Overgrazing, ovlerexplmtatlon for local use, construction activities in natu-
ral areas, landslides
Sanko Bridge Kargil 153 133 Overgrazing, oYerexp101tat10n for local use, construction activities in natu-
ral areas, landslides
Parkachi Kargil 167 160 Unmanaged tqurlsm, overgrazing, overexploitation for local use,
road construction
FHumbuting La T 246 277 OvergraZan, ov.er'e'xpl(')ltatlon for local use, landslides, road construction,
construction activities in natural areas, flash floods
Himbuting La IT 271 217 OvergraZ}ng, overhe)‘(PImFatlon for local use, landslides, road construction,
constructional activities in natural areas
Lalung La Kargil 578 550 Road con.structlor}, .oyerelzxplmtatlon for local use, landslides, flash floods
constructional activities in natural areas, overgrazing
. Overgrazing, road construction, overexploitation for local use, construc-
Arnebia Changyoul Sapi 1287 1302 tional activities in natural areas, unmanaged tourism
euchroma Tangoli 543 523 Overgrazing, landslides, unmanaged tourism, overexploitation for local use
Nun Kun glacier 182 174 Road construction, overgrazing, unmanaged tourism, constructional activities
Suru valley 232 212 Roe}d gonstructlon, overgrazing, unmanaged tourism, landslides, overex-
ploitation for local use
Gulmatungo 578 543 Land use change, overgrazing, overexploitation for local use, road construction
Zulidok 189 175 Land use change,. overgrazing, landsh.des, overexploitation for local use,
constructional activities in natural habitat
Rungdum 198 205 Road construction, landslides
Rungdum Gompa 1276 1287 Landslides, overexploitation for local use, transmission of fibre lines
Panzila 1372 1321 Road construction, overgrazing, landslides, transmission of fibre lines
Drung Drung glacier 177 174 Road construction, transmission of fibre lines
Aksho 134 130 Transmission of fibre lines, overgrazing, landslides
TOTAL 7735 7508
Shishithang Kargil 2966 2894 Overgrazing, landslides, unmanaged tourism, road construction
Sapi La Kargil ’76 321 OV;rgr.azmg, road construction, unmanaged tourism, landslides, overex-
ploitation for local use
Changyoul Sapi 53 50 OVf:rgr.a21ng, road construction, unmanaged tourism, landslides, overex-
ploitation for local use
Rheum tibeticum Parkachi Kargil 5 3 OvergraZan, 1andsllde§, overegp.lc?ltatlon for local use, illicit trade, road
construction, constructional activities, unmanaged tourism
Lamayuru 634 628 Lands}ldes, oye.rgrazmg, unmanaged tourism, road construction, con-
structional activities
Khalsar Nubra 17 8 Road construction, unmanaged tourism, landslides
TOTAL 4603 4433
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Table 3. Overall threat impact for three target plant species
(Trillium govanianum, Rheum tibeticum, Arnebia euchroma)
in Kashmir Valley and Ladakh region of the Western Himalaya

60 _ s
m Decline in number of mature individuals per year 51

o
=)

Operative threats

Y
3
o

Threat assessment

During the field survey, a note on potential
threats, decline/fluctuation in the number of re-
productive/flowering/fruiting individuals were
recorded for the target plant species (Table 2).
The number of unique occurrences, sub-popu-
lations and locations for 7rillium govanianum
turned out to be 72, 47 and 53 respectively, and
for Arnebia euchroma a total of 200 unique oc-
currences, 87 sub-populations and 135 loca-
tions were calculated. For Rheum tibeticum 78
unique occurrences with 40 sub-populations
and 55 locations were counted. Based on cal-
culations in the ConR package, the EOO and
AOO were respectively 106 338 km? and 248
km? for 7. govanianum (Fig. 4A); for Arnebia
euchroma, the calculated EOO and AOO were
respectively 221 329 km? and 760 km? (Fig.
4B). Finally, the EOO and AOO of Rheum tibe-
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Taxa Occurrence sites Overall threat g 0, 2 28
Ferozpora Tangmarg Very high 0g 2 15 20 2 " ;
Dn.mg Vf.:ry high ol sk ELRSELREL 3, 43
Khilanmarg Gulmarg High 0 | 1 I [ B
Near cantonment High & @@@@ S o\\@‘@\ &S \Qé,\“ . & @Qeg & %&‘s 0&@ & \Q'oé &
Alupathri High \9‘&- $ & g & & N @D\»\ '5{-\)(\%%&0 0‘)\6& » \98{\\0 @é&e‘ v
L S SN & & 3 *©
Sheikhpora Anantnag High LSRRy RO & &P
& S
Trillium govanianum  |Patherebal Anantnag High [Als Occurrence sites S
Sirinder Bandipora High 4% m Decline in number of mature individuals per year
Doodhpathri Very high 200 Operative threats 194
Hirpora shupian High
£ 150
Bungus valley High H
Machil kupawara High <100 PR
Daksum Very high 50 43 5 g 3 38 » A
Shishithang Kargil High , I< At RN Ot I< 3 B K
Sapi La Kargil Medium & o & & P T . S S S S NN
i - PO P O R S
. Changyoul Sapi Medium &9 & & Yy& S @\“& £ N R
Rheum tibeticum - - - < & & & &
Parkachi Kargil High &
Lamayuru Very hlgh < Occurrence sites
Khalsar Nubra ngh 80 7 m Decline in number of mature individuals per year
Karpokhar Kargll ngh 70 Operative threats
Sanko Bridge Kargil High 60 55
Parkachi Kargil High _50
Humbuting La I High g 40
Himbuting La II High “30
Lalung La Kargil High 20 a
Changyoul Sapi High 10 1 5 § 5 I 7 6 s .
Tangoli High 0 | = |
Arnebia euchroma Nun Kun glacier Medium Sln'lzlalitili?ug Sapi La Kargil Changyoul Sapi Parkachi Kargil Lamayuru  Khalsar Nubra
Suru valley ngh h Occurrence sites
Gulmatungo High . .
Zalidok S Hizh Fig. 3. Number of operative threats and number of ma-
Rungdum High ture individuals decline between 2018 and 2019 on vari-
Rungdum Gompa Low ous occurrence sites in the number of target plant species
Panzila High in Kashmir Valley and Ladakh of the Western Himalaya.
Drung Drung glacier High Designations: A — Arnebia euchroma, B — Trillium gova-
Aksho High nianum, C — Rheum tibeticum.

ticum were respectively 158 429 km? and 284
km? (Fig. 4C).

For Trillium govanianum the number of ma-
ture individuals was found to be 8270 in 2018
and 7661 in 2019. The decline in the percentage
of mature individuals was profound with a de-
cline of 7.4% mature individuals between 2018
and 2019. For Arnebia euchroma, a total of
7735 mature individuals were recorded in 2018
and 7508 in 2019. A total decrease of 2.9% ma-
ture individuals was found over one year. A to-
tal of 4603 mature individuals of Rheum tibeti-
cum were found in 2018 while it was only 4433
individuals in 2019. A decrease of 3.7% mature
individuals was found between 2018 and 2019.
Based on an analysis using the ConR package
and observations made during field study (with
a resolution of 10 km?), a difference in number
of locations was noticed.
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Fig. 4. Occurrence sites of the studied species in the Western Himalaya are shown as blue dots. The convex hull used for calcu-
lating the EOO is shown for each species as a black polygon. Designations: A — Trillium govanianum, B — Arnebia euchroma,

C — Rheum tibeticum.

Each of the three evaluated species turns out
to be ineligible for any threatened category, i.e.
«Critically Endangered», «Endangered» or «Vul-
nerable» as the needful criteria for eligibility in
a threatened category do not apply for these spe-
cies in the current study. However, the three stud-
ied species qualify for the [UCN category «Near
Threatened» as the taxon meets the area require-
ments under criterion B for threatened (AOO <
2000 km?) (Fig. 4), while they are declining, no
severe fragmentation of population, and occur-
ring in more than 10 locations with no serious
fluctuations (Table 4). This is in agreement with
IUCN Red List categories and criteria, i.e. a spe-
cies should be classified as «Near Threatened»
if it is close to be qualified as «threatened» or is
likely to qualify for it in the near future (IUCN,
2019). The IUCN (2019) states that a species
should be classified as «Near Threatened» if they

are close to qualifying as threatened or are likely
to qualify for it in the near future.

Discussion

Fair assessment of the species threat status
through globally standardised procedures is fun-
damental for devising the appropriate conserva-
tion strategies. One of the key findings of the
present study was that the OTI of the target spe-
cies of plants vary from «High» to «Very high»
that underscores the need for their conservation.
These important medicinal plant species assume
even more special significance for conservation
and criteria used for assessing the conservation
priorities are receiving an increasing attention
globally (Schmeller et al., 2008; Gauthier et al.,
2010). In fact, such species are given the highest
priority to maximise the benefits of conservation
related investment (Ganie et al., 2019).

Table 4. Occurrence sites, population size, EOO, AOO and threat status of the target plant species (7rillium govanianum,

Rheum tibeticum, Arnebia euchroma) in the Western Himalaya

Taxa EOO (km?) [AOO (km?) Ii%;;‘;ﬁg;e No. Olizi)l:sp()pu- Locations |Category Criteria B
Arnebia euchroma 221329 760 200 87 135 Near Threatened
Rheum tibeticum 158 429 284 78 40 55 Near Threatened
Trillium govanianum 106 338 248 72 47 53 Near Threatened

Note: EOO — Extent of Occurrence, AOO — Area of Occupancy.
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The threats emanating from varied anthro-
pogenic pressures, such as land use change,
overexploitation for local use, habitat fragmen-
tation and others, if not stopped or reversed,
would push the species to the brink of extinc-
tion. Whilst the three target species (7rillium go-
vanianum, Rheum tibeticum, Arnebia euchroma)
exhibit a relatively wider geographic distribution
in terms of EOO, they occupy highly specific
habitats comprising a very small AOO. A small
geographical range size is one of the strongest
clues for predicting the threat of extirpation/ex-
tinction of a particular species in its natural hab-
itat (Gaston & Fuller, 2009; Staude et al., 2020).
The decrease in population size of species with
a small geographical range size makes them
more vulnerable to stochastic events (Christian-
sen & Fenchel, 2012; Robles & Ciudad, 2012).
The range size plays a key role in the species
categorisation according to their short-term
likelihood of extinction, including listing on
the ITUCN Red List of threatened species. Thus,
it contributes significantly to indices of global
trends in threat status and to the prioritisation
of species for conservation (Baillie et al., 2004).
The collection of these medicinally important
plant species for local use and overharvesting
for trade purposes, besides other threats without
any cultivation practice in the surveyed areas,
adds to their risk of vulnerability to local extinc-
tion to a greater extent. Statements of the local
healers to the authors substantiated this during
field surveys that today they need far more time
and effort to travel the distance for collection of
the species as compared to what it would take
some years before. A similar sort of observation
was made by Chauhan et al. (2018) in case of T
govanianum thereby vindicating the existence of
this threat a few years before too.

Regardless of the potential of Arnebia eu-
chroma to grow over a larger area, it has a small
population size because of the high anthropo-
genic pressure (Singh et al., 2017). In the pres-
ent study, it was observed that this species is
overexploited for local use, particularly in La-
dakh region where people collect its roots and
use it as a hair dye, besides using it for other
medicinal purposes, such as treatment of skin
and chest diseases. In addition to sexual repro-
duction through seeds this plant species main-
ly reproduces vegetatively by means of stout
roots. The clonal reproduction tends to increase
with altitude particularly by underground pe-
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rennating organs like rhizomes and roots. The
vegetative organs are safe in extremely hostile
habitats such as alpines (Ganie et al., 2017).
The overexploitation of roots (perennating
organs) for local use has reduced the popula-
tion size of this plant species in the study area.
Harvesting roots also affects the seed set to a
large extent as plants are collected in natural
populations before seed set (Manjkhola et al.,
2005). Overexploitation for local uses is one
of the major threats in this Himalayan region
(Ganie et al., 2019). Excessive and unchecked
exploitation are the main cause of depletion
of economically important medicinal plants in
Kashmir Himalaya (Tali et al., 2015).
Similarly, the population size of 7rillium go-
vanianum has reduced drastically due to overex-
ploitation as a raw material for pharmaceutical
industries (Vidyarthi et al., 2013). The collection
of plant species from natural population ruth-
lessly without following any scientific methods
will render most of the medicinal plant species
threatened. Chauhan et al. (2018) also reported
that 7. govanianum is at risk of local extinction
in the Indian Himalayan region because of un-
selective, unmanaged and unsustainable collec-
tion and and increased market demand for the
rhizomes. Ganie et al. (2019) also reported that
illicit trade of various medicinal herbs has accel-
erated recently and is one of the major threats to
these plant species. The excessive collection of
these species for smuggling has rendered them at
the brink of extinction (Tali et al., 2015).
Rheum tibeticum and Arnebia euchro-
ma face the anthropogenic threats emanating
largely from road construction and laying un-
derground fibre line transmission for telecom-
munication in Ladakh, in addition to the other
natural threats (e.g. landslides and flash floods).
We found that these two anthropogenic threats
drastically reduce the number of individuals
and population size of plant species in the study
area. It has been observed that unplanned devel-
opment and constructional activities pose more
serious threats as compared to natural threats.
That is why in some areas, where more natu-
ral threats are operative, the decline in number
of individuals was found to be lesser in com-
parison to populations/sub-populations where
anthropogenic disturbances due to economic
development activities were going on. Direct
and/or indirect anthropogenic activities threaten
around two-thirds of the Italian endemic species
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(Orsenigo et al., 2018). Similarly, human activi-
ties are reported as main threats to the Medi-
terranean biome (Underwood et al., 2009) and
growing pressure on habitats of the flora of Mo-
zambique (Darbyshire et al., 2019) are mainly
emanating from human endeavours. Reid et al.
(2019) reported various new and diverse an-
thropogenic threats mainly affecting freshwa-
ter ecosystems in the world. The effect of con-
struction activities like the cable car gondola
and road construction in natural habitats have
affected the natural populations and habitat of
various medicinal plants (Tali et al., 2015). The
development of road connectivity to inacces-
sible areas and recognition of new tourist sites
in the Himalayan region has led to the inflow
of people, especially tourists, in the natural ar-
eas that has influenced the biodiversity of these
plants to a great extent (Ganie et al., 2019).

Overall, our data revealed that all the three
target plant species are Near Threatened. How-
ever, in the study area, these species have a
much lower number of populations and sub-pop-
ulations, which are distributed in the areas beset
with various types of threats, both natural and
anthropogenic. If these human-driven perilous
factors continue to prevail, these species may
become threatened in the near future. To focus
conservation attention at a regional scale, it be-
comes necessary to prioritise those species for
which the studied region represents its natural
distribution range (Butt et al., 2020). Keeping in
view the huge operative threats in the study area,
the investigation has wide relevance in devising
successful conservation strategies for these im-
portant medicinal plant species in the vulnerable
habitats of the Himalaya.

Conclusions

The practice of labelling species as rare or
threatened on rather arbitrary grounds hampers
appropriate policy interventions for conserva-
tion. This study demonstrates how important
the conservation assessment and OTI are in ac-
cordance with the latest IUCN Red List regional
guidelines and NatureServe Conservation Status
Assessments to precisely determine the species
status. Following these criteria, using three me-
dicinally important Himalayan plant species, our
findings reveal the conservation status of all the
three evaluated species to be «Near Threatened».
These results also underscore the importance of
assessment of the precise threat status and OTI
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at regional, national and global level to correctly
identify plant species that merit immediate con-
servation and policy intervention. Having identi-
fied a myriad of operative threats that contribute
to the rareness of these species in the studied Hi-
malayan region, the results clearly indicate that
if appropriate conservation strategies are not de-
veloped and implemented, not only these prized
plant species but also many other similar spe-
cies may become threatened in the near future
and eventually go extinct. We call for the global
conservation community to join the [IUCN’s «re-
versing the red» campaign to bring such threat-
ened species back from the brink of extirpation
and extinction.
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CTATYC YI'PO3bl MCHE3HOBEHMUSA TPEX BAKHBIX JIEKAPCTBEHHbBIX
PACTEHUHA T’MMAJIAEB U IPEJIJIOKEHUS IO UX COXPAHEHUIO
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OTcyTcTBHE TOYHOW HH(POPMALIMU O CTATyCe YTPO3Bl HCUC3HOBCHHS BUAA TPEISATCTBYET ero A((HEeKTUBHOMY
coxpaHeHuto. 3amada No2 KoHBEHIIH 0 OMOJIOTHYIESCKOM Pa3HOOOpa3HH MPU3BIBACT K OIICHKE CTaTyca Yrpo3bl
HCYE3HOBCHHS HA IT00ATHHOM, HAIIMOHAIHHOM U PETHOHAIFHOM YPOBHSX JIJISl BEISIBICHUS BHIIOB, TIPEACTAB-
JISIOMIUX HEOTIOXKHYIO MPOOJIeMy COXpaHCHHS. B MaHHOW CTaThe MBI IMITMPUYCCKHU OLCHWIH CTaTyC yrpo-
3Bl ICUC3HOBCHHS TPEX IICHHBIX JICKAPCTBCHHBIX BUAOB pacteHuid (Trillium govanianum, Rheum tibeticum u
Arnebia euchroma) oCpeACTBOM OOIIMPHBIX MOJIEBBIX MCCIICOBAHUN U aHANN3a TepOapHOro MaTepuaia B
Kammvupcekux ['mmanasx u B Jlagakxe, X0J10JHOM MyCTBIHHOM peruone Tpanc-I'mmanaes. B coorBercTBum ¢
KareropusMu U kputepusimu Kpacraoro crimcka MCOIT Bce mieneBbie pacTeHHs OBLTH OICHEHBI KaK BHIIBI, Ha-
XOIAIINECS B cCOCTOSTHUA OIu3koM K yrpoxkxaemomy (Near Threatened). CormacHo olieHKe MPUPOIOOXPAHHOTO
cratyca NatureServe, IS KaXKJIOTO M3 dTHX BHOB OOIIee BIUSHUE YTPpo3 ObLIO OLEHEHO OT «BBICOKOTO» 10
«OueHb BBICOKOTO». MBI OOHAPYKUIIH, YTO aHTPOIIOTEHHBIC YIPO3bI, HCXOMAIINEC OT HE3aINIaHUPOBAHHOTO
SKOHOMHYECKOTO Pa3BUTHS, CTPOUTEIHCTBA JJOPOT M JPYTHUX MMPOCKTOB, CBA3aHHBIX ¢ HHPPACTPYKTYPOH, CITO-
COOCTBYIOT OBICTPOMY COKPAICHUIO €CTCCTBCHHBIX MOIMYISAIUN 3TUX TPeX BUAOB. [I[puHUMAas BO BHUMaHHE
LIEHHOCTb 3TUX BUJIOB C OJHOW CTOPOHBI, M PACTYIIME YIPO3bl UX UCUE3HOBEHUIO B JUKOU MPUPOJIE C IPYTOi
CTOPOHBI, MBI IIPU3bIBAEM K CPOYHBIM CTPATETHSIM UX COXPAHCHUS B YA3BUMBIX MECTaX 0OUTaHUs B [ mMamasx
Ha MyTH PETHOHAIBHOTO COLIMAIBHO-O)KOHOMUYECKOTO Pa3BUTHSL.

KuaroueBsle cioBa: Arnebia euchroma, Rheum tibeticum, Trillium govanianum, Kammupckue ['mmanau, Ha-

XOJISIIIUICS B COCTOSTHAN OJIM3KOM K YyTPO)KaeMOMY TaKCOH, 001Iiee BIMSHNE YTPO3, OIICHKA YTPO3bl HCUE3HO-
BeHus, Tpanc-I'umanan
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