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ORIGINAL ARTICLE

Ecological Niche Modeling and Status of Threatened Alpine 
Medicinal Plant Dactylorhiza Hatagirea D.Don in Western 
Himalaya
Naveen Chandraa, Gajendra Singha, Shashank Lingwala, J.S Jalalb, M.S Bishta, Vineet Pala, 
M.P.S Bishta, Balwant Rawatc, and L.M Tiwarid

aDepartment of Forestry and Climate Change, Uttarakhand Space Application Centre, Dehradun, India; 
bBotanical Survey of India, Pune, Maharashtra; cSchool of Agriculture Science, Graphic Era Hill University, 
Dehradun, Uttarakhand; dDepartment of Botany, D.S.B Campus, Kumaun University, Nainital, India

ABSTRACT
Medicinal plants are known for their traditional and modern medicinal 
values to treat health disorders. Dactylorhiza hatagirea (known as 
Hattajari and Salampanja) is one of these medicinal plants, which is 
highly praised and valued medicinal plant in alpine regions. The plant 
has been widely used by the local inhabitants for treating various 
ailments due to which its demand has increased in the herbal indus
tries. The present study evaluates the distribution and threat status 
using extensive field surveys and MaxEnt computer package. The 
distribution was assessed using environmental variables derived 
from WorldClim data set and slope, aspect, elevation, drainage, soil, 
geomorphology, land use/land cover (derived from IRS Landsat-8), and 
53 well-dispersed field and literature survey species occurrence points. 
Phyto-sociological information collected using Rapid Mapping 
Exercise (RME) (50 transects of 500 m in length, each transect having 
four plots of 1 × 1 m in size at every 50 m distance in east, west, north, 
and south direction, with a total of 40 plots in one transect) were laid in 
26 population sites. The results reveal that the highly suitable habitat 
of D. hatagirea is only ~177.13 km2 where the species ranges between 
0.1 and 2.2 individual/m2 in the alpine regions of Uttarakhand 
Himalaya. However, about 740 km2 area was found less suitable. 
Mean diurnal range, aspect, and slope were the most predictor vari
ables for the species occurrence. The collection for domestic use, 
trade, and habitat loss due to excessive grazing by the heavy-bodied 
animal was recorded as the major reasons behind the population 
decline of this medicinally important plant. These findings assist in 
the identification of new populating and suitable areas for monitoring 
and in-situ conservation using field survey and range of environment 
factors that determine the distribution of species.

KEYWORDS 
Dactylorhiza; distribution; 
Western Himalaya; 
population; threats

Introduction

Dactylorhiza hatagirea (D.Don) Soo (Family-Orchidaceae) is a monocotyledonous, per
ennial, and terrestrial plant that extends from Mangolia to Himalaya (Govaerts et al., 
2019) and occurs in temperate to alpine regions between 2500 and 5000 m asl (Bhatt et al., 
2005). In India, it is reported in moist meadows, sub-alpine, and alpine grassy areas of 
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Jammu and Kashmir, Himachal Pradesh, Uttarakhand, and Sikkim (Singh et al., 2019). 
Since the time immemorial, the species is used in various Indian medicine systems, 
namely, Ayurveda, Siddha, and Unani. The species traded commonly as ‘Salampanja’ 
and yield a high-quality ‘Salep’, which is extensively used in curing various ailments/ 
household remedy (Vij et al., 1992). D. hatagirea is a habitat-specific and inherently slow- 
growing and poorly regenerating species (Agarwal et al., 2008) having pollinator specifi
city and the requirement for mycorrhizal association (Bhatt et al., 2005). D. hatagirea has 
been categorized as critically endangered (CAMP status) (Rawat et al., 2016; Tiwari et al., 
2015) and also listed under Appendix II of CITES (Uniyal et al., 2002). Various types of 
disturbances, namely, grazing, overexploitation, nonscientific collection, and limited 
propagation methods resulted in the decline of species from its natural habitat (Giri 
et al., 2008). Over last two decades, the market demand of the D. hatagirea has increased 
while supply is gradually decreasing (Goraya & Ved, 2017); therefore, in-situ conserva
tion, as well as cultivation, is required to rescue its extinction. Globalization of herbal 
medicine along with uncontrolled exploitative practices and lack of intensive conservation 
efforts have pushed many of the medicinal plants to the verge of extinction. Thus, species 
distribution models (SDMs) and ecological niche models (ENM) are helpful to identify 
the areas for species reserves, re-introduction, and in developing effective species con
servation measures (Adhikari et al., 2012).

For the restoration of the depleted species populations and their habitats, species re- 
introduction program is emerging an important tools in ecology (Samant & Lal, 2015). 
Reintroduction of species requires adequate knowledge about the suitable habitats for the 
species occurrence. Species distribution, prediction, and mapping of the potential habitat of 
threatened and endangered medicinal species are extremely important for monitoring, 
management, and restoration of their declining native population and natural habitats 
(Gaston, 1996). Predictive distribution models aid in forecasting the spatial occurrence of 
species, especially, habitat suitability or realized niche based on the data from extensive field 
survey in conjunction with climatic and topographic factors (viz., slope, elevation and 
precipitation) (Pearson, 2007). SDM has been widely used in restoring critical habitats, 
distributions of species, assess the impact of climate and other environmental changes on 
species distributions (Thomas et al., 2004).

For understanding the nature of threats and distribution pattern for the species 
survival, it is necessary to develop management strategies/plans for their conservation. 
For this purpose, the assessment of the taxa using quantitative parameters, ranging from 
population structure to distribution data, is vitally necessary. D. hatagirea categorized as 
critically endangered owing to excessive use by the local communities for commercial 
and their own use, habitat deterioration due to excessive grazing and trampling by 
heavy-bodied animal. It is observed that the population of the species has declined 
rapidly within a decade. Considering its rapid decline in population and habitats, it is 
imperative to assess the current geo-spatial extent and abundance across the alpine 
meadows of the western Himalaya. Keeping in view the above, the objectives of present 
study are (i) assessment of potential distribution of species; ii) to find out suitable 
combination of environmental variables that structured its distribution; and iii) to assess 
the availability and different threats across the alpine meadows. This will help in 
preparing the in-situ conservation plans and develop strategies for long-term monitoring 
and sustainable use.
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Material and method

Study site

The vegetated zone (3000–5300 m) of alpine landscape is selected for the study (Figure 1), 
which covers about 7833 km2 (24.11%) area mainly dominated by grassy slopes locally 
known as Bugyals in Uttarakhand, Kanda in Himachal Pradesh, and Marg in Jammu and 
Kashmir. Based on altitude, aspect, moisture availability, and duration of the growing 
season, alpine meadows of western Himalaya have been categorized as tall forbs, mixed 
herbaceous formations or short forbs, matted shrubs/shrubberies, Danthonia grasslands, 
Kobresia sedge meadows, and cushioned vegetation (Rawat, 2005). There are about 82 well 
delineated, large alpine meadows distributed in the alpine region of Uttarakhand state 
(Rawat, 2005) from east to west. Some of the most extensive meadows in terms of area are 
located around basins of Nanda Devi, Kedarnath, Gangotri, and Bandarpoonch mountain. 
This region home to 1400 species of flowering plants of which 350–400 species are known 
for their medicinal properties (Rawat, 2005). The alpine zone of this region is characterized 
by very short growing period from May to September. Heavy snowfall during winter, 
followed by frequent hail storms in April–May, is the characteristic feature of high altitude 
areas in the Western Himalaya. High altitudinal variation and wide array of microclimatic 
zones favors the luxuriant growth of diverse vegetation comprising a large number of 
medicinal plants. The mean annual temperature recorded at timberline is 6–7°C and at 
alpine region varies from −10°C to 15°C. The average annual rainfall of alpine region of the 

Figure 1. Alpine region of Uttarakhand (study area highlighted).
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state ranges between 1800 and 2200 mm, of which maximum witnessed during July to 
September.

Data collection

Niche modeling for D. hatagirea was performed using both pre- and post-field surveys. Pre- 
field survey niche modeling was done using the data collected from literature and herbar
ium surveys. Data from the research articles on the distribution of D. hatagirea, herbarium 
records (eg., location, date of collection, altitude) published by Forest Research Institute 
(DD) Dehradun, Botanical Survey of India (BSD), Kumaun University, Nainital (KU), 
Wildlife Institute of India (WII, Dehradun), and Regional Ayurvedic Research Institute 
(RARI, Thapla) were consulted for collecting in-depth information. A total of 30 occurrence 
records retrieved from secondary information were used to develop the pre-field survey 
habitat suitability map. Using this map, intensive field surveys were made in 50 alpine 
meadows between June and September from 2016 to 2019. To assess the population status 
of D. hatagirea in the wild, Rapid Mapping Exercises (RME) was conducted in selected 
alpine meadows (Tiwari et al., 2015). Overall 50 transects (each 500 m long) were laid in 
pre-identified habitats of D. hatagirea. In each transect, at every 50 m interval, four quadrats 
(1 × 1 m) were laid in four directions for population estimation of D. hatagirea (Figure 2). 
For preparing the final habitat suitability map, a total of 53 occurrence points (literature, 
herbarium and field surveys) were used.

Figure 2. Rapid mapping exercise technique for population estimation of MAPs (Rawat et al., 2004).
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Variable selection

A total of 27 environmental variables were used out of which 19 bioclimatic variables were 
derived from WorldClim dataset (http://www. worldclim.org/bioclim). Topographic vari
ables vnamely, aspect, slope, and altitude were derived from Digital elevation model 
(ASTER DEM) using ArcGIS 10.2. Other variables, vnamely, land use/land cover, 
Euclidean distance from the drainage line, vegetation type, geomorphology, degradation, 
and soil type, were also used in the study. All the environmental data used in this model 
were at 1 km spatial resolution (30 arc second) described in Table 1.

Before performing the model, to select the variables having high predictive power to the 
model, multi-collinearity among the variables was performed and highly correlated vari
ables (r ≥ 0.75 Pearson correlation coefficient) were eliminated and establish a model that 
has better permanence with fewer variables. A total of eleven variables, vnamely, Bio 2 
(mean diurnal range), bio 7 (temperature annual range), bio 15 (precipitation seasonality), 
aspect, slope, altitude, drainage, geomorphology, vegetation type, soil type, and degradation 
were used for the prediction of D. hatagirea distribution in the alpine region (Table 1).

Maximum entropy (MaxEnt) model

MaxEnt algorithm used for generating an estimate of the probability of the presence of the 
species, because it performs better with small sample sizes (Elith et al., 2006), that varies 
from 0 to 1, where 0 indicates the lowest and 1 is the highest probability. To validate the 
model robustness, the maximum number of background points was 10000 with 5000 
iterations and the rest of the values were kept as default. The model was run with 20 
replicates with a threshold of 10 percentile training presence and logistic output. In the 
replicated runs, cross-validation technique was performed, where samples were divided into 
replicate folds and each fold was used for test data. Area under curve (AUC) and the true 
skill statistic (TSS) were used to evaluate the accuracy of the model (Allouche et al., 2006). 
TSS values lie between −1 and +1, where perfect performance was indicated by values closer 
to +1, while values near 0 or −1 indicated poor performance in the model. The performance 
of the model was validated by applying the receiver operating characteristic (ROC) curves, 
which are generally used for assessing the accuracy of any diagnostic test (Swets, 1988). We 
selected 70% data for training and rest 30% for test. The relative importance of the 
environmental predictors can be determined in three ways by MaxEnt (percent contribu
tion, permutation importance, and Jackknife approach) (Phillips et al., 2006). In the present 
study, 10 percentile training presence logistic thresholds were applied. The final map 
obtained had three classifications Figure 5.

Results

Potential habitat distribution of D. hatagirea

D. hatagirea is restricted to sub-alpine to alpine meadows between 2500 and 3700 m mostly 
on moist habitats. Of the total variables used, 11 variables (mean diurnal range, annual 
temperature, seasonal precipitation, aspect, slope, drainage, geomorphology, forest type, 
soil type, degradation, and altitude) have shown a significant role in the distribution of 
D. hatagirea and were used for final ecological niche model. A total of 177.13 km2 area was 
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predicted highly suitable, about 740 km2 area less suitable, and rest not suitable for the 
species. The predictive maps of D. hatagirea showed good correspondence with the actual 
map (Kappa coefficient = 0.70). Statistical evaluation of the MaxEnt output indicates that 
the model provides useful prediction with threshold values for training (0.86) and test 
(0.78), which are close to 1, thereby showing the high accuracy (TSS value 0.69) of the model 
(Figure 3). Areas predicted as highly suitable classes were represented 72% of the total 
population, followed by medium (40%) and low thresholds (23%). This confirms the strong 
correlation between population size and threshold level of the model. Environmental 
predictors that showed highest permutation importance and the maximum contribution 
to the final models were mean diurnal range (Bio 2), geomorphology, forest and seasonal 
precipitation (Bio 15).

The results of the Jackknife test for variables contribution are shown in Figure 4. When 
used independently, annual temperature (Bio7) and altitude have high gains (>1.0), which 
indicates their control over more useful information than the other variables (Figure 4). 
Annual mean temperature (Bio1) and altitude were important variables which influence the 
distribution of species in the alpine region (Adhikari et al., 2012). Soil, mean diurnal range, 
aspect, and slope show moderate gain when used independently. Seasonal precipitation 
(bio15), degradation, vegetation type, geomorphology, and drainage have low gains when 

Figure 3. Receiver operating characteristic (ROC) curve.
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used in isolation, and do not show much information. Jackknife evaluations on the relative 
importance of predictor variables showed that mean diurnal range (43%) majorly deter
mines species distribution followed by aspect (13.5%) and slope (8.3%) (Table 2). Bio 2 
(Mean diurnal range of temperature), aspect, and slope were the most significant variables 
that determine its habitat status in the region.

Figure 4. Jackknife graph for D. hatagirea.

Figure 5. Distribution of D. hatagirea in different Forest Divisions (FD) and Protected Area (PAs) based of 
MaxEnt results.
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Distribution of D. hatagirea across forest divisions

There are nine forest divisions (FD) namely Pithoragarh, Bageshwar, Nanda Devi, 
Badrinath, Kedarnath, Rudraprayag, Tons, Gangotri, Yamuna-Barkot and six protected 
areas (PAs) covered partially and fully in the alpine region of the Uttarakhand, namely, 
Askot Wildlife Sanctuary, Nanda Devi National Park and Biosphere Reserve, Valley of 
Flowers National Park, Kedarnath Wildlife Sanctuary, Gangotri National Park, Govind 
Wildlife Sanctuar. D. hatagirea was reported in all nine FDs and 5 PAs of the region. Habitat 
distribution maps for D. hatagirea are presented in Figure 5, which depicts highly suitable 
habitats for the target species. Of the total highly suitable habitats in the landscape 
(177.13 km2), the maximum area was represented by Bageshwar FD (26.24 km2) followed 
by Badrinath FD (25 km2) and Pithoragarh FD (24.12 km2) (Table 3).

Population structure and habitat preferences of D. hatagirea

Among the identified six broad vegetation types in the alpine region of WH, D. hatagirea 
mostly prefers tall forbs, mixed herbaceous meadows, and Danthonia grassy slopes for its 
growth. Based on the field surveys across the alpine meadows, D. hatagirea populations 
were recorded in 26 meadows. Where the species density across different sites ranged 
between 0.2 and 2.2 individuals/m2 (Table 4). Out of these 26 meadows, only nine have 

Table 2. Estimates of relative contributions and permutation importance of the predictor 
environmental variables to the MaxEnt model.

Environment Variables Percent contribution (%) Permutation importance

Mean Diurnal Range (bio2) 43.5 69.9
aspect 13.5 2.9
slope 8.3 2.2
drainage 6 0
geomorphology 5.4 8.8
Precipitation Seasonality (bio15) 3.8 5.7
Forest type 3.8 6.1
soil 3.3 2.5
Temperature Annual Range (bio7) 2.7 1.1
degradation 0 0
altitude 0 0

Table 3. Distribution of D. hatagirea in forest division.

S.No Forest Divisions
Distribution 

(suitable area in km2)

1. Pithoragarh 24.12
2. Bageshwar 26.24
3. Badrinath 25.0
4. Nanda Devi 24
5. Nanda Devi BR 5.27
6. Kedarnath WLD 24.5
7. Rudraprayag 6
8. Tons 10
9. Gangotri 18
10. Yamunotri 3
11. Gangotri WLS 7
12. Gangotri NP 4

Total 177.13
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more than 1.0 individuals/m2. The low species density and frequency of D. hatagirea across 
these meadows indicates its less availability. Among the various meadows, protected areas, 
namely, Valley of Flowers and Nagtal (Badrinath FD) showed better species density (2.2 
individuals/m2 and 2.1 individuals/m2 respectively) than non-protected areas.

The abundance of D. hatagirea across the meadows is very low when compared with 
other Himalayan MAPs. Only two meadows, namely, Valley of Flower and Nagtal, have 
a density over 2.0 individuals/m2. Jalal and Rawat (2009) revealed that the density of 
D. hatagirea varies with habitat types. It ranges from 0.4 individual/m2 (frequency 20%) 
in herbaceous meadows to 0.7 individual/m2 (frequency 27%) in alpine grassy slopes 
dominated by Danthonia cashmeriana.

Habitat assessment using field surveys and secondary information reveals that 
D. hatagirea was more suitable habitats near the treeline under Himalayan birch (Betula 
utilis) forest and Rhododendron campanulatum krummholz. The species mostly found in 
mixed herbaceous meadows (45%) followed by Danthonia grassy slopes (30%) and tall forbs 
(25%) areas having >25° slopes and North, North-East aspects. Superimposing the pre
dicted map on high-resolution satellite imageries (LISS-IV and Cartosat-2 merge product) 
revealed that mosaic of various vegetation types (viz., herbaceous meadows, Danthonia 
grassy slopes and tall forbs) are more suitable for the species occurrence Figure 5. During 
the present investigation, meadows namely, Dugtu, Sipu, Panchachuli base, Phurkia, 
Sundardhunga, Pindari, Tungnath, Nagtal, Dunagiri, Khatling, and Gidara, serve as highly 
suitable habitats for D. hatagirea Figure 5.

Threats on D. hatagirea

D. hatagirea has become threatened due to high anthropogenic activities, low avail
ability (Dhyani & Kala, 2005), and habitat-specific character (Rinchen et al., 2012). 
Grazing and trampling by livestock adversely affect the aboveground plant parts and 
disturb the life cycle of the species. In the alpine region of the state, 31% of the meadows 
are highly degraded due to excessive grazing, 30% are moderately degraded, and only 
a few (8%) are recognized as pristine meadows (Rawat, 2007). Local inhabitants and 
migratory communities (gujjar) are used to carry their livestock (buffalos and sheep) in 
the alpine regions for grazing as a traditional practice. Grazing by heavy-bodied animal 
(eg., buffalos, cows, mules) is very common in D. hatagirea habitats, which causes 
excessive soil erosion, and leads to degradation of natural habitats. Due to the grazing 
and trampling, the underground part of the D. hatagirea is exposed, uprooted or 
removed from the main stock. Livestock density in the alpine region of Uttarakhand 
is much higher (33.92/km2) than the other alpine areas in the Western Himalaya 
(Rawat, 2007). It is estimated that about 10000–15000 sheep/goats graze high altitude 
meadows of Kedarnath Wildlife Sanctuary during summer season (Singh, 2008). In 
totality, currently there are over 1.2 lakh sheep/goats grazing in various alpine meadows 
of the state. Pastoral communities also drive their scrub cattle to subalpine and alpine 
areas for free grazing during the snow-free period (June to October). It leads to fast 
degradation of habitats in easily accessible slopes (<30°) in lower elevational alpine 
range (<4000 m asl).

Local communities collect D. hatagirea from the wild for their variety of purposes 
including medicinal and commercial. Shepherds collect the roots and dry them during 
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their visits to different pastures. The information on the collection of D. hatagirea from the 
alpine region of the state is still lacking. However, the annual demand of the species is 
estimated at 5000 tons (Kala, 2004). Moreover, research scholars from different institutions 
and universities are engaged in the collection of D. hatagirea roots for various research 
purposes especially from easily accessible areas, for example, Pindari, Panchachuli, and 
parts of Kedarnath WLS. In such operations, most of the time researchers get plant material 
from local inhabitants. Thus, the plant goes under tremendous pressure due to unorganized 
harvesting by local inhabitants. Apart from the grazing and unorganized collection, the 
Himalayan mouse hare (Ochotona roylei) and the Monal pheasant (Lophophorus impejanus) 
feed on the tuber of D. hatagirea that creates additional pressure on the plants and destroys 
the sizable quality (Giri et al., 2008; Ranpal, 2009). Impact of different threatened factors are 
illustrated in Table 5.

Discussions

In the alpine region of Uttarakhand, a total of 177.13 km2 areas in moist and marshy 
habitats between 2500 and 3700 m were predicted highly suitable, whereas, 740 km2 areas 
recorded as less suitable for D. hatagirea. The eastern part of the state, in Bageshwar and 
Pithoragarh forest divisions having high precipitation, habitats were found more suitable 
for the growth of D. hatagirea. Herbaceous meadows with high MAPs diversity and less 
accessibility to heavy-bodied livestock (eg., buffaloes, mules) in Bageshwar FD (Pindari, 
Furkya and Sundardhunga valleys) favored good population of D. hatagirea in all the three 
valleys. Similarly, upper Darma, Ralam, and Martoli valleys in the Pithoragarh FD had 
many suitable habitats for the D. hatagirea populations. However, these areas are under 
high grazing pressure during summer seasons having more than 10500 sheep, goats, and 
mules. Whereas the western part of the Uttarakhand (viz., Gangotri National Park) had less 
suitable habitats of D. hatagirea owing to cold arid zone accompanied with low 
precipitation.

The moist alpine grassy slopes and marshy habitats in the WH were most ideal for 
D. hatagirea. Only nine meadows viz., Martoli, Sunderdunga, Mandani, Kham, Tungnath, 
Patyuri, Valley of Flowers, Nagtal, Kandara had more than 1 individuals/m2. These areas 
can act as an in-situ conservation area for the species and also used for natural assisted 
regeneration sites. Some of the earlier studies, a few area showed comparatively higher 
density of D. hatagirea in Kandara (3.15 individual/m2) and Durvil (2.60 individual/m2) 
areas in the moist outer valleys in Uttarkashi and Yamunotri FDs, respectively (Rawat et al., 
2016).

Table 5. Impact of different threats on D.hatagirea.
Type of disturbance Scope* Severity* Overall Impact

High grazing/trampling-heavy bodied cattle Pervasive Extreme High
Harvesting- local use Large Serious High
Excessive harvesting- illicit trade Large Serious High
Tuber eaten Onchona and Lophophorus Small Moderate Low
Unregulated tourism/tuber collection for research Large Moderate Low

where *Scope is measured as the proportion of the species population in the area of interest and *severity is the level of 
damage to the species from the threat (Master et al., 2012)
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The habitat suitability of the D. hatagirea was predicted using 24 climatic and 
environmental variables. The relative contributions of all the 24 variables (BioClim 
and generated) were assessed using the Jackknife test. Of which, only 11 variables 
were included in the optimal model: Bio 2 (mean diurnal range), bio 7 (temperature 
annual range) bio 15 (precipitation seasonality), aspect, slope, altitude, drainage, geo
morphology, vegetation type, soil type, and degradation. The cumulative contribution 
(i.e., importance) of mean diurnal range and aspect was >90%, which indicates suit
ability of these variables to explain the species data. Temperature is the most widely 
acknowledged abiotic environmental driver for alpine plants (Körner & Hiltbrunner, 
2018). In predicting potential distribution of D. hatagirea as well, temperature (mean 
and monthly maximum and minimum) variable appeared most important. Besides 
these, bio 10 (mean temperature of the warmest quarter) and bio 4 (temperature 
seasonality) were also other key variables in structuring its potential distribution 
(Kunwar et al., 2020). The monthly mean temperature has both direct effects on alpine 
plant life through setting limits to species fundamental niches as well as indirect effects 
through determining decomposition and nutrient cycling, access to water, as well as the 
abundance of herbivores, pathogens, pollinators, and seed dispersers (Waldock et al., 
2018).

Niche modeling is a powerful tool for the prediction of potential distribution that can 
help inform applied ecology. However, there are several limitations to niche modeling, such 
as low transfer ability and discrepancies between the simulation results and the actual 
species distribution that can result in an inappropriate conclusion being drawn from the 
models. Our results support the hypothesis that the predicted potential distribution areas 
through MaxEnt always appear over-estimated when compared to the realized niche of the 
species, that is, the habitat (Phillips et al., 2006). Since MaxEnt model considers only niche- 
based data, it predicts the species fundamental niche rather than realized niche (Pearson, 
2007).

Rare and endemic species have acquired top priority for conservation worldwide because 
these species are at high risk of extinction. Mapping potential habitats for rare and endemic 
species can aid in conservation planning and management. Our models fitted with both 
climatic and non-climatic predictors. The model was successful in predicting the distribu
tion range of the species and identifying highly suitable areas where the species have not 
been recorded yet. Analysis of habitat suitability reveals that overall suitable area for species 
reintroduction is 917 km2 of which 740 km2 is less suitable and 177 km2 is very high 
suitable. The predicted suitable areas compose a mosaic of habitats including Danthonia 
grassy slopes, moist meadows, marshy meadows, R. campanulatum and Betula utilis patches 
are among high probability areas for the species; hence, these areas could be used for in-situ 
conservation of the species.

It is recommended that the species should be reintroduced for conservation in the predicted 
suitable habitats. Cultivation of target species can reduce the pressure in its natural habitat and 
may lead to its conservation and sustainable use in future. This approach will provide more 
chances to species survival and management easier and more efficient than other practices. For 
long-term conservation goals, cooperation and collaboration between Forest Department, 
research institutions, non-governmental and other governmental organizations are urgently 
needed. Most of the alpine regions in Uttarakhand are under Van Panchayats (VPs) which is 
a unique example of community forestry. These VPs in partnership with Forest Department 
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can play vital role in conservation of alpine meadows including rare and endangered plant 
species. Other than the VPs, collaboration with Biodiversity Management Committee (BMC) 
and preparing People Biodiversity Register (PBR) would be highly useful for generation of 
information and conservation of rare, endangered and threatened species of the region (The 
Biological Diversity Act, 2002). Findings of study are helpful for understanding the species 
distribution and developing conservation planning for sustainable management of the species. 
Precise assessment of the species of high value medicinal plants is useful for decision makers, 
especially for those whose conservation and management activities are involved in large areas 
but limited by resources to carry out detailed explorations.

Conclusion

The present study is one of its kinds to assess the extent of D. hatagirea across the alpine 
landscape of the Uttarakhand, WH between 2500 and 5300 m asl. The study assessed that only 
2.27% area is highly suitable for D. hatagirea in Uttarakhand. The potential sites/habitats of 
D. hatagirea identified in the present study serve as baseline information for in-situ conserva
tion and reintroduction of the species in its natural habitats. The high abundance and suitable 
areas can be marked as control monitoring sites for future population status and dynamics of 
D. hatagirea. The habitat suitability assessment of D. hatagirea can help in understanding its 
potential distribution in inaccessible areas. The information helps in discovering the new 
populations, identification of sits for in-situ conservation, and in designing the conservation 
priority zone/resource management zone with an emphasis on species ecological boundary.
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