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Abstract  
Heterogeneity of environments, dioecism and wind 
pollination factors resulted in the introduction of 
concepts such as clines, ecotypes and ecomorphs. In this 
paper we attempt to summarize geographical distribution 
and morphological variation among different populations 
and within the population of Hippophae tibetana, an 

endemic species of the Himalaya. Twenty-eight 
accessions of six natural populations of species were 
analyzed statistically in order to study its morphological 
and geographic variation. Statistically analysis of the 
female accessions resulted very significant variation 
existed in the population of Hippophae tibetana.  
Dioecism and wind pollination make this species an 
obligate out-crosser. The two features coupled with 
occasional sexual polymorphism serve as the basis of 
genetic variation. This variation manifests at the 
morphological, cytological, ecological and molecular 
levels. Geographical distribution modeling indicates that 
species restricted to the high altitude of the Trans 
Himalaya.  It is concluded that species shows habitat 
specificity and morphological variations in different 
populations and within population of H. tibetana 
growing in this region. Therefore, conservation of the 
varied morphotypes are required by in-situ and ex-situ 
methods. 
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1. Introduction 
 
Species shows a wide range of morphologies in 
response to geography, habitat and environmental 
influences, particularly in the plant species. This 
ability of a species is not important only in 
taxonomy, but also ecologically and resulted in the 
introduction of concepts such as clines, ecotypes 
and ecomorphs (Huxley, 1938; Turesson, 1922). 
Phenotypic responses to environmental influences 
are often high due to heterogeneity of environments 
and this is particularly relevant in alpine ecosystem. 
In order to understand the processes that determine 
observed patterns of morphological variation, it is 
necessary to understand the potential of a species to 
alter its morphology (Cook & Johnson, 1968).  
 

 
 
Similarly, the potential of a species to respond to 
environmental influences will be relevant when 
considering the range of variation that can be 
exhibited by a single species and ultimately when 
considering species boundaries (Darwin, 1859; 
Suding et al., 2008).  
 
Seabuckthorn (Hippophae species) is dioecious and 
is widely distributed between 27º-69º N latitude and 
7º-122º E longitude (Rousi et al., 1971; Yu et al., 
1989; Lian et al., 1998). The genus Hippophae 
comprises seven species and nine subspecies 
according to the latest classification, (Bartish et al., 
2002; Sun et al., 2003) and has shown enormous 
ecological, nutritional and medicinal values. In the 
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Hippophae genus, H. rhamnoides subsp. sinensis 
and H. salicifolia are the most primitive species, but 
H. tibetana is the most advanced species in the 
genus (Lian & Chen, 1991).  H. tibetana is one of 
the endemic high altitude species, which is 
distributed in China, Tibet, Nepal and India altitudes 
from 2800 to 5300 m (Lian et al., 1998). In India 
Hippophae tibetana grows naturally in the high 
altitude regions of Jammu and Kashmir, Himachal 
Pradesh, Uttarakhand and Sikkim provinces 
(Basistha et al., 2001; Dwevedi et al., 2006; Gupta 
et al., 2000; Singh & Khosla, 2001; Lian et al., 
2003). Hippophae tibetana shows different 
morphological and genetically feature as compared 
to other species of the genus Hippophae because it 
diverged early from the other species (Bartish et al., 
2000; Bartish et al., 2002; Sun et al., 2002). It shows 
response to cold and strong wind conditions. H. 
tibetana is a shrub with a thick tortuous knobby 
stem and abundant upright shoot ending in thorns. It 
is used in Tibetan and other medicine system to 
curing various diseases like jaundice, asthma, 
intestinal disease, sharpening potency, heal burns, 
cardiac disorder, eczema, inflammation of the 
pulmonary tract, radiation injury, stomach, 
indigestion, antitussive, blood purifier, expectorant, 
lung disorder, difficulty in expelling phlegm, 
coagulation, clotting of the blood and cancer etc. It’s 
fruit is rich in vitamins (A, C and E), minerals, 
flavonoides, bio-active compounds and essential 
fatty acids (Singh & Khosla, 2001; Thompson et al., 
1996).   
 
A detailed knowledge on the distribution of species 
is essentially required for the successful re-
introduction and conservation of species in the 
ecosystems. Distribution modelling therefore, helps 
to identify the areas for species reserves, re-
introduction and developing effective species 
conservation measures (Adhikari et al. 2009, 2012; 
Samant & Lal 2015). It has been successfully used 
in restoring critical habitats and predicting the 
impact of environmental and climate change on 
species and ecosystems (Brooks et al. 2004; Giriraj 
et al. 2008; Franklin 2009; Gogol-Prokurat 2011).  
  
Himalayan region known as natural habitat for many 
indigenous, under-exploited plant resources, which 
have sociological and ecological importance for 
humankind. Since the early 1980s, Hippophae, 
particularly H. rhamnoides, has received special 
attention and become an important subject for 
domestication in many countries. On the other hand, 
only a few studies have been done on this species. In 
this paper, we attempt to summarize geographical 
distribution and morphological variation among 
different populations and within the population of 
H. tibetana in Himachal Pradesh.  
 
 

2. Materials and Methods    
 
2.1. Study Area  
The Lahaul-Spiti district (31º44′57″ and 32º59′57″ 
N Latitudes and 76º46′29″ and 78º41′34″ E 
Longitudes; 13,835 km2 geographical area) and 
Kinnaur (31º55′50″ and 32º05′15″ N Latitudes and 
75º45′00″ and 79º00′35″ E Longitudes; 6,401 km2 
geographical area) in Himachal Pradesh forms the 
part of cold desert and extends from 2400-7000 m 
amsl.  Hippophae tibetana a deciduous species 
occupies a narrow range of habitats and altitude 
(3300-4300 m amsl) in the Lahaul-Spiti and Kinnaur 
districts in the Himachal Pradesh. The 
morphological studies were conducted in the 
Lahaul-Spiti and Kinnaur districts of Himachal 
Pradesh.  A remarkable feature of the vegetation of 
the Lahaul-Spiti and Kinnaur districts is that the 
South and East facing hill slopes are practically 
devoid of vegetation and the North & West facing 
slopes show growth of plants (Singh, 2008).  The 
rocks of mountains are composed of Schist’s 
Quartz-Mica-Schists, Balaini, Biotite-Schists, 
Schistose Phyllites, Paragneissic bands, Quartzite, 
and Conglomerates. The soil consists properties of 
Schistose and Calcareous group. The rock system is 
very fragile and liable to erosion which is often 
accentuated by the rigorous of severe winter, 
avalanches and the strong winds that accompany 
them. As a result good chunks of many forests are 
often covered with rocks and boulders (Wadia, 1938 
& 1957). The vegetation of the valley is mainly 
comprises of dry temperate, sub-alpine and alpine 
types. 
 
2.2. Methodology 
Six wild populations exploration survey was 
conducted during 2009-2015 to indentify 
morphological variations of Hippophae tibetana 
from Lahaul- Spiti and Kinnaur districts of 
Himachal Pradesh. In Lahaul-Spiti district H. 
tibetana was recorded from the Darcha, Takcha, 
Lossar, Kiber and Guling and from Kinnaur district 
only in Chikul. Selections of accessions were made 
on physical attributes (altitude gradient, habitats and 
aspects) and morphological variation within the 
populations. The number of the accessions studied 
from each populations depends on the size of 
population. Twenty-eight (16 female and 12 male) 
selected accessions were studied by following the 
using the plant descriptor; describing the qualitative 
(immature and mature stem Colour; seed and fruits 
colour; midrib colour of leaf; arrangement of fruit 
on branches; etc.)  and quantitative ( plant height; 
fruit, seed, and leaf size; mass of 100 seeds and 
fruits; etc) characters (Table 1). Fruit shape was 
characterized based on Fruit Index (k):  Depressed 
(<1); Rounded (1.00 -1.19); Oval (1.20 -1.39) and 
Cylindrical (1.40 – 1.59). Fruit Index (k) =Fruit 
length/Fruit width (Semakin, 1968). Total soluble 
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solids (TSS) recorded from fully ripe fruits using a 
hand refractometer. For each accession, 3 replicate 
have been done and each replicate contained 10 
fruits. The data were analyzed using computer based 
statistical program. Hierarchical Euclidian cluster 
analysis of accessions was done based on eight 
quantitative morphological characters (i.e. leaf 
length, width, petiole length, fruit length and width 
and peduncle length and seed length and width) of 
female accessions studied in Lahaul-Spiti and 
Kinnaur districts. Euclidean distance were 
calculated by the Wards method and dendrogram 
were constructed to examine the relationships within 
the studied accessions (Karon & Calin, 1973; Sokal 
& Rohlf, 2003) The Cluster Analysis has been done 
using the program BioDiversity Pro. 
 
Twenty eight (28) primary distributional records of 
Arnebia eucroma were collected through field 
surveys. The coordinates of all the occurrence points 
were recorded to an accuracy of 5–15 m using a 
Global Positioning System. The coordinates were 
then converted to decimal degrees for use in 
modelling the distribution probability of occurrence 
of the species in its native range. Over the years, a 

variety of environmental datasets has been 
accumulating in the public domain websites, which 
can be used in distributional modelling of species. 
Use of different formulation of environmental 
datasets however, yields different results for the 
same set of species (Peterson and Nakazawa, 2008). 
Hence, selection of appropriate data type and pixel 
resolution is a prerequisite prior to predictive 
modelling (Parra et al., 2004). In the present study, 
remotely sensed data on elevation and bioclimatic 
variables (Hijmans et al., 2005) were used to 
summarize the distribution probability of occurrence 
for the species in the native range of the Himachal 
Pradesh. Correlative approach used for distribution 
probability of occurrence modelling, the pixel 
dimension was ~250m grid cell and the model was 
developed using maximum entropy modelling 
(Maxent version 3.3.3k, Phillips et al., 2006, 2011) 
Logistic threshold of 10 percentile training presence 
value was categorized into five classes for map 
composition of probability of occurrence i.e., 75-
100% (0.762–1), 50-75% (0.572–0.761), 30-
50%(0.381–0.571), 0.0-30% (0.325–0.570) and not 
occurred (0–0.324).   

 

Table 1: Populations and Accessions of Hippophae tibetana in Himachal Pradesh 
Population Accessions Sex Altitude (m) Longitude Latitude Habitat 

Lossar 
 

SSLSR-1 M 4075 32º 26.526 77º 46.017 Road side 
SSLSR-2 F 4063 32º 26.368 77º 45.692 Road side 
SSLSR-3 M 4063 32º 26.368 77º 45.692 Road side 
SSLSR-4 M 4109 32º 26.388 77º 44.917 Agriculture field 
SSLSR-5 F 4078 32º 26.685 77º 43.948 Forest 
SSLSR-6 F 4081 32º 26.682 77º 43.939 Forest 

Takcha 

SSTAK-1 M 4124 32º 26.970 77º 41.669 River bed 
SSTAK-2 F 4124 32º 26.970 77º 41.669 River bed 
SSTAK-3 M 4122 32º 26.956 77º 41.637 River bed 
SSTAK-4 F 4122 32º 26.956 77º 41.637 River bed 
SSTAK-5 F 4123 32º 26.883 77º 41.529 River bed 
SSTAK-6 M 4123 32º 26.883 77º 41.529 River bed 
SSTAK-7 F 4134 32º 26.677 77º 41.398 River bed 
SSTAK-8 M 4134 32º 26.677 77º 41.398 River bed 
SSTAK-9 M 4138 32º 26.668 77º 41.263 River bed 
SSTAK-10 F 4138 32º 26.668 77º 41.263 River bed 
SSTAK-11 F 4138 32º 26.668 77º 41.263 River bed 

Darcha 
SLDHR-3 M 3320 32º 40.211 77º 12.785 River Bed 
SLDHR-4 F 3317 32º 40.095 77º 12.835 River Bed 

Kibber 
SSKBR-1 F 4210 32º 19 848 78º 00.532 Agricultural field 
SSKBR-2 M 4200 32º 19.839 78º 00.528 Agricultural field 
SSKBR-3 F 4190 32º 19.799 78º 00.521 Agricultural field 

Guling 
SSGUL-2 F 3613 32º 02.656 78º 05.296 Road side 
SSGUL-3 M 3606 32º 02.677 78º 05.302 Road side 
SSGUL-4 F 3612 32º 02.716 78º 05.284 Road side 

Chitkul 
SKICHT-1 F 3375 31º 20.977 78º 26.286 River bed 
SKICHT-2 M 3376 32º 20.977 78º 26.286 River bed 
SKICHT-3 F 3612 32º 02.716 78º 05.284 River bed 

 
3. Results and Discussion  
 
Out of the 55,673 km2 of Himachal Pradesh, a 
total area of ca.1304.664 km2 under the 

probability of occurrence classes was predicted 
for the Hippophae tibetana species (Figure 1) in 
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the Himachal Pradesh. Among the classes in 
the 0.0-30% probability of occurrence class 
covers 761.880 km2 area. Area under 30-50% 
probability of occurrence class was restricted to 
298.256 km2 and 50-75% probability of 
occurrence class 152.011 km2. Area of 75-
100% probability of occurrence class was192.0 
km2 (Figure 1). Total surface area with 
probability of occurrence over 50% is 244.528 
km2. The information retrieved from distribution 
model, potential distribution significantly larger 
than the present occurrence of Hippophae 
tibetana in the Himachal Pradesh (Figure 1). In 
particular the algorithm predicted distribution of 
the species in the Cold Desert Region of the 
Himachal Pradesh, with probability of 
occurrence ranging from 75% to 100%, that 

almost fulfils sites where Hippophae tibetana is 
actually occurred in small and scattered stands. 
Sixteen (16) female accessions and twelve (12) 
male accessions were studied in naturally 
growing six (6) populations of Hippophae 
tibetana in Lahaul-Spiti and Kinnaur districts of 
the Himachal Pradesh. Hippophae tibetana 
grows as dwarf shrub form and mean height of 
female plants 20-50 cm and male plant height 
19.50-80.00 cm (Table 2.). In female 
accessions leaf length ranged from 1.61-2.46 
cm and width from 0.29-0.44 cm and petiole 
length from 0.90-1.76 mm and in male 
accessions leaf length ranged from 1.47-3.33 
cm and width from 0.28-0.46 cm, and petiole 
length from 0.93- 1.85 mm (Table 2 & Figure 
2). 

 

Graphical Abstract: Figure 1: Geographical location, populations 
and occurrence probability of Hippophae 
tibetana in Himachal Pradesh 

          
 
Table 2: Range and mean of morphological parameter of Hippophae tibetana in Himachal Pradesh 

Morphological Parameter 
 Plant (cm)  Leaf  size(cm)  

Height Canopy width Length Width Petiole length (mm) 
Female Accession (16)  
Maximum  50.00 52.50 2.46 0.44 1.76 
Minimum  20.00 12.50 1.61 0.29 0.90 
Mean±SE 31.88±2.20 32.50±2.38 2.05±0.07 0.37±0.01 1.25±0.06 
Male Accession (12) 
Maximum  80.00 45.00 3.33 0.46 1.85 
Minimum  19.50 15.00 1.47 0.28 0.93 
Mean ±SE 35.38±4.64 26.33±2.43 2.04±0.01 0.39±0.07 1.39±0.06 

 
The mature fruits are orange coloured with 
brown black stellate ornamentation at the 
apices along persistent stylar end and fruits 
round, depressed and cylindrical shape. Fruit 
arrangement on secondary branches is profuse 
and zigzag. Fruit length varies from 5.42-10.29 
mm and width 5.84-8.37 mm and peduncle 
length 0.99-2.00 mm (Table  
 

 

 
3 & Figure 2). Total soluble solids ranged 
between 5.20-8.00o Brix. and weight of 100 
fruits varies from 16.00-36.00 g.  Seeds are 
brown and chocolate brown coloured along with 
one longitudinal furrow. Seed length varies 
from 4.21-5.64 mm and width 1.69-2.56 mm 
and weight of 100 seeds varies from 0.71-0.97 
g (Table 3). 
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Table 3: Range and mean of morphological parameter of Hippophae tibetana in Himachal Pradesh 
Morphological Parameter 

 

Fruit (mm) Fruit Seed (mm) 
Length Width Peduncle Weight 

(g/100) 
TSS (%) Weight (g/100 

seed) 
Length Width 

Maximum 10.29 8.37 2.00 36.00 8.00 0.97 5.64 2.56 
Minimum 5.42 5.84 0.99 16.00 5.20 0.71 4.21 1.69 
Mean±SE 7.22±0.31 7.26±0.20 1.54±0.08 24.66±1.83 6.78±0.18 0.82±0.02 4.85±0.13 2.13±0.07 
 
The correlation between altitude and 
quantitative parameter of accessions (i.e. plant 
height, canopy diameter, leaf length and width, 
petiole length, fruit length and width, peduncle 
length and seed length and width) were tested 
and only a few parameters showed significant 
correlation. Leaf length shows significant 
positive correlation with leaf width (r=0.576, 
p<0.01, n=28) and petiole length  
 

 
(r=0.544, p<0.01, n=28). Fruit length show 
significant positive correlation with fruit width 
(r=0.576, p<0.02, n=16); fruit width with 
peduncle length (r=0.0.451, p<0.1, n=16); Fruit 
volume shows positive correlation with leaf 
area (r=-0.432, p<0.1, n=16) and canopy 
diameter (r=-0.414, p<0.01, n=28). Seed length 
shows significant positive correlation with fruit 
length (r=0.7.94, p<0.01, n=16) (Figure 2). 

Figure 2: Accessions morphological and ecological characterization of Hippophae tibetana in Himachal 
Pradesh 

 
 
The cluster analysis of accessions has been 
done based on quantitative morphological 
characters of female accessions. Sixteen 

accessions of Hippophae tibetana were placed 
in the five cluster on the basis of Hierarchical 
Euclidian clustering, here it was seen that 
cluster I, II, III, IV and V had different number of 
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accession grouped under them (Table 4). The 
maximum numbers of accessions were in the 
cluster I & II (4 accessions each) and minimum 
numbers were placed in cluster IV (2 
accession). Highest means for the leaf length 
(23.48 mm); leaf width (4.09) and leaf petiole 
length (1.52 mm) were  
 
seen in the cluster II and highest values for fruit 
length (8.55 mm); fruit width (8.22 mm) and fruit 
peduncle length (1.76 mm) were seen in cluster 
II (Table 4). Maximum mean value of seed 
length (5.39 mm) and seed width (2.36 mm) 
was seen in cluster II and I respectively (Table 
4). Leaf length, width & petiole length; seed 
length & width and fruit length, width & 
peduncle length characters data of all the 

female accessions were further hierarchically 
clustered according to ward with Euclidean 
distance. The dendrogram obtained by 
hierarchically clustering of morphological 
characteristics (Figure 3) showed that clusters 
started at the lowest level and lead to the super 
cluster.  The maximum distance of 6.85 was 
found between Clusters I and II, followed by 
6.16 was found between cluster I and III. The 
minimum distance of 2.77 was observed 
between Cluster I and IV (Table 4). Distance 
between clusters indicates that there was a 
degree of dissimilarity between clusters. Higher 
distance between cluster shows that cluster are 
morphologically different from each other in 
high degree. 
 

 

Table 4: Number of accessions in clusters and cluster mean values and distance between clusters obtained by 
hierarchical clustering 

Cluster I II III IV V Grand  

Mean 
Distance between clusters 

Number of Accessions 4 4 3 2 3 

M
ea

n 
of

  m
or

ph
ol

og
ic

al
 

ch
ar

ac
te

rs
 in

 th
e 

cl
us

te
r 

(m
m

) Leaf Length 17.05 23.48 23.08 19.19 19.64 20.53 
Cluster 

Leaf width 3.32 4.09 3.81 3.86 3.50 3.67 

Leaf petiole length 1.09 1.52 1.27 1.23 1.12 1.26  I II III IV V 

Fruit length 6.87 8.55 6.31 8.34 6.10 7.22 I 0.0 - - - - 

Fruit width 7.20 8.22 6.68 7.73 6.43 7.26 II 6.86 0.0 - - - 

Fruit peduncle length 1.59 1.76 1.73 1.30 1.15 1.54 III 6.16 2.92 0.0 - - 

Seed length 4.73 5.39 4.46 5.34 4.35 4.85 IV 2.77 4.41 4.61 0.0 - 

Seed Width 2.36 2.14 2.03 2.13 1.92 2.13 V 2.96 5.09 3.52 2.78 0.0 
 

Figure 3: Dendrogram of cluster analysis of Hippophae tibetana female accessions 

 
 
The distribution of a species is determined by 
biotic and abiotic factors of the ecosystem. 
Geology, soil and climatic factors directly 
influence on vegetation of a given place at a 
given time. The effects of environmental 
condition are reflected through the spatial and 
temporal variation in the vegetation (Soleimani 
et al. 2008). Field surveys and model output 
showed that riverbed natural habitat of the 
species distributed between higher elevations 
(3300-4300 m amsl) of Himachal Pradesh. A 
predictor layer shows the role of abiotic factors, 

which determine the niche of the species. The 
particular geographical distribution of the 
species to the riverbed areas indicated species 
that species shows habitat specificity. 
Herbarium records and literature also 
supported model output their occurrence in the 
riverbed of the Himalaya.  Twenty-eight wild 
populations of H. tibetana growing in Lahaul-
Spiti and Kinnaur districts selected for the study 
showed, a wide range of variability for different 
morphological traits. Allopatric variation in plant 
morphology is a function of phenotypic changes 
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in response to local environmental conditions, 
genetic variation and evolution among 
populations, and the biogeographic history of 
an individual species (Thompson, 1991; 
Mathew, et al. 2007). It has been observed that 
plant height, fruit size and leaf length did not 
effected with altitude and petiole length of the 
leaf depends on the length of the leaf. The 
length of peduncle shows directly proportional 
relation to the length of fruit. Seed length 
depends on the fruit length. In most woody 
plants, morphological and physiological 
characteristics are extremely variable across 
environmental gradients, particularly across 
altitudinal gradients. Cluster analysis carried 
out utilizing quantitative morphological data by 
computing Euclidean distances amongst 16 
female accessions showed morphological 
variability. The grouping of selected accessions 
in different clusters on the basis of 
morphological parameters showed applicability 
of grouping into distinct classes but it also 
indicated variations among stands in clustering 
due to geographical region, prevailing 
microclimate and free gene flow. Dioecism and 
wind pollination make this species an obligate 
out-crosser, these features coupled with 
occasional sexual polymorphism serve as the 
basis of genetic variation. This variation 
manifests at the morphological, cytological, 
ecological and molecular levels.  
 
Conclusion  
 
The present study demonstrated that 
distribution modelling and morphological study 
could be of great help in eco-restoration of 
species and habitats where the species had 
existed before but also in rehabilitating the 
species population and improving its 
conservation. It is concluded that species 
shows restricted distribution, habitat specificity 
and wide variations in different populations and 
within the population of Hippophae tibetana 
growing in Himachal Pradesh. Thus, protection 
and preservation of the valuable germplasm 
have become urgent.  
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