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Abstract: The position and structure of the treeline species vary from one site to another and in Himalayan region it depends on the snow line or snow 
cover. The transformation from seedling to adults is important and therefore the regeneration dynamics is a major thrust area of the study. The present 
study was conducted in the three anthropogenically disturbed treeline areas varying in altitude between 3145 and 3467 m asl in the sub-alpine region of 
western Indian Himalaya. The cattle pressure was estimated by using questionnaire and direct observation method. 3-5 herds of 800-1000 animals 
grazing in each studied site during snowless period. Across the treeline sites the total tree density varied between 590 and 760 ind. /ha and seedling 
density between 200 and 710 ind. /ha. The un-palatable R. arboreum and R. campanulatum showed the maximum seedling density (90-230 ind. /ha and 
190-330 ind. /ha) whereas, remaining other species had poor regeneration. R. campanulatum seedling were present 6-20m outside from the actual 
position of krumholtz and showed an upward movement from actual treeline limit encroaching into alpine meadows. 
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1 Introduction 

Due to heat deficiency at higher elevations, trees fail to 
grow and are characterized by a clear division of treeless 
alpine meadows from forests called as alpine treeline [1]. 
The position and structure of the treeline species also vary 
[2] from one site to another and in the Himalayan region it 
depends on the snow line or snow cover. Himalayan 
treeline are among the highest in the world [3]. The location 
of treeline in the western part of the Himalayas is at about 
3600 m [4], [5]. Very few studies have been carried out on 
characteristics of treeline on regional scales at Indian 
Himalaya region [6]. The species composition and structure 
determines the status and functional conditions of forests. 
The structure of treelines are not uniform, when viewed 
globally, the treeline elevation is closely linked with latitude 
[7], [8]. Regeneration responses and structural changes at 
the treeline ecotone, would not only influence treeline shifts 
but can trigger major changes in alpine vegetation [9], [10], 
[11], [12], [13], [14]. Community structure should be studied 
together with plant diversity for determining the role of key 
structuring species that may influenced the entire 
community [10], [15]. Studied on population structure is 
important for developing a wider understanding on how 
species coexistence in natural forest [16], [17]. Dominant 
status of tree species is determine based on population 
structure and their expansion [17], [18].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With the help of population structure one can determine if 
the population has a stable distribution [19], [20], [21], [22], 
[23], [24], [25]. Population structures can provide a holistic 
picture on natural regeneration of tree species which can be 
used for sustainable management and conservation [25], 
[26], [27]. The species survival and new recruitment 
generally depends on its potential to regenerate under 
climatic irregularities [28]. The transformation from seedling 
to adults is important and therefore the regeneration 
dynamics is a major thrust area of the study in terms of 
regeneration and management of forests [29], [30]. The 
species existence and recruitment process in a forest 
mostly depends on its regeneration potential under varied 
climatic factors, anthropogenic disturbances competition 
with species and predation. [17], [31]. Natural habitats of 
several species have become degradation due to heavy 
grazing pressure which is commonly observed in the 
treeline areas [32] climate change has also been indicated 
as a possible factor for lack of regeneration [33], [34]. In 
Himalayan treeline region knowledge about forest 
composition, diversity and their natural regeneration is 
scanty. The objectives of the study were to: i) determine the 
density, diversity, dominance and IVI of treeline areas tree 
species, ii) assess the composition of tree species at 
treeline sites, iii) assess the structure and regeneration 
patterns of treeline tree species. 
 

2 MATERIAL AND METHODS 

Three treeline sites: site I: Tungnath, site II: Bedni and site 
III: Aali, in the Garhwal region of western Himalaya, varying 
in altitude between 3145 and 3467 m asl (Table 1) were 
select for present study. The study sites are situated in the 
sub-alpine zone, where snow cover remains till April. 
Physio-graphically the study area is characterized by 
undulating topographical features, with steep slopes on 
southern and south-western faces and gentle slope on 
northern, north-eastern and north-western aspects. Soil is 
generally brown in colour, sandy loam in texture, with high 
proportion of sand and silt, and generally acidic with pH 
value 4 to 5. The climate of the study area is characterized 
by short cool summers and long severe winters. The mean 
annual temperature of the sites varied from -8.91 (January) 
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and +25.6°C (May) and mean annual precipitation was 
2410.5±432.2mm [35]. The relative humidity percent varied 
between 60 to 80% throughout the year in the sites. 
Anthropogenic disturbance in these treeline sites mainly 

occurs in the form of migratory grazing and tourist activities. 
Lopping of trees for timber, fuel wood, fodder and removal 
of litter by local people in the region are other factors. 

 
Table 1. Physiographic features of the selected study sites 

 

Site Name 
Altitude 

(m) 
Latitude 

(N) 
Longitude 

(E) 
Aspect Dominant tree species 

Site I 
(Tungnath) 

3145-3355 30
0
29’45-30

0
29’54 79

0
12’45-79

0
13’24 South-East 

A. spectabilis, Q. semecarpifolia, R. arboreum 
and R. campanulatum 

Site II 
(Bedni) 

3284-3467 30
0
12’22-30

0
12’09 79

0
39’26-79

0
39’36 South-West 

A. spectabilis, Q. semecarpifolia, R. arboreum 
and R. campanulatum 

Site III 
(Aali) 

3302-3446 30
0
11’17-30

0
11’02 79

0
39’13-79

0
39’28 South-East 

A. spectabilis, Q. semecarpifolia, R. 
arboreum, R. campanulatum and B. utilis 

 
Quadrats were place for carrying out the phytosociological 
analysis of tree species for all the three layers of forest 
vegetation i.e. trees, saplings and seedlings in selected 
sites. The quadrats were laid randomly at each site. In each 
study site all individual were measured by placing 40 
quadrats of 10 x 10m for trees, 80 quadrats of 5 x 5m for 
saplings and 200 quadrats of 1 x 1m for seedling following 
[36]. The vegetational data were quantitatively analyzed for 
density, abundance and total basal area [37], [38], [39], 
[40], [41]. Species diversity was computed using Shannon 
and Weiner diversity index (H') [42]. Concentration of 
dominance was calculated by using the Simpson’s index 
[43]. The population structure of different tree species was 
assessed as seedling, sapling and tree. In each studied 
treeline site individuals of each species were measured for 
CBH (1.37m from the ground) with a girth measuring tape. 
The trees were sampled as above: 30cm, sapling: 11 - 
30cm and seedling: < 10cm CBH. The individuals in each 
tree species were grouped into ten arbitrary CBH classes 
(A: <10, B: 11‒30, C: 31‒60, D: 61‒90, E: 91‒120, F: 121‒
150, G: 151-180, H: 181-210, I: 211-240, J: > 240 cm) [44]. 
The population structure were developed and represented 
by a bar diagram as the relative density percentage was 
plotted against corresponding girth class for each seedling, 
sapling and adult tree class following [45]. The regeneration 
status of treeline species was determined based on the 
relative proportion of adults, saplings and seedlings [46]. To 
assess the regeneration status of species following 
categories were created. 
 

Good Regeneration:                           
Moderate Regeneration:                           

Poor Regeneration:                          

Absent Regeneration:                          
Fresh Regeneration:                          

(Symbol: > = more than,   = either more than or equal,   = 

either more than or less than or equal,   = absent both the 
end,   = only,  = absent one end and   = either). 

 
The cattle pressure was estimated by distributing 
questionnaire to 30% of the households in the surrounding 
villages located within the periphery of 12 km from the 
treeline sites. Information regarding the size of the herds, 
duration of stay was gathered from the herders 
accompanying the herds. Participatory rural appraisal 
methods was followed for the re-verification of the 

information gathered through questionnaire and direct 
contact with the herders. Direct count of the herds size was 
also done whenever possible following [47]. 

 

3 RESULTS  
A total of eight tree species were recorded from the three 
studied treeline sites. Six species were recorded from the 
Site I (Tungnath) and seven species each from Site II 
(Bedni) and Site III (Aali). Out of these eight tree species, 
five species were common at all the three treeline sites, 
seven species were common at Site II and Site III. The total 
density of all the tree species at Site I was 760 ind. /ha, at 
site II it was 590 ind. /ha and at site III it was 710 ind. /ha 
(Fig. 1 D). R. campanulatum showed the minimum and 
maximum density among species and varied from 40 ind. 
/ha at site II to 260 ind. /ha at site I (Fig. 1 A). The total 
basal cover across all the tree species was maximum 
(75.40 m

2
 /ha) on site III and minimum (52.36 m

2
 /ha) on 

site I (Fig. 1 D). The total basal cover of individual tree 
species across all the treeline sites was maximum for A. 
spectabilis = 29.98 m

2
 /ha and minimum for R. 

campanulatum = 0.45 m
2
 /ha (Fig. 1 A). The total density of 

all the saplings at Site I was 570 ind. /ha, at site II it was 
200 ind. /ha and at site III it was 370 ind. /ha (Fig. 1 D). R. 
campanulatum sapling % was 57.89% (330 ind. /ha) at site 
I, 65.0% (130 ind. /ha) at site II and 78.38% (290 ind. /ha) at 
site III. The density of sapling ranged from 70 ind. /ha (R. 
arboreum at site II) to 330 ind. /ha (R. campanulatum at site 
I) (Fig. 1 B). The total basal cover of saplings was 
maximum (2.03 m

2
 /ha) on site I and minimum (0.55 m

2
 /ha) 

on site II (Fig. 1 D). The total basal cover of individual 
sapling species across all the treeline sites varied between 
0.13 m

2
 /ha

 
and 1.05 m

2 
/ha

 
(Fig. 1 B). The value of the total 

density of seedling at Site I was 580 ind. /ha, at site II it was 
200 ind. /ha and at site III it was 710 ind. /ha (Fig. 1 D). The 
percentage of R. campanulatum seedling was 56.90% (330 
ind. /ha) at site I, 38.0% (190 ind. /ha) at site II and 64.07% 
(320 ind. /ha) at site III, similarly the percentage of R. 
arboreum seedling was 15.52% (90 ind. /ha) at site I, 44.0% 
(220 ind. /ha) at site II and 46.0% (230 ind. /ha) at site III. 
Across all the treeline sites in many places the seedling of 
R. campanulatum were found 6-20m outside from the 
actual position of krumholtz that make the treeline limit. The 
density of different seedling species varied from 20 ind. /ha 
(each for A. spectabilis and T. baccata at site I and site III) 
to 330 ind. /ha (R. campanulatum at site I) (Fig. 1 C). The 
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total basal cover was maximum (0.13 m
2
 /ha) on site I and 

minimum (0.055 m
2
 /ha) on site II (Fig. 1 D). The total basal 

cover of individual seedling across all the treeline sites was 

maximum for R. campanulatum = 0.11 m
2
 /ha and minimum 

for Q. semecarpifolia = 0.00003 m
2
 /ha at site I (Fig. 1 C). 

 

          
 

          
 

Fig. 1 (A-D). Density (lines) and total basal cover (bars) of the selected tree species in studied treeline sites. Site I = Tungnath, 
Site II = Bedni and Site III = Aali. Fig. A: Density and total basal cover of individual tree species. Fig. B: Density and total basal 
cover of individual sapling species. Fig. C: Density and total basal cover of individual seedling species and Fig. D: Density and 

total basal cover of all the tree, sapling and seedling species across all the sites. 
 

On the basis of IVI, the most important tree species across 
all the treeline sites was A. spectabilis at tree layer and R. 
campanulatum at sapling and seedling layer (Fig. 2 A, B 
and C). The value of species diversity (H’) was between 
0.58 (site II and III) to 0.72 (site I) for tree layer, 1.43 (site I) 
to 2.20 (site III) for sapling layer and 1.08 (site III) to 1.24 
(site I) for seedling layer (Fig. 2 D). Similarly, the value of 

concentration of dominance (CD) varied from 0.15 (site III) 
to 0.22 (site I) for tree layer, 0.43 (site I) to 0.66 (site III) for 
sapling layer and 0.32 (site III) to 0.37 (each for site I and 
site II) for seedling layer (Fig. 2 D). The H’ (r

2
 = 0.94) and 

CD (r
2
 = 0.91) correlated positively with density of trees. 

Similarly, the sapling and seedling density also showed a 
correlation positively with H’ and CD. 
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Fig. 2 (A-D). Important value indices of the studies species across the selected treeline sites. Fig. A: Important value index of 
tree layer, Fig. B: Important value indices of sapling layer, Fig. C: Important value indices of seedling layer and Fig. D: Species 

diversity (bars) and concentration of dominance (lines) of tree, sapling and seedling layer in the selected treeline sites. 
 

R. campanulatum and R. arboreum were the species 
regenerating at the treeline sites as represented by 
presence of sufficient number of seedling and sapling (Fig. 
3 F & G). In the remaining species the seedling/sapling 
density was low or absent. The population structure of the 
tree species in terms of relative proportion of seedlings, 
saplings and adults varied [46] greatly in studied treeline 
sites. Across all the sites A. spectabilis was represented by 
large size classes but very few individuals in seedling 
classes (Fig. 3 A). A. caesium was only represented by 

large size classes (Fig. 3  B). B. utilis was represented by 
low number of seedlings and saplings but presence of 
larger individuals (Fig. 3 C). P. cornuta was present only at 
Tungnath site and sapling size class showed the maximum 
representation (Fig. 3 D). In Q. semecarpifolia saplings 
were completely absent and domination was of larger size 
classes (Fig. 3 E). T. baccata was represented by large size 
classes but very few in seedling classes while absent in 
sapling size classes (Fig. 3 H). 
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Fig. 3 (A-H). Population structure of dominated tree species and entire forest stand of studied treeline sites. Fig. A: Population 
structure of A. spectabilis. Fig. B. Population structure of A. caesium. Fig. C: Population structure of B. utilis. Fig. D: Population 

structure of P. cornuta. Fig. E: Population structure of Q. semecarpifolia. Fig. F: Population structure of R. arboreum. Fig. G: 
Population structure of R. campanulatum and Fig. H: Population structure of T. baccata. A-J showed the girth classes. 

 
The regeneration status of the species depends on 
sufficient number of seedling, sapling and adults in the 
forest. At Tungnath site only R. campanulatum while, at 
Bedni and Aali site R. campanulatum and R. arboreum 
showed good regeneration while, all other species at 
Tungnath treeline showed poor regeneration pattern (Table 
2). At Bedni site Q. semecarpifolia and at Aali site A. 
spectabilis, B. utilis, Q. semecarpifolia and T. baccata 
showed poor regeneration, in these species the relative 
proportion of seedling were more than sapling but the 
relative proportion of sapling were less than adults and 
species follow the pattern of adult > sapling ˂ seedling. At 
Bedni site A. caesium, A. spectabilis, B. utilis and T. 
baccata and at Aali site only one species A. caesium 
showed absence of regeneration, these species were 
represented by adult trees, whereas they were completely 
absent in sapling and seedlings layer (Table 2). 
 
Table 2. Regeneration status of dominated tree species in 

the studied treeline sites 
 

Species 
Regeneration status 

Tungnath Bedni Aali 

A. spectabilis Poor Absent Poor 

A. caesium - Absent Absent 

B. utilis Poor Absent Poor 

P. cornuta Poor - - 

Q. semecarpifolia Poor Poor Poor 

R. arboreum Poor Good Good 

R. campanulatum Good Good Good 

T. baccata - Absent Poor 

Anthropogenic disturbance was high in the studied treeline 
sites. Bakarwal, Gujjars and Pahari people graze their 
animals like goats, sheep, horses and buffalo in these 
treeline areas throughout the year. The heavy grazing was 
observe during snow free period from May to October 
during day time and these people also collect grasses for 
stallfed animals from these areas. During study period 
hundreds of goat and sheep (800-1000 in numbers) were 
commonly seen grazing these areas. The increase in 
human pressure and disturbances in these forest is 
responsible for formation of forest gap (patchy vegetation) 
[48]. Tourist were regularly trekking, visiting and staying in 
these areas. The local people in the treeline areas fulfill 
day-to-day needs like animal fodder, leaf litter, grazing and 
fuel wood, and the periodical needs [48] for small timber 
and NTFP’s. 
 

4 DISCUSSION 
Treeline form varies depending upon abiotic and biotic 
factors and historical background. Generally, treeline is 
diffused type, with tree individuals getting gradually sparser 
and shorter above timberline [1]. Anthropogenic and 
ecological factors determine species composition and 
structure [49]. Compositional features of vegetation at 
treeline ecotones in the Himalaya are relatively less 
explored [50]. The composition of treeline ecotone in this 
part of Himalaya varies significantly from other reported 
compositions in treeline ecotones elsewhere in Himalaya. It 
is reported that the coniferous species in sub-alpine belt of 
southern part of the Tibetan Plateau and southern slopes of 
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Himalaya are highly diverse [50]. J. indica, J. recurva, A. 
spectabilis, A. densa, A. pindrow, and B. utilis are reported 
to form timberline on southern slopes of the Himalaya [50], 
[51], [52]. Furthermore altitude is another important factors 
which determine the distribution of tree species as they 
influence the microclimatic habitat conditions [51], [53]. In 
the present study the total tree density varied between 590 
and 760 indi. /ha

 
and total basal cover was between 52.36 

and 75.40 m
2 

/ha. Earlier several workers like [17], [50], 
[54], [55], [56], [57], [58], [59] have reported the values of 
density of tree species varying from 160 to 1470 indi. /ha

 

and total basal area ranged from 2.69 to 87.83 m
2
 /ha 

respectively for other sub-alpine forests in the Himalayan 
region, which were comparable to our studies (Table 3). 
The sapling and seedling density was between 70-330 ind. 
/ha and 20-330 ind. /ha which was comparatively lower than 
the values reported for similar forest types at Tungnath, 
Pindari and Lata treeline in western Himalaya by [17]. The 
sapling density was in the range reported by [50] at 

Chaudans, Pindari, Bhagirathi, Tungnath, Byans and 
Nelang treeline sites while the seedling density was similar 
to Tungnath site and comparatively higher at other sites. 
The lesser number of seedling and sapling in the site, may 
be due to severe biotic pressure. Regular human/animal 
interventions like overgrazing, lumbering and 
encroachments of forest areas are among the key 
regulatory factors controlling the distribution of species [41]. 
Such trends were also reported by [60] in various forest 
communities in Great Himalayan National Park (GHNP) in 
north western Himalaya. [17], [61] have reported from other 
part of north western Himalaya that density of trees 
decreases with increasing elevation. The species diversity 
values of tree (0.58-0.72), sapling (1.43-2.20) and seedling 
layer (1.07-1.24) and concentration of dominance value of 
tree (0.15-0.22), sapling (0.43-0.66) and seedling (0.32-
0.37) in the present study were similar to reported by [62] at 
Dhanaulti in Garhwal Himalaya and also in the range for 
most of the Central Himalayan Forests [36], [63], [64]. 

 
Table 3. Comparision of tree vegetation composition in different treeline sites 

 

Study Sites 
Density 

(ind. /ha) 
TBA 

(m
2
 /ha) 

IVI Reported 

Nanda Devi National Park, Uttarakhand, India 580-820 6.21-87.83 - [54] 

Tungnath, Uttarakhand, India 186-590 5.40-74.5 35-264 [50] 

Kedarnath Wildlife Sanctuary, Uttarakhand, India 235-505 10.49-42.92 - [55] 

Kedarnath Wildlife Sanctuary, Uttarakhand, India 690-740 46.94-76.27 9.78-84.33 [56] 

Tungnath, Uttarakhand, India 243-634 8.94-69.84 - [17] 

Mandal-Chopta, Uttarakhand, India 330-1470 36.32-84.29 2.41-154.23 [57] 

Gangotri, Uttarakhand, India 820 2.69 12.90-83.40 [58] 

Nanda Devi National Park, Uttarakhand, India 160-760 4.4-69.6 - [59] 

Tungnath, Bedni, Aali Uttarakhand, India 590-760 52.36-75.40 15.17-83.28 Present study 

 
The occurrence of a sufficient number of younger 
individuals in a forest population show successful 
regeneration [65]. Maximum number of individuals in 
sapling stage and a sharp decline towards both higher tree 
classes and lower seedling classes results in hill-shaped 
curves, indicating that the rate of conversion of sapling to 
tree is not proportional as also indicated in an earlier study 
[17], [54]. In the present study at Tungnath treeline site 
there was, a decline from lower girth class individuals to 
higher girth class while at Bedni and Aali treeline site the 
forest showed a hill-shaped curves. The regeneration of R. 
arboreum and R. campanulatum was found higher 
compared to other species. Due to toxic nature of 
Rhododendrons species, animals avoided grazing these 
species, this can be a major cause of higher regeneration of 
this species in these treeline areas. Some species of the 
family Ericaceae are a potential source of toxic diterpenes, 
named grayanotoxins. The encroachment of R. 
campanulatum seedlings in the alpine meadows area (6-20 
m) from the krumholtz of R. campanulatum has also been 
reported by [66]. Dominance of individuals of smaller size 
class (seedlings and saplings) has been reported in the 
treeline areas of Kalchuman Lake area of Manaslu 
Conservation Area [34], [67] and in Makalu-Barun National 
Park [68]. [69] Has reported abundance of seedlings above 
the treeline in A. spectabilis. The species in these areas are 
showing good regenerate as they are located within 
protected forest areas in contrast to our anthropogenically 
disturbed areas. B. utilis formed an abrupt treeline 
boundary and generally most of the time was found in 
patches, absence of seedlings and saplings was 

conspicuous, where tree individuals formed the upper limit. 
Contrary to the present study treelines of Nepal [70], [71], 
[72] in Indian region have reported good regeneration in B. 
utilis.  In our treeline sites only R. campanulatum and R. 
arboreum showed good regeneration status while all other 
species showed poor regeneration status. R. 
campanulatum was found generally in clumps, species that 
usually grow in clumps are generalally better adapted to 
intra-specific competition [56], [73]. While all other species 
in these treeline sites showed an inadequate regeneration 
pattern, [74] in Khokhan Wildlife Sanctuary (KhWLS) also 
found inadequate regeneration pattern of P. duthiei. The 
overall regeneration status was poor in these treeline 
forests. All the treeline species showed about 75-80% 
relative proportion of adults while only 20-25% relative 
proportion in saplings and seedlings. [75], [76] have 
reported similar results in Rajouri and Poonch districts of 
J&K State by A. pindrow also had poor regeneration. Poor 
regeneration of Quercus species in Himalayan mountain 
forests was also reported by other workers from time to 
time [36], [77] and anthropogenic disturbance was 
attributed for this. [61], [78] have reported that due to 
human and animal impact, forest species are showing 
inadequate regeneration of younger individuals. [79] has 
reported similar results due to heavy grazing in British 
Columbia. The livestock grazing pressure in our study area 
was found to be high. Certain grazing communities during 
the snow less period migrate to the alpine meadows with 
large herds of cattle, goats and sheep’s. Natural 
regeneration is hampered due to trampling and browsing 
which cause large scale mortality of saplings and seedlings. 
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According to [80], grazing by cattle is the one of the 
fundamental cause of why oak species are facing to 
regenerate in the central Himalayan forest. 
 

6 CONCLUSION 
The two Rhododendrons, R. arboreum and R. 
campanulatum had good regeneration in the three 
anthropogenically disturbed studied treelines. In coming 
years the domination can be of these Rhododendron 
species which are un-palatable to the animals. The rest of 
the species had poor regeneration possibly due to grazing 
and trampling by large herds to cattle varying between 800-
1000 in numbers that stay in these areas for approximately 
8-9 months in a year. At most of the studied sites, there 
were species and site specific shifting patterns with little 
treeline shifting in more recent years. In our studied treeline 
area R. campanulatum seedling were present 6-20m 
outside from the actual position of krumholtz. R. 
campanulatum which is found in krumholtz form showed an 
upward movement from actual treeline which would reduce 
the alpine meadows area. Therefore, treeline forests in the 
study area along with those in the region require regular 
proper management, so that the seedlings and saplings 
could survive and replace adult trees in future. 
 

Acknowledgement 
The authors are thankful to National Mission on Himalayan 
Studies (NMHS), Ministry of Environment, Forest and 
Climate Change, Government of India, for providing 
financial support. 
 

References 
[1] S. Singh, ―Research on Indian Himalayan Treeline 

Ecotone: an overview‖, Tropical Ecology, 59(2): 163–
176, 2018. 

 
[2] F.E. Wielgolaski, A. Hofgaard and F.K. Holtmeier, 

―Sensitivity to environmental change of the treeline 
ecotone and its associated biodiversity in European 
mountains‖, Climate Research, 73: 151–166. 2017. 

 
[3] A. Tewari, S. Shah, N. Singh, and A. Mittal, ―Treeline 

species in Western Himalaya are not water stressed: a 
comparison with low elevation species‖, Tropical 
Ecology, 59(2): 313–325, 2018. 

 
[4] P. Sah, and S. Sharma, ―Topographical 

characterisation of high altitude timberline in the Indian 
Central Himalayan region‖, Tropical Ecology, 59(2): 
187–196, 2018. 

 
[5] C.P. Singh, S. Panigraphy, A. Thapliyal, M.M. Kimothi, 

P. Soni, and J.S. Parihar, ―Monitoring the alpine 
treeline shift in parts of the Indian Himalayas using 
remote sensing‖, Current Science, 102: 559-562, 2012. 

 
[6] P. K. Chhetri, K.B. Shrestha and D.M. Cairns, 

―Topography and human disturbances are major 
controlling factors in treeline pattern at Barun and 
Manang area in the Nepal Himalaya‖, J. Mt. Sci. 14(1): 
119-127, 2017. 

 

[7] J.V. Ward, ―The ecology of alpine streams‖, EAWAG 
News, 54: 3-5, 2001. 

 
[8] J. Gellhorn, ―Song of the alpine: The Rocky Mountain 

tundra through the seasons‖, Johnson Books, Boulder, 
CO, 2002. 

 
[9] F.K. Holtmeier, and G. Broll, ―Sensitivity and response 

of northern hemisphere altitudinal and polar treelines to 
environmental change at landscape and local scales‖, 
Global Ecology and Biogeography, 14: 395-410, 2005. 

 
[10] E. Batllori, J.M. Blanco‐Moreno, J.M. Ninot, E. 

Gutiérrez, and E. Carrillo, ―Vegetation patterns at the 
alpine treeline ecotone: The influence of tree cover on 
abrupt change in species composition of alpine 
communities‖, Journal of Vegetation Science, 20(5): 
814 – 825, 2009. 

 
[11] G. Leonelli, M. Pelfini, U.M. di Cella, and V. Garavaglia, 

―Climate Warming and the Recent Treeline Shift in the 
European Alps: The Role of Geomorphological Factors 
in High-Altitude Sites‖, Ambio, 40(3): 264–273, 2011. 

 
[12] S. Greenwood, and A.S. Jump, ―Consequences of 

Treeline Shifts for the Diversity and Function of High 
Altitude Ecosystems‖, Arctic, Antarctic, and Alpine 
Research, 46(4): 829-840, 2014. 

 
[13] J.A. Dar, and S. Sundarapandian, ―Patterns of plant 

diversity in seven temperate forest types of Western 
Himalaya, India‖, Journal of Asia-Pacific Biodiversity, 
9(3): 280-292, 2016. 

 
[14] P. Cudlin, M. Klopcic, R. Tognetti, F. Malis, C.L. 

Alados, P. Bebi, K. Grunewald, M. Zhiyanski, V. 
Andonowski, N.L. Porta, S. Bratanova-Doncheva, E. 
Kachaunova, M. Edwards-Jonášová, J.M. Ninot, A. 
Rigling, A. Hofgaard, T. Hlásny, P. Skalák and F.E. 
Wielgolaski, ―Drivers of treeline shift in different 
European mountains‖, Climate Research, 73: 135–150, 
2017. 

 
[15] A. Chakraborty, P.K. Joshi, and K. Sachdeva, 

―Capturing forest dependency in the central Himalayan 
region: Variations between Oak (Quercus spp.) and 
Pine (Pinus spp.) dominated forest landscapes‖, Ambio 
A Journal of the Human Environment, 47(4): 1-19, 
2017. 

 
[16] M. Miura, T. Manabe, N. Nishimura, and S. Yamamoto, 

―Forest canopy and community dynamics in a 
temperate old-growth evergreen broad-leaved forest, 
South-Western Japan: a 7-year study of a 4-ha plot‖, 
Journal of Ecology, 89: 841–849, 2001. 

 
[17] S. Gairola, R.S. Rawal, N.P. Todaria, and A. Bhatt, 

―Population structure and regeneration patterns of tree 
species in climate- sensitive subalpine forests of Indian 
western Himalaya‖, Journal of Forestry Research, 25: 
343–349, 2014. 

 

https://www.duo.uio.no/discover?filtertype_1=author&filter_relational_operator_1=equals&filter_1=Wielgolaski,%20Frans%20Emil


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 08, AUGUST 2019          ISSN 2277-8616 

544 
IJSTR©2019 
www.ijstr.org 

[18] S. Singh, Z.A. Malik, and C.M. Sharma, ―Tree species 
richness, diversity, and regeneration status in different 
oak (Quercus spp.) dominated forests of Garhwal 
Himalaya, India‖, Journal of Asia-Pacific Biodiversity, 
9(3): 293-300, 2016. 

 
[19] D. Tesfaye, ―Seedling populations and regeneration of 

woody species in dry Afromontane forests of Ethiopia‖, 
Forest Ecology and Management, 98: 149-165, 1997a. 

 
[20] G. Tesfaye, D. Teketay, and M. Fetene, ―Regeneration 

of fourteen tree species in Harenna forest, 
southeastern Ethiopia‖, Flora, 197: 461-474, 2002. 

 
[21] N.E. Mwavu, and E.T.F. Witkowski, ―Sprouting of 

woody species following cutting and tree-fall in a 
lowland semi-deciduous tropical rainforest, North-
Western Uganda‖, Forest Ecology and Management, 
255: 982-992, 2008. 

 
[22] N.E. Mwavu, and E.T.F. Witkowski, ―Population 

structure and regeneration of multiple-use tree species 
in a semi-deciduous African tropical rainforest: 
Implications for primate conservation‖, Forest Ecology 
and Management, 258: 840-849. 2009a. 

 
[23] N.E. Mwavu, and E.T.F. Witkowski, ―Seedling 

regeneration, environment and management in a semi-
deciduous African tropical rain forest‖, Journal of 
Vegetation Science, 20: 791-804, 2009b. 

 
[24] G. Tesfaye, D. Teketay, M. Fetene, and E. Beck, 

―Regeneration of seven indigenous tree species in a 
dry Afromontane forest, southern Ethiopia‖, Flora, 205: 
135-143, 2010. 

 
[25] J. Pandey, and L.S. Lodhiyal, ―Vegetation structure and 

regeneration of van panchayat forests in Kumaun 
Himalaya, Uttarakhand‖, International Journal of 
Environment, 4(3): 69-80, 2015. 

 
[26] J. Obiri, M. Lawes, and M. Mukolwe, ―The dynamics 

and sustainable use of highvalue tree species of the 
coastal Pondoland forests of the Eastern Cape 
Province, South Africa‖, Forest Ecology and 
Management, 166: 131-148, 2002. 

 
[27] K.P. McLaren, M.A. McDonald, J.B. Hall, and J.R. 

Healey, ―Predicting species response to disturbance 
from size class distributions of adults and saplings in a 
Jamaican tropical dry forest‖, Plant Ecology, 181: 69-
84, 2005. 

 
[28] S. Kumar, and L.M. Tewari, ―Pattern of litter fall and 

litter decomposition in a Quercus leucotrichophora A. 
Camus forest in Kumaun Himalaya‖, International 
Journal of Biodiversity and Conservation, 6(1): 108-
114. 2014. 

 
[29] M. Dekker, and N.R. de Graaf, ―Pioneer and climax tree 

regeneration following selective logging with silviculture 
in Suriname‖, Forest Ecology and Management, 172: 
183-190, 2003. 

 
[30] Z.P. Miranda, M.C. Guedes, A.P.B. Batista, and D.A.S. 

da Silva, ―Natural Regeneration Dynamics of Mora 
paraensis (Ducke) Ducke in Estuarine Floodplain 
Forests of the Amazon River‖, Forests, 9(54): 1-14, 
2018. 

 
[31] A.K. Mishra, O. Bajpai, N. Sahu, A. Kumar, S.K. 

Behera, R.M. Mishra, and L.B. Chaudhary, ―Study of 
plant regeneration potential in tropical moist deciduous 
forest in northern India. International Journal of 
Environment, 2(1): 153–163, 2013. 

 
[32] S. Sundarapandian, and P.J. Karoor, ―Edge effects on 

plant diversity in tropical forest ecosystems at Periyar 
Wildlife sanctuary in the Western Ghats of India‖, 
Journal of Forestry Research, 24(3): 403-418, 2013. 

 
[33] N., Upreti, J.C. Tewari, and S.P. Singh, ―The oak forest 

of Kumaun Himalaya India: composition, diversity and 
regeneration‖, Mountain Research and Development. 
5: 163-174, 1985. 

 
[34] N.P. Gaire, M. Koirala, D.R. Bhuju, and M. Carrer, 

―Site- and species-specific treeline responses to 
climatic variability in eastern Nepal Himalaya‖, 
Dendrochronologia, 4: 44–56, 2017. 

 
[35] B.S. Adhikari, G.S. Rawat, I.D. Rai, S. Bhattacharyya, 

and R.R. Bharti, ―Ecological Assessment of Timberline 
Ecotone in Western Himalaya with Special Reference 
to Climate Change and Anthropogenic Pressures. IV 
Annual Report―, Wildlife Institute of India, Dehradun. 
2011. 

 
[36] A.K. Saxena, and J.S. Singh, ―A Phytosociological 

analysis of woody species in forest communities of a 
part of Kumaun Himalaya‖, Vegetation, 50: 3-22, 1982. 

 
[37] J.T. Curtis, and R.P. McIntosh, ―The interrelationship of 

certain analytic and synthetic characters‖, Ecology, 31: 
438-455, 1950. 

 
[38] J.T. Curtis, ―The vegetation of Wisconsin‖, University of 

Wisconsin press, Madison, 1959. 
 
[39] E.A. Phillips, ―Methods of Vegetation Study‖, Henry 

Holt and Co. Inc., New York, 1959. 
 
[40] R. Mishra, ―Ecology work book‖, Calcutta: oxford and 

IBH Publishing, 1968. 
 
[41] D. Mueller-Dombois, and H. Ellenberg, ―Aims and 

methods of vegetation science‖, J. Wiley & Sons, New 
York, 1974. 

 
[42] C.E. Shannon, and W. Weaver, ―The Mathematical 

Theory of Communication. University of Illinois Press, 
Urbana USA. pp.144, 1963. 

 
[43] E.H. Simpson, ―Measurement of diversity‖, Nature, 163: 

688, 1949. 
 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 08, AUGUST 2019          ISSN 2277-8616 

545 
IJSTR©2019 
www.ijstr.org 

[44] N.F. Good, and R.E. Good, ―Population dynamics of 
three seedlings and saplings in a mature eastern 
hardwood forest‖,  Bulletin of the Torrey Botanical Club, 
39: 172-178, 1972. 

 
[45] D.H. Knight, ―A phytosociological analysis of species 

rich tropical forest on Barro Colorado Island, Panama‖, 
Ecological Monographs, 45(3): 259-284, 1975. 

 
[46] A. Paul, M.F. Khan, and A.K. Das, ―Population structure 

and regeneration status of rhododendrons in temperate 
mixed broad-leaved forests of western Arunachal 
Pradesh, India‖, Geology, Ecology, and Landscapes. 
2018. 

 
[47] N. Gaidet, H. Fritz, and C. Nyahuma, ―A participatory 

counting method to monitor populations of large 
mammals in non-protected areas: A case study of 
bicycle counts in the Zambezi Valley, Zimbabwe‖, 
Biodiversity and Conservation, 12: 1571–1585, 2003. 

 
[48] K. Tamta, J. Ram, and N. Singh, ―Variation in plant 

biomass of Oak and Pine forest grazinglands in 
temperate Central Himalaya, India‖, International 
Journal of Advanced Research and Development, 3(4): 
34-39, 2018. 

 
[49] J. Dolezal, and M. Srutek, ―Altitudinal changes in 

composition and structure of mountain temperate: A 
case study from the western Carpathians‖, Plant 
ecology, 158: 201–221, 2002. 

 
[50] R.S. Rawal, R. Rawal, B. Rawar, V.S. Negi, and R. 

Pathak, ―Plant species diversity and rarity patterns 
along altitude range covering treeline ecotone in 
Uttarakhand: conservation implications‖, Tropical 
Ecology, 59(2): 225–239, 2018. 

 
[51] R.S. Rawal, and Y.P.S. Pangtey, ―Distribution and 

structural functional attributes of trees in high altitude 
zone of central Himalaya, India‖, Vegetatio, 112: 29–
34, 1994. 

 
[52] U. Schweinfurth, ―Die horizontale und vertikale 

verbreitung der vegetation im Himalaya‖, Bonner 
Geographische Abhandlungen Heft 20, ed. C. Troll and 
F. Bartz. Bonn: im Kommission bei Ferd. Dummler's 
Verlag, 1957. 

 
[53] H. Singh, K. Kumar, and M. Sheikh, ―Distribution 

pattern of Oak and Pine along altitudinal gradients in 
Garhwal Himalaya‖, Nature and Science, 7(11): 81-85, 
2009. 

 
[54] V.S. Negi, L. Giri, and K.C. Sekar, ―Floristic diversity, 

community composition and structure in Nanda Devi 
National Park after prohibition of human activities, 
Western Himalaya, India‖, Current Science, 115(6): 25, 
2018. 

 
[55] Z.A. Malik, and A.B. Bhatt, ―Regeneration status of tree 

species and survival of their seedlings in Kedarnath 
Wildlife Sanctuary and its adjoining areas in Western 

Himalaya, India‖, Tropical Ecology, 57(4): 677-690, 
2016. 

 
[56] K.S. Puspwan, and B.N. Pandey, ―Quantitative 

vegetation analysis of tree species in the forest 
adjacent to villages on the periphery of Kedarnath 
wildlife sanctuary‖, Journal of Applied and Natural 
Science, 3(2): 303-306, 2011. 

 
[57] C.M. Sharma, S.K. Ghildiyal, S. Gairola, and S. Suyal, 

―Vegetation structure, composition and diversity in 
relation to the soil characteristics of temperate mixed 
broad-leaved forest along an altitudinal gradient in 
Garhwal Himalaya‖, Indian Journal of Science and 
Technology, 2(7): 39-45, 2009. 

 
[58] S.P. Bhatt, and K. Kumar, ―Community structure and 

regeneration potential of natural forest site in Gangotri, 
India‖, Journal of Basic and Applied Sciences, 4(1): 49-
52, 2008. 

 
[59] B.S. Adhikari, ―Ecological attributes of vegetation in 

Nanda Devi National Park‖, Biodiversity monitoring 
expedition, Nanda Devi. Wildlife Institute of India, 
Dehradun, 2004. 

 
[60] G.S. Rawat, and S.K. Singh, ―Structure and 

composition of woody vegetation along the altitudinal 
and human use gradients in Great Himalayan national 
park, North-western Himalaya‖, Proceeding of National 
Academy of Science, India, Section, B 76: 194–201, 
2006. 

 
[61] S. Kumar, and S. Sharma, ―Diversity, disturbance and 

regeneration status of forests along an altitudinal 
gradient in paddar valley, North West Himalayas‖, 
Indian Forester, 140: 348–353, 2014. 

 
[62] S. Saha, G.S. Rajwar, and M. Kumar, ―Forest structure, 

diversity and regeneration potential along altitudinal 
gradient in Dhanaulti of Garhwal Himalaya‖, Forest 
Systems, 25(2): 0-15, 2016. 

 
[63] S.P. Singh, B.S. Adhikari, and B.D. Zobel, ―Biomass, 

productivity, leaf longevity, and forest structure in the 
Central Himalaya‖, Ecological Monographs, 64: 401, 
1994. 

 
[64] N.P. Baduni, and C.M. Sharma, ―Effect of aspect on the 

structure of some natural stands of Cupressus torulosa 
in Himalayan moist temperate Forest‖, Proc Ind Nat Sci 
Acad, 62: 345-352, 1996. 

 
[65] A.K. Saxena, and J.S. Singh, ―Tree population structure 

of certain Himalayan forest associations and 
implications concerning their future composition‖, 
Vegetatio, 58: 61–69, 1984. 

 
[66] P. Singh, V. Arya, G.C.S. Negi, and S.P. Singh, 

Expansion of Rhododendron campanulatum 
krummholz in the treeline ecotone in Tungnath, 
Garhwal Himalaya‖, Tropical Ecology, 59(2): 287-295, 
2018. 

https://www.jstor.org/journal/bulltorrbotaclub


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 08, AUGUST 2019          ISSN 2277-8616 

546 
IJSTR©2019 
www.ijstr.org 

 
[67] K.S. Gaira, R.S. Rawal, B. Rawat, and I.D. Bhatt, 

―Impact of climate change on the flowering of 
Rhododendron arboreum in central Himalaya, India‖, 
Current Science, 106(12): 1735-1738, 2014. 

 
[68] P.K. Chhetri, and D.M. Cairns, ―Contemporary and 

historic population structure of Abies spectabilis at 
treeline in Barun valley, eastern Nepal Himalaya‖, 
Journal of Mountain Science, 15(3): 558-570, 2015. 

 
[69] L.X. Lv, and Q.B. Zhang, ―Asynchronous recruitment 

history of Abies spectabilis along an altitudinal gradient 
in the Mt. Everest region‖, J. lant Ecol, 5: 147–156, 
2012. 

 
[70] B.B. Shrestha, B. Ghimire, H.D. Lekhak, and P.K. Jha, 

―Regeneration of treeline birch (Betula utilis D. don) 
forest in a trans- Himalayan dry valley in Central 
Nepal‖, Mt Res Dev, 27:259–267, 2007. 

 
[71] U. Schickhoff, M. Bobrowski, J. Böhner, B. Bürzle, R.P. 

Chaudhary, L. Gerlitz, H. Heyken, J. Lange, M. Müller, 
T. Scholten, N. Schwab, and R. Wedegärtner, ―Do 
Himalayan treelines respond to recent climate change? 
An evaluation of sensitivity indicators. Earth Syst‖, Dyn, 
6: 245–265, 2015. 

 
[72] I.D. Rai, B.S. Adhikari, G.S. Rawat, and K. Bargali, 

―Community Structure along Timberline Ecotone in 
Relation to Micro-topography and Disturbances in 
Western Himalaya‖,  Not Sci Biol, 4(2): 41-52, 2012. 

 
[73] A.S. Thakur, and P.K. Khare, ―Composition of forest 

vegetation and floristics of Sagar district, Central India‖, 
J. Ind. Bot. Soc, 88(1&2): 11-17, 2009. 

 
[74] S. Pant, and S.S. Samant, ―Diversity and regeneration 

status of tree species in Khokhan Wildlife Sanctuary, 
north-western Himalaya‖, Journal of Tropical ecology, 
53: 317–331, 2012. 

 
[75] S. Pant, ―Buxus wallichiana L., a multipurpose 

Himalayan tree in peril‖, International Journal of 
Biodiversity and Conservation, 3: 175–177, 2011. 

 
[76] K. Ahmed, S. Pant, and T. Rinchen, ―Population 

Ecology and Regeneration Status of Buxus wallichiana 
(Himalayan Box Tree) in Rajouri-Poonch Districts, 
Jammu and Kashmir, India: Honing Red List of Plants‖, 
Indian forester, 141: 29–34, 2015. 

 
[77] R. Thadani, and P.M.S. Ashton, ―Regeneration of banj 

oak (Quercus leucotrichophora A. Camus) in the 
central Himalaya‖, Forest Ecology Management, 78: 
217–224, 1995. 

 
[78] S. Kumar, and I.A. Hamal, ―Wild Edibles of Kishtwar 

High Altitude National Park in Northwest Himalaya, 
Jammu and Kashmir (India)‖, Ethnobotanical Leaflets, 
1:195–202, 2009. 

 

[79] M. Krizc, R.F. Newman, C. Trethewey, C.E. Bulmer, 
and B.K. Chapman, ―Cattle grazing effects on the plant 
species composition and soil compaction on 
rehabilitated forest landings in central interior British 
Columbia.‖, Journal of Soil and Water Conservation, 
61: 137–144. 2006. 

 
[80] J.S. Singh, ―Man and forest interactions in Central 

Himalaya‖, In: Singh JS & Singh SP (eds) Himalayan 
environment and development problems and 
perspective. Gyanodaya Prakashan, Nainital, pp. 51–
80, 1992. 


