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Abstract: Mechanism to maintain species coexistence in ridge top due to drastic climatic variation 

could be assessed by their forest structure and composition studies. Variations in forest 

composition, structure and their regeneration status are described here for four different ridge top 

sites of the Garhwal Himalaya. A total of 2439 individuals were recorded in the study area which 

belonged to 17 tree species in 16 genus and 9 families. The most abundant family was Pinaceae 

whereas Ericaceae and Rosaceae were found as co-dominant families. Simpson dominance value 

was highest on Sukhee top (0.84), moderate in Harshil (0.76) whereas lowest in Raithal (0.65). 

The total stem density was highest (710 stems ha-1) at the Harshil and lowest (552 stems ha-1) at 

the Sukhee top, and for total basal cover, the highest value (92.07 m2.ha-1) was recorded in Dharali 

whereas the lowest value (75.18 m2.ha-1) was found at Harshil ridge top.  Importance Value Index 

showed that Abies spectabilis, Betula utilis, Cedrus deodara, Pinus wallichiana, Acer caesium and 

Quercus semecarpifolia are the dominant species of the ridge tops. Taxus baccata, Acer 

acuminatum, Aesculus indica, Juglans regia, Ilex dipyrena and Sorbus cuspidata were reported 

with poor regeneration status. The study seeks to understand the current forest composition of the 

ridge top but also may be helpful in predicting their adaptation to the climatic changes. 
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INTRODUCTION 

Numerous studies  provide evidence for the ecological responses to recent climate change (Rosenzweig et al. 

2007). Climate-induced species’ range shifts have been reported along altitudinal (Cannone et al. 2007, Pauli et 

al. 2007, Holzinger et al. 2008) and latitudinal gradients (Lesica & McCune 2004, Walther et al. 2005, Lemoine 

et al. 2007). However, again not all the species seem equally responsive. It is expected that changing climate 

may shift the vegetation towards the ridge tops which may change the composition of the forests in near future 

(Singh et al. 2012). The ridge tops (having uniform environmental conditions) are the proper places, where the 

effects of climate change can be compared and monitored to predict the future migration of species. As high 

altitudinal vegetation are directly influenced by global warming (Korner 2003) so these habitats are therefore 

considered very sensitive to climatic change (Theurillat & Guisan 2001). Composition of vegetation and its 

analysis on ridge tops can effectively predict the influence of climate change on migration of woody species. 

The forest vegetation is positively correlated to changes in microenvironments, which are variable on different 

slope and in aspects. Plant life at high elevation is mostly governed by abiotic factors like temperature and snow 

fall so ridge top vegetation composition greatly affected by environmental factors (Kammer & Mohl 2002).  

Regeneration is a key process deciding the floristic composition of the community. It refers to recruitment, 

survival and growth of seedlings or sprouts (Lalfakawma 2010). The wealth of forest and the future composition 

of the forests depend on the potential regenerative status of tree species within a forest stand in space and time 

(Henle et al. 2004). Regeneration depends on the ability of a species to initiate new seedling and sapling; 

survival and then the ability of seedling and sapling to grow. Presence of sufficient number of seedlings, 

saplings, and young trees in a given population indicate a successful regeneration (Saxena & Singh 1984). 

Forest health and viability is observed by population structure like presence of sufficient number of seedlings, 

saplings and young trees in a given population (Pokhriyal et al. 2010) and the number of seedling of any species 

can be considered as the regeneration potential of that species (Negi & Nautiyal 2005). The density of species 
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regeneration is expected to vary spatially due to forest structure and phyto-geographical condition (Ward et al. 

2006). A successful regeneration is indicated by. Natural regeneration is a central component for tropical forest 

ecosystem dynamics (Getachew et al. 2010) and is essential for preservation and maintenance of biodiversity 

(Rahman et al. 2011). Forest phytosociological assessment is very helpful to understand the status of tree 

population, regeneration and diversity for conservation purposes (Bajpai et al. 2012, Mishra et al. 2013a). In 

forest management, regeneration study show current status and hints the future of any forest (Mishra et al. 

2013b). Climate has a large influence on plant recruitment (Adler & Lambers 2008), whereas; regeneration 

patterns of species population can address climate change by adaptive evolution or by migrating association to 

survive in their favourable climate. It is  need of the time to understand evolution and associated migration 

potential of different life forms  and their adaption to climate change and survival ship (Woodward & Kelly 

2008), as  forests are greatly affected by changes in climate water availability and temperature (Breckle 2002). 

Forest composition reflects population structure and deciding the regeneration potential of tree species. 

Although several studies on the structure of plant communities, and productivity on various aspects of temperate 

Himalayan forests have been carried out by numerous workers but ridge top forest structure and regeneration 

still needs to be evaluated. In Garhwal Himalayan region, fragmentary and scanty descriptions are available on 

the impact of Climate Change on vegetation and species migration. However, almost nothing is known about the 

response of forest ecosystems to warming temperatures due to lack of base line data from ridge top areas. 

Keeping in view the aforesaid facts, the present study was undertaken to assess the woody plant diversity, 

species composition and regeneration status on ridge top in Garhwal Himalaya to assess impact of climate 

change and species migration evaluation. 

MATERIAL AND METHODS  

Study area 

In this study, we had selected four undisturbed ridge tops viz., Raithal, Dharali, Sukhee top and Harshil (> 

2500 m above sea level (asl)) in Uttarkashi district of Garhwal Himalaya, Uttarakhand, India (Fig. 1). Detail  

Figure 1. Map of the study area (District Uttarkashi, Uttarakhand) with locations of the ridge tops sites being studied marked 

as: S1-Raithal top; S2-Dharali top; S3-Sukhee top; S4-Harshil top. 

 

study of ridge tops location and dominant species composition shown in table 1. The ridge top selected had 

nearly similar type of edaphic-climatic conditions. The district lies in the upper catchment of two great rivers of 

India viz., Ganges (called Bhagirathi towards upstream) and the Yamuna. The study area experienced a 

temperate monsoon climate with a mean annual rainfall of 2000 mm and three main distinct seasons in a year 

i.e., cool and relatively dry winter (December to March); the warm and dry summer (mid-April to June); and a 

warm and wet period (July to mid-September) called as the monsoon or rainy season. Frost is common during 

winter season, while the higher elevations experience heavy spells of snowfall, which may persist up to April–

May in shady locations. Mean minimum monthly temperature ranged from 7.12°C (Jan) to 23.20°C (Jul) and 

mean maximum monthly temperature ranged from 17.56°C (Jan) to 33.35°C (Jul) (Suyal et al. 2010). The area 

is characterized by undulating topography with gentle slopes on Northern, North eastern and North western 

faces and somewhat steep slopes on Southern and South western directions. The soil types found in the region 
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are brown and black forest soils and podozolic soils. Soils are generally gravelly and large boulders are common 

in the area. Numerous high ridges, deep gorges and precipitous cliffs, rocky crates and narrow valleys are part of 

the topography of the region. Geologically, the rocks were complex mixture of mainly sedimentary, low grade 

metamorphosed with sequence capped by crystalline nappe (Valdiya 1980).  

Table 1. Description of study sites location, distribution and dominant woody plant species in Bhagirathi Basin, Garhwal 

Himalaya. 

Study site 
Altitude  
(Above Sea Level) 

Latitude Longitude Dominant tree species 

Raithal 2962-3523 m 078°34' 55"-078°32' 53" 30°48'58"-30°50'48" Q. semecarpifolia 

Dharali 2740-3677 m 078°47' 35"-078°46' 31" 31°01'04"-31°03'02" A. spectabilis,  C. deodara 

Sukhee top 2814-3222 m 078°43' 19"-078°43'26" 31°00'10"-31°59'57" P. wallichiana, A. spectabilis 

Harshil 2730-3460 m 078°44' 11"-078°44'03" 31°01'31"-31°01'18" A. spectabilis , B. utilis 

 

Phytosociological study 

Phytosociological parameters were studied by laying out 10 permanent sample plots of .01 ha size for trees 

on the ridge top in each studied site. The data regarding regeneration status of sapling and seedling was 

collected by laying four quadrat of 5×5 m and eight quadrats of 1×1 m respectively. The size and number of 

quadrat were standardized using the species area curve (Misra 1968). Voucher specimens of plant species were 

collected from studied forests and identified with the help of Flora of Gangotri National Park (Pusalkar & Singh 

2012) and herbarium of H.N.B. Garhwal University, Srinagar. Important community parameters such as 

frequency, density, abundance, basal area and importance value index (IVI) of all the plant species were worked 

out by following Misra (1968) and Muller–Dombois & Ellenberg (1974). The tree species diversity index (H') 

was determined by using Shannon Wiener information function H (H = -Σ pi ln pi; where, pi= ni/N; and ni = 

number of each species, N= total number of all species) (Shannon & Wiener 1963). The dominance index was 

calculated by Simpson’s index (1949) through the formula (Cd = Σ (ni/N)2) (Simpson 1949). Hill equation use 

to calculate Hill diversity index N0, N1 & N2 (Hill 1973). 

Mean stem density (density/100 m2) of tree, sapling and seedling were considered to calculate regeneration 

status. We follow (Uma Shankar 2001) to calculate regeneration status with in different categories of tree life 

form stages.  

RESULTS AND DISCUSSION  

On the basis of phytosociological study overall woody plant species richness was observed to be highest 

with 11 species in Sukhee top, whereas, lowest 6 species in Harshil. The mean stand stem density was 613 stem 

ha-1 (which ranged between 552–710 stem ha-1) and mean value of Total Basal Area (TBA)  was 84.37 m2.ha-1 

(which ranged from 75.18–92.07 m2.ha-1) which is quite similar to Pandey (2001) who reported stem density as 

792–1111 stem ha-1  and TBC 56–126 m2.ha-1 from Garhwal Himalaya whereas Gairola et al. (2011) reported 

high tree girth ranging  between 84.25 to 35.08 m2.ha-1 and low total stem density (990–1470 stem ha-1) from 

moist temperate forest in the Garhwal region. A monotonic decline in the number of species with increasing 

elevation has often been considered a general pattern (Brown 1988, Stevens 1992). Therefore, limitation of 

species in hot spot area show the high altitude effect and almost similar results 17 species richness of study on 

ridge site of Garhwal Himalaya (Rawat & Chandra 2014). A total of 2439 individuals were recorded in the study 

area which belonged to 17 tree species in 16 genus and 9 families. The most abundant family was Pinaceae with 

6 species whereas Ericaceae and Rosaceae were co-dominant families represented by 2 species each. Forests in 

the study area were mature high girth values as they were undisturbed.  According to Saxena et al. (1978) trees 

with higher girth point out the best presentation of a species in a particular environmental setup whereas lower 

girth either separate the chance occurrence of the species in the area or showed presence of the biotic 

disturbances in the past. Simpson dominance index was highest in Sukhee top (0.84), moderate in Harshil (0.76) 

whereas; lowest in Raithal (0.65). Along the altitude, the geographic and climatic conditions change sharply 

(Kharkwal et al. 2005). The dominance values in this study are much higher than of 0.31 to 0.42 (Mishra et al. 

2000) and 0.11 to 0.93 (Tiwari & Singh 1985) which were reported from different parts of Uttarakhand 

Himalaya. Sorensen similarity value was higher in Dharali-Harshil whereas lowest similarity was found in 

Raithal-Harshil (Table 2). Raithal forest was dominated by Quercus semecarpifolia (IVI 167.33), Sukhee top 

forests dominated by Pinus wallichiana (IVI 86.15) whereas Dharali and Harshil were similarly dominated by 

Betula utilis, Abies spectabilis and Pinus wallichiana. Importance value index of most common dominant 
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species of four forest sites are depicted in figure 2, which shows Abies spectabilis, Betula utilis, Cedrus 

deodara, Pinus wallichiana, Acer caesium and Quercus semecarpifolia are  the main  dominated forest species 

Table 2. Phytosociological description of ridge top composition of four different sites in Bhagirathi Basin. 

S. N. Studied parameters Raithal Dharali Sukhee top Harshil 

1 Studied qua 20 28 24 16 

2 Covered Area (ha.) 0.5 0.7 0.6 0.4 

3 Species richness 8 8 11 6 

4 Density (stem ha-1) 552 634 565 710 

5 TBC (m2.ha-1) 84.32 92.07 89.9 75.18 

6 Simpson Index 0.65 0.78 0.84 0.76 

7 Shannon Index  1.47 1.66 2.07 1.50 

8 Hill Index 
    

 
H0 8 8 11 6 

 
H1 4.35 5.26 7.92 4.48 

 
H2 1.54 1.28 1.19 1.54 

9 Jaccard Similarity 
    

 
Raithal 1.00 0.33 0.18 0.27 

 
Dharali 

  
0.46 0.75 

 
Sukhee Top 

   
0.54 

  Harshil       1.00 

 
Figure 2. Important Value Index of most common dominant tree species of the ridge tops.  

 

which survived and adopted themselves in ridge top area. High frequent distribution on ridge top was shown by 

species viz., Quercus semecarpifolia in Raithal, Pinus wallichiana and Cedrus deodara in Dharali, Acer caesium 

in Sukhee top whereas Abies spectabilis and Betula utilis. Details of forest phytosociological attribute 

frequency, density (stem ha-1), TBC (m2.h-1) and importance value index of different ridge tops are shown in 

table 3. 

Ridge top population structure 

Population structure and regeneration status of tree species in terms of proportions of seedlings, saplings and 

adults varied greatly (Table 4). The tree density and species richness in different diameter classes showed a 

reverse J-shaped pattern on the ridge tops, whereas, on Sukhee top forest DBH (Diameter at breast height) class 

density pattern was bell shaped (Fig. 3 & 4). Shrestha et al. (2007) and Ghimire & Lekhak (2007) have already 
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defined such shape size-class distribution in Himalayan region. Abies spectabilis followed by Cedrus deodara 

(at almost 3 sites), Betula utilis, Picea smithiana and Quercus semecarpifolia showed satisfactory regeneration 

status in almost all sites (Table 4), showing their wide adaptability and tolerance to the changing climatic 

conditions. However Acer caesium was reported in non-recruiting phase in site 1 (Raithal) and site 4 (Harshil). 

Other species with similar trends were Taxus baccata, Juglans regia, Acer acuminatum, Sorbus cuspidata, 

Aesculus indica and Ilex dipyrena.  
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Figure 3. DBH (Diameter at breast height) class based distribution patterns of forest population attributes: Stem density 

and Species richness in studied ridges top. 
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Status of dominant woody species composition, distribution and regeneration  

Abies spectabilis, Acer caesium, Betula utilis, Cedrus deodara, Picea smithiana and Pinus wallichiana were 

reported as dominant species of the ridge tops in the present study (Fig. 5), which was  similar with different 

parts of Himalaya (Kunwar & Sharma 2004, Ghimai et al. 2010). IVI of the dominant species at four sites was 

quite lower than Kunwar and Sharma (2004) from mid Nepal may be due to climatic effect. Abies spectabilis 

had highest value in Harshil (95.9) followed by Dharali (92.7) and lowest in Raithal (38.28). It occupied highest 

TBC values in Dharali (39.5 m2.ha-1) (Table 3). In all study area its regeneration pattern found in good 

regeneration categories. Acer caesium was dominant and widely distributed in Sukhee top followed by Dharali 

whereas in other two sites it had low occurrence. Regeneration of this species was good in Sukhee top whereas 

in other site its regeneration was subject of concern. Betula utilis showed satisfactory with wide distribution in 

almost all girth classes in study area. Dharali top was dominated by Cedrus deodara and Picea smithiana. 

Cedrus deodara was absent in Raithal top whereas at other three sites it was reported with good regeneration. 

Picea smithiana showed healthy regeneration in all sites whereas it was totally absent in Raithal. Pinus 

Figure 4. DBH (Diameter at breast height) class based distribution patterns of forest population attributes: Total 

diameter and Basal cover in studied ridge tops. 
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wallichiana was widely distributed in three study sites with good regeneration state. Sustainable regeneration of 

Pinus wallichiana already reported from different parts of Himalaya (Kimmins 1987, Shimano 2000). 

 
Figure 5. Distribution of the dominant plant species of the studied ridge tops: A, Height (Ht); 

B, Diameter at breast height (DBH). 

CONCLUSIONS 

High altitude Himalayan forest is facing significant/drastic change owing to changing climatic conditions. 

Quantification of the current forest composition and regeneration dynamics of the ridge tops is crucial in order 

to assess the role of climate change in predicting effect on future species coexistence and species shift in 

Himalayan range. Abies spectabilis, Betula utilis, Cedrus deodara, Pinus wallichiana, Acer caesium and 

Quercus semecarpifolia were observed as the dominant species of the ridge tops with good regeneration 

potential whereas Taxus baccata, Acer acuminatum, Aesculus indica, Juglans regia, Ilex dipyrena and Sorbus 

cuspidata were poorly distributed with poor regeneration status. It can thus be concluded that the species with 

poor and non-recruiting regeneration status and rare distribution may be affected by the warming temperatures 

on ridge tops whereas dominant species with good regeneration potential may adapt and shift in opinionated 

microclimate. In the current scenario the species with poor regeneration status are required to be earmarked so 

that proper measures could be adopted for their conservation as they are susceptible to the changing climatic 

conditions which may result in their complete extermination and hence lead to change of the future composition 

of the ridge tops. This study may be constructive to assess biological impacts of climate change which have 

focused on species abundance and distribution in search of the predicted systematic shifts in both upwards and 

downwards direction. 
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