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Abstract—  In the present study total two forest stand on 

different canopy cover (open canopy, moderate canopy and 

close canopy) were studied to assess the importance of 

these two parameters in supporting species regeneration 

and biodiversity in a P. roxburghii forest and mixed 

broadleaf forest between 1300 and 2000 m elevation in the 

Utrarakhand Himalaya. Tree species richness was high in 

mixed broadleaf forest compared to P. roxburghii forest. 

While, shrub and herb species richness was high in P. 

roxburghii forest. The tree and herb density was 

significantly high in mixed broadleaf forest. Tree shrub and 

herb diversity was high in mixed broadleaf forest. These 

forests are exploited variously for different resources and 

consequently the vegetation cover is decreasing. The 

disturbances are changing the species richness and 

diversity, which influences the soil and environmental 

conditions. Thus, the conservation and management of 

these forests will be important for the sustainability of 

human and land. Disturbances and climate change will 

alter the species composition of these forests, which may 

shift socio-economic and ecological condition of the region.  

Keywords— Forest, canopy cover, richness and diversity. 

 

I. INTRODUCTION 

Himalayan vegetation is subjected to various types of 

disturbances and most of them are either geological or 

anthropogenic or both. The geological disturbances are 

natural and include landslides, soil erosion and earth quakes 

where as the anthropogenic disturbances include 

deforestation, grazing, lopping of tree branches for fodder 

and fuel wood, removal of leaf and wood litter from the 

forest  floor and frequent fire. Both types of disturbances 

affect ecosystem stability and retard the successional 

process (Kumar and Ram 2005). Disturbances favour plant 

invasion because they provide a pulse of resources for 

seedling establishment and growth (Pausas et al. 2006 and  

Arya et al. 2012). Tree of P. roxburghii, the dominant 

species from low to mid elevation, were harvested on a 

large-scale in 1960s and 1970s for timber and other 

industrial raw material and thereafter the continued 

disturbances either geological or anthropogenic is severely 

threatening the biological d iversity (Singh 1998). Forest 

biodiversity is the main source of livelihood of the people 

liv ing in Uttarakhand, Central Himalaya. The forests of this 

region are mainly dominated by Pinus roxburghii Sarg. 

(Chir Pine) and Quercus leucotrichophora A. Camus. (Banj 

oak). Chir  pine often forms a pure stand in this area, but 

sometime it  also mixes with certain broadleaved species 

like Q. leucotrichophora, Q. glauca Thumb, Pyrus pashia 

Ham., Myrica esculanta Linn. and Rhododentron arboreum 

Sm.    

Himalayan biodiversity is severely threatened by natural 

and anthropogenic disturbances. Anthropogenic 

disturbances play an important role to change, loss or 

maintenance of plant biodiversity and more recent 

phenomenon of climate change is also responsible for the 

change in species composition and other ecosystem 

activities (Ram et  al. 2005).  The forest vegetation of 

Uttarakhand Himalaya has been described by different  

workers. These are Tewari and Singh (1981), Saxena and  

Singh (1982), Ralhan et al. (1982), Kalakoti et al. (1986), 

Sinhg and Singh (1987), Sundriyal and Bisht (1988), 

Tewari et al. (1989), Singh and Singh (1992), Pathak et al. 

(1993), Dhaulkandi (1996). Recently, Kumar (2000), Khera 

et al. (2001), Kharkwal (2002), Ram et al. (2004), Mishra et  

al. (2004), Kumar and Ram (2005), Sagar and Singh (2005), 

Samant and Joshi (2005), Semwal (2006), Lal (2007), Singh 

et al. (2008), Giri et al. (2008), Arya and Ram (2013), Singh 

et al. (2014) annd Pandey et al. (2014 4, b) have described 

various vegetational parameters of the Himalayan forest in  

relation to biodiversity. The present study deals with 

vegetational analysis and species diversity across the 

canopy cover and comparison of diversity between  pine 

dominated and mixed broadleaf forests.  
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II. MATERIAL AND METHODS  

The study area is located between 29020’and 29030’ N 

latitude and 79023’and 79042’ E longitude at elevation 

1350-2000m in Uttarakhand Himalaya. A ltitudinally, 

Nain ital is located in  temperate zone of the Himalaya. Chir-

pine (Pinus roxburghii) and chir-pine mixed broadleaf 

forest were selected for the detailed study of plant 

biodiversity and other vegetational parameters.   

The monsoon climate is prevalent in  the region.  The 

minimum temperature varied  from 5.00C (January) to  

17.40 C (June) and maximum temperature from 12.50 C 

(January) to 17.40 C (June). The total annual rainfall varied  

1486.8 to 2213.4mm. The mean monthly rainfall (average 

of three years) was 2.25mm (November) and 498.5mm 

(July). The rocks of the study area are mainly  sandstone, 

conglomeration, limestone, quartzite, schist’s and granites 

(Valdiya, 1980).  

A total of two forest types were selected with three different  

canopy treatment (open canopy <30%, moderate canopy 30-

60% and close canopy >60%) were identified for the 

detailed study of vegetation parameters. In each fo rest, 

almost all species present (>90%) were co llected, 

preserved, brought to the laboratory and identified with the 

help of p lant taxonomist and flora . Species richness were 

determined as the number of species per unite area 

(Whittaker 1972, 1975). Vegetation analysis was made for 

all the three layers of forest, i.e. trees, shrubs and herbs. The 

size and number of samples were determined fo llowing  

Saxena and Singh (1982). The vegetation analysis  was done 

by sampling 20, 10x10m quadrats on each site for tree. The 

shrub layer was analysed by sampling 20 quadrats of 5x5m 

and herb layer by placing 20 quadrats of 1x1m randomly at  

each site. The vegetation data were calculated for density, 

frequency and abundance (Curtis and McIntosh, 1950). The 

CBH (circumference at breast height, 1.37m) was used to 

calculate the basal area . The covers of shrub were measured 

by taking line transect of 5m. Herb cover were determined  

by placing a transect of 1m on the ground and percent 

ground cover occupied by each herb species was noted 

avoiding overlapping (Mishra 1968).The d iversity index for 

all the three layers at each study site was calculated by 

using Shannon-Wiener diversity index (Shannon and 

weaver, 1963) using by density data, concentration of 

dominance by using Simpson’s index (Simpson, 1949) and  

Evenness (Pielou, 1966) were also computed. 

The index of the similarity (S) was calculated to compare 

the two forests (Sorensen, 1948) as:  

S= 2C/A+B x 100 

Where, A and B represent the number of species in forest A 

and B, respectively and C is the number of species common 

to both the stands. 

 

III. RESULT    

Mixed broadleaf forest 

A total of 192 species were recorded in close canopy, 

moderate canopy and open canopy of mixed broadleaf 

forest, among which 30 were trees, 45 were shrubs and 117 

were herbs. The h ighest tree richness (26 species) was 

found in moderate canopy forest while close and open 

canopy forest recorded 25 and 22 tree species, respectively. 

In case of shrub, richness was highest in close canopy (38 

species) compared to moderate and open canopy forest. 

Herbaceous species were also highest in moderate canopy 

(84 species) forest followed  by close canopy (82 species) 

forest and lowest in open canopy (76 species) forest. The 

highest tree density (398 trees/ha) was found in close 

canopy forest and which decreased with increased 

disturbance level, 356 trees/ha in moderate canopy forest 

and 321.5 trees/ha in open canopy forest. In case of shrub 

species, Eupatorium cannabinum was dominant in open 

canopy forest and close canopy forest where as Maesa 

indica was dominating in moderate canopy forest. The tree 

density was significantly varied from moderate-close 

canopy and close-open canopy (p<0.01). Shrub density was 

highest (25683.4 shrub/ha) in close canopy forest whereas 

the lowest (23042.9shrub/ha) density was recorded in  

moderate canopy forest. It was significantly varied from 

open-moderate, moderate-close and close-open canopy 

cover (p<0.01). Among herbs, Carex nubigena and Justicea 

simplex was dominating in open canopy forest. Polygonum 

fulganes was dominating in moderate canopy forest and 

Oplismenus compositus was dominating in close canopy 

forest, close canopy forest was most dense with 7921183.4 

herbs/ha compared to  moderate and open canopy forest. 

Herb density was significantly varied from open-moderate, 

moderate-close and close-open canopy cover (p<0.01) 

(Table 1). 
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Table.1: Various vegetational parameters along disturbance gradients in P. roxburghii and mixed broadleaf forest. 

 Pinus roxburghii Forest Mixed broadleaf Forest 

 Close 

Canopy 

Moderate 

Canopy 

Open 

Canopy 

Close 

Canopy 

Moderate 

Canopy 

Open 

Canopy 

Tree 

Species Richness 8 14 12 25 26 22 

Density (trees/ha) 355.0 299.0 294.0 398.0 356.0 321.5 

Shannon Diversity Index (H) 0.69 0.80 0.89 2.11 1.91 1.71 

Simpson Index (CD)  0.74 0.72 0.68 0.31 0.36 0.37 

Evenness 0.12 0.21 0.16 0.43 0.41 0.29 

Shrubs 

Species Richness 35 37 33 38 33 32 

Density (shrubs/ha) 27773.4 29239.9 30887.1 25683.4 23042.9 25513.3 

Shannon Diversity Index (H) 3.22 3.28 2.89 3.21 3.12 3.16 

Simpson Index (CD)  0.137 0.162 0.194 0.177 0.181 0.174 

Evenness 0.049 0.042 0.035 0.052 0.055 0.054 

Herbs 

Species Richness 104 105 116 82 84 76 

Density (herbs/ha) 3524080.8 3485394.9 4140229.3 7921183.4 6170537.9 7212821.8 

Shannon Diversity Index (H) 4.06 4.09 4.11 5.53 5.40 5.63 

Simpson Index (CD)  0.083 0.077 0.077 0.336 0.413 0.903 

Evenness 0.073 0.071 0.071 0.174 0.157 0.172 

Cover (% ) 82.2 56.6 27.6 81.9 56.3 27.9 

Shannon diversity index for tree species varied between  

1.71 and 2.11 and the min imum and maximum value were 

observe for open canopy and close canopy forest, 

respectively. It was opposite for Simpson dominance index. 

Simpson index was recorded highest (0.37) for tree species 

in open canopy forest followed by close canopy (0.31) and  

moderate canopy (0.36) forest. The tree diversity was 

significantly varied from open-moderate canopy and close-

open canopy (p<0.01). Whereas in case of shrub the 

Shannon diversity index was highest (3.21) in close canopy 

compared to moderate (3.12) canopy and open canopy 

(3.12) forest. It was significantly varied from open-

moderate, moderate-close and close-open canopy (p<0.01). 

For herb species, the Shannon diversity index was highest 

in open canopy (5.63) compared to moderate canopy (5.40) 

and close canopy (5.53) forest. Herb d iversity was 

significantly varied from one canopy cover to another 

(p<0.01). While, Simpson index was also found in 

increasing order (0.336 for close canopy, 0.413 for 

moderate canopy and 0.903 for open canopy). The evenness 

index for tree species was found highest in close canopy 

(0.43) and it  was recorded lowest (0.29) at intermediate 

level of disturbances. The higher the values of evenness 

index, the more even the species are in their distribution. 

Thus, close canopy stand has more even distribution than 

moderate and open canopy, even though they have more 

species richness than disturbed stand (Table 1). The 

relationship between the canopy cover and species richness 

indicated that the shrub richness was negatively related with  

canopy cover while herb richness was positively correlated  

with all canopy cover (fig. 1).  
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A. Open canopy        B. Moderate canopy    C. Close canopy 

Fig.1: Relationship between tree canopy cover and shrub &herb species richness in mixed broadleaf forest 

 

Pinus roxburghii Forest   

A total of 201 species were recorded in pine fo rest of 

Nain ital, among which 19 were trees, 44 were shrubs and 

138 were herbs. Among herbs, Oplismenus composites was 

dominating in close canopy forest, Polygonum fulgans was 

dominating  in  moderate canopy forest. While Carex 

nubigena and Justicea simplex dominate in open canopy 

forest. It was significantly varied from one canopy cover to 

another (p<0.01). The dominant species were identified on  

the basis of individual numbers. Maximum tree species (14) 

were recorded at intermediate level of disturbance followed  

by close canopy (8) and open canopy (12) forest. In case of 

shrub, richness was highest in moderate canopy (37) 

compared to close canopy (35) and open canopy (33) fo rest. 

Tree density ranged from 294.0 trees/ha in open canopy to 

355.0 trees/ha in close canopy forest. The tree density was 

significantly varied from one canopy cover to another 

(p<0.01). In case of shrub species Eupatorium cannabinum 
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was dominant at all three level of disturbances followed by 

Berbaris asiatica, Lantana camara, Rubus ellipticus and 

Myrsine affricana. Shrub density showed the reverse pattern 

of trees (density ranged from 27773.4 shrub/ha in close 

canopy to 30887.1 shrub/ha in open canopy) whereas no 

trend was found in herb density. The shrub density was 

significantly varied from one canopy cover to another 

canopy cover (p<0.01) (Table 1).  

The Shannon diversity index for t ree species was increased 

(0.69 to 0.89) with decreasing disturbance. Similar results 

have been shown by herb species as they were highest in 

open canopy (4.11) forest followed by close canopy (4.06) 

and lowest in moderate canopy (4.09) forest. It was 

significantly varied from one canopy cover to another 

canopy (p<0.01). But in case of shrub species, the highest 

value (3.28) of Shannon diversity index was observed in 

moderate canopy fo llowed by close canopy (3.22) and open 

canopy (2.89). It was significantly varied from moderate-

close canopy (p<0.01). Simpson index fo r tree species also 

maximum in close canopy (0.74) forest. Whereas in shrubs, 

Simpson index was 0.137, 0.162 and 0.194 fo r close 

canopy, moderate and open canopy forest. In herbaceous 

layer, the highest Simpson index (0.083) was recorded in  

close canopy forest. Evenness for tree species was highest 

in moderate canopy (0.21) and it was recorded lowest (0.12) 

at in intermediate level of disturbance. In case of shrub and 

herb evenness, the maximum values were observed in close 

canopy forest compared to moderate and open canopy forest 

(Table 1). The shrub richness was significantly decrease 

with increasing the tree crown cover and herb richness was 

increase with increasing the canopy cover (fig. 2).  

 

 

 

A. Open canopy        B. Moderate canopy    C. Close canopy 

Fig.2: Relationship between tree canopy cover and shrub &herb species richness in Pinus roxburghii forest 
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The similarity index of  tree indicated that the open canopy 

of mixed broadleaf forest and close canopy pine forest 

(77.78%) were more similar as compared to moderate 

canopy of mixed broadleaf forest and close canopy of 

mixed broadleaf forest(77.42%). The least similarity was 

showed in open canopy of pine forest and moderate canopy 

of mixed  broadleaf forest (41.67%) (Tab le2). In  shrub, the 

similarity index indicated that the open canopy of mixed  

broadleaf forest and close canopy of mixed broadleaf forest 

(92.06%) had high similarity compared to moderate canopy 

of mixed broadleaf forest and close canopy of mixed  

broadleaf forest (89.23%). Moderate canopy of mixed  

broadleaf forest and close canopy of pine forest showed 

least similarity index (74.62%) (Tab le 3). While, herb  

similarity index indicated that the moderate canopy of 

mixed broadleaf forest and close canopy of mixed broadleaf 

forest (81.72%) have high similarity compared to moderate 

canopy of pine forest and close canopy of mixed broadleaf 

forest (68.16%) (Table 4).    

 

IV. DISCUSSION 

Anthropogenic disturbances may also directly alter tree 

species diversity (Cayuela et al. 2006).  The forest of 

Uttarakhand Himalaya are witnesses various disturbances 

which influence the distribution and composition of species 

in different canopy openings, forests and elevations. Loss of 

forest cover associated with human activities and lead to 

formation of Forest Island within a fragmented landscape. 

Both mixed broadleaf forest and P. roxburghii forest 

showed a declined in tree species richness with increasing 

level of disturbance. The stability increases with the 

complexity of ecosystem, i.e with the number of species and 

with the number of interactions between them (Leigh 1965). 

In these forests, the stem density increased with increasing 

disturbance level. The high density of trees with close 

canopy provides moisture and humus, which are essential 

for the seed germination and growth of most of the shade 

bearer species. However, establishment and survival of all 

the seedlings also depends upon several other factors 

(Samant et al. 2002 and Joshi 2002).  

The mixed broadleaf forest and P. roxburghii forest behave 

differently in  term of impact of d isturbance on species 

richness, density and diversity. Tree species richness was 

high in mixed broadleaf forest compared to P. roxburghii 

forest. While, shrub and herb richness were high in P. 

roxburghii forest compared to mixed broadleaf fo rest. 

Species richness reported for P. roxburghii forest varied 

from 12-142 (Ram et al. 2004, Rawal 1991 and Chandra 

1991). Similarly, 35-160 species were reported for mixed  

broadleaf forest (Ram 2005, 2004 and Khera et al. 2001).  

The divers ecological condition like variat ion in canopy 

cover, forest types, topography, soil and climate may favour 

the greater number of species in the area. Pant and Samant  

(2007) reported that high richness may be of d iverse 

habitats and suitable edaphic and climat ic factors supporting 

growth and survival of the species. 

The density was significantly high in mixed broadleaf 

forest. Singh et al. (1994) have reported that density value 

ranging from 250-2070 trees/ha across a wide alt itudinal 

range for the forests of Kumaun Himalaya. Shrub density 

was significantly  high in P. roxburghii forest because pine 

is an early sucessional species with  spreading canopy 

support the growth and development few shrubs. The herb  

density was high in mixed broadleaf fo rest because the soil 

moisture favoured the occurrence of large number of 

herbaceous plant species and their population in the semi-

arid climate of western Uttar Pradesh (Sharma and 

Upadhayay 2002). Srivastava and Singh (2005) have 

reported that the growth of grasses were predominant at the 

disturbed site during rainy season. As a result of mild  

grazing, most graminoids grow by increasing their tillers  

and persist for long time with annuals and finally maintain  

higher cumulat ive density of perennials and annuals in  

grasslands. 

The tree, shrub and herb diversity was high in mixed  

broadleaf forest compared to pine forest. Monk (1967) and  

Risser and Rice (1971) obtained 2-3 as the highest value for 

diversity index of temperate fo rest on the other hand, 

tropical fo rest indicated that higher diversity as calculated 

by Knight (1975) for Young (H=5.06) and Old (H=5.40) 

stands. Braum (1950) has reported that 1.69-3.40 value of 

tree diversity of certain temperate forest were lower than the 

value reported for tropical forest. The lower diversity of 

temperate vegetation could be due to lower rate of evolution  

of diversification of communities (Fisher 1960 and Simpson 

1964). The diversity value fo r tree were in the range of 

0.33-2.95 reported for most of the low elevational Central 

Himalayan forest (Saxena and Singh 1982, Ralhan et al. 

1982, Upret i et al. 1985, Bargali et al. 1987, Tripathi et al. 

1987 and Rikhari et al. 1991). The disturbance may play an 

important role in maintaining diversity in these forests. The 

effect of d isturbance and resource availability on the 

abundance and diversity of herbaceous vegetation have 

been widely studied (Timothy et al. 1998). In  Northern  

hard woods forests, large scale disturbance increase the 

abundance and diversity of ground vegetation by increasing 

resource availability (Bormann and Likens 1979, Hughes 

and Fahey 1991), but after several decades of stand 

development, the pattern of abundance of herbs appears to 

resemble those of the pre-disturbance forest (Reinors 1992). 

To conclude the mixed broadleaf forest is more 

conservative for tree species richness and overall diversity  

http://dx.doi.org/10.22161/ijeab/4.1.25
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-4, Issue-1, Jan-Feb- 2019 

http://dx.doi.org/10.22161/ijeab/4.1.25                                                                                                                             ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                                    Page | 160  

while shrub and herb richness are more in p ine forest. These 

points should keep in mind while managing such 

Himalayan forests. 
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