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Abstract. The aim of this study was to assess the structure (stem density, height, and basal area), 

composition and diversity in relatively undisturbed forests along an altitudinal gradient from 2000 m asl 

to 3900 m asl of Langtang National Park in Central Himalaya. The forest stands along the altitudinal 

gradient were studied on 20 sampling plots of two sub zones of the Temperate and Subalpine zone. Tsuga 

dumosa was the ecologically most important species in the Upper and the Lower Subalpine zone with 

high important value index (IVI = 124.31). Quercus semecarpifolia and Lithocarpus elegans were the 

ecologically most important species in the Upper and the Lower Temperate zone with IVI of 66.64 and 

46.39 respectively. Similarly, indicator species’ analysis was performed to know the preferences of tree 

species within the vegetation zones. Rhododendron campanulatum is highly significant (p < 0.001) and 

Tsuga dumosa significant (0.05 < p < 0.01) in the Upper Subalpine zone, whereas Rhododendron 

anthopogon prefers the Lower Subalpine zone with significant value (0.01 < p < 0.001). Only the 

Quercus semecarpifolia prefers the Upper Temperate zone. There was no specific trend in the structure 

along the altitudinal gradient. The Shannon diversity index ranged from 1.10 to 2.34 with the highest 

value in the Lower Temperate zone. Both Simpson index (0.89) and Evenness (0.86) were high in the 

Lower Temperate zone. From this study it is concluded that the contribution of forest composition in 

terms of species richness and Shannon diversity is significant in Lower Temperate zone. The Upper 

Subalpine zone has less diversity and may also be less endangered by human impact but may profit from 

climate change in the future. 

Key words: vegetation zone, density, basal area, diversity, altitudinal gradient, Nepal 

Nomenclature of tree species WCSP (2015). 

Introduction 

The integrated knowledge of the structure, composition and diversity of plant species 

is the basis for sustainable management strategies in different forest ecosystems 

(Gutierrez and Huth, 2012). Forest ecosystems (structure, composition and diversity of 

the species) play also an important role in the global carbon budget as they sequester 

carbon dioxide from the atmosphere and act as huge C-pools (Canadell et al., 2007; 

Denman et al., 2007). Forest stands, forest structure and diversity are also important for 
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canopy community (Adhikari et al., 2012a; Adhikari et al., 2015). Covering about one 

third of the earth’s land surface, forest ecosystems are a major component in the 

proposed strategies for the mitigation of atmospheric CO2 emissions (Richards and 

Stokes, 2004; Neilson et al., 2006). In this context non-managed forests are of specific 

interest as they include high carbon stocks. Consequently, Weber (2001) highlighted the 

need for the protection of natural forests as carbon reservoirs. However, so far the 

characteristics of forest ecosystems of the world’s protected area network remains 

poorly studied (Campbell et al., 2008). In this study we present data of protected forests 

along an altitudinal gradient in the Langtang National Park, Nepal.  

In Nepal approximately 29 % of the total land is covered by forest (DFRS, 1999) 

consisting of 35 forest types (Stainton, 1972) along the elevational gradient from 60 m 

asl to tree line at around 4000 m asl. Protected areas constitute about 20 % of Nepal´s 

total land area (Bhuju et al., 2007) and represent 47 types of vegetation (Shrestha, 

2001). Mountain ranges have a special status due to its characteristic to increase 

geodiversity and harbour at least a third of terrestrial plant species diversity (Barthlott et 

al. 1996). Researchers around the world for centuries have extensively studied 

mountains as steep ecological gradients and hotspots of biodiversity (Körner, 2007). 

Alexander von Humboldt was the first to describe the latitudinal gradient of vegetation 

and the corresponding altitudinal gradient of vegetation that led to basic understanding 

of species composition and diversity along an altitudinal gradient (Fischer, 2011). 

Altitudinal zonation of vegetation is one of the most striking gradational patterns of 

vegetation (Oshawa, 1977, and 1984) and much information is accumulated on its local 

patterns. Theoretically, the division of vegetation zones should be based on the climax 

vegetation which refers to the forest structure. Research to describe the vertical and 

horizontal distribution of the vegetation of the Himalayas is still ongoing considering 

the spatial differences in forest canopy (Adhikari and Fischer, 2011; Adhikari et al., 

2016) and diversity of the plant species between particular sections of this mountain 

range (Polunin and Stainton, 2000). Several scientists have studied the altitudinal 

climax vegetation zonation on the slopes of Himalaya (e.g., Schweinfurt, 1957; 

Stainton, 1972; Dobremez, 1976). The basic pattern of vegetation distribution along 

altitudinal gradients is controlled by solar radiation, temperature and humidity. 

However, these factors can vary on small scales due to varying environmental factors 

like aspect, slope, altitude (here we focused on) and exposure. The altitudinal 

distribution and the main tree species composition of the forest communities in 

Nepalese Himalayas show an extreme complexity attributed to bioclimatic diversity.  

Protected areas have been implemented to maintain natural forest structures and 

biodiversity by restricting direct anthropogenic impacts. Consequently, knowledge on 

the structure and composition of the protected forests along the high altitude can be 

important as a reference in the context of the initiatives to reduce emissions from 

deforestation and forest degradation (REDD) (UNFCCC, 2007). It also provides input 

to the development of strategies for the selection of taxa in reforestation, particularly for 

the conservation of canopy community, especially flora (Adhikari et al., 2012a; b; 

Adhikari et al., 2015). However, to assess the role of existing protected areas and forest 

stands in REDD, a comprehensive assessment of their potential elements is needed 

(Scharlemann et al., 2010). 

In this study, we generate knowledge on the structure, composition and diversity of 

the forest in the Langtang National Park (hereafter LNP) in central Himalayas. The 

study is based on a thorough floristic tree inventory of four sub vegetation zones of two 
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zones. The research aims to answer the question of whether elevation gradient affects 

composition, structure and diversity of tree species along altitudinal gradient by (i) 

comparing composition and structure of stands in different zones and (ii) comparing 

diversity patterns of forest stands along altitudinal gradient.  

 

Materials and Methods  

Study area  

The study was conducted in the Langtang National Park, Rasuwa district, Nepal. 

Field work was carried out from December 2013 to February 2014. The National Park 

(28° 10’ 26’’ N 85° 33’ 11’’ E) extends from 32 km north of Kathmandu to the Nepal-

China (Tibet) border in the Central Himalayan region of Nepal (Fig. 1). We selected the 

National Park as our study area, because i) it has a clear altitudinal gradient, ii) it is a 

relatively less disturbed area, and iii) it has typical forest structure which we couldn’t 

find outside the National Park. 

It is the second largest national park established in 1976 to preserve this unique 

ecosystem of significant value to the world’s biodiversity. The study area has cool 

temperate monsoon climate with annual precipitation of 2078 mm (total). The annual 

mean temperature at 2000 m asl is 15.3°C, and there is a 6 °C  drop in temperature for 

every 1000 m rise in altitude (Government of Nepal, Meteorological Service Office). 

 

 
Figure 1. The study area: Dots in the map represent the sample plots. Abbreviation in legend 

are (LTZ=Lower Temperate zone; UTZ= Upper Temperate zone; LSAZ= Lower Subalpine 

zone; USAZ=Upper Subalpine zone). 

 

 

Forest vegetation of study area 

The diverse topography, geology, and climatic patterns have resulted in a great 

variety of vegetation types. LNP comprises 18 forest types from Subtropical (1000-
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2000 m asl) to Nival (above 5000 m asl) vegetation zones found in Nepal (Shrestha, 

2001). The total forest area of LNP is about 25% of the total area. The composition of 

all vegetation zones has been already mentioned in the Langtang National Park 

management plan (1977) and Dobremez et al. (1976), however, we have described here 

structure, IVI and diversity of the species in Upper and Lower Subalpine zone, and 

Upper and Lower Temperate zone respectively. For this study, we categorized 

vegetation zones within 2000 m to 3900 m asl equally in four zones. The first zone is 

Upper Subalpine zone (3500-4000 m asl), the second zone is Lower Subalpine zone 

(3000-3500 m asl). Similarly, the third and fourth zones are the Upper Temperate 

(2500-3000 m asl) and Lower Temperate zone (2000-2500 m asl) respectively. 

  

Field sampling 

A systematic sampling design for the selection of sampling plots along the elevation 

gradient was used. The sampling plots were surveyed with a square shaped at each 

interval of 100 m altitude above 2000 m up to the tree line around 3900 m (Fig. 1). The 

sampling plots size (20 × 20 m) were identified using Geographic Positioning System 

(elevation, latitude, and longitude) as suggested by Mueller-Dombois and Ellenberg, 

1974; Chytry et al., 2003. Altogether 20 sampling plots for trees (≥ 5 cm diameter at 

breast height i.e. dbh) were laid down. Because there were only very few possibilities to 

enter the area (very steep slopes, rugged terrain), the trekking trail from Ghatte river to 

Lauribinayak section was used as the basis for the elevation gradient. In order to 

eliminate anthropogenic influences on the forest, all plots were laid at least 100 m away 

from trekking trails. In each sampling plot, we recorded name of tree species, height and 

dbh. Height was measured with the Sunnto Clinometer as described by Pretzsch (2009). 

 

Data analysis 

Composition of tree species 

For each species, values of frequency, density and dominance were calculated 

following the methods of Curtis and McIntosh (1951). A species IVI is a summation of 

three values: (1) the species' relative dominance or percent basal area coverage relative 

to other species in the stand; (2) relative density or percent occurrence per unit area 

relative to other species; and (3) relative frequency or percent probability of occurrence 

in a sample plot relative to other community species. 

 

Density, frequency, and dominance 

Density, frequency, and dominance and their relative values were calculated by using 

following formulae: 

 

 

  × 10,000 (Eq. 1) 

 

 

  (Eq. 2) 
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 ×100 (Eq. 3) 

 

 

  (Eq. 4) 

 

 

 
Dominance = (Do) =   (Eq. 5) 

 

 

 
Relative dominance =   (Eq. 6)

 

 

 

Indicator values were calculated according to Dufrêne and Legendre (1997) with 

PCord version 6 (McCune and Mefford, 2011). 

 

Structure of forest stands 

The structure of the forests along the altitudinal gradient was described based on 

three structural features: diameter size class distribution, basal area and height. Trees in 

each sampling plot were categorized in three diameter classes (<10, 10-29.5 and ≥ 30 

cm dbh) and the percentage of trees in each diameter class was analyzed for each 

vegetation zone. The total basal area of each tree species inside each plot was calculated 

and then average basal area for each vegetation zone was obtained. Similarly, the height 

of each species inside the sampling plots was measured and then average between the 

plots was taken to obtain an average height for vegetation zones.  

 

Diversity of tree species 

Simpson’s diversity index (Equation 7) is one of the most meaningful and robust 

diversity measures available. The index is calculated as proportion of species i relative 

to the total number of species (pi) (Simpson, 1949). 

 

 

 D =   (Eq. 7) 

 

 

Where is the number of individuals in the species i 

s is the number of species 

N total individuals (species). 

Shannon’s index is calculated from the equation: 

 

 

  Where  =   (Eq. 8) 

 

 

Where  proportional abundance of species i 
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s is the number of species  

As a heterogeneity measure, the Shannon index takes the degree of evenness in species 

and abundance into account. Evenness E is calculated as proportion of observed and 

maximal diversity (Pielou, 1969): 

 

 

 E =  (Eq. 9) 

 

 

Where E = evenness (range 0-1) 

H  is Shannon index 

Hmax = (ln s) = maximum possible diversity 

s is the number of species. 

Results 

Forest composition 

Altogether 25 species belonging to 16 families were recorded. The identified species 

represent the flora of the majority of patches forming the forest along an altitudinal 

gradient from 2000 to 3900 m asl. On the basis of relative density, relative basal area 

and relative frequency, the four vegetation zones differed in the most important species. 

All field inventory sheet, recorded tree species, their average height and dbh in each 

vegetation zone is synthesized in (Appendix Table A1). 

In the Upper Subalpine zone (3500-3900 m asl), only four species were recorded 

(Table 1). Among them Tsuga dumosa was the ecologically most important species for 

this zone with an IVI value 124.31. The second important tree species was Juniperus 

recurva with an IVI value 99.10. The other associated tree species Rhododendron 

campanulatum and Betula utilis had IVI values of 67.94 and 8.65 respectively. In the 

Lower Subalpine zone (3000-3500 m asl), eight species were recorded (Table 1). As in 

the upper zone Tsuga dumosa was the ecologically most important species with an IVI 

value of 97.25. The second important tree species was Rhododendron anthopogon with 

an IVI value of 86.45. Among the other six associated tree species, Viburnum spp. was 

the least important species. 
 

Table 1. Recorded tree species and their composition in four altitudinal zones of the study 

area, ranked by importance value index (IVI)  

Rank Species Stem density Basal area 

(m
2
/ha) 

Frequency IVI 

no/ 

ha 

RD 

(%) 

BA RBA 

(%) 

F RF 

(%) 

 

Upper Subalpine zone 

1 Tsuga dumosa 305 36.31 36.65 49.54 1 38.46 124.3

1 

2 Juniperus recurva 335 39.88 32.43 43.83 0.4 15.38 99.10 

3 Rhododendron 

campanulatum 

195 23.21 4.64 6.27 1 38.46 67.94 

4 Betula utilis 5 0.60 0.27 0.36 0.2 7.69 8.65 
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Lower Subalpine zone 

1 Tsuga dumosa 175 23.49 94.23 52.71 0.8 21.05 97.25 

2 Rhododendron 

anthopogon 

305 40.94 43.73 24.46 0.8 21.05 86.45 

3 Rhododendron arboreum 135 18.12 15.47 8.65 0.8 21.05 47.83 

4 Quercus semecarpifolia 105 14.09 24.38 13.64 0.4 10.53 38.26 

5 Acer species 5 0.67 0.29 0.16 0.4 10.53 11.36 

6 Betula utilis 10 1.34 0.26 0.14 0.2 5.26 6.75 

7 Pyrus species 5 0.67 0.40 0.23 0.2 5.26 6.16 

8 Viburnum species 5 0.67 0.01 0.01 0.2 5.26 5.94 

Upper Temperate zone 

1 Quercus semecarpifolia 305 35.26 15.97 13.99 0.8 17.39 66.64 

2 Tsuga dumosa 120 13.87 31.62 27.71 0.6 13.04 54.63 

3 Rhododendron arboreum 155 17.92 8.54 7.48 0.6 13.04 38.45 

4 Lyonia ovalifolia 95 10.98 15.74 13.79 0.6 13.04 37.82 

5 Lithocarpus elegans 70 8.09 18.71 16.39 0.2 4.35 28.83 

6 Pinus wallichiana 25 2.98 9.80 8.58 0.6 13.04 24.52 

7 Lindera pulcherima 60 6.94 3.39 2.97 0.4 8.70 18.60 

8 Rhododendron 

anthopogon 

10 1.16 8.84 7.75 0.2 4.35 13.25 

9 Quercus lantana 10 1.16 0.93 0.82 0.2 4.35 6.32 

10 Betula species 10 1.16 0.49 0.43 0.2 4.35 5.94 

11 Symploccus species 5 0.58 0.09 0.08 0.2 4.35 5 

Lower Temperate zone 

1 Lithocarpus elegans 60 13.04 17.10 24.65 0.4 8.70 46.39 

2 Pinus wallichiana 60 13.04 10.55 15.22 0.4 8.70 36.95 

3 Lyonia ovalifolia 70 15.22 4.75 6.85 0.6 13.04 35.11 

4 Alnus nepalensis 30 6.52 15.70 22.63 0.2 4.35 33.50 

5 Rhododendron arboreum 95 20.65 1.65 2.38 0.4 8.70 31.72 

6 Lindera pulcherima 40 8.70 5.83 8.41 0.6 13.04 30.15 

7 Berberis species 10 2.17 1.10 1.58 0.4 8.70 12.45 

8 Quercus lantana 15 3.26 2.68 3.86 0.2 4.35 11.47 

9 Galechop* 25 5.43 0.62 0.89 0.2 4.35 10.67 

10 Pyrus pashia 15 3.26 1.92 2.76 0.2 4.35 10.37 

11 Juglans regia 5 1.09 3.25 4.69 0.2 4.35 10.12 

12 Elaegnus species 5 1.09 2.81 4.04 0.2 4.35 9.48 

13 Lagerstroemia parvilora 15 3.26 1.08 1.56 0.2 4.35 9.17 

14 Rhus species 10 2.17 0.23 0.34 0.2 4.35 6.86 

15 Quercus glauca 5 1.09 0.10 0.14 0.2 4.35 5.58 

Abbreviations are: RD relative density; BA Basal area; RBA Relative basal area; F frequency; RF 

Relative frequency; IVI importance value index. Galechop* (local name) broadleaf unidentified species. 
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In the Upper Temperate zone (2500-3000 m asl), eleven species were recorded 

(Table 1). Here, Quercus semecarpifolia was the ecologically most important species 

for this zone with an IVI value of 66.64. The second was Tsuga dumosa with an IVI 

value of 54.63. Among the other nine associated tree species, Symploccus spp. was the 

least important species. In the Lower Temperate zone (2000-2500 m asl), altogether 

fifteen species were recorded (Table 1). Among them Lithocarpus elegans was the 

ecologically most important species for this zone with an IVI value of 46.39. Pinus 

wallichiana, Lyonia ovalifolia, Alnus nepalensis, Rhododendron arboreum and Lindera 

Pulcherima were also found to be ecologically important species in this zone. Quercus 

glauca was found to be the least important species. 

The species composition of trees of each vegetation zone was analyzed. The 

recorded tree species and their corresponding vegetation zones, indicator value (IV) and 

p value are shown in (Table 2). Out of 25 tree species, only four species showed a 

significant preference to a specific zone. Species Rhododendron campanulatum and 

Tsuga dumosa preferred the Upper Subalpine zone, similarly Rhododendron 

anthopogon and Quercus semecarpifolia preferred Lower Subalpine zone and Upper 

Temperate zone respectively (Table 2). 

 
Table 2. Indicator species analysis of all recorded tree species in an elevation gradient of 

each vegetation zone 

Species Vegetation 

zones 

Observed 

indicator 

value (IV) 

Randomized 

groups 

mean 

 

S. Dev P 

value 

Rhododendron arboreum LSA 28.1 28.4 10.19 - 

Lindera pulcherima LT 24 25.1 12.61 - 

Pinus wallichiana LT 28.2 24.3 11.95 - 

Lyonia ovalifolia UT 34.5 26.1 11.79 - 

Quercus lanata LT 12 17.6 11.24 - 

Lithocarpus elegans LT 18.5 20.6 11.81 - 

Pyrus pashia LT 20 20 0.28 - 

Juglans regia LT 20 20 0.28 - 

Berberis species LT 20 20.3 0.28 - 

Elaegnus species LT 20 20 0.28 - 

Galechop* LT 20 20 0.28 - 

Lagerstroemia parvilora LT 20 20 0.28 - 

Alnus nepalensis LT 20 20 0.28 - 

Rhus species LT 20 20 0.28 - 

Quercus glauca LT 20 20 0.28 - 

Tsuga dumosa USA 50.8 31.7 9.48 *
 

Rhododendron anthopogon LSA 77.5 25.4 12.6 ** 

Quercus semecarpifolia UT 59.5 30.8 14.31 *
 

Symploccus species UT 20 20 0.28 - 

Acer species LSA 20 20 0.28 - 
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Viburnum species LSA 20 20 0.28 - 

Betula utilis LSA 13.3 19.3 11.11 - 

Pyrus species LSA 20 20 0.28 - 

Rhododendron campanulatum USA 100 23.6 10.83 *** 

Juniperus recurva USA 40 17.1 11.75 - 

Averages - 29.86 22.01 6.18 - 

* Monte Carlo test of significance of observed maximum indicator value for variable 4999 permutations, 

random number seed: 1146. Proportion of randomized trials with indicator value equal to or exceeding 

the observed indicator value. p = (1 + number of runs >= observed) / (1 + number of randomized runs). 

Vegetation zones = Group identifier for group with maximum observed IV. Bold Significant species. “-

“not significant, *Significant at 0.05 < p < 0.01, ** Significant at 0.01 < p < 0.001, and ***Significant at 

p < 0.001. Abbreviation for zones; USA = Upper Subalpine, LSA = Lower Subalpine, UT = Upper 

Temperate, and LT = Lower Temperate. 

 

 

Forest structure 

The total number of stems, total basal area and average tree height in each 

elevation is presented in Fig.2. It shows the trend of stand features along the 

altitudinal gradient. Within the sampling plots, total number of stems (≥5 cm dbh) 

inventoried per plot fluctuated from 275 per hectare at 2100 m asl to 1700 trees per 

hectare at 2800 m asl. The number of stems was highly fluctuating among the plots 

along elevation, beyond 3700 m asl, it is decreasing. The total basal area on the plots 

varied from 10.43 m
2
 ha

−1 
at 3900 m asl to 248.41 m

2
 ha

−1 
at 3200 m asl. It was 

found to be increasing to an elevation about 3200 m asl and getting lower in higher 

elevation. The average tree height was maximum at 2100 m asl (30.03 m) and 

minimum in the highest plot at 3900 m asl (2.44 m). The average height of tree 

stands in each plot was found to be slightly decreased with increasing altitude. 

However, the high value in the plots situated at 2900 m asl and 3400 m asl was 

because of high number of Tsuga dumosa (13 out of 19 individuals) and (17 out of 

24 individuals) respectively (Appendix Table A1). 

The forest structure parameters were measured per vegetation zones. Stem 

density was found to be maximum in Upper Temperate zone (865 trees ha
−1

) and 

minimum in Lower Temperate zone (460 trees ha
−1

) (Table 3). The analysis of size 

class distribution of tree stems inventoried in the entire sampling plots showed that 

the Upper Subalpine zone, Upper Temperate zone and Lower Temperate zone had 

maximum percentages of trees in the 10 - 29.9 cm DBH range. In contrast to this, 

the maximum percentages (55.1 %) of trees were recorded in ≥30 cm dbh range in 

the Lower Subalpine zone. The average tree height (>5 cm dbh) by vegetation zones 

is shown in Table3. The highest average tree height was found in the Lower 

Subalpine Zone (20.04 m) and the lowest  in the Upper Temperate zone (13.81 m). 

The more dispersed values were observed for Upper Subalpine and Lower 

Temperate zone as indicated by their elevated standard deviation (SD). The average 

basal area of tree species was found to be maximum in the Lower Subalpine zone 

(22.43 m
2
 ha

−1
) and minimum in Lower Temperate zone (4.56 m

2
 ha

−1
). The 

vegetation zone with higher basal area (Lower Subalpine zone) showed high 

variability which is also denoted by the elevated standard deviation encountered 

compared to other zones (Table 3). 
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Table 3. Number of trees per hector (%) by diameter size and average tree height by 

vegetation zones 

 

 

 

Figure 2. The tendency of no. of stems, height and basal area ha
−1

 in each 20 plots along the 

elevation gradient (2000 m -3900 m asl). Figure shows the trend of stand features (total no. of 

stems, total basal area and average tree height along the altitude. 

Vegetation zones % of Stems/ha by 

diameter classes 

Total 

stems  

(no/ha) 

Average tree 

height 

Average basal 

area 

<10 

cm 

10-29.9 

cm 

≥30 

cm 

m ± SD m
2
/ha ± SD 

Upper Subalpine 12.5 51.1 36.3 840 14.06 9.42 18.49 18.69 

Lower Subalpine 8.7 36.2 55.1 745 20.04 7.82 22.43 33.01 

Upper 

Temperate 

6.9 53.8 39.3 865 13.81 5.88 10.37 9.63 

Lower 

Temperate 

6.5 48.9 44.6 460 14.06 9.14 4.56 5.48 
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Species diversity  

Tree species diversity was calculated for the four vegetation zones separately (Fig. 

3). The values of Shannon index, Simpson index and Evenness index showed variations 

among the vegetation zones. The Shannon index which measures diversity in 

categorical data ranged from 1.10 to 2.34. The peak value along the elevation zone 

centered around 2500-3000 m asl in the Lower Temperate zone while it was found to be 

least in the Upper Subalpine zone. The values of this index were found to be gradually 

increasing with decreasing altitude.  

The Simpson index which measures the probability that two randomly selected 

individuals from a sample will belong to the same species, ranged from 0.65 to 0.89 The 

Lower Temperate zone exhibited the maximum value while the Upper Subalpine zone 

constituted the least value.  

There was no distinct trend for this index with increasing altitude. The evenness 

index which measures the degree of equal distribution of individuals within the whole 

species pool ranged from to 0.69 to 0.86. The Lower Temperate zone exhibited the 

maximum value while the Lower Subalpine zone constituted the least value.  

 

 
Figure 3. Tree diversity along the altitudinal gradient (U= Upper; L=Lower) 

Discussion 

This study attempted to assess the structure, composition and diversity of natural 

forest stands in forests in the LNP of Nepal in Central Himalaya. The results derived 

from this study provide baseline information regarding potential of the protected area to 

secure conservation of species along an altitudinal gradient. The results are further 

discussed in the following sections.  
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Forest composition 

Altitude is one of the most important determinants of tree distribution due to its 

direct impact on the microclimate of the habitat (Adhikari et al., 2012a). In the present 

study importance values of species differed along the altitude. This reflects the 

relative importance of each species in a spectrum of climax communities established 

in the park (Pandey, 2015). The variability of the distribution of plant species in the 

sampling plots at each vegetation zones could be attributed to the effect of co-factors 

like topography, aspect and exposure within the same altitudinal range. Climatic 

variations influenced by the complex topography in a predominantly monsoonal area 

most often determine the dominant type of vegetation in the park. The vegetation 

zones are partly obscured by factors of aspect, drainage, soil and human impact 

(Neilson et al., 2006).  

The floristic composition of tree species differs at different altitudinal zones based 

on indicator value. Rhododendron campanulatum is highly significant (p < 0.001) and 

Tsuga dumosa is significant (0.05 < p < 0.01) in the Upper Subalpine zone 

respectively. Rhododendron anthopogon indicates the Lower Subalpine zone with 

significant value (0.01 < p < 0.001). Similarly, the Quercus semecarpifolia prefers the 

altitudinal range of the Upper Temperate zone. However, other species show their 

appearance in their respective zones but without significant preference.  

 

Forest structure  

Structural characteristics such as stem densities, basal area, dbh and height of tree 

are a function of the forest type, edaphic conditions, and the age and degree of 

disturbance of each stand. Here, the results derived from this study are compared and 

contrasted with the results found in similar kind of forests outside LNP. The 

vegetation zones in LNP showed average tree density ( ≥5 cm dbh) values from 460 to 

865 per hectare which is consistent with the density values of 295 and 850 tree ha
−1

 

(≥10 cm dbh) for major types of protected forests in Indian forests reported by Sharma 

et al. (2010). Tree density of our study is comparatively higher than the values in the 

Moist Temperate Conifers zone (90 ha
−1

) and in Central Himalayan Moist Temperate 

Forest (170-283 ha
−1

) (Chaturvedi and Singh, 1986; Shaheen et al., 2012). The range 

of stem density values observed in other studies ranged between 420-1300 trees ha
−1 

in Kumaun Himalaya (Saxena and Singh, 1982), and 990-1470 trees ha
−1 

in western 

Himalaya (Gairola et al., 2011) in 1200 to 2500 m asl range. In this study, the average 

height of tree species recorded was maximum in the Lower Subalpine zone (3000-

3500 m asl). In contrast to this, some of the tallest and largest trees in the Himalaya 

were reported between 2500 and 3000 m by Singh and Singh (1987). They had also 

revealed that with further rise in elevation, in response to a sudden decline in the 

rainfall, and in severely cold and windy conditions, tree height of Himalayan forests 

were found to be reduced drastically. In this study, canopy height was also found to be 

slightly decreased with the elevation in LNP. In our study, the total basal area for 

sampling plots in LNP ranged from 10.43 to 248.41 m
2
 ha

−1 
which is higher than the 

findings from other studies in Himalayan region such as 78-92 m
2
 ha

−1 
in lesser 

Himalayan Moist Temperate forests (Ahemed et al., 2006); 90- 152 m
2
 ha

−1 
in trans 

Himalayan forests of Nepal (Kunwar and Sharma, 2004); 86-129 m
2
 ha

−1 
in Garwal 

Himalayas (Pandey, 2001).  
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Tree diversity  

In Nepalese Himalaya, the number of species in 100 m altitudinal bands increases 

steeply with altitude until 1,500 m above sea level. Between 1,500 and 2500 m, little 

change in the number of species has been observed, but above this altitude, a decrease 

in species richness is evident (Vetaas and Grytnes, 2002). The results of this study also 

reflect this general trend found in plant diversity of mountain forests in Himalaya. 

Oommen and Shanker (2005) provided evidence for different mechanisms along spatial 

scales and explained a mechanism based on the investigations on woody plant diversity 

in the Indian Western Himalaya. They revealed that the species with high tolerance to 

climatic variability had followed mid-domain model predictions, and showed a 

nonlinear relationship with temperature, whereas tropical species richness tracked 

temperature and area. The Shannon diversity values recorded (1.10 to 2.34) in our study 

lies close to the reported range of 1.16 to 3.40 for the Himalayan range (Pandey, 2001, 

Kunwar and Sharma, 2004). Maximum value of evenness in Lower temperate zone 

represented homogeneous communities having similar species distribution. Low 

evenness values of forest communities in Lower Subalpine zone and Upper Temperate 

zone can possibly be due to suppression and out-shading of associated species by the 

dominant conifers obtaining maximum amount of light and water. A similar result was 

found in Colombian fragmented forest by Murcia (1995). 

 

Limitation of the study 

This study has attempted to explore the structure, composition, and floristic diversity 

of forest vegetation of the Langtang National Park along the altitudinal gradient. 

However, it has some limitation as follows: this study is limited to i) sample replications, 

ii) important site characteristics such as: slope, edaphic factors, iii) elevation limited 

(2000-3900). Finally, we will consider these short comes of the research and formulate 

some hypotheses and test on an experimental fieldwork in the future. 

 

Outlook 

The understanding of forest structure, composition and diversity in natural forests 

is the basis for sustainable management of any forest ecosystem. Suwal et al. (2014) 

have reported that people overused the forest products (timber and non-timber) from 

LNP despite its legal protection. This combined with potential negative implications 

of future climate change on ecosystem function in the Himalayan forests, highlights 

the urgent need for conservation attention. The knowledge derived from this study 

can be useful to identify priorities for management and biodiversity conservation in 

such forests in the future. With the increasing focus on ecosystem services, 

protected areas are now also seen as a crucial component of global climate change 

mitigation efforts (Soares-Filho et al., 2010; Watson et al., 2014). The vegetation 

zones with distinct forest structure, composition and diversity in LNP may facilitate 

gains for both adaptation of climate and key of forest conservation in the future. The 

information and monitoring of ecological indicator species in particular zones of the 

study area can provide hints about adaptability of species in typical forest 

ecosystem, which will play important role in forest management strategies 

especially post-earthquake situation. 
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APPENDIX 

  
Table A1. Number of individuals, average height and dbh of each species inventoried per plot 

(plot one is the highest elevation and plot 5 is the lowest elevation) in each vegetation zone 

Vegetation 

zones 

Species Plots Height 

(m) 

dbh  

(cm) 1 2 3 4 5 Total 

Upper  

Subalpine zone 

(3500-3900) 

Rhododendron 

campanulatum 

13 3 7 8 8 39 4.40 14.32 

Tsuga dumosa 1 22 6 24 8 61 13.87 34.99 

Betula utilis 0 1 0 0 0 1 5 26 

Juniperus recurva 0 0 30 0 37 67 11.92 27.66 

Total no. of individuals in each plot  14 26 43 32 53 168   

Lower 

Subalpine zone 

(3000-3500) 

Tsuga dumosa 17 6 4 8 0 35 30.69 74.89 

Acer species 0 0 0 1 0 1 6 27 

Rhododendron anthopogon 7 21 30 0 3 61 9.26 33.90 

Rhododendron arboreum 0 2 13 10 2 27 9.17 29.67 

Viburnum species 0 1 0 0 0 1 6.50 6 

Betula utilis 0 0 2 0 0 2 11.50 18 

Quercus semecarpifolia 0 0 0 6 15 21 22.77 45.57 

Pyrus species 0 0 0 0 1 1 7 32 

Total no. of individuals in each plot  24 30 49 25 21 149   

Upper 

Temperate zone 

(2500-3000) 

Tsuga dumosa 13 1 10 0 0 24 28.11 51.54 

Rhododendron anthopogon 2 0 0 0 0 2 3.75 11.50 

Rhododendron arboreum 0 11 12 8 0 31 7.39 30.61 

Quercus semecarpifolia 2 53 5 1 0 61 15.40 21.31 

Lindera pulcherima 2 0 10 0 0 12 8.86 24.17 

Betula species 0 2 0 0 0 2 17 25 

Pinus wallichiana 0 1 0 3 1 5 19.76 53 

Lyonia ovalifolia 0 0 13 5 1 19 8.44 34.84 

Symplocus species 0 0 1 0 0 1 9 15 

Quercus lanata 0 0 0 2 0 2 6 32.5 

Lithocarpus elegans 0 0 0 0 14 14 9.04 49.82 

Total no. of individuals in each plot 19 68 51 19 16 173   

Lower 

Temperate zone 

(2000-2500) 

Rhododendron arboreum 0 0 18 0 1 19 6.18 14.05 

Lindera pulcherima 2 0 0 4 2 8 15.41 38.69 

Pinus wallichiana 0 0 5 0 7 12 24.74 42.96 

Lyonia ovalifolia 0 0 6 1 7 14 7.26 24.21 

Quercus lanata 0 0 3 0 0 3 19.33 41.33 

Lithocarpus elegans 4 8 0 0 0 12 8.26 50.42 

Pyrus pashia 3 0 0 0 0 3 9 38.17 

Juglans regia 1 0 0 0 0 1 31.80 91 

Berberis species 1 1 0 0 0 2 5 36.75 

Elaegnus species 1 0 0 0 0 1 9 84.50 

Galechop 5 0 0 0 0 5 6.70 17.20 

Lagerstroemia parviflora 0 3 0 0 0 3 7.33 30 

Alnus nepalensis 0 0 0 6 0 6 36.50 79.67 

Rhus species 0 0 0 0 2 2 6.25 17 

Quercus glauca 0 0 0 0 1 1 6.50 16 

Total no. of individuals in each plot 17 12 32 11 20 92   

 


