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Plant Biodiversity and Conservation of Forests in Foot Hills of
Garhwal Himalaya

Abstract
Floristic diversity, dominance and abundance to frequency ratio of tree, sapling, seedling, shrub
and herb species were studied in two different forest sites of a tropical foot hill region of Garhwal
Himalaya. In tree layer on both the sites the dominant species recorded were Lannea 
coromandelica (IVI-39.80) and Anogeissus latifolia (IVI-29.50) on site I and site II respectively.
The ranges of diversity for tree layers was 4.580 to 4.643. Most of the species on both the sites
were contagiously distributed except few species which were distributed randomly.

Introduction
The temperate forests of western and central Himalaya are usually distributed between 1200 and
3000 m asl which is the preferred zone by habitation and characterized extensive oak and
coniferous forests. Puri (1960) considered that these forests represent climatic climax of one or
other species of Quercus in upper altitudinal zones. The lower elevations of the temperate forests
are occupied by oak-pine mixed forests and Quercus semicarpifolia with other coniferous at
higher altitudes, normally form the climax vegetation. Other species of oak are found above the
oak-pine mixed forests of Garhwal Himalaya (Osmostan 1922). The oaks are the most preferred
tree species in the entire region and used mainly for fuel, fodder and small timber. In the lower
altitudes (upto 1000m) generally the forests are dominated by Shorea robusta, alogwith 
Anogeissus latifolia, Terminalia species and Adina cordifolia (Kumar et al. 2004). 
The various changes in the Himalayan forests are appearing in their structure, density and
composition due to global warming (Gaur 1982), uncontrolled lopping and felling of trees for fuel
wood, fodder and grazing (Bargali et al. 1998; Kumar et al. 2004). These biotic pressures which
play an important role in forest community dynamics (Whitemore 1984; Pickett and White 1985)
often regulate the recruitment and survival pattern of tree seedlings (Canham and Marks 1985).
Each form of biotic pressure has different effects on the subsequent development of vegetation
(Loucks et al.1980; Pandey and Singh 1985).
Several workers reported the status of forests and their management in the Himalayan region
(Singh et al. 1981; Ralhan et al. 1982; Saxena and Singh 1982; Saxena et al. 1984) however,
these studies are very limited to population structure in the part of Garhwal Himalaya and other
parts of Central Himalaya. Therefore, the present paper deals with the analysis of vegetation and
biotic pressure on forest in Kalsi range of Chakarata Forest division of Garhwal Himalaya. 

Materials and Methods
Location and climate
The present study was carried out in Kalsi range of Chakarata Forest division (Yamuna valley), in
two different sites i.e., site-I and site-II for comparative study of community composition and plant
diversity, which is the part of the undulating terrains of Garhwal Himalaya (latitude 30 degrees 31’
N and longitude 76 degrees 56’ E) in District Dehradun of the Uttaranchal State in India.
Altitudinally the region stretches from 700 to 1200 m asl, the Jaunsar-Bawar region which is
remote and mysterious virtually isolated from rest part of the world. Since time immemorial, this
mountainous region in the northern part of Uttaranchal has nurtured a unique life style. 
Climatically spring, summer, rainy and winter seasons are well marked in this region. The
maximum average rain fall is experienced during July and August. The region receives an
average rainfall 1610 mm annually. The temperature reaches up to 40 degrees C in the months
of May to June whereas, the higher peaks of the area receive frequent snowfall during winter
season. 
Vegetation Sampling and Analysis
The phytosociological analysis of the forests of study area (Yamuna valley) was carried out
during June to August 2004 by using 10 x 10 m quadrats for trees. Each quadrat was subdivided
in to 5 x 5 m sample plot for recording shrubs+saplings and 1 x 1 m for herbs+seedlings. The
quadrats were laid out randomly throughout the study area. The size and the number of quadrats
were determined by the species curve (Misra 1968) and the running means methods (Kershaw
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1973). Thirty quadrats were randomly placed in the entire area, representing all the vegetation
type and localities. In each quadrat, trees were recorded with >31.5 cm cbh (circumference at breast
height i.e., 1.37 m above the ground) individually measured. Individuals within the cbh range of 10.5
to 31.4 cm were considered as shrubs+saplings and individuals < 10.5 cm cbh were considered as
herbs+seedlings. The vegetation data were quantitatively analysed for abundance, density and
frequency according to the formulae given by Curtis and Mc Intosh (1950) and Mishra (1968). The
relative values were summed up to represent Importance Value Index (IVI) as per Curtis (1959). The
distribution pattern of species was studied using the ratio of abundance to frequency if below 0.0 25
indicates regular distribution, between 0.025 - 0.050 indicates random distribution and when exceeds
0.050 indicates contagious distribution (Whitford 1949). The diversity index (H) was computed by
using Shannon-Wiener information Index (Shannon and Wiener 1963).The concentration of
dominance (CD) was computed by Simpson’s Index (Simpson 1949). The dominance-diversity curves
for trees, shrubs+saplings, and herbs+seedings were drawn on the basis of importance value index
(IVI). The utility index of important species of the sites were collected with concerned literature as well
as the information collected from villagers.

Results and Discussion
Dominance
In the site-I of tree layer, a total of 33 species were observed. The dominant and co-dominant
species were Lannea coromandelica and Terminalia bellirica, showing their values of IVI of 39.80
and 30.90 respectively, whereas, the highest (117 plants / ha) value of density was also recorded for 
Lannea coromandelica. Most of the species on the site showed contagious distribution pattern,
except Lannea coromandelica which was randomly distributed (Table 1).
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Table 1. Phytosociological analysis of tree species on site-I and site-II
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Table 1. Phytosociological analysis of tree species on site-I and site-II contd.

In the tree layer of site-II a total of 34 tree species were recorded. Amongst the trees the highest
value of density (100 plant ha-1) and IVI (29.50) was recorded for Anogeissus latifolia. The
co-dominant species of the site was Terminalia bellirica which showed their values of IVI (29.0)
and density (90 plants / ha). The distribution pattern of all the species on the site was contagiously
distributed except Lannea coromandelica and Terminalia bellerica, whose indicated random
pattern of distribution.
In the shrub layer of site-I the highest value of IVI (26.70) was recorded for Adhatoda vasica,
whereas, lowest (IVI-1.77) for Agaveamericana. In sapling layer the highest (140 plants / ha)
value of density was recorded for Boehmeria rugulosa and the lowest for Pyrus pashia 2.0 plant /
ha (Table 2).
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Table 2. Phytosociological analysis of shrub+sapling species on site-1 and site-II
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Table 2. Phytosociological analysis of shrub+sapling species on site-1 and site-II contd.
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Table 2. Phytosociological analysis of shrub+sapling species on site-1 and site-II contd.

In the shrub layer of site-II, a total of 25 species were recorded. Amongst the shrub species 
Adhatoda vasica showed highest value of density (190 plants / ha) and IVI (24.80). The lowest
value of density (3.0 plants / ha) and IVI (1.71) was recorded for Berberis aristata. For the sapling
layer, the maximum value of IVI was recorded for Anogeissus latifolia (7.82) and minimum (1.17)
was recorded for Erythrina suberosa (Table 2)
In the herb layer on both the sites-I and II, the most dominant species was Chrysopogen fulvus
while the least dominant species on site-I was Artemisia vulgaris and Thalicturm foliolosum and
on site-II Artemisia vulgaris (Table 3). For seedling, in site-I only two seedlings (Lannea 
coromandelica and Ougeinia oojenensis) were recorded whereas, in site-II the total number of
seedling were eight (Table 3).
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Table 3. Phytosociological analysis of herb+seedling species in site-I and site-II
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Table 3. Phytosociological analysis of herb+seedling species in site-I and site-II contd.
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Table 3. Phytosociological analysis of herb+seedling species in site-I and site-II contd.

Species diversity (H) and concentration of dominance (CD")
The diversity of study sites have been described in Table 4. The maximum (4.643) value of
diversity for tree layer was recorded on site-II, whereas, minimum (4.580) was observed for site-I. In
the shrub+sapling layer the maximum (5.021) and minimum (4.695) values of diversity were recorded
on site-II and site-I respectively. In the herbs+seedlings layer, the minimum and maximum values of
diversity were recorded on site-I and site-II respectively.
The lowest (0.053) and the highest (0.114) values of CD for tree layer was recorded on site-II and
site-I. The ranged values for shrub+sapling and herb+seedling species were 0.040 to 0.049.
Dominance-diversity curve
Dominance-diversity curves plotted between importance value index and species sequences of
trees, shrubs+saplings, herbs+seedlings (Figure 1-3) indicate a relationship between different species
showing importance value on both sites.

Lyonia, Volume 11(2), Pages [43-59], December 2006



Figure 1. Dominance-diversity curves for trees

Figure 2. Dominance-diversity curves for shrubs and saplings
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Figure 3. Dominance-diversity curves for herbs and seedlings

In the present study two sites i.e. site-I and site-II were recorded because foothill belt of Garhwal
Hiamalaya consist of thickly populated village and each village exploits forest resources for their basic
needs from these forests (Kumar et al 2004). Due to over-exploitation and illicit felling as well as
ruthless exploitation, most of the valuable species are either disappearing or rarely available.
The total density on site-I and site-II for trees were recorded 599 plants / ha and 714 plants / ha
respectively. These values were quite lower than the values reported by Kumar et al (2004) to
sub-tropical forests of Garhwal Himalaya. Some other tropical forests range of density 656 to 888
plants / ha was also reported by Kumar et al (2004). Several other workers also reported similar
values for different forests of Garhwal Hiamalaya (Rajwar and Gupta 1992; Mishra et al. 2002)
The abundance to frequency ratio indicated that most of the species of shrub+sapling,
herb+seedling and trees were contagiously distributed except few species of trees, which showed
random distribution pattern. Contagious distribution in natural vegetation has been reported by
Greigh-Smith (1957), Kershaw (1973). Similar finding also reported by Kumar et al (2004) for tropical
forests of Garhwal Himalaya.
In present study the range of diversity were 4.580 to 4.643 (for trees), 4.695 to 5.021 (for
shrubs+saplings), and 4.962 to 4.986 (for herbs+seedlings). The ranges of diversity were high on the
sites due to disturbance and invasion by new species. In Table 4 indicates that increasing diversity
and reduced concentration of dominance has been shown to be associated with increased stability
(Mc Naughton 1967). Pandey and Singh (1985) have also reported increasing species diversity in
disturbed ecosystem of Kumaon Himalaya. Disturbance has always been considered causes invasion
and species replacement, altered, growth, establishment, germination etc. the disturbance affects the
stability of the ecosystem and the successional process of the area. Disturbance caused by sever
grazing arrests the ecological determinations. However, grazing animals which consume the ground
vegetation plays positive role in dispersal, establishment and growth of such species by scarification
and pelletization of seed (with dung).
The dominance diversity (d-d) curves (based on IVI) approach a geometric series for all the
strata. Mostly these curves follow the geometric series in conformity with niche pre-emption
hypothesis (Motonura 1934). The geometric form in often shown by vascular plants having lower
density (Whittaker 1975)
Uses and Conservation Methods
Forest is a living resource. A large number people of the hill and plain area depends on forest
resources. Forest constitutes the richest resources amongst the other resources of the world. They
are the vital component to sustaining the life support system on earth. Forests have been playing a
pivotal role in the socio-economic development of a country or region. They are the important source
of subsistence, employment, revenue earning and raw material to various Industrial uses. There role
in ecological balance, environmental stability, biodiversity conservation, food security and sustainable
development have been widely recognized. Forests are the source of various components, e.g., food,
fodder, fiber, medicinal, tannin and oils, gum and many other things for human benefits. Generally it is
observed that the forest areas in the vicinity of the villages have been degrading much faster rate than
the forests growing far from the village locality. It is due to easily accessible to the villagers for their
basic needs. As per the data collected from local inhabitants and concern literature revels that the
forest resources of the area is rich for human benefits (Table 5). Therefore, there is an urgent need to
conserve the forest resource both macro and molecular level for human and sustainable development
of environment, besides that awareness to the villagers is essential how they can develop suitable
techniques for sustainable utilization of forest resources.
Table 4. Species diversity, concentration of dominance of different layers on site-I and site-II
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Sites/Layers Species diversity Concentration of dominance 

Site-1 

Tree 4.580 0.114 

Sapling+shrub 4.695 0.049 

Seedling+herb 4.962 0.039 

Site-II 

Tree 4.643 0.053 

Sapling+shrub 5.021 0.040 

Seedling+herb 4.986 0.039 

Table 5. Utility Index of plant species recorded form the site-I and site-II

Species Utility Index 

Acacia catechu Medicinal, Fodder, Dye, Gum, Lac, Kath formation 

Achyranthes aspera Local beverage, Medicinal. 

Adhatoda vasica Young leaves for cough and cold 

Adina cordifolia Toy and handicraft. 

Albizia lebbeck Fodder, Paper and pulp, Lac, Medicinal 

Anogeissus latifolia Fodder, Fiber 

Apluda mutica Thatching huts and brooms 

Artemisia vulgaris Medicinal (leaf juice use intestinal problem) 

Bauhinia variegata Fodder Dye, Ornamental, Oil and fat 

Berberis asiatica Medicinal plant, Fodder 

Bombax ceiba Fodder Fiber, Forage Ornamental, Oil and fat 

Carissa spinarum Commercial, Tanning 

Cassia fistula Dye, Ornamental, Medicinal 

Colebrookia 
oppositifolia 

Leaves used as medicinally 

Cynodon dactylon Plant used un several religious ceremonies 

Dalbergia sissoo Fodder, Toy and handicraft, Paper and pulp, Resin used in skin
ailments 

Emblica officinalis Fodder, Dye, Oil and fat, Source of Vitamin and ingredient of Trifala 

Erythrina suberosa. Fodder, Fiber 
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Ficus auriculata Fodder Fiber 

Ficus religiosa Fodder, Fiber, Commercial, Lac, Religious plant 

Holoptelea integrifolia Fodder, Bark used as rheumatic pain 

Jacaranda mimosifolia Ornamental purpose 

Lannea coromandelica Fiber. Dye, Gum 

Lantana camara Leaves insecticidal or germicidal 

Madhuca longifolia Fodder, Medicinal 

Mallotus philippensis Dye, Fruit, Fodder, Medicinal 

Moringa oleifera Fodder, Fiber Oil and fat, Fruit edible, Medicinal 

Murraya koenighii Fodder, Toy and handicraft, bark, root and leaves used medicinally 

Nyctanthes arbor-tristis Fodder, Medicinal, Dye 

Organum vulgare Medicinal (carminative, diuretic , diaphoretic) 

Ougeinia oojeinensis Fodder, Gum used as digestive troubles 

Pinus roxburghii Fodder, Dye 

Rhus parviflora Fodder, Medicine (cholera) 

Schleichera oleosa Fodder Lac, Oil and fat Medicinal 

Shorea robusta Fodder, Commercial, Dye, Resin, Silk 

Syzygium cumini Fodder, Dye, Silk 

Terminalia chebula Medicinal, fodder, dye. 

Terminalia alata Dye, Silk, Paper and pulp 

Terminalia bellirica Medicinal, Fodder, Dye, Resin, Silk 

Toona ciliata Fodder, Fuel Oil and Medicinal 

Vitex negundo Medicinal (roots, leaves, fruits) 

Woodfordia fruticosa Fodder, Medicinal, dried flower as tonic 

Ziziphus mauritiana Fodder, Fruit edible 

The methods basically used for conservation of biological diversity both (animals and plants) are 
in-situ and ex-situ conservation. Ex-situ conservation of species done outside the area where
they are naturally growing (e.g., botanical, horticulture and recreational gardens) while, in-situ
conservation is done in the natural habitats (e.g., area demarcated by under rules are National Parks,
Sanctuaries, Biosphere Reserve, Preservation plots etc.). Besides this several other traditional
methods are used by peoples can also considered i.e., (1). Sacred groves forest should be declared
(2) Large scale cultivation of economic and medicinal valuable species should be encouraged to local
inhabitants (3) Public awareness (4) Encouragement of social forestry programme for some essential
species, for fuel, fodder and other purposes (5) Deforestation must be stopped by adopting law and
regulation, should be developed by local village community and government level. (6) Plantation
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programmes should be made as compulsory for all villagers of the area.
Keeping all the consideration for sustainable development of forest resources, emphasize should
be given to develop suitable agroforestry, models specially selected multipurpose tree species in
conjunction with agricultural crops over the same unit of land to maximize productivity and sustainable
utilization of these resources.
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