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ABSTRACT 

 The  Rajaji National Park (RNP) lies at the junction of Himalayan foothills and the 

vast Indo-Gangetic plains and forms a part of the north-western range habitat of the Indian 

elephant (Elephus maximus) provides habitat to a wide range of the higher altitude and plains 

biota. Nomadic Gujars and villages around park create tremendous human pressure on 

vegetal cover and landforms. Using aerospace remote sensing (RS) data, thematic maps were 

generated in GIS domain to carry out Landscape analysis.  The species wise distribution of 

vegetation on landforms was observed. In active flood plain areas pure scrub vegetation was 

mostly found on piedmont with varying slopes.  The study shows that a particular landform is 

preferred by specific species, Sal grows on heavy drained soil, Reverine on piedmont and 

Chirpine on highly dissected hills. The Eastern aspect has maximum percentage of scrub.  

With changing landscapes, results can be used in conservation strategies of Wildlife and 

Landscape management plan for protected areas.  
 

KEY WORDS: RNP, Indian Elephant, Landforms, Vegetation, Aerospace, RS and GIS 
 

INTRODUCTION 

  Economic development of a country depends on the sustainable use of its natural 

resources; forest is one of them. Especially, dwindling of forest has serious impact on habitat. 

Each species has its own link with ecosystem, failure of this link results in disastrous impact 

on the environment.  The study of habitat depends on our basic understanding of biotic and 

abiotic components such as vegetation, geology, geomorphology, water and soil which 

determine the landscape structure and ecology. The present study area lies at the junction of 

lesser Himalayan foothills and the vast Indo-Gangetic plains. It forms a part of the north-

western range habitat of the Indian elephant (Elephus maximus) and provides the habitat to a 

wide range of the biota of higher altitude and plains. 

  The Siwaliks consist of geologically recent (Pleistocene) formations of 

unconsolidated materials (boulders, conglomerates, shale and slate). It is in it’s mild 

deformation stage caused by collision of the Indian plate into the Chinese plate (Plate 
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tectonics). The forest ecosystem has also suffered due to human interventions of various 

kinds.  The main inhabitants in the area are Gujjars, the nomadic tribes in the forest and 

villagers in Tongyas near forest boundaries. The livelihood requirement of the people 

comprise grazing land, water for cattle, timber, fuel, grass and other minor forest produce like 

Bhaber grass for rope making. Sustained pressure on forest ecosystem lead to deterioration of 

the environmental condition especially shrinkage of habitat of the national park. The 

developmental activities and expanding township of Dehradun and Haridwar have reduced 

the habitat of big animals which in turns affected the habitat of other numerous species.    

 Recently there has been an increasing realization that wildlife conservation is a total 

concept involving all biological organisms and other physical elements of environment on 

which they live and depend for their requirement.  Thus a tremendous input of science and 

technology is needed in wildlife conservation programmes. Much interest has been laid on 

Remote Sensing (RS) as a tool for improving resource inventory and analysis. The studies in 

India (Kushwaha, 1986) and abroad have shown promising results. Geographical Information 

System (GIS) used in combination with RS enhances capabilities to analyze spatial and non-

spatial data with reliable accuracy and efficiency. 

Relevance of Landscape/Habitat:  

  Description of flora and vegetation at the landscape level is an important component 

in the study of the diversity of life forms and ecological patterns in spatial variability (Farina 

1998). It has also been reported by different studies that vegetation communities are highly 

influenced by various topographical features (Roy & Jugran, 1986 and Warner, 1991). The 

broad base of physiography and geo-ecological information about the landscape are required 

for the design and management of National Park and the Protected areas (Zomer et al. 2002). 

Hence the emphasis has been laid on geology and geomorphological features in relation to 

the spatial distribution of vegetation. As stated by Troup (1921), “In hilly regions, variations 

in the forests are observed with the changes of aspect and configuration of slopes”.  

Therefore, landscape ecology has emerged as an important discipline to study the landscape 

structure, functions and changes. The altitude verses vegetation and topographical relationship 

with wildlife species have also been studied by Bunzhuo et al. (1997), Kala and Mathur (2002), 

Odom et al (2001) and by Clevenger et al (2002). After knowing the relationship of these 

factors the habitat analysis can be made more precise.  
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Methodology:  

Study area:  

The study area lies within the Rajaji National Park.  It falls between 300 0’ and  300 5’ 

24’’ N Latitudes and 780 1’ 56’’ and 780 8’ 4’’E longitude encompassing an area of about 

100 sq.km. In toposheet No. 53 J/4 on 1; 50,000 scale.  

The climate is subtropical and temperature varies from 13.10 c (January) to 38.90 c 

(June).  The average annual rainfall is about 1270 mm.  The seasonal drainages are   locally 

known as Raos. The vegetation belongs to northern tropical dry deciduous forest and 

subtropical forest (Champion and Seth 1968). The park hosts mainly the elephants with other 

wildlife species like Tiger and Leopard, Cheetal (Axis axis), Hogdeer (Axis porcinus) and 

Barking deer (Muntiacus muntjac). Among the birds, peacock (Pavo cristatus), jungle fowl 

(Gallus gallus) and kaleej pheasant (Lophura leucomelana) are common in the park.  There 

has been a serious decline in their number, might be because of poaching and shrinking of 

habitat by various causes.    

Both aerial photographs and satellite data have been used for the vegetation and 

geomorphological mapping. The aerial photographs pertaining to December 1959- April 

1960 on 1:25000 scale Satellite images of IRS-1B LISS-II, (FCC 2,3,4 RGB, Geocoded), of 

1993 and  of Landsat TM, FCC of 1988 were used  along with SOI toposheets (53 J/4).  The 

season for satellite data were selected i.e. March1993 for IRS IB and January 1988 for 

Landsat data.   

(a) Aerospace interpretation:   

The forest density classes on aerial photographs are 10-20%, 20-40%, 40-60% and 60% 

have been followed with 1, 2, 3 and 4 density codes respectively. Because of the 

unavailability of aerial photographs for the entire area, using satellite data with some change 

in density code i.e. Density >40% (1) and Density<40% -10% (2) mapping was done and 

transferred using optical antographs.  The vegetation classes having less than 40% canopy 

density has been classified as open forest, whereas more than 40% was classified as dense 

forest. The scrub was identified as a separate class. Wentworth method was used for slope 

classes, whereas the aspect map (categories; N, S, E, W, NW, NE, SE and EW) has been 

generated through GIS with the help of contours. 

Results and discussion:   

The vegetation classes have been delineated on the basis of dominant species, species 

associations and vegetation density. The geomorphic units were classified on the basis of 
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photo-characters, topography and relief.  Generally the southern slopes are warmer than the 

northern slopes, which may also influence the vegetation growth variations. The maximum 

percentage of scrub vegetation found in NE and SE aspect, whereas the maximum 

percentage of dense forest falls within northern aspect (15% dense, 14% open and 5% 

scrub) in comparison to other vegetation types. The NW aspect was full of open forest 

(Graph 1).   

Graph 1.  

 

 

 

 

 

 

 

 

 

 

 

        Legend:       D. Forest: Dense Forest,          O. Forest: Open Forest 

 

In relation to physiography and slope, pure scrub (7.36%) was found on active flood 

plain areas with varying slopes within 1 to 7. Munshi et al (2010) had also studied the 

various pressure on the forest resources have altered the spatial pattern of these natural 

landscapes to a great extent.   

The Escarpment is found dominated by miscellaneous vegetations, with Slope grasses 

(11.39%) followed by Bahonia species (Bauhnia vahlii). Moderately dissected hills (Upper 

Siwaliks) supported the maximum percent (62.17%) of Sal (Shoria robusta), may be 

because of large unit comprising other landscape feature (found 1to 10of slopes). The 

maximum percentage of Chirpine and Slope grasses (73.10%) are confined to Highly 

dissected hill within 5 to 14 slopes. The Upper Piedmont zone was full of Sal (21.925%) 

within 1 to 5   of slopes.  

It is noticed that Sal grows on heavy and well-drained soil (Puri, 1949), Piedmont 

zone is made up of derived material mainly from Upper Siwaliks. Middle piedmont zone 
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(where river is mostly braided) supports by Reverine forest (69.44%) within 1to 6 slopes. 

The Scrub is dominant (5.20%) on Lower piedmont zone within 1to 2slopes, whereas 

Anticlinal hill contains mixed Sal (2.45%) within 5 to 7 slopes (Graph 2).  

Graph 2.  

Legend:  
AFP- Active Flood Plain, ESCP-Escarpments, MDH-Moderately Dissected Hills, UPZ-Upper 

Piedmont Zone, MPZ- Middle Piedmont Zone, LPZ-Lower Piedmont Zone, ANHill-Anticlinail Hill, 

CBar- Channel Bar, RNHill-Rounded Hill, LSlide- Landlslides 

 In Mediterranean mountain forests (southern Anatolia), two vegetation gradients 

related to factor complexes of altitude-landform and parent material-land surface smoothness 

were observed (Ozkan 2009). As far as geology is concerned the Miscellaneous vegetation 

with Slope grasses (98.29%) was found in Middle Siwalik in which Highly dissected zone 

falls, which also shows the same relation with vegetation. The maximum percentage of Scrub 

(70.53%) is found in the in Upper Siwalik. The maximum percentage of Riverine forest 

(73.77%) was observed In the Piedmont zone (Graph 3). Miscellaneous vegetation with Slope 

grasses was observed to be maximum (83.55%) in highly dissected hill. This shows that 

grasslands cover large portion in the study area especially on Middle Siwaliks. (Chang et al 

2003) had also studied that forest landscapes were mainly distributed in flat and gentle areas 

on Changbai Mountain Natural Reserve in China. 
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Graph 3.  

 

 

 

 

 

 

 

 

 

 

 

Legend: 

CG- Chirpine with slope grasses, Misc- Miscellaneous Forest, SM- Sal Mixed, MG- 

Miscellaneous with slope grasses, Riverine, Scrub, Mixed Sal and Sal. 

 

CONCLUSION 

 For the study of landscape; vegetation distribution in relation to landform can be used 

as important parameters, because various landforms are the results of interection of natural 

forces with land.  Wildlife species make use a wide range of habitats, with varying 

topography and vegetation.  

 The results shown that a particular landform is preferred by specific species 

distribution for instance Sal grows on heavy well drained soil, Reverine on Piedmont and 

Chirpine on Highly Dissected hill. As far as conservation is concerned, the landslides and 

erosion have a negative impact because of their destructive nature. The Chirpine is highly 

prone to fire and normally exist on serrated and vertical ridges, unconsolidated highly fragile 

and are regularly being eroded by natural agencies along with human interventions.   

 The study is likely to give valuable and significant inputs to develop better 

conservation strategies for the fragile Siwalik in protected areas and into management efforts 

aimed at wildlife habitat management and its monitoring, to evaluate the distribution of 

animals. The further studies can be performed to strengthen habitat suitability analysis, waste 

land development, reforestation, afforestation, watershed development and resource 

utilization using RS and GIS domain.  
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