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1. Abstract 

With an increased human impact, natural resources are under great pressure.  Deforestation is 

one effect of this, and the largest threat against biodiversity. This is especially evident in 

areas with a high human population and a rich mega-fauna as in India. The purpose of this 

project was to determine the land-use cover change (LUCC) in the area of Karbi Anglong, 

which lies in the middle of Assam, India. This was done by identifying different vegetation 

types from satellite images, from the years 1992, 2002 and 2011 using a remote sensing 

application (ERDAS) and ArcGIS. Interviews in the area were also operated, and data about 

how animal use the corridors were used along with registered human-tiger conflicts. The 

results show that during the first period, a total of 360 km
2
 of the area changed vegetation 

type, mostly due to an increase of agricultural areas. The second largest change (79 km
2
) was 

an increase of moist mixed deciduous forest which seems to have taken over some of the 

semi evergreen forest’s previous area. If that is the case it is most likely an effect of selective 

logging from the local people, who use fire wood as fuel. All in all, there has been a great 

habitat loss along with fragmentation of the landscape. The conflict data shows that tigers are 

present between the core areas, and the interviews show that the migrations of other animals 

are also common. To maintain the high ecological values in Karbi Anglong, it is of great 

importance to maintain connectivity between core areas and stop further habitat loss and 

fragmentation. 

Key words: Karbi Anglong, Assam, North east India, Habitat loss, Fragmentation, 

Deforestation, Remote sensing, GIS, LUCC 

2. Introduction 

With an increasing extraction of forest resources, expansion and intensification of agriculture, 

the pressure on forests and its biodiversity is increasing. Deforestation is considered as the 

single largest threat to biodiversity (Sala et al., 2000; Lele et al., 2007), and has effects up to 

landscape levels (Karanth, 2005). In the three decades between 1970 and 1990, 50 % of the 

forest has undergone deforestation worldwide, mostly due to an increase in agricultural 

activities (Myers & Goreau, 1991). The deforestation continues in an alarming rate, with a 

loss of 130 000 km
2
 annually (FAO, 2005). Fragmentation is often an effect of agriculture 

and infrastructure developments along with other anthropogenic activities (Johnsingh et al., 

1990). It causes habitat loss, isolation and creates edge effects (Skole & Tucker, 1993; 

Forman & Godron 1986; Lele et al., 2007). With the separation of habitats, populations get 

smaller and isolated, and it makes migration between areas difficult (Karanth, 2005). 

Migration between areas is required for long term survival of populations and the absence of 

gene flow makes the populations more vulnerable to diseases, inbreeding and genetic drift 

(Hyde, 2009; Karanth, 2005). Gene flow is a postulation for continued evolution, but is now 

decreasing rapidly (Srivastava et al., 2002). A number of wildlife habitats have undergone or 

are being threatened with fragmentation due to various anthropogenic factors which has 

adversely affected the large mammal populations residing in them (Johnsingh et al., 1990). 

Recently, anthropogenic activities and habitat destruction have decreased the abundance of 

the terrestrial mega-fauna. As most of the terrestrial mega-fauna are presently classified as 

threatened, there is an increasing concern that the decline of for example elephant populations 



4 

 

will have unexpected and grave consequences for the long-term viability of the elephants 

ecosystems. This is especially evident in areas with a high human population and a rich 

mega-fauna as in India (Johnsingh et al., 1990). 

North east India is an important area for conservation. The state of Assam  harbours about 33 

% of the flowering plants of India, and has been declared “Global Biodiversity Hotspot” by 

Conservation International (Srivastava et al., 2002; Myers & Goreau, 1991). The area is also 

recognized as an “Endemic Bird Area” by BirdLife International (Stattersfield et al., 1998), 

and is harbouring three of the 200 global “Terrestrial Eco-regions of the World” of the WWF 

(Olson & Dinerstein, 1998). The state has three tiger reserves, five National Parks and 17 

Wildlife Sanctuaries along with three proposed Wildlife Sanctuaries. Of the three tiger 

reserves, Kaziranga Tiger Reserve is one of most important ones and acts as the source site 

for tigers in the region (Jhala et al., 2011). This park lies south of the Brahmaputra River, and 

north of the hill land of Karbi Anglong, in the middle of Assam. During the monsoons the 

park gets flooded and many animals such as rhinoceros, tigers, hog deers and elephants have 

to migrate from Kaziranga to Karbi Anglong. Between these areas runs the 54 km National 

Highway 37 parallel to the southern boundary of the park (Bora et al., 2009). The forest of 

Assam has decreased around 35 % in the period from 1900 to 2009, as a consequence of a 

human population increase and impact on the nature (Forest Survey Report of India 2009; 

Jhala et al., 2011). Clear felling was banned in India 1980, which has decreased the large-

scale deforestation, but the degradation does still occur in smaller scales (Srivastava et al., 

2002). Therefore, to understand the driving forces of forest loss, it is required to first identify 

the reasons and magnitude of the land use changes. One way of doing this is through a land 

use and land cover change (LUCC) analysis which considers all forms of changes, both 

increases and decreases of different vegetation types.  

The aim of the current study was to document the forest cover change over time, in an area 

south of Kaziranga National park. Satellite images from three different years were used to 

compare and to determine what kind of land forest change has occurred, and where. Possible 

ecological consequences from the land use changes are discussed. 

 

3. Materials and methods   

 I have been investigating an area south of Kaziranga national park, covering 3349 km
2 

(Fig. 

1). The area is hilly with its highest peak with a height of 1360 meters. It has a tropical 

monsoon rainforest climate (Singh, 1993), with hot and wet summers and cold and dry 

winters. The annual precipitation is between 800-2800 mm. Because of difference in altitude 

the temperature can go down to under 5 ºC in the highest areas, during winter, and up to 35 

ºC in the lower areas during summer (Choudhury, 2009). The area consist of the vegetation 

types: semi evergreen forest, moist mixed deciduous forest, degraded forest, scrub forest, 

agricultural land, jhum cultivation, tea garden and water body (Fig. 2, Table 1). 

Semi evergreen forest is very important for several species, like for example tigers, leopards, 

jungle cats, elephants and different species of gibbons. It mainly consists of trees that fell 

their leaves one by one over the whole year (Mukherjee, 2009). Moist mixed deciduous forest 

(MMD) is a closed forest, with a mixture between deciduous and some evergreen trees (Table 

1).  It is a pre-climax forest, and will eventually develop into a semi evergreen forest (Table 
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1) (Harry et al., 1968). Scrub forest consists of shrubberies and is often an early stage after 

degradation of an old forest. The degraded forest is an early forest stage, mostly coming up 

after clearing an old forest in climax stage, such as semi evergreen forest. Its vegetation type 

consists of pioneer species, such as bananas and bamboos (Table 1) (Raman et al., 1998). The 

agriculture in the area is dominated by paddy fields. Jhum cultivation is a slash and burn 

agriculture where a particular area is used for cultivation for some years, then switching to 

another area. Eventually the same area will be used again after forest regeneration but due to 

a growing population, the time for the forest to recover has decreased as the cycles have 

become shorter (Raman et al., 1998; Kakati et al., 2009). Tea gardens consist of fields of 

small Camellia sinensis bushes, bordered by ditches. The human growth rate in for the area 

Karbi Anglong was calculated, using the India Census values from the years 1991, 2001 and 

2011.  

  

 

Figure 1. Study area, situated in the middle of Assam, India, south of the Kaziranga National 

park. The three blue dots represent the wild life corridors; Kanchanjuri, Haldibari and 

Panbari from left to right.  

http://en.wikipedia.org/wiki/Camellia_sinensis
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Figure 2. The different vegetation types identified from the satellite images; 1. evergreen 

forest, 2. agriculture, 3. degraded forest, 4. water body, 5. sand, 6. tea garden, 7. moist mixed 

deciduous forest and 8.  jhum cultivation. (Photos 1-7 taken by author, photo 8 taken by 

Karabi Deka, WWF-India) 

 

Table 1. Species composition for different vegetation types (Srivastava et al., 2002; Raman et 

al., 1998). 

Moist mixed deciduous Terminalia myriocarpa, Duabanga grandiflora, 

 Pterospermum acerifolium, Ailanthus grandis, 

 Bombax ceiba, etc. 

  

Tropical semi-evergreen Artocarpus chaplasha, Dipterocarpus turbinatus, 

 Tetrameles nudiflora, Castanopsis hystrix, 

 Vatica lancaefolia, Terminalia bellerica, etc. 

  

Degraded forest Eupatorium adenophorum,Trema orientalis 

  Mikania micrantha, Musa sp, Nicotiana tabacum, 

Scrub forest  

 Melocanna bambusoides, Macaranga indica, M. 

Denticulata, Callicarpa arborea, etc 

 

Scrub forest consists of shrubberies and is often an 

early stage after degradation of an old forest 

   



7 

 

3.1. Land use cover change 

For my study ArcGIS 9.3 and ERDAS version 9.1 was used. Using these programs, I 

analyzed the forest and land use changes, between satellite images from 1992, 2002 and 

2011. Satellite imagery of IRS 1D LISS III of 1992, 2002 and IRS P6 LISS III of 2011 was 

used for the habitat assessment. The satellite imagery of 1992 was geometrically corrected 

using survey of India (SOI) topographical sheets at 1:50000 scale and other images of 2002 

and 2011 were geometrically corrected using image to image rectification from 1992 

imagery. Sub pixel image to image accuracy was achieved after repeated attempts. After that 

all the imagery was radiometrically corrected using dark pixel subtraction technique. An area 

of interest (AOI) was digitized from SOI toposheets covering the study area and all the 

images of 1992, 2002 and 2011 were subset using the AOI. A supervised classification 

method with maximum likelihood algorithm was used to classify the habitat patterns of the 

study area for the different years. Training sets were collated for different habitat using open 

source Google Earth imagery at high resolution. After classification of habitat pattern for the 

years 1992, 2002 and 2011 post classification comparison for all the years was done to 

understand the changes in habitat pattern in the study area. All the operations of the image 

analysis were done using ERDAS Imagine 9.1 software.   

A topography map from 1968 was used to determine the villages present at that time. This 

data was also converted into a layer in ArcGIS (Fig.3).  

 

Figure 3. The villages present 1968 and the vegetation types present 2011. 
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3.2. Mega fauna observations and tiger conflicts  

Data regarding animal tracks and human-tiger conflicts were collected and provided by 

WWF-India. The conflicts were reported cases from 2008 to 2011. Whenever there is a case 

of a tiger hurting or killing a cattle, villagers can report to WWF for economical 

compensation. After confirming the conflict, it gets registered together with its coordinates. 

This data has been visualized as a layer in GIS (Fig. 4). The animal tracks were collected 

from the three corridors between Kaziranga and Karbi Anglong, using pugmarks. The 

pugmark data were collected from 2010 to 2011. 

 

Figure 4.  Human tiger conflicts in the period 2008 to 2011.   

 

3.3. Interviews  

Field visits were carried out in April and March 2012, to document the vegetation types and 

perform interviews  to confirm the population growth and land use (see appendix for the 

questionnaire used). These interviews were carried out in 7 different villages in Kanchanjuri, 

the wild life corridor most used by animals (Fig. 5). To be able to operate these interviews I 

used an interpreter to translate the English into the local Assamese language. The interviews 

were directed to the head of the villages, corresponding to chief over the village. He 

possesses the greater deal of knowledge about the village and is usually more educated than 

the rest of the villagers. 
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 Figure 5. Different villages in the wild life corridor Kanchanjuri visited for interviews, with 

houses displayed. 

 

4. Results 

4.1. Land use cover change 

The land use changed in Karbi Anglong, in general with a decrease in forest cover and an 

increase in agricultural land (Fig. 7 and 8, Table 2 and 3). Between 1992 and 2002, 

agriculture increased, with an area of almost 12 % of the total investigated area (Table 3). 

Agriculture along with degraded forest was the only vegetation types identified which 

increased during this period (Table 2 and 3).  

Other vegetation types decreased on the expense of the expanding agricultural areas. The 

vegetation which decreased the most during this period was moist mixed deciduous forest, 

which land cover decreased with 6 % (Table 2 and 3). Second biggest decrease was for scrub 

forest and semi evergreen forest (Table 2 and 3).   

For the period 2002 to 2011, the land use change was taking another direction compared with 

the period before. The changes were not as big, and most of the vegetation types increased 

due to a decrease of semi evergreen forest. The biggest increase was agriculture and the 

second biggest increase was by the moist mixed deciduous forest (Table 2 and 3).  

The agricultural areas were mostly located in the south-west, with  scrub forest in the edges 

or close by to the agriculture. Much of the scrub forest was also located in the east side of the 

area. It seems like this scrub forest along with the moist mixed deciduous forest are more 

likely to be changed into agriculture areas than semi evergreen forest. The agriculture 

expansion was mainly located close to the registered villages in 1968. Large areas of semi 

evergreen forest has transformed into moist mixed deciduous forest mainly in the areas close 

to the villages (Fig. 3). According to my interviews, the most common income is depending 

on agriculture, followed with tea gardens but even so only one village reported an 

observation of expansion of agriculture area. Human-animal conflicts are common according 

to the interviews operated in one of the area serving as a wild life corridor.   
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Figure 7. Land cover for different vegetation types, for the years 1992, 2002 and 2011.The 

right side is zoomed in over the corridors for the respective year, and at the bottom the 

proportions of how the corridors are being used, determined by the PUG-marks. 
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Table 2. The total area in square kilometres and % of total area for the different vegetation 

types. 

Area of vegetation types 1992 2002 2011 

  Km2 % km2 % km2 % 

Semi evergreen forest 1571.3 46.9 1549.7 46.3 1470.0 43.9 

MMD 1093.7 32.7 903.6 27.0 927.4 27.7 

Scrub forest 273.0 8.2 126.7 3.8 139.3 4.2 

Degraded 20.8 0.6 28.4 0.8 29.5 0.9 

Agriculture 295.8 8.8 648.6 19.4 687.9 20.5 

Tea Garden 33.8 1.0 33.8 1.0 34.1 1.0 

Jhum 6.2 0.2 6.2 0.2 6.3 0.2 

Water 20.0 0.6 19.4 0.6 19.5 0.6 

Sand 34.0 1.0 32.2 1.0 34.6 1.0 

Total 3348.5 100.0 3348.5 100.0 3348.5 100.0 

 

Table 3. The changes in square kilometres and in per cent over the different periods. 

Change of vegetation types 1992-2002 2002-2011 1992-2011 (total) 

  Km2 % Km2 % Km2 % 

Semi evergreen forest -21.6 98.6 -79.7 94.9 -101.3 93.6 

MMD -190.1 82.6 23.8 102.6 -166.3 84.8 

Scrub forest -146.4 46.4 12.6 109.9 -133.8 51.0 

Degraded 7.6 136.5 1.1 103.9 8.7 141.8 

Agriculture 352.8 219.3 39.3 106.1 392.1 232.6 

Tea Garden 0.0 100.0 0.3 101.0 0.3 101.0 

Jhum 0.0 100.0 0.1 101.4 0.1 101.4 

Water -0.6 97.1 0.1 100.7 -0.4 97.8 

Sand -1.7 94.9 2.4 107.5 0.7 102.0 

Total 0.0 100.0 0.0 100.0 0.0 100.0 
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Figure 8. Area wise change in agricultural lands over the years. 

 

4.2. Mega fauna observations and tiger conflicts 

Migration of tiger, elephants and rhinoceros has been registered in the three corridors 

between Kaziranga and Karbi Anglong, by pugmarks (Fig. 7). It was shown that the corridor 

Kanchanjuri was the corridor used by most tigers; with seven tiger’s tracks were found, along 

with 74 elephant’s and 81 rhinoceros’s tracks. In Haldibari, two tiger tracks were identified 

along with 67 and 33 tracks of elephants and rhinoceros respectively. In the Panbari corridor, 

only two tiger tracks were identified, with 67 elephant’s and no rhinoceros’s tracks. There 

were around 160 human tiger conflicts in the area between Kaziranga and Karbi Anglong, 

with most of them located in the middle of the area, close to the Haldibari corridor (Fig. 4).  

4.3. Interviews  

All of the villages visited in Kanchanjuri reported observation of elephants, which also had 

caused damage to crops in the villages (Fig. 9). In all the villages visited, at least the head of 

the villages was positive and believed in coexistence with wild life. The main income was 

agriculture. Five out of seven villages reported that the forest had increased, and the other 

two had not observed any change since 40 years back. This can be explained by the 4
th

 

addition, a protected area established 1988 in the Karbi Anglong, covering much of the 

corridor area. This area belongs to Kaziranga, and are protected in the by the same strict 

rules. 
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Figure 9. Observation and conflicts for the different animal in the corridor Kanchanjuri. 

 

5. Discussion 

This results shows that there has been a large change in land cover use in the Karbi Anglong 

area between 1992 and 2011. The major change is a decrease of the forested area, which 

serves as an important habitat for most of the rare animals living in the area (Srivastava et al., 

2002). This decrease threatens the biodiversity in the area. Under the period 1992-2011, 360 

km
2
 changed from one vegetation type into one other. This correlates well with the human 

population, which increased with 150 000 persons during the first period (Cencus of India 

1991, 2001, 2001).  

The increased population and agriculture area is likely to lead to a change in the animal 

community, which is likely to reduce the overall community biomass (Karanth, 2005). Wood 

is the main source of fuel in north east India (Lele et al., 2007) which means a pressure on the 

forest leading to selective logging. According to my study there was a large increase in the 

area of moist mixed deciduous forest. This can be explained by the selective logging that 

makes the dense forest a little bit more open, which can be classified as a moist mixed 

deciduous forest when the satellite images are interpreted. This selective logging along with 

the shortened cycle of jhum cultivation is also big drivers behind the habitat loss, which are 

common threats in general for the forest in north east India (Lele et al., 2007; Chakraborty 

2009). The habitat loss answering to 268 km
2
 of semi ever green and moist mixed deciduous 

forest together is likely to have negative ecological effects, for example decreased species 

richness (Gurd et al., 2001; Steffan-Dewenter et al., 2002) and genetic diversity (Gibbs, 

2001). It has also been shown that large habitat loss can decrease the number of specialist 

large bodied species (Gibbs & Stanton, 2001) and reduced chain length in food webs 

(Komonen et al., 2000). For this area, which harbours several endemic and rare species 

(Environment and forest department, 2010), this trend in habitat loss is a serious threat. 

Kaziranga harbours around 35 mammals, of which 15 of them are considered threatened by 

IUCN (Environment and forest department, 2010). Many of these animals are large bodied 
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species, and the area is an important habitat for top predators such as tiger, leopard and other 

cat species.  

The destruction of old forest is also shown to affect bird diversity and abundance (Raman et 

al., 1998), which is highly relevant due to the great species richness found in the area, 

declared as a Endemic Bird Area” by BirdLife International (Stattersfield et al., 1998). In 

Kaziranga, a total of 478 bird species has been recorded, including 25 globally threatened 

species (Environment and forest department 2010). The fragmentation and exploitation of 

natural habitats harbouring wildlife in great densities also increases human-wildlife conflicts. 

The human wildlife conflicts are common and cause a big economical damage, for example 

destruction of crops made by elephants or cattle loss by tigers and leopards. The conflicts are 

more frequent in the monsoon, due to the increased migration from the lowland to the high 

land of Karbi Anglong. Securing wild life corridors between the core areas is important to 

maintain the connectivity and possibilities for migration. It seems like the corridor mostly 

used by the animals is Kanchanjuri, judging from the proportions of how it is being used. The 

corridor Panbari is in a bad condition, judging from data, field visit and local people 

confirming the expanding human settlements there. Elephants do not avoid agriculture as 

much as other animals, such as tigers or rhinoceros. If the increased human impact was to 

take form in all the area between the two core areas, migration for animals avoiding human 

settlements and agriculture would be much more difficult.  

The decline of the rate of land use change (36 km
2
 change per year comparing to 9 km

2
 per 

year) during the second period can be explained with an increased awareness about the 

situation and its problem. The area has been a site for many non government organizations 

working to raise awareness, like Aaranyak, Wildlife trust of India (WTI), Ashoka trust for 

research in ecology & the environment (ATREE), Bhoomi and World Wide Fund for Nature 

(WWF) India. Also according to the censuses and the interviews performed in the villages, 

the population growth has been more dramatic for the first period. 

6. Conclusions  

The habitat loss and fragmentation is due to an increase in agricultural areas, which is a 

problematic issue with the growing population. To maintain the biodiversity in the area, it is 

of great importance to study the remaining habitats and patches, and evaluate their role for 

migration between Kaziranga NP and Karbi Anglong. If the land area keep changing in the 

same rate with a decrease of forests, the migration between the areas will become difficult for 

the animals inhabiting Kaziranga NP. The populations will become isolated, and the 

conservation of already threatened species will become a hard task. With an increased 

exploitation of habitats by humans, as an affect from growing populations, the probability of 

human animal conflicts increases, which may affect the relationship between humans and 

wildlife negative. The area must be studied in a holistic perspective to understand and save 

the rich biodiversity it harbours, meaning that the connectivity to Kaziranga NP must be 

maintained in order to maintain sustainable populations living in either areas.  
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9. Appendix 

 Questions for the head of the village: 

1 Date         

   2 Name of village       

   3 Name of person       

   

         

4 

 

GPS mark 

number   

Photograph 

number   

   

 

1         

   

 

2         

  

  

 

3         

   

 

4         

   

         5 How many people are living in this village? 

    

  

0-50   

     

  

50-100   

     

  

100-150     

    

  

200-250   

     

  

250-300   

     

  

>300   
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6 How old is this village? (years) 

     

  

0-5   

     

  

5-10   

     

  

10-20   

 

  

   

  

20-30   

     

  

>30   

     

         7 For what reasons do people come to settle down here? 

  

         

 

Settlement provided by government   

   

 

  natural disaster 

 

  

   

 

  war victims 

 

  

   

 

  population expansion   

   

 

Settlement of ex-tea garden workers   

   

         
 

8 What do people do for a living here? 

    

 

Agriculture         

   

 

As labourer in tea/rubber plantation   

   

 

Small business       

   
 

9 What animals have been observed in the village? 

   

         

  

Yes No 

     

 

Elephant     

     

 

Rhinoceros     

     

 

Tigers     

     

 

Leopards     

     

 

Deers     

     

 

Buffalos     

     

 

Wild boars     

     

         10 What is the opinion of the villagers about the animals?   

  

  

  

      

 

Fear       

    

 

Reverence 

  

  

    

 

Anger 

  

  

    

 

Coexistence possible 

 

  

    

 

Coexistence not possible   
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         11 Have the village ever faced any human-animal conflicts? 

  

  

Yes   

     

  

No   

     

         12 Yes; What type of conflicts? What time in the year did this occur? 

 

  

Tiger           

 

  

Elephant           

 

  

Rhinoceros           

 

  

Leopards             

  

Wild boars             

        

  

 

13 Has the village observed any changes in the land use? 

   

  

Yes   

     

  

No   

    

  

         

 

14 Yes; in what way?  

      

   

Increased Decreased 

   

 

Homestead land     

    

 

Paddy field       

    

 

Water bodies     

    

 

Fallow land     

    

 

Grass land       

    

 

Forest       

    

         


