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1. Introduction 
 
The need of environmental protection has not just a moral or ethic aspect. Today 
it is a well known fact, that climate change, desertification, drought and other 
natural calamities are induced by the destruction of natural resources. They may 
occur on a global, regional or local level; they do not know borders. But always 
there are interdependencies, which forces to think global but act local. The 
recession of biomass is contributing to the global green house effect as well as to 
lack of fuel wood in local communities. The reduction of biodiversity is disabling 
natural habitats to adapt to changing environmental factors, which may lead to 
further deterioration, as well as it may affect the culture and livelihood of local 
communities. 
 
Environment is not a static system and subject to constant change but socio-
economic pressure plays the major role in alternating this system in a finite 
negative direction. In the struggle between development and protection, both 
sides, society and environment, need active support to ensure that natural 
resources are managed beneficially. 
 
India with its fast growing population, mega-cities and vast landscapes of merely 
touched nature, on the one hand the claim to catch up with the western world 
and on the other hand remote living communities, is one of the major places 
where this struggle takes place. Here, where one can find more than 19,725 
(World Conservation 
Monitoring Center, Table 1.1) 
plant and animal species and 
making it e.g. with 6 % of all 
the flowering species to one 
of the worlds 12 mega-
biodiversity-countries, 16 % of 
the world population uses just 
2.45 % of the worlds land and 
4 % of its water resources 
respectively. 

Group 
Species 

India 
Species 

Worldwide 
% 

Mammals 350 4,629 7.6

Birds 1224 9,702 12.6
Reptiles 408 6,550 6.2

Amphibians 197 4,522 4.4
Fishes 2546 21,730 11.7

Flowering 
Plants

15,000 250,000 6

Table 1.1 Species India - Worldwide 
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Not just environmental protection but also its improvement is part of Indian 
politics. It has been incorporated into the constitution by the Constitution Act 
1976 (forty-second Amendment). Article 48A was added to the directive 
principles of state policy by this amendment which declared "The State shall 
endeavour to protect and improve the environment and to safeguard the forests 
and wild life of the country." Article 51A (g), in a new chapter titled "Fundamental 
Duties", imposes a similar responsibility on every citizen "to protect and improve 
the natural environment including forests, lakes, rivers and wild life, and to have 
compassion for living creatures ..." 
 
Besides the national level, the Indian government is, too, aware of its 
international responsibility, shown by the number of international conventions it 
has ratified. The most important relating to this study are: 

- Convention on International Trade in Endangered Species (CITES 
1973/1979): Main objective of this convention is to “ensure that no species 
of wild fauna or flora becomes threatened with extinction or subject to 
unsustainable exploitation because of international trade” (CITES 1992). 

- The Convention on Climate Change (UNFCC 1992): The UNFCC aims at 
"stabilization of CO2 concentrations at a level that will prevent dangerous 
anthropogenic interference with the climate system, within a timeframe 
sufficient for allowing ecosystems to adopt naturally to climate change, to 
ensure that food production is not threatened and to enable economic 
development to proceed in a sustainable manner." (UNFCC 1992) One of 
India’s main objectives to implement the framework is to integrate 
sustainable development with national development programs. 

-  The Convention on Biological Diversity (CBD 1992): One of the CBD’s 
objectives is the “fair and equitable sharing of the benefits arising out of 
the utilization of genetic resources” (CDB 1992) It is “the first global 
comprehensive agreement to address all aspects of biological diversity, 
including conservation of biological diversity, sustainable use of its 
components, and fair and equitable sharing of benefits arising from its 
use” (PIB 2005) 

-  Agenda 21: While the Agenda 21 deals with all the facets of sustainability 
in combining social, economical and ecological aspects of development 
the most important aspect for this study is found in chapter 15, where the 
conservation and sustainable use of biological resources based on local 
knowledge systems and practices is declared as an objective (UN 1992a). 
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-  Rio Declaration on Environment and Development (UN 1992b): Principle 
22 contains the relevant objective for this study, saying that “indigenous 
people and their communities and other local communities have a vital 
role in environmental management and development because of their 
knowledge and traditional practices. States should recognize and duly 
support their identity, culture and interests and enable their effective 
participation in the achievement of sustainable development” (UN 1992b) 

- Kyoto Protocol (UNFCC 1997): The Kyoto protocol is aiming at reducing 
the emission of greenhouse gases, as they play a major role in global 
climate change. With ratifying the Kyoto protocol India reaffirmed its faith 
in a “multilateral process for addressing global environmental problems” 
(PIB 2002), though as a developing country it is not obliged to reduce its 
emissions.  

 
While the objectives of the Convention on Biological Diversity (CBD 1992) are 
subject to national legislation, “India has been emphasizing that such national 
action alone is not sufficient to ensure realization of benefits to the country of 
origin or provider country” (PIB 2005). As a result India formed, along with 
sixteen other countries, the Like Minded Megadiverse Countries (LMMCs). 
Objective of the LMMCs is to enable countries rich in biodiversity to take an 
active part in the new economy associated with the use of biological diversity and 
biotechnology (PIB 2005). Though major concern is the economical use of 
genetic resources the membership in the LMMCs also shows that India is aware 
of its biological heritage. 
 
National and international politics on environment and development are 
cumulating in India in the eighth Five-Year-Plan. Here the emphasis lies on 
coordinated and integrated action to preserve nature as well as holistic and 
sustainable resource management through participation. 
 
Conservation and development have both found their way to Indian politics and 
program initiatives, where the concept of equity and shared responsibility 
between the stakeholders is represented.  
 
The approach to protect special species and biodiversity in general is through 
protection of their specific habitat, as Project Tiger, Project on Asiatic Elephant 
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and different sites for the protection of other specific floral and faunal species 
indicate. 
 
The government accords high priority to biodiversity conservation as described in 
the approach paper to the Tenth Five-year Plan (2003-2007). The Wildlife 
Protection Act (1972) provides legal protection to the species listed in its 
Schedules I to IV. Habitat protection is also provided under the Forest Act (1972), 
the Forest Conservation Act (1980), the Environment Protection Act (1986) and 
the National Biodiversity Strategy and Action Plan process is complete which 
suggested modifications in the draft Biodiversity Bill (1999) for enactment this 
year. 
 
A major role in the protection of biodiversity falls to the different types of forest. 
Already 1998 with the definition of the National Forest Policy, the relationship 
between a balanced environment and the sustenance of all life forms, including 
humans was written down. Recently the National Forest Commission has been 
formed, in order to review and assess existing policies and legal frameworks and 
their impact in a holistic manner from ecological, scientific, economic, social and 
cultural point of view. By inspecting the status of forest administration and 
forestry institutions, ways of meeting the needs of upcoming socio-economic 
development and at the same time ensuring sustainable forest and wildlife 
management are sought. The National Wildlife Board has also been formed in 
2002 for giving conservation of wildlife a very high priority. 
 
The focus in this study is put on biomass and biodiversity, being the main 
characteristics of forest. A similar study has been already conducted by the 
Foundation for Ecological Security (FES 2004), where the biomass values from 
sample plots has been used to interpolate the possible biomass in the 
neighbouring areas. Here the state of the forest shall be assessed with the help 
of remotely sensed data. The occurrence of different forest types is subject to the 
biotic and abiotic factors, but neither biomass nor biodiversity values alone allow 
to evaluate a forests quality. Plantations may show a high wood density but a 
lack in the number of existing species. On the other hand certain habitats are 
valuable according to their biodiversity but do not produce a high biomass.  
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Via understanding a forests properties floral-faunal links are recognizable, e.g. 
the role of elephants in forest pattern development or the requirements for tiger 
habitats. 
 
Forest protection is contributing to many aspects of a holistic approach of 
resource management. Through habitat protection, wildlife and biodiversity is 
preserved. But also a sound management concept offers livelihood to local 
communities, with their needs of fuel wood and Non Timber Forest Products 
(NTFP). Especially poor communities depend heavily on them and the 
requirement to develop a management system benefits not only the forest and 
wildlife, but also the communities itself, through securing their resources for 
further generations.  
 
Furthermore the role of forests in climate protection is to mention. Carbon 
sequencing is one of the key issues in combating the greenhouse effect. The 
annual forest growth rate permits conclusions on the amount of sequenced CO2. 
From local level to international concept, the named interdependencies conclude 
in the forest. This sensitive resource, once destroyed its former state is 
nevermore achievable, is under constant threat as the receding percentage of 
forest in India indicates. Thus its protection is a viable key. 
 
Subject of this study is a part of the Satkosia Gorge Wildlife Sanctuary, situated 
in Orissa in the districts of Angul and Dhenkanal, lying in one of the project areas 
of FES (Foundation for Ecological Security). FES main objectives in Orissa are 
enrichment plantations, seeding of native and endemic species and the increase 
of available water by constructing water harvesting structures in order to supply 
local communities with a livelihood as well as to protect the vulnerable 
ecosystems. Being part of an IUCN category IV protected area, the conservation 
is to be achieved through active management intervention to ensure 
maintenance of habitats and/or to meet the requirements of specific species.  
 
Regarding Agenda 21 (UN 1992a) and the Rio declaration (UN 1992b) as well as 
the fact that a successful resource management, especially in commons, can not 
be achieved without active involvement and participation of stakeholders, FES is 
aiming at developing management plans together with the Forest Department 
(FD) and the local communities to protect the threatened habitats and with them 



  12 

the endangered species as well as supplying the communities depending on the 
forest and its products with sustainable livelihood. 
 
Therefore intensive studies on biomass availability, production and distribution 
are necessary. While the floral and faunal biodiversity is not directly related to the 
development of biomass the existing biodiversity is to be assessed and 
conclusions to be drawn on how biomass needs of the local communities can be 
met and at the same time healthy ecosystems maintained and promoted. 
 
The first steps from a mere quantitative to a qualitative analysis shall be 
performed here and necessary data for further investigations supplied. 
 
With the help of remotely sensed satellite data and ground truthed verifications 
the study area forests specific characteristics are to be extracted and analyzed.  
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2. Study Area 
Subject of this study is the Satkosia Gorge Wildlife Sanctuary, respectively its 
northern portion. Being divided by the river Mahanadi into two parts, the northern 
portion lies between 840 41’ and 850 06’ East longitudes and 200 32’ and 200 46’ 
North latitudes. Its total area is 530.01 km2. 

Figure 2.1 Overview Project Area 
 
The Satkosia Gorge Wildlife Sanctuary is situated in Orissa. The state is lying at 
the Bay of Bengal between 810 24’ and 870 29’ East longitudes and 170 48’ and 
220 34’ North latitudes. Its surrounding states are Bihar in the north, Madhya 
Pradesh in the west, Andhra Pradesh in the south and West Bengal in the north-
east. The Bay of Bengal forms a coastline of 482 km in the west. The total area 
of Orissa is 155 707 km2, of which 30.14 % is forest (46 941 km2). It is 
contributing 5.08 % to the total area of India and 7.43 % to its forested areas.  
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According to the global WWF eco-region classification, the forests in Orissa 
consist of the habitats Tropical and Subtropical Dry Broadleaf and Tropical and 
Subtropical Moist Broadleaf forests, namely the Chhota-Nagpur Dry Forests and 
Eastern Deccan Plateau Moist Forests, of which both are found in the study area. 
Satkosia Gorge Wildlife Sanctuary lies in the region of the central river basins, 
where Mahanadi, Brahmani and Baitarani form fertile plains with abruptly rising 
hills in between. The River Mahanadi flows through the sanctuary and forms a 
gorge on seven (sat…) kosi (3.5 km ) length (total 22,5 km), which gives the 
sanctuary its name. 
 
Underlain by precambiran rocks, namely of the Eastern Ghats Group of the 
archaean age, highly metamorphosed and most disturbed rocks are found. 
Largely present rock groups are khondalites charnockites. Also found are 
quarzites, granite-gneisses, krigmatites, calc-granulites, leptynites, anorthosites, 
alkali-gabbro and nepheline-syenites. Their associates are mainly manganese 
ore, bauxite and graphites. 
 
Lying in the tropical zone, just below the tropic of cancer the study area is 
exposed to high temperatures and due to its location in the belt of medium 
pressure has medium rainfall, in average 1421 mm per year. The rainfall varies in 
time, though, with a range from app. 900 to 1750 mm per year. Its spatial 
distribution is also erratic with droughts from time to time. In May the mean daily 
maximum temperature reaches its peak with 440 C, its minimum is reached in 
December with 120 C. 
 
About 400 species of plants have been recorded in the sanctuary out of which 
126 are trees, 98 shrubs, 125 herbs and 51 climbers. Sal (Shorea robusta) is the 
dominant species intensified mainly by selective removal of less valuable species 
under the planned forest management. An area of about 50 sq. kms has been 
planted with teak during the early 1900s. A comparative analysis of enumeration 
figures of various species was done between 1968 and 1988. The study 
indicates a degradation of primary forests in this area. 
 
Rampant forest fire, excessive grazing and increasing illegal removal of timber 
poses a threat to the species of this moist forest. However, no systematic 
research has been taken up to enumerate all the plant species in the area till 
date. According to the forest department Hinjal (Barringtonia acutangula), Kochila 
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(Strychnos nuxvomica), Rosewood (Dalbergia latifolia), Patal garuda (Rauwolfia 
serpentina), Gila (Entada phoseoloides), Mirigichara (Grewia elastica), Kangada 
(Xylia xylocarpa), Patuli (Stereospspermum chelonoides) and Kantachira 
(Acacoa fruginia) are threatened. 
 
The sanctuary has about 38 mammals, 126 birds, 28 reptiles, 4 amphibians and 
183 species of fish. The important faunal species are elephant (Elephas 
maximus), tiger (Panthera tigris), leopard (Panthera Pardus), gaur (Bos gaurus), 
sambar (Cervus unicolor), chital (Axis axis), four-horned antelope (Tetracerus 
quadricornis) and wild pig (Sus scrofa). There is rich birdlife including common 
grey hornbill (Tockus birostris), Malabar pied hornbill (Anthracoceros coronatus), 
common peafowl (Pavo cristatus), black partridge (Francolinus francolinus) and 
grey partridge (Francolinus pondicerianus). The river contains the gharial 
(Gavialis gangeticus) and the mugger (Crocodylys palustris). Varieties of 
butterflies, insects and spiders are also found which have not been 
systematically enumerated. Tiger, leopard and gharial are threatened species. 
 
With 52 revenue and 3 forest villages and a population of over 14,000 spread 
mainly in the north-eastern parts of the study and covering 37.23 km2, of which 
2.7 km2 are forest villages, and its bordering population from 185 odd villages  
within 10 km range of the study area, their heavy depending on fuel wood, 
timber, NTFP and grazing needs is a major source of socioeconomic pressure.  
Six Panchayats are situated in the study area, five completely namely Jamudoli, 
Luhasingha, Tikarpada, Purunakot and Jaganathpur and one partially, namely 
Nuakheta Panchayat.  
 
The Scheduled castes and Tribes account for about 25% of the total population. 
The major tribes that live within the Sanctuary area are Kondh, Kolha, Munda 
etc. More than 60% of the population in the area are living below the poverty line. 



  16 

3. Methods 

3.1 Normalized Difference Vegetation Index (NDVI) 

Different indices are used to measure vegetation, whereas the NDVI is the most 
commonly used. All of them basically depend on the characteristic of vegetation 
to reflect the different wavelengths (especially near infrared (NIR) and red (R)) of 
light in a specifically distinguished manner. The reflectance of these wavelengths 
is influenced by particles in the air and the ground cover below the vegetation, 
thus creating distortion in the satellite scene. However the NDVI is thought to be 
a suitable indicator of relative biomass and greenness (Boone et al. 2000). It is 
calculated using NIR and R. The visible red light between 0.4 and 0.7 μm is 
significantly absorbed by the plant leaves pigments, the chlorophyll, and used in 
the process of photosynthesis. The mesophyllic leaf structure on the other hand 
reflects strongly the incoming sunlight between 0.7 and 1.1 μm (NIR) (Tucker, 
1979). Thus, the NDVI of a satellite scene provides a pattern of the vegetations 
phytoactivity. Healthy vegetation will show a high absorption in the red and a high 
reflectance in the near infrared spectrum of light.  

 

 

 

The NDVI is calculated: 

NDVI = (NIR – R) / (NIR + R)  

Equation 3.1 NDVI 

 

 

 

Figure 3.1 Basis of NDVI. Source: http://earthobservatory.nasa.gov/ 
Library/MeasuringVegetation/measuring_vegetation_2.html 
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The NDVI’s range lies between -1 and 1. Values tending to 1 stand for a high 
greenness, representing an increasing amount of green vegetation. Values 
tending to 0 and below, show barren surfaces, clouds, rocks and water. To be 
able to relate the abstract index with to the real abundance of biomass, sufficient 
ground data is necessary. This data can be used to predict primary production 
and dominant species (Ricotta et al. 1999, Oesterheld et al. 1998). An advantage 
of the NDVI is its increased sensitivity to lower levels of vegetation, for example 
in comparison with the Ratio Vegetation Index (RVI, RVI = NIR/R).  

3.2 Data Collection and Analysis 

In order to relate the NDVI with biomass in T/ha a sufficient number of reference 
values for chosen locations have to be acquired. The interpolation based 
procedure for calculating biomass is to spread one sample plot of 100 m2 per 0.1 
km2. With a study area of 474,2 km2 a total number of 4742 sample plots ought to 
be taken. With time, manpower and terrains accessibility as the limiting factor this 
seems not feasible. Thus a comparison between interpolation based and satellite 
based calculation is not implemented in this study.  

Due to the study areas heterogeneity the chosen approach is to distribute a 
maximum conductible number of sample plots covering the whole study area as 
well as representing the existing vegetation patterns. Therefore a preliminary 
landscape classification using the ERDAS IMAGINE 8.4 Knowledge Classifier is 
performed. 

With the 90 m SRT DEM and the IRS-P6 (Resourcesat-1) as available raster 
data sets, elevation [m], slope [%] and NDVI as input values for the classification 
are used. To minimize the number of produced classes the aspect is not 
considered in this calculation.  

Though it may have an impact on the biomass, the other factors are thought to 
be more significant. With the elevation in the study area ranging approximately 
from 44 m to 850 m, its mean value of 304.11 m is chosen as a class break 
value. The NDVI ranges between -0.317647 and 0.597633. Here the class break 
values are set to 0.410877, which is the mean value, and 0.225, where the 
histogram shows a significant break and the satellite scene shows the 
settlement-forest border. For the slope a class break value of 30 percent is set. 
Further investigation on the influence of slope on soil depth and vegetation would 
be necessary, but it is assumed that this value is suitable. 
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Following decision tree is applied via ERDAS: 

 

 

Figure 3.2 Preclassification Decision Tree 
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The resulting classification raster shows following class distribution. 

Class Area [ha] % 
1 6985.176 15.3

2 10224.500 22.4

3 2536.622 5.5

4 7879.659 17.2

5 2818.447 6.2

6 2052.944 4.5

7 1427.577 3.1

8 11793.360 25.8

all 45718.290 100.0

 
9 1700.140

 
Table 3.1 Area per Preclass 

The sample plot distribution per class is done according to its share on the total 
area, as displayed with the examples of 50, 100 and 150 total sample plots. 

Class % (Area) Sample Plots
1 15.3 8 15 23

2 22.4 11 22 34

3 5.5 3 6 8

4 17.2 9 17 26

5 6.2 3 6 9

6 4.5 2 4 7

7 3.1 2 3 5

8 25.8 13 26 39

all 100.0 50 100 150 

Table 3.2 Sample Plots per Preclass 
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10 m 

1 m 5 m 

1 m 

5 m 
10 m 

However due to forest density and distance to roads and ways, most of the 
sanctuaries area is not or hardly accessible. Furthermore the team conducting 
the data collection is bond to stay overnight in the reserve forest rest houses. 

To minimize the time per sample plot needed to acquire the data, their location 
will be determined close to these reserve forest rest houses and to roads. For 
each trip a study area is chosen and an approximate number of conductible 
sample plots is located in a GIS. Tracking down the sample plots using maps and 
a GPS handheld, the team tries to locate each sample plot. During the trips time 
or inaccessibility may limit the number of investigated sites. Thus the sample plot 
distribution process is iterative, where in each preparation of a trip the number of 
sample plots per class is depending on the number of already investigated and 
the number of needed sample plots per class. 

The sample plot size is set to 10 * 10 m for trees above 5 cm girth at breast 
height (GBH). In this sample plot a 5 
*5 m subplot is nestled to gather 
information on shrubs, seedlings and 
saplings (below 5 cm GBH) and also 
an additional 1 * 1 m subplot for 
collecting data on grasses and 
herbaceous species (Modified 
Whittaker Method). To minimize the 
influence of shifted coordinates due 
to inaccurate georeferencing of 
satellite data and the GPS-handheld 
inherent error value, the team 
chooses the sample plots exact 
location not only according to its 
coordinates, but tries to set into a 
representative patch of the surrounding vegetation. These vegetation patches 
are determined visually, e.g. mature forest, plantation, clearing, etc. 

Figure 3.3 Sample Plot Structure 
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A setback of remotely sensed data with optical sensors is the inability to 
penetrate vegetation. The multispectral pixel information is therefore limited to 
the upper story. With a mature, multistoried and diverse forest as a study object 
certain limitations occur. Other indicators include therefore e.g. the blue band to 
map vegetation in order to display the influence of e.g. the soil, but don’t reach 
the NDVI’s ability to be used in biomass calculation. This and the fact that 
destructive data collection methods within the sanctuary are forbidden lead to the 
limitation of this study to calculate wooden biomass. Since sufficient biomass 
reference values for shrubs and herbaceous species don’t exist, biometric data is 
only collected and set into regression with the NDVI for trees above 5 cm (GBH). 
For trees with a GBH lower than 5 cm and for shrubs, lianas, climbers, herbs and 
grasses a mere enumeration is done. 

For each sample plot the vegetations primary information is collected, including 
local or scientific name for  and GBH plus height for all trees above 5 cm GBH. 
The data collected in the two subplots consists of the local or scientific name of 
each existing floral species.  

Secondary information is taken for the complete sample plot including 
notifications on landcover, macrohabitat, microhabitat, slope, aspect, terrain, soil 
depth, soil texture, anthropogenic pressure and general header information. 
(Annex XXX) They are acquired either via GPS or subject to gross estimation 
based on visual interpretation. 

3.3 Tree Biomass Calculation 

To calculate biomass from the biometric data for each single individual tree, 
several equations are available. Since the development of such an equation 
specially fitted to the existing forest types in Satkosia Gorge Wildlife Sanctuary is 
not included in this study, a comparison of existing equations will be conducted to 
find the best fitting equation. 

Standard literature on biomass mostly relates the variability of individual biomass 
to the variety of diameter at breast height. Also the stand density’s influence on 
spatial biomass fluctuation, or rather the allometric relations, is neglectable 
(Baskerville, 1965). A higher influence on the above ground woody biomass is 
given to the amount of branches, as Cannell (1984) found out in a global 
spanning study. That leads to the conclusion that individual biomass is 
depending first on species and furthermore on stand characteristics, such as 
stand age, site quality, climate and stocking of stands. Through destructive 
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methods, species or stand specific biomass values are acquired and brought into 
relations to the individual tree features, resulting in a biomass equation for certain 
areas or species. 

The most common way to calculate biomass is by using mathematical models in 
the form of: 

M = a * D b 

M = Biomass [T/ha] 

a; b  = Scaling coefficients 

D = Diameter at breast height [cm] per ha  

Equation 3.2 Basic Biomass Equation 

In this formula only DBH is taken into consideration under the assumption, that 
the height of a tree is related to its basal area. Furthermore the inclusion of yet 
another parameter increases the complexity and therefore the potential error of a 
model.  

Ketterings et al. (2001) developed for tropical forest in Indonesia following scaling 
coefficients: 

a = 0.0661 

b = 2.591 

For India Ravindranath (1997) developed a non power mathematical function: 

M = (8.32 * BA) – 1.69 

BA = Basal area [m2/ha] 

Equation  3.3 Biomass Equation ( Ravindranath, 1997) 

The third model to be tested is developed (Lu et al., 2002) for Amazonian tropical 
forest and distinguishes between trees with a DBH more than 25 cm and trees 
and saplings with a DBH between 5 and 25 cm.  
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Ln (M1) = -2.5202 + 2.14ln (D) + 0.4644 * ln (H) 

Equation 3.4 Biomass Equation ( Nelson et al., 1999) 

Ln (M2) = -3.843 + 1.035ln (D2H) 

M1 = individual biomass when DBH < 25cm 

M2 = individual biomass when DBH > 25cm 

H = height in [m] 

Equation 3.5 Biomass Equation ( Overman et al., 1994) 

3.4 Other Biomass 

For calculating tree biomass uncountable different studies exist. For some 
species or areas respectively standard values are given to estimate the biomass 
of shrubs, grasses and herbaceous species. Mostly though it is recommended to 
acquire those standard values through sample collection, drying and weighting. 
Since the usage of destructive Methods is forbidden by law, no calculation for 
this biomass is performed. But since the NDVI, which will be set into relation to 
the calculated tree biomass, is mainly depicting to upper forest canopy and the 
study area mainly consists of dense forest, it seems not necessary to take other 
than tree biomass into consideration.  

Furthermore the influence of bamboo, liana and climbers is difficult to regard. 
The option of destructive methods is, as explained above, not available. 
Standard values for the calculation of bamboo biomass exist in gross estimations 
in T/ha. Exact formulas are mainly related to one single species. Still, for this 
study the bamboo biomass will be calculated using equation 2.5, which proved to 
be sufficient in other studies (van Noordwijk et al. 2002). 

M = 0.131 * D2.28  

M = Biomass [T/ha] 

D = Diameter at breast height [cm] per ha 

Equation 3.6 Bamboo Biomass Equation ( van Nordwijk et al., 2002) 
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The amount of biomass lianas and climbers are contributing to the forest cover 
and therefore to the NDVI, will not be respected. Further studies to obtain 
information on the biomass of liana and climbers are necessary. Therefore a 
certain fault in the regression analysis has to be accepted. 

3.5 Topographic Normalization 

The differential illumination of satellite pictures due to terrains roughness and the 
exposition to the sun is contributing errors to a remote sensing based biomass 
estimation approach. Slopes facing towards the sun are significantly brightened 
and areas lying on the opposite side are significantly shaded. That means that 
objects, which should show the same reflectance properties may have different 
brightness values, depending on their suns’ exposition.  

The effect however can be minimized. Several different algorithms exist to 
correct the illumination of satellite scenes. They are depending on a high 
resolution digital elevation model (DEM) and the suns azimuth and elevation. In 
ERDAS IMAGINE 8.4 a non-Lambertian Reflectance model is included.  

Ln� = Lo� * cos e / (cosk e * cosk i) 

Ln� = normalized radiance 

Lo� = observed Radiance  

cos e = cosine of the incidence angle 

cos i = cosine of the existent angle, or slope angle 

k = Minnaert constant  
 
Equation 3.7  Topographic Normalization 

The Minnaert constant is describing the roughness of a surface and is empirically 
derived. By investigating the brightness values of pixel clusters on horizontal 
surfaces and slopes und the assumption, that they should show the same 
reflectance properties, a simple linear regression can be performed to identify the 
Minnaert constant.  

In this approach the Minnaert constant is determined iterative. Several values are 
tested and the one chosen, which is given the least difference in mean value and 
standard deviation between original and corrected satellite scene. The correction 
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of satellite scenes has to be done per single band, each with its unique Minnaert 
constant. Especially the infrared bands show a high influence of topographic 
effects on the radiance (Rishmawi, 2005). 

3.6 Phytosociology  

Generally the term phytosociology is understood as the study of the 
characteristics, classification, relationships, and distribution of plant communities. 
Via different measures the dynamics of each species as well as their relation 
among each other in a community can be analyzed. With a sufficient number of 
samples as a database, already slight differences in composition and structure of 
species can indicate different abiotic conditions present in the surveyed area.  

3.6.1 Abundance 

With abundance being an expression of the species richness and diversity 
describing the number of species in an area, these measures are appropriate in 
assessing the domination of a species in a set of species. Also, communities with 
a high biodiversity show a low abundance in most of its members. In this study 
the role of a species in its community will be described by its relative abundance. 
The relative abundance is calculated via the sum of relative frequency and 
relative density. It is assumed that with this figure the importance of a species is 
sufficiently explained and can range between 0 and 200 %. 

Relative Frequency =  ((Number of sample plots with a sighting of a species) / 
(Total number of sample plots)) x 100 

Equation 3.8 Relative Frequency 

Relative Density =  (((Number of individuals of a species) / ((Number of 
sample plots with a sighting of a species) x (Sample 
plot area))) / (Sum for all species of ((Number of 
individuals of a species) / (Number of sample plots with 
a sighting of a species))) x 100 

Equation 3.9 Relative Density 

Relative Abundance =  Relative Frequency + Relative Density 

Equation 3.10 Relative Abundance 
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3.6.2 Importance Value Index (IVI) 

A measure often used to describe and compare the species dominance of the 
plots is the Importance Value Index of Cottam and Curtis (1956). The IVI for a 
species is calculated as the sum of is relative dominance, its relative frequency 
and its relative density. Certain points have to be acknowledged, to understand 
the arguments the IVI is providing. Species occurring singular but with a high 
basal area may be given the same rank as widely spread but small species. Also 
some species may be dominant in one site but do not occur at other sites. 
Therefore their local dominance is not displayed in the overall statistics. Still, the 
IVI is giving a figure with the overall importance of a species. 

Relative Frequency2 = (Number of individuals of a species) / (Total number of 
Species) x 100 

Equation 3.11 Relative Frequency2

Relative Dominance =  (Total basal area of a species) / (Total basal area for all 
species) x 100 

Equation 3.12 Relative Dominance

 

Relative Density2 =  (Number of individuals of a species) / (Total number of 
individuals) x 100 

Equation 3.13 Relative Density2

 

IVI = Relative Frequency + Relative Dominance + Relative Density (2)  

Equation 3.14 Importance Value Index 

For non timber species the importance value is called Relative Importance Value 
(RVI) and calculated as followed: 

Relative Frequency2 = (Number of individuals of a species) / (Total number of 
Species) x 100 

Equation 3.15 Relative Frequency2
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Relative Density2 =  (Number of individuals of a species) / (Total number of 
individuals) x 100 

Equation 3.16 Relative Density2

RVI = Relative Frequency2 + Relative Density2 

Equation 3.17 Relative Importance Value Index 

3.7 Biodiversity Measures 

Biodiversity itself is a term not clearly defined. It was first used by E. O. Wilson in 
1986 and replaced the term of biological diversity. In general it is understood as 
the variety of life, the flora, fauna, their genes and the ecosystems of which they 
are a part. While some sources understand biodiversity as a measure of the 
relative diversity among individual organisms present in different ecosystems, 
others speak of the totality of genes, species and ecosystems of a region. The 
first refers to the three level model, where biodiversity occurs within species, 
among species and between ecosystems, the latter combines them in one term. 
To measure biodiversity different instruments are available. Mainly they either 
describe the diversity with absolute figures, which are difficult to use in 
comparative analysis, or with relative figures. With biodiversity being a product of 
the sum of biotic and abiotic factors, the comparison of different habitats requires 
a careful understanding of the statistics. Also to understand the meaning of 
biodiversity is essential. While a high number of species may indicate a high 
biodiversity, a deeper analysis is necessary to derive a qualitative aspect from 
this quantitative figure. Furthermore not a habitats number of species and 
individuals are giving the habitat an ecological value, but its ability to maintain its 
environmental functions, though biotic or abiotic factors change slow or fast due 
to disturbance or a general trend in development. Different studies (Neem et al., 
1994, Tilman et al. 1994, Hector et al., 1998) come to the conclusion that a 
reduction of species richness causes a decline in net productivity and resistance 
to invasive species. Therefore an approach of using several different indices and 
measures to depict the relation between environmental regime and present 
biodiversity is required.  
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3.7.1 Species Richness 

Species richness is describing the total number of species in an area. On a 
macroscalic level a distinct relationship between an areas locations and its 
number of species is recognizable. For smaller scales it should not be used to 
compare different areas.  

3.7.2 Shannon-Wiener Index 

Under the assumption that all species are represented in a sample and that the 
sample is taken randomly, the Shannon-Weiner Index calculates the uncertainty 
of a set of species. It is influenced by the number of species and their evenness 
among each other.  For a given number of species, it reaches its maximum if all 
species are represented with the same number of individuals. The Shannon-
Wiener Index (H’) is calculated as followed: 

H’ = - � (pi x ln(pi))  (with i = 1 to S) 

Equation 3.18 Shannon-Wiener Index 

S = Number of species or species richness 

N = Number of all individuals 

ni = number of individuals in species i 

pi = ni / N 

3.7.3 Shannon’s Evenness 

While the Shannon-Wiener Index changes with different numbers of species in 
an area and therefore makes it inappropriate to compare those, Shannon’s 
Evenness is an index ranging between 0 and 1, representing the evenness of the 
set of different species. With both measures a clear statement on the biodiversity 
of an area is possible. Shannon’s Evenness is the ratio of the actual Shannon-
Wiener Index to its maximum and calculated as followed: 

E = H’ / Hmax 

Equation 3.19 Shannon’s Evenness 
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Hmax = ln (S) 

Equation 3.20 Shannon-Wiener Maximum 

3.7.4 Simpson’s Diversity Index 

With the Simpson’s Index the probability that two samples randomly taken from a 
set of individuals belong to the same category, in this case species, is calculated. 
It ranges between 0 and 1, whereas 0 stands for a single species community. 
The closer the index tends to 1, the higher the biodiversity is with a high species 
richness and evenness. Simpson’s Diversity Index is calculated as followed: 

D = 1- � (ni x (ni – 1)) / (N x (N -1))  (with i = 1 to S) 

Equation 3.21 Simpson’s Diversity Index 
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4 Results and Discussion 

Main objective of this study is to understand the study areas forest to enable 
further planning in improving the management of the sanctuary, thus creating or 
maintaining livelihood and conserve wildlife and biodiversity through habitat 
protection. With the help of remotely sensed data and verification via ground 
truthing the step from quantitative to qualitative analysis is to be performed. After 
explaining the methods in the previous chapter, their implementation, the results 
and their indications are to be described and discussed. 

4.1 Topographic Normalization 

An ideal illumination correction should not alter the standard deviation of the 
different bands of the corrected satellite picture too much. But still the shading 
and brightening of slopes should reach a satisfying level. 

The results are mainly depending on the accuracy of the DEM. Since the DEM 
used in this study, derived from digitized contour lines of the 1:25 000 
topographic maps, shows some deviation compared to the satellite picture at the 
hill feet, especially in the transition from planes to hill ranges, the RSAT-DEM 
with a resolution of 90 m was chosen. This data set has a higher accuracy in 
displaying the structure, but its setback is the low resolution. The suns azimuth 
and elevation, taken from the RESOURCESAT-1 header information, are 
159.2892304 and 44.0378186 degree respectively. 

For the biomass analysis finally two different corrections were chosen. The 
correction with a Minnaert-Constant of 0.15 shows a better maintenance of 
properties, whereas a constant of 0.2 shows a better correction visually. Further 
increasing or decreasing of the Minnaert-Constant – each in steps of 0.05 - 
resulted either in over-brightening or in a insufficient correction despite the better 
maintenance of properties. Table 3.1 shows properties of the original scene and 
the chosen corrections.  
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The correction was performed for a clipped area with the coordinates (UTM-
WGS84-45N) of: Xmin: 244289, Xmax: 311395, Ymin: 2270139, Ymax: 2307475. 

 Band 
Minnaert- 
Constant 

Standard deviation Mean Min Max

Normalized  Green 0.2 13.55 89.18 60 178

 Image Red  15.05 47.74 26 146

  IR  12.65 91.18 24 163

  Green 0.15 13.52 87.33 56 175

  Red  14.86 46.77 24 143

  IR  12.64 89.28 24 160

Original Green  12.17 84.37 59 166

  Red  13.85 45.35 26 136

  IR  13.22 86.51 23 152

Table 4.1 Statistics of Topographic Normalization 

Since the Minnaert-Constant is describing the smoothness of a given surface 
problems might occur, if the surface shows patterns of rather smooth and rough 
surface. This is given in the study area with its planes enclosed by hill ranges in 
north-eastern and south-western part. Therefore the wanted correction is 
probably given in some areas, but areas not correctly described by the Minnaert-
Constant can be over or under corrected.  

Visually the result seems sufficient; whether it is improving the regression 
analysis is still to be proved. Yet it is expectable that illumination correction using 
a high resolution DEM, or study areas with more homogeneous terrain shows 
good results. The results will be included in the regression analysis. Furthermore 
a different approach to test the effectiveness of illumination correction in the 
study area is developed. Under the general assumption, that areas with a slope 
facing the sun, in this case have an aspect between 69 and 249 degree, are 
brightened and areas with an aspect between 249 and 69 degree are shaded, 
the original satellite picture is divided into two parts and the regression analysis 
performed for each subset of data. 
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4.2 Distribution of Sample Plots 

Overall biometric data in 89 locations has been gathered, of which 56.82 % are 
under dry and 43.18 % und moist regime. Maximum sample plots lay in dense 
forest (86.36 %), 5.68 % on its edge, 2.27 % in a clearance and 4.55 % in dense 
scrubland. With 46.59% the most sample plots are located on hill slopes, 
followed by foothills with 26.14 %. Some 11.36 % are on plateaus, 9.09 % on 
drain banks, 3.41 % on hilltops and just 1.14 % in valleys. Terrain with a gentle 
slope is dominating with 45.45 %, 36.36 % are found on moderate slopes and 
15.91 % on steep areas. Half of the points are found above 300 m above mean 
sea level (51%), of which 17.78 % are above 500 m. For the regression analysis 
divided into shaded and brightened terrain two subsets are build. The set with 
shaded sample plots consists of 47 locations, the brightened sample plots count 
42 locations. The class affiliation of the 89 sample plots in the preliminary 
vegetation classification and the desired number of sample plots per class is 
shown in table 3.2.  

Class Area [ha] % 
Sample Plots, 

desired 
Sample Plots, 

actual 
Difference 

1 6985.176 15.28 14 10 -4 

2 10224.500 22.36 20 23 3 

3 2536.622 5.55 5 3 -2 

4 7879.659 17.24 15 15 0 

5 2818.447 6.16 5 4 -1 

6 2052.944 4.49 4 9 5 

7 1427.577 3.12 3 4 1 

8 11793.361 25.80 23 21 -2 

� 45718.286 100 89 89  

Table 4.2 Distribution of Sample Plots 

Main locations for sample plot inspections were around Labangi, Tuluka, 
Baghamunda and Tikarpada, located in the north-eastern, north-western, 
western and central part of the study area. 
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4.3 Biomass calculation 

The above ground dry biomass of trees is calculated with three different 
approaches, as described under methods. Table 3.3 shows the properties of 
each calculation. The exact figures per sample plot are found in Annex XXX. 

 
Equation 
2.3 and 

2.4 

Equation 
2.1 

Equation 
2.2 

Equation 
2.5 

Sum [T] 219.730 232.190 246.208 3.855

Average [T/ha] 249.693 263.852 316.562 42.829

Max Value [T/ha] 1180.892 865.030 736.851 89.942

Min Value [T/ha] 8.424 11.176 2.872 0.000

Standard deviation [T/ha] 215.890 186.334 157.970 11.062

Table 4.3 Biomass Statistics per Equation 

The equation using the basal area as a variable has the highest sum of biomass 
in all sample plots, but shows the smallest maximum value and standard 
deviation. The highest maximum value and standard deviation are found using 
equation xxx3 and xxx4, also the smallest sum of biomass in all sample plots. 
The data calculated according to Ketterings et al (2001) is forming generally 
medium values. Bamboo was found in 54 locations and contributed totally 38.546 
t to each equation. With a maximum value of approximately 90 T/ha the observed 
bamboo biomass lies within standard values for India reported in literature 
(Shanmughavel et al., 1996; Tripathi et al., 1993; Singh et al., 1999). 

4.4 Regression analysis 

For each combination of the three derived vegetation indices (the original and 
two with illumination correction) with the three biomass calculations, plus for the 
shaded and brightened areas a regression analysis is performed. The general 
question is which form of regression is to choose. Is biomass increasing linear 
with the increase of NDVI or is a different relationship more appropriate? The 
NDVI is directly related to green biomass, in case of forest namely leaves of 
trees. The percentage of leave biomass at the entire biomass of an individual 
tree is depending on the species and on the location factors. A single standing 
tree with its cantilevered branches will produce more leave biomass, than a tree 
of the same species and the same amount of woody biomass standing in a 
dense community of trees. In a dense forest trees show a rapid vertical growth in 
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order to reach the sunlight as soon as possible. Therefore it is allowed to assume 
that there an increase in the amount of leaves represents an increase of woody 
biomass of a higher dimension To verify this assumption two different 
regressions are tested, the linear with a form of y = a*x and a geometric with the 
form of y = a *xb. Because the sample plots are located mainly in dense forest 
with a high NDVI, no biomass values are acquired for areas with a low NDVI. To 
improve the results of the regression a boundary condition is added. A NDVI 
value of 0 has to produce a biomass value of 0 as well. The linear regression is 
not influenced by it, but to the geometrical regression it adds viable information in 
the low NDVI range. 

The results of the regression with the original NDVI values (Annex XXX) show 
that the biomass calculated according to the equation of Ravindranath (1997) in 
the areas with an aspect facing the sun have the best correlation of all with a 
regression coefficient of 98.82 %. The corresponding regression for the shaded 
areas shows a regression coefficient of 97.97 %. This is achieved with a 
geometric regression. The best result for a satellite scene, which is not split up 
into brightened and shaded areas, is given with the combined equations of 
Nelson et al. (1999) and Overman et al. (1994), having a regression of 97.52 %.  
The best linear regression with 89.95 % is found for the shaded areas of the 
biomass calculation according to Ravindranath (1997), the regression for the 
corresponding brightened areas is 87.74 %. Best singular linear regression is 
given by equation 2 and original NDVI with a percentage of 88.91.  

Just in three cases the illumination correction proved to enhance the regression 
result, with only marginal differences. As explained above, this may be due to the 
inadequateness of the Minnaert-constant describing the study area. For the 
geometrical regression of equation 2 in the shaded areas, the regression of the 
corrected satellite scenes show an improvement of under 0.02 % compared to 
the regression with the original image. The biomass, calculated with equation 1 in 
the shaded areas shows best regression (geometrical) with the satellite scene, 
corrected with a Minnaert-constant of 0.15. But the improvement to the 
regression with the original NDVI is under 0.5 %. 

Table 3.4 shows the best fitting regressions (ID 1-6) chosen each for linear and 
geometrical regression, complete and split satellite scenes, plus two additional 
regressions (ID 7-8), later used in the discussion. 
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1 Eq 2, brightened - y=a*x^b 12050.86 4.3239 0.9766 0.9882 0.65269
2 Eq 2, shaded  0.2 y=a*x^b 11454.05 4.3055 0.9601 0.9798 0.76263
3 Eq 3 + 4 - y=a*x^b 177502.1 7.9036 0.9510 0.9752 1.17328
4 Eq 2, shaded - y=a*x 748.5444 - 0.8091 0.8995 153.578
5 Eq 2, brightened - y=a*x 764.9398 - 0.7697 0.8774 178.553
6 Eq 2 - y=a*x 755.8725 - 0.7905 0.8891 164.164
7 Eq 2 - y=a*x^b 11440.293 4.2685 0.9389 0.9690 0.71210
8 Eq 2, shaded - y=a*x^b 11813.465 4.3081 0.9598 0.9797 0.76507

Table 4.4 Parameters of Best Fitting Regressions 

To show the difference between the two regression methods, the two best fitting 
regressions of non-split satellite scenes are displayed in Figure 3.1 and 3.2. 

As visible (Figure 3.1), the linear regression (Table 3.4, ID 6) produces biomass 
values of over 100 T/ha already at an NDVI of 0.132297439. Additionally the 
calculated maximum value of the biomass equation (752.081 T/ha) is reached 
with an NDVI of 0.994983903, which is not found in the study area. 

Figure 4.1 Linear Regression 
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With the geometric regression (Table 3.4, ID 3), the graph (Figure 3.2) shows a 
more reasonable biomass prediction in the low NDVI range. The Value of 100 
T/ha however is just reached with an NDVi value of 0.388055244. Also the 
predicted maximum is found with an unrealistic 2383.316 T/ha for a NDVI of 
0.579618. To find the most suitable regression, it is necessary to take a look at 
the statistics of the biomass calculated for the whole study area. 

Figure 4.2 Geometric Regression 

For the selected regressions from Table 3.4, the mean and the max value, the 
standard deviation and the biomass sum in the study area are displayed in table 
3.5. ID 2 from Table 3.4 is substituted with the regression of the original NDVI 
and equation 2 in the shaded areas. For the split satellite scenes statistics are 
given for the combined calculations. 
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1 Eq 2, shaded + brightened y=a*x 457 310.588 58.2757 14729229
2 Eq 2 y=a*x 451 309.9 57.3703 14696577
3 Eq 2, shaded + brightened y=a*x^b 1301.2 307.591 171.345 14580305
4 Eq 2 y=a*x^b 1270.97 306.155 168.459 14512233
5 Eq 3 + 4 y=a*x^b 3035.58 269.281 262.707 12764299

Table 4.5 Biomass Statistics for Chosen Regressions 
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ID 5 from Table 3.5 shows a considerable lower biomass sum in the study area 
compared to the other calculations. Furthermore the calculated maximum value 
of more than 3000 T/ha and a mean value under 300 T/ha are leading to the 
decision, not to choose this regression to calculate biomass.  

ID 1 and ID 2 from Table 3.5 have similar statistics, though the calculation of the 
unsplit scene proves to produce slightly lower values. Their maximum value of 
less than 500 T/ha and the low standard deviation, speaking of a low contrast in 
the calculation, are also leading to the decision not to choose this form of 
regression. 

ID 3 and ID 4 from Table 3.5 again have similar statistics, as the difference 
between shaded and brightened areas overall proves to be only marginal. The 
observed maximum value, though it is higher than the observed maximum value 
in the sample plots, seems to be plausible. Also the calculated mean value lies in 
short distance to the observed value of all sample plots. With a standard 
deviation of more than 160 T/ha the difference between dense forest and non-
forested areas seems to be correctly displayed.  

Given the above mentioned facts, the best suitable regression is ID 7 from Table 
3.5. The regression coefficient of 0.968963 indicates a high accuracy. But one 
has to be aware, that this is a mere statistical value. Given the fact, that errors 
are occurring in every step of the process, the accuracy in reality is assumed to 
be lower. With a biomass equation generalizing the tree species and measuring 
errors while taking biometric data the errors are already occurring before the 
regression. Also, the relatively low number of sample plots decreases the 
significance. In a further study it should be researched, how number of sample 
plots and regression coefficient are related and what is the optimal number of 
sample plots. 

4.5 Structure and composition of vegetation 
 
Most existing tree species in the study area are Tectona grandis, which is found 
in plantations as well as in the regenerating and establishing status, Shorea 
robusta as the dominant native species and Anogeissus latifolia. They are mostly 
found in association with other native tree species, such as Terminalia alata, 
Diospyros montana, Diospyros melanoxylon and Schleichera oleosa. They come 
along with shrub species such as Cleistanthus collins and Caesaria elliptica. 
Butea superba and Smilax zeylanica as the most important climbers are also 
widespread throughout the study area. 
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4.5.1 Floral analysis 

From 179 observed different species, 43 have 
been identified by their local name, but no 
scientific name was assigned. The remaining 
137 positive identified species consist of 68 tree 
species, 34 shrubs, 16 herbs, 13 climbers, 2 
twiners, 2 ferns, 1 liana and 1 bamboo. 65 
different families have been reported, with 
Combrateaceae, Euphorbiaceae and 
Verbenaceae being the most existing (Table 
3.6). The Family with the most species present 
in the study area is Fabaceae, followed by 
Combrataceae and Euphorbiaceae. The 
species, excluding the 43 unidentified, consist 
of 114 different generae, with only 14 % of them 
containing more than one species. 

Family Individuals
Combretaceae 278
Euphorbiaceae 199
Verbenaceae 184
Dipterocarpaceae 170
Ebenaceae 164
Fabaceae 107
Flacourtiaceae 93
Symplocaceae 68
Apocynaceae 60
Sapindaceae 58
Rubiaceae 57
Poaceae 50
Celastraceae 47
Anacardiaceae 41
Rutaceae 39
Rhamnaceae 38
Lythraceae 37
Mimosaceae 36
Myrtaceae 36

Table 4.6 Individuals per Family 
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Family 
Number 

of 
species 

Category Family 
Number 

of 
species 

Category 

Fabaceae 13 Dicotyledon Cycadaceae 1 Gymnospermae

Combretaceae 8 Dicotyledon Acanthaceae 1 Dicotyledon 

Euphorbiaceae 8 Dicotyledon Annonaceae 1 Dicotyledon 

Rubiaceae 7 Dicotyledon Asclepiadaceae 1 Dicotyledon 

Mimosaceae 6 Dicotyledon Asteraceae 1 Dicotyledon 

Anacardiaceae 5 Pteridophyte Barringtoniaceae 1 Dicotyledon 

Ebenaceae 5 Dicotyledon Bignoniaceae 1 Dicotyledon 

Verbenaceae 5 Dicotyledon Bombaceae 1 Dicotyledon 

Rhamnaceae 4 Dicotyledon Symplocaceae 1 Dicotyledon 

Apocynaceae 3 Dicotyledon Cannabinaceae 1 Dicotyledon 

Caesalpiniaceae 3 Dicotyledon Capparaceae 1 Dicotyledon 

Lamiaceae 3 Dicotyledon Celastraceae 1 Dicotyledon 

Lythraceae 3 Dicotyledon Cluslaceae 1 Dicotyledon 

Meliaceae 3 Dicotyledon Cochlospermaceae 1 Dicotyledon 

Rutaceae 3 Dicotyledon Convolvulaceae 1 Dicotyledon 

Vitaceae 3 Dicotyledon Cornaceae 1 Dicotyledon 

Liliaceae 2 Monocotyledon Cucurbitaceae 1 Dicotyledon 

Burseraceae 2 Dicotyledon Dilleniaceae 1 Dicotyledon 

Flacourtiaceae 2 Dicotyledon Dipterocarpaceae 1 Dicotyledon 

Menispermaceae 2 Dicotyledon Lauraceae 1 Dicotyledon 

Moraceae 2 Dicotyledon Malvaceae 1 Dicotyledon 

Periplocaceae 2 Dicotyledon Melastomaceae 1 Dicotyledon 

Strychnaceae 2 Dicotyledon Myrtaceae 1 Dicotyledon 

Adiantaceae 1 Pteridophyte Olacaceae 1 Dicotyledon 

Arecaceae 1 Monocotyledon Opiliaceae 1 Dicotyledon 

Aristolochiaceae 1 Monocotyledon Papilionaceae 1 Dicotyledon 

Dioscoreaceae 1 Monocotyledon Piperaceae 1 Dicotyledon 

Hypoxidaceae 1 Monocotyledon Pittosporaceae 1 Dicotyledon 

Poaceae 1 Monocotyledon Sapindaceae 1 Dicotyledon 

Smilacaceae 1 Monocotyledon Sapotaceae 1 Dicotyledon 

Zingiberaceae 1 Monocotyledon Sterculiaceae 1 Dicotyledon 

Ulmaceae 1 Dicotyledon Tiliaceae 1 Dicotyledon 

Table 4.7 Species Statistics 
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4.5.2 Species association 

Species widely occurring in the study area with sightings in 40 to 60 % of all the 
sample plots are Diospyros melanoxylon, Raphanus sativus, Caesaria elliptica, 
Shorea robusta, Combretum roxburghii, Diospyros Montana, Anogeissus latifolia, 
Schleichera oleosa, Dendrocalamus strictus, Cassine glauca, Holarrhena 
pubescens, Terminalia alata and Cleistanthus collins. Association for tree and 
shrub species with other species, in this case a sighting in at least 20 other 
sample plots where a distinguished pattern is recognizable, are displayed in table 
3.8 

 Habitat 1 Habitat 2 Habitat 3 Habitat 4 Habitat 5 Habitat 6

40
 –

 6
0 

%
 

of
 a

ll 
sa

m
pl

e 
pl

ot
s Dendrocalamus 

strictus 
Shorea robusta 

Cleistanthus 
collins 

Anogeissus 
latifolia 

Terminalia 
alata 

Holarrhena 
pubescens 

In
 A

ss
oc

ia
tio

n 
w

ith
 (i

n 
at

 le
as

t 2
0 

sa
m

pl
e 

pl
ot

s)
: 

1. Caesaria 
elliptica 

Anogeissus 
latifolia 

Anogeissus 
latifolia 

Caesaria 
elliptica 

Cleistanthus 
collins 

Caesaria 
elliptica 

2. Combretum 
roxburghii 

Cassine glauca 
Combretum 
roxburghii 

Cleistanthus 
collins 

Combretum 
roxburghii 

Combretum 
roxburghii 

3. Diospyros 
melanoxylon 

Combretum 
roxburghii 

Diospyros 
melanoxylon 

Combretum 
roxburghii 

Diospyros 
melanoxylon 

Diospyros 
melanoxylon 

4. Diospyros 
montana 

Dendrocalamus 
strictus 

Symplocos 
racemosa 

Diospyros 
melanoxylon 

Diospyros 
montana 

Shorea 
robusta 

5. Shorea robusta 
Diospyros 
melanoxylon 

Terminalia 
alata 

Diospyros 
montana 

Shorea 
robusta 

 

6.  
Diospyros 
montana 

 
Symplocos 
racemosa 

  

7.  
Holarrhena 
pubescens 

 
Schleichera 
oleosa 

  

8.  
Symplocos 
racemosa 

 
Shorea 
robusta 
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Table 4.8 Species Association 
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The bamboo Dendrocalamus strictus is mainly associated with bushy shrubs and 
small trees. The only significant linked big tree is Shorea robusta. This tree goes 
along well with almost every species, also some other tall and densely foliated 
trees, as it is seen throughout all the study area. Some shrub species, such as 
Cleistanthus collins and Hollarhena pubescens prefer different light regimes. The 
first is more linked to tall trees with a dense leave cover, the latter with other 
shrub species and tall but light trees. 

4.6 Phytosociology 

4.6.1 Abundance and Diversity 

The relative abundance for the most important tree species in regenerating 
status (GBH < 2 cm) is shown in Table 3.9. While most of the species are equally 
distributed over the sample plots where they occur, their ranking is mostly 
influenced by their frequency. Diospyros melanoxylon, Shorea robusta, 
Symplocos racemosa and Diospyros montana are the most important tree 
species in the regenerating status. They show a significant higher relative 
abundance than the other species. They seem to be more successful in 
distributing their seeds and those seem to be fitter for putting forth their saplings. 
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1 Diospyros melanoxylon 51 53 415.69 1.99 57.95 59.95

2 Shorea robusta 42 44 419.048 2.01 47.73 49.74

3 Symplocos racemosa 42 42 400 1.92 47.73 49.64

4 Diospyros montana 40 40 400 1.92 45.45 47.37

5 Schleichera oleosa 30 31 413.333 1.98 34.09 36.07

6 Cassine glauca 26 26 400 1.92 29.55 31.46

7 Anogeissus latifolia 21 21 400 1.92 23.86 25.78

8 Terminalia alata 18 19 422.222 2.02 20.45 22.48

9 Buchanania lanzan 16 16 400 1.92 18.18 20.10

10 Phyllanthus emblica 11 11 400 1.92 12.50 14.42

11 Dalbergia paniculata 10 10 400 1.92 11.36 13.28

12 Syzygium cumini 10 10 400 1.92 11.36 13.28

13 Ziziphus glaberrima 10 10 400 1.92 11.36 13.28
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14 Aegle marmelos 8 8 400 1.92 9.09 11.01

15 Dalbergia sissoo 8 8 400 1.92 9.09 11.01

Table 4.9 Regenerating Species Abundance (Trees) 

For established trees (GBH > 2 cm) Table 3.10 shows the importance of the 
single species. Here Anogeissus latifolia, Shorea robusta, Terminalia alata and 
Tectonia grandis are the most dominant. Obvious is that their distribution over 
the sample plots is irregular. Also, compared to the regenerating status, their 
ranking has changed. Especially Diospyros melanoxylon lost its importance, 
whereas Tectonia grandis, often found in plantations, gained importance over the 
age. Thus, its regenerating potential seems to be lesser than for the other 
species.  
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1 Anogeissus latifolia 37 84 227.027 1.57 42.05 43.62

2 Shorea robusta 34 126 370.588 2.56 38.64 41.20

3 Terminalia alata 27 73 270.370 1.87 30.68 32.55

4 Tectona grandis* 21 165 785.714 5.44 23.86 29.30

5 Schleichera oleosa 19 27 142.105 0.98 21.59 22.57

6 U37* 18 33 183.333 1.27 20.45 21.72

7 Diospyros montana 17 37 217.647 1.51 19.32 20.82

8 Phyllanthus emblica 15 29 193.333 1.34 17.05 18.38

9 Lagerstroemia parviflora 14 25 178.571 1.24 15.91 17.14

10 Cassine glauca 14 21 150 1.04 15.91 16.95

11 Haldina cordifolia 13 21 161.538 1.12 14.77 15.89

12 Symplocos racemosa 12 26 216.667 1.50 13.64 15.14

13 Bridelia retuse 12 22 183.333 1.27 13.64 14.90

14 Garuga pinnata 11 24 218.182 1.51 12.50 14.01

15 Syzygium cumini 9 26 288.889 2.00 10.23 12.23

Table 4.10 Established Species Abundance (Trees) 

For Shrubs, Climber and other types except bamboo and herbs table 3.11 shows 
their importance. While some important species are equally distributed over the 
sample plots, such as Combretum roxburghii, Butea superba, Asparagus 
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racemosus and Smilax zeylanica, others occur in a higher density but lesser 
frequency (Caesaria elliptica, Cleistanthus collins, Holarrhena pubescens). 
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1 Combretum roxburghii 52 55 423.077 1.87 59.09 60.96 Shrub 

2 Caesaria elliptica 44 81 736.364 3.25 50.00 53.25 Shrub 

3 Cleistanthus collins 35 102 1165.714 5.14 39.77 44.92 Shrub 

4 Holarrhena pubescens 34 50 588.235 2.60 38.64 41.23 Shrub 

5 Butea superba 25 26 416 1.84 28.41 30.24 Climber 

6 Asparagus racemosus 15 15 400 1.76 17.05 18.81 Shrub 

7 Smilax zeylanica 13 14 430.769 1.90 14.77 16.67 Climber 

8 Euphorbia nivula 11 16 581.818 2.57 12.50 15.07 Shrub 

9 Bauhinia vahlii 11 11 400 1.76 12.50 14.26 Climber 

10 Ventilago denticulata 10 10 400 1.76 11.36 13.13 Climber 

11 Flacourtia indica 8 11 550 2.43 9.09 11.52 Shrub 

12 Millettia extensa 8 9 450 1.99 9.09 11.08 Shrub 

13 Indigofera cassioides 8 8 400 1.76 9.09 10.86 Shrub 

14 Acacia torta 8 8 400 1.76 9.09 10.86 Shrub 

15 Diospyros ferrea 7 8 457.143 2.02 7.95 9.97 Shrub 

Table 4.11 Species Abundance (Rest) 
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4.6.2 Diversity patterns  

To understand the conditions present in a habitat and their influence on different 
species an analysis of different diversity indicators supplies the surveyor with the 
necessary information. In general the evenness of species is a better indicator for 
diversity than species richness (Stirling and Wilsey, 2001). But the aspect of 
species richness is not to be neglected. For every distinct habitat with a unique 
set of biotic and abiotic factors, an optimum richness of species exists. Under the 
aspect of an even distribution of these species as an indicator for a healthy 
ecosystem the existing data is analyzed (Table 3.12 and 3.13) and interpreted. 
Due to the fact, that the Shannon Wiener Index is not comparable among 
different sets of species, as its range is changing with the number of species 
existing, the interpretation will focus on Simpson’s Diversity Index and the 
Shannon Evenness. As almost, except one, all sample plots lay in forested 
areas, the analysis is limited on the forest of the study area.  

Furthermore certain statistical effects may occur, as the distribution of the sample 
plots over the given habitat parameters is not even. Additionally, some sample 
plots lay in areas of teak plantations with a lower evenness and diversity, 
influencing the overall statistics. Still general trends can be observed. 

Overall the study area shows a high biodiversity as a D of 91.25 % indicates. 
However the evenness of the existing species is relatively low with 76.84 %. The 
analysis of the sample plots grouped to clusters defined by certain habitat 
parameters gives a more detailed picture of the state of forest. For example in 
dry and moist macrohabitats (1) the diversity is not significantly different. 
Therefore moist macrohabitats (1) show a higher evenness, being a sign of 
lesser disturbed ecosystems. 
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1 Total 88 (100%) 180 0.9125 0.7684 3.4823

2 Macrohabitat (1)  
Dry 50 (56.81 %) 122 0.9638 0.5493 3.8966
Moist 35 (39.77 %) 143 0.9768 0.6142 4.1929

3 Macrohabitat (2)  
Dense Forest 75 (87.2 %) 149 0.9707 0.5382 4.0572
Edge 5 (5.81 %) 67 0.9539 0.7074 3.5948
Clearance 2 (2.32 %) 27 0.9584 0.7931 3.0535
Dense Scrubland 4 (4.65 %) 23 0.9380 0.7122 2.8002

4 Microhabitat  
Foot Hill 22 (25.88 %) 78 0.9400 0.5578 3.4937
Hill Slope 41 (48.23 %) 117 0.9749 0.5911 4.0732
Hill Top 3 (3.52 %) 37 0.9673 0.7823 3.3563
Plateau 10 (11.76 %) 93 0.9647 0.6616 3.8465
Drain Bank 8 (9.41 %) 74 0.9777 0.7526 3.9330
Valley 1 (1.17 %) 10 0.9020 0.7235 2.0911

5 Terrain  
Rocky 18 (20.68 %) 93 0.9653 0.6382 3.8455
Bouldery 27 (31.03 %) 98 0.9726 0.6109 3.9634
Pebbly 23 (26.43 %) 119 0.9710 0.6247 4.0569
Flat 8 (9.19 %) 47 0.9457 0.6159 3.2723
Undulating 11 (12.64 %) 60 0.9640 0.6637 3.5886

6 Slope  
Gentle 39 (45.88 %) 140 0.9663 0.5706 3.9852
Moderate 32 (37.64 %) 104 0.9734 0.6109 4.0081
Steep 14 (16.47 %) 81 0.9735 0.6731 3.9132

7 Soil depth  
Shallow 19 (22.09 %) 95 0.9684 0.6351 3.8701
Medium 45 (52.32 %) 111 0.9716 0.5731 3.9829
Deep 22 (25.58 %) 126 0.9666 0.6198 4.0077

Table 4.12 Biodiversity per Habitat Parameter 

The clusterization to macrohabitats (2) shows the highest diversity (D) in dense 
forest, whereas the highest evenness (E) is found in sample plots lying in 
clearances. This effect may be due to the low number of sample plots distributed 
in non-dense forest areas; also the impact of teak plantations on the indices is 
visible here. Microhabitats have the highest diversity on hill slopes and on drain 
banks with over 97 %.  
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While the low evenness of 59.11 % on hill slopes is a sign for a disturbed 
ecosystem, the corresponding value of 78.23% on hill tops shows, that mainly 
the accessibility of habitats is determining the socioeconomic pressure.  
 
Taking the terrain into account as a basis for clusterization illustrates that rocky 
terrain minimizes the species diversity. Bouldery and pebbly terrains have a 
higher potential of diversity, as more species are adapt to the present soil 
conditions. The evenness in the terrains is not significantly different.  
 
With the slope as a parameter, the results indicate again, that accessibility of 
habitats is the major driving force in diversity and evenness development. D and 
E steadily increase from gentle to steep slopes. While grazing is the major factor, 
fuel wood extraction is also to be mentioned, as cattle as well as forest dwellers 
first enter areas easily accessible. If we take a look on the indices in different 
elevation ranges it is clearly visible that habitats lying between 200 and 400 m, 
where the majorities of forest as well as settlements are situated, have a lower 
diversity and evenness.  
 
With mature dry or moist deciduous forest as the climax society in most of the 
study area a high mean biomass of around 300 T/ha is the natural state of forest. 
The indices in different class of biomass point out that diversity is increasing with 
increase in biomass. Normally dense to very dense forest has a lower 
biodiversity compared to establishing forest. But here we have to consider, that 
most of the forest patches with a lower biomass are under influence of 
socioeconomic use. Therefore the higher biodiversity in high biomass patches 
speaks of a healthier habitat, as they are less disturbed. Considering just tree 
species for the index analysis and clustering them over their GBH shows that 
diversity in saplings and young regenerating (GBH < 2 cm) as well as 
establishing (GBH 2-5 cm) trees is highest. It decreases in the class of 
recruitment (GBH 5-10 cm) and matured trees (GBH > 30 cm). Again 
socioeconomic pressure is the main influence. Understorey fires, grazing and in 
the later stage fuel wood extraction lead to decrease in regenerating trees and 
later on to a lower biodiversity in matured trees. 
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8 Aspect      
No 12 (13.63 %) 86 0.9713 0.6618 3.9066
45 – 135 26 (29.54 %) 109 0.9743 0.6238 4.0442
135 – 225 16 (18.18 %) 82 0.9692 0.6575 3.8383
225 – 315 15 (17.04 %) 88 0.9640 0.6471 3.7776
315 – 45 19 (21.59 %) 88 0.9647 0.6133 3.7926

9 Elevation      
< 200 m 13 (14.94 %) 99 0.9731 0.6727 3.9780
200 – 400 m 53 (60.91 %) 118 0.9635 0.5367 3.8438
> 400m 21 (24.13 %) 98 0.9731 0.6446 4.0048

10 Biomass      
< 170 T/ha 17 (19.31 %) 107 0.9677 0.6414 3.9337
170 – 340 T/ha 38 (43.18 %) 111 0.9689 0.5701 3.9058
340 – 510 T/ha 21 (23.86 %) 103 0.9725 0.6450 4.0016
>510 T/ha 12 (13.63 %) 73 0.9717 0.6855 3.8037

11 GBH (off all trees)     
< 2 cm 418 (28.57 %) 53 0.9448 0.5442 3.2843
2 – 5 cm 12 (0.82 %) 9 0.9242 0.7965 1.9792
5 – 10 cm 54 (3.69 %) 71 0.9231 0.6545 2.6109
10 – 30 cm 472 (32.26 %) 74 0.9475 0.5456 3.3592
> 30 cm 507 (34.65 %) 28 0.9163 0.5207 3.2431

Table 4.13 Biodiversity per Habitat Parameter (2) 

To be able to relate the above mentioned figures to a bigger context, five habitats 
in the study area were randomly chosen under the assumption that they are less 
disturbed by socioeconomic pressure. Two river banks, two hill tops and one hill 
slope (Table 3.14) were examined and data on species and there vegetation 
status taken. They can not be directly compared to the figures in tables 3.12 – 
3.13 but a general trend is recognizable. While the Simpson’s Diversity Index is 
not or only marginal different the Shannon Evenness is significantly higher. The 
cause of this fact can be the selective usage and therefore partly destruction of 
special species, i.e. certain tree species for timber, certain grazing plants for 
cattle etc. Through this socioeconomic pressure the selection of special species 
is promoted and their distribution or evenness shifted compared to the natural 
state. 
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1 Near Labangi Stream bank 89 0.9799 0.9151 4.1075

2 Near Rasanda Stream bank 82 0.9529 0.8193 3.6106

3 Ranamandani Hill Hill top (Plateau) 81 0.9366 0.7798 3.4266

4 Near Tuluka Road Hill top (Plateau) 73 0.9420 0.7702 3.3046

5 Near Tuluka Hill slope 65 0.9249 0.7728 3.2260

Table 4.14 Reference Biodiversity Values 

4.6.3 Importance Value Index (IVI) 

The IVI is describing the importance of 
the analyzed species. It is weighting 
relative basal area dominance, relative 
density and relative frequency equally. 
This may lead to the result, that 
species occurring singular but with a 
big basal area are given the same 
dominance as mostly small but wide 
spread species.  

The results displayed in Table 3.15 
show that Tectonia grandis is the most 
important tree species. Since it is 
mostly found in plantations, which are 
currently up to 80 years old in the 
study area, their relative basal area 
dominance is leading to an overall 
high importance.  

Table 4.15 Importance Value Index 
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Second most important tree species is Shorea robusta, which has a higher 
relative frequency but an overall less basal area dominance. Further important 
tree species are Terminalia alata, Anogeissus latifolia and Diospyros 
melanoxylon. 

4.6.4 Relative Importance Value (RVI) 

 The relative importance value is the equivalent of the IVI for non timber species. 
The results (Table 3.16) indicate that the most important shrub species are 
Cleistanthus collins, Caesaria elliptica and Combretum roxburghii. They are 
mostly found in open forests 
and scrub forest, but also 
fairly common in dense 
forest. Caesaria elliptica is 
mostly found in lower 
elevations. The most 
important species among the 
climbers is Butea superba, 
which is mostly bound to hill 
forests. Smilax zeylanica is 
also fairly common. Bauhinia 
valii is a climber mainly 
associated with Sal (Shorea 
robusta) and the third most 
important climber in the study 
area.  

These results show that 
healthy forest patches are 
existent, indicated by 
important climber species. 
But disturbed patches are 
seen as well, as the 
abundance of the most 
important shrub species 
points out. 
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1 Cleistanthus collins 4.62 2.61 7.23 Shrub 

2 Caesaria elliptica 3.71 3.35 7.06 Shrub 

3 Combretum roxburghii 2.54 3.95 6.48 Shrub 

4 Holarrhena pubescens 2.36 2.68 5.04 Shrub 

5 Dendrocalamus strictus 2.26 2.76 5.02 Bamboo

6 Butea superba 1.18 1.86 3.04 Climber 

7 Asparagus racemosus 0.72 1.19 1.92 Shrub 

8 Smilax zeylanica 0.63 0.97 1.60 Climber 

9 Euphorbia nivula 0.72 0.82 1.54 Shrub 

10
Cycas circinalis L. var. 
orixensis 0.54 0.89 1.44 Fern 

11 Bauhinia vahlii 0.50 0.82 1.32 Climber 

12 Ventilago denticulata 0.45 0.74 1.20 Climber 

13
Flacourtia indica 
 0.50 0.60 1.09 Shrub 

14 Millettia extensa 0.41 0.60 1.00 Shrub 

15 Acacia torta 0.36 0.60 0.96 Shrub 

Table 4.16 Relative Importance Value Index 
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4.6.5 Natural Vegetation Pattern 

With 66 sample plots showing regeneration (at least four tree individuals with a 
GBH under 5 cm) the regeneration state of the forest is still potent. Though 
threatened by various human activities, such as understorey and ground flora 
burning, grazing, fuel wood and fodder extraction, wood smuggling and NTFP 
collection the vegetation shows that it is able to cope with it in a certain amount. 

4.6.6 Population Structure 

s

 

For the analysis of 
individuals per GBH-
class (Table 3.17) all 
tree species were taken 
into consideration. For 
individuals below 2 cm 
GBH were surveyed 
only in the 5*5 m 
subplot, their number 
for displaying Figure 3.3 
was quadrupled.  

The unadjusted statistics show a high number of 477 regenerating tree 
individuals (seedlings and saplings) below 5 cm GBH. However, the number 

ID 
GBH 
[cm] 

Class 
No of 

individua
ls 

% 

1 <5 Regenerating 477 31.136

2 5-10 Recruitment 14 0.914

3 11-30 Establishment 514 33.551

4 31-50 Matured trees 237 15.470

5 51-100 Adult trees 213 13.903

6 >100 Adult trees 77 5.026

Table 4.17 Trees per GirthClass 
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Figure 4.3 Trees per Girth Class 
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declines in the next class, with a mere 1 %. This may be due to statistical effects, 
but a trend is visible.  

Though not all saplings evolve to saplings or further stages of development as 
they are located in unsuitable habitats, even under assumption that only 10 % of 
all saplings survive per year the number of trees in recruitment stage should be 
higher than those in later stages. Assuming further an average annual GBH 
increment of 0.5 cm for regenerating trees, every year 50 individuals should enter 
the class of recruiting trees and reside in this class for 10 years resulting in a 
sum of approximately 500 individuals steadily present. However, while the forest 
shows a good regeneration status their further development is prevented by the 
various above mentioned human activities.  

Especially understorey fires and grazing are major factors. As most tree species 
are resistant to a short exposure to extreme heat when there are already 
established, younger individuals are the fires prone supply together with the 
shrubby understorey. Also the cattle prefers the soft leaves of seedlings and 
saplings.  

The highest number of individuals was found in the class of establishing trees, a 
third of all the counted individuals. The number is halved regarding the next class 
and then gently declines with a further increase in GBH. This is a natural state as 
trees are competing for space and light and not all of the seedlings and saplings 
reach the state of adult trees. Also the aspect of species inherent properties in 
developing a certain GBH may play a role.  

Still one has to be aware of the fact that matured and adult trees are attractive for 
wood smugglers as well as villagers, searching for construction material. The 
relatively low percentage of those trees is pointing to this direction. 
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4.6.6.2 Number of individuals per GBH-class per species

Examining the distribution of 
single tree species according 
to their GBH-Class (Table 
3.18) enables to draw 
conclusion on which species 
are more successful in 
spreading their seeds and 
which are more successful in 
reaching later states of 
development. These selections 
are caused by various factors, 
such as habitat parameters 
and socioeconomic influence. 
Diospyros malanoxylon proves 
to be the species with the 
highest number of individuals 
in regenerating state. Its 
overall importance (see IVI) is 
less than of those which are 
producing more timber. But in 
spreading seeds and evolving 
seedlings and saplings, they 
are more successful than 
Shorea robusta, which is the 
main characteristic tree 
species of the present forest. 
The data on trees is 
recruitment state is not 
sufficient enough to derive any 
conclusions. Among the 
established trees Anogeissus 
latifolia is most present. This 
species is a prone source for 
timber, for instance in making 
parts of bullock carts and 
ploughshares. Also the gum from its bark is commercially used. This species is 
not present among the most abundant trees in stages of later development, 
though it is generally a large tree. Thus, the socioeconomic pressure is 
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1 Diospyros melanoxylon 53 11.11

Shorea robusta 46 9.64

Symplocos racemosa 42 8.81

Diospyros montana 40 8.39

Schleichera oleosa 32 6.71

2 Diospyros montana 4 28.57

Madhuca indica 2 14.29

Anogeissus latifolia 2 14.29

Ziziphus glaberrima 1 7.14

Schleichera oleosa 1 7.14

3 Anogeissus latifolia 59 11.48

Shorea robusta 48 9.34

Terminalia alata 46 8.95

Tectona grandis 43 8.37

Symplocos racemosa 25 4.86

4 Tectona grandis 50 21.10

Shorea robusta 38 16.03

Terminalia alata 10 4.22

U37 9 3.80

Bridelia retuse 9 3.80

5 Tectona grandis 53 24.88

Shorea robusta 31 14.55

Pterospermum xylocarpum 12 5.63

Syzygium cumini 10 4.69

Terminalia alata 8 3.76

6 Tectona grandis 14 18.18

Terminalia alata 9 11.69

Shorea robusta 7 9.09

Garuga pinnata 5 6.49

Anogeissus latifolia 5 6.49

Table 4.18 Tree Species Abundance per Girth Class  
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preventing the evolution of adult Anogeissus latifolia. More important and 
successful species occurring in the stage of establishment are Shorea robusta, 
Terminalia alata and Tectona grandis. They also occur during the stages of 
matured and adult trees in a significant amount. The rating of Shorea robusta 
proves, that the mixed Sal forest as the natural habitat is still present and its 
regeneration successful to a certain degree. As for Tectona grandis, this species 
is mainly found in timber plantations, but also shows a regeneration potential 
(rank 10 in the regenerating stage). Terminalia alata also is a preferred species 
by local communities as well as on open market. Those species therefore are to 
be regarded as actively promoted, as they are possibly spared from cutting in 
younger stages of development to be able to use them while fully developed.  

4.6.6.3 Height Class 
By classifying the individuals of 
all tree species according to their 
height, a further insight in the 
vegetation patterns is possible. 
With the first class limit being the 
mean tree height (6.837 m) 
observed in the studies and each 
class width being the standard 
deviation (6.796 m) Table 3.19 

provides following result. Over 60 
% of the trees are smaller than 
the average height. In every 
following class the number 
decreases with a factor of two to 
three (illustrated in figure 3.4). 
Main reason for this is a species 
specific height as well as the high  
number of regenerating to 
establishing trees. 

Table 4.19 Trees per Height Class 

ID Height [m] No of individuals % 

1 <6.84 946 61.749

2 6.84-13.63 381 24.869

3 13.64-20.47 123 8.029

4 20.48-27.31 64 4.178

5 27.32-34.14 13 0.849

6 >34.14 5 0.326

 Individuals per height
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Figure 4.4 Trees per Height Class 
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4.6.6.4 Species per height class 
Only 18 trees were found to be 
higher than 27.32 m. Of those 
Tectona grandis, Terminalia 
alata and Anogeissus latifolia 
are most present. Here same 
conclusion applies as for the 
GBH-Classes. In the range of 
20.48 - 27.31 m Tectona 
grandis is present with over 30 
%. Shorea robusta and 
Terminalia alata show a 
potential of bigger height than 
other species. The classes 
from 6.94 to 20.47 m are 
dominated by Tectona grandis, 
Shorea robusta, Terminalia 
alata and arjuna as well as 
Pterospermum xylocarpum. 
The important trees among 
others with a height lower than 
the mean height of all trees are 
Shorea robusta, Anogeissus 
latifolia, Terminalia alata, 
Diospyros montana and  
Symplocos racemosa. The two 
latter are small to medium 
sized trees. The three first 
named are widespread 
throughout all the study area 
and and their high overall 
abundance is also displayed in 
this statistic. 
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1 Shorea robusta 90 9.51

Anogeissus latifolia 70 7.40

Symplocos racemosa 67 7.08

Diospyros montana 60 6.34

Terminalia alata 57 6.03

2 Tectona grandis 84 22.05

Shorea robusta 47 12.34

Anogeissus latifolia 27 7.09

Terminalia alata 25 6.56

Pterospermum xylocarpum 15 3.94

3 Shorea robusta 22 17.89

Tectona grandis 20 16.26

Syzygium cumini 8 6.50

Terminalia arjuna 5 4.07

Pterospermum xylocarpum 5 4.07

4 Tectona grandis 20 31.25

Shorea robusta 10 15.63

Terminalia alata 5 7.81

Garuga pinnata 3 4.69

Madhuca indica 2 3.13

5 
+ 
6

Tectona grandis 5 27.78

Terminalia alata 3 16.67

Anogeissus latifolia 2 11.11

Albizia lebbeck 1 5.56

Shorea robusta 1 5.56

Table 4.20 Trees Species Abundance per Height Class 
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4.7 Biomass 

The overall statistics for the biomass calculation are given in table 3.21. After 
regression analysis proved, that a calculation according to Ravindranath (1997) 
is best fitted for the situation present in the study area, a closer look on the 
biomass distribution per habitat and per species will be taken. Not the strict 
analysis of the values shall be performed, but general trends described and 
phenomena explained. 

4.7.1 Biomass per habitat 

With an overall average biomass of 276.638 T/ha (Table 3.21) found in the 
sample plots, the forest shows a higher stock than Bandhu (1971) gives for a dry 
deciduous forest of 60 years age. A reason for the higher value in the study area 
may be the higher age. The dry deciduous forest has a significant higher average 
than the moist forest, though one should expect it to be vice versa. The FAO is 
providing reference values for potential biomass density in those ecological 
zones with 450 T/ha for moist forest and 250 T/ha for dry forest in the lowlands. 
These values may not be applicable in the study area as they are gross average 
values for complete Asia. A source for this discrepancy can be the fact, that dry 
and moist deciduous forests are meeting in the sanctuary and a clear border 
between them is not formed. Furthermore the data collection took place during 
the dry season and partly during monsoon, so that the classification to moist and 
dry by the surveyor may have been subject to misjudgement. 

Regarding the clusterization with macrohabitat (2), the highest average biomass 
is found in forest patches, lying on the edge of the forest. The dense forest 
shows an average value 30 T/ha below this value. While trees at the edge of 
forests grow more in the width, trees of the same age and species in dense 
forest grow more in the height, as they are competing for light with the other 
trees. As the equation for calculating the biomass considers only the GBH, the 
difference in the regarded value may be due to this phenomenon.  

The highest average of biomass in microhabitats is found in drain banks 
(342.871 T/ha). Here the water regime is moist; they mostly lie in shaded areas 
between hill ranges or in valleys. The high value for hill slopes is explainable with 
the lower terrain accessibility, therefore it is less frequented by cattle and less 
wood extraction is taking place. The foot hills and valleys are most exposed to 
the several village communities on their regular trips for fuel wood and timber. 
This results in the relatively low value of around 242 T/ha. 
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1 Total 276.638 89 100.00 2.872 736.851 157.970

2 Macrohabitat 
(1) 

 

Dry 319.162 50 56.82 5.956 738.496 159.224
Moist 216.192 35 39.77 29.959 619.150 129.704

3 Macrohabitat 
(2) 

 

Dense Forest 272.400 22 25.88 55.993 738.496 161.222
Edge 303.585 41 48.24 32.484 704.753 151.913
Clearance 177.430 3 3.53 115.758 208.720 53.411
Dense 
Scrubland 184.111 10 11.76 5.956 345.150 122.295

4 Microhabitat  
Foot Hill 242.093 12 13.64 29.959 521.189 132.742
Hill Slope 299.467 26 29.55 32.484 549.063 130.431
Hill Top 251.713 16 18.18 5.956 504.069 164.997
Plateau 215.097 15 17.05 55.993 423.634 116.617
Drain Bank 342.871 19 21.59 127.727 738.496 193.960
Valley 242.093 12 13.64 29.959 521.189 132.742

Table 4.21 Biomass per Habitat 

Considering the terrain parameters as habitat distinguishing factors, the highest 
average value is found in flat terrain. These forest patches lie mostly in the 
lowlands, where the water regime produces mostly moist conditions. These are 
the same factors that produce a high biomass in the macrohabitat of drain banks. 
Rocky Terrain also produces a high biomass, as it is less accessible. 

While shallow and medium deep soil results in a biomass average value, higher 
than the total, in deep soil biomass is considerably less. These soils lie mainly in 
the valley, close to the settlements and the present forest is subject to a higher 
socioeconomic pressure. 
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5 Terrain  
Rocky 293.375 18 20.69 32.484 585.424 159.632
Bouldery 273.953 27 31.03 95.645 521.189 127.631
Pebbly 238.182 23 26.44 48.247 549.063 120.396
Flat 426.245 8 9.20 157.118 738.496 197.851
Undulating 241.086 11 12.64 5.956 619.150 192.966

6 Slope  
Gentle 256.265 39 45.88 5.956 704.753 147.715
Moderate 302.815 32 37.65 32.484 738.496 156.915
Steep 274.404 14 16.47 48.247 585.424 175.828

7 Soil depth  
Shallow 284.962 19 22.09 32.484 585.424 150.566
Medium 291.970 45 52.33 48.247 738.496 161.323
Deep 250.363 22 25.58 5.956 619.150 147.932

8 Aspect  
No 242.093 12 13.64 29.959 521.189 132.742
45 – 135 299.467 26 29.55 32.484 549.063 130.431
135 – 225 251.713 16 18.18 5.956 504.069 164.997
225 – 315 215.097 15 17.05 55.993 423.634 116.617
315 – 45 342.871 19 21.59 127.727 738.496 193.960

9 Elevation  
< 200 m 234.507 13 14.94 29.959 521.189 159.815
200 – 400 m 286.697 53 60.92 55.993 738.496 152.076
> 400m 284.479 21 24.14 5.956 549.063 160.529

Table 4.22 Biomass per Habitat (2) 

Out of the different slope types, gentle slopes produce the lowest biomass. 
Highest is found on moderate slopes and on steep slopes the value reaches the 
total average. Again it is to be mentioned that gentle slope are more easily to 
access, whereas moderate slopes have optimal conditions for forest growth. On 
steep slopes the effect of a lesser accessibility is weakened by the present 
conditions of shallow soils and less water availability.  

As for aspect as a factor determining the biomass production, highest biomass is 
found in habitats exposed to the north and east with an average close to 300 
T/ha and above. One can argue that the present light regime results in a lower 
evapotranspiration, which is leading to a better water regime, but this thesis has 
to be confirmed in situ. 
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With the elevation tested as a factor for biomass production, the results show 
high biomass in the range of 200 – 400 m. Above 400 m the biomass is slightly 
less. Below 200 m biomass is considerably less. Here socioeconomic pressure 
plays a leading role as most of the settlements lie in the lowlands. The middle 
ranges are formed by some plateaus and hill ranges and supply the habitats with 
optimal conditions. Above 400 m factors promoting and decreasing biomass 
growth may be equalized, as the higher ranges are mostly found on steep slopes 
with a rocky terrain. Here socioeconomic pressure is less but biomass increases 
less than expected due to the present abiotic factors. 

4.7.2 Biomass per species 
Table 3.23 shows the 
calculated biomass for 
the most important tree 
species. Tectona grandis 
is present with 165 
individuals which 
accumulate 40 tons of 
biomass. The average 
biomass however is 
slightly less than for 
Terminalia alata. Highest 
average tree biomass is 
found for Madhuca indica, 
with 452.046 kg in 
average. Since only 12 
individuals were found, 
the statistical basis for 
relating the species with a 
general high biomass is 
not given. Same applies 
for Garuga pinnata,  
24 individuals weight over 
10 tons, with an average 
of 417.330 kg.  

Also a high biomass produces Haldina cordifolia, a large tree quite common in 
deciduous forest. Each single tree weights, statistically, 376.494 kg. Other 
species with a high average biomass are Pterospermum xylocarpum, Shorea 
robusta and Anogeissus latifolia. 
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1 Tectona grandis 40743.878 165 246.933
2 Shorea robusta 23590.562 126 187.227
3 Anogeissus latifolia 14240.683 84 169.532
4 Terminalia alata 18309.529 73 250.815
5 Diospyros montana 4201.096 37 113.543
6 U37 2145.867 33 65.026
7 Phyllanthus emblica 1800.471 29 62.085
8 Schleichera oleosa 2847.300 27 105.456
9 Pterospermum xylocarpum 6069.967 26 233.460
10 Syzygium cumini 3968.113 26 152.620
11 Symplocos racemosa 738.200 26 28.392
12 Lagerstroemia parviflora 3740.393 25 149.616
13 Garuga pinnata 10015.932 24 417.330
14 Bridelia retuse 2624.096 22 119.277
15 Haldina cordifolia 7906.375 21 376.494
16 Cassine glauca 1165.759 21 55.512
17 Strychnos nux-vomica 258.386 17 15.199
18 Miliusa tomentosa 1004.135 14 71.724
19 Diospyros sylvatica 799.154 14 57.082
20 Madhuca indica 5424.549 12 452.046

Table 4.23 Biomass per Species 
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5. Conclusions 

With this study being the initial phase of a project with a wider horizon the 
transformation from a mere quantitative to a qualitative analysis in higher detail 
than performed here is to be done in further studies. Still the results show 
general trends and supply FES with sufficient data to improve the management 
of the study area and therefore the sanctuary and its surroundings.  
 
The major goal of this study had been to estimate biomass in a high resolution 
with a lesser effort than usual methods require.   
 
With a regression coefficient of over 90 % between the biomass calculation in the 
sample plots and the NDVI derived from the satellite picture, this goal is fully 
achieved. In this specific study various methods to enhance the spatial data, 
such as a preliminary classification and a topographic normalization, had been 
tested for the first time by FES. While the effect of the first is not directly 
measurable it is assumed that the method proved to be helpful. The latter proved 
to be only marginal in its effects and did not improve the results in a sufficient 
scale. Still, for each new project it should be considered to try to enhance the 
spatial data by illumination correction via topographic normalization. 
 
With the found biomass equation a spatial and temporal analysis of biomass and 
biomass changes is possible and one of the major achievements of this study. 
 
The second big achievement is the acquired data on species and biodiversity. 
While direct conclusions had been drawn on the state of the forest, the derived 
phytosociological and biodiversity information allow FES to estimate the 
socioeconomic influence in the study area and therefore enables FES to take 
immediate actions on preventing further deterioration of the forest. 
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The study shows significantly that biomass and biodiversity are not directly 
connected and therefore the management goal of the study area cannot merely 
be to let the forest grow. A rather habitat oriented approach is necessary, where 
the regeneration potential of the flora has to be maintained and improved. With 
the human influence being the most destructing one, a participatory approach in 
order to supply the local communities with livelihood now and in the future and at 
the same time protect flora and fauna is necessary.  
 
As grazing, lopping, fuel wood and NTFP collection and ground fires are 
identified as the main sources of degradation in biodiversity and declination in 
biomass the stakeholders have to be identified and directly addressed. Without 
their cooperation an improvement of the management is not possible. 
Introduction of best practices, shifting plans grazing, protection of core areas and 
environmental education are issues to consider in further actions. 
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6. Outlook 
As every study is combined with a huge amount of data and a gain of knowledge 
it also leaves open more questions than it answers. Various further studies are 
recommendable to fill these gaps.  
 
With a high biodiversity being one of the main characteristics of the study area an 
enumeration of the flora would be helpful in identifying key -, indicator -, endemic 
and endangered species, thus supplying further management with viable 
information. 
 
Also a database on the medicinical use of plant species is desirable. Here 
common knowledge and local practices should be equally represented. Though, 
major pharmaceutical breakthroughs are not to be expected the value of certain 
species can be assessed and their sustainable usage promoted, thus providing 
the local population with affordable healthcare if not creating livelihood.  
 
So far no studies on the fauna of the study area and its adjoining hill ranges have 
been conducted. With the Satkosia Gorge Wildlife Sanctuary being home to 
major mammals such as tiger, leopard, elephant, giant squirrel and various other 
big herbivorous species and the fact that neither sufficient data on their 
abundance nor on their habitats and ecosystem preferences exists makes it a 
must to carry out further studies in order to be able to protect this wildlife through 
habitat protection. Counting individuals, tracking migration routes and food chain 
analysis are among others considerable issues in the initial phase. 
 
An also so far neglected point is the diversity of insects. Almost no specific data 
exists on this topic. Species collection of day and night active species, of on the 
ground, in the trees and flying species can be easily performed by to be trained 
locals. But the need of highly specialized taxonomists is not to be ignored. 
 
Immediate studies to support the result of this study with additional data in order 
improve the management are the following. Via household surveys the 
dependency of the local population on the forest as a source of income and 
livelihood should be quantified. Also a spatial element can be included, 
identifying areas of usage and enabling a better spatial management. 
Furthermore, permanent sample plots should be installed to evaluate the 
success of implemented measures, such as shifting grazing plans and protected 
core areas. 
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Annex I: Survey Form 

Page 1

I. Sample plot Data: Place: Date:
Class: PlotID:

II. Habitat Parameters:

II.I Landcover:

II.II GPS Readings: Latitude: Longitude: Altitude:

II.III Macrohabitat:
Dry

Barren
Moist

II.IV Microhabitat:

II.V Slope:

II.VI Aspect:

East Southwest

II.VII Terrain:

II.VIII Soil Depth:

II.IX Soil Texture: Gravely Loamy Sandy Clay

Sandy-loam Clay-loam Laterite

II.X Anthropogenic Pressure:

Further Evidence:

Presence of Cattle & No.:

Southeast

Rocky Bouldery Pebbly

Dense Forest Edge Clearance

Valley

Dense Scrubland Open Srubland Grassland

Foot Hill Hill Slope Hill Top

Moderate Steep

West Northwest

South NortheastNorth

Dung/ Pellets

Cutting/Lopping

Plateau Drain Drain Bank

Flat Undulating

Gentle

Shallow Medium Deep

Browsing/Grazing

Forest Grazing Agriculture

Survey on Biomass and Biodiversity in Satkoshia Gorge WLS
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Page 2

III. Vegetation Details A (10*10m) Plot

III.I Trees
Species name

Species No.: Local GBH(cm) Height (m)
1
2
3
4
5
6
7
8

III.II Regenerating

Species name
Species No.: GBH(cm) Height (m)

1
2
3
4
5
6
7
8

Survey on Biomass and Biodiversity in Satkoshia Gorge WLS

Local
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Page 3

IV. Vegetation Details C (5*5m) Subplot

IV.I Shrubs & Herbaceous
Species name

Species No.: LWH (cm) % Groundcover
1
2
3
4
5
6
7
8

IV.II Grasses
Species name

Species No.: % Groundcover
1
2
3
4
5
6
7
8

Survey on Biomass and Biodiversity in Satkoshia Gorge WLS

Local

Local
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Page 4

V. Faunal Evidence

Species name
Species No.:

1
2
3
4
5
6
7
8

VI. Remarks

Survey on Biomass and Biodiversity in Satkoshia Gorge WLS

Proof of EvidenceLocal
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Annex II: Species List 

Sp
ec

ie
s 

Lo
ca

l n
am

e 

N
o.

 o
f 

in
di

vi
du

al
s 

N
o.

 o
f 

ob
se

rv
ed

 
si

m
pl

e 
pl

ot
s 

Acacia donaldii Burkili 1 1

Acacia leucophloea Gohira 1 1

Acacia torta Dantari 8 8

Adiantum incisum (blank) 1 1

Aegle marmelos Bel 17 13

Alangium salvifolium Ankulo 4 4

Albizia lebbeck Siriso 5 3

Albizia procera Maranga 15 13

Ampelocissus tomentosa Kanjanoi 1 1

Anamirta cocculus Kalabiti Nai 1 1

Andrographis paniculata Bhuineem 6 6

Anogeissus acuminata Phasi 1 1

Anogeissus latifolia Dhaura 105 46

Antidesma acidum Mamuri 7 4

Aristolochia indica Panairi 1 1

Asparagus racemosus Satabari 16 16

Azadirachta indica Neem 3 3

Bauhinia purpurea Barada 3 3

Bauhinia vahlii Siali 11 11

Bombax ceiba Simili 5 5

Bridelia retuse Kosi 26 14

Buchanania lanzan Char 27 22

Butea parviflora Palas 5 5

Butea superba Lata palas 26 25

Caesaria elliptica Khokhoda 82 45

Calycopteris floribunda Kokundia 3 3

Cannabis sativa Ganja 1 1

Canthium parviflorium Brahmuniya 1 1

Capparis zeylanica Asadhua 1 1

Careya arborea Kumbhi 13 11

Cassia fistula Sunari 3 3

Cassine glauca Chauli 47 36

Catunaregam spinosa Salara 8 8

Cayratia auriculata Kanjkanjia 1 1
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Cayratia trifolia Amala lata 1 1

Chloroxylon swientiana Bheru 9 4

Chromolaena odorata Pokasunga 6 6

Cipadessa baccifera Nalbali 7 7

Cissampelos pareira L. var. hirsuta Akanbindi 1 1

Cleistanthus collins Karada 102 35

Clerodendrum viscosum Kumti 1 1

Cochlospermum religiosum Ganiari 1 1

Combretum roxburghii Atundi 56 53

Cryptolepis buchananii Gopakanhu 1 1

Cucumis melo L. var. agrestis Fandi 2 2

Curculigo orchioides Talmuli 2 2

Curcuma aromatica Bano haldi 2 2

Cycas circinalis L. var. orixensis Orguna 12 12

Dalbergia latifolia Lali sisoo 16 13

Dalbergia paniculata Barabakulia 21 20

Dalbergia sissoo Sissoo 16 12

Dendrocalamus strictus Salia banso 50 37

Desmodium oojeinesis Banjan 4 4

Dillenia pentagyna Rai 11 10

Dioscorea oppositifolia Pani alu 2 2

Diospyros ferrea Angaru 8 7

Diospyros malabarica Mankar kendu 1 1

Diospyros melanoxylon Kendu 61 54

Diospyros montana Halda 77 47

Diospyros sylvatica Kalicha 17 9

Entada rheedii Gilo 6 6

Erythrina resupinata Barokanda 1 1

Euphorbia hirta Bara Kerui 6 3

Euphorbia nivula Kath siju 16 11

Ficus benghalensis Baro 1 1

Ficus religiosa Pipal 1 1

Flacourtia indica Baincho 11 8

Flemingia chappar Rani dantakatta 1 1

Garcinia cowa Rajkusuma 12 3

Gardenia latifolia Damgurudu 4 4

Garuga pinnata Mohi 28 14

Gmelina arborea Gambhari 3 3

Grewia tiliifolia Dhaman 6 4

Haldina cordifolia Kurum 25 14
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Hemidesmus indicus Anatamula 6 6

Holarrhena pubescens Kuruchi 52 36

Holoptelea integrifolia Dhauranjo 3 3

Hymenodictum orixense Kanso 3 3

Ichnocarpus frutescens Soyamnoi 7 7

Indigofera cassioides Gibidi 8 8

Ixora pavetta Telkurma 3 3

Lagerstroemia parviflora Sidha 29 16

Lagerstroemia reginae Patoli 1 1

Lannea coromandelica Raji-mohi 1 1

Lantana camara L. var. aculeata Nagaboiri 2 2

Leucas aspera Gaiso 1 1

Leucas indica Kumbhatua 1 1

Litsea glutinosa Jaisonda 1 1

Madhuca indica Mahua 14 9

Mangifera indica Amba 1 1

Melastoma malabathricum Gangai 1 1

Melia dubia Batra 1 1

Merremia umbellata Paninoi 2 2

Miliusa tomentosa Patmossu 16 10

Millettia extensa Arkawla 9 8

Morinda pubescens Anchu 13 12

Mucuna nigricans Kasi 1 1

Naringi crenulata Bentha 13 12

Ocimum canum Mamri 1 1

Olax scandens Bhadobhadoliya 4 4

Opilia amentacea Bodelia 2 2

Phoenix acaulis Khajuri 2 2

Phyllanthus emblica Amla 40 25

Phyllanthus fraternus Bhui amla 1 1

Piper lomgum Bana pimpula 1 1

Pittosporum wightii Chachin 2 1

Pongamia pinnata Karanjo 1 1

Protium serratum Nimbura moi 6 3

Pterocarpus marsupium Bija 9 7

Pterospermum xylocarpum Giringa 28 7

Pueraria tuberosa Handiphuta 1 1

Raphanus sativus Patal goruda 68 44

Rauwolfia serpentina Somlata 1 1

Sarcostemma intermedium Anatamula 1 1
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Schleichera oleosa Kusum 58 42

Semecarpus anacardium Bhalia 2 2

Shorea robusta Sal 170 49

Sida cordifolia Bisvokopari 1 1

Smilax zeylanica Mothuri 14 13

Spondias pinnata Ambutha 10 7

Stereospermum colais var. colais Chui-patuli 11 9

Strychnos nux-vomica Kochila 24 8

Strychnos potatorum Katako 4 4

Symplocos racemosa Mura 68 44

Syzygium cumini Jamu 36 18

Tectona grandis Singuru 173 21

Tephrosia purpurea L. var. purpurea Pitamahisia 1 1

Terminalia alata Asan 93 36

Terminalia arjuna Arjuna 9 1

Terminalia bellirica Bahada 5 5

Terminalia chebula Harida 6 4

U1 Banakolothia 1 1

U10 Dulei koli 1 1

U11 Fogu 3 1

U12 Gaja pimpuda 1 1

U13 Gayal jiva 1 1

U14 Hatiya kanamunda 1 1

U15 Jhadpan 3 2

U16 Kala oro 3 3

U17 Kathua 1 1

U18 Kemuntia 1 1

U19 Kenasuli 2 1

U2 Banasingha 1 1

U20 Kento moi 1 1

U21 Kerkenchi 9 9

U22 Khandakuli 1 1

U23 Khangada 1 1

U24 Khiro patuli 1 1

U25 Koleikonta 1 1

U26 L. Moi 6 4

U27 Lincas 1 1

U28 Macho 3 2

U29 Motmoti 4 4

U3 Beleimutha 3 1

U30 Metuguni 1 1
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U30_1 Motundi 1 1

U31 Mosia 2 2

U32 Other 1 1

U33 Other 1 1

U34 Other 1 1

U35 Other 1 1

U36 Other 1 1

U37 Pappukura 39 22

U38 Panjha 1 1

U39 Patharnasa 1 1

U4 Bhuincha 1 1

U40 Saloponi 1 1

U41 Sibojota 1 1

U42 Tamondo 1 1

U43 Tankua noi 4 4

U5 Bhuto alu 1 1

U6 Chemili noi 2 2

U7 Chirkuti 1 1

U8 D. Moi 1 1

U9 Dindabahal 1 1

Urginea indica Ban uli 6 6

Ventilago denticulata Pichhuli 10 9

Vitex peduncularis Chadaigudi 5 3

Woodfordia fruticosa Dhataki 7 4

Ziziphus glaberrima Ghontol 20 17

Ziziphus oenoplia Kantakoli 7 7

Ziziphus rugosa Chakra koli 1 1
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Annex III: Photographs 
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The views expressed in this document are solely of the authors and do not necessarily reflect the views of FES.

Maps are not to scale. Maps and associated data have been used only for representative purposes and do not, in any manner, imply the expression of any opinion 
whatsoever concerning the legal or constitutional status of any State, district or administrative boundary.

Reproduction and dissemination of material in this publication for educational or other non commercial purposes is authorized without prior written permission from 
the copyright holders, provided the source is fully acknowledged. 
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