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   Abstract     The cultivated lands are continuously degrading and the extent is increas-
ing because of different natural environmental and anthropogenic activities. Soil 
degradation due to salinization, erosion, water logging etc. makes environment dif-
fi cult for plant growth resulting in reduced agricultural production. Soil physical, 
chemical and biological properties are affected due to alteration in hydraulic 
 conductivity, bulk density, osmo-deregulation, poor aeration and specifi c ion toxici-
ties. A number of management and reclamation technologies are available to coun-
ter these problem but the major concern is to optimize the most economical and 
eco- friendly technologies. Saline soils can be cultivated growing different halo-
phyte plants and using modern irrigation practices. Conservation and effective and 
effi cient use of good quality water help proper leaching of soluble salts in saline 
soils. Saline-sodic and sodic soils can be rehabilitated with different amendments, 
which can provide soluble calcium to replace exchangeable sodium adsorbed on 
clay surfaces. Different amendments can provide calcium directly to the soil or 
indirectly dissolving native calcium from calcium carbonate already resent in the 
soil. The eroded soils can be reclaimed by providing proper soil surface cover either 
in the form of mulching or vegetative cover by fodder or wild shrubs. Different stud-
ies demonstrate that under adverse conditions where chemical treatments are uneco-
nomical tree plantations provide positive net returns to investment and signifi cant 
net benefi t and social outcomes from these lands. These fi ndings suggest that there 
is great opportunity for capital investment in afforesting abandoned degraded soils 
with multipurpose approaches. This chapter covers the introduction to origin, extent 
and sources of degraded soils, along with their management and reclamation 
options.  

  Keywords     Soil pollution   •   Salinity stress   •   Soil erosion   •   Agroforestry   •   Soil 
management  

1       Land Degradation 

1.1     Introduction 

 Degradation means undesirable and unwanted changes brought about by human 
activities along with natural phenomenon. Soil degradation is among serious pre-
vailing issues in our modern era. It is badly affecting soil’s natural fertility to 
enhance our economic values along with ecological issues. It is being caused due to 
natural and anthropogenic activities. The level of degradation depends on degree of 
degradative processes; duration of usage of such degraded land and its management. 
Land degradation causes exploitation of soil resources, reduces soil productivity 
and alters composition of vegetations; thus infl uencing billions of people around the 
globe directly or indirectly (Ravi and D’Odorico  2005 ). 

Degraded Soils: Origin, Types and Management



26

 Degradation of soils can considerably decrease the soil’s capacity to produce 
food and consequently about 66 % of the total world’s population is malnourished 
(Pimentel and Burgess  2013 ; World Health  2000 ). To feed the ever increasing popu-
lation of world, food production needs to be enhanced (Haub et al.  2011 ) It is 
 important to reverse the land degradation to achieve this modest goal as 99.7 % of 
our human diet calories are fulfi lled by our land resources and only 0.3 % is being 
contributed by aquatic ecosystems (FAO  2004 ). To overcome our basic food 
demands it is most important to maintain productivity and quality of our land. 
Generally, soil formation process is 10 to 40 times slower compared to soil lost 
(Pimentel and Burgess  2013 ). 

 It is pertinent that we should look for alternative means of intensifi cation spe-
cially use of sustainable land management techniques (SLM). It is said that utiliza-
tion of land resources is to use the water, land, plants and animals resources to fulfi ll 
our present day human demands along with enhancing their productive potential 
and environmental functions (Quarrie  1992 ). SLM focus on four land sustaining 
techniques, improved irrigation management, rehabilitation of degraded soil, 
enhance pasture and grazing processes along with maintenance of our organic soil 
all these steps without further degradation of our resources come to meet our pres-
ent food demands (World Bank  2006 ). Not only to maintain but also to enhance soil 
natural fertility it is important to increase its carbon sequester capacity along with 
ability to overcome climate change (FAO  2009 ; FAO  2010 ). By using SLM tech-
nologies we meet our human food demands without further degradation of our land 
and water resources (IFAD  2011 ; Lal  1997 ). It is evident that allowing land degra-
dation is expensive because it has long term effects on society as well as on land 
owners (Costanza et al.  2014 ).  

1.2     Causes of Land Degradation 

 The cause of land degradation for a particular area can be one or combined effects 
of many. (Geist and Lambin  2004 ) classifi ed the causes into two categories

•    proximate causes (biophysical)  
•   overlying causes (anthropogenic)    

 Biophysical have direct effect on all ecosystems like drought, soil salinity, soil 
acidity, metal contamination, related to extreme climatic conditions while on the 
other hand anthropogenic causes have indirect effect on ecosystem like intensive 
cropping, deforestation, overgrazing or poverty, urbanization and industrialization. 

 Among the proximate causes, agriculture is most contributing source of land 
degradation but its effect on land is aggravated by inter-related relations with other 
causes. Severe land degradation is observed in combination like the effect of extreme 
climatic changes is augmented along with poor man management techniques 
(McIntyre and Tongway  2005 ; Smith et al.  2007 ). It is widely reported that in 
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Australia, repeatedly focus on annual plants can lead to soil erosion, acidity, salini-
zation in short cause land degradation (Bouwman et al.  2005 ; Lavelle and Spain 
 2001 ).  

1.3     Processes of Land Degradation 

 Following are the some processes discussed which alone or in combination effect 
land quality. 

1.3.1     Soil Erosion 

 Soil erosion is one of major factor causing land degradation. Erosion not only 
removes upper fertile layer but also causes soil crusting or sealing, soil compaction, 
poor soil structure, low organic matter, poor drainage and run-off. There are two 
agents of soil erosion i.e. wind and water, each loss signifi cant amount of soil and 
reduces its productivity and quality (Lal  1990 ; Troeh et al.  2004 ). 12 % of total land 
area is affected by erosion globally (Oldeman  1998 ).  

1.3.2     Soil Salinization 

 Land Degradation occurs due to high concentration of soluble salts, exchangeable 
sodium or both in such amount that decline the plant growth and soil productivity. 
According to (FAO 2000), of the world’s cultivated land; 3.97 × 10 8  ha is affected by 
salinity and 4.34 × 10 8  ha of land is affected by sodicity, thus making 6 % of total 
land area.  

1.3.3     Water Logging 

 Water-logging is the rise of ground water in root zone, thus having adverse effects 
on plant growth. According to GLASOD assessment, 4.6 M ha area of irrigated land 
of Pakistan and India is affected by water logging (Bridges et al.  2002 ).  

1.3.4     Decline in Soil Fertility 

 According to FAO (1994), decline in soil fertility causes land degradation by (i) 
lowering soil organic matter, (ii) deteriorating soil physical properties, (iii) imbal-
ance in soil nutrient status and (iv) accumulation of toxic metals. 

Degraded Soils: Origin, Types and Management
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 It is said that these processes are caused by natural (erosion, salinity etc), institu-
tional factors (improper land policies, inadequate planning) and socio-economic 
activities (improper land use, exploitation of forests, contamination of resources 
etc) (Ezeaku and Davidson  2008 ). These phenomenons’s have devastating impacts 
on human-beings and on environment.   

1.4     Types of Land Degradation 

 Land degradation can be divided into different categories like soil erosion, soil 
salinity and soil acidity.   

2     Soil Salinity 

2.1     Salt Affected Soils 

 Salt-affected soils can be divided into three different categories depending upon the 
nature of salts. 

2.1.1     Saline Soils 

 Saline soil means soils with excessive soluble salts that retards seed germination 
and plant growth (Conway  2001 ; Denise  2003 ). These soluble salts exist in soil as 
cations and anions. Cations are calcium (Ca ++ ), magnesium (Mg ++ ) and sodium 
(Na + ), while anions are chloride (Cl − ), and sulfate (SO4 −2 ) ions. Mostly occurring 
salts in saline soils are sulfates and chlorides of calcium and magnesium. Small 
quantities of cations potassium (K + ) and (NH 4  +)  and the anions bicarbonate (HCO 3  − ), 
nitrate (NO 3   - ) and carbonates (CO 3  −2 ) are also present (Appleton et al.  2009 ; 
Majerus  1996 ; Scianna  2002 ). In saline soils soluble salts are in excess while 
exchangeable sodium is present in small concentration thus having good physical 
properties, fl occulated soil structure and high permeability like in normal soils 
(Appleton et al.  2009 ; Jim  2002 ; Majerus  1996 ; Scianna  2002 ). Such soils have 
electrical conductivity ≥ 4 dS m −1  soil reaction (pH s ) < 8.5, sodium adsorption ration 
(SAR) <13 (mmol L −1 ) 1/2  and exchangeable sodium percentage (ESP) < 15. 

 Patchy crop growth and tip burn or chlorosis of leaves of plants is observed due 
to salt injury in salt effected soil. These soils are also called white kallar as large 
quantities of soluble salts on soil surface forms effl orescence. These soils can be 
identifi ed by “White alkali” which is the white crust of salts on the soil surface.  
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2.1.2     Saline-Sodic Soils 

 Soil containing both excessive soluble salts and high exchangeable sodium content 
to adversely affect plant growth; are known as saline-sodic soils (Majerus  1996 ). 
These soils have electrical conductivity ≥ 4 dS m −1  soil reaction (pH s ) > 8.5, sodium 
adsorption ration (SAR) >13 (mmol L −1 ) 1/2  and exchangeable sodium percentage 
(ESP) > 15. 

 Saline-sodic soils are converted into sodic soils when excess soluble salts are 
leached down and thus the properties of saline sodic soils changes into sodic soils 
having pH above 8.5, dispersed soil structure and less permeability of air and water 
(Denise  2003 ).  

2.1.3     Sodic Soils 

 Soils having high exchangeable sodium concentration but low total soluble salts are 
called sodic soils (Jim  2002 ). Such soils are characterized by having electrical con-
ductivity < 4 dS m −1  soil reaction (pH s ) > 8.5, sodium adsorption ration (SAR) > 13 
(mmol L −1 ) 1/2  and exchangeable sodium percentage (ESP) > 15. 

 CO3  2 –  and HCO3  -2  are dominant anions of sodic soils (Qadir and Schubert 
 2002 ). At high pH and in the presence of carbonate ions magnesium and calcium 
got precipitated, thus the concentration of sodium ion increased in soil solution 
compared to other cations concentration (Majerus  1996 ; Qadir and Schubert  2002 ). 

 Such soils often occur in semiarid and arid areas, which are frequently men-
tioned as “slick spots.” The combination of increased sodium concentration, 
decreased salt concentration and increase in Ph results in the dispersion of soil par-
ticles, result in destruction of soil structure (Conway  2001 ; Denise  2003 ). Sodic 
soils are termed as “black alkali” due to the deposition of organic matter on soil 
surface by evaporation, thus darkening the soil (Denise  2003 ).   

2.2     Origin of Salt Effected Soils 

 There are various interconnected sources behind the origin of salt-affected soils; 
nevertheless weathering of minerals and rocks is the most predominant one in accu-
mulating soluble salts in soils. Though the salts in ocean at present occur mainly due 
to the weathering process of earth crust, ocean now serves as important role in dis-
tribution of salts. Soil salinization originates from one or combination of following 
(Chhabra  1996 ): 

Degraded Soils: Origin, Types and Management
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2.2.1     Soil Weathering Process 

 Weathering of soils and minerals leads to the accumulation of soluble salts in soil. 
Under humid conditions, salts leached down in the soil due to heavy rainfall. Thus 
in humid regions the formation of salt affected soils is rare while in arid and semi- 
arid regions there is not suffi cient water available to leach down these salts and 
consequently more salts accumulate in soil surface and result in soil salinity devel-
opment. This process of accumulation of salts in soil by weathering is known as 
primary salinization.  

2.2.2     Accumulation on the Surface Due to Irrigation Under Inadequate 
Drainage 

 Improper irrigation system transports the salt on the surface of soil profi le and on 
evaporation this salt is left behind. So, the water build up more salt on surface com-
pared to evenly distribution of salt in the soil profi le. This leads to the formation of 
saline soil.  

2.2.3     Shallow Water Table 

 Inadequate water management and unsuitable drainage system are the reason behind 
the rise in water table of command area. In some lands it is reported that water table 
rises at rate of 1–2 m per year. To some extent this water is mineralized and due to 
increase in water table, water continues to rise upward by capillary action and on 
evaporation leave the salt behind. Shallow water table is the foremost reason behind 
developing salty soils.  

2.2.4     Fossil Salts 

 In arid regions, salt accumulation is also derived from fossil salts, involve some 
entrapped solution or some former deposits in marine. Salt release is either natural 
or due to anthropogenic activities. Example of naturally salt release is rise in saline 
ground water through impermeable layer overlying saline band. Example of human 
induced salt release is the construction of canals or water channels in saline strata 
that leads to development of salinity in the area because of using this ground water 
for irrigation.  

2.2.5     Seepage from the Upslope Containing Salts 

 Salinity of downslope areas is commonly observed due to water infl ux in the upslope 
areas particularly, under certain conditions when water movement in subsurface 
takes place through those regions which are salts rich.  
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2.2.6     Ocean 

 Soil near coastal areas usually has high salt concentration from the ocean in the 
course of:

•    Flooding of soil surface by sea water when waves are high;  
•   Entrance of sea water through rivers, inlets, etc.  
•   Flow of groundwater  
•   Aerosols generated by salt-affected areas are transported many kilometers in 

coastal areas. It is reported that 20–100 kg/ha NaCl in land while 100–200 kg/ha 
NaCl in coastal areas are deposited every year. Continuous addition of this small 
amount of salts in soils leads to soil salinity.     

2.2.7     Chemical Fertilizer and Waste Materials 

 Excessive use of chemical fertilizers in fi elds also contributes augmentation of salts 
in soil, yet there input in salinity development is insignifi cant. Nevertheless addition 
of some manures like sewage sludge, cow dung or slurry and industrial material like 
pyrites or pressmud infl uence the build-up of certain ions in soil that has negative 
effect on soil productivity (Chhabra  1996 ).   

2.3     Causes of Salt Affected Soils 

 There are two main causes of sililinty

•    primary salinity (Natural process)  
•   secondary salinity (Anthropogenically induced salinity)    

 Secondary salinity is primarily due to improper irrigation system and use of poor 
quality water. 

2.3.1     Primary Salinity 

 Primary salinity is a naturally occurring process mostly occur in arid and semi-arid 
regions where rainfall is low while evapo-transpiration rate is high, thus there is not 
availability of suffi cient water to leach salts down to avoid salinization (McDowell 
 2008 ). Due to low rainfall, high transpiration and evaporation, salinity rises as salt 
concentration on soil surface increases while availability of water decreases 
(Bridgman et al. 2008). It is estimated that 1000 million hactares of world’s total 
land which is equal to 7 % of world’s area is salt affected (Rose  2004 ). The major 
contribution in salinity causes is primary salinity which is consequential of natural 
soil development. It mostly occurs in arid tropical areas where salinity occur natu-
rally (Huumllsebusch  2007 ). 
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 Primary salinity is also caused by natural release of some soluble salts in soil by 
weathering of parent material during soil development process, these soluble salts 
are Cl −  of Na  +  , Ca 2+  and Mg  2+  and sometimes SO 4  2−  and CO 3  2− (Ashraf and Harris 
 2005 ; Thiruchelvam and Pathmarajah  2003 ). 

 Inadequate drainage is another factor causing soil salinization; it may involve the 
low permeability of soil or elevated ground water. This high ground-water is often 
due to physiographic unevenness. The water moves from higher lands over the 
 sloping surface towards the lower lands cause either salty lakes or temporary fl ood-
ing. Under such conditions, removal of water from surface develops saline soil 
(Ashraf and Harris  2005 ). Indurate layers in soil profi le and poor soil structure 
results in low permeability. This low permeability leads to poor drainage by restrict-
ing downward movement of water (Ashraf and Harris  2005 ; Thiruchelvam and 
Pathmarajah  2003 ).  

2.3.2     Secondary Salinity 

 Secondary salinity is mainly due to disruption in hydrological cycle either through 
the replacement of natural vegetation with deeply rooted vegetation or through the 
excessive utilization or ineffective supply of water for agriculture (Beresford et al. 
 2004 ; Rose  2004 ). Salt affected land area is increasing day by day due to anthropo-
genic land-use practices (Bridgman2008). Estimated global secondary salinity rate 
are submitted at around 74 million hectares, with 43 million hectares irrigated land 
and the remaining area of non-irrigated land (Rose  2004 ). 

 Secondary salinity due to anthropogenic practices that alter the hydrologic cycle 
and disrupt the water balance of the soil between water irrigated and water used by 
crops (transpiration) (Manchanda and Garg  2008 ; Munns  2005 ). In many irrigated 
areas, the water table has raised due to unjustifi ed amounts of applied water together 
with poor drainage. Most of the irrigation systems of the world have caused second-
ary salinity, sodicity or waterlogging (Manchanda and Garg  2008 ). 

 Natural salinity has been intensifi ed from plant using more water to plant use less 
water cause rise in water table, when irrigation water quality is fringe or poorer 
(Thiruchelvam and Pathmarajah  2003 ). In addition, when the soil drainage may not 
be suitable for irrigation, the considerable rise in water table from depth of few 
inches to a few feet of the soil surface is occurred mainly due to irrigation. When the 
water table rises to 5 or 6 ft of the soil surface, ground water moves upward into the 
rooted area and to the soil surface. Under such circumstances, both ground water 
and irrigation water, contributes to the salinity. Another causes of secondary salinity 
are deforestation, intensive cropping, overgrazing of cattle, use of fertilizer and 
other amendments (Ashraf and Harris  2005 ; Thiruchelvam and Pathmarajah  2003 ). 
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2.3.2.1    Deforestation 

 Deforestation is recognized as a major cause of salinity and alkalinity of soils. 
Salinity is results due to migration of salts in both the upper and lower layers. That 
indirectly leads to the increase in temperature of surface water and reduction in 
average rainfall per year (Hastenrath  1991 ; Shukla et al.  1990 ). Tree covers and 
green vegetation’s act as buffer between soil and rain. In absence of green vegeta-
tion cover top thin soil rapidly gets eroded. Rate of water run-off and sedimentation 
in the rivers and streams is increased due to soil erosion. That leads to fl ooding and 
soil salinization (Domroes  1991 ; Shukla et al.  1990 ).  

2.3.2.2    Accumulation of Air-Borne or Water-Borne Salts in Soils 

 Different salts and chemicals that release from the industry and factories can enter 
into the soil and water and thus problem of salinity rises in the soil (Pessarakli 
 2010 ). Similarly extra water that came out from municipalities and slush are respon-
sible for the contamination of the soil which then become the part of salinity and or 
alkalinity causing factors (Bond  1998 ).  

2.3.2.3    Contamination with Chemicals 

 In present era use of chemicals and intense agricultural activities especially in green 
houses and intensive farming system playing important role in the contamination of 
the soil that leads to the generation of salt affected soils.  

2.3.2.4    Overgrazing 

 Overgrazing is common where the natural soil cover is poor and hardly satisfi es the 
fodder contents of animal husbandry mainly occur in arid and semiarid regions 
(Pessarakli  2010 ). The natural vegetation becomes scanty and salinization develops, 
and this process ends up in desertifi cation due to overgrazing.  

2.3.2.5    Fallowing 

 Soil which is uncultivated for longer period of time invites salinity because it alters 
the net water movement in upwards direction which results in accumulation of salts. 
On the other hand a soil with green top cover is useful in diverting the hydrological 
cycle and movements of salts downwards (Hassan et al.  2011 ). 

 Salts in the soil are electrically charged occur as ions. The main releasing sources 
of the ions are primary or natural sources and secondary or salinity caused by human 
infl uences (Pace and Johnson  2002 ).    
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2.4     Impact of Salt Affected Soil on Plant 

 Severe salt affected soils have infl uential role on plant growth both chemically like 
nutritional effect or toxicity and physically like osmotic effect. Thus due to these 
affects plant growth is delayed and quality of agricultural production is reduced 
(Denise  2003 ; Hakeem et al.  2013 ; Gonzalez et al.  2004 ). 

 There are three main reasons of soil salinization which can effect plant growth 
adversely (Conway  2001 ; Jim  2002 ).

•    Osmotic effect hinders water uptake into the plants  
•   Specifi c ion effect causes nutritional imbalance in the plants  
•   Destruction of soil structure and reduction in permeability    

2.4.1     Osmotic Deregulation 

 Water uptake by the plant from the root hairs is due to concentration gradient that 
exists among cell sap of root cells and soil solution. High salt concentration in the 
soil reduces water potential difference between plant cell and soil solution (BPMC 
1996). High salt content in soil solution makes soil water potential more negative, 
this means that water is held more strongly in soils and reduces the movement of 
water into the cell. If salt concentration continues to increase making water poten-
tial more negative a level come when water may move out of cell to soil solution 
(Silvertooth and Norton  2000 ). 

 Due to this high negative potential, plants are unable to use soil water in spite of 
suffi cient water availability in soil. Thus in this condition plant requires more energy 
to take water and it effects plant proper growth and development. Under drought 
condition especially in clayey soil, osmotic deregulation is more prominent as plant 
require more energy to take the water from the soil at given moisture level (Conway 
 2001 ; Gonzalez et al.  2004 ). 

 Reduction in plant growth, cell dehydration and possibly plant death are the con-
sequences of high salinization in normal plant (less tolerant plants) but halophytes 
(salt tolerant plants) adopt certain physiological changes to survive under stress 
conditions (Scianna  2002 ). Salt stress symptoms appear in plants are similar to 
drought stress symptoms like stunted plant growth, change in color of leaves, curl-
ing of leaves and overall plant growth is suffered (Denise  2003 ). These indications 
may occur within a few days of plantation or after numerous weeks in young seed-
lings while in older or mature plants salt stress causes browning of leaves from tips 
and overall wilting of plants (BGS 2001). 

 Salt stress increases the production of reactive oxygen species (ROS) such as 
such as superoxide (O 2  •– ), hydrogen peroxide (H 2 O  2 ), hydroxyl radical (OH•) and 
singlet oxygen (1O  2 ) because in salt stress carbon fi xation is limited in plants due 
to little carbon dioxide availability (Ahmad and Sharma  2008 ; Ahmad et al.  2011 ; 
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Ahmad et al.  2010 ; Parida and Das  2005 ; Hakeem et al.  2013 ). Oxidation of pro-
teins, nucleic acid and lipids is done by these highly reactive species (ROS) and thus 
damages plants cells (Ahmad et al.  2010 ; Apel and Hirt  2004 ; Pastori and Foyer 
 2002 ). 

 Under saline conditions, production of ROS species in many plants is augmented 
(Hasegawa et al.  2000 ). Due to these ROS species, membrane damage was observed 
which leads to cellular injury and toxicity cause by salinization in various crop 
plants for example pea tomato, mustard, soybean and rice (Ahmad et al.  2009 ; 
Dionisio-Sese and Tobita  1998 ; Gueta-Dahan et al.  1997 ; Mittova et al.  2004 ; 
Hakeem et al.  2012 ).  

2.4.2     Nutrition Imbalance 

 There are specifi c ions which have direct toxic effect on plants (Scianna  2002 ). 
Among these ions are boron, sodium and chloride which have negative effect on 
crop emergence, plant growth and crop development. Even the small quantities of 
these ions retard the plant growth (Gonzalez et al.  2004 ). 

 Furthermore, if sodium ions are present in high concentration it hinders the 
uptake of other nutrient ions which are required by the plants for proper growth by 
altering soil physical and chemical properties (Scianna  2002 ). This can cause distur-
bance in nutrient balance in the plants and upset plant mineral nutrition by impeding 
nutrient uptake (Conway  2001 ). 

 For instance calcium and potassium defi ciency is because of high sodium con-
centration and nitrate defi ciency usually occurs when sulfate and chlorides are in 
high concentration (BPMC 1996). At higher pH i.e. above seven, nutrient availabil-
ity is less. Sodic soils having high pH are usually defi cit in nutrient concentration 
(Denise  2003 ). The symptoms associated with nutrient defi ciencies and toxicities of 
plants can be described by tip burning, necrosis, chlorosis, dieback and abscission 
(BPMC 1996). 

 Nutrient imbalances decrease the transport and availability of nutrients and 
effects plant growth. Nutrient defi ciencies are usually due to the competitive effect 
among different ions like potassium, calcium and nitrate with sodium and chloride. 
Reduction in plant development and growth under saline conditions is due to ionic 
imbalance and specifi c ion toxicity i.e. Na +  and Cl − (Grattan and Grieve  1998 ). 

 It is reported that induction of Na and Cl concentrations while decrease in the 
concentration of other ions Ca, P, N, K and Mg due to rise in NaCl concentration 
(El-Wahab  2006 ). 

 As salinity directly affects the nutrient availability, uptake and its distribution or 
transport in plant, consequently nutrition imbalance arises. It is repeatedly reported 
the effect of salinity in lowering nutrient accumulation and uptake in plants (Hu and 
Schmidhalter  2005 ; Rogers et al.  2003 ).  

Degraded Soils: Origin, Types and Management



36

2.4.3     Structure and Permeability Problem of Salts in the Soil 

 Soil salinity sometimes have negative effect on soil physical properties like soil 
structure and soil permeability and thus reducing plant growth (Scianna  2002 ). 

 Due to certain physical methods like clay swelling or dispersion, slaking and 
some specifi c conditions like hard setting and surface crusting, soil structure is dis-
turbed in saline-sodic and sodic soils. These disturbances in soil may limits water 
and air movement, restricts root penetration, lowers the water holding capacity of 
plants, delays seed emergence and enhances the problem of erosion and run-off 
(Qadir et al.  2003 ). Sodic layer restricts roots emergence if it occurs near sodic soil 
surface. That’s why if sodic clay layer develops on topsoil, most of roots movements 
are limited along with controlled movement of air and water (Fitzpatrick et al. 
 2003 ). 

 Seed germination is also affected by salinity problem along with but it is reported 
that salinity problem does not infl uence seed viability (Conway  2001 ).   

2.5     Reclamation of Salt-Affected Soils 

 The most important category of degraded soils is salt-affected soils which had 
severe effects of salinity and/ or sodicity on agriculture production and increasing 
on a global scale with every day. Approximately, one billion hectares of land is 
affected with various concentration and nature of salts worldwide (Wicke et al. 
2011). The contribution of anthropogenic salinization and sodication is approxi-
mately 76 million hectares (Oldeman et al.  1991 ). These activities are degrading the 
lands continuously on an estimated rate of between 0.25 and 0.5 Mha annually 
(FAO 2000). The continuous expansion of salt-affected area is particularly impor-
tant in South Asia where there is fresh water scarcity at one hand and on the other 
hand arid to semi-arid climate coupled with low rainfall. The large extent of 
degraded soils is responsible for the low production of agriculture crops both quan-
titatively as well as qualitatively. This agriculture product is insuffi cient to feed the 
massively increasing population of the world. The core reason of low productivity 
form these soils is hampering water absorption by plant roots (osmotic deregula-
tion), cell injury (the specifi c ion toxicity) along with deterioration in the physical 
properties of these soil (Abrol et al.  1988 ; Ghassemi et al.  1995 ; Lamond and 
Whitney  1992 ). 

 Saline soils are important land resources in world agriculture because salt- 
affected soils are usually abundant in natural resources like light and heat posing 
great potential to develop agriculture. Reclamation of salt-affected soils is of key 
importance to mitigate the pressure on every day squeezing agricultural soils. It will 
help in increasing the cultivated area and reducing the threats to our food security. 
Several methods have been experimented for the reclamation of salt-affected soils 
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and the suitability of method depends upon physical, chemical and mineralogical 
characteristics of the soil including internal soil drainage, presence of hardpans in 
the subsoil, climatic conditions and types of salts, quality and quantity of available 
water, depth of ground water, replacement of excessive exchangeable Na+, lime or 
gypsum, cost of the amendments, topographic features of the land, and the time 
available for reclamation (Mashali 1991). The appropriate management of the con-
strained soil resources for the economic agricultural production is the main empha-
sis in agriculture. The prominent techniques include chemical, biological and 
agronomic or combination of these approaches to reduce the time of reclamation 
with in the economic bindings. The crop production and fertilizer use effi ciency of 
these soils can be increased by an integrated approach, i.e. use of amendments pref-
erably gypsum and organic/ inorganic manures which helps in maximizing and sus-
taining yields, improving soil health and input use effi ciency (Swarp 2004). 

 Some of these possible techniques have been discussed in this section. 

2.5.1     Physical Methods 

 Physical methods are those approaches which involve physical treatment of the soil 
without the application of any organic or inorganic chemicals. The physical meth-
ods include sub-soiling, deep ploughing, sanding, horizon mixing, profi le-inversion 
and channeling irrigation practices like drip irrigation etc. These treatments increase 
the permeability of the soil, which is generally a limiting factor during the reclama-
tion of sodic and saline-sodic soils. Deep ploughing is very useful where the sub- 
soil has gypsum or lime (Ahmed and Qamar  2004 ). Salt-affected soils can be 
reclaimed by altering the methods of irrigation water applications for crop produc-
tion may be providing adequate irrigation water or rainfall to leach down excessive 
salts from the root zone soil, and improving good internal soil drainage (Qadir and 
Schubert  2002 ; Zhang et al.  2008 ). In this regard, drip irrigation thought to be an 
effective approach to reclaim salt degraded soils. Research results proved that the 
leaching effi ciency with drip irrigation remained higher compared to that with other 
irrigation methods (Bresler et al.  1982 ). It was observed that red effect drip irriga-
tion on different soil properties on an unreclaimed salt-affected land (Tan and Kang 
 2009 ). Application of drip irrigation along with cropping signifi cantly decreased 
salt concentration especially in upper 0–5 cm soil layer reducing salt concentration 
from 10.45 dS m −1  to 1.65, 3.49, and 0.94 dS m −1  on the 1st, 2nd, and 3rd cropping 
years respectively under fi eld conditions. However, the big hindrance in this physi-
cal amelioration is availability of suffi cient amount of good quality irrigation water 
and if available, have a high-cost in rural regions (Qadir and Schubert  2002 ; Zhang 
et al.  2006 ). For inland regions, ameliorating soil salinity can be achieved effec-
tively by a plant-assisted approach than the physical approach (Li et al.  2008 ; Qadir 
and Schubert  2002 ; Zhang et al.  2006 ).  
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2.5.2     Chemical Process 

 The chemical methods include application of chemicals, such as gypsum, sulphur, 
sulphuric acid and hydrochloric acid. Gypsum is effective on both sodic and saline- 
sodic soils, while sulphur, sulphuric acid and hydrochloric acid are only effective 
for calcareous saline-sodic soils. These amendments remediate the soil by lowering 
the soil pH and react with soluble carbonates and replace the exchangeable sodium 
with calcium (Ahmed and Qamar  2004 ). 

 The reclamation of sodic soils is usually the most expensive compared to saline 
and saline-sodic soils but can be reclaimed by addition of chemical amendments, 
organic matter, deep tillage (Seelig et al.  1991 ). Gypsum has been recommended as 
an economical amendment for the amelioration of sodic and saline sodic soils 
(Elshout and Kamphorst  1990 ; Qadir and Schubert  2002 ; Shainberg et al.  1982 ). 
Gypsum has very low relative solubility being 0.2 % (0.2 g in 100 mL water) that 
may cause hinder and prolong the reclamation process for sodic soil (Carter and 
Pearen  1989 ). The solubility and effi ciency of gypsum can be enhanced with appli-
cation of fi ne ground material and with application methods. Application of gypsum 
in standing water can improve the effi ciency of gypsum than application on dry soil 
surface (Choudhary et al.  2008 ) due to rapid dissolution in case of standing water. 
Similarly, powdered form of gypsum is more effi cient in reclaiming sodic soils (Ali 
et al. 1999; Choudhary et al.  2008 ; Ghafoor et al. 2001). Dut et al. (1971) claimed 
that 52 to 72 cm water is required to dissolve 16.5 to 23.9 Mg ha −1  gypsum applied 
on soil surface. The solubility of gypsum increases by 10 folds under sodic soil 
condition. 

 Moreover, mixing of gypsum and fast removal of Na from the soil solution will 
speed up the exchange process (Frenkel et al. 1989). However, if the soil is dense 
and has poor drainage, little or none of the exchange will be removed and gypsum 
application will largely be ineffective rather it can increase the soil salinity. (Ilyas 
et al. 1997) observed higher Na, Ca, Mg, and EC values with gypsum application 
that were mainly attributed to poor soil permeability where the replaced Na remained 
in the soil solution. However, alter one year the EC and Na started to decline. Under 
soil conditions deep ploughing will facilitate the process of reclamation to allow 
leaching of Na salts. 

 Application of gypsum improves physical as well as chemical properties of salt 
degraded soils (Ayers and Westcot  1985 ), soil porosity (Oster et al.  1996 ; Shainberg 
and Letey  1984 ) and soil hydraulic conductivity (Scotter  1978 ). A signifi cant 
decrease in soil bulk density was recorded when surface soil was treated with phos-
phor gypsum (Southard and Buol  1988 ). Ghafoor et al. (1985) observed a signifi -
cant increase in grain yield of wheat with gypsum application.  

2.5.3     Organic Matter 

 Addition of organic amendments improves soil structure increasing soil permeabil-
ity (Tejada et al.  2006 ). Different studies revealed that there is a positive correlation 
between organic matter and microbial activity (Schnürer and Rosswall  1985 ). 
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Microbial population improved soil physical properties which accelerate the ame-
liorative process of salt-affected soils. (McCormick and Wolf  1980 ) observed that 
alfalfa residues used as an organic amendment can reduce the deleterious effects of 
soil salinity. Biochar is widely used as an organic amendment now a days, has ben-
efi cial effect in ameliorating salt-affected soils. Biochar improves soil structure hav-
ing positive on bulk density, pore-size distribution and particle size distribution 
(Roberts et al.  2009 ; Sohi et al.  2009 ). Biochar benefi ts biophysical properties of 
soils increasing availability of air and water in rhizoshere which in turn improves 
germination and plant survival (Lehmann et al.  2006 ; Zhang et al.  2014 ).  

2.5.4     Biological Methods 

 By planting salt tolerant plants on salt degraded soils, water evaporation consider-
ably decreased from surface soil (Li et al.  2010 ; Qadir and Schubert  2002 ). Many 
fi eld experiments revealed that planting forages in salt degraded soil, physical prop-
erties were improved due to penetration and exclusion of an extensive and thick root 
system followed by leaching of excessive salts to deeper layers (Liang et al.  2007 ). 
In addition, the forage cover minimized water evaporation and salt accumulation in 
the surface layer soil (Ghaly  2002 ). Phytoremediation of salt-affected soils, the soil 
productivity was signifi cantly increased compared to that with simple leaching with 
irrigation water (Zhang et al. 2005). Biosaline (agro) forestry’s most vital prospect 
is the controlling soil salinity and sodicity along with the reclamation of the degraded 
land for high yield and other agricultural production. It is reported that agroforestry 
have the potential to control the salinity and sodicity (Barrett-Lennard  2002 ; Oster 
et al.  1996 ; Qadir and Schubert  2002 ; Singh  1993 ). Thus forestry and agroforestry 
systems on salt-affected soils which is referred as the biosaline agroforestry can act 
as the supportive land use against the salinity problem. The reason behind this is the 
tolerance of the some salts against salinity/sodicity and their plantation can help the 
soil in elimination of the salinity of the soil (Singh  1993 ; Turner and Lambert  2000 ).  

2.5.5     Hydro-Technical Method 

 In this method a saline water of high electrolyte concentration (EC) is used by keep-
ing in view the principle of valence-dilution effect to affect soil permeability and 
subsequently by successive dilutions. The valence dilution effect was fi rst validated 
by (Eaton and Sokoloff  1935 ) for reclaiming sodic soils. After the establishment of 
equilibrium between monovalent and divalent cations in the soil solution and the 
ones which are found adsorbed, application of water to the system alter the equilib-
rium in such a way that it will be favorable for the adsorption of divalent cations 
such as Ca 2+  after the adsorption of the monovalent cations such as Na + . Contrary to 
this situation when the soil solution is concentrated due to evapotranspiration 
adsorption of monovalent cations such as Na +  occur fi rst and then adsorption of 
divalent cations such as Ca 2+ . The ratio of divalent to total cations when concentra-
tions are stated in mmol c  L −1  of water should be at least 0.3 and with the increase in 
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this value water requirement for the reclamation decreases. A few natural water 
sources have this value of this ratio but mostly some additional Ca 2+  is required that 
can be added by (1) soil application of gypsum followed by irrigation with high-salt 
water or (2) by placing gypsum stones in the water channels to add Ca 2+  in the salty 
water through gypsum stone dissolution. The major problems with this method are 
limited facilities of collection, conveyance, and treatment of saline water.  

2.5.6     Electro-Reclamation Method 

 Electro-reclamation refers to the amelioration of salt-affected soils through electro- 
dialysis. Laboratory and fi eld investigations have shown that treatment with electric 
current may simulate reclamation of saline-sodic/sodic soils, although it cannot 
replace the conventional procedures of soil reclamation. By this method different 
anions such as nitrate, sulfate, fl uoride, and chloride can be removed from the soil 
by the method of electro-reclamation. During electro kinetic reclamation, the pH 
increases adjacent to the anode and decreases around the cathode. The removed 
cations (Ca 2+ , Mg 2+ , K + , and Na +  were 19.5 %, 34.4 %, 58.9 %, and 89.6 % respec-
tively) and anions (Cl − , NO 3  −  and SO 4  2−  were 47.9 %, 91.5 %, and 67.6 %) from 
saline soils having EC = 13.7 dS m −1  (Kim et al. 2013). Kim et al. ( 2011 ) found a 
signifi cant decrease in EC of a saline soil (EC = 7.1 dS m −1 ) using a hexagonal two- 
dimensional electrode. Generally, the removed nitrate was relatively higher than 
either chloride or sulfate. Sulfate tends to form insoluble CaSO4, which may 
decrease its respond to electro reclamation. Another study showed that chloride was 
concentrated on the saline soil surface (EC = 7.8 dS m −1 ). Magnesium was not 
removed but potassium was removed, and sulfate showed a uniform distribution 
(Kim et al.  2011 ). The removal of Ca 2+  was increased during pulse electro remedia-
tion of saline soils with EC ranging from 6 to 21 dS m −1 , as the process enhances the 
interactions of soil water solutions (Le et al. 2003).  

2.5.7     Combination of Organic and Chemical Amendments 

 Use of organic amendments manifolds the process of improvement of soil proper-
ties both physical and chemical as compared to the use of chemical amendments 
alone. Harms of salt affected soils can be lower down by the use of organic matter 
(organic amendment) along with gypsum (inorganic amendment). Wong et al. 
(2009) reported that use of organic matter improves the physico-chemical properties 
of soil of the salt affected areas. Addition of farm yard manure along with gypsum 
reduces the EC and ESP up to the great extends (Abou El-Defan et al. 2005). 
Solubility of the gypsum will become two times rapid with the addition of the citrate 
(Jones and Kochian 1996). Citrate enhances the reclamation process by causing the 
complexation of the Al from solution as well as from the minerals. More decrease 
in dispersion and EC was observed with the combined application of organic matter 
and gypsum (Vance et al 1998).   
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2.6     Management of Salt Effected Soils 

2.6.1     Management of Saline Soils 

2.6.1.1    Leaching 

 Salt affected soils can be reclaimed by removing the salts from the root zone area of 
plants either with heavy irrigation or with the drainage (Feng et al.  2005 ; Qadir et al. 
 2001 ; Qureshi et al.  2008 ). Salt affected soils can be reclaimed as well as managed 
by irrigating the soil with plenty of good quality water. We can determine the recla-
mation rate by knowing the amount of water that reaches out of root zone after 
passing through soil referring as leaching fraction while leaching fraction is directly 
related to the drainage capacity of soil. Reclamation process initiates by drainage of 
salts and reducing the water table. There are some cases when reducing water table 
will no longer be benefi cial but this problem can be solved by the utilization of land 
for crop cultivation. Brackish water used for irrigation purposes due to shortage of 
good quality water is the major cause of salinity problem. Salt affected soils can be 
reclaimed by leaching down the salts along with irrigation sources of good quality 
water rather using the poor quality water. 1.5 times of the EC of the irrigation water 
salts can be removed from the soil while adopting the good management activities. 
Thus if EC of the leaching water is high we need huge quantity of water to eliminate 
the salts from the salt affected soils. It is general recommendation that EC can be 
reduced up to half with every 6 in. good quality water that can pass through the soil 
along with salts. That’s why if we have to remove the salts 30 in. downward having 
EC 1.5 dS/m we need 6 in. water that will move up to the 30 in. within the soil that 
will EC lower the EC to 0.75 dS/m. It is proved that organic matter improves the soil 
properties thus with the application of the organic matter drainage capacity of the 
soil will be enhanced that will reduce the problem of salinity. To enhance the organic 
matter into the soil vegetation is very important. Growing of maximum trees can act 
as the buffer of the soil against the generation of the salt affected soil. Addition of 
salts will lower down the free energy of the water by rising the osmotic potential or 
solute potential. Resultantly plants feel diffi culty in the uptake of the water and 
growth and development of the plants become less. Now it is the need of the hour to 
reclaim the salt affected soil to get the maximum yield as food security and sustain-
ability are becoming major problem of the world.  

2.6.1.2    Irrigation Method 

 It is very important that how are we irrigating the soil to check down the high con-
centration of the salt in the root zone. It is reported that application of the large 
amount of water for the irrigation purposes plays supportive role for the adequate 
uptake of water by plants. Sprinkler irrigation is one of the best methods for irriga-
tion especially when water shortage and salinity are the major problem. Soluble 
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salts leach down from the root zone when irrigation is applied to the soil for the 
maximum time and quantity. Thus sprinkler irrigation ranks high in effi ciency as 
compared to the fl ooding. It is reported by Nielsen et al. (1966) that requirement of 
water becomes 3 times more in fl ood irrigation when compared with the sprinkler 
irrigation for lowering the same amount of the salts. It is also benefi cial that land 
leveling is not required for the uniform application of the water which is the basic 
necessity in the fl ooding irrigation. Similarly drip irrigation which is sometimes 
also called trickle irrigation is the best method of irrigation for the perennial crops 
and seasonal row crops. As it supply the water the water at one point only problem 
of salinity become minimized. Salt concentration will become less by this method 
by keeping the water table low. When water table will be low risk of salinity devel-
opment reduces up to great extent.  

2.6.1.3    Mulching 

 Salts come at the surface of the soil when process of the evaporation becomes faster 
that application of water. Even the leached down salts can come at the surface along 
with water with capillary rise process when irrigation will not be applied for long 
time especially during the fallowing of the land. Soil salinity is the major problem 
when water table is shallow along with the high EC of the irrigation water. But the 
problem salinity can be reduced by lowering the evaporation process. Evaporation 
become limited when soil remain covered with vegetation. It is recommended that 
the salinity problem become less when process of evaporation will be lowered by 
mulching or covering the soil (Sandoval and Benz  1966 ). Thus after the fallowing 
of land mulching will be helpful in controlling the salinity problem.   

2.6.2     Management of Sodic Soils 

 Excess Na  +  on the cation exchange sites causes clay particles to disperse or swell, 
and as a consequence these soils have poor structure, low aggregate stability, and 
reduced water infi ltration (Rengasamy and Olsson  1991 ). Overall, sodic soils are a 
poor rooting medium for plant growth and provide lowered or insuffi cient nutrients. 
Sodic soils also have reduced biological activity and function due to the limited 
availability of C substrates that are likely the result of lowered net primary produc-
tivity in these soils (Rao and Pathak  1996 ). Remediating the effects of excess Na +  in 
sodic soils can be accomplished with soil amendments and land management. 
Calcium amendments have been shown to reduce the effects of sodicity. Calcium 
fl occulates clay particles leading to improvements in soil structure (Frenkel et al. 
1989). Calcium also replaces Na +  on soil exchange sites and is frequently correlated 
with increases in soluble Na +  (Ilyas et al. 1997). Rates of gypsum application can be 
calculated by taking into account soil cation exchange capacity, target SAR, and 
current SAR values (Ashworth et al. 1999). After chemical treatment subsurface tile 
drainage may be used to remove excess sodium from the rooting zone (Pessarakli 
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and Szabolcs  1999 ). Subsurface drainage can also prevent salt accumulation due to 
fl uctuations in water table depth, capillary rise, and evaporation (Abrol et al.  1988 ). 
In order to provide advice to growers with respect to whether their management 
strategies have begun to bring about the changes they anticipated, a tool capable of 
detecting short term improvements is needed. Successful remediation of sodicity 
may take years and can be costly (Qadir and Oster  2002 ). Soil health is referred as 
ability of soil to perform within ecosystems and use of land to sustain high yield, 
good environmental quality and improve plant, animal, and human health (Doran 
and Parkin  1994 ). Soil health can be determined by the use of different indicators 
such as a proxy for shifts in nutrient cycling resulting from land use change, amend-
ment application and tile drainage installation will aid in the early detection of 
effective remediation strategies, potentially reducing the cost and environmental 
impact of remediation (Ella et al.  2011 ; Fortuna et al.  2012 ). Additionally identify-
ing soil health indicators and monitoring changes in these soil properties will aid 
landowners in ensuring the long–term productivity of the land. Currently, biological 
soil health indicators are not widely used to assess remediation progress. Reclamation 
of the sodic soil is very diffi cult and mostly expenses become high than income. By 
following the above procedures reclamation of the sodic soil is possible but it took 
many years to completely reclaim this problem while following the good crop man-
agement practices. 

2.6.2.1    Drainage 

 Soil sodicity problem can be controlled by removing the high concentration of 
sodium from the root zone by good drainage practice. Low water table is helpful in 
reducing this problem. By the development of the tile drains and by changing the 
topography sodic soils can be reclaimed up to the great extent. Plantation of trees 
especially deep rooted is also benefi cial when we want to low down the problem of 
sodicity. Sealing of canals or lining of canals become supportive for controlling the 
seepage which resultantly control the problem of the sodicity. Thus good drainage 
property of the soil is very important in controlling the problem of the sodicity.  

2.6.2.2    Tillage and Amendments 

 Tillage practice is considered as the physical practice in reclaiming the problem of 
sodicity. Tillage cause the fragmentation of the big soil colloids having the high 
concentration of the sodium and amendments will become the part of the soil and 
reclaiming process become faster. Large organic matter which has the property of 
slow decomposition like straw, cornstalks, sawdust, or wood shavings used for ani-
mal bedding is reported benefi cial for improving soil structure and infi ltration prop-
erties of soil along with the other reclamation activities.  
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2.6.2.3    Supplying Calcium to Improve Water Infi ltration 

 Refi ning water infi ltration property of soil requires lowering of the exchangeable 
sodium percentage (ESP) along with raising the electrical conductivity (EC) up to 
more than 4 dS/m (4 mmhos/cm). It can be determined by the soil texture and irriga-
tion method that how much exchangeable sodium percentage (ESP) is required to 
make the better infi ltration. Sandy textured soils have the capacity to bear the 
exchangeable sodium percentage (ESP) upto the 12 while still having good infi ltra-
tion and percolation. Surface irrigation similarly can retain good infi ltration and 
percolation with high exchangeable sodium percentage (ESP) as compared to the 
sprinkler irrigation. Calcium is basic need in the reclamation process of the sodic 
soils as it can replace the sodium and that lowering the ESP as well as SAR.  

2.6.2.4    Irrigation Water Management 

 Irrigation water that comes from the deep wells has great concentration of bicarbon-
ate and thus high sodium concentration as compared to the calcium and magnesium. 
Irrigation with such type of water for long time creates the problem of sodicity. EC 
and SAR are used to evaluate the infi ltration problems by the application of the 
irrigation water.   

2.6.3     Management of Saline-Sodic Soils 

 To reclaim the saline-sodic soils it is the important to fi rst reclaim the sodic soil with 
the use of calcium to resolve the problem of high concentration of the sodium. After 
reclaiming the problem of the high concentration of sodium (sodicity) problem of 
the high concentration of salts (salinity) can be resolved simply by the application 
of the high amount of irrigation water. It is the basic requirement of saline-sodic soil 
reclamation that to solubilize the sodium fi rst before the leaching of all other salts. 
The reason behind it is that if we’ll not make the sodium soluble before removing 
all salts from root zone problem of sodicity will left over after treating the soil for 
salinity problem. Thus soil structure will be deteriorated that will make infi ltration 
process either completely stop or lower down. After this destruction remediation 
becomes very diffi cult. Therefore it is necessary to determine that how much sodium 
problem still remaining before applying good quality irrigation water to leach salts. 
High EC of irrigation water and soil supports for improving soil structure, increas-
ing water infi ltration, and resist sodium from accumulation into the soil. Except this 
positive effect of high EC (salt) irrigation water about soil structure it is not good for 
crop production.  
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2.6.4     Adaptations of Salt Tolerant Plants 

 To choose the plants that have the tolerance against the salinity is the major step in 
reclamation of the salt affected soils. It is because different plants have different 
potential to uptake and accumulation of the salts to minimize the salinity problem 
(Conway  2001 ). Different species of plants show salt tolerance against salinity by 
developing the mechanisms like salt exclusion, uptake and compartmentalization of 
salts and extrusion of salts (Holly 2004). These salt tolerance plants are also referred 
as the halophytes. Physiological property of halophytes is usually expressed as mor-
phological features like salt glands, salt hairs, and succulence. Plants depend on 
more than one tolerance mechanism for salt tolerance (Holly 2004; Naidoo and 
Naidoo 1999). Halophytes can adjust osmotic effects internally by accumulating 
high salt concentrations or they may become able to absorb more water from saline 
soils (AzevedoNeto et al.  2004 ). Salt exclusion permits plants to maintain and 
reduces the quantity of salts that go to growing leaves and young fruits. A few spe-
cies have adopted excluder mechanisms to tolerate the salinity stress. Through this 
mechanism plants fi lter the salts in their roots and resist against the salt uptake 
towards the upper parts. Salt stress is tolerated by the plants by reducing germina-
tion, growth, and reproduction to specifi c seasons during the year and by growing 
roots into non-saline soil layers, or by less uptakes of the salts from the soil (BPMC 
1996). Halophytes take salts from the soil and accumulate them in to their different 
cells and thus maintain their water potential (Andre et al. 2004). Salt tolerant plants 
accumulate ions in the vacuole and produce organic solutes into their cytoplasm 
(Marcum 2001; Taizand Eduardo 1998). This practice of accumulation of ions in the 
vacuole and production of the organic solutes helps the plant to take more water 
with an osmotic gradient without causing harm to the salt sensitive enzymes. Plants 
also accumulate the salts into their vascular tissues and try to avoid the exposure of 
chloroplast to the salts (Misra et al.  2001 ). Production of organic solutes also helps 
the plants to retain water balance between the cytoplasm and vacuoles (Holly 2004; 
Marcum 2001). Plants can uptake more water from the soil when water potential of 
the soil will be higher than the water potential of the cells of plant (Holly 2004; Taiz 
and Eduardo 1998).    

3     Soil Erosion 

 Soil erosion is the detachment of soil particles by the action of wind or water. 
Though soil erosion is a natural process but is accelerated by anthropogenic activi-
ties like deforestation, overgrazing, improper agricultural practices and cultivation 
techniques. This is a widespread problem due to which our fertile ecosystems are 
losing their fertility and result in degradation of all ecosystems (Lal and Stewart 
1990; Troeh et al.  2004 ). 
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 Loss of agricultural land is observed due to human induced erosion and other 
related damages. This leads to desertion and lowered productivity of agricultural 
lands which are also somewhat made up by addition of fertilizers over many years 
(Pimentel et al.  1995 ; Young 1998). Every year almost 10 million hectares of crop-
land are deserted worldwide due to soil erosion (Pimentel  2006 ). 

3.1     Types of Soil Erosion 

 Erosion is mainly caused by two agents, water and wind and thus soils erosion is 
divided into main categories  viz . water erosion and wind erosion. 

3.1.1     Water Erosion 

 Water erosion is the detachment of soil particles by the action of water. Particles are 
detached by raindrop impact or transported by overland water fl ow. Raindrop impact 
breaks down the aggregate of soil particles into smaller parts, these suspended par-
ticles deposited in the pores between the aggregates and clog them resulting in ‘soil 
crust’ formation. Soil crusting seals the surface by blocking the spaces between 
aggregates, lowering infi ltration rate and drainage while increasing the run-off. 
Uncovered land is more susceptible to rain drop impact compared to vegetative 
covered land. Thus more and more water is lost due to run-off, the upper fertile layer 
of the soil is lost and soil becomes less productive. As soil forming process is a time- 
taken process, it is measured that a soil loss of 1 t/hac/year is considered irreparable 
within 50–100 years of time span (Van Camp and Vauterin  2005 ). 

 Raindrop impact is the fi rst stage of water erosion; it leads to sheet erosion. Sheet 
erosion removes upper fertile layer of soil. Sheet erosion develops into rill erosion, 
forming small channels. These channels become widen and lead to gully formation 
(Hillel  1998 ).  

3.1.2     Wind Erosion 

 Erosion caused by wind is known as wind erosion. It is the severe problem of arid 
and semiarid regions but also observed in humid regions. Wind erosion transports 
very fi ne particles and lowers soil fertility and thus degradation occurs. It is reported 
by Global Assessment of Soil degradation that 42 million hectare of European land 
is wind eroded (EEA 2003). 

 There are three modes of soil movement, depending on particle size:

•    Creep (>500μmalong the surface)  
•   Saltation (70-500 μm)  
•   Suspension (short-term suspension 20–70 μm; long term suspension < 20 μm) 

(Shao  2000 ).    
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 The extent of wind erosion is determined by soil’s erodibility, climate’s erosivity 
and also infl uence by various other components increasing the actual erodibility of 
site (Sterk and Warren  2003 ). Climate’s erosivity depends on intensity, duration, 
direction and frequency of wind velocity; amount, intensity and distribution of rain-
fall, radiation, humidity and evaporation (Funk and Reuter  2006 ).   

3.2     Causes of Erosion 

 Main cause of soil erosion when land is remaining exposed to rain or wind storms. 
About 60,000 kcal of raindrop energy is recorded on hitting a hectare of land in 
New York with 1000 mm of rainfall (Troeh 1999). This highly energized raindrop 
result in erosion of land even on slopes to downwards. Among all types of erosion 
sheet erosion is most prominent of all (Troeh 2004; Oldeman  1998 ). The soil ero-
sion becomes more degradable on slopes when water fl owing above them carried 
fertile soil particles along with it into streams and valleys. Strong wind intensifi es 
this situation displace the upper fertile layer soil particles to different distant areas. 

3.2.1     Soil Structure 

 Structure of the soil is an important factor in the soil erosion process. The soil with 
weak developed structure, medium to fi ne in texture and having low content of 
organic matter are most dominantly eroded in easy ways (Bajracharya and Lal 
 1992 ). Due to less water holding capacity and low water infi ltration rates these soils 
are more favorable to be eroded by wind and water energy. 

 Texture and organic matter content of soil provides ability to the soil to resist 
erosive conditions. They infl uence the water holding capacity of soil as well as 
make aggregates of soil particles (Chepil  1955 ).  

3.2.2     The Role of Vegetative Cover 

 Coverage of plant biomass serves as a protective blanket over the topsoil to prevent 
it from erosion by means of wind and water energy. Coverage of plant biomass, 
dead or living dissipated the rain and wind energy and as a result protects the under-
lying soil layer from erosion. Soil particles remains in contact and are held fi rmly 
due to upper coverage (Pimentel et al. 2005). It is reported in Utah and Montana, the 
rate of erosion increased 200 times as the result of ground cover decreased from 
100 % to 1 % (Trimble and Mendel  1995 ). About 60 % of forest coverage is essential 
to prevent forested areas from land sliding and soil erosion. Extensive loss of forests 
now days for irrigation lands and pasture is followed by soil erosion (Act  2002 ; 
Singh  1993 ). 
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 Degradation of topsoil is most widespread in developing countries where poor 
irrigation practices are being used to overcome their food demands. Crop residues 
are being used for heating and cooking purposes and poor agriculture practices are 
unable to protect land from erosion. In 1990s according to an estimate 60 % and 
90 % crop residues in China and Bangladesh respectively were used for fuel pur-
poses (Wen and Pimentel  1993 ). According to recent estimates still in Bangladesh 
50 % of all residues from rice fi elds and 80 % non-rice fi elds are used for biomass 
energy (Hassan et al.  2011 ). In China due to availability of fossil fuels the usage of 
crop resides are decreased (Li et al.  2012 ). Even they planned to burn half of the 600 
billion tons of straw residues to produce electricity annually (Lal 2007). In some 
areas where the fuel sources are limited the roots of shrubs and herbs are burned to 
use as a fuel source (Juo and Thurow  1997 ). All such practices exposed the land 
surfaces and result in degradation of land by wind and water energy and result in 
formation of barren lands.  

3.2.3     Land Topography 

 The vulnerability of land to water and wind forces depends on its surface exposure 
as well as on its topography. It is estimated in Philippines and Jamaica where 58 % 
and 52 % of land respectively have slopes, face 400 times per hectare more erosion 
rates. Steep and marginal lands which changed from forest to crop lands are more 
susceptible to soil erosion (Lal and Stewart 1990). Arid lands are susceptible to soil 
erosion as observed in India the erosion rates are 5600 times per hectares per year 
(Gupta and Raina  1996 ). Even in developed countries like United States having 
massive farmlands faced 13 tons/ha/year average losses (USDA/NRCS 2007). In 
Europe 3 to 40 tons/ha/year loss happened after every 2 to 3 years are estimated 
regularly (Grimm et al.  2001 ; Verheijen et al.  2009 ).  

3.2.4     Disturbances 

 According to estimation about three-quarters of the world’s soil erosion is due to 
depletion of soil biomass coverage (Lal and stewart 1990). A number of factors 
contributing this phenomenon among which is construction sites of buildings and 
roads. Surface coverage of land with plant dead or living reduces level of soil ero-
sion signifi cantly (Pimentel  2006 ; Soil and Water Conservation  1993 ). 

 Along with anthropogenic activities natural processes also result in soil erosion 
especially along stream banks due to powerful action of fl owing water. 30 % or 
more soil erosion is recorded on steep slopes while on fl at surfaces with only 2 % of 
slope also faces the problem of soil erosion under powerful force of wind and water.   
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3.3     Assessing Soil Erosion 

 It is estimated that about 75 billion tons of fertile soil is lost every year throughout 
the world due to soil erosion process (Norman  1984 ; Padmanabhan and Hari  2008 ). 
Soil erosion due to water force is recorded to about 76 billion tons per year (Reich 
et al. 1999). In 2010, Central Soil Water conservation research and training institute 
in Dehradun, India estimated that the fertile land loss due to erosion is 16.4 billion 
tons per hectare annually with total annual loss estimated to be 5.334 billion tons 
(The Hindu 2010). Chinese Academy of Sciences, Chinese Academy of Engineering 
and Chinese Ministry of Water resources in 2009, after 3 years of study reported that 
China’s 646 communities are facing about 3.75 million km 2  soil erosion issues 
(Stedman 2009). A further 2 year study revealed that if this rate of soil erosion con-
tinues with this rate the food production of China is reported to decline 40 % from 
current rate (Jie  2010 ). Both China and India which occupies about 13 % of total 
land area with sustained agricultural practices facing about 75 billion tons of soil 
erosion annually. The rate of soil erosion in United States agricultural areas is esti-
mated to decline from year 1982 to 2007, 3.06 billion tons to 1.725 billion tons 
(USDA/NRCS 2010). 

3.3.1     Worldwide Cropland 

 Currently it is estimated that 80 % of world land facing the problem of moderate to 
severe soil erosion problems only 10 % is facing the slight erosion issues (Lal  1994 ; 
Speth 1994). Erosion in cropland areas is about 30 t/ha/year on average that ranges 
from 0.5 to 400 t/ha/year (Pimentel et al.  1997 ). It is reported that about 30 % of 
worlds land became unproductive and barren due to the soil erosion rates from last 
40 years. Such lands are unable to utilize for agricultural purposes anymore (Kendall 
and Pimentel  1994 ; World Resources 1994).   

3.4     Effects of Soil Erosion on Terrestrial Ecosystems 

 Productivity of terrestrial ecosystems is signifi cantly reduced due to soil erosion 
(Jones et al.  1997 ; Pimentel et al. 2006). Water infi ltration and water holding capac-
ity of soil decreased due to increase water runoff with erosion from soil surfaces 
(Torah et al. 2004). Organic matter and essential soil nutrients also degraded with 
erosion process along with natural biota and biodiversity also signifi cantly affected 
(Torah et al. 2004; Pimentel et al. 2006). Enhanced rate of erosion where increased 
water runoff also results in low water holding capacity along with overall damaging 
effect on valuable biota and soil’s biodiversity (Brevik  2009 ; Jones et al.  1997 ). 
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 As the top soil is removed by erosion, reduction in surface soil depth is observed. 
Due to erosion there is not suffi cient soil available to support plant and thus, crop 
roots are exposed and consequently more yield loss. It is reported that soil erosion 
can alleviate the crop yield up to 30 % (Pimentel  2006 ). 

3.4.1     Water Availability 

 All sorts of vegetable and fruit production require enormous amount of water for its 
productivity water serves as a main limiting factor on their production (Pimentel 
et al.  1997 ). According to an estimate one hectare of corn fi eld utilize about 7 mil-
lion liters of water during its 3 months of growing season (Pimentel et al. 2004) and 
additional 2 million of water loss due to evaporation from soil surface as result of 
soil erosion due to water and strong wind forces. All of these result in less water 
availability for growing vegetation. Enhance water runoff signifi cantly affect water 
holding capacity which result less water availability for the growing crops (Pimentel 
et al.  1997 ).  

3.4.2     Nutrient Losses 

 Essential plant nutrients such as nitrogen, phosphorous, potassium and calcium 
dominantly decline due to erosion. The eroded soil has three times more nutrients as 
compared to remaining soil surface (Young  1989 ). Fertile soil estimated to have 1 to 
6 kg of nitrogen contents, 1 to 3 kg of phosphorous contents and 2 to 30 kg of potas-
sium contents whereas the left over soil having only 0.1 to 0.5 kg per ton of average 
nitrogen contents (Schertz et al. 1989; Langdale 1992). To overcome these prob-
lems large quantities of fertilizers are being used. The cost of loss of basic soil 
nutrients is estimated to be about several billion dollars each year (Torah et al. 
2004). If the surface of soil is about 300 nm deep the usage of commercial fertilizers 
and livestock manure replace the lost of nutrients but this practice is usually expen-
sive for poor farmers and nations. Not only expensive these synthetic fertilizers also 
affect the human health and also result in soil, air and water pollution (Brevik  2013 ; 
Unnevehr et al.  2003 ; Hakeem et al.  2011 ; Hakeem et al.  2014 ).  

3.4.3     Soil Organic Matter 

 100 tons of organic matter per hectare is usually present in fertile soil layers 
(Pimentel et al. 2005; Sundquist  2010 ). Fertile soil’s organic matter typically con-
sist about 95 % of nitrogen and 25 % to 50 % of the phosphorous (Allison  1973 ). 
Erosion typically affects the top fertile layer of soil because most of the organic 
matter of dead plants and animals lies in this upper layer. Fine soil particles are 
mostly degraded by wind and water erosion and larger particles and stones are left 
behind and making it unsuitable for growing vegetation. A large number of 
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researches report that the eroded soil contain large amount of organic matter about 
1.3 to 5 times more than left over soil (Lal  1994 ). The reduction of organic matter 
in left over soil from 0.9 % to 1.4 % results in about 50 % loss in crop production and 
ultimately in yield (Libert  1995 ; Sundquist  2010 ). 

 Depletion of the nutrients, organic matter and structure of soil results in the deg-
radation of ecosystem and also signifi cantly affect the crop yield. Productivity of 
any area is dominantly affected by the results of strong wind and water erosion. Soil 
erosion not only affect crop yield but also signifi cantly affect total biomass of biota 
and biodiversity of any ecosystem substantially (Lazaroff  2001 ; Walsh and Rowe 
 2001 ).  

3.4.4     Soil Depth 

 Suitable soil depth is required not only by plants for its roots extension but also by 
several soil biota‘s like earthworm (Pimentel et al.  1995 ; Wardle et al.  2004 ). Soil 
erosion substantially reduces the soil depth from 30 cm to less than 1 cm. The space 
for plant roots become declined due to which plants show stunted growth.   

3.5     Conservation Technologies 

 Mulching, vegetation, riprap, matting, terracing, retaining walls and reforestation 
are common treatments to overcome soil erosion (Rivas  2006 ). About 30 % of the 
world’s food production is suppressed by the agricultural land degradation for last 
50 years by soil erosion (Kendall and Pimentel  1994 ). Biomass mulches, crop rota-
tions, no-till, ridge-till, added grass strips, shelterbelts, contour row-crop plantation 
are suitable techniques for soil conservation. 

 All these strategies mainly focus on preventing the land from erosion by wind 
and water force by covering the surface layer with some sort of coverage and its 
residues. Not leaving the land open is the best remedy to prevent soil erosion even 
after harvesting the crop the coverage is provided by its remains. Thus, soil cover is 
the best remedy against soil erosion (Pimentel et al.  1995 ; Troeh et al.  2004 ; 
Pimentel  2006 ). The risk of wind erosion alleviates if soil cover is less than 10 %, 
while soil covered for more than 10 % lowers wind erosion and when soil cover is 
40 % complete prevention occurs against wind erosion (Morgan and Finney 1987; 
Sterk  2000 ). 

 Throughout the world soil erosion is putting its disastrous effects. It is continu-
ous, slow insidious problem. 1 mm of soil is lost every year and this is so minute 
amount that unnoticed by framers. About 15 t/ha of soil loss over one hectare of 
cropland area, rehabilitation of such soil takes about approximately 20 years even if 
this process continues the land is not available to support vegetation. Soil erosion 
severely affects if it goes unchecked and result in loss of overall biota, soil fertility, 
organic matter and soil water holding capacity (Pimentel and Burgess  2013 ).   
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4     Soil Acidity 

 Acidic soils mostly have pH values less than 7 on the pH scale (Soil Science Society 
 2008 ). Acidity of the soil mainly depends on the availability of exchangeable forms 
of hydrogen and aluminum ions (Brady 2001; Fageria and Baligar 2003). Higher 
the concentration of these exchangeable ions higher is the amount of acidity in the 
respective soil. Acidic soil is observed to have low fertility rates, poor in physical, 
biological and chemical properties. Poor management of such areas results in 
depressed crop yield to a signifi cant level (He et al.  2003 ). 

4.1     Causes of Soil Acidity 

 Both the natural and anthropogenic activities are responsible for soil erosion pro-
cess. Natural processes happen gradually and affect the soil fertility in a gradual 
way but the anthropogenic effects are rapid. 

4.1.1     Weathering and Leaching 

 The present soil is formed from the parent rocks which contain both the essential 
and non-essential nutrients of plants. The soil form is more acidic in nature if the 
parent rock and material is acidic and more alkaline in nature if the parent material 
is alkaline. Both the acidic and basic cations are released in soil during weathering. 
The infl ux of these nutrients is mostly overcome by leaching basic cationsthat coun-
ter act with acidic cations and the preponderance of the acidic ions enhances soil 
acidity. The process is more active where precipitation rate is higher than evapora-
tion, plant’s transpiration rate and high temperature boost the process of weathering 
and leaching (Nyarko 2012).  

4.1.2     Organic Matter Decomposition 

 Both the plants and animals take nutrients in various forms during the course of 
their lives. Even after their death when the process of decomposition starts these 
organic matters along with many sundry chemicals are again handed over to soil. In 
the course of this eternal process acids are continuously formed and consumed. 
Usually organic matter has reactive substances like phenolics and carboxylic groups. 
These reactive substances on dissociation release H+ ions which result in enhanced 
soil acidity (Seatz and Peterson  1964 ). Carbonic acid also formed as reaction of 
CO2 which is released during process of decomposition with water. Brady (2001) 
reported that very little soil acidity is contributed by decaying organic matter.  
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4.1.3     Acid Rain 

 Wherever there are large cities with dense concentration of vehicles and industries, 
acid rain forms. Rainfall is basically acid due to deposition of oxides of sulphur and 
nitrogen found in atmosphere due to combustion, burning of coal/petroleum prod-
ucts and agricultural activities. Due to these factors pH of rainwater becomes acidic 
and is found between 4 and 4.5 (Brady and Weil  1984 ). With the excessive accumu-
lation of these acids in the atmosphere, which if not controlled signifi cantly affect 
the soil and plants growth (Brady and Weil  1984 ). Precipitation is also an enhancing 
factor in soil acidity (Donahue et al.  1983 ).  

4.1.4     Crop Production and Removal 

 The main goal of any agricultural system is to produce saleable products. Soil acidi-
fi cation suffers as a limiting factor in this way. Respiration is necessary for both 
plants and microbes for their survival but it result in large amount of acid production 
in form of carbonic acid. Black ( 1968 ) reported that this is a very minute factor 
because most of carbonic acid produced during this process lost in atmosphere as 
CO 2  (Tang and Rengel  2003 ). Basic cations that are usually up-taken by plants are 
Ca 2+,  Mg 2+ , K +  and also NH 4+ , as result more H +  dissociation by plants for their 
electrical balance specially when nutrients are absorbed in form of NH 4+ (Tisdale 
and Nelson  1975 ). More the basic cations uptake more the H +  ions release which 
leads to acidity in the soil. 

 There are basic cations available in plant especially in leaves and stem than the 
grains, these basic cations neutralizes the acidic effect which is develop by different 
processes but when these crops are removed from fi eld either burnt, or harvested or 
washed away by run-off this counter effect of basic cations is gone and ultimately 
soil acidity increases (Chen and Barber  1990 ). 

 Type and part of crop harvested and stage of crop at harvest basically deals with 
the amount of these nutrient removed. Like grain has comparatively small amount 
of basic cations than leaves and stem portion of the plant so forages like Hay, ber-
muda grass and alfalfa show more positive effects on soil acidity comparative to 
high-yielding grain crops.  

4.1.5     Application of Acid Forming Fertilizers 

 The soils’ inherent capacity is severely deteriorated by the result of high tempera-
ture, precipitation and incessant leaching of nutrients. This deteriorated land is 
unable to support any vegetative crop. Usage of agricultural land without proper 
management practices results in enhanced soil infertility problems. To overcome 
these problems most of farmers use fertilizers extensively. Mostly used chemical 
fertilizers are ammonium sulphate (AS), urea, muriate of potash and trisuperphos-
phate, etc (FAO  2004 ). Usage of these chemical fertilizers results in enhanced crop 
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yield. As these fertilizers are essential for high production along with this, these 
chemical fertilizers signifi cantly increase the soil acidifi cation.   

4.2     Effects of Soil Acidity on Crop Production 

 Soil acidity signifi cantly affects plants yield and productivity by decaling available 
nutrient contents. Two major factors associated with soil infertility are presence of 
phytotoxic substances like Al and Mn, and P, Ca, and Mg nutrient defi ciency. Mostly 
plants uptake the nutrient in soluble form. Soil acidifi cation cause profusion avail-
ability of elements such as Al and Mn and result in shortage of plant’s essential 
nutrients such as P, Ca and Mg. it is noted previously that soil acidity is associated 
with H +  and Al 3+.  Surprisingly, there is no deleterious effect found on plants growth 
by H + (Black  1968 ; Rao et al  1993 ). Acidic soil’s most of the problems are associ-
ated with Al 3+ . Higher Al 3+  content in acidic soil results in reduced function and root 
proliferation. Roots mostly observed are stunted and club shaped. This reduces the 
plants availability to extract nutrients and water from soil. When aluminum is abun-
dant it mostly fi xed with phosphate in form of aluminum phosphate and making P 
unavailable for plant (Black  1968 ; Rao et al.  1993 ). Except molybdenum the avail-
ability of micro-nutrient boosts the soil acidity.  

4.3     Management of Soil Acidity 

 Soil acidifi cation is a natural ongoing phenomenon which is aggravated by human 
activities. With the usage of proper irrigation techniques and practices soil acidifi ca-
tion and its harmful effects should be controlled. (Obiri-Nyarko 2012) reported 
techniques that how such soil acidifi ed land should be used for sustained agricul-
tural purposes. To overcome soil acidity issues use of organic material and lime, 
acid tolerant crop varieties are used. Among which use of lime and organic material 
combination is best in combating soil acidifi cation problems and making soil vul-
nerable for irrigation practices. There is also an immense need to limit the extensive 
use of chemical fertilizers for combating soil acidifi cation problems because such 
practices extensively enhanced soil acidity. In such areas where extensive use of 
lime along with organic material is a problem best remedy there is to use acid resis-
tant crop verities. 

4.3.1     Liming 

 Different liming materials such as dolomite lime (CaMgCO 3 ), limestone (CaCO 3 ), 
quick lime (CaO), slaked lime (Ca(OH) 2 ) usage are best remedies for overcoming 
soil acidity problems. They are used both separately and in combined forms. These 
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liming materials along with lowering soil acidity also counteract the effect of H +  and 
Al 3+  ions (Fageria and Baligar 2005). Several other advantages of liming materials 
include increasing the plants essential nutrient such as Ca, P and Mg availability and 
reducing the toxic effect of various micro elements (Naidu et al.  1994 ). Liming 
material addition also reduce the leaching and solubility of heavy metals (Lindsay 
 1979 ; Sauve et al.  2000 ). Excessive nutrient availability signifi cantly improve crop 
yield to substantial amounts by addition of liming materials. Soil texture, soil fertil-
ity, crop rotation, crop species and usage of organic manure are the several factors 
which affect the application of liming materials (Fageria and Baligar  2008 ). 

 (Sadiq and Babagana  2012 ) reported that application of lime material on paddy 
fi elds signifi cantly lowers the soil acidity. In Southeast Asia acid sulfate is mostly 
recommended for this purpose. Application of lime in rice fi elds results in high Al 
and Fe precipitation which is responsible for their enhanced yield. Some authors 
also reported that high amount of Al ions contents result due to use of lime and put 
deleterious effects on underlying soil. 

 At pH 5 aluminum ions starts precipitation from soil solution. This happened due 
to reaction of ground magnesium Limestone GML was combined with acid sulfate 
soil; both of these disintegrated immediately and start releasing hydroxyl ions. 
Shazana et al. ( 2013 ) reported that the actual reason behind increase in soil acidity 
is the release of hydroxyl ions on application of ground magnesium Limestone. 

 (Shazana et al.  2013 ) reported that ground basalt is advantageous for plants as it 
contain plant’s essential nutrients like K and P, than ground magnesium Limestone 
GML. The one disadvantage of ground basalt applications is it takes time to com-
pletely dissolve in soil. It is reported that in Malaysia soil content is poor in organic 
matter. Application of ground basalt by acid sulphate ameliorate infertile land, is 
highly recommended for sustained rice yield along with different organic fertilizers 
few months before growing season.  

4.3.2     Application of Organic Materials 

 The organic material usage defi nes simply all the forms of organic materials origi-
nated from both the plants and animals. Application of organic material where 
improves soil’s properties and fertility along with it also reduces the effect of soil 
acidity and aluminum ions concentration. Plants usually contain excessive amount 
of cations, synthesis of organic acid anions simply used for balancing cations and 
anions (de Wit et al.  1963 ). Decarboxylation of these organic acid anions results due 
to microbial decomposition (Tang et al.  1999 ; Yan et al.  1996 ). 

 It was reported that anion organic acid decarboxylation requires proton to com-
plete its reaction during microbial decomposition (Noble et al.  1996 ). By up taking 
such proton, hydroxyl ions concentration increases which results in increase soil 
alkalinity. Higher the amount of cations in soil greater is the effect found on soil 
acidity. Plant species of legume plants such as soybean, red clover and acacia found 
to have higher concentration of Ca, Mg and total cations contents than non-legume 
crops such as maize and sorghum, also have higher content of ash alkalinity (Bessho 
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and Bell  1992 ; Pocknee and Sumner  1997 ; Wong et al.  2000 ). Wong et al. ( 2000 ) 
also indicated that organic material associated functional groups results in increase 
alkalinity of soil by consuming higher content of protons.  

4.3.3     Use of Acid Tolerant Crops 

 Several plants grow well in acidic soil due to their variant degree of acidity toler-
ance. Thus, we can lower the acidifi cation rate by using acid-tolerant crops. Acid- 
tolerant crops are very helpful because:

•    They reduce the rate of acidifi cation by effi ciently using the nitrate and soil 
moisture  

•   Limestone if not added where and when is required, the acid-tolerant crops con-
tinues the cash fl ow  

•   In liming cycle of 10–15 years, acid-tolerant crops are trying to match up with 
the declined pH  

•   On the soils having acidic sub-surface layers, it is more suitable or economical to 
use acid-tolerant crops rather than liming them (Upjohn  2005 ).    

 Chillies, sweet and Irish potatoes show higher degree of acidity tolerant values. 
They show signifi cant growth under pH values below 5.5. Cassava and rice are best 
grown crops for such acidifi ed lands (Rao et al.  1993 ). It is reported that most of the 
lowland areas in Ghana show enhanced rice yield over 1 million hectares. This land 
is giving outstanding yields of rice (Wakatsuki et al.  2005 ). 

 Upon the growth of most of the crops, soil acidity and aluminum toxicity put a 
limiting factor over their yield. Krstic et al. (2012) studied various factors of Western 
Serbia region such as soil pH, exchangeable acidity and aluminum ion toxicity of 
soil. Aluminum puts very hazardous effects on root growth and extension, signifi -
cantly effecting roots water and ions uptake capacity. Usage of genetically adapted 
plants for aluminum toxicity is best remedy to use on such affected land under low 
environment impact. Availability of Aluminum tolerant germpalsm of maize had 
made it a suitable crop for this practice. Crops that refl ect tolerance to aluminum 
toxicity are the best options to be chosen as acid-tolerant crops. 

 No doubt, acid-tolerant crops reduce the rate of acidifi cation but they cannot stop 
the process. The process continues and eventually, if not properly treated, soil will 
become more acidic.  

4.3.4     Agroforestry 

 Agroforestry refers to use the land for both woody perennial plants along with agri-
cultural crops from very simple to dense systems. It comprises of very simple to 
complex systems. It involves a wide range of practices such as intercropping, mul-
tiple cropping, trees plantation on contours, establishing shelter belts etc. all these 
practices result in enhanced land yield and production by providing suitable 
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micro- climate, permanent cover, increased infi ltration, improved soil structure, 
organic carbon content and promoted soil fertility (WOCAT 2011). 

 All such practices lowers the demand of land for mineral fertilizers (Garrity et al. 
 2004 ; Schroth and Sinclair  2003 ). 

 Agroforestry’s main focus is on proper land management by conserving the soil 
along with enhancing soil fertility and productivity especially in tropics. It focuses 
on the deliberate use of land for trees and crops at the same time. A large number of 
effects have been reported through this interaction. Essential nutrient such as Ca, 
Mg, and nitrate’s leaching to deeper soil zones are compensated by deep rooted spe-
cies and return by litter fall. (Ridley et al.  1990 ) reported that signifi cant reduction 
of nitrates is documented by growing crops with deep rooted species such as peren-
nial grass, multipurpose trees or shrubs. 

 Agroforestry plans also results in reduced rate of erosion through rain drop and 
by leachability of nutrients. By using proper tree species this agroforestry system 
also help in reducing soil acidifi cation. It is reported that plantation of nitrogen fi x-
ing tress such as Gliricidiasepium and Albiziazygia ameliorate the acid infertile rice 
fi eld in Ghana (Baggie et al.  2000 ). Both of these trees Albiziazygiaand 
Gliricidiasepium due to their high cation content increased the soil pH from 4.4 to 
5.1 and 5.3 respectively. 

 It was reported several strategies for understanding and management of Kenyan 
soil for enhanced crop yield (Kisinyo et al.  2014 ). They improved the soil by apply-
ing organic and inorganic materials and planating crop germplasm as Al tolerant 
varieties. Application of lime, Phosphorous fertilizers and OMs promote soil pH 
and lower the Al toxicity on Kenyan acidic soil. Application of lime, P fertilizers 
and OMs has resulted in increased maize production from 5–57, 18–93 and 70-100 % 
respectively on Kenyan soils. Development of crop cultivars for Al toxicity tolerant 
and low Phosphorous availability also results in signifi cant increase in crop produc-
tion on Kenyan soils.       
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What is Soil Degradation?
Many people do conceive the idea of soil degradation but a good number lacks the knowledge of

its precise de�nition. To �ll this knowledge gap, soil degradation simply means the decline in soil

quality which comes about due to aspects such as improper land use, agriculture, and pasture,

urban or industrial purposes. It involves the decline of the soil’s physical, biological and chemical

state.

Soil degradation examples include decline in soil fertility, adverse changes in alkalinity, acidity or

salinity, extreme �ooding, use of toxic soil pollutants, erosion, and deterioration of the soil’s

structural condition. These elements contribute to a signi�cant amount of soil quality

depreciation annually. Excessive soil degradation thus gives rise to immediate and long-term

impacts which translate into serious global environmental headaches.

While soil degradation may occur naturally, it has been highly exuberated by anthropogenic

activities. Besides, climate change combined with human activities continues to worsen soil

degradation. With the objective of understanding the distinct nature of soil quality decline, here

are the causes, e�ects, and solutions of soil degradation.

Causes of Soil Degradation
1. Physical Factors

There are several physical factors contributing to soil degradation distinguished by the manners

in which they change the natural composition and structure of the soil. Rainfall, surface runo�,

�oods, wind erosion, tillage, and mass movements result in the loss of fertile top spoil thereby

declining soil quality.
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All these physical factors produces di�erent types of soil erosion (mainly water and wind erosion)

and soil detachment actions, and their resultant physical forces eventually changes the

composition and structure of the soil by wearing away the soil’s top layer as well as organic

matter. In the long-term, the physical forces and weathering processes lead to the decline in soil

fertility and adverse changes in the soil’s composition/structure.

2. Biological Factors

Biological factors refer to the human and plant activities that tend to reduce the quality of soil.

Some bacteria and fungi overgrowth in an area can highly impact the microbial activity of the soil

through bio-chemical reactions, which reduces crop yield and the suitability of soil productivity

capacity. Human activities such as poor farming practices may also deplete soil nutrients thus

diminishing soil fertility. The biological factors a�ect mainly lessens the microbial activity of the

soil.

3. Chemical Factors

The reduction of soil nutrients because of alkalinity or acidity or water logging are all categorized

under the chemical components of soil degradation. In the broadest sense, it comprises

alterations in the soil’s chemical property that determine nutrient availability. It is mainly caused

by salt buildup and leaching of nutrients which corrupt the quality of soil by creating undesirable

changes in the essential soil chemical ingredients. These chemical factors normally bring forth

irreversible loss of soil nutrients and productivity capacity such as the hardening of iron and

aluminum rich clay soils into hardpans.

4. Deforestation

Deforestation causes soil degradation on the account of exposing soil minerals by removing trees

and crop cover, which support the availability of humus and litter layers on the surface of the soil.

Vegetation cover primarily promotes thee binding of the soil together and soil formation, hence

when it is removed it considerably a�ects the capabilities of the soil such as aeration, water

holding capacity, and biological activity.

When trees are removed by logging, in�ltration rates become elevated and the soil remains bare

and exposed to erosion and the buildup of toxicities. Some of the contributing activities include

logging and slash and burn techniques used by individuals who invade forest areas for farming,

rendering the soils unproductive and less fertile in the end.

5. Misuse or excess use of fertilizers

The excessive use and the misuse of pesticides and chemical fertilizers kill organisms that assist

in binding the soil together. Most agricultural practices involving the use of fertilizers and

pesticides often entail misuse or excessive application, thereby contributing to the killing of soil’s

bene�cial bacteria and other micro-organisms that help in soil formation.
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The complex forms of the fertilizer’s chemicals are also responsible for denaturing essential soil

minerals, giving rise to nutrient losses from the soil. Therefore, the misuse or excessive use of

fertilizers increases the rate of soil degradation by destroying the soil’s biological activity and

builds up of toxicities through incorrect fertilizer use.

6. Industrial and Mining activities

Soil is chie�y polluted by industrial and mining activities. As an example, mining destroys crop

cover and releases a myriad of toxic chemicals such as mercury into the soil thereby poisoning it

and rendering it unproductive for any other purpose. Industrial activities, on the other hand,

release toxic e�uents and material wastes into the atmosphere, land, rivers, and ground water

that eventually pollute the soil and as such, it impacts on soil quality. Altogether, industrial and

mining activities degrade the soil’s physical, chemical and biological properties.

7. Improper cultivation practices

There are certain agricultural practices that are environmentally unsustainable and at the same

time, they are the single biggest contributor to the worldwide increase in soil quality decline. The

tillage on agricultural lands is one of the main factors since it breaks up soil into �ner particles,

which increase erosion rates. The soil quality decline is exuberated more and more as a result of

the mechanization of agriculture that gives room for deep plowing, reduction of plant cover, and

the formation of the hardpan. Other improper cultivation activities such as farming on steep

slope and mono-cropping, row-cropping and surface irrigation wear away the natural

composition of the soil and its fertility, and prevent soil from regenerating.

8. Urbanization

Urbanization has major implications on the soil degradation process. Foremost of all, it

denudates the soil’s vegetation cover, compacts soil during construction, and alters the drainage

pattern. Secondly, it covers the soil in an impermeable layer of concrete that ampli�es the

amount of surface runo� which results in more erosion of the top soil. Again, most of the runo�

and sediments from urban areas are extremely polluted with oil, fuel, and other chemicals.

Increased runo� from urban areas also causes a huge disturbance to adjacent water sheds by

changing the rate and volume of water that �ows through them, and impoverishing them with

chemically polluted sediment deposits.

9. Overgrazing

The rates of soil erosion and the loss of soil nutrients as well as the top soil are highly contributed

by overgrazing. Overgrazing destroys surface crop cover and breaks down soil particles,

increasing the rates of soil erosion. As a result, soil quality and agricultural productivity is greatly

a�ected.
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E�ects of Soil Degradation
1. Land degradation

Soil quality decline is one of the main causes of land degradation and is considered to be

responsible for 84% of the ever diminishing acreage. Year after year, huge acres of land lost due

to soil erosion, contamination and pollution. About 40% of the world’s agricultural land is severely

diminished in quality because of erosion and the use of chemical fertilizers, which prevent land

from regenerating. The decline in soil quality as a result of agricultural chemical fertilizers also

further leads to water and land pollution thereby lowering the land’s worth on earth.

2. Drought and aridity

Drought and aridity are problems highly in�uenced and ampli�ed by soil degradation. As much as

it’s a concern associated with natural environments in arid and semi-arid areas, the UN

recognizes the fact that drought and aridity are anthropogenic induced factors especially as an

outcome of soil degradation. Hence, the contributing factors to soil quality decline such as

overgrazing, poor tillage methods, and deforestation are also the leading causes of deserti�cation

characterized by droughts and arid conditions. On the same context, soil degradation may also

bring about loss of biodiversity.

3. Loss of arable land

Because soil degradation contributes to land degradation, it also means that it creates a

signi�cant loss of arable land. As stated earlier, about 40% of the world’s agricultural land is lost

on the account of soil quality depreciation caused by agro-chemicals and soil erosion. Most of the

crop production practices result in the topsoil loss and the damage of soil’s natural composition

that make agriculture possible.

4. Increased �ooding

Land is commonly altered from its natural landscape when it rids its physical composition from

soil degradation.  For this reason, the transformed land is unable to soak up water, making

�ooding more frequent. In other words, soil degradation takes away the soil’s natural capability of

holding water thus contributing to more and more cases of �ooding.

5. Pollution and clogging of waterways

Most of the soil eroded from the land together with the chemical fertilizers and pesticides utilized

in agricultural �elds are discharged into waterways and streams. With time, the sedimentation

process can clog waterways, resulting in water scarcity. The agricultural fertilizers and pesticides

also damage marine and freshwater ecosystems and the limits the domestic uses of the water for

the populations that depend on them for survival.
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Solutions of Soil Degradation
1. Reducing deforestation

Avoiding deforestation completely is an uphill task. However, deforestation can be cut down and

this can create an impressive way of reshaping and restoring forests and vegetation cover. As

populations grow, individuals can be sensitized and educated regarding sustainable forest

management and reforestation e�orts. Also, preserving the integrity of guarded areas can

signi�cantly reduce demonstration.

Hence, there is a necessity for individuals all over the world to respect forest cover and reduce

some of the human-driven actions that encourage logging. With the reduction of deforestation,

soil’s ability to naturally regenerate can be restored. Governments, international organizations,

and other environmental stakeholders need to ensure there are appropriate measures for

making zero net deforestation a reality so as to inhibit soil degradation.

2. Land reclamation

The outcomes of soil erosion and quality decline are widely irreversible. Still, soil organic matter

and plant nutrients can be replenished. To restore the lost soil mineral matter and organic

content, it would require what is known as land reclamation. Land reclamation encompasses

activities centered towards restoring the previous organic matter and soil’s vital minerals. This

may include activities such as the addition of plant residues to degraded soils and improving

range management.

Salinized soils can be restored by salt level correction reclamation projects and salinity control.

One of the simplest but most forgotten methods of land reclamation is planting of vegetation

such as trees, crops, and �owers over the a�ected soils. Plants act as protective covers as they

are helpful at making the soil stronger by stabilizing the land surface.

3. Preventing salinization
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Just like the old adage states that “prevention is better than cure,” so does the same concept

apply in solving the worldwide problem of soil degradation through salinization. The costs of

preventing salinization are incredibly cheaper than the reclamation projects in salinized areas.

Consequently, actions such as reducing irrigation, planting salt tolerant crops, and improving

irrigation e�ciency will have high pay o�s because the inputs and the labor-demanding aspects

associated with reclamation projects are zero. Preventing salanization in the �rst place is thus an

environmentally friendly means of o�ering solution to soil degradation.

4. Conservation tillage

Proper tillage mechanisms hold as one of the most sustainable ways of avoiding soil quality

decline. This is otherwise known as conservation tillage, which means tillage mechanisms

targeted at making very minimal changes to the soil’s natural condition and at the same time

improving the soil’s productivity. Examples include leaving the previous year’s crop residue on the

surface to shield the soil from erosion and avoiding poor tillage methods such as deep plowing.
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Summary: Soil degradation; which causes decline in soil’s productivity, deterioration in vegetative cover, qualitative and 

quantitative decline of soil and water resources and pollution of air; is rampant in India. In recent decades, it is greatly aggravated 

because of country’s increasing population, requiring marginal areas to be brought under the cultivation to meet the growing food 

demand. Poverty and natural resources degradation coerces individuals to search for more land for food, fodder and fibre 

production. The main causes of degradation due to direct/indirect human intervention are deforestation and removal of natural 

vegetation, overgrazing, converting forests to farms, cultivating steep slopes and degrading marginal lands, other agriculture-

related activities and over exploitation of the vegetation for domestic purpose. Similarly, the removal or in-situ burning of crop 

residues, no or least addition of organic manures, and intensive cultivation are the major reasons for the depletion of soil organic 

carbon. Major threats to the conservation of soil resources are soil erosion both by water and air, salinization/alkalinity, acidity, 

organic carbon losses, nutrient imbalance, pollution/contamination by toxic substances, and soil sealing and capping. Urgent 

measures are required to arrest the degradation process and to restore productivity of degraded soils so that more food could be 

produced to provide livelihood and environmental security to the increasing Indian population. This requires the systematic 

knowledge on the soils, characterization of basic resources like soil, water, climate and biodiversity problems and potentials for 

optimizing land use. 
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1. Introduction 
 

Soil degradation refers to decline in the soil’s productivity through adverse changes in nutrient status, soil 

organic matter, structural attributes, and concentrations of electrolytes and toxic chemicals.  Soil degradation is a 

process, which lowers the current and/or future capacity of the soil to produce goods or services [14]. It has also been 

defined as the rate of adverse change in soil qualities resulting in decline in productive capacity of land due to 

processes induced mainly by human intervention [18]. Thus, it implies a decline in soil’s productivity, deterioration 

in vegetative cover, qualitative and quantitative decline of water resources, degradation of soils, and pollution of air. 

Degradation is a point of evolution which leads to a reduction of resource potential. About 7.40 m ha arable lands 

globally turn to degraded lands yearly as result of climate change and deforestation. The problem of soil degradation 

has been ever since cultivation of soils started. However, it is greatly aggravated in recent decades because of 

increasing population of India at the rate of about 1.8%, requiring marginal areas to be brought under the plough to 

meet the growing food demand. Such marginal soils are particularly vulnerable to degradation, further lowering their 

quality and overall productivity. The present paper provides a brief account of degraded and wastelands, causes, 

major threats, and management options for combating soil degradation in India. 

 

2. Assessment of Degraded and Wastelands of India 
 

It is estimated that out of 329 M ha total geographical area (TGA) of India, the area under agriculture is 179.9 

M ha (60.47% of TGA) and 120.4 M ha area is degraded through one or more degradation types, which in turn, is 

affecting the country’s productive resource base. It has been estimated, a total of more than 5000 tonnes of top soil is 

being eroded every year. Of about 1600 m tonnes, representing 30% of the total eroded area, is permanently getting 

lost to the sea ([8]. National Remote Sensing Centre (NRSC) prepared the wasteland Atlas of India highlighting the 

different forms of wastelands their nature and extent. The earliest assessment of the area affected by the land 

degradation made by the National Commission on Agriculture was 148 M ha, followed by 175 M ha by the Ministry 

of Agriculture (Soil and Water Conservation Division). The National Bureau of Soil Survey and Land Use Planning 

(NBSS & LUP) estimated projected an area of 187 M ha as degraded lands in 1994, and revised it to 147 M ha in 

2004. The National Wasteland Development Board estimated an area of 123 M ha under wastelands. The estimates 

vary as these were not based on standard criteria and methodology. Recently, Indian Council of Agricultural 

Research (ICAR) and National Academy of Agricultural Research prepared the soil resources of India on 1:250000 

scale reconciling the soil degradation data in collaboration data produced by the institution [11]. 

 



3. Causes of Soil Degradation 
 

The land degradation is caused by excessive pressure on land to meet the competing demands of the growing 

population for food, fodder and fibre. Various human activities, such as the introduction of large scale irrigation 

canals, deforestation and faulty land use lead to accelerated soil degradation through salinization, flooding, drought, 

erosion and waterlogging. These processes, in turn, reduce agricultural productivity leading to social insecurity. 

Emission of greenhouse gases to the atmosphere resulting into the global warming could be the major reason for soil 

degradation. The causes of degradation due to direct/indirect human interventions are (a) deforestation and removal 

of natural vegetation, (b) overgrazing, (c) agriculture-related activities, and (e) over exploitation of the vegetation for 

domestic purpose. 

 

4. Major Threats and Management Options 
 

4.1  Soil Erosion 

 

A major factor responsible for the degradation of the natural resources is soil erosion. In general, soil erosion is 

more severe in mountainous than in undulating and plain areas. Inappropriate soil management, unsuited to the 

location like tilling along the slope, lack of crop cover during heavy rainfall, etc. is responsible for accelerated soil 

erosion with consequent loss of land productivity. According to an estimate, more than 85 M ha of TGA is subjected 

to water and wind erosion. Because of different processes like slaking and dispersion, mechanisms of soil structural 

collapse and degradation vary climatically and from one soil type to another. 

 

Soil erosion by water is one of the most serious degradation in the Indian context. Existing soil loss data were 

analysed [8] and it was concluded that soil erosion was taking place at an average rate of 16.35 t ha-1 yr-1 totalling 

5334 M t yr-1. For example, a survey of the soils of Sholapur district of Maharashtra showed that in a period of 75 

years (1870 to 1945), nearly 17% of the land with a soil depth of more than 50 cm was converted into shallow soils 

with less than 50 cm depth [6]. Soil degradation is, therefore through the loss of topsoil is one of the major factors of 

low and unstable crop yields in rainfed semiarid to sub-humid subtropics of India. The effect of surface soil depth on 

the yield of rainfed crops grown in Alfisols was evaluated [19]. Yield losses expected to result from erosion, based 

on 56 years of rainfall data were 138, 84, and 51 kg ha-1 cm-1 of top soil loss for sorghum, pearl millet and castor 

bean, respectively. Loss of productivity is further governed by types of soils. For instance, moderate water erosion in 

alluvium derived deep soils showed significantly less reduction in the soil productivity as compared to deep red and 

black soils. Similarly, the same ESP of 15 in black soils (Vertisols), reduction in crop yields and soil productivity in 

alluvium-derived soils was significantly higher. 

 

The land degradation due to wind erosion is limited to arid and semiarid regions of India, including the states of 

Rajasthan, Haryana, Gujarat and Punjab. Removal of natural vegetative cover resulting from excessive grazing and 

the extension of agriculture to the marginal areas is the major human-induced factors leading to accelerated wind 

erosion. This type of erosion basically involves displacement of soil particles by the action of wind. NBSS & LUP 

and the Central Soil Water Conservation Research and Training Institute (CSWCRTI) have jointly initiated the 

preparation of soil erosion maps of different states using the components of Universal Soil Loss Equation obtained 

from field data available in soil resource maps generated by NBSS. Few of such works under this collaborative 

project carried out in states of Himachal Pradesh (representing Hills and Mountains) and Punjab (Indo-Gangetic 

Plains) revealed that Himachal Pradesh is highly affected by soil erosion while Punjab state is least affected [15 &16]. 

 

4.2  Salinization and Alkalization 

 

The expansion of irrigation has been one of the key strategies in achieving self-sufficiency in food production. 

The net irrigated area in India has increased from about 22 M ha in 1950 to about more than 51 M ha at present. In 

most of the expansion, the area is increased under canal irrigation that leads to rise in groundwater Table resulting in 

the soil deterioration through accumulation of salts. However, with reclamation efforts, the area of 7 M ha soils 

suffering from salinization or alkalinization has decreased to 6 M ha [1]. These soils contain excessive amount of 

either soluble salts or exchangeable sodium or both affecting crop yields and crop production. Depending upon the 

physiochemical properties and the nature of the salts, the soils are classified into saline, sodic and saline-sodic. For 

assessing these soils, the National Remote Sensing Agency (NRSA), now renamed NRSC, has prepared maps on 

1:250,000 scale using satellite data from Landsat TM/IRS sensors in association with other central and state 

government organizations. Information on the salt-affected soils provided by the Central Soil Salinity Research 

Institute (CSSRI), Karnal, was used for the harmonization of the degraded wasteland datasets of India. Salt-affected 

soils were regrouped into two classes only namely saline and sodic/alkali soils in the GIS format. The alkali soils in 

general are characterized by high soil pH (up to 10.8), high exchangeable sodium per cent (ESP) up to 90, low 



organic carbon, poor infiltration and poor fertility status. These soils are dominated by sodium carbonate and sodium 

bicarbonate salts. On the other hand, the saline soils have higher electrical conductivity (> 4dS m-1), low ESP (< 15) 

and low pH (< 8.5). The dominant salts in saline soils include chlorides and sulphates of Na, Ca and Mg. Similarly, 

25% of the groundwater resources in the country are saline and brackish. Certain states like Rajasthan and Haryana 

are endowed with 84 and 62% of poor quality groundwater, respectively. Continuous use of such waters for 

irrigation to agricultural crops is bound to increase the problem of salinity and sodicity in India. 

 

4.3 Acidity 

 

The largest areas covered by acid soils in India belong to laterites and various latosolic soils e. g. Ferruginous 

red soils, ferruginous gravelly red soils, mixed red and black, or red and yellow soils. It is reported that about 6.98 M 

ha area is affected by acid soils; which is about 9.4% of TGA [12]. Acid soils develop in humid and per-humid areas 

pertaining to states of Assam, other North east area, West Bengal, Bihar, Odisha, Andhra Pradesh, Kerala, Madhya 

Pradesh, Karnataka, Maharashtra and Tamil Nadu. In Kerala, amongst acid soils, the acid sulphate soils are peculiar 

in characteristics and attendant problems. These soils formed due to excessive leaching of cations with high rainfall, 

resulting in lowering of pH and loss of soil fertility. Based on the range of pH values, the acidic soils have been 

classified as strongly acidic (pH < 4.5); moderately acidic (pH 4.5–5.5); slightly acidic (pH 5.5–6.5) and non-acidic 

(pH > 6.5). 

 

The management of acid soils include (a) addition of lime and/or other chemical amendments to correct the 

acidity and manipulate the agricultural practices so as to obtain optimum crop yields, (b) grow acid tolerant crops 

and cultivars/varieties and to supplement nutrients through suitable carriers, and (c) water management and other 

agronomic practices. Lime requirement, estimated on the basis of exchange acidity and percentage base saturation of 

soil, approximately ranges from 3.5 to 15 t ha-1.  

 

Acid soils pose typical water management problems, which are mostly associated with physical and chemical 

properties of soils. Kaolinite dominated light textured acid soils have very high saturated hydraulic conductivity 

leading to heavy percolation losses. This can be controlled by compaction. Light and frequent irrigation practice 

helps in enhancing water and nutrient-use efficiency on these soils. Problems of high evaporative demands on 

crusting soils can be managed by mulching the crop lands with available paddy straw. Mulching not only lowers 

evapo-transpiration of the crops but also saves irrigation water to the tune of 15-20 % in different crops. Hardening 

of red loamy soils can be avoided by incorporating paddy husk and powdered groundnut shells into soil followed by 

light irrigation. This technique enhances moisture recharge in the soil profile and carry-over enough moisture for 

subsequent rabi crops. Poor aggregate stability is also one of the major constraints responsible for poor water-use 

efficiency. Stability of aggregates can be achieved by application of compost, paddy straw, and green manuring. 

Liming followed by light irrigation is the most effective technique, which helps improve the chemical and biological 

properties of acid soils and increase water-use efficiency. 

 

4.4 Soil Organic Carbon Losses 

 

Alfisols, Ultisols and Oxisols are prone to chemical deterioration owing to nutrient depletion due to pedogenic 

processes for soil development. The base saturation of these soils is very less specially in Ultisols and Oxisols as 

compare to Alfisols. In India, nearly 3.7 M ha is deteriorated due to depletion of organic matter. These areas are 

widely distributed across the country ranging from cultivated areas of subtropical belt to the areas under shifting 

cultivation. Removal or in-situ burning of crop residues, no or least addition of organic manures, and intensive 

cultivation are the major reasons for the depletion of soil organic carbon. Balanced and integrated use of inorganic 

and organics, management of crop residues, etc. are desirable options for sequestering organic carbon in soils [2]. 

 

4.5 Nutrient Imbalance 

 

Balanced nutrient supply is essential for achieving high crop yields, but excessive and/or imbalanced nutrient 

inputs may pose risk pressure on the environment, human health and ecosystems. Nutrient losses could occur in 

many ways, i.e., via emission to the air as NH3, N2O, NO, and N2, and discharge to the water through runoff, 

leaching and erosion. The nutrient inputs largely vary between regions/states of India. The nutrients balances differ 

among states and are related to the economic development. After 1980s, fertilizer was more widely used than manure 

in agriculturally developed states such as Punjab, Haryana and Orissa. The wide use of fertilizer and booming 

developed of the livestock production contributed to the vast N losses to the environment. The N inputs and outputs 

also showed large variations between different crops. The higher nutrient inputs and accumulation in cash crop 

production have been observed. Due to increasing demands for food to cope with increasing population, the problem 

of nutrient loss and/or depletion of organic matter will be more serious in the future. Especially in high intensive 



cultivated areas of rice-wheat cropping system in Indo–Gangetic Plains, this problem of soil health fatigue is already 

observed in number of case studies. The nutrient imbalance in soils could have much impact on crop production and 

environmental protection. Both of the N imbalance and the N losses can be improved greatly, without sacrificing the 

crop yield, such as balanced and integrated use of fertilizers and organic manures, which are effective in increasing 

crop yields, nutrient use efficiency and minimizing environmental impacts [2]. 

 

4.6 Pollution/Contamination by Toxic Substances 

 

Both geogenic and anthropogenic factors cause pollution/contamination of soil and water resources. However, 

their impact varies with rainfall pattern, and depth and geology of aquifer. There are naturally occurring minerals in 

aquitards in different regions, which control the concentration of geogenic pollutants, such as arsenic (As), uranium 

(Ur), fluoride (F), boron (B) and selenium (Se) in alluvial aquifers. People are exposed to As most of the time 

through drinking groundwater, usually unknowingly. Arsenic concentration in alluvial aquifers of Punjab varied 

from 4 to 688 g l-1 [10]. According to the safe limit of 10 g As l-1, majority of groundwater samples were not fit 

for dinking purposes with respect to As concentration. Arsenic contamination in the Gangetic alluvium of West 

Bengal has assumed the proportion of drinking water related health hazards for millions of people [9]. Geochemical 

conditions, such as pH, oxidation–reduction, associated or competing ions, and evaporative environments, have 

significant effects on As concentration in groundwater. Under natural conditions, oxi-hydroxides of iron control the 

concentrations of metals in aquifers or surface waters. Under oxidized conditions, iron precipitates as hematite and 

gets deposited on the surface of particulate suspensions or the surface of the reservoirs. In India, the average reported 

range of uranium in groundwater is from 0.01 to 19.6 g l-1. Uranium in groundwater drawn from hand pumps and 

shallow tubewells (up to the depth of 45 m) was first reported in Punjab State in 1995 [17], followed by several 

reports. Uranium content of groundwater in Punjab ranges between 1.08 and 244 g l-1. The high values of Ur more 

than the permissible limit of 30 g l-1 of United State Environmental Protection Agency (USEPA) and 60 g l-1 of 

Atomic Energy Regulatory Board (AERB) occur at scattered places. Surface water (canal water) has very negligible 

concentration of Ur and is safe from uranium point of view. High concentrations of F, often significantly above the 

safe limit of 1 mg l-1, constitute a severe problem in some semi-arid areas. Survey of groundwater samples of five 

blocks of Ludhiana district revealed the F concentration from 0 to 10.1 mg l-1. Boron concentration in irrigation 

water samples of 100 villages in five development blocks of Bathinda district of Punjab ranged from negligible to 

5.75 mg l-1. Considering the maximum permissible limit of 2 mg B l-1, 15 to 37% samples were high in B. In the 

Nawanshahar and Hoshiarpur districts of Punjab, an area of about 1000 ha is affected by Se toxicity. The quality of 

Se in groundwater drawn from 90 tubewells located in this seleniferous region ranged between 0.25 and 69.5 µg l-1 

with a mean of 4.7 µg l-1 [7]. The maximum permissible limit of 10 µg l-1 for drinking purposes was exceeded by 

11% of the tubewell water samples and the maximum permissible level of 20 µg l-1 for irrigation purposes was 

exceeded by 4.4% of water samples. The groundwater pumped from relatively shallow tubewells (24-36 m depth) 

contained 2-3 times more Se than that pumped from deep tubewells. Gypsum application resulted in substantial 

reduction in Se content in wheat, maize, oats and sugarcane crops grown on such soils. 

 

Animal wastes that are generally dumped near feedlots in the outskirts of villages, appear to be the major 

contributor to high NO3
--N in groundwater under village inhabitations and feedlots. The level of NO3

--N in the water 

samples of 367 hand-pumps installed in several villages of four districts and in 45 water samples collected beneath 

feedlots, was several folds higher than in 236 water samples of tubewells of adjoining areas, clearly illustrating that 

animal wastes and feedlots act as a point source of nitrates [5]. The wide variations in NO3
--N concentration in 

groundwater is attributed to variations in land use and management practices and unscientific disposal of animal 

dung and urine around dairy sheds. Integrated and balanced application of N fertilizers could significantly reduce the 

amount of unutilized nitrates in the root zone and help enhance nutrient-use efficiency of crops. Decreased 

rate/amount, but increased frequency of irrigation water in conjunction with a split application of fertilizer N, helps 

in minimizing the movement of NO3
- N to deeper soil layers. In the predominant rice-wheat system of Indo-Gangetic 

Plains, application of recommended 120 kg fertilizer N ha-1 for each crop for 4 years resulted in 35 kg of residual 

NO3
--N ha-1 in the 150 cm soil profile whereas only 17 kg NO3

--N ha-1 remained where 120 kg N ha-1 was applied 

through the consecutive use of sesbania green manure and fertilizer N, decreasing potential for groundwater nitrate 

contamination [3]. Soil NO3
- leaching to 60 cm in the rice crop was utilized by the subsequent wheat crop, which has 

a deeper and more extensive rooting system. 

 

Applications of sewage sludge to agricultural soils, and irrigation of field crops with sewage water and 

untreated industrial effluents alone, or in combination with tubewell/canal water, are common practices, especially in 

the vicinity of large cities, as these are considered reusable sources of essential plant nutrients and organic C. 

However, some of the elements present in sewage water and untreated industrial effluents, could be toxic to plants 

and pose health hazards to animals and humans [4]. Large variations in the composition of sewage waters of 

industrial and non-industrial cities of Punjab have been reported. In general, Pb, Cd and Nickel (Ni) were in higher 



concentration in effluents of industries manufacturing metallic products as compared with textile and woolen 

industries.  For example, the open Budda Nullah drain, which is a natural fresh-water stream before its entry into 

Ludhiana city, turns into a highly polluted sewage channel when it passes through the interior of the city, receiving 

effluents from various types of industries on its way. Thus, by considering both useful effects (nutritive and irrigation 

potential) and harmful effects, sewage sludge and water, industrial wastes and effluents should be treated to meet the 

desired quality parameters before they are discharged to drains or used for irrigation of the agricultural soils. 

 

4.7 Soil Sealing and Capping 

 

Continuous expansions of cities, industries, cantonments and other infrastructures have been usurping fertile 

and productive soils. This has urbanized not only the substantial proportion of the productive soils, but also areas 

well beyond the traditional city cores and suburban peripheries are becoming part of the urban fabric. Although exact 

data of annual soil sealing in India are not available, drastic and often irreversible land use changes such as the 

conversion of forest to agro-industrial land, extractive mining activities, as well as extensive horizontal expansion of 

cities have been resulting in the soil sealing and capping. Thus, better management of expanding cities, such as 

vertical expansion instead of horizontal expansion, adoption of apartment concept instead of individual bungalows, 

etc, establishment of new cities and industries on waste and unproductive soils would be desirable to protect 

productive agricultural soils. 

 

5. Socio-Economic Impacts and Future Challenges 
 

The socio-economic and ecological consequences of soil degradation are far-reaching. It is now well-

recognized that in South Asia, poverty  has been mainly a rural phenomenon, where nearly three-fourth of the poor 

food-insecure live and are dependent on the natural resources for employment and income. South Asia has a poverty 

incidence of 43% and about 520 million people (40% of the world’s poor) reside here. Also, severely degraded lands 

are mostly inhabited by marginal farmers and tribal populations, who are poor and less literate. These people are 

devoid of land-based amenities and infrastructure in comparison with the farmers who cultivate better lands. The soil 

erosion and other soil degradation processes have led to nutrient depletion thus reducing soil quality. Poverty and 

natural resources degradation coerces individuals to search for more land for food. People are thus driven to convert 

forests to farms, cultivate steep slopes and degrade further marginal lands. Conservation of natural resources and 

rejuvenation of the degraded and wastelands, therefore, offer potentially enormous means of poverty alleviation and 

sustainable livelihood. 

 

Evaluating the precise magnitude of soil degradation and its impact on the environment are major challenges to 

the soil scientists and environmentalists. Managing soil resources, including the degraded ones, to meet the basic 

human needs in term of food, fibre and fuel continues to be a major issue. As we adopt new high-tech science tools 

and as natural resource relevant additional data become available from the remote-sensing satellites, further 

refinements should be possible in the innovative database analytic systems. Unless urgent measures are taken to 

arrest the degradation process and to restore productivity of degraded soils, it is not possible to produce more food to 

fulfil the obligations to leave a better heritage for posterity. For providing livelihood and environmental security to 

the increasing population of the country, characterization of basic resources like soil, water, climate and biodiversity 

is called upon. This requires the systematic knowledge on the soils, their extent, distribution, characteristics, 

problems and potentials for optimizing land use. Innovations, in both science and farming practices, are urgently 

needed to achieve this goal, and efforts need to be taken by both policy makers and the public. 
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Ramsar (Wetlands) Sites in India 

What are the Wetlands? 

• It is a place where the land is covered by salty or fresh water. Swamps, Marshes, ponds, the 
edge of lake or ocean, river mouths and deltas etc. are the examples of the Wetlands. 

• Wetlands are one of the most productive ecosystems in the world and essential for human 
survival. 

• Wetlands are home to various species of mammals, birds, fishes and invertebrates. They 
support the cultivation of crops like rice, and also provide ecological services benefiting the 
human race like water filtration, storm protection, flood control etc. 

Why are Wetlands are called Ramsar Sites? 

• In 1971, an international treaty was signed at Ramsar, 
Iran for the conservation and sustainable use of wetlands. 

• The mission of the Convention is “the conservation and wise use of all wetlands through 
local and national actions and international cooperation, as a contribution towards achieving 
sustainable development throughout the world”. 

• Ramsar Convention is an only intergovernmental treaty which gives a solid framework to 
the nations for the conservation and use of wetlands and their resources and helps to 
protect such unique ecosystems. 

• It is also known as the “Convention on Wetlands”. It was adopted in the Iranian city of 
Ramsar on 2nd February 1971 and came into force on 21 December 1975. 

Facts about Ramsar Sites: 

• So 2nd February is celebrated as “World Wetlands Day” every year. 
• Currently, 169 countries are a party to this convention. There are 2289 wetland sites, 

covering an area around 225399512 hectors, designated under this convention. 
• The United Kingdom has the most number of sites - 170.  
• The world's first site was the Cobourg Peninsula in Australia, designated in 1974. 
• Ngiri-Tumba-Maindombe in the Democratic Republic of Congo and Queen Maud in Canada 

are the largest Ramsar sites.  
• The secretariat of Ramsar convention is located in Gland, Switzerland. 

The mission of the Convention 

• The mission is “the conservation and wise use of all wetlands through local and international 
actions and international cooperation, as a contribution towards achieving sustainable 
development throughout the world”. 

• Contracting parties vow for international cooperation to protect wetlands in the following 
three ways known as “three pillars for co-operation”. 

1. Make judicial use of all their wetlands 
2. Designate suitable wetlands for the list of “Wetlands of International Importance” (Ramsar 

List) and ensure effective management of the wetlands. 
3. International cooperation on transboundary wetlands shared wetland systems etc. 
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Mission CDS:100 days score booster course, Check Here!! 

Designation and Management of Ramsar Sites 

• When a country agrees to join the convention, it has to designate at least one wetland site 
as a wetland of international importance. 

• The information on acceding country’s first Ramsar site is sent to UNESCO with other 
documents. UNESCO acts as a convention’s repository. 

• Management of their Ramsar sites lies primarily with the contracting parties to maintain 
their ecological character and retain their essential functions and values for sustainable 
development. 

• For transboundary sites management, the authorities on all sides of the border of a 
particular site should agree to collaborate and notify their intention to the convention 
secretariat at Gland. 

Bodies of the Convention 

• Government agencies of the contracting parties i.e. nations are known as the country’s 
‘Administrative authority’. They appoint a National Focal Point to coordinate the national 
implementation of Ramsar projects and act as the daily focal point. 

• Every three years, Parties meet at Conference of Parties (CoP), to administer convention. 
• Most recent CoP 12 was held in Punta del Este, Uruguay in 2015. CoP 13 will take place in 

Dubai, UAE in 2018. 
• Between CoPs, the parties are represented by the Standing Committee which meets 

annually. 
• “Scientific and Technical Review Panel (STRP)” and “Communication, Education, 

Participation, and Awareness (CEPA)” are two technical advisory bodies of the convention. 
• There are five International Organisational Partners (IOPs) to provide the necessary support 

to parties. 

1. Birdlife International 
2. International Union for Conservation of Nature (IUCN) 
3. International Water Management Institute (IWMI) 
4. Wetlands International 
5. World Wide Fund for Nature (WWF) 

List of RAMSAR Sites in India 

Currently, there are 27 sites in 15 states designated under the Ramsar List. These are given 

below: 
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S. No Ramsar Site State 

1 Hokera Wetland Jammu & Kashmir 

2 Surinsar- Mansar lakes Jammu & Kashmir 

3 Tsomoriri Jammu & Kashmir 

4 Wular Lake Jammu & Kashmir 

5 Chandertal Wetland Himachal Pradesh 

6 Pong Dam Lake Himachal Pradesh 

7 Renuka Wetland Himachal Pradesh 

8 Harike Wetland Punjab 
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9 Kanjli Wetland Punjab 

10 Ropar Punjab 

11 Keoladeo National Park (1/10/1981)-

Oldest entry in the list. 
Rajasthan 

12 Sambhar Lake Rajasthan 

13 Upper Ganga River (Brijghat to Narora 

stretch) 
Uttar Pradesh 

14 Bhoj Wetland Madhya Pradesh 

15 Nal Sarovar (2012) – Latest Entry in the 

list 
Gujarat 

16 Kolleru Lake Andhra Pradesh 

17 Ashtamudi Wetland Kerala 

18 Sasthamkotta Lake Kerala 

19 Vembanad- Kol Wetland Kerala 

20 Point Calimere Sanctuary Tamil Nadu 

21 Chilika Lake (1/10/1981) - Oldest entry 

in the list 
Odisha 

22 Bhitarkanika Mangroves Odisha 

23 East Calcutta Wetlands West Bengal 

24 Indian Sunderbans West Bengal 

25 Deepor Beel Assam 

26 Rudrasagar Lake Tripura 

27 Loktak Lake Manipur 

Montreux Record 

• Montreux Record is a register of wetlands sites on the List of Wetlands of International 
Importance where changes in ecological character have occurred, are occurring, or likely to 
occur. 

• Ecological character of a Ramsar site may degrade because of technological developments, 
pollution or other human interference. Out of these 27 sites, currently, 2 sites in India are 
included in the Montreux Record. 
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1. Keoladeo National Park, Rajasthan (1990) – first site to be included in this list 
2. Loktak Lake, Manipur (1993) 

Note: Chilika lake, Odisha was included in the list in 1993 but was removed in 2002. 
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What are Wetlands?
Water is the most critical substance for the existence 
of life on the Earth. The highly uneven surface of the 
Earth has many areas where the land is saturated with 
or is submerged under the water that flows or remains 
standing for different duration - from days to centuries- 
before it returns to the oceans and the atmosphere. These 
watery areas were inhabited by a large diversity of plants 
and animals. The foundations of human civilisation were 
laid on these lands. Fish were harvested long before the 
humans learned to grow food on the floodplain of Tigris 
and Euphrates rivers in the Middle East, and discovered 
rice and domesticated it in Eastern Asia. Many plants 
(such as lotus and Euryale ferox) and animals such as 
turtles, crocodiles and swans became an integral part 
of the socio-cultural ethos of the people in South Asia. 
Jute was domesticated for fibre in India whereas in Egypt 
the giant sedge, Cyperus papyrus, led to the discovery of 
paper and was used to build boats that could be sailed 
across the ocean. In Europe, the reeds (Phragmites 
australis) were extensively used for thatching. In Asia, 
humans were not only attracted by the serene beauty 
of these watery areas that is reflected in their art, but 
developed such compassion for the wildlife that many 
species were bestowed with divinity, associated with 
gods. Lotus became a symbol of sacredness and purity 
in both Hinduism and Buddhism. In India, these watery 
vegetated habitats were called Anup (incomparable). 
Similar habitats elsewhere in the world were given many 
local names of which the most common in English were 
marsh, swamp, bog and mire which differed greatly in 
their characteristics and biota. 

Wetland Conservation for
Biodiversity and Ecosystem Services

Needs a Shift in Land and Water Resources Policies

Historically wetlands were integrated into the socio-cultural ethos of the people of South and Southwest 
Asia. However, during the past century wetlands have been lost and degraded primarily because they 
were labelled as wastelands and did not receive attention in the development plans. Wetlands are 
treated as dustbins for wastewaters and solid wastes. Conservation of wetlands for protecting their 
biodiversity, specific biophysical characteristics and obtaining optimum benefits (ecosystem goods and 
services) from them requires a major shift in policies related to land and water resources.

DEFINITIONS OF WETLANDS
U.S. Fish and Wildlife Service 
(Cowardin et al. 1979)
wetlands are  “lands transitional between 
terrestrial and aquatic systems where the 
water table is usually at or near the surface 
or the land is covered by shallow water”  and

“must have one or more of the following three 
attributes: (1) at least periodically, the land 
supports predominantly hydrophytes; (2) the 
substrate is predominantly undrained hydric 
soil; and (3) the substrate is non-soil and is 
saturated with water or covered by shallow 
water at some time during the growing season 
of each year”.  

Ramsar Convention, 1971 
(Ramsar Convention Secretariat 2013)
“areas of marsh, fen, peatland or water, 
whether natural or artificial, permanent 
or temporary, with water that is static or 
flowing, fresh, brackish or salt, including 
areas of marine water the depth of which at 
low tide does not exceed six metres”.  and 
“may incorporate riparian and coastal 
zones adjacent to the wetlands, and islands 
or bodies of marine water deeper than six 
metres at low tide lying within the wetlands”.

Pittock et al. (2015)
 “places where water is the primary factor 
controlling plant and animal life and the wider 
environment, where the water table is at or 
near the land surface, or where water covers 
the land”.

POlICY BrIeF
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By the early 20th century, these habitats which hosted 
thousands of migratory birds from distant parts of the globe, 
had turned into sport hunting grounds and soon concerns 
were raised in many countries for their protection. Around 
the middle of the 20th century, these habitats were named 
as ‘wetlands’ - signifying the land being wet. The term 
became internationally popular after the representatives of 
a few international organisations and national governments 
signed, on 2 February 1971 (in Ramsar, Iran) an agreement, 
called as the Ramsar Convention. The Convention which 
originally emphasized the conservation and wise use of 
wetlands primarily as habitats for waterfowl, has gradually 
extended its scope to larger array of aquatic ecosystems 
(except oceans). Thus, wetlands have turned into waters 
without requiring the role of ‘land’ in them.

dIstrIButIOn OF Wetlands 
(Where wetlands occur today?)

Wetlands occur in all climatic zones - from tropical deserts 
to cold tundra, and at all altitudes - from below the sea 
level to about 6000 m elevation in the Himalaya. Wetlands 
occur wherever water accumulates for enough long periods 
that allow the establishment of plants and animals adapted 
to the aquatic environment. Water need not be present 
permanently and the depth may generally fluctuate. Thus, 
wetlands occur in or along all water bodies - from temporary 
ponds to shallow or deep lakes, springs, streams and rivers. 
Typically wetlands are recognised by the presence of aquatic 
plants (called macrophytes) other than microscopic algae 
(phytoplankton or filamentous algae). The macrophytes play 

KINDS OF WETLANDS
Glacial Lakes: A lake formed at the base of a 
glacier 

Peat bogs: a thick mass of partly decomposed  
or undecomposed remains of plants (mostly 
Sphagnum mosses in norther  latitudes

Shallow lakes:  Natural lakes with an average 
depth of about 3 meters which allows the 
abundant growth of macrophytes in its entire 
area

Deep Lakes: Lakes with water depths 
that prevent the growth of submerged 
macrophytes; may have a narrow peripheral 
littoral zone with macrophytic vegetation

Flood-plains: areas lying lateral to river 
channels and periodically flooded when the 
river flow exceeds the channels’ carrying 
capacity

Marshes: habitats with waterlogged or 
water saturated substrate with herbaceous 
vegetation; may also have areas with shallow 
water; natural or incidental to human activity 
that causes water logging 

Swamps: habitats with predominantly 
woody vegetation adapted to submerged or 
waterlogged substrates
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the most significant and predominant role in determining 
the functions of all wetlands.  The growth and distribution 
of the macrophytes (other than the free-floating plants 
like duckweeds, Azolla, and water hyacinth) is determined 
among various factors by the water depth and is usually 
restricted to a depth of two metres. Submerged plants may 
occur under clear water conditions to a depth of about 
4 metres. Therefore, only the shallow and usually the 
periodically flooded marginal areas of large rivers (called 
the floodplains) and lakes and reservoirs (called the littoral 
zones) are considered to be proper wetlands. A similar 
situation exists in case of another kind of wetlands - the 
mangroves- which also lie between higher land and the 
deep open waters of the sea. 
 Many wetlands have been modified and are 
managed by humans for specific purposes. For example, 
majority of the paddy fields and fish ponds have been created 
out of the natural wetlands by manipulating their vegetation 
and fauna. Similarly, innumerable tanks have been created 
in the arid and semi-arid regions by blocking the runoff of 
small seasonal streams to store water for irrigation and/
or domestic uses. Thousands of large and deep reservoirs 
have been created by constructing dams over the rivers. The 
water level in these human-made water bodies fluctuates 
considerably and owing to the morphology of their basins, 
they have large littoral zones which have gradually turned 
into wetlands with rich aquatic vegetation and other biota. 
Hundreds of thousands of human-made wetlands owe 
their existence to a wide range of human activities such as 
excavation of soil for making bricks or roads, stone quarrying, 
or due to waterlogging of low-lying lands along the canals. 

Ox-bows: shallow water bodies created by the 
separation of meander loops of a river either by 
sediment deposition; may become periodically 
connected with the river at high flood time

Lagoons: a coastal water body that is 
connected to the sea by one or more small 
openings through which it exchanges water 
with the sea especially during the tide. The 
lagoons often receive freshwater runoff from 
their landward catchments.

Reservoirs: Any large water body created by 
constructing a dam over a stream or river

Tanks:  Water bodies created generally by 
impounding the surface runoff from seasonal 
streams; Also those created by dredging 

Temple Tanks: Natural or human made water 
bodies near the temples and used for cultural/
religious activities only

Fish ponds:  Natural or human made 
water bodies used mainly for fish culture 
(aquaculture)

Paddy fields: Agricultural fields for growing 
paddy

Village ponds: small shallow water bodies in 
the villages used for multiple purposes
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 According to the latest estimate of wetlands 
in India, the human-made inland wetlands cover 
about 37% area (3941,832 ha) and the remaining 
63% are the natural wetlands (6623,067 ha). There 
are also 4140,116 ha of coastal wetlands (of which 
the intertidal mudflats of Kutchh alone contribute  
about 51%) and 555,557 ha of wetlands smaller than 
2.25 ha each. It is noteworthy that the paddy fields 
were included as wetlands in this inventory.

Wetland BIOdIversItY 
(how wetlands support many species?)

Wetlands are characterised by the occurrence of 
macrophytes which include representatives of 
flowering plants, pteridophytes and bryophytes  
(mosses) and a few large algae (e.g., Chara, 
Nitella). Some of these plants float freely on 
the water surface or remain suspended in the 
water column. Majority of them are rooted in 
or attached to the substratum with their shoots 
being either wholly submerged or emergent above 
the water surface. Some plants have their shoots 
creeping and floating over the water surface and 
yet others have only their leaves floating on the 
surface. Numerous other plants occur rooted in 
waterlogged soils. The deep  open water systems 
such as lakes, reservoirs and rivers are dominated 
by phytoplankton and some filamentous algae. 
These algae also occur commonly within the 
macrophyte dominated wetlands. 

 The diversity and abundance of macrophytes 
in a wetland is governed by its water regime. Five 
components of the water regime - the depth, 
duration, frequency and amplitude of change and 
the time of the year - control various life processes 
throughout the lifecycle of various macrophytes 
(as also the fauna). The water regimes are further 
influenced by the flow velocity and wave action in 
large water bodies. 
 Macrophytes provide substrate for a large 
diversity of periphyton which constitute the food 
of many grazing invertebrates and fish. Some 
macrophytes are utilised by the waterfowl for 
feeding, nesting material and roosting at different 
levels of the plant canopy. Submerged macrophytes 
provide food as well as refugia for many fauna. Most 
of the macrophyte production turns into detritus 
(decomposing organic matter) where microbes 
start complex food webs, enhance secondary 
production and enrich the biodiversity. In lakes, 
reservoirs and rivers the food chains are sustained 
by allochthonous inputs. It is important to note that 
most of the wetland fauna also require different 
water regimes and food sources at different 
times of their life cycle. Therefore, numerous fish, 
amphibia, reptiles and invertebrates seasonally 
migrate between macrophyte dominated wetlands 
and open water systems for breeding, feeding and 
other activities. Even the terrestrial insects depend 
upon shallow water habitats for their breeding and 
larval stages. 
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 The faunal diversity of wetlands is grouped into six 
categories: (a) residents in the wetland proper; (b) regular 
migrants from deepwater habitats; (c) regular migrants 
from terrestrial uplands (particularly large herbivores); (d) 
regular migrants from other wetlands (e.g. waterfowl); (e) 
occasional visitors and (f) those indirectly dependent on 
wetland biota. Thus, wetlands are ‘hotspots’ of biodiversity 
and often support thousands of species, even if they appear 
to be dominated by one or two plant or animal species 
(e.g., Phragmites, Typha sp., Cyperus sp. or just flamingos 
or ducks).

Wetland FunCtIOns 
(What wetlands do and how?)

Functions of all natural ecosystems include transfer of energy 
through plants to food webs and the biogeochemical cycling 
(including water cycle). Wetlands also perform the same 
functions but differ among themselves in the magnitude 
and efficiency according to their hydrological regimes and 
climate which govern the biodiversity. 
 All macrophytes and various algae produce organic 
matter which is consumed directly or indirectly by the 
animals.do the same. Besides food, the macrophytes 
also provide habitats and  support many other plants and 
animals. Submerged macrophytes oxygenate the water 
column whereas the emergent and rooted floating leaved 
plants help exchange of gases between the soils and the 
atmosphere. They transport oxygen to their root zones 
and carry methane and nitrous oxide to the atmosphere. 
All macrophytes sequester carbon in their biomass which 

Lotus, a plant held sacred in Hinduism and 
Buddhism, symbolises purity and 'spontaneous' 
generation. The rhizomes are highly nutritious 
and the seeds have medicinal value.

The plant grows in muddy water but the leaves 
and flowers are always held above the water 
surface. The leaves and petals always remain 
clean and shining as dust never adheres to them. 
The self-cleaning and water repellent property 
of the leaves and flowers, has been termed as 
the ‘lotus effect’ and exploited for developing 
superhydrophobic surfaces of materials for 
different uses.

LOTUS (Nelumbo nucifera)

'Lotus Effect' leads to an Industry.
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remains undecomposed under certain conditions 
for very long periods, and sometimes turns ino peat. 
Macrophytes transform nutrients through uptake, 
assimilation and storage but also also immobilise 
some heavy metals on their root surfaces or inside 
their belowground organs. Many macrophytes 
have the ability to take up and accumulate more 
nutrients than their requirements if the nutrient 
availability increases. Macrophytes function both 
as a source (from soils to water) and sink (from 
water to soils) of nutrients. Macrophytes influence 
also the hydrological cycle as they enhance or 
lower the loss of water to the atmosphere through 
evapotranspiration. Emergent macrophytes facilitate 
also the movement of water into the ground. 

eCOsYstem servICes OF Wetlands
(How do we benefit from them?)

Humans use wetlands in several ways but also benefit 
from them indirectly. Various kinds of benefits derived 
from an ecosystem by the people and the society 
have recently been termed as ecosystem services. 
These benefits are often categorised into Provisioning 
(food, fiber, fodder, fuel, water, and other materials), 
Regulating (regulation of biogeochemical cycles 
including climate), Supporting (e.g., soil formation, 
supporting biodiversity) and Cultural (aesthetics, 
recreational and spiritual activities) services. These 
services accrue from the ecosystem functions and 
depend largely upon the biodiversity of that ecosystem. 

 Among the direct and most important 
benefits from wetlands to humans are the 
production of rice and fish  which are the staple 
food for more than half of the world’s human 
population. Many other wetland plants are used 
for food e.g., Trapa bispinosa, Nelumbo nucifera 
(lotus), Euryale ferox, Eleocharis dulcis, Colocasia 
sp.,  species of Cyperus, Scirpus, Echinochloa,  and 
Ipomoea aquatica.  Jute, Aeschynomene, reeds, 
cattails (Typha sp.), Calamus and many grasses are 
used for fibre; woody plants such as Tamarix sp.are 
used for fuel, whereas species of Echinochloa, 
Paspalum and duckweeds are important animal 
feeds. Many plants e.g., Acorus calamus, Bacopa 
monieri, Hygrophila spinosa, Eclipta alba, Cyperus 
rotundus, etc. are used in medicines. Among 
the animals, fish, birds, amphibians, and large 
invertebrates (crustaceans and molluscs) are 
common in human food. Macrophytes are also used 
for extracting several vitamins and essential oils 
(e.g., Vetiveria zizanioides).  Wetlands are known 
to be among the most productive systems and 
some macrophytes as Arundo donax may produce 
up to 20 tonnes per ha of biomass annually. Algae 
with very small biomass have only negligible direct 
use but several of them (e.g., Chlorella, Spirulina, 
Scenedesmus, Dunaliella). can be cultured for food 
and medicine.
 Welands provide far more indirect benefits. 
High organic production in wetlands causes a 
reduction in the atmospheric carbon dioxide which 
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is sequestered in the plant or animal biomass or as 
organic matter in the soil. Thus wetlands contribute 
to regulating climate change. In permanent wetlands 
decomposition of organic matter is greatly reduced by 
the anoxic conditions, and results in peat formation 
under very low temperature (as in northern latitudes 
and at high altitudes) or acidic conditions that further 
reduce the microbial activity. However, wetlands are 
also known to release of methane and nitrous oxide 
which contribute o global warming. Recent studies 
have shown that wetlands may be regarded as a 
source for greenhouse gases on a short time scale 
(decades) only. Over long-term scales (100 to 300 
years) methane emissions become unimportant and 
most wetlands become net carbon sinks.
 All wetlands, through their nutrient cycling 
strategies, regulate water quality. Submerged 
macrophytes oxygenate the water column, lower 
the nutrient content and keep the water clean and 
transparent unless the systems are heavily human-
impacted. Perennial macrophytes often accumulate 
large amounts of nutrients in their belowground 
organs.  The rooted macrophytes actively transport 
oxygen to their rhizosphere where the greenhouse 
gases and  other reduced ions such as sulphide, 
ammonium, ferrous and manganese etc are oxidised. 
These processes in the littoral zones and floodplains 
help maintain the water quality in open water areas 
by intercepting and transforming the nutrients and 
a wide range of pollutants, particularly from non-
point sources. Wetland have indeed been called as 

‘Kidneys of the Earth’. The water quality improvement 
function of macrophytes has been utilised in 
developing the constructed wetland technology 
which is widely used in many countries. The flowing 
water systems also regulate water quality through 
their waste-assimilation capacity that is limited by 
the characteristics of their flow regimes, and is aided 
by the riparian and floodplain wetlands. Further, 
wetlands with perennial macrophytes and woody 
plans control soil erosion and stabilise shore lines. 
This is also helps improve water quality as sediments 
are trapped by the vegetation, thereby reducing or 
eliminating the turbidity. The fine sediments bring 
with them also the nutrients. In wetlands such as 
the floodplains humans benefit from this sediment 
trapping by way of renewed soil fertility and better 
crop yields. 
 The most important benefit from the 
wetlands (and all inland aquatic ecosystems) lies 
in their regulation of water regimes. All wetlands 
receive their water from the catchments, retain it for 
varying periods of time,  transport it downstream and 
allow some of it to infiltrate into the ground. Some 
water also evaporates back finto the atmosphere.  
This regulation of water movement, according to 
their water holding or flow carrying capacity, benefits 
the humans by making it available over longer time 
and greater space (distance) as well as by protecting 
them from the hazards of floods and droughts caused 
by events of extreme precipitation. The macrophytes 
influence this function by reducing the water storing 
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potential and obstructing the flow, but the emergent 
macrophytes also improve the hydraulic conductivity 
and help greater infiltration into the ground. 
 Humans benefit from the wetlands which are 
in general the most preferred sites for a variety of 
recreational and socio-cultural activities.   Macrophyte 
dominated wetlands are highly valued for recreation 
involving bird watching, boating, angling, and resting 
or similar leisurely activities. Rivers, lakes and 
reservoirs are valued for recreational activities such 
as river rafting, diving, swimming, which require 
avoiding shallow areas with abundant submerged 
or floating macrophytes. Emergent macrophytes 
together with other wildlife (birds, mammals, and 
insecs) invariably enhance the aesthetic appeal of 
the landscape. Many rivers and lakes, especially 
the high altitude glacial lakes, in the Himalaya have 
very high spiritual and religious value; they are held 
sacred and attract numerous visitors. The benefits of 
such non-consumptive uses  are difficult to quantify, 
and their value depends on individual and cultural 
assessments.

Wetland lOss and deGradatIOn 
(What threatens wetlands?)

One would expect that in view of their large and 
varied benefits, the wetlands would be among the 
most desirable ecosystems. The fact that wetlands 
harbour high levels of biodiversity disproportionate 
to their areal extent would imply that these hotspots 

would receive top priority for the conservation 
of biodiversity. However, both wetland attributes 
fail to draw human interest in caring for them. The 
figures for the extent of wetlands in India noted 
earlier indicate that only 4.5% of India’s land area is 
under wetlands against the global average of above 
6 percent. If the rivers are excluded that make up 
80% of the total natural wetlands, the total area of 
wetlands in India is reduced to less than 3 percent. 
An earlier study had estimated that about 38% of 
inland freshwater wetlands had been lost in recent 
decades only. Interestingly, human settlements 
continue to grow even today near wetlands and most 
often at their expense. The wetlands which come to 
lie within the urban limits are the most threatened 
for their existence. Several published studies and 
day to day experience shows a rapid loss of wetlands 
as has happened in Hyderabad, Bengaluru, Delhi, 
Kolkata and Guwahati where rapid urbanisation has 
spelt demise of the rich wetland ecosystems that 
were once created for the well-being of the people 
there. Wetlands are used as regular land fill sites or 
are gradually filled up by dumping solid wastes. The 
recent floods in Kashmir valley and Kedarnath valley 
are cruel testimony to the loss of floodplain wetlands 
and their encroachment by short-term economic 
interests.
 This neglect or abuse of wetlands is not a 
recent phenomenon. It started with the arrival of 
the European colonialists who carried with them 
their own perceptions and approaches to these 



11

watery habitats. The British considered all areas as 
wastelands if they did not yield revenue. In West 
Bengal and the present Bangladesh, the British 
encouraged conversion of the mangroves to paddy 
field by allowing onl the cultivators to settle there. 
The British tamed the rivers, creating embankments 
and barrages for canal irrigation that would generate 
revenue. Moreover, marshes were considered fit 
for drainage especially because they harboured 
mosquitoes and other disease vectors. We continue 
to follow the British in classifying wetlands as 
wastelands in our revenue records despite their 
having been recognised as common pool resources.
 All remaining wetlands are victims of large 
scale widespread hydrological alteration. The 
sources and pathways of their water supply, whether 
surface runoff from the surrounding areas or inflow 
through channels or both, have been eliminated or 
blocked or their supply has been greatly altered. 
Many floodplain wetlands have been eliminated by 
embankments and in most cases, the flow storage and 
diversion structures upstream have greatly modified 
their flooding regimes. In lakes and other water 
bodies, water levels are regulated by withdrawal 
of water for different human uses. Whereas small 
annual changes do not matter much, the long term 
changes do adversely affect the wetlands. 
 Another major factor causing degradation of 
wetlands is the discharge of untreated domestic and 
industrial wastewaters in the wetland. It is not readily 
appreciated that the upstream wastewater discharges 

affect the wetlands downstream. Wastewaters also 
facilitate siltation and alter the hydrological regime 
besides bringing in various pollutants.
 Numerous wetlands are also infested with the 
uncontrolled growth of exotic species, particularly water 
hyacinth. In recent years, there has been little effort to 
remove and destroy them because of the misplaced 
understanding that these plants can remove pollutants 
and help improve water quality. It is not realised that 
the  - the weeds to be effective have to be selectively 
removed - young one left and allowed to multiply. death 
and decay returns the nutrients and pollutants back into 
water while huge quantities of undecomposed organic 
matter accumulate, fill in the water body,  eliminate 
dissolved oxygen and cause mass fish kills. 

real Causes OF Wetland lOss and 
deGradatIOn

Thus, wetlands - both natural and human-made -are 
lost and degraded primarily because they do not 
receive attention in the development plans - whether 
they are concerned with land use changes or are 
related the development of water resources, and 
wetlands are treated as dustbins for the discharge of 
wastewaters as well as the disposal of solid wastes. 

What needs tO Be dOne

Conservation of wetlands with the objective of 
protecting their biodiversity, specific biophysical 
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characteristics and obtaining optimum benefits 
from them requires a major shift in polcies related 
land and water use. Joining the Ramsar Convention 
is only being a part of the international community 
to express solidarity with its objectives. Designation 
of a few wetlands under the Ramsar Convention 
and enlisting a few other large ones as important 
wetlands does not ensure the conservation of all 
wetlands. Studies show that many small wetlands 
together support more biological diversity than 
one large wetland though some species may occur 
only in large wetland. Just as drops make an ocean, 
each small wetland has a bit to contribute. No two 
wetlands are entirely similar like a photocopy or 
identical twins. 

We need to address the real causes of wetland loss 
and degradation. 

• First and foremost, both natural and human-made 
wetlands should be declared as specific land use 
category and their hydrological characteristics 
(sources and regimes) should be identified. 

• Second, their conversion to any other land use or 
any reduction in their area or alteration in their 
water regime should be prohibited, except for 
strategic reasons after exploring other options 
and providing for compensatory measures.

• Third, the total biodiversity of all wetlands should 
be assessed and periodically monitored.

• Fourth, all ecosystem services of all wetlands 
should be assessed and valued in economic terms.

• All development projects such as those related 
to urban or industrial development, or those 
concerned with storage, diversion and abstraction 
of water from any source should consider all kinds 
of wetlands to be affected directly or indirectly, 
within the project area or far away from them. In 
the case of interventions on rivers, the hydrological 
changes may cascade down to the entire river 
course downstream (e.g., on floodplains). These 
projects should take into account especially the 
changes in biodiversity and the ecosystem services 
of wetlands, and their economic valuation should 
be integrated into the cost-benefit analysis of the 
project.

• The assessment of ecosystem services and their 
economic valuation should particularly address 
the benefits to the local community and their 
livelihoods. A few kilograms of rhizomes of lotus 
or the leafy shoots of Ipomoes aquatica may not 
be priced significantly but may have a high value 
for the local community in terms of vegetable use 
and nourishment a no cost to them.
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What are wetlands? 
Wetlands are areas where water is the primary factor controlling 
the environment and the associated plant and animal life. They 
occur where the water table is at or near the surface of the land, or 
where the land is covered by water. 

The Ramsar Convention takes a broad approach in determining the wetlands which come 
under its aegis. Under the text of the Convention (Article 1.1), wetlands are defined as:

“areas of marsh, fen, peatland or water, whether natural or artificial, permanent 
or temporary, with water that is static or flowing, fresh, brackish or salt, including 
areas of marine water the depth of which at low tide does not exceed six metres”.

In addition, for the purpose of protecting coherent sites, the Article 2.1 provides that 
wetlands to be included in the Ramsar List of internationally important wetlands:

“may incorporate riparian and coastal zones adjacent to the wetlands, and islands 
or bodies of marine water deeper than six metres at low tide lying within the 

wetlands”.

Five major wetland types are generally recognized: 

• marine (coastal wetlands including coastal lagoons, rocky shores, and coral reefs);
• estuarine (including deltas, tidal marshes, and mangrove swamps);
• lacustrine (wetlands associated with lakes);
• riverine (wetlands along rivers and streams); and
• palustrine (meaning “marshy” - marshes, swamps and bogs).

In addition, there are human-made wetlands such as fish and shrimp ponds, farm ponds, 
irrigated agricultural land, salt pans, reservoirs, gravel pits, sewage farms and canals. The 
Ramsar Convention has adopted a Ramsar Classification of Wetland Type which includes 
42 types, grouped into three categories: Marine and Coastal Wetlands, Inland Wetlands, 
and Human-made Wetlands.

Wetlands occur everywhere, from the tundra to the tropics. How much of the earth’s 
surface is presently composed of wetlands is not known exactly. The UNEP-World 
Conservation Monitoring Centre has suggested an estimate of about 570 million hectares 
(5.7 million km2) – roughly 6% of the Earth’s land surface – of which 2% are lakes, 30% 
bogs, 26% fens, 20% swamps, and 15% floodplains. Mitsch and Gosselink, in their standard 
textbook Wetlands, 3d ed. (2000), suggest 4 to 6% of the Earth’s land surface. Mangroves 
cover some 240,000 km2 of coastal area, and an estimated 600,000 km2 of coral reefs remain 
worldwide. Nevertheless, a global review of wetland resources prepared for Ramsar 
COP7 in 1999, while affirming that “it is not possible to provide an acceptable figure of 
the areal extent of wetlands at a global scale”, indicated a ‘best’ minimum global estimate 
at between 748 and 778 million hectares. The same report indicated that this “minimum” 
could be increased to a total of between 999 and 4,462 million hectares when other sources 
of information were taken into account.



Why conserve wetlands?

Wetlands are among the world’s most productive environments. They are cradles of 
biological diversity, providing the water and primary productivity upon which countless 
species of plants and animals depend for survival. They support high concentrations of 
birds, mammals, reptiles, amphibians, fish and invertebrate species. Wetlands are also 
important storehouses of plant genetic material. Rice, for example, which is a common 
wetland plant, is the staple diet of more than half of humanity.

The multiple roles of wetland ecosystems and their value to humanity have been 
increasingly understood and documented in recent years. This has led to large 
expenditures to restore lost or degraded hydrological and biological functions of wetlands. 
But it’s not enough – the race is on to improve practices on a significant global scale as 
the world’s leaders try to cope with the accelerating water crisis and the effects of climate 
change. And this at a time when the world’s population is likely to increase by 70 million 
every year for the next 20 years. 

Global freshwater consumption rose sixfold between 1900 and 1995 – more than double 
the rate of population growth. One third of the world’s population today lives in countries 
already experiencing moderate to high water stress. By 2025, two out of every three people 
on Earth may well face life in water stressed conditions. 

The ability of wetlands to adapt to changing conditions, and to accelerating rates of change, 
will be crucial to human communities and wildlife everywhere as the full impact of climate 
change on our ecosystem lifelines is felt. Small wonder that there is a worldwide focus on 
wetlands and their services to us.

In addition, wetlands are important, and sometimes essential, for the health, welfare and 
safety of people who live in or near them. They are amongst the world’s most productive 
environments and provide a wide array of benefits. 

Wetland values

Wetlands provide tremendous economic benefits, for example: water supply (quantity 
and quality); fisheries (over two thirds of the world’s fish harvest is linked to the health of 
coastal and inland wetland areas); agriculture, through the maintenance of water tables 
and nutrient retention in floodplains; timber production; energy resources, such as peat 
and plant matter; wildlife resources; transport; and recreation and tourism opportunities. 

In addition, wetlands have special attributes as part of the cultural heritage of humanity: 
they are related to religious and cosmological beliefs, constitute a source of aesthetic 
inspiration, provide wildlife sanctuaries, and form the basis of important local traditions.

These functions, values and attributes can only be maintained if the ecological processes 
of wetlands are allowed to continue functioning. Unfortunately, and in spite of important 
progress made in recent decades, wetlands continue to be among the world’s most 
threatened ecosystems, owing mainly to ongoing drainage, conversion, pollution, and 
over-exploitation of their resources.

For further information, please contact:
The Ramsar Convention Secretariat, Rue Mauverney 28, CH-1196 Gland, Switzerland 

(tel. +41 22 999 0170, fax +41 22 999 0169, e-mail ramsar@ramsar.org, Web www.ramsar..org�ramsar..org�
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The term biodiversity was coined as a contraction of biological diversity by E.O.

Wilson in 1985. Biodiversity may be de�ned as the variety and variability of living

organisms and the ecological complexes in which they exist. In other words,

biodiversity is the occurrence of di�erent types of ecosystems, di�erent species of

organisms with the whole range of their variants and genes adapted to di�erent

climates, environments along with their interactions and processes.

ADVERTISEMENTS:

Biodiversity includes the genetic variability (for which di�erent varieties of spices

have appeared in the course of evolution) and diversity of life forms such as plants,

animal microbes, etc. living in a wide range of ecosystems.

Contents:

Active Performance Managem

Active Performance Management.
Learn. Predict. Optimize.

Armstrong Fluid Tech.

 

http://www.environmentalpollution.in/upload-share
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLAFi1_J5XuTHMsaQogPL2rnACN3k3vhbib6L1OEJv-EeEAEgidzpA2DlqumD5A6gAZTzicMDyAEJqQLVKCAvIlCnPqgDAcgDwwSqBJ4CT9CcN0ztlZfS3kY75mQJmKjlrEYcKDXMzAWZLJJH0Dl4amBFEyTzVbtLux3eqtCQkXFbQ25PowMZWdS_bhsv9gg_veT6qQIKDBuB_RIcFpWBAmPKeGbeqnNpaUtaHqPz0J_cVAuvGJDMMafsZ_5Ps1RbRtFAUGGwIN5nLD02XzPvXauZAd4PCNkvnKJ0D3SLeK1uBCarIssgT8x2utL4j8Bc2nLddlWVVIhF8Sh9AXbx53--n4DaDoVLJ7IqIpgROgbAWgqhbJPGc-A3-og9SUXCf1-88h4hDgnnWo4IuPDsKVloRMGaZmEHLuM1laggDn9E9Brkw8iCSF9px2qhz5Xs6tA3GANQpvIq0gUMtesTmrElThvHUKPSNdRWu8AE6ZyE6IMCoAYugAfUjPY8qAeOzhuoB9XJG6gHk9gbqAef2xuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAfC2hvYBwDSCAcIgGEQARgfsQkVTjYgSAyvo4AKAZgLAcgLAdgTDYgUAg&ae=1&num=1&cid=CAASEuRoljGngarTIyC6DQynop6jBw&sig=AOD64_30J2Sk_BRPmOv2jeqkzzUnAVaoaw&client=ca-pub-0989790830026725&nb=9&adurl=https://energyupgrades.armstrongfluidtechnology.com/mechanical-resiliency/%3Futm_medium%3Dppc%26utm_term%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26utm_source%3Dadwords%26utm_campaign%3DEnergy%2BUpgrades%26hsa_src%3Dd%26hsa_ver%3D3%26hsa_ad%3D356437229939%26hsa_kw%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26hsa_mt%3D%26hsa_cam%3D2024307072%26hsa_tgt%3Dkwd-350809385401%26hsa_net%3Dadwords%26hsa_acc%3D7663463138%26hsa_grp%3D69742956137%26gclid%3DEAIaIQobChMIpI_3zYSz6AIVRohoCh1LbQ6IEAEYASAAEgLIZ_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLAFi1_J5XuTHMsaQogPL2rnACN3k3vhbib6L1OEJv-EeEAEgidzpA2DlqumD5A6gAZTzicMDyAEJqQLVKCAvIlCnPqgDAcgDwwSqBJ4CT9CcN0ztlZfS3kY75mQJmKjlrEYcKDXMzAWZLJJH0Dl4amBFEyTzVbtLux3eqtCQkXFbQ25PowMZWdS_bhsv9gg_veT6qQIKDBuB_RIcFpWBAmPKeGbeqnNpaUtaHqPz0J_cVAuvGJDMMafsZ_5Ps1RbRtFAUGGwIN5nLD02XzPvXauZAd4PCNkvnKJ0D3SLeK1uBCarIssgT8x2utL4j8Bc2nLddlWVVIhF8Sh9AXbx53--n4DaDoVLJ7IqIpgROgbAWgqhbJPGc-A3-og9SUXCf1-88h4hDgnnWo4IuPDsKVloRMGaZmEHLuM1laggDn9E9Brkw8iCSF9px2qhz5Xs6tA3GANQpvIq0gUMtesTmrElThvHUKPSNdRWu8AE6ZyE6IMCoAYugAfUjPY8qAeOzhuoB9XJG6gHk9gbqAef2xuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAfC2hvYBwDSCAcIgGEQARgfsQkVTjYgSAyvo4AKAZgLAcgLAdgTDYgUAg&ae=1&num=1&cid=CAASEuRoljGngarTIyC6DQynop6jBw&sig=AOD64_30J2Sk_BRPmOv2jeqkzzUnAVaoaw&client=ca-pub-0989790830026725&nb=0&adurl=https://energyupgrades.armstrongfluidtechnology.com/mechanical-resiliency/%3Futm_medium%3Dppc%26utm_term%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26utm_source%3Dadwords%26utm_campaign%3DEnergy%2BUpgrades%26hsa_src%3Dd%26hsa_ver%3D3%26hsa_ad%3D356437229939%26hsa_kw%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26hsa_mt%3D%26hsa_cam%3D2024307072%26hsa_tgt%3Dkwd-350809385401%26hsa_net%3Dadwords%26hsa_acc%3D7663463138%26hsa_grp%3D69742956137%26gclid%3DEAIaIQobChMIpI_3zYSz6AIVRohoCh1LbQ6IEAEYASAAEgLIZ_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLAFi1_J5XuTHMsaQogPL2rnACN3k3vhbib6L1OEJv-EeEAEgidzpA2DlqumD5A6gAZTzicMDyAEJqQLVKCAvIlCnPqgDAcgDwwSqBJ4CT9CcN0ztlZfS3kY75mQJmKjlrEYcKDXMzAWZLJJH0Dl4amBFEyTzVbtLux3eqtCQkXFbQ25PowMZWdS_bhsv9gg_veT6qQIKDBuB_RIcFpWBAmPKeGbeqnNpaUtaHqPz0J_cVAuvGJDMMafsZ_5Ps1RbRtFAUGGwIN5nLD02XzPvXauZAd4PCNkvnKJ0D3SLeK1uBCarIssgT8x2utL4j8Bc2nLddlWVVIhF8Sh9AXbx53--n4DaDoVLJ7IqIpgROgbAWgqhbJPGc-A3-og9SUXCf1-88h4hDgnnWo4IuPDsKVloRMGaZmEHLuM1laggDn9E9Brkw8iCSF9px2qhz5Xs6tA3GANQpvIq0gUMtesTmrElThvHUKPSNdRWu8AE6ZyE6IMCoAYugAfUjPY8qAeOzhuoB9XJG6gHk9gbqAef2xuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAfC2hvYBwDSCAcIgGEQARgfsQkVTjYgSAyvo4AKAZgLAcgLAdgTDYgUAg&ae=1&num=1&cid=CAASEuRoljGngarTIyC6DQynop6jBw&sig=AOD64_30J2Sk_BRPmOv2jeqkzzUnAVaoaw&client=ca-pub-0989790830026725&nb=7&adurl=https://energyupgrades.armstrongfluidtechnology.com/mechanical-resiliency/%3Futm_medium%3Dppc%26utm_term%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26utm_source%3Dadwords%26utm_campaign%3DEnergy%2BUpgrades%26hsa_src%3Dd%26hsa_ver%3D3%26hsa_ad%3D356437229939%26hsa_kw%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26hsa_mt%3D%26hsa_cam%3D2024307072%26hsa_tgt%3Dkwd-350809385401%26hsa_net%3Dadwords%26hsa_acc%3D7663463138%26hsa_grp%3D69742956137%26gclid%3DEAIaIQobChMIpI_3zYSz6AIVRohoCh1LbQ6IEAEYASAAEgLIZ_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLAFi1_J5XuTHMsaQogPL2rnACN3k3vhbib6L1OEJv-EeEAEgidzpA2DlqumD5A6gAZTzicMDyAEJqQLVKCAvIlCnPqgDAcgDwwSqBJ4CT9CcN0ztlZfS3kY75mQJmKjlrEYcKDXMzAWZLJJH0Dl4amBFEyTzVbtLux3eqtCQkXFbQ25PowMZWdS_bhsv9gg_veT6qQIKDBuB_RIcFpWBAmPKeGbeqnNpaUtaHqPz0J_cVAuvGJDMMafsZ_5Ps1RbRtFAUGGwIN5nLD02XzPvXauZAd4PCNkvnKJ0D3SLeK1uBCarIssgT8x2utL4j8Bc2nLddlWVVIhF8Sh9AXbx53--n4DaDoVLJ7IqIpgROgbAWgqhbJPGc-A3-og9SUXCf1-88h4hDgnnWo4IuPDsKVloRMGaZmEHLuM1laggDn9E9Brkw8iCSF9px2qhz5Xs6tA3GANQpvIq0gUMtesTmrElThvHUKPSNdRWu8AE6ZyE6IMCoAYugAfUjPY8qAeOzhuoB9XJG6gHk9gbqAef2xuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAfC2hvYBwDSCAcIgGEQARgfsQkVTjYgSAyvo4AKAZgLAcgLAdgTDYgUAg&ae=1&num=1&cid=CAASEuRoljGngarTIyC6DQynop6jBw&sig=AOD64_30J2Sk_BRPmOv2jeqkzzUnAVaoaw&client=ca-pub-0989790830026725&nb=8&adurl=https://energyupgrades.armstrongfluidtechnology.com/mechanical-resiliency/%3Futm_medium%3Dppc%26utm_term%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26utm_source%3Dadwords%26utm_campaign%3DEnergy%2BUpgrades%26hsa_src%3Dd%26hsa_ver%3D3%26hsa_ad%3D356437229939%26hsa_kw%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26hsa_mt%3D%26hsa_cam%3D2024307072%26hsa_tgt%3Dkwd-350809385401%26hsa_net%3Dadwords%26hsa_acc%3D7663463138%26hsa_grp%3D69742956137%26gclid%3DEAIaIQobChMIpI_3zYSz6AIVRohoCh1LbQ6IEAEYASAAEgLIZ_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLAFi1_J5XuTHMsaQogPL2rnACN3k3vhbib6L1OEJv-EeEAEgidzpA2DlqumD5A6gAZTzicMDyAEJqQLVKCAvIlCnPqgDAcgDwwSqBJ4CT9CcN0ztlZfS3kY75mQJmKjlrEYcKDXMzAWZLJJH0Dl4amBFEyTzVbtLux3eqtCQkXFbQ25PowMZWdS_bhsv9gg_veT6qQIKDBuB_RIcFpWBAmPKeGbeqnNpaUtaHqPz0J_cVAuvGJDMMafsZ_5Ps1RbRtFAUGGwIN5nLD02XzPvXauZAd4PCNkvnKJ0D3SLeK1uBCarIssgT8x2utL4j8Bc2nLddlWVVIhF8Sh9AXbx53--n4DaDoVLJ7IqIpgROgbAWgqhbJPGc-A3-og9SUXCf1-88h4hDgnnWo4IuPDsKVloRMGaZmEHLuM1laggDn9E9Brkw8iCSF9px2qhz5Xs6tA3GANQpvIq0gUMtesTmrElThvHUKPSNdRWu8AE6ZyE6IMCoAYugAfUjPY8qAeOzhuoB9XJG6gHk9gbqAef2xuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAfC2hvYBwDSCAcIgGEQARgfsQkVTjYgSAyvo4AKAZgLAcgLAdgTDYgUAg&ae=1&num=1&cid=CAASEuRoljGngarTIyC6DQynop6jBw&sig=AOD64_30J2Sk_BRPmOv2jeqkzzUnAVaoaw&client=ca-pub-0989790830026725&nb=1&adurl=https://energyupgrades.armstrongfluidtechnology.com/mechanical-resiliency/%3Futm_medium%3Dppc%26utm_term%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26utm_source%3Dadwords%26utm_campaign%3DEnergy%2BUpgrades%26hsa_src%3Dd%26hsa_ver%3D3%26hsa_ad%3D356437229939%26hsa_kw%3D%252Benergy%2520%252Buse%2520%252Band%2520%252Bconservation%26hsa_mt%3D%26hsa_cam%3D2024307072%26hsa_tgt%3Dkwd-350809385401%26hsa_net%3Dadwords%26hsa_acc%3D7663463138%26hsa_grp%3D69742956137%26gclid%3DEAIaIQobChMIpI_3zYSz6AIVRohoCh1LbQ6IEAEYASAAEgLIZ_D_BwE
http://www.environmentalpollution.in/


3/24/2020 Biodiversity: Types, Importance and Conservation Methods (with diagram)

www.environmentalpollution.in/essay/biodiversity-types-importance-and-conservation-methods-with-diagram/311 2/26

1. Types of Biodiversity

2. Biodiversity of India

3. Importance of Biodiversity

4. Uses of Biodiversity

ADVERTISEMENTS:

5. Threats to Biodiversity

6. Conservation of Biodiversity

The diversity may be interspeci�c (within species) and interspeci�c (in between the

species) but these are well supported by ecosystem. It is seen that the diverse living

forms of the ecosystem are modulated with the global environmental changes.

1. Types of Biodiversity:

There are three interrelated hierarchical levels of biodiversity namely, genetic

diversity, species diversity and community or ecosystem diversity.
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ADVERTISEMENTS:

The discussion on each type of diversity is given below:

1. Genetic diversity:

It describes the variation in the number and types of genes as well as chromosomes

present in di�erent species. The magnitude of variation in genes of a species

increases with increase in size and environmental parameters of the habitat.

The genetic variation arises by gene and chromosome mutation in individuals and

in sexually reproducing organisms and it is spread in the population by

recombination of genetic materials during cell division after sexual reproduction.

Genetic diversity has the following importance:

ADVERTISEMENTS:
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(i) It helps in speciation or evolution of new species;

(ii) It is useful in adaptation to changes in environmental conditions;

(iii) It is important for agricultural productivity and development.

2. Species diversity:

It describes the variety in the number and richness of the spices with in a region.

The species richness may be de�ned as the number of species per unit area. The

richness of a species tells about the extent of biodiversity of a site and provides a

means for comparing di�erent sites.

The species richness depends largely on climatic conditions. The number of

individuals of di�erent species with in a region represents species evenness or

species equitability. The product species richness and species evenness give species

diversity of a region. When a species is con�ned entirely to a particular area, it is

termed as endemic species.

3. Ecosystem diversity:

It describes the assemblage and Interaction of spices living together and the

physical environment a given area. It relates varieties of habitats, biotic
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communities ecological processes in biosphere. It also tells about the diversity

within the ecosystem. It is referred as Land escape diversity because it includes

placement and size of various ecosystems.

For example, the landscapes like grass lands, deserts, mountains etc. show

ecosystem diversity. The ecosystem diversity is due to diversity of niches, trophic

levels and ecological processes like nutrient cycling, food webs, energy �ow, role of

dominant species and various related biotic interactions. Such type of diversity can

generate more productive and stable ecosystems or communities capable of

tolerating various types of stresses e.g. drought, �ood etc.

According to Whittaker (1965), the community diversities are of three types:

(i) α-Diversity:

It tells the species diversity in a given community.

It depends upon species richness and evenness.

(ii) β-Diversity:

It describes a range of communities due to replacement of species which arises due

to the presence of di�erent microhabitats, niches and environmental conditions.

(iii) γ -Diversity:

It describes diversity of habitat over a total land escape or geographical area.

2. Biodiversity of India:

As per available data, the varieties of species living on the earth are 1753739. Out of

the above species, 134781 are residing in India although surface area of India is 2%
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of the earth’s surface. Wild life Institute of India has divided it into ten

biogeographical regions and twenty �ve biotic provinces.

Biogeographical regions are:

(i) Trans Himalayas,

(ii) Gangetic plain,

(iii) Desert,

(iv) Semiarid zone;

(v) Western Ghats;

(vi) Deccan peninsula,

(vii) North eastern zone,

(viii) Coastal lands

(ix) Himalayas,

(x) Islands.

India is one of the twelve mega diversity nations of the world due to the following

reasons:

(i) It has 7.3% of the global fauna and 10.88% of global �ora as per the data

collected by Ministry of Environment and forest.
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(ii) It has 350 di�erent mammals, 1200 species of birds- 453 di�erent reptiles, 182

amphibians and 45,000 plants spices.

(iii) It has 50,000 known species of insects which include 13,000 butter�ies and

moths.

(iv) It has 10 di�erent biogeographical regions and 25 biotic provinces having

varieties of lands and species.

(v) In addition to geographical distribution, geological events in the land mass

provide high level of biological diversity.

(vi) Several crops arose in the country and spread throughout the world.

(vii) There is wide variety of domestic animals like cows, bu�aloes, goats, sheep,

pigs, horses etc.

(viii) The marine biota includes sea weeds, �shes, crustaceans, molluses, corals,

reptiles etc.

(ix) There are a number of hot spots (namely Eastern Ghats, Western Ghats, North

Eastern hills etc.).
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3. Importance of Biodiversity:

The living organisms on earth are of great diversity, living in diverse habitats and

possessing diverse qualities and are vital to human existence providing food,

shelter, clothing’s, medicines etc.

The biodiversity has the following importance’s:

1. Productive values:

Biodiversity produces a number of products harvested from nature and sold in

commercial markets. Indirectly it provides economic bene�ts to people which

include water quality soil protection, equalisation of climate, environmental

monitoring, scienti�c research, recreation etc.

2. Consumptive value:

The consumptive value can be assigned to goods such as fuel woods, leaves, forest

products etc. which may be consumed locally and do not �gure in national and

international market.

3. Social value:

The loss of biodiversity directly in�uences the social life of the country possibly

through in�uencing ecosystem functions (energy �ow and biogeochemical cycle).

This be easily understood by observing detrimental e�ects of global warming and

acid rain which cause an unfavorable alteration in logical processes.

4. Aesthetic value:

Aesthetic values such as refreshing fragrance of the �owers, taste of berries,

softness of mossed, melodious songs of birds, etc. compel the human beings to

preserve them. The earth’s natural beauty with its colour and hues, thick forest,
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and graceful beasts has inspired the human beings from their date of birth to take

necessary steps for its maintenance. Similarly botanical and zoological gardens are

the means of biodiversity conservation and are of aesthetic values.

5. Legal values:

Since earth is homeland of all living organisms, all have equal right to coexist on

the surface of earth with all bene�ts. Unless some legal value is attached to

biodiversity, it will not be possible to protect the rapid extinction of species.

6. Ethical value:

Biodiversity must be seen in the light of holding ethical value. Since man is the

most intelligent amongst the living organisms, it should be prime responsibility

and moral obligation of man to preserve and conserve other organisms which will

directly or indirectly favour the existence of the man.

7. Ecological value:

Biodiversity holds great ecological value because it is indispensable to maintain the

ecological balance. Any disturbance in the delicately fabricated ecological balance

maintained by di�erent organisms, will lead to severe problems, which may

threaten the survival of human beings.

8. Economic value:

Biodiversity has great economic value because economic development depends

upon e�cient and economic management of biotic resources.

In the day to day life, human beings are maintaining their lifestyle at the sacri�ce

of surrounding species which come from diversity of plants and animals struggling

for their existence.
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So, it is highly essential for the human beings to take care of their surrounding

species and make optimum use of their service, for better economic development.

Thus, it is rightly told, survival of the man depends upon the survival of the

biosphere.

4. Uses of Biodiversity:

Biodiversity has the following uses for the development humanity:

(i) It provides food of all types.

(ii) It provides �bers, sources for the preparation of clothes.

(iii) It provides di�erent types of oil seeds for the preparation of oils.

(iv) It provides new varieties of rice, potato etc. through the process of

hybridization.

(v) It provides di�erent drugs and medicines which are based on di�erent plant

products.
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(vi) It is very essential for natural pest control, maintenance of population of

various species, pollination by insects and birds, nutrient cycling, conservation and

puri�cation of water, formation of soil etc. All these services together are valued

16.54 trillion dollars per year.

5. Threats to Biodiversity:

Biodiversity is considered as a reservoir of resources to be used for the manufacture

of food, medicine, industrial products, etc. But with an increased demand of rapid

population growth, biodiversity is gradually depleting. A number of plants” and

ani mal species have already become extinct and many are endan gered.

The di�erent factors responsible for causing threat to biodiversity are as follows:

1. Habitat destruction:

The primary cause of loss of biodiversity is habitat loss or destruction which is

resulted due to the large industrial and commercial activities associated with

agriculture, irrigation, construction of dams, mining, �shing etc.

2. Habitat fragmentation:

With increased population, the habitats are fragmented into pieces by roads, �elds,

canals, power lines, towns etc. The isolated fragment of habitats restricts the

potential of species for dispersal and colonization. In addition, the habitat

fragmentation also brings about microclimatic changes in light, temperature, wind

etc.

3. Pollution:

The most dreaded factor inducing loss of biodiversity is environmental pollution

which include air pollution, Water pollution, industrial pollution, pollution due to
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chemical Pastes, pesticides radioactive materials etc.

4. Over exploitation:

The natural resources are over exploited to meet growing rural poverty, intensive

technological growth and globalization of economy. All these factors together may

be responsible for the extinction of a number of species.

5. Introduction of exotic species:

The introduction of exotic species are due to:

(i) horticulture

(ii) agriculture;

(iii) European colonisation and

(iv) accidental transport.

It is seen that some exotic species may kill or eat the native species thereby causing

its extinction.

6. Diseases:

Since the animals are more vulnerable to infection, the anthropological activities

may increase the incidence of diseases in wild species, leading to their extinction.

7. Shifting or Jhum cultivation:

The shifting or Jhum cultivation by poor tribal people greatly a�ects the forest

structure which is a store house of biodiversity.

8. Poaching of wild life:

A number of wildlife species are becoming extinct due to poaching and hunting.
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Table 5.1: Endangered and Endemic Species of India

Category Enlisted species Highly endangered Species.

1. Higher plants 15,000 135

2. Mammals 372 69

3. Reptiles and

amphibians

580 22

4. Birds 1175 40

5. Fishes 1693 —

6. Conservation of Biodiversity:

Biodiversity is being depleted by the loss of habitat, fragmentation of habitat, over

exploitation of resources, human sponsored ecosystems, climatic changes,

pollution invasive exotic spices, diseases, shifting cultivation, poaching of wild life

etc.

Since the human beings are enjoying all the bene�ts from biodiversity, they should

take proper care for the preservation of biodiversity in all its form and good health

for the future generation i.e., the human being should prevent the degradation and

destruction of the habitats thereby maintaining the biodiversity at its optimum

level.
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Conservation of biodiversity is protection, upliftment and scienti�c management

of biodiversity so as to maintain it at its threshold level and derive sustainable

bene�ts for the present and future generation. In other words, conservation of bio-

diversity is the proper management of the biosphere by human beings in such a

way that it gives maximum bene�ts for the present generation and also develops

its potential so as to meet the needs of the future generations.

Mainly the conservation of biodiversity has three basic objectives:

(a) To maintain essential ecological processes and life supporting systems.

(b) To preserve the diversity of species.

(c) To make sustainable utilisation of species and ecosystems.

Strategies for Conservation of Biodiversity:

The following strategies should be undertaken in order to con serve biodiversity:

(1) All the possible varieties (old or new) of food, forage and timber plants, live

stock, agriculture animals and microbes should be conserved.
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(2) All the economically important organisms in protected areas should be

identi�ed and conserved.

(3) Critical habitats for each species should be identi�ed and safeguarded.

(4) Priority should be given to preserve unique ecosystems.

(5) There should be sustainable utilisation of resources.

(6) International trade in wild life should be highly regulated.

(7) The poaching and hunting of wildlife should be prevented as far as practicable.

(8) Care should be taken for the development of reserves and protected areas.

(9) E�orts should be made to reduce the level of pollutants in the environment.

(10) Public awareness should be created regarding biodiversity and its importance

for the living organisms.

(11) Priority should be given in wildlife conservation programme to endangered

species over vulnerable species and to vulnerable species over rare species.

(12) The habitats of migratory birds should be protected by bilateral and

multilateral agreement.

(13) The over exploitation of useful products of wild life should be prevented.

(14) The useful animals, plants and their wild relatives should be protected both in

their natural habitat (in-situ) and in zoological botanical gardens (ex-situ)

(15) E�orts should be made for setting up of National parks and wild life

sanctuaries to safeguard the genetic diversity and their continuing evolution.
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(16) Environmental laws should be strictly followed.

Conservation Methods:

There are two types of conservation methods namely in-situ and ex-situ

conservations. Let us discuss the di�erent conservation methods along with their

importance.

(a) In situ conservation:

The conservation of species in their natural habitat or natural ecosystem is known

as in situ conservation. In the process, the natural surrounding or ecosystem is

protected and maintained so that all the constituent species (known or unknown)

are conserved and bene�ted. The factors which are detrimental to the existence of

species concerned are eliminated by suitable mechanism.

The di�erent advantages of in situ conservation are as follows:

(a) If is a cheap and convenient way of conserving biological diversity.

(b) It o�ers a way to preserve a large number of organisms simultaneously, known

or unknown to us.

(c) The existence in natural ecosystem provides opportunity to the living

organisms to adjust to di�ered’ environmental conditions and to evolve in to a

better life form.

The only disadvantage of in situ conservation is that it requires large space of earth

which is often di�cult because of growing demand for space. The protection and

management of biodiversity through in situ conservation involve certain speci�c
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areas known as protected areas which include national parks, Sanctuaries and

Biosphere reserves.

1. Protected areas:

The protected areas are biogeographical areas where biological diversity along with

natural and cultural resources are protected, maintained and managed through

legal and administrative measures. The demarcation of biodiversity in each area is

determined on the basis of climatic and physiological conditions.

In these areas, hunting, �rewood collection, timber harvesting etc. are prohibited

so that the wild plants and animals can grow and multiply freely without any

hindrance. Some protected areas are: Cold desert (Ladakh and Spiti), Hot desert

(Thar), Saline Swampy area (Sunderban and Rann of Kutch), Tropical moist

deciduous forest (Western Ghats and north East) etc. Protected areas include

national parks, sanctuaries and biosphere reserves. There are 37,000 protected

areas throughout the world. As per World Conservation Monitoring Centre, India

has 581 protected areas, national parks and sanctuaries.

2. National parks:

These are the small reserves meant for the protection of wild life and their natural

habitats. These are maintained by government. The area of national parks ranges

between 0.04 to 3162 km. The boundaries are well demarcated and circumscribed.

The activities like grazing forestry, cultivation and habitat manipulation are not

permitted in these areas. There are about 89 national parks in India.

Some important national Parks of India are:

(i) Biological Park, Nandankanan, Orissa,
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(ii) Corbett national Park Nainital, U.P. (First national Park)

(iii) Koziranga national Park, Jorhat, Assam

(iv) Tudula national Park, Maharashtra

(v) Hazaribagh national Park, Hazaribagh, Bihar

(vi) Band havgarh national park, M.P.

(vii) Bandipur national park, Karnataka.

(viii) Kanha National Park, M.P.

(ix) Reibul Lamjao National Park, Manipur

(x) Nawgaon National Park, Maharashtra

3. Sanctuaries:

These are the areas where only wild animals (fauna) are present. The activities like

harvesting of timbers, collection of forest products, cultivation of lands etc. are

permitted as long as these do not interfere with the project. That is, controlled

biotic interference is permitted in sanctuaries, which allows visiting of tourists for

recreation. The area under a sanctuary remains in between 0.61 to 7818 km.

Some important sanctuaries of Orissa are as follows:

(i) Nandankanan Zoological Park

(ii) Chandaka Elephant reserve

(iii) Simlipal Tiger Reserve
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(iv) Bhitarkanika Wild life Sanctuary

(v) Gharial project at Tikarpada

(vi) Chilika (Nalaban) Sanctuary

4. Biosphere reserves:

Biosphere reserves or natural reserves are multipurpose protected areas with

boundaries circumscribed by legislation. The main aim of biosphere reserve is to

preserve genetic diversity in representative ecosystems by protecting wild animals,

traditional life style of inhabitant and domesticated plant/ animal genetic

resources. These are scienti�cally managed allowing only the tourists to visit.

Some importance of biosphere reserves are as follows:

(a) These help in the restoration of degraded ecosystem.

(b) The main role of these reserves is to preserve genetic resources, species,

ecosystems, and habitats without disturbing the habitants.

(c) These maintain cultural, social and ecologically sustainable economic

developments.

(d) These support education and research in various ecological aspects,

Some important biosphere reserves are:

Simlipal, (Orissa), Sunderban (West Bengal), Kanha (M.P Kaziranga (Assam) etc.

The biosphere reserve net work was intro duced by UNESCO 1971.
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(b) Ex-situ conservation:

Ex-situ conservation involves maintenance and breeding of endangered plants and

animals under partially or wholly control led conditions in speci�c areas like zoo,

gardens, nurseries etc. That is, the conservation of selected plants and animals in

se lected areas outside their natural habitat is known as ex-situ con servation.

The stresses on living organisms due to competition for food, water, space etc. can

be avoided by ex-situ conservation there by providing conditions necessary for a

secure life and breeding.

Some important areas under these conservation are:

(i) Seed gene bank,

(ii) Field gene bank;

(iii) Botanical gardens

(iv) Zoos.

;

http://www.environmentalpollution.in/wp-content/uploads/2014/03/image23.png
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The strategies for ex-situ conservations are:

(i) Identi�cation of species to be conserved.

(ii) Adoption of Di�erent ex-situ methods of conservation.

(i) Long-term captive breeding and propagation for the species which have lost

their habitats permanently.

(ii) Short-term propagation and release of the animals in their natural habitat

(iii) Animal translocation

(iv) Animal reintroduction

(v) Advanced technology in the service of endangered species.

The di�erent advantages of ex-situ conservation are:

(a) It gives longer life time and breeding activity to animals.

(b) Genetic techniques can be utilised in the process.

(c) Captivity breed species can again be reintroduced in the wild.

Some disadvantages of this method are:

(a) The favourable conditions may not be maintained always.

(b) Mew life forms cannot evolve.

(c) This technique involves only few species.

Hot Spots:
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Hot spots are the areas with high density of biodiversity or mega diversity which

are most threatened at present. There are 16 hot spots in world, out of which two

are located in India namely North-East Himalayas and Western Ghats.

The hot spots are determined considering four factors:

(i) Degrees of endemism;

(ii) Degree of expectation

(iii) Degrees of threat to habitat due to its degradation and fragmentation and

(iv) Number of Species diversity.

The global hot spot and endemic species present within them are:

(1) North East Himalayas (3,500);

(ii) Western Ghats (1,600);

(iii) Cape region of South Africa (6,000);

(iv) Upland Western Amazonia (5,000);

(v) Madagascar (4,900);

(vi) Philippines (3,700)

(vii) Boreo (3, 500);

(viii) South West Australia (2,830);

(ix) Western Ecuador (2,500);
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(x) Colombian Choco (2,500);

(xi) Peninsular Malaysia) (2, 400);

(xii) Californian Floristic Province (2,140);

(xiii) Central Chile (1,450);

(xiv) Eastern Arc. Mts (Tanzania) (535);

(xv) South West Srilanka (500);

(xvi) South west Tvorie (200).

Di�erent mechanisms involved in the conservation of biodiversity is shown in Fig.

5.1.
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4.1 INTRODUCTION

The great variety of life on earth has provided
for man’s needs over thousands of years. This
diversity of living creatures forms a support sys-
tem which has been used by each civilization
for its growth and development. Those that used
this “bounty of nature” carefully and sustainably
survived. Those that overused or misused it dis-
integrated.

Science has attempted to classify and catego-
rize the variability in nature for over a century.
This has led to an understanding of its organi-
zation into communities of plants and animals.
This information has helped in utilizing the
earth’s biological wealth for the benefit of hu-
manity and has been integral to the process of
‘development’. This includes better health care,
better crops and the use of these life forms as
raw material for industrial growth which has led
to a higher standard of living for the developed
world. However this has also produced the
modern consumerist society, which has had a
negative effect on the diversity of biological re-
sources upon which it is based. The diversity of
life on earth is so great that if we use it
sustainably we can go on developing new prod-
ucts from biodiversity for many generations. This
can only happen if we manage biodiversity as a
precious resource and prevent the extinction of
species.

Definition:
‘Biological diversity’ or biodiversity is that part
of nature which includes the differences in genes
among the individuals of a species, the variety
and richness of all the plant and animal species
at different scales in space, locally, in a region,
in the country and the world, and various types
of ecosystems, both terrestrial and aquatic,
within a defined area.

What is biodiversity?
Biological diversity deals with the degree of
nature’s variety in the biosphere. This variety can
be observed at three levels; the genetic variabil-
ity within a species, the variety of species within
a community, and the organisation of species
in an area into distinctive plant and animal com-
munities constitutes ecosystem diversity.

4.1.1 Genetic diversity

Each member of any animal or plant species dif-
fers widely from other individuals in its genetic
makeup because of the large number of com-
binations possible in the genes that give every
individual specific characteristics. Thus, for ex-
ample, each human being is very different from
all others. This genetic variability is essential for
a healthy breeding population of a species. If
the number of breeding individuals is reduced,
the dissimilarity of genetic makeup is reduced
and in-breeding occurs. Eventually this can lead
to the extinction of the species. The diversity in
wild species forms the ‘gene pool’ from which
our crops and domestic animals have been de-
veloped over thousands of years. Today the va-
riety of nature’s bounty is being further
harnessed by using wild relatives of crop plants
to create new varieties of more productive crops
and to breed better domestic animals. Modern
biotechnology manipulates genes for develop-
ing better types of medicines and a variety of
industrial products.

4.1.2 Species diversity

The number of species of plants and animals
that are present in a region constitutes its spe-
cies diversity. This diversity is seen both in natu-
ral ecosystems and in agricultural ecosystems.
Some areas are more rich in species than oth-
ers. Natural undisturbed tropical forests have a
much greater species richness than plantations
developed by the Forest Department for timber
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production. A natural forest ecosystem provides
a large number of non-wood products that lo-
cal people depend on such as fruit, fuel wood,
fodder, fiber, gum, resin and medicines. Timber
plantations do not provide the large variety of
goods that are essential for local consumption.
In the long-term the economic sustainable re-
turns from non-wood forest products is said to
be greater than the returns from felling a forest
for its timber. Thus the value of a natural forest,
with all its species richness is much greater than
a plantation. Modern intensive agricultural eco-
systems have a relatively lower diversity of crops
than traditional agropastoral farming systems
where multiple crops were planted.
At present conservation scientists have been able
to identify and categorise about 1.8 million spe-
cies on earth. However, many new species are
being identified, especially in the flowering
plants and insects. Areas that are rich in species
diversity are called ‘hotspots’ of diversity. India
is among the world’s 15 nations that are excep-
tionally rich in species diversity.

4.1.3 Ecosystem diversity

There are a large variety of different ecosystems
on earth, which have their own complement of
distinctive inter linked species based on the dif-
ferences in the habitat. Ecosystem diversity can
be described for a specific geographical region,
or a political entity such as a country, a State or
a taluka. Distinctive ecosystems include land-
scapes such as forests, grasslands, deserts,
mountains, etc., as well as aquatic ecosystems
such as rivers, lakes, and the sea. Each region
also has man-modified areas such as farmland
or grazing pastures.

An ecosystem is referred to as ‘natural’ when it
is relatively undisturbed by human activities, or
‘modified’ when it is changed to other types of
uses, such as farmland or urban areas. Ecosys-
tems are most natural in wilderness areas. If
natural ecosystems are overused or misused their

productivity eventually decreases and they are
then said to be degraded. India is exceptionally
rich in its ecosystem diversity.

Evolution and the Genesis of Biodiversity:
The origins of life on earth some three and a
half billion years ago are obscure. Life was prob-
ably initiated as a product of organic reactions
in the Earth’s primordial seas. Alternative possi-
bilities such as life beginning in a muddy ooze,
or of life having been seeded from outer space
have also been suggested. Once life took hold
on the planet, it began gradually to diversify.
Unicellular unspecialized forms gradually evolved
into complex multi-cellular plants and animals.
Evolution is related to the ability of living organ-
isms to adapt to changes in their environment.
Thus the abiotic changes in nature such as cli-
matic and atmospheric upheavals, repeated gla-
ciations, continental drift and the formation of
geographical barriers, segregated different com-
munities of plants and animals and gradually
lead to the formation of new species over mil-
lions of years.

Most species appear to have a life span extend-
ing over several million years. Their adaptability
to gradual changes in their habitat, and inter-
actions with newly formed species produce
groups of inter linked organisms that continue
to evolve together. Food chains, prey-predator
relationships, parasitism (complete dependence
on another species), commensalism (a partner-
ship beneficial to both species), etc. are impor-
tant examples. Behavioural patterns of the
different species comprising a community of spe-
cies links them to each other through their
breeding biology, feeding patterns, migrations,
etc. As ancient species became extinct due to
geological upheavals, they left behind empty
‘niches’ in the habitat that stimulated existing
species to fill them through the formation of
new species. The Earth’s ancient history has seen
periods of mega extinctions, which have been
followed by periods of formation of new spe-
cies. Though these repeatedly led to a drastic
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reduction in the number of species, the diver-
sity of life recuperated each time by gradually
increasing the number of species existing on
earth. This however took millions of years, as
evolution is a very slow process. Thus when man
came on the scene some 2 million years ago,
the earth was more rich in species than ever
before. During the recent past however, extinc-
tions due to the activities of modern man have
begun to take place so rapidly that nature has
had no time to evolve new species. The earth is
loosing species more rapidly than ever before.

The diversity of life at all three organisational
levels, genetic, species and ecosystem, is thus
being rapidly modified by modern man. This is
a great loss to future generations who will fol-
low us.

4.2 BIOGEOGRAPHIC CLASSIFICATION OF
INDIA

Our country can be conveniently divided into
ten major regions, based on the geography, cli-
mate and pattern of vegetation seen and the
communities of mammals, birds, reptiles, am-
phibia, insects and other invertebrates that live
in them. Each of these regions contains a vari-
ety of ecosystems such as forests, grasslands,
lakes, rivers, wetlands, mountains and hills,
which have specific plant and animal species.

India’s Biogeographic Zones

1. The cold mountainous snow covered Trans
Himalayan region of Ladakh.

2. The Himalayan ranges and valleys of Kash-
mir, Himachal Pradesh, Uttarakhand, Assam
and other North Eastern States.

3. The Terai, the lowland where the Himalayan
rivers flow into the plains.

4. The Gangetic and Bhramaputra plains.

5. The Thar Desert of Rajasthan.

6. The semi arid grassland region of the
Deccan plateau Gujarat, Maharashtra,
Andra Pradesh, Karnataka and Tamil Nadu.

7. The Northeast States of India,

8. The Western Ghats in Maharashtra,
Karnataka and Kerala.

9. The Andaman and Nicobar Islands.

10.  The long western and eastern coastal belt
with sandy beaches, forests and mangroves.

4.3 VALUE OF BIODIVERSITY

Environmental services from species and eco-
systems are essential at global, regional and lo-
cal levels. Production of oxygen, reducing carbon
dioxide, maintaining the water cycle, protect-
ing soil are important services. The world now
acknowledges that the loss of biodiversity con-
tributes to global climatic changes. Forests are
the main mechanism for the conversion of car-
bon dioxide into carbon and oxygen. The loss
of forest cover, coupled with the increasing re-
lease of carbon dioxide and other gases through
industrialization contributes to the ‘greenhouse
effect’. Global warming is melting ice caps, re-
sulting in a rise in the sea level which will sub-
merge the low lying areas in the world. It is
causing major atmospheric changes, leading to
increased temperatures, serious droughts in
some areas and unexpected floods in other ar-
eas.

Biological diversity is also essential for preserv-
ing ecological processes, such as fixing and re-
cycling of nutrients, soil formation, circulation
and cleansing of air and water, global life sup-
port (plants absorb CO

2
, give out O

2
), maintain-
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ing the water balance within ecosystems, wa-
tershed protection, maintaining stream and river
flows throughout the year, erosion control and
local flood reduction.

Food, clothing, housing, energy, medicines, are
all resources that are directly or indirectly linked
to the biological variety present in the biosphere.
This is most obvious in the tribal communities
who gather resources from the forest, or
fisherfolk who catch fish in marine or freshwa-
ter ecosystems. For others, such as agricultural
communities, biodiversity is used to grow their
crops to suit the environment. Urban commu-
nities generally use the greatest amount of
goods and services, which are all indirectly drawn
from natural ecosystems.

It has become obvious that the preservation of
biological resources is essential for the well-be-
ing and the long-term survival of mankind. This
diversity of living organisms which is present in
the wilderness, as well as in our crops and live-
stock, plays a major role in human ‘develop-
ment’. The preservation of ‘biodiversity’ is
therefore integral to any strategy that aims at
improving the quality of human life.

4.3.1 Consumptive use value

The direct utilisation of timber, food, fuelwood,
fodder by local communities.

The biodiversity held in the ecosystem provides
forest dwellers with all their daily needs, food,
building material, fodder, medicines and a vari-
ety of other products. They know the qualities
and different uses of wood from different spe-
cies of trees, and collect a large number of local
fruits, roots and plant material that they use as
food, construction material or medicines.
Fisherfolk are highly dependent on fish and
know where and how to catch fish and other
edible aquatic animals and plants.

Man and the Web of Life

The Biodiversity of an area influences every
aspect of the lives of people who inhabit it.
Their living space and their livelihoods de-
pend on the type of ecosystem. Even people
living in urban areas are dependent on the
ecological services provided by the wilder-
ness in the PAs. We frequently don’t see this
in everyday life as it is not necessarily overt.
It is linked with every service that nature pro-
vides us. The quality of water we drink and
use, the air we breathe, the soil on which
our food grows are all influenced by a wide
variety of living organisms both plants and
animals and the ecosystem of which each
species is linked with in nature.

While it is well known that plant life removes
carbon dioxide and releases the oxygen we
breathe, it is less obvious that fungi, small
soil invertebrates and even microbes are es-
sential for plants to grow.

That a natural forest maintains the water in
the river after the monsoon, or that the ab-
sence of ants could destroy life on earth, are
to be appreciated to understand how we are
completely dependent on the living ‘web of
life’ on earth.

The wilderness is an outcome of a long evo-
lutionary process that has created an
unimaginably large diversity of living species,
their genetic differences and the various eco-
systems on earth in which all living creatures
live. This includes mankind as well. Think
about this and we cannot but want to pro-
tect out earth’s unique biodiversity. We are
highly dependent on these living resources.
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4.3.2 Productive use value

Marketable goods.

Value of MFP>Timber (which is part of sus-
tainable use).

The biotechnologist uses biorich areas to ‘pros-
pect’ and search for potential genetic proper-
ties in plants or animals that can be used to
develop better varieties of crops that are used
in farming and plantation programs or to de-
velop better livestock. To the pharmacist, bio-
logical diversity is the raw material from which
new drugs can be identified from plant or ani-
mal products. To industrialists, biodiversity is a
rich store-house from which to develop new
products. For the agricultural scientist the
biodiversity in the wild relatives of crop plants is
the basis for developing better crops.

Genetic diversity enables scientists and farmers
to develop better crops and domestic animals
through careful breeding. Originally this was
done by selecting or pollinating crops artificially
to get a more productive or disease resistant
strain. Today this is increasingly being done by
genetic engineering, selecting genes from one
plant and introducing them into another. New
crop varieties (cultivars) are being developed
using the genetic material found in wild rela-
tives of crop plants through biotechnology.

Even today, species of plants and animals are
being constantly discovered in the wild. Thus
these wild species are the building blocks for
the betterment of human life and their loss is a
great economic loss to mankind. Among the
known species, only a tiny fraction have been
investigated for their value in terms of food, or
their medicinal or industrial potential.

Preservation of biodiversity has now become
essential for industrial growth and economic

development. A variety of industries such as
pharmaceuticals are highly dependent on iden-
tifying compounds of great economic value from
the wide variety of wild species of plants located
in undisturbed natural forests. This is called bio-
logical prospecting.

4.3.3 Social values

While traditional societies which had a small
population and required less resources had pre-
served their biodiversity as a life supporting re-
source, modern man has rapidly depleted it even
to the extent of leading to the irrecoverable loss
due to extinction of several species. Thus apart
from the local use or sale of products of
biodiversity there is the social aspect in which
more and more resources are used by affluent
societies. The biodiversity has to a great extent
been preserved by traditional societies that val-
ued it as a resource and appreciated that its
depletion would be a great loss to their society.

The consumptive and productive value of
biodiversity is closely linked to social concerns
in traditional communities. ‘Ecosystem people’
value biodiversity as a part of their livelihood as
well as through cultural and religious sentiments.
A great variety of crops have been cultivated in
traditional agricultural systems and this permit-
ted a wide range of produce to be grown and
marketed throughout the year and acted as an
insurance against the failure of one crop. In re-
cent years farmers have begun to receive eco-
nomic incentives to grow cash crops for national
or international markets, rather than to supply
local needs. This has resulted in local food short-
ages, unemployment (cash crops are usually
mechanised), landlessness and increased vulner-
ability to drought and floods.
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Commonly used modern drugs derived from plant sources:

DRUG PLANT SOURCE USE

Atropine Belladonna Anticholinergic: reduces intestinal pain in diarrhoea.

Bromelain Pineapple Controls tissue inflammation due to infection.

Caffeine Tea, Coffee Stimulant of the central nervous system.

Camphor Camphor tree Rebefacient: increases local blood supply.

Cocaine Cocoa Analgesic and local anesthetic: reduces pain and
prevents pain during surgery.

Codeine Opium poppy Analgesic: reduces pain.

Morphine Opium poppy Analgesic: controls pain.

Colchicine Autumn crocus Anticancer agent.

Digitoxin Common foxglove Cardiac stimulant used in heart diseases.

Diosgenin Wild yams Source of female contraceptive: prevents pregnancy.

L-Dopa Velvet bean Controls Parkinson’s Disease which leads to jerky
movements of the hands

Ergotamine Smut-of-rye or ergot Control of haemorrhage and migraine headaches.

Glaziovine ocotea glaziovii Antidepressant: Elevates mood of depressed patients.

Gossypol Cotton Male contraceptive.

Indicine N-oxide heliotropium indicum Anticancer agent.

Menthol Mint Rubefacient: increases local blood supply and reduces
pain on local application.

Monocrotaline Cotolaria sessiliflora Anticancer agent.

Papain Papaya Dissolves excess protein and mucus, during digestion.

Penicillin Penicillium fungi General antibiotic, skills bacteria and controls infection
by various micro-organisms.

Quinine Yellow cinochona Antimalarial.

Reserpine Indian snakeroot Reduces high blood pressure.

Scopolamine Thorn apple Sedative.

Taxol Pacific yew Anticancer (ovarian).

Vinblastine, Rosy periwinkle Anticancer agent: Controls cancer in children.
vincristine (Vinca rosea) (Sadaphali)

From: ‘The Diversity of Life’; Edward O. Wilson
(Norton Paperback. In association with Havard University Press – 1993)
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4.3.4 Ethical and moral values

Ethical values related to biodiversity conserva-
tion are based on the importance of protecting
all forms of life. All forms of life have the right
to exist on earth. Man is only a small part of the
Earth’s great family of species. Don’t plants and
animals have an equal right to live and exist on
our planet which is like an inhabited spaceship?
We do not know if life as we know it exists else-
where in the universe. Do we have the right to
destroy life forms or do we have a duty to pro-
tect them?

Apart from the economic importance of con-
serving biodiversity, there are several cultural,
moral and ethical values which are associated
with the sanctity of all forms of life. Indian civi-
lization has over several generations preserved
nature through local traditions. This has been
an important part of the ancient philosophy of
many of our cultures. We have in our country a
large number of sacred groves or ‘deorais’ pre-
served by tribal people in several States. These
sacred groves around ancient sacred sites and
temples act as gene banks of wild plants.

4.3.5 Aesthetic value

Knowledge and an appreciation of the presence
of biodiversity for its own sake is another rea-
son to preserve it. Quite apart from killing
wildlife for food, it is important as a tourist at-
traction. Biodiversity is a beautiful and wonder-
ful aspect of nature. Sit in a forest and listen to
the birds. Watch a spider weave its complex
web. Observe a fish feeding. It is magnificent
and fascinating.

Symbols from wild species such as the lion of
Hinduism, the elephant of Buddhism and dei-
ties such as Lord Ganesh, and the vehicles of
several deities that are animals, have been ven-
erated for thousands of years. Valmiki begins
his epic story with a couplet on the unfortunate

killing of a crane by a hunter. The ‘Tulsi’ has
been placed at our doorsteps for centuries.

4.3.6 Option value

Keeping future possibilities open for their use is
called option value. It is impossible to predict
which of our species or traditional varieties of
crops and domestic animals will be of great use
in the future. To continue to improve cultivars
and domestic livestock, we need to return to
wild relatives of crop plants and animals. Thus
the preservation of biodiversity must also include
traditionally used strains already in existence in
crops and domestic animals.

4.4 BIODIVERSITY AT GLOBAL, NATIONAL
AND LOCAL LEVELS

There are at present 1.8 million species known
and documented by scientists in the world. How-
ever, scientists have estimated that the number
of species of plants and animals on earth could
vary from 1.5 to 20 billion! Thus the majority of
species are yet to be discovered.

Most of the world’s bio-rich nations are in the
South, which are the developing nations. In con-
trast, the majority of the countries capable of
exploiting biodiversity are Northern nations, in
the economically developed world. These na-
tions however have low levels of biodiversity.
Thus the developed world has come to support
the concept that biodiversity must be consid-
ered to be a ‘global resource’. However, if
biodiversity should form a ‘common property
resource’ to be shared by all nations, there is no
reason to exclude oil, or uranium, or even intel-
lectual and technological expertise as global as-
sets. India’s sovereignty over its biological
diversity cannot be compromised without a revo-
lutionary change in world thinking about shar-
ing of all types of natural resources.
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Countries with diversities higher than India are
located in South America such as Brazil, and
South East Asian countries such as Malaysia and
Indonesia. The species found in these countries,
however, are different from our own. This makes
it imperative to preserve our own biodiversity
as a major economic resource. While few of the
other ‘megadiversity nations’ have developed
the technology to exploit their species for bio-
technology and genetic engineering, India is ca-
pable of doing so.

Throughout the world, the value of biologically
rich natural areas is now being increasingly ap-
preciated as being of unimaginable value. In-
ternational agreements such as the World
Heritage Convention attempt to protect and
support such areas. India is a signatory to the
convention and has included several protected
Areas as World Heritage sites. These include
Manas on the border between Bhutan and In-
dia, Kaziranga in Assam, Bharatpur in U.P.,
Nandadevi in the Himalayas, and the Sunderbans
in the Ganges delta in West Bengal.

India has also signed the Convention in the
Trade of Endangered Species (CITES) which
is intended to reduce the utilization of endan-
gered plants and animals by controlling trade in
their products and in the pet trade.

4.5 INDIA AS A MEGA DIVERSITY NATION

Geological events in the landmass of India have
provided conditions for high levels of biological
diversity. A split in the single giant continent
around 70 million years ago, led to the forma-
tion of northern and southern continents, with
India a part of Gondwanaland - the southern
landmass, together with Africa, Australia and
the Antarctic. Later tectonic movements shifted
India northward across the equator to join the
Northern Eurasian continent. As the interven-
ing shallow Tethis Sea closed down, plants and
animals that had evolved both in Europe and in

the Far East migrated into India before the
Himalayas had formed. A final influx came from
Africa with Ethiopian species, which, were
adapted to the Savannas and semi-arid regions.
Thus India’s special geographical position be-
tween three distinctive centres of biological evo-
lution and radiation of species is responsible for
our rich and varied biodiversity.

Among the biologically rich nations, India stands
among the top 10 or 15 countries for its great
variety of plants and animals, many of which
are not found elsewhere. India has 350 differ-
ent mammals (rated eight highest in the world),
1,200 species of birds (eighth in the world), 453
species of reptiles (fifth in the world) and 45,000
plant species, of which most are angiosperms,
(fifteenth in the world). These include especially
high species diversity of ferns (1022 species) and
orchids (1082 species). India has 50,000 known
species of insects, including 13,000 butterflies
and moths. It is estimated that the number of
unknown species could be several times higher.

It is estimated that 18% of Indian plants are
endemic to the country and found nowhere
else in the world. Among the plant species the
flowering plants have a much higher degree of
endemism, a third of these are not found else-
where in the world. Among amphibians found
in India, 62% are unique to this country. Among
lizards, of the 153 species recorded, 50% are
endemic. High endemism has also been re-
corded for various groups of insects, marine
worms, centipedes, mayflies and fresh water
sponges.

India’s World Number of
Ranking species in India

Mammals 8th 350

Birds 8th 1200

Reptiles 5th 453

Amphibia 15th 182

Angiosperms 15th-20th 14,500
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Apart from the high biodiversity of Indian wild
plants and animals there is also a great diversity
of cultivated crops and breeds of domestic live-
stock. This is a result of several thousand years
during which civilizations have grown and flour-
ished in the Indian subcontinent. The traditional
cultivars included 30,000 to 50,000 varieties of
rice and a number of cereals, vegetables and
fruit. The highest diversity of cultivars is con-
centrated in the high rainfall areas of the West-
ern Ghats, Eastern Ghats, Northern Himalayas
and the North-Eastern hills.

Gene-banks have collected over 34,000 cereals
and 22,000 pulses grown in India. India has 27
indigenous breeds of cattle, 40 breeds of sheep,
22 breeds of goats and 8 breeds of buffaloes.

4.6 HOTSPOTS OF BIODIVERSITY

The earth’s biodiversity is distributed in specific
ecological regions. There are over a thousand
major ecoregions in the world. Of these, 200
are said to be the richest, rarest and most dis-
tinctive natural areas. These areas are referred
to as the Global 200.

It has been estimated that 50,000 endemic
plants which comprise 20% of global plant life,
probably occur in only 18 ‘hot spots’ in the
world. Countries which have a relatively large
proportion of these hot spots of diversity are
referred to as ‘megadiversity nations’.

The rate at which the extinction of species is
occurring throughout our country remains ob-

Global species diversity

Group No. of Described Species

Bacteria and blue-green algae 4,760
Fungi 46,983
Algae 26,900
Bryophytes (Mosses and Liverworts) 17,000 (WCMC, 1988)
Gymnosperms (Conifers) 750 (Reven et al., 1986)
Angiosperms (Flowering plants) 250,000 (Reven et al., 1986)
Protozoans 30,800
Sponges 5,000
Corals and Jellyfish 9,000
Roundworms and earthworms 24,000
Crustaceans 38,000
Insects 751,000
other arthropods and minor Invertebrates 132,461
Molluscs 50,000
Starfish 6,100
Fishes (Teleosts) 19,056
Amphibians 4,184
Reptiles 6,300
Birds 9,198 (Clements, 1981)
Mammals 4,170 (Honacki et al., 1982)

Total: 1,435,662 SPECIES

From ‘Conserving the World’s Biological Diversity WRI, IUCN, CI, WWF-US, The World Bank.’
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scure. It is likely to be extremely high as our wil-
derness areas are shrinking rapidly. Our globally
accepted national ‘hot spots’ are in the forests
of the North-East and the Western Ghats,
which are included in the world’s most biorich
areas. The Andaman and Nicobar Islands are
extremely rich in species and many subspecies
of different animals and birds have evolved.
Among the endemic species i.e. those species
found only in India, a large proportion are con-
centrated in these three areas. The Andaman
and Nicobar Islands alone have as many as 2200
species of flowering plants and 120 species of
ferns. Out of 135 genera of land mammals in
India, 85 (63%) are found in the Northeast. The
Northeast States have 1,500 endemic plant spe-
cies. A major proportion of amphibian and rep-
tile species, especially snakes, are concentrated
in the Western Ghats, which is also a habitat
for 1,500 endemic plant species.

Coral reefs in Indian waters surround the
Andaman and Nicobar Islands, Lakshadweep
Islands, the Gulf areas of Gujarat and Tamil
Nadu. They are nearly as rich in species as tropi-
cal evergreen forests!

4.7 THREATS TO BIODIVERSITY: HABITAT
LOSS, POACHING OF WILDLIFE, MAN-WILD-
LIFE CONFLICTS

Man has begun to overuse or misuse most of
these natural ecosystems. Due to this ‘unsus-
tainable’ resource-use, once productive forests
and grasslands have been turned into deserts
and wasteland have increased all over the world.
Mangroves have been cleared for fuelwood and
prawn farming, which has led to a decrease in
the habitat essential for breeding of marine fish.
Wetlands have been drained to increase agri-
cultural land. These changes have grave eco-
nomic implications in the longer term.

The current destruction of the remaining large
areas of wilderness habitats, especially in the

CASE STUDY

Kailadevi Wildlife Sanctuary – Sawai
Madhopur, Rajashtan

While conservation efforts are associated
with conflicts between villagers and Forest
Officials in most Protected Areas across the
country, the Kailadevi Wildlife Sanctuary in
Rajasthan has involved local community ini-
tiatives for conservation and regeneration.
The Sanctuary was initiated in 1983, over
674 sq km forming a part of the 1334 sq km
Ranthambore Tiger Reserve. It is located
within the Karauli and Sapotra blocks of
Sawai Madhopur district.

The primary occupation of the predominant
Meena and Gujjar communities is pastoral-
ism and subsistence agriculture.

Pressures on the sanctuary included migrant
grazers known as the Rabaris, who came
from the Mewar region of Rajasthan with
herds of over 150,000 sheep. Other pres-
sures were from exploitation of timber and
fuelwood and mining. The threat poised by
the migrant grazers spurred the formation
of the “Baragaon ki Panchayat” in 1990,
which in turn initiated a ‘Bhed Bhagao
Andolan’.

The Forest Department supported the villag-
ers in the formation of Forest Protection
Committees and Van Suraksha Samitis. The
benefits of involving local people in protec-
tion of their resources were obvious. Illegal
felling was checked. The use of forest re-
sources for local use was monitored. The
Forest Protection Committees (FPCs) were
also successful in stopping the mining in the
Sanctuary. Mining is now banned in the
Sanctuary. The people not only protect their
forests but also use their resources judi-
ciously.
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super diverse tropical forests and coral reefs, is
the most important threat worldwide to
biodiversity. Scientists have estimated that hu-
man activities are likely to eliminate approxi-
mately 10 million species by the year 2050.

There are about 1.8 million species of plants and
animals, both large and microscopic, known to
science in the world at present. The number of
species however is likely to be greater by a fac-
tor of at least 10. Plants and insects as well as
other forms of life not known to science are
continually being identified in the worlds’ ‘hot-
spots’ of diversity. Unfortunately at the present
rate of extinction about 25% of the worlds’ spe-
cies will undergo extinction fairly rapidly. This
may occur at the rate of 10 to 20 thousand spe-
cies per year, a thousand to ten thousand times
faster than the expected natural rate! Human
actions could well exterminate 25% of the
world’s species within the next twenty or thirty
years. Much of this mega extinction spasm is
related to human population growth, industri-
alization and changes in land-use patterns. A
major part of these extinctions will occur in ‘bio-
rich’ areas such as tropical forests, wetlands, and
coral reefs. The loss of wild habitats due to rapid
human population growth and short term eco-
nomic development are major contributors to
the rapid global destruction of biodiversity.

Island flora and fauna having high endemism in
small isolated areas surrounded by sea have so
far been most seriously affected by human ac-
tivity, which has already led to extinction of many
island plants and animals (the dodo is a famous
example). Habitat loss also results from man’s
introduction of species from one area into an-
other, disturbing the balance in existing com-
munities. In the process, the purposely or
accidentally introduced organisms (Eupatorium,
Lantana, Hyacinth, Congress grass or
Parthenium) have led to the extinction of many
local species.

Loss of species occurs due to the destruction of
natural ecosystems, either for conversion to
agriculture or industry, or by over-extraction of
their resources, or through pollution of air, wa-
ter and soil.

In India, forests and grasslands are continuously
being changed to agricultural land. Encroach-
ments have been legalized repeatedly. Similarly
natural wetland systems have been drained to
establish croplands resulting in loss of aquatic
species. Grasslands that were once sustainably
used by a relatively smaller number of human
beings and their cattle are either changed to
other forms of use or degraded by overgrazing.

CASE STUDY:

Kokkare Bellure – Karnataka: Co-exist-
ence (Man and Wildlife)

The pelican, which is an endangered species
breeds in large numbers at Kokkare Bellur
which is one of the ten known breeding sites
in India. Kokkare Bellure is a village in
Karnataka in Southern India. In December
every year, hundreds of spot billed pelicans,
painted storks, ibis and other birds migrate
to this area to establish breeding colonies
on the tall tamarind trees in the center of
the village. The local people have protected
the birds, believing that they bring good luck
with regard to rain and crops. The villagers
collect a rich supply of the natural fertilizer
that collects below the nests – the guano.
The droppings of fish-eating birds are rich in
nitrates.

The owners of the trees inhabited by the
birds dig deep pits under the trees, into which
the guano falls. Silt from nearby lakes and
ponds is mixed with the guano which is used
in their fields and sold as fertilizer. They have
now planted trees around their homes to
encourage nesting.
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Our natural forests are being deforested for tim-
ber and replanted using teak, sal or other single
species for their timber value. Such plantations
do not support the same biological diversity as
a multi-storied natural forest, which has a closed
canopy and a rich understorey of vegetation.

When excessive firewood is collected from the
forest by lopping the branches of trees, the for-
est canopy is opened up and this alters local
biodiversity. Foraging cattle retard the regen-
eration of the forest as seedlings are constantly
trampled.

Increasing human population on the fringes of
our Protected Areas degrade forest ecosystems.

This is a major factor to consider in evaluating
the quality of the ecosystem. Repeated fires
started by local grazers to increase grass growth
ultimately reduces regeneration and lowers the
diversity of plant species. Without alternate
sources of fodder this pressure cannot be de-
creased.

Another factor that disrupts forest biodiversity
is the introduction of exotic weeds which are
not a part of the natural vegetation. Common
examples in India are lantana bushes, Eupato-
rium shrubs and ‘congress’ grass. These have
been imported into the country from abroad and
have invaded several large tracts of our natural
forests. These weeds spread at the expense of
the diverse range of indigenous undergrowth
species. The impact on the diversity of insect,
bird and other wildlife species, though not ad-
equately studied, is quite obvious.

In our country a variety of traditional farming
techniques have evolved over several centuries.
Cultivation by slash and burn in the Himalayas,
and ‘rab’ by lopping of tree branches to act as a
wood-ash fertilizer in the Western Ghats, are
two such systems. When human population in
these areas was low, these were sustainable

methods of agriculture. Unfortunately these ar-
eas now have a large number of people who
subsist largely on forest agriculture. These meth-
ods are now unsustainable and are leading to a
loss of forest biodiversity.

Overharvesting of fish, especially by trawling is
leading to serious depletion of fish stocks. Turtles
are being massacred off the coast of Orissa. The
rare whale shark, a highly endangered species,
is being killed off the coast of Gujarat.

Poaching: Specific threats to certain animals are
related to large economic benefits. Skin and
bones from tigers, ivory from elephants, horns
from rhinos and the perfume from the must deer
are extensively used abroad. Bears are killed for
their gall bladders. Corals and shells are also col-
lected for export or sold on the beaches of
Chennai and Kanyakumari. A variety of wild
plants with real or at times dubious medicinal
value are being over harvested. The commonly
collected plants include Rauvolfia, Nuxvomica,
Datura, etc. Collection of garden plants includes
orchids, ferns and moss.

The Rights of Species

We do not see all the varied functions that
biodiversity plays in our lives because they
are not obvious. We rarely see how they are
controlling our environment unless we study
nature. Thus we tend to take short-term ac-
tions that can have serious impacts on
biodiversity leading to even extinction of spe-
cies by disturbing their habitats. Man has no
right to do so. We only share this planet with
millions of other species that also have a right
to survive on earth. It is morally wrong to
allow man’s actions to lead to the extinction
of species.
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4.8 ENDANGERED AND ENDEMIC SPECIES
OF INDIA

To appreciate the endemic and endangered spe-
cies of India it is important to understand the
wide variety of plant and animal species that
are found in the country.

Of the well-known species, there are several
which are endangered by human activity. The
endangered species in the country are
categorised as Vulnerable, Rare, Indeterminate
and Threatened. Other species are found only
in India and are thus endemic or restricted to
our country. Some of these may have very lo-
calized distribution and are considered highly
endemic.

Several plant and animal species in the country
are now found in only one or a few Protected
Areas. Among the important endangered ani-
mals are charismatic species such as the tiger,
the elephant, the rhino, etc. The less well-known
major mammals restricted to a single area in-
clude the Indian wild ass, the Hangul or
Kashmir stag, the Golden langur, the pygmy
hog and a host of others. There are also endan-
gered bird species such as the Siberian crane,
the Great Indian Bustard, the Florican and
several birds of prey. During the recent past,
vultures which were common a decade ago,
have suddenly disappeared and are now
highly threatened. Equally threatened are sev-
eral species of reptiles and amphibia. Many
invertebrates are also threatened, including a
large number of species that inhabit our coral
reefs.

Many plant species are now increasingly threat-
ened due to changes in their habitats induced
by human activity. Apart from major trees,
shrubs and climbers that are extremely habitat
specific and thus endangered, there are thou-
sands of small herbs which are greatly threat-
ened by habitat loss. Several orchids are yet
another group of plants that are under threat.

Many plants are threatened due to overharvest-
ing as ingredients in medicinal products.

To protect endangered species India has created
the Wildlife Protection Act. This includes lists of
plants and animals categorised according to the
threat on their survival.

We know so little about the species diversity of
our country. There are several groups of which
we know very little. Most of us are only aware
of the plight of a few glamorous large mam-
mals, but we need to appreciate the threat to
the less known species of plants and animals.
We need to find ways to support the conserva-
tion of our incredible wildlife for future genera-
tions.

4.8.1 Common Plant species

Teak: This tree is from the Southwest parts of
peninsular India. It is a common tree in decidu-
ous forests. It yields a much sought after timber
used for making excellent furniture. During the
early British period it was cut down from many
forest tracts to build ships. As the stocks were
diminishing, the British selected areas which they
called Reserved Forests where teak was planted
for the Government’s use. Teak is grown ex-
tensively by the Forest Department and is a
highly priced wood.

The teak tree is identified by its large leaves,
which grow to more than 40 or 50cms long and
20cms wide. It has tiny flowers and fruit. In the
winter, the trees shed all their leaves. In the
growing season, which begins in April and ex-
tends through the monsoon, teak forests are
bright green and shady. Most natural teak for-
ests have various other species of plants and
have a large number of wild animals. Some ar-
eas of teak forests that have exceptional popu-
lations of wildlife have been included in our
National Parks and Wildlife Sanctuaries.
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Neem

Sal: This is a common species of several types
of forests of the Northeastern region of India,
extending into Madhya Pradesh and Orissa. It
has bright green foliage and its canopy remains
green nearly throughout the year. Sal wood is
hard and durable. Sal gets a large number of
seeds which are used in making cosmetics. The
sal forests are rich in wild mammals, birds, rep-
tiles and insect life. Several areas are included
in our network of National Parks and Sanctuar-
ies.

Mango: This has become one of our most popu-
lar horticultural species with different varieties
grown all over the country. The wild mango tree
has small tangy fruit and a big seed in compari-
son to the large pulpy fruit used in horticulture.
The mango tree is an evergreen species and gets
small flowers that are pollinated by insects. In
the forest, fruit dependent animals such as
monkeys, squirrels and fruit eating birds relish
its ripe fruit.

berries on which the larvae feed and grow. The
ficus trees bear berries throughout the year, thus
supplying nutritious food to several animal spe-
cies when other trees have no fruit. Ficus spe-
cies are thus known as ‘keystone’ species in the
ecosystem and support a major part of the food
web in several ecosystems. Ficus trees such as
Peepal and Banyan are considered sacred and
are protected in India.

Neem: This species is known as Azadirachta In-
dica. It has been traditionally used in indigenous
medicine. It has small yellow fruit. The leaves
and fruit are bitter to taste. It is used extensively
as an environmentally friendly insecticide. It
grows extremely well in semi-arid regions and
can be planted in afforestation programs where
soil is poor and rainfall is low.

Ficus sp.: Peepal, Banyan and many other ficus
species form a part of this group of important
trees. They are all ecologically of great impor-
tance as many different species of insects, birds
and mammals live on ficus berries. The flowers
are inside the berries. They are pollinated by a
specific wasp which lays its eggs inside the

Mango

Ficus

Tamarind: One of the best known Indian trees,
it grows to a large size and is known to live for
over 200 years. Its familiar fruit is a curved pod
with sour pulp and contains a number of squar-
ish seeds. The pulp in the fresh fruit is either
green or red. As it ripens, it turns sticky and
brown and separates from the skin. The tree is
commonly cultivated as a shade tree and for its
edible sour fruit which contains high concen-
trations of vitamin C. It is used as an additive in
food to give a tangy flavour. It is valued for its
timber as well as for fuelwood.
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Babul: This is a thorny species that is character-
istic of semi arid areas of Western India and the
Deccan plateau. It grows sparsely in tracts of
grassland and around farms. It is used for fod-
der and fuelwood. It remains green throughout
the year even under the driest conditions and is
browsed by wild animals and cattle. It has small
leaves and bright yellow flowers and small seed-
pods with multiple seeds. Its main characteristic
is its long sharp, straight thorns which prevent
excessive browsing of its older branches.

Zizyphus: These are the typical small trees and
shrubs that are found in the arid and semi arid
areas of India. Z. mauritiana and Z. jujuba are
the most frequent species. It is a favourite of
frugivorous birds. The tree fruits extensively and
is eaten by a variety of birds and mammals. The
popular fruit is commonly collected and sold in
local markets.

Jamun: This tree is an evergreen species which
has a tasty purple fruit. It is a favourite with not
only people but also with many wild birds and
mammals. It grows in many parts of India and
has several varieties with fruit of different sizes.

branches profusely forming a dense crown. The
leaves are elliptical and leathery and its young
leaves are extensively used for making ‘bidis’.
The fruit is brownish yellow and astringent.
Tendu leaf collection necessitates burning un-
dergrowth and slashing the branches of the trees
to get at the leaves. The resulting disturbance
to wildlife is a serious issue in Protected Areas.

Jackfruit: A tree that is planted around many
villages and has huge fruit growing from its
branches. The fruit has a prickly skin. The fruit
when unripe is cooked. Once ripe it is eaten raw
after it turns into a sweet, sticky, golden-yellow
fruit which has a strong smell.

Flame of the Forest (Butea monosperma):
This tree grows in many parts of India. It has
bright orange flowers when it is leafless, thus it
is called ‘flame of the forest’. The flowers are
full of nectar which attracts monkeys and many
nectar dependent birds.

Jamun

Tendu is a mid-sized, deciduous tree, common
in dry deciduous forests throughout the Sub-
continent. There are around 50 Indian species.
Its bark exfoliates in large rectangular scales. It

Flame of
the forest

Coral Tree (Erythrina): A common deciduous
tree that is leafless in February when it gets
bright scarlet flowers that are used for their
nectar by many birds such as mynas, crows and
sunbirds, that act as its major pollinators. Its long
black seed pods contain several shiny brown
seeds which germinate well. This tree can also
be propagated by cutting and planting its young
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branches. It is a rapid grower and usually be-
gins to flower in four or five years time.

Amla: This deciduous medium sized tree is
known for its sour, green-yellow fruit which is
rich in vitamin C. It is used as a medicine, in
pickles and for dying and tanning. It is frequently
referred to as the Indian ‘olive’, to which it has
no similarity either in appearance or taste.

Dipterocarps: This group of trees grows in ev-
ergreen forests of the southern part of the
Western Ghats and in the Northeast of India, in
high rainfall areas. It grows to an enormous
height with a wide girth. The seed has a pair of
wing like structures which aid in wind dispersal.

Quercus (Oak) is a large tree and is economi-
cally an important genus which includes many
trees known for their beautiful shape and their
changing seasonal colours. There are 30 to 40
Indian species of this genus found in the tem-
perate areas throughout the Himalayas. The fruit
is a large, hard, solitary characteristic nut (acorn).
Oaks provide the finest hardwoods of great
strength and durability and were once used for
building ships and bridges. It is a famous wood
for high quality furniture. Some of its species
are excellent fodder plants.

Pine: There are 5 species of true pines that are
found in India in the Himalayan region. The tim-
ber of these trees is frequently used in construc-
tion, carpentry and the paper industry. Pine resin
is used to make turpentine, rosin, tar and pitch.
Pine oils are obtained by distillation of leaves
and shoots. Pine leaves are thin and needle-like.

The male and female spores are produced in
woody cones. Dispersal of pollen is aided by each
grain having two wings.

Cycas: These plants are uncommon in India and
have a palm-like appearance. Cycads along with
conifers make up the gymnosperms. They are
among the most primitive seed plants, and have
remained virtually unchanged through the past
200 million years. There are five species found
in India, mostly in high rainfall areas.

Coconut: This tall stately palm has a more or
less straight trunk with circular markings. It
mostly grows in coastal plains. The base is sur-
rounded by a mass of fine roots. It produces the
familiar coconut, filled with liquid and a soft
white edible, initially jelly like material that hard-
ens when the fruit ripens. It is a common ingre-
dient of food in India, especially in the Southern
States. It is extensively cultivated along the
coastal regions and islands of India. Most parts
of the tree yield several useful products such as
broomsticks from its leaves and fiber from the
husk of dried coconuts.

Orchids: This is the largest group of flowering
plants in the world with over 18,000 known
species. Of these, 1500 species are found in In-
dia, making it one of the largest plant families
in the country with a high concentration of a
staggering 700 species in the Northeastern
States. These plants are terrestrial or epiphytic
herbs. Flowers show a range of bright colours

Erythrina Pine
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and great variations in structure. In some spe-
cies, one of the petals is distinct from the others
and is called a lip or labellum. This colourful petal
attracts pollinators. In India a large number of
orchid species are found in the Western Ghats,
the Northeast, and the Andaman and Nicobar
Islands. Orchids are however seen in several eco-
logical conditions except extremes such as very
cold or very hot and dry ecosystems.

Drosera: This is a small insectivorous plant, usu-
ally 5 or 6cms in height, which has tiny hair which
secrete a sticky droplet of fluid on which insects
get stuck. The leaf winds around the struggling
insect which is then slowly digested. The plant

has pretty flowers. It grows in shal-
low poor quality soil. It is a rare
plant and is found in small patches.

Lotus: An aquatic floating plant
with a large rhizome, which is
rooted in mud. Its leaves are circu-
lar flat and covered with a waxy
coating which protects it from
water. The flower grows on an
erect stalk with several petals rang-
ing from pink violet to white. The
fruit is a spongy cone with mul-
tiple round seeds. It is widely dis-
tributed in wetland habitats and
shallow parts of lakes and marshy

areas. The rhizome, stalks of the leaves and
seeds are considered delicacies. The fruit is used
for dry decorations. The flower has been a tra-
ditional motif in Indian art. The lotus is the Na-
tional flower of India.

Grasses: Grasses form the second largest group
of flowering plants in the world. They are a very
important group of plants as they are used for
various purposes such as making fiber, paper,
thatching material for roofs, oil, gum, medicines
and many other useful products. The economi-
cally important grasses include sugarcane, bam-
boo and cereals like rice, wheat, millets, maize,
etc. Grasses are important as they provide fod-
der for domestic animals.

Bamboo: This is a group of large grasslike spe-
cies that grow as a clump to great heights in
many forests of India. It is extremely useful and
is used for constructing huts and making sev-
eral useful household articles in rural areas such
as baskets, farm implements, fences, household
implements, matting, etc. The young shoots are
used as food. It is extensively used in the pulp
and paper industry as a raw material.

Bamboos flower after more than two decades.
The plant then dies. The flowering produces
thousands of seeds which results in the slow

Orchid

Drosera
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regrowth of the bamboo. Bamboo is a favorite
food of elephants and other large herbivores of
the forest such as gaur and deer.

Wild relatives of crop plants: All our present
day cultivated varieties of rice, which are grown
for food, come from wild varieties of rice, many
of which have originated in India, China and
Indonesia. Rice forms one of the staple foods of
the world. Although wild varieties are not used
as food crops, they are important as they con-
tain genes, which can be used to develop dis-
ease or pest resistance in crops. Many local
varieties of rice have already been lost, as most
farmers now grow only high yielding varieties.

4.8.2 Common Animal species

Mammals:
The common deer species found in India include
the sambar, chital, barasingha and barking deer.
Sambar live in small family parties especially in
hilly forested areas and feed mainly on shrubs
and leaves of low branches. They are dark brown
in colour and have large thick antlers, each hav-
ing 3 branches. Chital or spotted deer live in
large herds in forest clearings where they graze
on the grass. They have a rust brown body with
white spots which camouflages them in the for-
est. Each antler has three branches called tines.

The rare Hangul deer is found only in Kashmir.
It has a magnificent spread of antlers with 6
branches on each antler. The Barasingha, or
swamp deer, has wide hoofs that enable this
beautiful animal to live in boggy areas of the
Terai. Each antler has 6 or more branches. The
tiny barking deer lives in many forest areas all
over India. It has two ridges on its face and a
short antler with only 2 branches. Its call sounds
like the bark of a dog.

Chital

Barasingha

Blackbuck

Chinkara

Nilgai

The blackbuck is the only true antelope found
in India. It lives in large herds. The males are
black on top and cream below and have beau-
tiful spiral horns that form a ‘V’ shape. The
chinkara, also known as the Indian gazelle, is
a smaller animal and is pale brown in colour it
has beautiful curved horns. The rare
Chausingha, or four horned antelope, is the
only animal in the world that has four horns.
The nilgai is the largest of the dryland herbi-
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A very special rare species is the Indian wild
ass, endemic to the Little Rann of Kutch. Hima-
layan pastures support several species of wild
goats and sheep, many of them restricted to
the region, like the goral and the Himalayan
tahr. A single species, the Nilgiri tahr is found
in the Nilgiri and Annamalai hills in south India.

The rhinocerous is now restricted to Assam but
was once found throughout the Gangetic plains.
The wild buffalo is now also restricted to the
Terai. The elephant is distributed in the North-
eastern and Southern States. It is threatened by
habitat loss and poaching for ivory. Gaur is
found in patches in several well-wooded parts
of India.

The best known predator of our forests is the
tiger. Its gold and black stripes hide it perfectly
in the forest undergrowth. It preys on herbivores
such as sambar or chital or less frequently on
domestic animals. The tiger kills only three or

four times a month. Its numbers have declined
due to poaching for its superb skin, and for the
supposed magical value of its teeth, claws and
whiskers. In the recent past it has been exten-
sively killed for the supposed medicinal proper-
ties of its bones that are used in Chinese
medicine.

The Asiatic lion is now found only in the Gir
forests of Gujarat.

The leopard is more adaptable than the tiger
and lives both in thick forests and degraded for-
est areas. Its beautiful ring like markings cam-
ouflage it so perfectly that its prey cannot see
its stealthy approach. The smaller jungle cat,
which is a light brown animal and the leopard
cat, which is a little bigger than a domestic cat,
are very rare. The most typical predator of the
HImalayas is the snow leopard, which is very
rare and poached for its beautiful skin which is
pale grey with dark grey ring-like markings.

Indian
wild ass

Nilgiri Tahr

Tiger

Leopard

The wolf, jackal, fox and the wild dog or
‘dhole’ form a group called canids. Another
threatened predator is the Himalayan wolf.
The wolves are now highly threatened as they
have become increasingly dependent on
shepherd’s flocks. Thus shepherds constantly
find ways to kill the wolves.

Snow Leopard

vores. The males are blue-gray. Nilgai have white
markings on the legs and head. They have short
strong spike-like horns.
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One of the common monkey species of the for-
est is the bonnet macaque, which has a red
face, a very long tail and a whorl of hair on the
scalp which looks like a cap. Our other com-
mon monkey is the rhesus macaque, which is
smaller and has a shorter tail than the bonnet.
A rare macaque is the lion-tailed macaque
found only in a few forests of the southern
Western Ghats and Annamalai ranges. It is black
in colour, has long hair, a grey mane and a tas-
sel at the end of its tail that looks like a lion’s
tail. The common langur has a black face and
is known as the Hanuman monkey. The rare
golden langur, is golden yellow in colour and
lives along the banks of the Manas River in
Assam. The capped langur is an uncommon
species of Northeast India. The rare black nilgiri
langur lives in the southern Western Ghats,
Nilgiris and Annamalais.

Birds:

There are over 1200 bird species found in India
in different habitats. Most of our forest birds
are specially adapted to life in certain forest
types. Some Himalayan species however can also

Wolf

Fox

Hornbill

Paradise
flycatcher

Bee-eater

be seen in the Western
Ghats. There are several
species of Hornbills that
live on fruit. They have
heavy curved beaks with a
projection on top.

Frugivores such as para-
keets, barbets and bul-
buls live on fruit and are
often seen eating Ficus

fruits such as those of banyan and peepal.

Bird of pray

Insectivorous birds of many species live on for-
est insects. They include various species of fly-
catchers, bee-eaters, and others. The male
paradise flycatcher is a small beautiful white bird
with a black head and two long white trailing
tail feathers. The female is brown and does not
have the long tail feathers. There are several
eagles, falcons and kites many of which are now
endangered.

Grasslands support many species of birds. The
most threatened species is the Great Indian
bustard, a large, brown stately bird with long
legs which struts about through grasslands look-



102 Environmental Studies for Undergraduate Courses

ing for locusts and grasshoppers. Another rare
group of threatened birds
are the floricans. There are
many species of quails,
partridges, larks, munias
and other grain eating birds
that are adapted to grass-
lands.

There are several species of
aquatic birds such as waders,
gulls and terns, which live
along the seashore and go out
fishing many kilometers to the
sea. Many of these birds have
lost their coastal habitats due
to pollution. Aquatic birds in

freshwater are those with long legs and are
known as waders such as stilts and sandpip-
ers. The other group form birds that swim on
water such as several species of ducks and
geese.

There are many species of
spectacular large birds as-
sociated with water or
marshy areas. These in-
clude different species of
storks, cranes, spoon-
bills, flamingo and peli-
cans. Many aquatic species
are migrants. They breed
in Northern Europe or Siberia and come to India
in thousands during winter.

Reptiles:

India has a wide
variety of lizards,
snakes and turtles,
with a high level of
endemism. The liz-
ards include the

common gar-
den lizard,
Fan throated
l i z a r d ,
Chamelion,
Skink, Com-

mon Monitor and Water Monitor. Some of
these are threatened due to trade in reptile skins.
Indian snakes include the Rock Python,
Russell’s viper and the Vine snake. We rarely
appreciate the fact
that only a few spe-
cies of snakes are
poisonous and most
snakes are harm-
less. The Star tor-
toise and
Travancore tor-
toise are now rare. The Olive Ridley and Flap-
shell turtle are the well-known turtles of India.
Many turtles are becoming increasingly rare due
to poaching of adults and eggs. The crocodile

is our largest reptile
which is poached for
its prized skin. The
gharial is endemic to
India and is highly
threatened.

Amphibia:

Most of the amphibians found in India are frogs
and toads. These include several species like the
Indian Bull frog, Tree frog, etc. These amphib-
ians are mostly found in the hotspots in the
Northeast and the Western Ghats. It is now
thought that global warming and increasing lev-

Star
tortoise

Gharial

Great Indian
Bustard

Stilt

Flamingo

Monitor
Lizard

Fanthroated Lizard

Partridge
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els of UV radiation may be seriously affecting
amphibian populations in some areas.

Invertebrates:

Invertebrates include a va-
riety of taxa that inhabit
both terrestrial and aquatic
ecosystems. Microscopic
animals like protozoa and
zooplankton form the basis of the food chain

in aquatic habitats.
Coral is formed by
colonies of polyp like
animals. Worms, mol-
luscs (snails), spiders,
crabs, jellyfish, octo-
pus are a few of the

better known invertebrates found in India.

There are more than a mil-
lion insect species on earth
that are known to science.
They include grasshop-
pers, bugs, beetles, ants,
bees, butterflies and
moths. India is rich in its but-
terfly and moth species.

Marine Life:

Marine ecosystems are most frequently associ-
ated with fish and crustacea like crabs and
shrimp, which we use as food. The other spe-
cies that are endangered include the marine
turtles, which are reptiles, and whales that are
mammals. There are a large number of species
of freshwater fish found in our Indian rivers and
lakes that are now threatened by the introduc-
tion of fish from abroad as well as due to being

Snail

Crab

Spider

Beetle

Marine Life
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introduced from one river into another. Fish are
also now seriously affected by pollution. Ma-
rine fisheries are being over harvested in our
coastal waters and the fish catch has decreased
seriously over the last few years. Mechanized
boats with giant, small-meshed nets are a ma-
jor cause of depleting this resource. There are
many endangered fish such as the Mahseer
which once grew to over a meter in length.
Many species of marine animals such as the
whales, sharks and dolphins that live in the
Indian Ocean are now threatened by extinction
due to fishing in the deep sea.

For further details see:

1) CD ROM on ‘The Biodiversity of India’, Mapin
Publications, Ahmedabad, mapin@icenet.net

2) The Book of Indian Animals, SH Prater, BNHS.

3) The Book of Indian Birds, Salim Ali, BNHS.

4.9 CONSERVATION OF BIODIVERSITY: IN-
SITU AND EX-SITU

4.9.1 In-situ conservation

Biodiversity at all its levels, genetic species and
as intact ecosystems, can be best preserved in-
situ by setting aside an adequate representa-
tion of wilderness as ‘Protected Areas’. These
should consist of a network of National Parks
and Wildlife Sanctuaries with each distinctive
ecosystem included in the network. Such a net-
work would preserve the total diversity of life
of a region.

In the past National Parks and Sanctuaries in
India were notified to preserve major wildlife
species such as tigers, lions, elephants, and deer.
The objective of these areas should be expanded
to the preservation of relatively intact natural
ecosystems, where biological diversity – from
microscopic unicellular plants and animals, to
the giant trees and major mammals – can all be
preserved.

Project Tiger: Project Tiger was launched
by the Government of India with the sup-
port of WWF-International in 1973 and was
the first such initiative aimed at protecting
this key species and all its habitats. Project
Tiger was initiated in nine Tiger Reserves in
different ecosystems of the country cover-
ing an area of 16339 sq km. By 2001 the
number of Tiger Reserves increased to 27,
covering an area of 37761 sq km. The tiger
count climbed from 268 in 1972 in the nine
Tiger Reserves, to around 1500 in 1997 in
the 23 Tiger Reserves. The Project tiger rec-
ognized the fact that tigers cannot be pro-
tected in isolation, and that to protect the
tiger, its habitat needed to be protected.

Crocodile Conservation: Crocodiles have
been threatened as their skin is used for
making leather articles. This led to the near
extinction of crocodiles in the wild in the
1960s in India.

A Crocodile Breeding and Conservation Pro-
gram was initiated in 1975 to protect the
remaining population of crocodilians in their
natural habitat and by creating breeding
centers. It is perhaps one of the most suc-
cessful ex situ conservation breeding projects
in the country.

Crocodiles have been extensively bred in over
30 captive breeding centers, zoos and other
sites where successful breeding takes place.
Thousands of crocodiles of all three species
have been bred and restocked in 20 natural
water bodies.
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However species cannot be protected individu-
ally as they are all inter dependent on each other.
Thus the whole ecosystem must be protected.
The biologist’s view point deals with areas that
are relatively species rich, or those where rare,
threatened or endangered species are found,
or those with ‘endemic’ species which are not
found elsewhere. As rare endemic species are
found only in a small area these easily become
extinct due to human activity. Such areas must
be given an added importance as their
biodiversity is a special feature of the region.

Animals such as elephants require different types
of habitat to feed in during different seasons.
They utilize open grasslands after the rains when
the young grass shoots are highly nutritious. As
the grasses dry, the elephants move into the
forest to feed on foliage from the trees. A Pro-
tected Area that is meant to protect elephants
must therefore be large enough and include di-
verse habitat types to support a complete
complement of inter linked species.

Wildlife Sanctuaries and National Parks of
India: There are 589 Protected Areas in India of
which 89 are National Parks and 500 are Wild-
life Sanctuaries. They include a variety of eco-
systems and habitats. Some have been created
in order to protect highly endangered species
of wild plants and animals found nowhere else
in the world.

The Great Himalayan National Park is the
largest sanctuary in this ecosystem and is one
of the last homes of the beautiful snow leop-
ard. Dachigam Sanctuary is the only place
where the rare Hangul or Kashmir stag is found.
There are several Sanctuaries in the Terai region,
Kaziranga National Park is the most famous
which has elephant, wild buffalo, gaur, wild
boar, swamp deer, and hog deer, in large num-
bers, as well as tiger and leopard. Its bird life is
extremely rich and includes ducks, geese, peli-
cans and storks. The Manas Sanctuary, in ad-
dition to the above Terai species, also includes
the rare golden langur and the very rare pygmy
hog, the smallest wild boar in the world. The
florican is found only in a few undisturbed grass-
lands in the Terai sanctuaries.

In the sal forests of Madhya Pradesh, there are
several Protected Areas. Kanha offers a won-
derful opportunity to observe wild tigers from
elephant back. It is the only Protected Area in
which a sub species of the Barasingha is found.

Bharatpur is one of the most famous water bird
sanctuaries in the world. Thousands of ducks,
geese, herons, and other wading birds can be
seen here. This is the only home of the very rare
Siberian crane which migrates to India every
winter. During the last 20 years, the 30 or 40
Siberian cranes have dwindled to only 2 or 3.
During 2002-3 no cranes were seen and it is
possible that this beautiful bird will never again
come to India.

In the Thar desert, the wild life is protected in
the Desert National Park. Here large numbers
of black buck, neelgai and chinkara can be seen.
The Great Indian Bustard lives in these arid lands.

Ranthambor was the most well known sanc-
tuary for observing tigers in the wild till about 3
or 4 years ago. Since then many tigers have been
killed by poachers.

Project Elephant: Project Elephant was
launched in 1992 to ensure the long-term
survival of a viable population of elephants
in their natural habitats in north and north-
eastern India and south India. It is being
implemented in 12 States. In spite of this,
our elephant herds are at threat as their habi-
tat is shrinking and their migration routes
are disrupted by human activities.
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The Great and the Little Rann of Kutch have
been made into sanctuaries to protect the very
rare wild ass, the flamingo, the star tortoise and
the desert fox.

In Gujarat, the Gir Sanctuary protects the last
population of the majestic Asiatic lion. This thorn
and deciduous forest is also the home of large
herds of chital, sambhar, and nilgai.

The Sanctuaries of the Western Ghats and as-
sociated hill ranges protect some of the most
diverse forest types in the country. The few ex-
amples of highly threatened species include the
Malabar giant squirrel, the flying squirrel and a
variety of hill birds, several species of amphib-
ians, reptiles and insects. These regions are also
rich in highly endemic plant life. Sanctuaries such
as Bhimashankar, Koyana, Chandoli and
Radhanagari preserve this rich flora in
Maharashtra, Bandipur, Bhadra, Dandeli,
Nagarhole, etc. in Karnataka, and Eraviculum,
Perambiculum, Periyar, Silent Valley, in
Kerala.

In the Nilgiri Hills the rich forest Sanctuaries pro-
tect some of the last pockets of the Indian el-
ephant in South India. Examples include
Bandipur, Madhumalai, Wynad and Bhadra.
During the last 10 years, a large number of the
great tusker elephants of this region have been
ruthlessly killed for their ivory. Now very few of
these magnificent animals are left in these
jungles.

Two important sanctuaries meant for preserva-
tion of coastal ecosystems are the Chilka Lake
and Point Calimere. The Sunderbans protect
the largest mangrove delta in India. The Ma-
rine National Park in Gujarat protects shallow
areas in the sea, islands, coral reefs and exten-
sive mudflats.

Over a hundred Protected Areas have been cre-
ated in the Andaman and Nicobar Islands to
preserve their very special island ecosystems.

CASE STUDY

Orissa – Olive Ridley Turtles

Every year at Gahirmatha and two other sites
on the Orissa coast, hundreds of thousands
of Olive Ridley turtles congregate on the
beach, between December and April, for
mass nesting. This was the largest nesting
site for the Olive Ridleys in the world. In 1999
by the end of March it was estimated that
around 200,000 turtles had nested at the
Gahirmatha beach. Marine biologists believe
that only one out of every 1000 eggs actu-
ally matures into an adult.

There are severe threats to these nesting
sites. Shrinking nesting sites, construction of
roads and buildings close to these rooker-
ies, and other infrastructure development
projects hamper nesting. Trawler fishing is
another large threat to the turtles.

After its ‘discovery’ in 1974, the beach was
notified as a Sanctuary (the Bhitarkanaika
Sanctuary) and was closed for hunting.
Recognising the threats to turtles from fish-
ing by large trawlers, the Orissa Marine Fish-
eries Regulation Act was passed in 1982. This
Act prohibits trawling within 10 km of the
coastline throughout the state and makes it
mandatory for all trawlers to use Turtle Ex-
cluder Devices (TEDs). In 2001, the State Gov-
ernment of Orissa declared that a five month
period between January to May should con-
stitute a no-fishing season for a distance of
20 km from the coastline.

Apart form these initiatives, Operation
Kachhapa is being coordinated by the Wild-
life Protection Society of India, Delhi and
Wildlife Society of Orissa with many local
NGOs as partners. The Orissa Forest Depart-
ment, WII, Dehra Dun and the Coast Guard
are also involved in the Project.
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The need for an Integrated Protected Area
System (IPAS): Protected Areas, to be effec-
tive, must be established in every biogeographic
region. A relatively larger representation must
be included of highly fragile ecosystems, areas
of high species diversity or high endemism. Pro-
tected Areas must also be integrated with each
other by establishing corridors between adja-
cent areas wherever possible so that wildlife can
move between them.

In our country, which has a rapidly growing
human population, it is not easily feasible to set
aside more and more land to create Protected
Areas. The need to provide a greater amount of
land for agricultural and other needs has be-
come an increasing cause of concern in land and
resource management. This forms a major im-
pediment for creating new Protected Areas.
Having said this, there is an urgent need to add
to our Protected Areas to preserve our very rich
biological diversity. Much of the natural wilder-
ness has already undergone extensive changes.
The residual areas that have high levels of spe-
cies richness, endemism or endangered plants
and animals must be notified as National Parks
and Wildlife Sanctuaries. Other areas can be
made into Community Conserved Areas which
are managed by local people.

The International Union for Conservation of
Nature and Natural Resources states that it is
essential to include at least 10% of all ecosys-
tems as Protected Areas if biodiversity is to be
conserved in the long-term.

India has only 5% of land in its 589 Protected
Areas in 2004. However much of this includes
plantations of sal or teak, which were devel-
oped for timber in the past and are thus rela-
tively poor in diversity and have a low level of
‘naturalness’. There are only a few good grass-
lands left in our country that are notified as Pro-
tected Areas. Some are overgrazed wastelands
in areas that were once flourishing grasslands.
Most of these areas have a low biological value

and need careful management to allow them
to revert to a more ‘natural’ state, with their
full complement of plants and animals. Only a
few wetlands have been made into Sanctuar-
ies. These require better management.

A major strategy to reduce impacts on the
biodiversity of the PAs should be to provide a
sustainable source of resources for local people
living around them. A Protected Area curtails
their traditional grazing practices and access
fuelwood sources. These resources must be pro-
vided by developing them in buffer areas. Plan-
tations of fuel wood and good grassland
management in areas outside Protected Areas
can help reduce the pressure on the habitat of
wildlife in the Protected Area. Management
must ensure that local people derive a direct
economic benefit from the presence of the PA.
Involving local people in Protected Area man-
agement and developing tourist facilities that
support the income generation for local people
helps in involving their support for the Protected
Area.

A carefully designed management plan which
incorporates an ‘ecodevelopment’ component
aimed at providing a source of fuel wood, fod-
der and alternate income generation for local
people, is an important aspect of PA manage-
ment.

There are several species of plants and animals
that survive without protection outside our cur-
rent network of PAs. As it is not practical to
notify more PAs without affecting the lives of
people, alternate strategies such as Community
Reserves or Community Conserved Areas need
to be created. These should be managed by lo-
cal people to bring about the conservation of
biodiversity while using the area’s resources in
an equitable and sustainable way. A Commu-
nity Conserved Area must have specific conser-
vation goals that can be achieved without
compromising the area’s utilitarian potential.
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A major drive for conservation of biological di-
versity can only come from a mass environmen-
tal education program on the value of protecting
our dwindling biological resources.

4.9.2 Ex-situ conservation

Conservation of a species is best done by pro-
tecting its habitat along with all the other spe-
cies that live in it in nature. This is known as
in-situ conservation, which is conserving a spe-
cies in its own environment by creating National
Parks and Wildlife Sanctuaries. However, there
are situations in which an endangered species
is so close to extinction that unless alternate
methods are instituted, the species may be rap-
idly driven to extinction. This strategy is known
as ex-situ conservation, i.e. outside its natural
habitat in a carefully controlled situation such
as a botanical garden for plants or a zoological
park for animals, where there is expertise to
multiply the species under artificially managed
conditions. These breeding programs for rare
plants and animals are however more expen-
sive than managing a Protected Area.

There is also another form of preserving a plant
by preserving its germ plasm in a gene bank so
that it can be used if needed in future. This is
even more expensive.

When an animal is on the brink of extinction, it
must be carefully bred so that inbreeding does
not lead to the genetic makeup becoming weak.
Breeding from the same stock can lead to poorly
adapted progeny or even inability to get enough
offspring.

Modern breeding programs are done in zoos
that provide for all the animal’s needs, includ-
ing enclosures that simulate their wild habitats.
There may also be a need to assist breeding ar-
tificially. Thus while most zoos are meant to pro-
vide visitors with a visual experience of seeing a
wild animal close up, and provide the visitors

with information about the species, a modern
zoo has to go beyond these functions that in-
clude breeding of endangered species as a con-
servation measure.

In India, successful ex situ conservation programs
have been done for all our three species of croco-
diles. This has been highly successful. Another
recent success has been the breeding of the very
rare pygmy hog in Gauhati zoo. Delhi zoo has
successfully bred the rare Manipur brow ant-
lered deer.

However the most important step of a success-
ful breeding program is the reintroduction of a
species into its original wild habitat. This requires
rehabilitation of the degraded habitat and re-
moval of the other causes such as poaching,
disturbance, or other manmade influences that
have been the primary cause of reducing the
population of the species.

Conservation of cultivars and livestock
breeds: There were an estimated thirty thou-
sand varieties of rice grown in India till about 50
years ago. Now only a few of these are still
grown. The new varieties which are now being
cultivated everywhere have been developed
using germ plasm of these original types of rice.
If all the traditional varieties vanish completely
it will be difficult to develop new disease resis-
tant varieties of rice in the future. Several vari-
eties have been preserved in gene banks.
However, this is both very expensive and risky.
Encouraging farmers to continue to grow sev-
eral traditional varieties is thus an important
concern for the future of mankind. At present
gene bank collections have over 34 thousand
cereals and 22 thousand pulses.
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In the past, domestic animals were selected and
bred for their ability to adapt to local conditions.
Traditional agropastoralists in India have selec-
tively bred livestock for 2 to 3 thousand years.
India has 27 breeds of cattle, 40 breeds of sheep,
22 breeds of goats, and 8 breeds of buffaloes.
These traditional breeds must be maintained for
their genetic variability.

CASE STUDY

Beej Bachao Andolan (Save the Seeds
Movement)

This movement began in the Himalayan foot-
hills. The members have collected seeds of
diverse crops in Garhwal. The movement has
successfully conserved hundreds of local rice
varieties, rajma, pulses, millets, vegetables,
spices and herbs. Many different varieties are
being grown as an outcome of this program
in local farmer’s fields. This has also been
supported by local women’s groups who felt
these varieties were better than those pro-
vided by the green revolution. In contrast,
men who were interested in cash returns in
a short time found it difficult to appreciate
the benefits of growing indigenous variet-
ies.
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Lecture 6. Bio-diversity: Definition, classification, threats to biodiversity and its conservation. 

 

 Variation is the law of nature. It occurs everywhere and every moment. The variations take 
place at micro levels. The variations may be linear or cyclic. The variety and variability of organisms and 
ecosystems is referred to as biological diversity. The world Commission on Environment and 
Development (WCED) constituted by the UN General Assembly published a report in 1987 which 
provided a boost and endorsement to the need for conserving the world’s rich biodiversity. Despite 
conflicting views among nations, a broad consensus was reached after bitter negotiations, and 170 
countries signed the Biodiversity Convention, which is now ratified by 104 countries. 

 Perhaps the greatest value of biodiversity is yet unknown. Scientists have discovered and named 
only 1.75 million species – less than 20 per cent of those estimated to exist. Of those identified, only a 
fraction has been examined for potential medicinal, agricultural or industrial value. Much of the earth’s 
great biodiversity is rapidly disappearing, even before we know what is missing. Estimates vary, but the 
most widely accepted figure lies between 10 and 13 million species. Of these, biologists estimate that as 
many as 27,000 species are becoming extinct each year. This translates into an astounding 3 species 
every hour. 

Types of Biodiversity (Diversity Indices): 

Alpha (α ) Diversity : Species diversity within a community or habitat, comprises two components i.e. 
species richness and evenness. Sometimes dominant of one vegetation stratum may affect the α 
diversity of the other strata. 

Beta (β) Diversity : β  diversity is the inter community diversity expressing the rate of species turnover 
per unit change in habitat. 

Gamma (γ) Diversity : Gamma diversity is the overall  diversity at landscape level includes both α and β 
diversities. The relationship is as follows: 

  γ = α + β + Q 

where, Q =  Total number of habitats or communities,  α =   Average value of α diversities 

 β  =   Average value of β diversities 

Levels of Biodiversity 

 Theoretically there are three levels of biodiversity. 

1) Genetic diversity 
It refers to the variation of genes within the species. This constitutes distinct population 
of the same species or genetic variation within population or varieties within a species. 
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2) Species diversity  
It refers to the variety of species within a region. Such diversity could be measured on 
the basis of number of species in a region. 

3) Ecological diversity 
Ecological diversity is the intricate network of different species present in local 
ecosystem and the dynamic interplay between them. An ecosystem consists of 
organisms from many different species living together in a region that are connected by 
the flow of energy, nutrients, and matter that occurs as the organisms of different 
species interact with one another. 

The Mega Diversity Regions 

The World Conservation Monitoring Centre recognised 17 mega diverse countries in July 2000 
including Australia, Brazil, China, Colombia, Democratic Republic of the Congo (DRC) (formerly Zaire), 
Ecuador, India, Indonesia, Madagascar, Malaysia, Mexico, Papua New Guinea, Peru, the Philippines, 
South Africa, the United States of America (USA) and Venezuela. Together, these 17 countries harbour 
more than 70% of the earth's species.  Some of the very valuable “gene pool” from these countries have 
been identified and they have been utilized for the built up of modern agriculture and allied business. 

Hotspots of Biodiversity 

         The earth’s biodiversity is located in specific ecological regions. There are over a thousand major 
‘ecoregions” in the world. Of these,200 are said to be richest, rarest and most distinctive natural areas. 
These areas are reffered to as the ‘Global 200’. 

          It has been estimated that 50,000 endemic plants, which comprise 20% of global plant life, 
probably occur in only 18 ‘hot spots’ in the world. Countries have a relatively large proportion of these 
biodiversity hotspots are referred as ‘mega-diversity nations’. 

Global Species Diversity 

                      Group Number of described species 
Bacteria and blue-green algae 4,760 
Fungi 46,983 
Algae 26,900 
Bryophytes(Mosses and Liverworts) 17,000 
Gymnosperms(Conifers) 750 
Angiosperms(Flowering plants) 250,000 
Protozoans 30,800 
Sponges 5,000 
Corals and Jellyfish 9,000 
Roundworms and earthworms 24,000 
Crustaceans 38,000 
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Insects 751,000 
Other arthropods and minor invertibrates 132,461 
Molluscs 50,000 
Starfish 6,100 
Fishes(Teleosts) 19,056 
Amphibians 4,184 
Reptiles 6,300 
Birds 9,198 
Mammals 4,170 
Total : 1,435,662 species  

From: Conserving the world’s Biological Diversity, WRI,IUCN,CI,WWF-YS,the World Bank. 

India's biodiversity 

India is exceptionally rich in biodiversity and is one of the twelve mega diversity centres of the 
world. With 10 biogeographic zones and 25 biotic provinces, all major ecosystems are represented. India 
is a land mass of nearly 33 lakh sq.km with a coastline of 7,616 km and 14 different types of climatic 
forests and the total forest coverage in India is about 6,50,000 sq.km. India is the home land of 13,000 
species of flowering plants, 20,000 species of fungi, 50,000 species of insects, 65,000 species of fauna 
including 2000 species of birds, 350 mammals and 420 of reptiles. It covers nearly 7% of world’s flora 
and 6.5% of world’s fauna of which 33 % flora and 62% fauna are endemic. India has over 30 National 
parks that constitute about 1% of the landmass and 441 sanctuaries that constitute 3.5% of the area. 
India is a home of over 35,000 tigers and the umbrella of project tiger 23 specially demarcated project 
tiger reserves covering 33,000 sq.km representing different climatic forests are spread across the 
country. 

India has a rich and varied heritage of biodiversity, encompassing a wide spectrum of habitats 
from tropical rainforests to alpine vegetation and from temperate forests to coastal wetlands. India 
figured with two hotspots - the Western Ghats and the Eastern Himalayas - in an identification of 18 
biodiversity hotspots carried out in the eighties. Recently, Norman Myers and a team of scientists have 
brought out an updated list of 25 hotspots. In the revised classification, the 2 hotspots that extend into 
India are The Western Ghats/Sri Lanka and the Indo-Burma region (covering the Eastern Himalayas); and 
they are included amongst the top eight most important hotspots. In addition, India has 26 recognised 
endemic centres that are home to nearly a third of all the flowering plants identified and described to 
date.  

Of the estimated 5–50 million species of the world's biota, only 1.7 million have been described 
to date, and the distribution is highly uneven. About seven per cent of the world's total land area is 
home to half of the world’s species, with the tropics alone accounting for 5 million. India contributes 
significantly to this latitudinal biodiversity trend. With a mere 2.4% of the world's area, India accounts 
for 7.31% of the global faunal total with a faunal species count of 89,451 species. Some salient features 
of India's biodiversity have been mentioned below. 
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• India has two major realms called the Palaearctic and the Indo-Malayan, and three biomass, 
namely the tropical humid forests, the tropical dry/deciduous forests, and the warm 
desert/semi-deserts 

• India has ten biogeographic regions including the Trans-Himalayan, the Himalayan, the Indian 
desert, the semi-arid zone(s), the Western Ghats, the Deccan Peninsula, the Gangetic Plain, 
North-East India, and the islands and coasts.  

• As of date, there are 911 properties under the World Heritage List, which cover 711 cultural 
sites, 180 natural sites and 27 mixed properties encompassing 152 countries, including 
India. India is one of the 12 centres of origin of cultivated plants.  

• India’s first two sites inscribed on the list at the Seventh Session of the World Heritage held in 
1983 were the Agra Fort and the Ajanta Caves. Over the years, 27 more sites have been 
inscribed, the latest site inscribed in 2012 being the Western Ghats. Of these 29 sites, 23 are 
cultural sites and the other six are natural sites. A tentative list of further sites/properties 
submitted by India for recognition includes 33 sites. 

• India has 17 biosphere reserves, and 19 Ramsar wetlands. Amongst the protected areas, India 
has 102 national parks and 490 sanctuaries covering an area of 1.53 lakh sq. km.  

• The wildlife sanctuaries in India are home to around two thousand different species of birds, 
3500 species of mammals, nearly 30000 different kinds of insects and more than 15000 varieties 
of plants 
The endemism of Indian biodiversity is high. About 33% of the country's recorded flora are 

endemic to the country and are concentrated mainly in the North-East, Western Ghats, North-West 
Himalaya and the Andaman and Nicobar islands. Of the 49,219 plant species, 5150 are endemic and 
distributed into 141 genera under 47 families corresponding to about 30% of the world's recorded flora, 
which means 30% of the world's recorded flora are endemic to India. Of these endemic species, 3,500 
are found in the Himalayas and adjoining regions and 1600 in the Western Ghats alone. About 62% of 
the known amphibian species are endemic with the majority occurring in the Western Ghats. Nearly 
50% of the lizards of India are endemic with a high degree of endemicity in the Western Ghats. India is a 
centre of crop diversity - the homeland of 167 cultivated species and 320 wild relatives of crop plants.  

Corals reefs in Indian waters surround the Andaman and Nicobar Islands, the Lakshadweep 
Islands, and the Gulf areas of Gujarat and Tamil Nadu. They are nearly as rich in species as tropical 
evergreen forests. India's record in agro-biodiversity is equally impressive. There are 167 crop species 
and wild relatives. India is considered to be the centre of origin of 30,000-50,000 varieties of rice, 
pigeon-pea, mango, turmeric, ginger, sugarcane, gooseberries etc and ranks seventh in terms of 
contribution to world agriculture.  

Endemic species of plants 

Group No. of species 

Pteridophyta 200 

Angiosperms 4950 
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Endemic species of animals 
Group No. of species Group No. of species 

Mollusca Amphibia  110  
  Land  878  Reptilia  214  
  Freshwater 89  Aves  69  
Insecta  16,214  Mammalia  38  

 

 

Loss of Biodiversity 

 With the current rate of development, population growth and migration communities are 
increasingly unable to meet their sustained needs. However, the present day drastic changes in the 
environment and habitat due to population explosion and unmanaged developmental activities are so 
unnatural that the species are not getting full liberty of time and space for their survival and adaptive 
radiation, therefore, resulting in loss of biodiversity, which is a global crisis. It is high time that our 
natural wealth be preserved from loss. 

Threats to Biodiversity 

 The diversity in India i.e .forests, grass lands, wetlands, mountains, deserts and marine 
ecosystems face many pressures. One of the major causes for the loss of biological diversity in India has 
been the depletion of vegetative cover in order to expand agriculture. Since most of the biodiversity rich 
forests also contain the maximum mineral wealth and also the best sites for water impoundment, 
mining and development projects in such areas have often led to destruction of habitats. Poaching and 
illegal trade of wildlife products too have adversely affected biological diversity. 

Causal factors of threat 

Causal factors of threat may be natural or man made. They are 

1. Development pressure 
 Construction 
 Forest based industries 
 Hydel/ Irrigation projects 
 Mining 
 Oil drilling 
 Pollution 
 Resource extraction 
 Road & Transport 

2. Encroachment 
a. Agriculture 
b. Expansion of forest villages 
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c. Fishery 
d. Grazing / increased domestic animals 
e. Habitat depletion / change 
f. New settlements 
g. Shifting cultivation 

3. Exploitation 
a. Collection made by scientific/educational institutions 
b. Exploitation by local authorities as revenue resources 
c. Firewood collection 
d. Food gathering and hunting 
e. Poaching 

4. Human induced disasters 
a. Floods 
b. Major oil spills/leakage 
c. Epidemics 
d. Forest fires 

5. Management of Natural resources 
a. Genetic uniformity 
b. Inadequate water/ food for wildlife 
c. Increased competition 
d. Introduction of exotic species 
e. Predation 

6. Management of Human Resource 
a. Change in people’s lifestyle 
b. Increasing demands 
c. Dilution of traditional values 
d. Human harassment 
e. Inadequate trained human resources 
f. Lack of effective management 
g. In appropriate land use 

7. Political and policy issues 
a. Change in use / legal status 
b. Civil unrest 
c. Intercommunity conflict 
d. Military activities 

Categories of threat 

 The following categories of threat have been recognized by IUCN (International Union for 
Conservation of  Nature and Natural Resources)  

1. Endangered 
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 The taxa in danger of extinction and whose survival is unlikely, the causal factors continue 
operation. The taxa whose number have been reduced to a critical level or whose habitats have been so 
drastically reduced that they are seemed to be in immediate danger of extinction (eg) Nepenthes sp., 
Vanda, Cycas beddomii. 

2. Vulnerable 

 Taxa likely to move into endangered category in near future, if the causal factors continue 
operating included taxa of which most or all the population are decreasing because of over exploitation, 
extensive destruction of habitats or other environmental disturbances. Eg. Dioscoria deltoidea 

3. Rare 

 Taxa with small world population that are not at present endangered or vulnerable but are at 
risk. These taxa are usually localized within restricted geographical areas or habitat or are thinly 
scattered over more extensive range (eg) Rauvolfia serpentina 

4. Threatened 

 The term threatened is used in the conservation for species which fall in one of the above three 
categories 

Endangered plant and animal species 

• 427 – endangered plant species (BSI) in Red Data Book 
• Contributes to about 20% of India’s floristic wealth of higher plants 

Endangered plants 

• Acer laevigatum  
• Phoenix rupicola 
• Lactuca cooperi 
• Carum villosum 
• Amorphophalius bulbifeer 
• Dioscorea laurifolia 

Endangered animals 

Andaman wild pig, Bison, Black buck, Blue whale, Cheetah, crab eating macaque, two horned antelope, 
giant squirrels, Hyaena, Lion tailed Macaque, musk deer, Nilgiri tahr, Sambar, rhinoceros, Siberian White 
crane 
Conservation of Biodiversity 

 The very existence of human being is threatened due to continuous loss of biodiversity. Tropical 
rain forests have been the focal point of the debates on biodiversity conservation. In fact, the rain forest 
covers only 7% of the earth’s geographical area but supports more than half of the world’s identified 
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species. Of these, 15 rain forests have been identified as hot spots. Tropical deforestation will be the 
single greatest cause of species extinction in the next century. 

Strategies of Conservation 

Future strategy for Conservation   has 4 goals 

1. Maintenance of adequate resources 
2. Conservation of resources through reduction in demand and achievement of greater end use 
3. Maximum use of renewable resources 
4. Reduction in dependency of non-renewable resources 

 

In situ strategy 

This strategy emphasizes on the conservation work at original site of biodiversity i.e. in wild. 
Conservation of overall diversity of genes, populations, species, communities and the ecological 
processes comes under this strategy. There are 37,000 protected area in the world (World Conservation 
Monitoring Centre , WCMC). India has 17 biosphere reserves, and 19 Ramsar wetlands. Amongst the 
protected areas, India has 102 national parks and 490 sanctuaries covering an area of 1.53 lakh sq. km.  
 

Ex situ Strategy 

 This strategy says that conservation work should be done outside the natural habitat in form of 
botanical and zoological gardens, conservation stand, seed and seedling banks, pollen banks, germ 
plasm banks, tissue culture banks, gene and DNA banks etc. In India, conservation of genetic diversity of 
cultivated plants and their wild relatives is done by NBPGR (National Bureau of Plant Genetic Resources). 

Reduction of Anthropogenic Pressure 

 Increasing population and it’s demands pose remarkable threat to taxa important to human 
being. About 70% of identified medicinal plants of Indian Himalaya are exposed to destructive 
harvesting. Cultivation of such plants elsewhere would contribute to their conservation. 

Restoration of endangered species 

 It is tough and difficult strategy. It requires specific knowledge about species and its 
surrounding. This strategy includes diagnosis of factors responsible for the decline of species, habitat 
conservation, captive breeding and restriction of harvesting etc. the strategy include: 

 Reintroduction programmes in the original site of living 
 Augmentation programmes to increase the existing population size and genetic diversity of a 

species  
 Introduction programmes for a new area. 
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Endemic species 

 Endemic species are the plants, which are limited in their distribution i.e. they are restricted to a 
small area and are not found elsewhere in the world. Endemism of Indian biodiversity is significant. 
About 4,900 species of flowering plants and 33% of the recorded floras are endemic to the country. 
These are distributed over 141 genera belonging to 47 families. These are concentrated in the 
floristically rich areas of North East India, the western Ghats, North West Himalayas and the Andaman 
and Nicobar Islands. The Western Ghats and the Himalayas have two of the 18 hot spots identified in the 
world. It is estimated that 62% of the known amphibian species are endemic to India of which  a 
majority occur in Western Ghats.  Endemism may be due to: 

 Poor adaptability of a species in a wide range of ecology 
 Presence of some geographical barrier 
 Failure of dispersal of reproductive organs 
 The species might have comparatively been young and not have time to spread. 

                            

Biosphere Reserves 

Biosphere reserve programme was launched by UNESCO in 1971 under its MAB (Man and 
Biosphere Programme). Biospheres are sites where protection is granted not only to the flora and fauna 
of the protected region, but also to the human communities who inhabit these regions, and their ways 
of life.  Biosphere reserves are sites established by countries and recognized under UNESCO's Man and 
the Biosphere (MAB) Program to promote sustainable development based on local community efforts 
and sound science. Currently there are 580 sites across 114 countries. The Indian government has 
established 17 Biosphere Reserves of India. Seven of the seventeen biosphere reserves are a part of the 
World Network of Biosphere Reserves, based on the UNESCO Man and the Biosphere (MAB) Program 
list. 

Biosphere reserves of India 
 

S.No Name of Biosphere Reserve Location 
1 Great Rann of Kutch Gujarat 
2 Nokrek Meghalaya 
3 Manas Assam 
4 Gulf of Mannar Tamil Nadu 
5 Sundarban West Bengal 
6 Nandadevi Uttrakhand 
7 Nilgiri Tamil Nadu, Kerala and Karnataka 
8 Dehang Debang Assam 
9 Panchmani Madhya Pradesh 

10 Amarkantak Madhya Pradesh and Chattisgarh 
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11 Kanchenjunga Sikkim 
12 Agasthyamalai Biosphere Reserve Kerala and Tamil Nadu 
13 Great Nicobar Biosphere Reserve Andaman and Nicobar 
14 Dibru-Saikhowa Assam 
15 Cold Desert Himachal Pradesh 
16 Seshachalam Hills Andhra Pradesh 
17 Simplipal Orissa 

 

Important National parks and wild life sanctuaries in India 

• Andra Pradash – Pakhal, Povharam, kawal, kollaeru, pelicanary wild life sanctuary 
• Arunachal Pradesh – Namidapha Wild life sanctuaries 
• Assam – Kaziranga National Park, Manas Wild life sanctuaries 
• Bihar – Hazaribagh National park 
• Gujarat – Gir National Park 
• Karnataka – Bandipur National park, Silent Valley National park 
• Kerala – Periyar Wild life sanctuarie, Wyanad Wild life sanctuarie 
• Orissa – Chilka Lake Bird sanctuary 
• Tamil Nadu – Mudumalai Wild life sanctuarie, Vedanthangal Bird Sanctuary 
• Uttar Pradah – Corbett National park 
• West Bengal  – Jaldapara Wild life sanctuarie 

 

Some of the policies, which can be taken into account for biodiversity conservation, are: 
• Identifying and monitoring the important components of biological diversity that needs to 

be conserved and used sustainably. 
• Establishing protected areas to conserve biological diversity while promoting 

environmentally sound development around these areas. 
• Respecting, preserving and maintaining traditional knowledge of the sustainable use of 

biological diversity with the involvement of indigenous peoples and local communities. 
• Educating people and raising awareness about the importance of biological diversity and the 

need to conserve it 
• Promoting public participation, particularly when it comes to assessing the environmental 

impacts of development projects that threaten biological diversity and protecting the 
biodiversity hot spots from alien species. 

Biodiversity conservation is an important step towards a successful disaster management and if 
policies are implemented to protect it, then we can get one step closer in making a Disaster Free World. 



Lecture 6. Bio-diversity: Definition, classification, threats to biodiversity and its conservation. 
 

1.  The levels of biological organization include 
 a) Genetic diversity    b) Species diversity  
  c) Ecosystem diversity d) All the above 

2. The location of Salim Ali College of Ecology  
 a) New Delhi b) Kolkotta 
 c)Mumbai d) Pondicherry. 
3. Which of the following is not an estimate of species diversity? 
 a) Abundance    b) Turn over  
 c) Chromosome banding  d) Richness 
4. Variation of genes within the species is  
  a)Species diversity         b)ecological diversity 
 c)Genetic diversity                                      d)Population diversity 
5. The species richness and evenness is ------------ 
 a) ά Diversity                                                  b)β- diversity 
 c) ال-Diversity                                                d) all the above 
6. India has ---------------- 
 a) 10 recognised endemic centre b) 26 recognised endemic centre 
 c) 12 recognised endemic centre d) 40 recognised endemic centre 
7. The richest, rarest and most distinctive natural areas in the earth”s biodiversity is  ------------ 
 a) universe 200                                          b) global 200 
 c) planet 200                                                 d) Biome 200 
8. The world’s heritage sites located in West Bengal is 
 a) Kazirangal National part b) Manos Wildlife sanctuary 
 c) Sunderban National park d) Sunderban Mangrooves 
9. In India conservation of genetic diversity of cultivated plant and their wild relative is done by 
 a) WCMC                   b)NBPGR                
 c) IUCW                    d)WCED 
10 Plant species which are restricted to a small area and are not found elsewhere in the world is 
 a) Ecotone                    b) Biome                  
 c)  Endemism               d) Microcosm 
11 Vanda is a ------ 
 a) Rare species           b) Endangered species              
 c) Extinct species              d) Threatened species 
12 An undisturbed natural areas for scientific study as well as conditions of disturbance are under 

perfect control of 
 a) Wild life sanctuary                                           b) Biosphere reserve 
 c) National park                                                 d) Botanical garden 
13. Carbett National  park is at  
 a) Uttar Pradesh   b) Tamil Nadu   
 c) West Bengal  d) Gujarat 
13. Kaziranga national park and Manas wild life Sanctuaries are at   
 a) Assam b) Bihar 
 c) Uttar Pradesh d) West Bengal 



14. Zoological Gardens are --------------------------- method of conserving the resources 
 a)Exsitu  b) insitu  
 c) Traditional   d) all the above 
15. A net work of different species present in a local ecosystem and interact between them is called 
 a)Ecological Diversity  b) Ecotone   
 c) ecosystem   d) None of the above 
16. Endemism is due to  
 a)Poor adoptability b)Geographical barrier  
 c)Failure of reproductive organs  d)All the above 
17. A species deliberately introduced into an environment that does not historically belongs to its 

range is known as ------------------------------- 
 a)Endemic  b) Exotic 
 c)Wild species d)none of the above 
18. Biodiversity is rich in  
 a)Temperate forest,   b)Grasslands,  
 c)Tropical forest.  d)dessert 
19. Species in danger of extinction whose survival is unlikely  
 a)Extinct      b)Endangered  
  c)Rare  d)Threatened 
20.  Nilgiri biosphere reserves covers   
 a)Tamil Nadu and Kerala b)Tamil Nadu and Andhra Pradesh 
 c)Karnataka and Tamil Nadu d) Kerala, Karnataka and Tamil Nadu 
21. The animal which is fast becoming an endangered species in India 
 a) Lion   b) Tiger 
 c) Wolf  d) Deer 
22. The first national park established in the World 
 a) Royal National park in Australia    b). Yellowstone National Park  in North 

America 
 c) Kruger national park  d) June Corbett national park. 
23. The shrub brought from Australia to decorate garden hedges in India that has  become a weed 
 a)Parthenium   b). Lantana   
 c) Elder  d) Bilberry 
24. The project tiger was launched in the year  
 a) 1980   b) 1985   
 c) 1973   d) 1970 
25. Expand CITES ---------------------- (Convention on International trade on Endangered Species) 

 
26. The location of Salim Ali Centre for Ornithology is located at --------------------- ( Coimbatore ) 
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         Abstract 
Biodiversity is the variety of different forms of life on earth, including the different plants, animals, micro-organisms, the 

genes they contain and the ecosystem they form. It refers to genetic variation, ecosystem variation, species variation 

(number of species) within an area, biome or planet. Relative to the range of habitats, biotic communities and ecological 

processes in the biosphere, biodiversity is vital in a number of ways including promoting the aesthetic value of the natural 

environment, contribution to our material well-being through utilitarian values by providing food, fodder, fuel, timber 

and medicine.  Biodiversity is the life support system. Organisms depend on it for the air to breathe, the food to eat, and 

the water to drink. Wetlands filter pollutants from water, trees and plants reduce global warming by absorbing carbon, 

and bacteria and fungi break down organic material and fertilize the soil. It has been empirically shown that native 

species richness is linked to the health of ecosystems, as is the quality of life for humans. The ecosystem services  of 

biodiversity is maintained through formation and protection of soil, conservation and purification of water, maintaining 

hydrological cycles, regulation of biochemical cycles, absorption and breakdown of pollutants and waste materials 

through decomposition, determination and regulation of the natural world climate. Despite the benefits from biodiversity, 

today’s threats to species and ecosystems are increasing day by day with alarming rate and virtually all of them are 

caused by human mismanagement of biological resources often stimulated by imprudent economic policies, pollution and 

faulty institutions in-addition to climate change. To ensure intra and intergenerational equity, it is important to conserve 

biodiversity. Some of the existing measures of biodiversity conservation include; reforestation, zoological gardens, 

botanical gardens, national parks, biosphere reserves, germplasm banks and adoption of breeding techniques, tissue 

culture techniques, social forestry to minimize stress on the exploitation of forest resources. 
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Introduction 
Biodiversity is a comprehensive umbrella term for 

the extent of natures variety or variation within the 

natural system; both in number and frequency. It is 

often understood in terms of the wide variety of 

plants, animals and microorganisms, the genes they 

contain and the ecosystem they form. The 

biodiversity we see today is the result of billions of 

years of evolution, shaped by natural processes and, 

increasingly, by the influence of humans. It forms 

the web of life of which we are an integral part and 

upon which we so fully depend. So far, about 2.1 

million species have been identified, mostly small 

creatures such as insects. Scientists believe that 

there are actually about 13 million species, though 

as per UNEP estimates there are 9.0 to 52 million 

species exist on earth (Mora et al., 2011). Biodiversity 
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also includes genetic differences within each species - 

for example, between varieties of crops and breeds of 

livestock. Chromosomes, genes, and DNA-the building 

blocks of life-determine the uniqueness of each 

individual and each species. Yet another feature of 

biodiversity is the variety of ecosystems such as those 

that occur in deserts, forests, wetlands, mountains, 

lakes, rivers, and agricultural landscapes. In each 

ecosystem, living creatures including human form a 

community, interacting with one another and with the 

air, water, and soil around them. Biodiversity is thus 

considered at 3 major levels:  

Genetic diversity: This is the variety of genetic 

information contained in all of the individual plants, 

animals and microorganisms occurring within 

populations of species. Simply it is the variation of 

genes within species and populations. 

Species diversity: This is the variety of species or the 

living organisms. It is measured in terms of- Species 

Richness - This refers to the total count of species in a 

defined area.  Species Abundance - This refers to the 
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relative numbers among species. If all the species have 

the same equal abundance, this means that the variation 

is high hence high diversity, however if the one species 

is represented by 96 individuals, whilst the rest are 

represented by 1 species each, this is low diversity. In 

nature, not all species of a community are equally 

different. It is possible to classify species on the basis of 

their functions- 

a) Functional types: Functional types are those 

species, which perform different ecological 

functions. 

b) Functional analogues: Functional analogues 

represent distinct taxa performing the same or very 

similar ecological functions. 

Ecosystem diversity: This relates to the variety of 

habitats, biotic communities and ecological processes 

in the biosphere. 

Biodiversity is not distributed evenly on Earth. It is the 

richest in the tropics. Terrestrial biodiversity tends to be 

highest near the equator (Gaston, 2000), which seems 

to be the result of the warm climate and high primary 

productivity (Field et al., 2009). Marine 

biodiversity tends to be highest along coasts in the 

Western Pacific, where sea surface temperature is 

highest and in the mid-latitudinal band in all oceans. 

There are latitudinal gradient in species diversity 

(Tittensor et al., 2010).  Biodiversity generally tends to 

cluster in hotspots (Myers et al., 2000), and has been 

increasing through time (McPeeket al., 2007) but will 

be likely to slow in the future (Robosky, 2009).  

 

BENEFITS OF BIODIVERSITY 

Utilitarian benefits 

Biodiversity contribute to our material well-being.  We 

obtained various productive materials from biodiversity 

e.g. agricultural materials or food, medicine, industrial 

raw materials etc. 

 More than 60 wild species have been used to 

improve the world’s 13 major crops by providing 

genes for pest resistance, improved yield, and 

enhanced nutrition (IUCN, 2012). 

 Since agriculture began about 12,000 years ago, 

roughly 7,000 plant species have been used for 

human consumption. While most people depend 

mainly on domesticated species for their dietary 

needs, some 200 million depend on wild species for 

at least part of their food. 

 Populations in South and East Asia are dependent 

on complex rice-fish agro-ecosystems, where fish 

and other aquatic animals serve as a source of 

nutrition to local communities, and provide 

essential services for rice productivity in the flooded 

fields. 

 Fisheries alone account for at least 15% of animal 

protein directly consumed by humans. Fisheries 

indirectly support additional food production by 

providing inputs to the aqua-culture and livestock 

industries. 

 Amphibians play a vital role in ecosystems, are 

indicators of environmental health, and are 

‘hopping pharmacies’ being used in the search for 

new medicines. Yet 41% of amphibian species are 

threatened with extinction. 

 In some countries, medicinal plants and animals 

provide most of the drugs people use, and even in 

technologically-advanced countries like the USA, 

half of the 100 most-prescribed drugs originate 

from wild species. According to world health 

Organization report nearly 80% of people live in 

Africa rely on traditional medicines as main source 

for their health care need. 

 More than 70,000 different plant species are used in 

traditional and modern medicine. Microbes have 

given us nearly all of our antibiotics such as 

penicillin, as well as the cholesterol lowering strain. 

The chemical taxol, derived from the Pacific yew, 

has been found to kill cancer cells. ACE inhibitors, 

which are among the most effective medicines 

known for treating high blood pressure, are derived 

from the Pit Viper (Bothrops jararaca).  

Ecosystem services 

Ecosystem services are defined as the processes and 

conditions of natural systems that support human 

activity (Singh et al. 2006).  

 Biodiversity plays an important role in the 

way ecosystem function and in the services they 

provide. Biodiversity plays a major role in 

mitigating climate change by contributing to long-

term sequestration of carbon in a number of biomes. 

It is through biodiversity that sequential balance of 

CO2 and O2 is maintained. Due to the accumulation 

of CO2 in the atmosphere and ozone layer depletion, 

the earth is becoming warmer and more prone to 

natural calamities. A square kilometre of coastal 
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ecosystem such as mangroves forests can store up 

to five times more carbon than the equivalent area 

of mature tropical forests. But these areas are being 

destroyed three to four times faster than forests, 

releasing substantial amounts of carbon dioxide into 

the atmosphere and the ocean, and contributing to 

climate change  (IUCN: facts and figures on 

biodiversity, 2012). 

 Regulation of biochemical cycles e.g. Oxygen, 

Nitrogen, hydrological cycles etc. Biological 

resources are important media in biochemical 

cycles, without which the cycles are not complete. 

 Absorption and breakdown of pollutants and waste 

materials through decomposition, e.g. in food webs 

and food chains where the flow of energy goes 

through production consumption and 

decomposition without which breakdown and 

absorption of materials will not be complete. In an 

ecosystem there is no waste as decomposition will 

take place to purify our environment by 

transforming the waste to other forms of 

biodiversity. 

 Determination and regulation of the natural world 

climate whether local, regional or micro level 

through influencing temperature, precipitation and 

air turbulence.  

 Biodiversity underpins ecosystem resilience and 

plays a critical role as part of disaster risk reduction 

and peace-building strategies. Forests, wetlands and 

mangroves play a critical role in reducing the 

impacts of extreme events such as droughts, floods 

and tsunamis. The value of the ecosystem services 

provided by coral reefs ranges from more than US$ 

18 million per square kilometer per year for natural 

hazard management, up to US$ 100 million for 

tourism, more than US$ 5 million for genetic 

material and bio-prospecting and up to US$ 

331,800 for fisheries (CBD, 2014). 

 Protective services of biodiversity provide 

protection of human beings from harmful weather 

conditions by acting as wind breaks, flood barriers 

among others. 

 Production of at least one third of the world’s food, 

including 87 of the 113 leading food crops, depends 

directly or indirectly on pollination carried out by 

insects (honey bee), bats and birds. This worldwide 

economic value of the pollinating service provided 

by insects is worth over US$ 190 billion per year 

for the main crops that feed the world (CBD, 2014). 

There have been worldwide declines in 

the diversity of pollinating insects that are essential 

for the reproduction of many plants.  

 Wild species are important in pest regulation. Bats, 

toads, birds, snakes, and so on consume vast 

numbers of the major animal pests found on crops 

or in forests. 

 A single colony of Mexican Free-tailed Bat eats 

more than 9,000 kg of insects per night, targeting 

especially Corn Earthworms and Fall Armyworms, 

both major crop predators. Yet 18% of bat species 

are threatened with extinction. 

 A single brood of woodpeckers can eat 8,000-

12,000 harmful insect pupae per day, helping to 

maintain the health of forests, whilst in fruit 

plantations, insectivorous birds can make the 

difference between a bumper crop or a costly 

failure. 

Ethical and moral benefits  

Every form of life on earth is unique and warrants 

respect regardless of its worth to human beings; this is 

the ecosystems right of an organism. Every organism 

has an inherent right to exist regardless of whether it is 

valuable to human beings or not. Humankind is part of 

nature and the natural world has a value for human 

heritage. The well being of all future generations is a 

social responsibility of the present generations, hence 

the existence of an organism warrants conservation of 

the organism. 

 

Aesthetic value 

Human beings derive great enjoyment from natural 

environment. The shapes, structure and colour 

stimulate our senses and enrich our culture. This 

illustrate majorly in the popularity of biodiversity 

conservation measures and the myriad of the many 

organizations which fight for the protection of different 

organisms. A lot of money is paid to conserve wildlife 

for their value in nature through so many organizations. 

Wild species enhance our appreciation and enjoyment 

of the environment through: 

 Leisure activities e.g. bird watching and nature 

trailing; 

 Spotting activities e.g. spot hunting, sport 

fishing, diving and mushroom picking; 

 Hearing, touching or just seeing wildlife; 

 Enjoyment as seen in art and culture e.g. dolls 

and teddy bears. 
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LOSS OF BIODIVERSITY 

The loss of biodiversity and the related changes in the 

environment are now faster than ever before in human 

history and there is no sign of this process slowing 

down. Virtually all of Earth’s ecosystems have been 

dramatically distorted and altered by human activities 

and continuously be converted for agricultural and 

other uses. Many animal and plant populations have 

declined in numbers and geographical spread. 

However, species extinction is a natural part of Earth’s 

history but human activity has increased the extinction 

rate by at least 100 times compared to the natural rate. 

Loss of biodiversity is caused by a range of drivers. A 

driver is any natural or human-induced factor that 

directly or indirectly causes a change in 

an ecosystem. A direct driver unequivocally 

influences ecosystem processes. An indirect driver 

operates more diffusely by altering one or more direct 

drivers. Important direct drivers affecting biodiversity 

are habitat alteration, climate change, invasive species 

overexploitation and pollution. 

Principal threats to biodiversity 

A threat by definition refers to any process or event 

whether natural or human induced that is likely to 

cause adverse effects upon the status or sustainable use 

of any component of biological diversity.  Biodiversity 

is declining rapidly due to factors such as habitat 

alteration and destruction by the land use change, over 

exploitation of biological resources, climate change, 

pollution and invasive species. Such natural or human-

induced factors tend to interact and amplify each other. 

Habitat alteration and destruction 

Overall, the main factor directly driving biodiversity 

loss worldwide is habitat alteration and destruction. 

Habitat destruction renders entire habitats functionally 

unable to support the species present in the habitat. 

Biodiversity reduced in this process when existing 

organisms in the habitat are displaced or destroyed 

(Ayoade at al., 2009; Agarwal et al., 2011). Human 

destruction of habitats has accelerated greatly in the 

latter half of the twentieth century. Natural habitats are 

often destroyed through human activity for the purpose 

of harvesting natural resources for industry production 

and urbanization. Clearing forest areas for agriculture, 

changes in the riverine habitat to lacustrine (reservoir) 

habitat by the construction of hydroelectric projects on 

the rivers (Agarwal et al., 2014), mining, logging, 

urban sprawl, construction of highways are some 

examples of habitat destruction and fragmentation. A 

five-year estimate of global forest cover loss for the 

years 2000–2005 was 3.1 percent. In the humid tropics 

where forest loss is primarily from timber extraction, 

272,000 km
2
 was lost out of a global total of 

11,564,000 km
2 
(or 2.4 percent). In the tropics, these 

losses also represent the extinction of species because 

of high levels of endemism. Increased greedy demand 

for resources has resulted into land use changes. Hence 

loss to genetic diversity, species reduction and 

increased ecosystem changes such as random 

population changes, disease outcrop, and habitat 

fragmentation among others has resulted into 

biodiversity losses.  

Over-exploitation of biological resources 

This results when individuals of a particular species are 

taken at a higher rate than can be sustained by the 

natural reproductive capacity of the population being 

harvested. This can be through hunting, fishing, trade, 

food gathering etc. Overexploitation remains a serious 

threat to many species, such as marine fish and 

invertebrates, trees, and animals hunted for meat.  The 

grazing pressure on most of the high altitude grasslands 

of the Uttarakhand  state both from migrant and local 

communities, is the extensive extraction of medicinal 

herbs in these areas resulting in their over exploitation 

(Rawat, 1998). Most industrial fisheries are either fully 

or overexploited, while destructive fishing techniques 

harm estuaries and wetlands. Although the true extent 

of exploitation is poorly known, it is clear that rates of 

off take are extremely high in tropical forests. The trade 

in wild plants and animals and their derivatives is 

poorly documented but is estimated at nearly $160 

billion annually. It ranges from live animals for the 

food and pet trade to ornamental plants and timber. 

Because the trade in wild animals and plants crosses 

national borders, the effort to regulate it requires 

international cooperation to safeguard 

certain species from overexploitation.  

Pollution 

Over the past five decades, inorganic and organic 

pollutants have emerged as one of the most important 

factor of biodiversity loss in terrestrial, aquatic- marine 

as well as freshwater ecosystems. Thermal pollution is 

another threat to biodiversity. The potential 

consequences of organic pollutants in a freshwater 

ecosystem include eutrophication of fresh-water body, 

hypoxia in coastal marine ecosystems, nitrous oxide 

emissions contributing to global climate change, and air 

pollution by NO in urban areas. Occurrence of such 

problems varies widely in different regions. Species in 

habitats are increasingly being harmed by industrial 
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activities and pollution from excessive use of agro-

chemicals such as DDT, oil spills, acid precipitation 

etc. For example pesticide linked decline of fish eating 

birds and falcons. Lead poisoning is another major 

cause of mortality of many species such as ducks, 

swans and cranes as they ingest the spent shotgun pellet 

that fall into lakes and marshes. 

The vulture was once very common in the Gangetic 

plains of India, and often seen nesting on the avenue 

trees within large cities in the region. Before the 1990s 

they were even seen as a nuisance, particularly to 

aircraft as they were often involved in bird 

strikes. The vulture has suffered a 99% population 

decrease in India (Prakash, 2007) and become rare due 

to poisoning by DDT used as pesticides and also by 

diclofenac which is used as veterinary non –steroidal 

anti- inflammatory drug, leaving traces in cattle 

carcasses which when fed by vultures leads to thinning 

of egg shells resulting into premature hatching and 

kidney failure in birds (Green et al., 2004; 

Muralidharan et al., 2008). Campaigns to ban the use of 

diclofenac in veterinary practice have been underway 

in several South Asian countries. 

The dramatic decreases in house sparrow population in 

India is experienced in recent past. It is linked with 

pollution caused by electromagnetic radiation from 

mobile phones. Microwave towers (Balmori and 

Hallberg, 2007); the excessive use of pesticides, a 

gradual decrease in nesting sites caused by changes in 

urban building design. To promote the conservation of 

these birds, in 2012, the then Chief Minister of Delhi, 

Ms. Sheila Dikshit, declared the house sparrow as the 

state bird of Delhi.
  

Species invasions 

This can be intentional or accidental. Species 

introduced in an ecosystem will cause changes in the 

ecosystem. Introduced species are organisms arising in 

areas/ habitats in which they were previously not 

native. Such introduced species are usually referred to 

as biological pollutants. Some of the ecological impacts 

of the invasion include hybridization, out competition, 

disruption of original ecosystem, plant pathogenic 

influences, disease transmission, disruption of food-

webs, and to some situations extinction. Species may 

be introduced intentionally for ornamental concerns, 

agriculture, hunting and spotting activities, 

biotechnology for scientific research and for trade. 

Climatic changes 

This is of great concern especially when global CO2 

increases in the atmosphere resulting to global 

warming. Most species originate within a very narrow 

physiological limit; hence nature has a range of 

tolerance maintained for ecosystem stability. Changes 

may be gradual or abrupt such that if the limit is 

exceeded the upper or lower, species suffers extinction. 

Recent changes in climate, such as warmer 

temperatures in certain regions, have already had 

significant impacts on biodiversity and ecosystem 

(Rawat and Semwal, 2014). They have 

affected species distributions, population sizes, and the 

timing of reproduction or migration events, as well as 

the frequency of pest and disease outbreaks. Projected 

changes in climate by 2050 could lead to the extinction 

of many species living in certain limited geographical 

regions. By the end of the century, climate change and 

its impacts may become the main direct driver of 

overall biodiversity loss. While the growing season in 

Europe has lengthened over the last 30 years, in some 

regions of Africa the combination of regional climate 

changes and human pressures have led to decreased 

cereal crop production since 1970. Changes in 

fish population have also been linked to large-scale 

climate variations such as "El Nino" have affected 

fisheries off the coasts of South America and Africa, 

and decadal oscillations in the Pacific have affected 

fisheries off the west coast of North America. 

As climate change will become more severe, the 

harmful impacts on ecosystem services will outweigh 

the benefits in most regions of the world. The 

Intergovernmental Panel on Climate Change (IPCC) 

project that the average surface temperature will raise 

by 2 to 6.4
0
C by 2100 compared to pre-industrial 

levels. This is expected to cause global negative 

impacts on biodiversity (Millennium Ecosystem 

Assessment, 2005). 

Population 

From 1950 to 2011, world population increased from 

2.5 billion to 7 billion and is forecast to reach a plateau 

of more than 9 billion during the 21st century 

(Population Reference Bureau). As the human 

population is increasing, there exists insatiable demand 

for raw materials which is bound to cause changes in 

biodiversity. The human population has more impact 

on biodiversity than any other single factor. According 

to Dumont, (2012) until the middle of the 21st century, 

worldwide losses of pristine biodiversity will largely 

depend on the worldwide human birth rate. It is 

therefore vital to control human population which will 

result in biodiversity conservation. 
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Institutional / policy failure 

Some institutions are created to manage biological 

resources. However, the institutions/policy fail to 

internalize the values of biodiversity within the 

decision making process of their Nations and 

individuals. Such institutions/policies in place should 

have a holistic approach towards biodiversity 

conservation rather than part conservation. 

BIODIVERSITY CONSERVATION 

Biodiversity conservation is about saving life on Earth 

in all its forms and keeping natural ecosystems 

functioning and healthy. This incorporates the 

preservation, maintenance, sustainable use, recovery 

and enhancement of the components of biological 

diversity. Where - Conservation - is the sustainable use 

of resources and encompasses protection as well as 

exploitation and, Preservation - is an aspect of 

conservation meaning to keep something without 

altering or changing it. Sustainable development is 

another intricate aspect of biodiversity conservation. 

This refers to development that meets the needs of the 

current generation without compromising the ability of 

future generations to meet their needs. It simply refers 

to intra and intergenerational equity. A balance 

between the environment, development and society 

results to sustainable development which ensures 

biodiversity conservation. This is only possible in the 

presence of proper enforcement and implementation 

policies/ conventions and environmental institutions. 

Why Conserve Biodiversity? 

Biodiversity is the life support system of our planet- we 

depend on it for the air we breathe, the food we eat, and 

the water we drink. Medicines originating from wild 

species, including penicillin, aspirin, taxol, and quinine, 

have saved millions of lives and alleviated tremendous 

sufferings. Wetlands filter pollutants from water, trees 

and plants reduce global warming by absorbing carbon. 

Bacteria and fungi break down organic material and 

fertilize the soil. It has been observed that native 

species richness is linked to the health of ecosystems, 

as is the quality of life for humans. The connections 

between biodiversity and our sustainable future appear 

closer and closer the more we look. We literally need to 

conserve biodiversity as our lives depend on it. 

Conservation measures of biodiversity 

Ex-situ conservation: 

It refers to conservation of components of biodiversity 

outside their natural habitats, e.g. zoos, museums, gene 

banks, botanical gardens/arboretums, used for 

threatened and endangered species to avoid their 

extinction, also known as captive conservation.  

A lot of effort is under way to collect and preserve the 

genetic material of crops, animal, bird and fish species 

(Agarwal et al., 2009; Agarwal, 2011). This work is 

being done by institutions such as the National Bureau 

of Plant Genetic Resources, National Bureau of Fish 

Genetic Resources, the National Bureau of Animal 

Genetic Resources, etc.  Conservation measures have 

also included reintroduction, captive-breeding 

programs and artificial feeding. Reintroduction of an 

animal or plant into the habitat from where it has 

become extinct is another form of ex situ conservation. 

For example, the Gangetic gharial has been 

reintroduced in the rivers of Uttar Pradesh, Madhya 

Pradesh and Rajasthan where it had become extinct. 

Seed banks, botanical, horticultural and recreational 

gardens are important centers for ex situ conservation. 

Ex-situ conservation measures complement to in-situ 

conservation.  

In-situ conservation: 

It refers to conservation of ecosystems and natural 

habitats including maintenance and recovery of viable 

populations of species in their natural habitats. 

Approximately, 4.2 % of the total geographical area in 

India has been earmarked for extensive in-situ 

conservation of habitats and ecosystems. A protected 

area network of 102 national parks, 18 biosphere 

reserves and 448 wildlife sanctuaries has been created. 

The results of this network have been significant in 

restoring viable population of large mammals such as 

tiger, lion, rhinoceros, crocodiles and elephants. 

Community Participation in Biodiversity 

Conservation 

It is being recognized that no legal provisions can be 

effective unless local communities are involved in 

planning, management and monitoring conservation 

programmes. There are several initiatives to do this, 

both by government as well as non-governmental 

organizations. For example, the Joint Forest 

Management philosophy stresses involvement of 

village communities in regenerating and protecting 

degraded forest land in the vicinity of villages. 

Successful conservation strategies will have to have the 

confidence and participation of the local communities 

(Dobhal et al., 2011).  

International efforts for biodiversity conservation: 

Conserving biodiversity is not an issue confined to any 

one country or community. It is a crucial global 

concern. Conservation of biological diversity and 
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sustainable use of its components came into the 

limelight in 1972 (United Nations Conference on 

Human Environment; Stockholm). In 1973, UNEP 

identified conservation of biodiversity as a priority 

area, hence there was need to get the legal mandate for 

conservation of world resources. There were 

negotiations for a legally binding instrument to address 

biological diversity and its loss to enhance fairness and 

equity in sharing of the benefits of biodiversity; this led 

to the opening of the Convention on Biological 

Diversity in 1992; (CBD, 2011).The convention was 

inspired by the growing concern all over the world for 

sustainable development. The convention objectives 

were: 

 Conservation of the biological diversity 

 Sustainable use of its components; 

 A fair and equitable sharing of its benefits. 

This was the first global comprehensive agreement that 

addressed all the aspects of biological diversity; genetic 

resources, species diversity and ecosystem diversity. 

Several international treaties and agreements are in 

place in the attempt to strengthen international 

participation and commitment towards conserving 

biodiversity.  Some of these are: 

 Rio–de-Janeiro under the United Nations 

Conference on Environment and Development 

(UNCED)/ Earth Summit  

 African Convention on Conservation of nature and 

natural resources. 

 The Ramsar Convention on Wetlands of 

international importance. 

 International Union for the Conservation of nature 

(World Conservation Union). 

 Convention on International trade for endangered 

species (CITES). 

 International Convention for the Protection on 

birds. 

 International Board for Plant genetic resources. 

 World Resources Institute. 

 World Wide Fund for Nature. 

 Convention on Conservation of migratory species 

of wild animals. 

 International Convention for the Regulation of 

whaling. 

 UNESCO programme on Man and biosphere. 

 

 

Indian efforts for biodiversity conservation 

In India, protecting and promoting biodiversity has 

always been an integral part of culture and civilization. 

This can be seen in the thousands of sacred groves that 

are found all over the country. The Indian traditional 

systems of agriculture and medicine depend on plant 

and animal biodiversity. India is one of the early 

signatories to the UN Convention on Biological 

Diversity (CBD). Even prior to CBD, India has already 

been having legal provisions dealing with aspects 

relating to biodiversity.  

Indian Forest Act 1927 and Forest (Conservation) Act 

1980 deal with management of forests and 

conservation of forest land respectively. Wildlife 

(Protection) Act 1972 is for the protection of wild 

animals, birds and plants, and basically aims at 

protecting, propagating or developing wildlife or its 

environment through national parks, sanctuaries etc. 

Besides, the Act has a provision to prohibit picking and 

uprooting of specified plants. 

Despite population pressure on land, India has more 

than 600 Protected Areas, covering approximately 5% 

of the total geographical area of the country, in a 

network of National Parks, Wildlife Sanctuaries, and 

Conservation Reserves. India has special programmes 

for some high-profile endangered species like tigers 

and elephants. In 2010, the country level status 

assessment for tigers showed an increase in their 

number to an estimated 1706 from an estimated 1411 

in the year 2006. Subsequent to becoming a party to the 

CBD, India has taken the following steps towards 

maintenance of biodiversity. 

 India has passed and notified the Biological 

Diversity Act, 2002. The act primarily addresses 

access to genetic resources and associated 

knowledge by foreign individuals, institutions or 

companies, to ensure equitable sharing of benefits 

arising out of the use of these resources and 

knowledge to the country and the people. 

 As per the provision of the Biological Diversity Act 

2002, a National Biodiversity Authority has been 

set up at Chennai on 1st October, 2003 to facilitate 

implementation of the Act.  In compliance with the 

provisions of the Act, states have formed State 

Biodiversity Boards and at local level, Biodiversity 

Management Committees have been formed. 

 India chaired the Group of Like Minded Mega 

diverse Countries (LMMCs) for a period of two 

years (March, 2004 to March, 2006). India played 

Biodiversity: Concept, threats and conservation 
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an important role in the development of a common 

position of LMMCs for the negotiations for 

developing an international regime on access and 

benefit sharing. 

 Subsequent to the approval of the National 

Environment Policy (NEP) by the Cabinet in 2006, 

National Biodiversity Action Plan (NBAP) was 

approved in November 2008 to augment natural 

resource base and its sustainable utilization. 

In the recent past, India has taken the following steps in 

the direction of biodiversity conservation. 

 India has recently ratified the Nagoya Protocol and 

formalized the commitment to it. The Nagoya 

Protocol on access and benefit sharing has been 

negotiated under the aegis of CBD, and adopted by 

the Tenth Conference of Parties (COP-10) held in 

Nagoya, Japan in October 2010. The Nagoya 

Protocol would contribute to fair and equitable 

sharing of benefits ensuing from utilization of 

genetic resources would act as incentive to 

biodiversity-rich countries and their local 

communities to conserve and sustainably use their 

biodiversity. 

 India has, for the first time, hosted the 

11
th
 Conference of Parties (CoP-11) to the 

Convention on Biological Diversity. This is also the 

first such Conference since the launch of the United 

Nations Decade of Biodiversity in 2011. 

 At the CoP-11, India has launched the Hyderabad 

Pledge and announced that our Government will 

earmark a sum of US$ 50 million during India’s 

presidency of the Conference of Parties to the 

Convention on Biological Diversity to strengthen 

the institutional mechanism for biodiversity 

conservation in India. India will use these funds to 

enhance the technical and human capabilities of our 

national and state-level mechanisms to attain the 

Convention on Biological Diversity objectives. 

 India has also earmarked funds to promote similar 

capacity building in developing countries. 

 In recent years there has been concern that this 

public knowledge may become restricted in its use 

because of the application of the modern intellectual 

property system. India has tried a unique approach 

to protection of traditional knowledge 

by establishing a Traditional Knowledge Digital 

Library. This database has 34 million pages of 

information in five international languages in 

formats easily accessible by patent examiners. This 

Library promotes the objectives of the Nagoya 

Protocol on the issue of protection of codified 

traditional knowledge systems such as the 

celebrated Ayurveda. India decided to build this 

knowledge database because of the patent on the 

use of ‘neem’ extract in Europe and another on the 

use of ‘turmeric’ as a healing agent. Since then, 

because of this database, over 1000 cases of 

biopiracy have been identified and over 105 claims 

withdrawn or cancelled by patent offices. 

 Many development schemes have been realigned to 

provide biodiversity-related benefits. This is vital to 

protect habitats, including our water bodies, which 

are beyond our protected areas. The Mahatma 

Gandhi National Rural Employment Guarantee 

Scheme, for example, aims to create legally 
mandated green jobs for every rural household in 

our country. 

Suggested strategic goals for biodiversity 

conservation 

 Address the underlying causes of biodiversity loss 

by mainstreaming biodiversity across government 

and society. 

 Reduce the direct pressures on biodiversity and 

promote sustainable use.  

 Improve the status of biodiversity by safeguarding 

ecosystems, species and genetic diversity  

 Enhance the benefits to all from biodiversity and 

ecosystem services.  

 Enhance implementation through participatory 

planning, knowledge management and capacity 

building. 

References 

Agarwal, N.K., 2011. Cryopreservation of Fish Semen In. J.P. 

Bhatt, Madhu Thapliyal and Ashish Thapliyal (eds.), 

Himalayan Aquatic Biodiversity Conservation & New 

Tools in Biotechnology, Transmedia Publication, 

Srinagar (Garhawal) Uttarakhand. pp: 104-127. 

Agarwal, N.K., Raghuvanshi, S.K. and Saini, V., 2009. 

Cryopreservation of snowtrout (S.richardsonii) milt as 

a means for propagation and ex-situ conservation of 

species In. W.S. Lakra, A.K., Singh and P.C. Mahanta 

(eds.), Fish Genetic Resources, Narendra Publishing 

House, New Delhi. pp: 273-284. 

Agarwal, N. K., Singh, G. and Rawat, U.S., 2014. Present 

status and threats to the Ichthyofaunal diversity of a 

snow fed river Nandakini in central Himalaya 

(Garhwal), India In. Rawat U.S. & Semwal V.P. (eds.), 

Rawat and Agarwal 



27 
Environment Conservation Journal 

 
 

 

Uttarakhand Disaster: Contemporary issue of Climate 

Change and Development with Holistic Approach, 

Winsar Publication, Dehradun, India. pp: 173-182.  

Agarwal, N.K., Singh, G. and Singh, H., 2011. Present status of 

Icthyofaunal diversity of Garhwal Himalayan river 

Bhilangna and its tributaries with reference to changing 

environment.  Environment Conservation Journal, 

12(3): 101-108. 

Ayoade, A. A., Agarwal, N.K and Chandola-Saklani, A., 2009. 

Changes in Physico-chemical Features and Plankton of 

Two Regulated High Altitude Rivers, Garhwal 

Himalaya, India. European Journal of Scientific 

Research, 27 (1): 77-92. 

Balmori, A. and Hallberg, Ö., 2007. The Urban Decline of the 

House Sparrow (Passer domesticus): A Possible Link 

with Electromagnetic Radiation. Electromagnetic 

Biology and Medicine, 26 (2): 141–

151. doi:10.1080/15368370701410558.PMID 1761304

1 

CBD, 2011. Incentive measures for the conservation and 

sustainable use of biological diversity: Case studies 

and lessons learned. CBD Technical Series No.56. pp 

64 

CBD , 2014. Fast facts: Biodiversity supporting development’ 

in CBD- Get ready for 2015. In www.cbd.int/spIUCN, 

Facts and figures on biodiversity. Retrieved on 02 sep 

2015  

Dobhal, R.,  Kumar,  A. and Rawat S., 2011. Conservation and 

management of bio-resources In Uttarakhnad,  India 

In. Y. Gokhale and A.K. Negi (eds.), Community based 

bio-diversity conservation in the Himalay, The Energy 

and Resource Institute (TERI), New Delhi.  pp: 1-19. 

Dumont, E.,  2012. Estimated impact of global population 

growth on future wilderness extent. Earth System 

Dynamics Discussions 3: 433–

452.Bibcode:2012ESDD....3..433D.  doi:10.5194/esdd-

3-433-2012. 

Field, R., Hawkins, B. A., Cornell, H.V., Currie, D.J., Diniz-

Filho, J.,  Alexandre, F., Guégan, Jean-François; 

Kaufman, D.M., Kerr, J.T., Mittelbach, G.G., 

Oberdorff, T., O’Brien, E. M. and Turner, J. R. G., 

2009. Spatial species-richness gradients across scales: a 

meta-analysis. Journal of Biogeography, 36 (1): 132–

147. doi:10.1111/j.1365-2699. 2008. 01963.x. 

Gaston, K.J., 2000. Global patterns in 

biodiversity. Nature, 405 (6783): 220–227. 

doi:10.1038/35012228. PMID 10821282.  

Green, R. E., Newton, I., Shultz, S., Cunningham, A. A., 

Gilbert, M., Pain, D. J. and Prakash, V., 2004.  

Diclofenac poisoning as a cause of vulture population 

declines across the Indian subcontinent. Journal of 

Applied Ecology, 41(5): 793–800. doi:10.1111/j.0021-

8901. 2004. 00954.x. 

McPeek, M.A. and Brown, J.M., 2007. Clade Age and Not 

Diversification Rate Explains Species Richness among 

Animal Taxa. The American Naturalist, 169 (4): E97–

E106.  doi:10.1086/512135. PMID 17427118 

Millennium Ecosystem Assessment, 2005. Ecosystems and 

Human Well-being: Biodiversity Synthesis. World 

Resources Institute, Washington, DC 

Mora, C., Tittensor, D.P., Adl, S., Simpson, A.G. and Worm, 

B., 2011. How many species are there on Earth and in 

the ocean?. PLOS Biology. 9(8): e1001127. 

doi:10.1371/journal.pbio.1001127. Retrieved on 26 

May 2015. 

 Muralidharan, S., Dhananjayan, V., Risebrough, R., Prakash, 

V., Jayakumar, R. and Bloom, Peter H., 2008. 

Persistent Organochlorine Pesticide Residues in 

Tissues and Eggs of White-Backed Vulture, Gyps 

bengalensis from Different Locations in India. Bulletin 

of Environmental Contamination and 

Toxicology, 81 (6): 561–565. doi:10.1007/s00128-008-

9529-z.  18806909. 

Mutia, T.M., 2009. Biodiversity conservation. Short Course IV 

on Exploration for Geothermal Resources, organized 

by UNU-GTP, KenGen and GDC, at Lake Naivasha, 

Kenya. pp:9 

Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, 

G. A. B., Kent, J., Mittermeier, C. G., Da Fonseca, G. 

A. B. and Kent, J., 2000. Biodiversity hotspots for 

conservation priorities.  Nature ,403 (6772): 853–858. 

Bibcode:2000 Natur.403..853M. doi:10.1038/ 

35002501.  PMID  10706275. 

Prakash, V., 2007. Recent changes in populations of 

resident Gyps vultures in India. Journal of Bombay 

Natural History Society, 104 (2): 129–135. 

Rabosky, D.L., 2009. Ecological limits and diversification rate: 

alternative paradigms to explain the variation in species 

richness among clades and regions. Ecology 

Letters, 12 (8): 735–743. doi:10.1111/j.1461-

0248.2009.01333.x. PMID 19558515. 

Rawat, G.S., 1998. Temperate and alpine grassland of the 

Himalaya: Ecology and Conservation. Parks, 8(3): 27-

36. 

Rawat, U.S. and Semwal V.P., 2014. Uttarakhand Disaster: 

Contemporary issue of Climate Change and 

Development with Holistic Approach, Winsar 

Publication Dehradun, India. pp: 417.   

Singh, J.S. and Khurana, E., 2002. Paradigms of biodiversity: 

An overview. Proceedings of Indian National Science 

Academy, 3:273-296. 

Singh, J.S., Singh, S.P. and Gupta, S.R., 2006. Biodiversity In: 

Ecology, Environment and Resource Conservation. 

Anamaya Publishers, New Delhi. pp 519-553.  

Biodiversity: Concept, threats and conservation 

 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1080%2F15368370701410558
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/17613041
https://www.ncbi.nlm.nih.gov/pubmed/17613041
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2012ESDD....3..433D
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.5194%2Fesdd-3-433-2012
https://dx.doi.org/10.5194%2Fesdd-3-433-2012
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1111%2Fj.1365-2699.2008.01963.x
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1038%2F35012228
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/10821282
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1111%2Fj.0021-8901.2004.00954.x
https://dx.doi.org/10.1111%2Fj.0021-8901.2004.00954.x
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1086%2F512135
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/17427118
http://www.ncbi.nlm.nih.gov/pubmed/21886479
http://www.ncbi.nlm.nih.gov/pubmed/21886479
https://en.wikipedia.org/wiki/PLOS_Biology
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1371%2Fjournal.pbio.1001127
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1007%2Fs00128-008-9529-z
https://dx.doi.org/10.1007%2Fs00128-008-9529-z
https://www.ncbi.nlm.nih.gov/pubmed/18806909
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2000Natur.403..853M
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1038%2F35002501
https://dx.doi.org/10.1038%2F35002501
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/10706275
https://www.rspb.org.uk/Images/IndianVultureDeclines_tcm9-188415.pdf
https://www.rspb.org.uk/Images/IndianVultureDeclines_tcm9-188415.pdf
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1111%2Fj.1461-0248.2009.01333.x
https://dx.doi.org/10.1111%2Fj.1461-0248.2009.01333.x
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/19558515


28 
Environment Conservation Journal 

 
 

 

Spellerberg, I.F. and Hardes, S.R., 1992. Biological 

conservation. Cambridge University Press. pp:123.  

Surkar, D., 2015. Conserving Biodiversity in India. Retrieved 

on 02 Sept 2015 http://www.vigyanprasar.gov.in/ 

Radioserials/ Conserving _Biodiversity2.pdf 

Swanson, T.M., 1995. The economics and ecology of 

biodiversity decline – The forces driving global 

change. Cambridge University Press, pp: 176. 

Tittensor, D. P., Mora, C., Jetz, W., Lotze, H. K., Ricard, D., 

Berghe, E., Vanden Worm, B.,  Jetz, W.,  Lotze, H. K.,  

Ricard, D.,  Berghe, E. V., Worm, B., 2010. Global 

patterns and predictors of marine biodiversity across 

taxa. Nature, 466 (7310):1098–1101. 

Bibcode:2010Natur.466.1098T. doi : 

10.1038/nature09329.PMID 20668450. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tolba M. K. ; El-Kholy, O. A.;  El-Hinnawi, E.; Holdgate, M. 

W.;  McMichael, D. F.;  Munn, R. E. 1992. The world 

environment 1972-1992: Two decades of challenge. 

Chapman & Hall, New York. 

Wetangula, G. and Ajayi, J., 2002. Power development and 

nature conservation – two scenarios. University of 

Iceland, Iceland and Olkaria Geothermal Power 

Project, Naivasha, Kenya. 

World Population Growth, 1950–2050. Population Reference 

Bureau, Living Planet Report 2014, World Wildlife 

Fund, http://assets.worldwildlife.org/ 

publications/723/files / original/LPR2014_ low_res-

.pdf?1412025775 retrieved October 4, 2014. 

 

 

Rawat and Agarwal 

View publication statsView publication stats

http://www.vigyanprasar.gov.in/%20Radioserials/
http://www.vigyanprasar.gov.in/%20Radioserials/
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2010Natur.466.1098T
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1038%2Fnature09329
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/20668450
http://www.prb.org/educators/teachersguides/humanpopulation/populationgrowth.aspx
http://assets.worldwildlife.org/publications/723/files/original/LPR2014_low_res-2.pdf?1412025775
http://assets.worldwildlife.org/
https://www.researchgate.net/publication/294876262


See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/249558638

Biodiversity Prospecting: Lessons and Prospects

Article  in  Annual Review of Anthropology · October 2001

DOI: 10.1146/annurev.anthro.30.1.505

CITATIONS

73
READS

468

3 authors, including:

Steven Row King

Jaguar Animal Health

34 PUBLICATIONS   1,348 CITATIONS   

SEE PROFILE

Thomas J. Carlson

University of California, Berkeley

31 PUBLICATIONS   1,152 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Steven Row King on 30 July 2015.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/249558638_Biodiversity_Prospecting_Lessons_and_Prospects?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/249558638_Biodiversity_Prospecting_Lessons_and_Prospects?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Steven_King9?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Steven_King9?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Steven_King9?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas_Carlson6?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas_Carlson6?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_California_Berkeley?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas_Carlson6?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Steven_King9?enrichId=rgreq-01df69166418d205229a398b599508a1-XXX&enrichSource=Y292ZXJQYWdlOzI0OTU1ODYzODtBUzoyNTY5NTcyMzU4NTUzNjRAMTQzODI3NDc4Nzc0Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


9 Aug 2001 15:6 AR AR141-21.tex AR141-21.SGM ARv2(2001/05/10) P1: GSR

Annu. Rev. Anthropol. 2001. 30:505–26
Copyright c© 2001 by Annual Reviews. All rights reserved
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■ Abstract Introduction of the U.N. Convention on Biological Diversity and the
growth of biotechnology processes have recently led anthropologists into the rapidly
moving, ethically and philosophically challenging field of bioprospecting or exploring
biological diversity for commercially valuable genetic and biochemical resources. Is
bioprospecting an innovative mechanism that will (a) help produce new therapeutics
and preserve traditional medical systems, (b) conserve both biological and cultural
diversity by demonstrating their medical, economic, and social values, and (c) bring
biotechnology and other benefits to biodiversity-rich but technology poor countries?
Or is bioprospecting yet another form of colonialism—“bioimperialism”—wherein
the North rips off the South’s resources and intellectual property rights? This article
reviews the current literature on bioprospecting that lies somewhere between cur-
rent polemics and calls for more anthropological research into the bioprospecting
process.

BRIEF HISTORY OF BIOPROSPECTING

To alleviate the loss of the flora and fauna of our planet, at the U.N. Earth Sum-
mit in Rio de Janeiro, Brazil, the Convention on Biological Diversity (CBD)
(http://www.biodiv.org) was opened for signature on June 5, 1992. Objectives
of the CBD are (a) the conservation of biodiversity, (b) the sustainable use of
its components, and (c) the equitable sharing of the benefits resulting from the
commercial use of genetic resources.

Perhaps the most critical component of the CBD for biodiversity-rich countries
is sovereignty over bioresources by nation states, as the treaty recognizes their
right to regulate and charge outsiders for access to their biodiversity. No longer are
biotic resources considered “common heritage,” the pre-CBD paradigm that pro-
vided open access to bioresources. The “grand bargain” of the CBD is to balance
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how all interest groups involved can gain from the use of biodiversity by recogniz-
ing the economic, sociocultural, and environmental values of bioresources and the
costs of preserving them (Orlove & Brush 1996, Moran 1998a,Nature1998). Since
the CBD was introduced nine years ago, however, few of the 178 signatory nations
have introduced legislation requiring benefit-sharing for access to their national
bioresources by outsiders with commercial interests (ten Kate & Laird 1999).

At the same time, commercial users of bioresources voluntarily attempt to
comply with convention provisions in order to gain access to the raw bioresources
that can be developed into products. These arrangements to explore biological
diversity for commercially valuable genetic and biochemical resources have come
to be called biodiversity prospecting or bioprospecting (Reid et al 1993). Although
the unfortunate term suggests a new form of biocolonial appropriation, with all its
attendant controversy, it has, nevertheless, become the most-used term for these
transactions.

The commercial collecting of biological species is certainly not new, but their
value has increased owing to the demand for genetic and biochemical raw mate-
rials for biotech products (Farnsworth 1988, McChesney 1996). Bioprospecting
products include pharmaceuticals, botanical medicines, agribiotech, horticulture,
cosmetics, and personal care products (ten Kate & Laird 1999). Agribiotech is
briefly reviewed here, but only in relationship to pharmaceuticals because it gen-
erates a different set of policy debates, such as biosafety and world food security
(Cleveland & Murray 1997). This chapter is confined to reviewing bioprospecting
for terrestrial plant medicines and the use of ethnobotany and benefit-sharing in
natural products drug discovery, as we are experienced in these sectors. Brief ex-
amples of existing bioprospecting endeavors are presented throughout this review.

BIOPROSPECTING STAKEHOLDERS

During the decade since the CBD was introduced, the treaty has catalyzed new re-
lationships. Biodiversity-rich countries, indigenous societies with their knowledge
of the use of such bioresources as medicines, and companies that seek to discover
new therapeutics through medicinal plants and indigenous knowledge now share
common interests, and, often, conflicts. The value of plants for medicines is more
widely recognized and the intellectual property rights (IPRs) connected with their
use have been debated worldwide. Indeed, IPRs have become the metaphor to
describe indigenous ownership of traditional knowledge also, generating options
for contractual mechanisms to ensure benefits return to source cultures and coun-
tries (Brush 1993, Greaves 1994, King et al 1996, Gupta 1996, Mays et al 1997,
Gollin 1999, Riley & Moran 2001).

Governments and Their Agencies

Most biodiversity-rich countries are located in the tropics of the south, but techno-
logy-rich countries, with resources to develop biodiversity, are primarily in the
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temperate north (Kloppenburg & Balick 1995). Most southern nations are bur-
dened with poverty, oppressive external debt, impoverished university systems,
and a dearth of scientists and technology. Few have been able to collect, iden-
tify, inventory, and screen their rich biological assets, let alone develop them into
products. Thus, the CBD allows northern interests to access the biodiversity of
southern countries through commitments to share the technology and benefits that
arise from its commercial use (Porter 1992, Glowka 1998). It is the responsibility
of each CBD contracting party to devise a national biodiversity policy to document
how this will work in their country, including a legal framework to implement it.
Because many countries now have only a patchwork of legal provisions, such
as collecting or export permits, the International Union for the Conservation of
Nature, the World Conservation Union, recently published a guide (Glowka 1998).
The United Nations Development Programme also offers CBD nations a guide
(Prescott et al 2000), which includes case studies from the Democratic Republic of
Congo, the Sultanate of Oman, the Republic of Niger, and the province of Quebec.

Although the U.S. Senate has yet to ratify the CBD, the government is active
in a multicountry bioprospecting program in which conservation and develop-
ment goals are linked to the bioprospecting process. Three federal agencies, the
National Institutes of Health, the National Science Foundation, and the Depart-
ment of Agriculture, support the program, called the International Cooperative
Biodiversity Groups (ICBG), in 12 developing countries, the United States and the
United Kingdom. Goals are to improve health through the discovery of new drugs
from natural sources, to conserve biodiversity while developing local capacity
to manage natural resources, and to promote sustainable economic development,
particularly in communities of the developing tropics. Most ICBG have some
ethnomedical component to their field efforts (Rosenthal 1999).

Although each ICBG is unique, all are coordinated by U.S. academic principal
investigators, with programs in anthropology, ethnobotany, natural products chem-
istry, or drug development. As required by grants, each has a commercial pharma-
ceutical partner and a counterpart institution in the host country, and each works
with local national and international nongovernmental organizations (NGO). The
total budget for 1999 was $3.7 million, which includes contributions from all
collaborating partners. The U.S. government has continued involvement in the
projects through scientific advisory committees with representatives from each
federal agency (Rosenthal 1999).

Biotech Industry

Since Watson and Crick’s discovery of the double helix, no legal biotech case
has been as influential as Diamond v Chakrabarty, in which new genetically en-
gineered life forms were deemed patentable. The court found that a genetically
modified bacterium fit Thomas Jefferson’s language in the Patent Act of 1793,
making a new “composition of matter” patentable (U.S. Congr. 1991). In the
United States, legal, scientific, political, and economic mindsets during the 1980s
shaped emerging biotechnology firms. Major federal granting agencies, such as the
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National Science Foundation and the National Institutes of Health, implemented
policies that encouraged corporate-university collaboration in extremely difficult
and expensive biotechnology research. At Genentech of South San Francisco, for
example, using biotech processes, university researchers learned how to produce
huge supplies of insulin to treat diabetics. Secured by patents, venture capital sup-
ported the research as investment opportunities, creating biotech firms dedicated to
research and development for a profit (U.S. Congr. 1991, Cassier 1999, Rabinow
1994).

The majority of the biotech industry is not involved in bioprospecting because
most companies today favor the use of cheaper, faster, synthetic technologies over
exploring for natural products (Gollin 1999, Farnsworth 1988). But biotechno-
logy spawns ethical, social, and legal debates at the margins of pharmaceutical
bioprospecting in which anthropologists have been active. They include the col-
laboration of big business and big science, the ethics of genetic engineering, and
the patentability of life forms (Bruce & Bruce 1998). Biotechnology overlaps with
ideas about genetics and racism, culture and ethnicity (Bradby 1996). Projects in-
volving mapping of the human genome, such as Iceland’s national human genome
project, also have implications for anthropological studies (Palsson & Rabinow
1999). Crook (2000) debates the public safety and genetic pollution some asso-
ciate with genetically modified organisms versus the ability of genetically modi-
fied organisms to alleviate world hunger and environmental degradation. Clark &
Juma (1991) draw on case studies from the African Centre Technology Studies and
outline an international research agenda for using biotechnology for sustainable
development in developing countries.

Since the CBD was introduced, however, no pharmaceutical bioprospecting
product developed by using traditional knowledge has been commercialized; no
economic profit has been realized. Drug development requires expensive and time-
consuming studies and clinical trials in order to secure government regulatory ap-
proval before any drug may be marketed. In the United States, a product typically
takes from 10 to 15 years to materialize, after an investment of some $300 million
by the company and investors who take the financial risk to discover, develop,
test, and market a new drug. For a new company, infrastructure such as build-
ings, equipment, and research scientists’ salaries must be paid before any product
generates any revenues (U.S. Congr. 1993, Baker et al 1995).

To raise such huge amounts of money to fund capital-intensive drug research
and development (R&D), companies—other than financially stable, large pharma-
ceutical companies—depend on venture capital, stock offerings, partnerships,
and the like—investments by outsiders into a company’s high-risk but poten-
tially high-gain ventures (U.S. Congr. 1991). Investors range from individuals to
organizations, and their investments are secured by patents. Patents provide intel-
lectual property protection for the invention of the company, enabling investors
to regain the funds they risked for R&D if and when a product is commercia-
lized. It is unlikely that any company or any investor would risk capital to discover
or develop a drug without their multimillion dollar investment being protected
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from competing companies by a patent (U.S. Congr. 1991; see also http://www.cid.
harvard.edu/cidbiotech/homepage.html).

Only a small number of bioprospecting research expeditions begin by using
ethnobotany as a discovery methodology (Cox & Balick 1994). The work soon
evolves into economic botany, as the laboratory focus shifts to the plant’s chemistry,
biological activity, and general pharmacology/toxicology (Balick 1990). During
the drug discovery processes, the active chemical constituents of the biological
materials are elucidated, often modified, then patented (Tempesta & King 1994).
In biotech companies, this patented information becomes a commodity in itself,
in the form of chemical compounds or tissue samples that can be outlicensed,
or “rented,” to other commercial interests, with the company profiting from each
circulation. Libraries of extracts, compounds extracted from plants collected at
random, or plants used as medicines are licensed to biotech companies or large
pharmaceutical firms that screen in high volume—often up to 100,000 compounds
per week (Balick et al 1996).

In the United States, drug development includes preclinical studies in animals to
assess which molecule produces the highest level of pharmacological activity and
the lowest level of toxicology. Phase I human clinical studies determine the safety
of the drug candidates in healthy volunteers. In phase II trials, increased numbers
of actual patients help test and determine dosage and formulation. Final proof of
safety and efficacy is produced in phase III clinical trials. If the data are adequate,
a new drug application is submitted to the Food and Drug Administration. It can
take up to 2 years before the Food and Drug Administration supplies permission
to market a drug. Every country has its own unique requirements for marketing
drugs and does not necessarily accept data from other countries (ten Kate & Laird
1999).

Horrobin & Lapinskas (1998) narrate the enormous problems faced by a com-
pany attempting to develop herbal medicinal resources. Anderson (2000) states
that it is “[a] valuable corrective to the one-sided presentations so typical of an-
thropological writing in which corporations are represented as villains. In these
complex matters, all sides deserve a hearing, and the wise ethnobotanist will not
judge prematurely.”

Science and Medicine

There are, however, more bioprospecting stakeholders than provider countries
(including local, state, regional, and national governments) and user industries
(including both small start-up and multinational biotech companies). Major stake-
holders include both the domestic and international research communities, includ-
ing botanical gardens and universities. For their screening programs, a majority
of companies outsource plant samples from brokers that collect, taxonomically
identify, ship, and resupply materials to users (ten Kate & Laird 1999).

International research institutions are obligated to the national access legislation
in countries where they perform these broker functions. To insure consistency with
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the CBD, after a lengthy deliberative process, the Common Policy Guidelines for
Participating Botanic Gardens were institutionalized by most gardens (ten Kate &
Laird 1999). International plant research spans a continuum from pure to applied
research and reflects the increasing commercial value of bioresources and the vital-
ity of biodiversity for human health. Today, one fourth of pharmaceutical products
are based on, or derived from, plants (Farnsworth 1988). In developing countries,
80% of the population depend on plant medicines for their primary health care
(Farnsworth 1988, ten Kate 1995, Balick et al 1996 ). Work by Grifo & Rosenthal
(1997) is the result of a conference sponsored by the National Institutes of Health,
the National Science Foundation, and the National Association of Physicians for
the Environment held at the Smithsonian Institution to explore the human health
consequences of biodiversity loss.

Prendergast (1998) demonstrates the wide range of anthropological interests
in economic botany. A review of ethnopharmacology by Etkin (1988) documents
the field’s ecological perspective, both biobehavioral and multidisciplinary. In
contrast to general compilations that document the medical use and constituents
of plant substances, Etkin shows that biobehavioral studies explore both biological
and behavioral parameters that contextualize human-plant interactions and their
impact on human health.

Many ethnobotanists active in bioproprospecting have urged professional as-
sociations of scientists to develop codes of conduct to guide members through the
new ground rules brought about by the CBD. They include, among others, the
American Society for Pharmacognosy, the Society for Applied Anthropology,
the International Society of Ethnobiology, and the Society for Economic Botany,
most of which have posted draft guidelines on their websites (Prance 1991, Berlin
& Berlin 1994, Cox & Balick 1994, King et al 1996, Brush & Stabinsky 1996,
Cleveland & Murray 1997).

Civil Society

Benthall (2000) broadly defines civil society as “all associational forms in society
other than the state or the market” and sees it as the prerequisite and founda-
tion for a democratic society. Many nonprofit development agencies base grants
to governments that are buttressed by a strong and vibrant civil society, as they
serve to buffer the challenges of reform and social change (Comarrof &
Comarrof 1999). Widely accessible and affordable technology has revolution-
ized global communications in recent years and made it possible for civil society
activists to join forces for maximum impact. Nontraditional international actors
mobilize information strategically to help create new issues and to persuade,
pressure, and gain leverage over much more powerful organizations (Zarembo
2001).

Some forms of civil society, however, have devastating effects—anthropologists
find them “ethnocentric and insidious” and difficult to distinguish from other self-
interested groups (Hitchcock 1994). The new communications freedom also brings
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up questions of representativeness—if anyone can speak, who speaks for whom
and who decides this? Problems have arisen in local discussions on bioprospecting,
which often originate in forums hosted by an NGO with a specific agenda. Forum
results, often a statement by an individual or a small group who support that
agenda, are then circulated around the world via the Internet as representative
opinions of a larger group. Slick NGO networks skew the debate by presenting
their version of public opinion in a determined direction (Hann & Dunn 1996; see
also http://www.rafi.org, http://www.grain.org/index.htm).

To level the playing field in bioprospecting negotiations, many countries and
culture groups have successfully sought outside expertise from intermediaries
(Guerin-McManus et al 1998). Typically, intermediaries have some vested interest
in promoting an equitable exchange on mutually agreed-to terms for access to
genetic resources. NGOs representing civil society in such areas as conservation,
development, human rights, health, and other nonprofit organizations, foundations,
and pro bono law firms play growing roles in fostering, facilitating, and evaluating
bioprospecting partnerships (Mays et al 1997). Many intermediaries speak the lo-
cal language, have worked and often lived in the host community, and have earned
its trust (Green 1998). They play different roles in access and benefit-sharing ar-
rangements with source countries and other stakeholders, often becoming partners
in the relationship.

Some of the conservation organizations active in bioprospecting issues are
Conservation International in Suriname (http://www.conservation.org; see also
Guerin-McManus et al 1998), the International Union for the Conservation of
Nature globally (Glowka 1998), and the World Resources Institute in Costa Rica
(Reid et al 1993). The Bioresources Development and Conservation Programme
(http://www.Bioresources.org) is a Nigerian NGO organized in 1991 as the focal
point for collaborative bioprospecting research relationships, such as the ICBG.
Goals are to build technical skills in Nigeria so bioresources are a viable vehicle
for sustainable development. Bioprospecting programs generate pharmaceutical
leads that target therapeutic categories for tropical diseases suffered in Nigeria,
such as malaria, leishmaniasis, and trypanosomiasis (Iwu 1996a,b).

The National Biodiversity Institute, INBio, a private, nonprofit, public inter-
est association, was established by the Costa Rican Ministry of Environment and
Energy in 1991 (Reid et al 1993). Its aim is to promote sustainable development
of biotic resources through a strategy of “save, know, use.” INBio has a Central
research institute in San Jose and 28 research stations and employs almost 200
people. In 1991, INBio and the multinational pharmaceutical company Merck and
Co. entered into a landmark million-dollar, 2-year contractual relationship, later
renewed, to develop Costa Rica’s rich biological resources through bioprospect-
ing (Reid et al 1993). Since then, INBio has signed commercial research agree-
ments with Bristol-Myers Squibb, INDENA for phytochemicals, Phytera for the
development of cell cultures from plants and medicines, and the British Techno-
logy Group for the development of a bionematicide from a tropical legume (ten
Kate & Laird 1999).
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Indigenous Cultures

Ethnoscience is also recognized as valuable (Ford 1978, Linden 1991, Berlin 1992,
Moerman 1996, Iwu 1996a,b) but is used by only a small segment of bioprospectors
(Farnsworth 1988). According to Schultes (1988):

The accomplishments of aboriginal people in learning plant properties must
be a result of a long and intimate association with, and utter dependence on,
their ambient vegetation. This native knowledge warrants careful and critical
attention on the part of modern scientific methods. If phytochemists must
randomly investigate the constituents of biological effects of 80,000 species
of Amazon plants, the task may never be finished. Concentrating first on those
species that people have lived and experimented with for millennia offers a
short-cut to the discovery of new medically or industrially useful compounds.

Although they are based on natural products, indigenous medicines are not
“found” in nature. They are products of traditional knowledge. Elisabetsky (1991)
explains:

To transform a plant into a medicine, one has to know the correct species, its
location, the proper time of collection (some plants are poisonous in certain
seasons), the solvent to use (cold, warm or boiling water; alcohol, addition of
salt, etc.), the way to prepare it (time and conditions to be left on the solvent),
and finally, posology (route of administration, dosage).

For pharmaceuticals, concentrating bioprospecting efforts on the traditional use
of plants focuses leads for screening and can result in a more efficient and less
expensive drug discovery process (Elisabetsky & Castilhos 1990). Likewise, leads
from the traditional process of plant preparation for healing provide clues to the
type of chemical compounds in plants under investigation (Schultes & Raffauf
1990). Of the 120 active compounds isolated from higher plants and used today
in Western medicine, 74% have the same therapeutic use as in native societies
(Farnsworth et al 1985). Rather than randomly collecting and screening plants, it
can be a more efficient strategy for some companies to use indigenous knowledge
as a lead to pinpointing promising plants for new medicines (King et al 1997).
Organisms can be chosen for bioassays through leads unique to the area and
cultures where they are located (McChesney 1996).

Shaman Pharmaceuticals, Inc. (http://www.shaman.com) is a small, California-
based company that focuses on the discovery and development of novel pharma-
ceuticals from plants with a history of native use (Burton 1994, King et al 1996,
Carlson et al 1997a, Oubre et al 1997). This ethnobotanical/chemotaxonomic ap-
proach produced a highly focused selection of plant candidates for screening and
development, notablysangre de grado, commonly used for a variety of ailments
throughout Latin America (Carlson & King 2000). Meza and colleagues (Meza
1999, Meza et al 1998) developed a manual and a technical book for the sus-
tainable sourcing ofsangre de grado, an abundant, pioneer plant that produces



9 Aug 2001 15:6 AR AR141-21.tex AR141-21.SGM ARv2(2001/05/10) P1: GSR

BIOPROSPECTING 513

a red latex (Carlson & King 2000). Resulting from ecological and management
studies funded by and conducted during Shaman Pharmaceuticals’ operations in
Latin America, the manual is a practical guide for the propagation, cultivation,
and sustainable management of the source for raw materials for Shaman’s leading
drug candidate (King et al 1997).

EVOLVING BIOPROSPECTING ISSUES

Intellectual Property Rights

Intellectual property rights (IPRs) spring from European philosophical traditions
that create rights over intangible information. In today’s industrialized world, their
underlying rationale is that IPRs are commercial monopoly rights for a limited
time period that provide incentives for further investment in developing future
innovations. IPRs are often defined and protected in the form of patents, plant
breeders’ rights, trade secrets, copyrights, and trademarks, and patent law is most
commonly used to protect the right to benefit financially from scientific innovations
(Axt & Corn 1993, Mays et al 1997, Glowka 1998, Gollin 1999).

There are confusing misconceptions about, as well as genuine philosophical ob-
jections to, patents, including the morality of patents relating to life-forms (Greely
1998, Bruce & Bruce 1998). In the United States, for example, no living or dead
plant found in nature can, itself, be legally patented (35 U.S. Code #101). But if
there has been a horticultural or genetic change created by a plant breeder, a novel
horticultural form of a rose, for example, it is an invention and can be patented by
the innovator. Patents on living organisms in pharmaceutical bioprospecting are
uncommon. Typically, patents are granted for scientific advances during the isola-
tion and modification of chemical derivatives and analogs of compounds originally
isolated from a plant for an identified use (Rosenthal 1999). Another misconception
is that patents relating to traditional knowledge infringe on performing indigenous
cultural practices, but, in fact, indigenous rights to use their tangible and intangi-
ble cultural resources in both traditional and innovative ways are not affected by
patents (Wagner 1987, Rosenthal 1999).

Some bioprospecting source countries think that patents on products create mo-
nopolies at the expense of those providing the original material. A recent patent
challenge on tumeric, however, demonstrates that the system can work and that
patent claims that are not truly novel can be overturned (Gollin 1999, Pollack
1999,Science1999). Companies see patents on natural products derivatives as
protection from competing companies and an essential mechanism to recoup their
R&D investments. They seek global expansion of a legal framework for propri-
etary rights to the new drugs they develop (UNCTAD 2000, ten Kate & Laird
1999).

Article 8(j) of the CBD requires contracting parties to (a) respect, preserve,
and maintain the knowledge, innovation, and practices of indigenous and local
communities embodying traditional lifestyles; (b) promote their wider application
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with the approval and involvement of their holders; and (c) encourage equitable
sharing of benefits derived from their use. Because these provisions are directed
to states, implementation is subject to their national legislation.

The Agreement of Trade-Related Aspects of Intellectual Property Rights of the
World Trade Organization sets minimum requirements for the protection of IPRs,
including novelty, non-obviousness, and usefulness. Indigenous knowledge, how-
ever, fails the novelty requirement, so most countries’ IPR regimes do not provide
for its protection or for benefit-sharing from bioprospecting (Axt & Corn 1993).
The World Intellectual Property Organization (http://www.wipo.org) is now com-
pleting a status report to address this omission and influence evolving legislation
on indigenous IPRs (UNCTAD 2000, Blankeney 1999).

The policy of the ICBG program is that when traditional knowledge is involved
in a patentable invention, if the provider cannot be recognized as an inventor, the
contribution should be treated as valuable “know how.” In any related publications
and in the patent, the contribution must be credited as prior art. Prior art citations
formalize the contribution of such knowledge but do not claim any monopoly
rights to use. In fact, the absence of a prior art citation may constitute grounds to
deny or invalidate a patent (Rosenthal 1999).

New processes, consistent with other forms of IPR, also attempt to ensure equi-
table sharing of benefits from bioprospecting while protecting it from exploitation
and extinction (Hitchcock 1994, Simpson 1997). Glowka (1998) describes such
endeavors: traditional resource rights are bundles of rights that can be used for
protection, compensation, and conservation (Posey & Dutfield 1996); commu-
nity registers, or peoples’ biodiversity registers, are data banks of local knowledge
within India (Anuradha 1997); community intellectual rights from the Third World
Network is primarily defensive because it protects communities from commoditi-
zation of their knowledge and resources (Singh Nijar 1996); and know-how licenses
were used in an ICBG by the Aguaruna in the Peruvian Amazon as contractual
legal instruments applied to intellectual property (Tobin 1997).

Although IPR discussions under the auspices of the CBD continue, many com-
panies, including Shaman, the ICBG commercial partners, and others, have devel-
oped contractual legal instruments under which bioprospecting is conducted that
reflects the spirit of the CBD. Contracts typically define objectives of the part-
nership, terms of material transfer, the rights and responsibilities of collaborators,
and the types and amounts of benefits (Rosenthal 1999). Contractual agreements
among bioprospecting partners are widely considered the mechanism of choice to
gain access to genetic resources and traditional knowledge and to deliver benefits
to source culture groups and countries. In contrast to patent law, contracts can be
designed to fit differing relationships between collaborators (Laird 1993, Rubin &
Fish 1994, Shelton 1995, Putterman 1996, Hunter 1998).

Cleveland & Murray (1997) point out some neglected theoretical and empirical
aspects of the current IPR debate. The article primarily discusses IPRs for agri-
cultural biotechnology, rather than pharmaceutical bioprospecting, which gener-
ates a very different set of policy debates. More informative is the wide range of
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comments that follow the Cleveland & Murray article. Alcorn states that the au-
thors fail to acknowledge that issues of “indigenous peoples” are far different from
those of “local people,” groups that are lumped together throughout the CBD. They
fail to acknowledge the validity of being indigenous, argues Alcorn, and to cap-
ture the real conflicts and defining differences between competing perspectives.
Fowler agrees and adds that IPR processes must differentiate between agricul-
tural and pharmaceutical bioresources. He states that CBD IPRs “favor bilateral
deals” for pharmaceutical benefit-sharing, whereas agricultural debates focus on
multilateral arrangements for benefit-sharing. Authors of this review argue later
about the importance of distinguishing between agricultural and pharmaceutical
bioprospecting issues (Moran 2001).

Gupta comments on the article by calling for full disclosure on where and
how source plant material is acquired under patent applications. Brush thinks that
failures to resolve IPR disputes demonstrate the wide gulf between international
discussions and the willingness of nations to act. Because rights are socially me-
diated, Brush argues, a “new class of rights” must be negotiated in the appropriate
political arena. Downes, an environmental lawyer, comments that the inflammatory
charges of “biopiracy” need more anthropological research for empirical evidence
to cut through such rhetoric (Cleveland & Murray 1997).

Greaves (1994), in an early and important anthropological volume addressing
IPR issues in which bioprospecting case studies are presented, addresses the current
debate on the merits of intellectual property systems to protect cultural knowledge
and biological diversity. Compensation to indigenous peoples, it is argued, could
both internationally validate their knowledge of the biodiversity they manage and
provide them with an equitable reward for sharing it, thereby compensating bio-
logical stewardship and encouraging conservation (Brush 1993). An early issue of
theCultural Survival Quarterly(Clay 1991), as well as a recent issue, is dedicated
to IPRs. Riley & Moran (2001) provide a compendium of articles on tools that
work to protect indigenous IPRs. The titles suggest how IPR has evolved among
anthropologists in just a decade. An interdisciplinary analysis of the value and
use of medicinal plants and traditional knowledge in the pharmaceutical industry,
focusing on economic rationales for biodiversity conservation is documented by
Swanson (1995).

During the past decade, regional coalitions and federations of indigenous peo-
ples worldwide have joined forces in a spirit of solidarity to discuss IPRs and
related issues (N. Am. Congr. Latin Am. 1994). Federations have committed their
discussions into charters, declarations, and other statements, then disseminated
them for public use (Varese 1996). The Charter of the Indigenous-Tribal Peoples
of the Tropical Forests was promulgated in Malaysia in 1992. Article 44 of the
Charter states that the traditional technologies of members can make important
contributions to humanity, including developed countries: They claim control
over the development and manipulation of their traditional medicinal knowl-
edge (Colchester 1994). Coalitions and federations comprise groups such as the
Coordinating Body for the Indigenous Peoples’ Organization of the Amazon Basin
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in Amazonian countries, where more than 200 tribes are located, the South and
Meso American Indian Information Center, and the World Rainforest Movement
(Morris 1992). Many of these groups participated in two workshops on traditional
knowledge and biodiversity, held in Spain and sponsored by the CBD, to put
forward mechanisms to achieve the objectives of Article 8( j) (Burgiel et al 1997,
UNEP 1997). International human rights instruments supply additional fundamen-
tal principles for IPR legislation, including the U.N. Working Group on Indigenous
Populations and the intergovernmental process initiated by the U.N. Commission
on Human Rights mandated to consider the Draft U.N. Declaration on the Rights of
Indigenous Peoples (Shelton 1995, Anaya 1996, Blankeney 1999, Bowen 2000).

At the time of its incorporation as a for-profit corporation in 1989, Shaman Phar-
maceuticals, Inc., also founded and continues to financially support the Healing
Forest Conservancy (http://www.shaman.com/HealingForest.html), a nonprofit
foundation established specifically to develop and implement a process to return
benefits to Shaman’s 30 collaborating countries and some 60 culture groups after
a product is commercialized. Benefits from commercial products will be shared
equally among all countries and culture groups that participate in Shaman’s drug
discovery process, no matter where the plant or knowledge originated. The Heal-
ing Forest Conservancy developed a constitution, a legal instrument available on
the worldwide web, under which indigenous groups legally organize to receive
monetary benefits (Moran 1998b). The company uses Agreements of Principles,
legally enforceable contracts, to establish the terms under which Shaman conducts
research. Culture groups’ rights to prior informed consent, confidentiality, pri-
vacy, and fair compensation form the philosophical underpinnings of the company
and its principles for research. Several publications supply detailed descriptions
of Shaman’s operations globally, including its lengthy prior informed consent
process (Burton 1994, Carlson et al 1997b, Richter & Carlson 1998, Duncan
1998).

Benefit Sharing

The third goal of the CBD, “the equitable sharing of the benefits resulting from
the use of genetic resources,” has taken many forms: monetary benefits for source
countries include bioprospecting fees and fees for each sample, a percentage of
the research budget dedicated to locally preferred use, development of alternative
income-generating schemes, and a commitment by the company to obtain future
plant supplies in the source country. To date, INBio’s bioprospecting agreements
have contributed more than $3 million to conservation areas, universities, and other
groups affiliated with INBio. Resources totaling over $210,000 were provided to
Nigeria from 1990 to 1996 by Shaman (ten Kate & Laird 1999).

Nonmonetary benefits include the acknowledgment of contributions in publi-
cations or joint authorship, joint research, training and increased scientific capac-
ity, free access to technology, equipment and products, and research results and
coownership of IPRs. Since 1993, over 1400 developing country collaborators
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from 12 countries have received formal training in degreed as well as technical
training programs from the ICBG. Both INBio and Shaman have made capacity-
building contributions in collaborating countries as well (ten Kate & Laird 1999,
King & Carlson 1995, Rosenthal 1999).

There is no “model” for the process of benefit-sharing, but trust funds have
become the method of choice to return monetary benefits from bioprospecting to
culture groups. In the form of a foundation, nonprofit corporation, or common-
law trust, such trusts operate as permanent endowments, revolving or sinking trust
funds in hard currency to avoid inflation shrinkage, either off-shore or in the country
of origin (Moran 1998b).

The Fund for Integrated Rural Development and Traditional Medicine, an inde-
pendent trust fund, was established by the Bioresources Development and Conser-
vation Programme as the financial mechanism to distribute bioprospecting benefits
among Nigerian stakeholders for sustainable development in rural areas. The board,
balanced to reflect these interest groups, is composed of leaders of traditional heal-
ers’ associations, senior government officials, representatives of village councils
from various ethnic groups, and technical experts from scientific institutions. The
predominance of traditional solidarity systems, such as tribal associations and
professional guilds of healers, supplies a social structure to ensure community
participation. Diverse culture groups in Nigeria receive funds through traditional
healers’ organizations and villages consistent with their governing customs. Town
associations, village heads, and professional guilds of healers are empowered to
make decisions regarding projects in their localities. Those funded follow the cri-
teria of promoting conservation of biodiversity and drug development, as well as
the socioeconomic well-being of rural cultures. At the local level, technical skills
gained from benefit-sharing help standardize and promote phytomedicines, dis-
seminating and sharing information that benefits traditional healers and the health
of the communities they serve (Iwu 1996a, Moran 1998b, Laird 2000).

LESSONS AND PROSPECTS

Roles for Anthropologists

Can bioprospecting produce new drugs, preserve traditional medical systems, and
deliver capacity-building technologies to the developing world while conserving
biodiversity? Despite the fact that no pharmaceutical company has yet marketed
any bioprospecting product, the above efforts have already brought considerable
monetary and nonmonetary benefits to developing country collaborators. Drug
discovery, for the ICBG and INBio, for example, is only one bioprospecting ob-
jective, and time will tell whether all ambitious goals can be met (Rosenthal 1999).

As the world moves from free to controlled access to genetic resources, the
“common heritage” of the past is now called biopiracy. Caught up in North/South
politics, there have been calls for today’s bioprospectors to pay the price for
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yesterday’s paradigm. Such rhetoric threatens opportunities for economic devel-
opment, technology transfer, and capacity-building in tropical countries; poten-
tial breakthroughs in medicine and abandonment of research that may never be
completed as the extinction rate of biocultural diversity accelerates (Shiva 1997,
Kimbrell 1997; see also http://www.grain.org/index.htm, http://www.rafi.org).

More anthropological studies that sort out, describe, and analyze bioprospect-
ing’s ethical issues and stakeholders’ behaviors are needed (Durant et al 1996,
Fundación Sabiduria Ind´ıgena & Kothari 1997, Skinner 1999). Empirical data
open the process to constructive criticism and enable the bioprospecting dialogue
to evolve beyond the rhetoric that dominates much of today’s discussion of this
complex process. Also, the health, development, and conservation components of
bioprospecting are basic to applied anthropology. In such multidisciplinary col-
laboration, nonsocial scientists often find their bioprospecting attempts caught up
in problems they cannot resolve because of little or no preparation or experience
in the social processes, or they fail to recognize that every society has mechanisms
useful to conservation, including grass-roots affiliations, that are rarely noticed or
prioritized by outsiders.

Differentiate Between Indigenous Peoples
and Local Communities

What has not yet been adequately addressed by the CBD is how the on-the-ground
stewards of biodiversity, the “indigenous and local communities embodying tra-
ditional lifestyles” referred to in Article 8( j ), can share in bioprospecting benefits
(Cleveland & Murray 1997). One reason this critical issue remains unresolved is
that the wording of the CBD is ambiguous and confusing. It lumps indigenous peo-
ples and local communities together throughout the document without separating
them into discrete groups (Moran 2001).

With some exceptions, indigenous peoples have minority status within modern
nation states. They primarily seek collective rights and self-determination for use of
their biological and cultural resources. This is different from local communities—
typically small farming communities that have socioeconomic aspirations similar
to those of the national culture. Most farmers identify with the nation states in
which they live, typically speak the national language, and practice the religion of
the majority (Palmer 1996, Maybury-Lewis 1997). Lumping indigenous peoples
into farmers’ groups directly undermines indigenous efforts for self-determination
and creates concerns that they will be immersed under farmers’ movements and
their specific concerns subordinated to those of the more powerful and numerous
farmers’ groups (Moran 2001).

Indigenous knowledge of the use of plants for medicines is typically genera-
tional, often sacred, and always deeply imbedded in culture (Reichel-Dolmatoff
1976), whereas farmers’ manipulation of germplasm for improved crops is usually
individual and more secular. Changes to improved crops are brought about by hu-
man manipulation, but the chemicals within wild plants are valuable by themselves
in the use of natural compounds for medicines. Likewise, when developing new
products, the processes are different. To improve crops, useful genes are transferred
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or put into plants to create new varieties. The discovery of new medicines, how-
ever, particularly pharmaceuticals, comes about by a series of steps to take useful
chemicals out of a medicinal plant. Although distributing benefits from these agri-
cultural and medicinal products requires completely different processes, the CBD
wording binds them together. This haphazard process of labeling societies allows
those with vested interests to exploit the very concerns that the CBD was created
to resolve (Moran 2001).

Share Risks and Benefits Throughout
the Bioprospecting Process

Shaman Pharmaceuticals, Inc., was restructured because of costs of future clinical
trials for the company’s first drug, which subsequently was launched as a dietary
supplement, not a pharmaceutical. In the case of Shaman, however, the company’s
benefit-sharing principles are still intact, and considerable revenues can be gener-
ated from the botanical income stream while pharmaceutical research continues. In
1997, for example, the U.S. dietary supplement market for herbals or botanicals was
nearly $4 billion (King et al 1999; see also http://www.ShamanBotanicals. com).

A major lesson of the Shaman case comes from the time, costs, and risks
associated with drug discovery, a burden shouldered primarily by the company, but
with critical implications for benefit-sharing to source countries and culture groups.
Spreading the risks and benefits among all stakeholders increases opportunities for
bioprospecting benefits and lessens risk. Royalties may never materialize because
of the tremendous costs, long time frame, unpredictability and volatility of the
market, and the many other potential pitfalls of drug discovery. Some sort of up-
front benefits, monetary or nonmonetary, as well as “milestone” payments up to
the time for royalties are essential during the bioprospecting process (Putterman
1996, Fundaci´on Sabidur´ıa Indı́gena & Kothari 1997).

Share Benefits Within Nation States Equitably

Article 8( j ) signals an important international acknowledgment that traditional
knowledge is valuable to modern society. However, the CBD, which formalizes
the sovereignty of nations over their biodiversity, merely “encourages” equitable
sharing of benefits arising from traditional knowledge, innovations, and practices.
The CBD has not yet established mechanisms to accomplish this equitably within
nations.

The political climate of the governments under which indigenous groups live
is critical to the CBD’s success. Because they are huge stakeholders, governments
must include indigenous peoples in national discussions on interpreting and im-
plementing the CBD, as is required for all signatories. If states are to be effective
at preserving the worlds’ biocultural diversity, all stakeholders must participate.
The process must be democratic, built from the bottom up, not imposed from the
top down. This also means guarding against paternalism and letting indigenous
groups determine for themselves the extent to which they choose to participate.
Different culture groups hold different beliefs about entrepreneurship, which can
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be a double-edged sword when introduced into nonmarket economies (Pritchard
1998). At the same time, however, many communities seek greater access to mar-
kets. These differences should never be an excuse to exclude indigenous groups
from the sustainable use of biodiversity, for this is their, and only their, decision
to make.

Acknowledge All Contributions

Missing in all this is recognition and acknowledgment of the contribution from
indigenous societies in the discovery of new medicines that have historically ben-
efited humankind. Recognition validates indigenous systems within countries and
internationally, just as it does for Western scientists. It also spotlights the unique
identity of traditional cultures groups at a time when they are organizing to pursue
self-determination (Daes 1993, Fundaci´on Sabiduria Ind´ıgena & Kothari 1997).

Sustainable Use of Phytomedicines, Herbal Medicine,
or Dietary Supplements

The international conservation community is neglecting the huge impact of the
herbal medicine industry on medicinal plants sold not as processed pharmaceuti-
cals (King et al 1999). Concerned representatives from a small portion of the fast-
growing phytomedicine industry now attempt conservation and sustainable use
measures, but virtually no companies are addressing the third goal of the CBD—
benefit-sharing with source groups and countries. Herb and phytomedicine com-
panies pay a low price for large volumes of medicinal plant biomass from tropical
ecosystems, package it in their own facilities, then sell the products at an inflated
price in northern countries (Leaman et al 1998). Despite the CBD, the industry still
enjoys a period of uncontrolled, undocumented, and poorly managed free access
to medicinal plants and cultural knowledge throughout the world (Brevoort 1995,
King et al 1999).

Importance of Biocultural Diversity Conservation Globally

Too often, when the importance of biodiversity conservation is discussed for its
value to human health, it refers to the health of residents of industrialized nations.
The attitude is that biodiversity must be preserved to enlarge the pharmacopoeia
of Western medicine, which provides therapeutics primarily for Western societies.
Less discussed is the vitality of biodiversity to the health of 80% of the world,
populations that depend solely on medicinal plants for their primary health care
(Berlin et al 1999, Iwu 1993, Farnsworth 1988). Preserving biodiversity for the
benefit of human health means preserving it for those in the tropics already using
it, as well as for distant populations that may know it only in some refined or
synthetic form, at some unspecified future date.

Finally, discussions of biodiversity and its local, national, and international
medical utility should never be disaggregated from the rich, complex, and diverse
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cultural and biological matrix from which it evolved. One of the most important
goals of biodiversity prospecting is to help conserve the vast diversity of languages,
cultures, peoples, and other organisms that inhabit this earth. One of the challenges
that faces anthropologists, ethnobotanists, physicians, entrepreneurs, and develop-
ment professionals is to creatively utilize biodiversity prospecting as one of many
tools to maintain and manage the fertile, but fragile, diversity of people, plants,
cultures, and ecosystems that are under constant threat of extinction.

Visit the Annual Reviews home page at www.AnnualReviews.org
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Abstract
Biodiversity is the biological capital of the planet Earth and forms the foundation upon which the human civilization 

is built. The success of a nation depends upon the capability of her people to convert the biodiversity and other 
natural resources into wealth in an ecologically sound and economically rewarding and sustainable manner with the 
intervention of science and technology. The intrinsic potential of biodiversity as a key resource for developing novel 
value added products for food, medicine, cosmetics and other natural products of commercial importance have now 
been increasingly realized. The unknown potential of genetic diversity found in the biological organisms represents 
a never-ending biological frontier of intrinsic value. Genetic diversity will enable breeders to tailor crops to meet the 
ever-changing demands or needs and aspirations of humans as well as enabling to adapt to the changing climatic 
or other environmental conditions. The genetic resources are primarily used as source of valuable genes, chemicals, 
drugs, pharmaceuticals, natural dye, gum, resins, enzymes and proteins of great industrial value. Knowledge based, 
value added product development and its commercialization has become one of the fastest economic activities in the 
world. The liberalization of the global trade practice and other economic reforms evolving currently with the emergence 
of the United Nations Convention on Biological Diversity (UN-CBD) and the World Trade Organization (WTO) requires 
a deeper study and understanding, especially in the light of the latest path breaking achievements in science and 
technology particularly in areas like Information Technology (IT), Biotechnology (BT), Herbal technology (HT), and 
Nano-biotechnology (NBT). According to Mashellar) “twenty first century will be the century of knowledge” and “a 
nations ability to convert knowledge into wealth and social good through the process of innovation will determine its 
future”. A new thinking centered on the concept of ‘knowledge engineering’ for building future ‘knowledge industries’ is 
now getting greater attention and acceptance in the world over. Conversion of biodiversity and the associated traditional 
knowledge system (TKS) into value added globally competitive commercial products with appropriate safeguards for 
Intellectual Property Rights (IPR) protection are some of the key strategies for achieving economic prosperity and well 
being for the people of nations like India.
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Introduction
Biodiversity: Biodiversity is the sum total of life systems on our 

planet Earth encompassing the minutest microorganisms to the 
Mammoth elephant and man. Biodiversity exists in three levels- Species 
level, Habitat level and Gene level. India in general is rich in all these 
three levels of biodiversity. Rich biodiversity of India is matched with 
the equally rich cultural diversity and a unique wealth of traditional 
knowledge system developed, preserved, freely shared and cared by the 
society. India is gifted with immense faunal and floral diversity. India 
is 10th among the plant rich countries of the world and 4th among the 
Asian countries. Scheduled caste and scheduled tribe comprises about 
16.6% and 8.6% respectively of India’s population according to the 
2011 census. The constitution lists 1108 Scheduled castes across 25 
states and about 744 Tribes across 22 states in the country. The tribals 
live in an around forests and other difficult terrains. They acquired 
unique knowledge about the use of many wide flora and fauna. Most 
of these are either lesser known or hither to unknown to the outside 
world. The treasure of traditional knowledge (TK) if subjected to 
scientific scrutiny could benefit human kind in many ways. The inroads 
of modernization are presently posing a threat to this TK and these are 
in imminent danger of losing out, this age- old wisdom and expertise 
can be lost for all times to come [1].

Traditional communities and rural folk are the real custodians of 
the knowledge of medicinally important plants and animals. Most of 
the knowledge accumulated by the traditional communities and rural 
people on medicinal plants and animals is unknown to the modern 
scientific community. Biodiversity, all over the world is facing the 
threat of depletion because of over exploitation. As an interdisciplinary 

science, ethnobotany is, therefore, in a position to preserve the wealth 
of traditional knowledge that indigenous people possess concerning 
the flora and fauna. This includes their knowledge on the utilization 
and maintenance of different types of plant resources on a long term 
basis without damaging or destroying their habitat. Hence, maximum 
effort should be made to document and integrate traditional knowledge 
and its associated biodiversity.

India’s Biodiversity 
India has about 126,756 species of plants, animals, fungi and 

microorganisms already identified and classified (Table 1). And, it 
is likely that there could be another 400,000 species, most of them 
microbes or lower invertebrates, yet to be identified and described 
taxonomically. The flora of India is both rich and diverse due to wide 
range of variations in climate, altitude and ecological habitats. It is 
estimated that the floristic spectrum of India comprises of over 30000 
species (excluding fungi, which are now being treated as a separate 
kingdom), of which the flowering plants with about 17,500 species 
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constitute the dominant group- representing about 7% of the flowering 
plant species of the world. Endemism in Indian flora is now almost 
well documented. It is estimated that out of 17,500 species of flowering 
plants, 140 genera and 5285 species are endemic to the country. The 
endemic flora is concentrated mainly in three major hot spot centers 
of flora viz. The Eastern Himalayas (3500 species), the Western Ghats 
(1600) and the Andaman and Nicobar Islands (185) Based on the 
uniqueness of the phytogeographical zones and the pattern of edemism, 
25 micro hot spot centers of endemic flora have been identified by 
Nayar (1996) [2]. The East Himalayas (Indo-Burmese region) and the 
Western Ghats and (Sri Lanka) are the two out of the 25 ‘global hot 
spots’ of biodiversity [3].

In India species richness is complemented by enormous genetic 
diversity found within individual species. India is one among the 12 
megagene centers of the world. The Indian Gene Centre (Vavilovian 
‘Hindustani’ Centre) is considered the centre of origin and 
domestication of as many as 166 major and minor crop plant species 
and as many as 320 wild relatives of crop plants. 

India has a very rich Gene pool of wild progenitors of crops, wild 
relatives and other species with potential valuable genes for both 
biotic and abiotic stress-such as pest/disease resistance, cold/drought 
resistant/tolerant environmental stress (tolerant to salt, heat, frost & 
cold). Wild gene pool occurring in biotically disturbed habitats is under 
the threat of genetic erosion and requires not only timely measures for 
its collection and conservation, desiccation sensitivity, water flooding/
logging.

The Indian gene centre harbours at least 166 species of native 
cultivated plants. The crops with primary, secondary and regional 
centers of diversity represent a part of native and introduced species 
which account for over 480 species [4]. Diverse agroclimatic and 
agricultural practices have led to the rich diversity of crops species 
in the form of land races and cultivars. Besides, the centre has over 
320 wild relatives and their diverse gene pools. Diverse agro climatic 
and edaphic variations resulted in evolving innumerable genetic and 

ecological variants. The genetic diversity is some plant species runs in 
10,000 or more. The crop species are accessible for collection in fields, 
orchards, gardens, markets and with farmers. On the contrary, the wild 
relatives are difficult to locate as they grow in their natural habitats 
with other wild plants. There are also large number of lesser known 
or hitherto unknown species of medicinal, aromatic plants and plants 
yields valuable gum, resins, dye and other economically interested 
products. Nayar and Arora and Pandey [5], reported over 132 wild 
relatives of crop plants. These wild relatives of crop plants also exhibit 
enormous genetic variability offering immense opportunity for gene 
hunting for desired traits or for disease resistance.

Biodiversity performs two most important functions. Firstly, 
it regulates and maintains the stability of climate, water regime, soil 
fertility, quality of air and overall health of the life support system 
on earth. Secondly biodiversity is the source from which human race 
derives food, fodder, fuel, fibre, shelter, medicine and raw materials for 
meeting the multifarious needs for industrial goods required for the 
ever changing and ever increasing need and aspirations of human kind. 
Biodiversity is therefore the biological capital of our planet and forms 
the foundation upon which human civilization is built. Therefore it is 
extremely important that biodiversity shall be used only in a sustainable 
manner.

Traditional Knowledge
Traditional Knowledge (TK) is a community based system of 

knowledge that has been developed, preserved and maintained over 
generations by the local and indigenous communities through their 
continuous interactions, observations and experimentations with 
their surrounding environment [6,7]. It is unique to a given culture 
or society and is developed as a result of the co-evolution and co-
existance of both the indigenous cultures and their traditional 
practices of resource use and ecosystem management. The 
accumulated wisdom, knowledge, belief and practices embodied in 
the TK system were handed down to generation by an unbroken 
tradition and culture. The medical wisdom of such traditional 
communities are the target of drug hunters as an effective short cut 
for locating new and useful compounds of great pharmaceutical 
value. It is now well known that the possibility of finding a potential 
bioactive compound through random screening of plant samples is 
1 in 10,000 and that of hitting a marketable drug 1 to 4 of such 
potential hits. In contrast, the success rate of finding a bioactive 
compounds through selective screening based on traditional 
knowledge is 1 in 100 and that the discovery of a marketable drug 
is 1 in 2. Many plant derived drugs employed in modern medicine 
were first discovered through ethnopharmacological investigations. 

The traditional knowledge associated with the biodiversity which 
is developed and held within the indigenous and local communities 
are thus found to be the most valuable lead for modern technological 
innovations and in developing novel food (functional food, medicinal 
food, and nutraceuticals), medicines (drugs and pharmaceuticals), 
phytochemicals and other products of commercial importance. 
Biodiversity and TK are thus the most powerful resources which with 
the interventions of science and technology can generate wealth with 
the advent of new tools and techniques, particularly biotechnology 
could convert biodiversity resources into industrially and commercially 
valuable products and processes having increased productivity and 
application in many crucial areas such as agriculture (including 
aquaculture) healthcare, medicines, vaccines, diagnostics, gene(s)- 
genetheraputics, environmental protection and bio-energy etc. 

Number of Species Percentage
TAXA India World (Inida to the world)

Bacteria 1500 4000 21.25
Viruses Unknown 4000 -
Algae 6,500 40,000 16.25
Fungi 14,500 72,000 20.14

Lichens 2,000 17,000 11.80
Bryophyta 2,850 16,000 17.80

Pteridophyta 1,200 13,000 8.46
Gymnosperms 64 750 8.53
Angiosperms 17,600 250,000 7.00

Protista 2,577 31,290 8.24
Mollusca 5,050 70,000 7.21

Arthropoda(Insecta, 
Crustacea, etc.) 6,0383 1,065,000 5.67

Other Invertebrates 
(Including hemichordata) 8,329 87,121 9.56

Protochordata 116 2,173 5.34
Pisces 2,546 21,723 11.72

Amphibia 206 5,145 4
Reptilia 485 5,680 8.54
Aves 1,228 9,672 12.69

Mammalia 372 4,629 8.03
Total 127,506 1,719,183 7.36

Table 1: India’s Biodiversity.
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All India Co-ordinated Research Project on Ethnobiology 
(1982-1998)

The Indian Council of Agricultural Research convened a meeting 
of it’s inter organizational panel for food and agriculture on September 
21, 1976 under the Chairmanship of Prof. M. S. Swaminathan, the 
then Director General, ICAR. Prof. Swaminathan felt the urgent need 
to undertake an ethnobilogical study of the tribals of the country to 
tap and document the fast disappearing life style, knowledge system 
and wisdom of these people. This panel decided to form a team of 
experts to examine the current status of ethnobiological studies of the 
tribal areas and to submit a report as to how the biological resources 
found in these communes could be conserved and utilized for socio-
economic improvement of tribals on one hand and country on the 
other. Dr. T N Khoshoo along with Dr. E K Janaki Ammal prepared the 
All India Co-ordinated Research Project on Ethnobiology (AICRPE) 
project proposal which was considered by the high level committee of 
Science and Technology, Govt. of India. Department of Science and 
Technology (DST) formerly launched the project in July 1982 under 
the Man and Biosphere Programme (MAB) of UNESCO. When the 
Ministry of Environment and Forest (MoEF) came in to being the 
MAB programme along with AICRPE was transferred to MoEF. In 
September 1983, MoEF set up a co-ordination unit at RRL, Jammu 
(now known as Indian Institute of Integrative Medicine, CSIR-IIIM) 
under Dr. C. K. Atal. Dr. P. Pushpangadan was appointed as the Chief 
Co-ordinator of this project for overall supervision, co-ordination 
and implementation of various programmes included in the AICRPE 
[7,8]. It was operated at 27 centers in the country and about 600 
scientists drawn from botany, zoology, sociology, anthropology, 
ayurveda, chemistry and pharmacology worked in this project that 
lasted for 16 years (1982-1998). AICRPE project documented the use 
of over 10,000 wild plants used by tribals for meeting a variety of their 
requirements. 

Bioprospecting and development of knowledge based value 
added products

Biodiversity, herbal technology, biotechnology and nano-
biotechnology are the areas that deserve special attention from the 
perspectives of new rein of knowledge-based industrial ventures, 
international trade and IPR protection. Biodiversity has economic, 
ecological, aesthetic and existence value. The direct economic benefits 
derived from biodiversity include food, fodder, fuel, fibre, colorants, 
medicine, aromachemicals, flavorants, perfumes, oils, gums, resins, 
dyes, biopesticides, bioinsecticides, honey, phytochemicals, proteins 
and genes. The development of value added and standardized products 
using low and medium technology is known as herbal technology, 
intervention of more advanced scientific and technological intervention 
we call it as biotechnology and manipulation at subcellular/ultra 
molecular level i.e. upto the 10-9 size level, it is called Nanobiotechnology. 
Biodiversity thus represents (i) a priceless resource with many actual 
uses and potential values to humanity and (2) a complex self-sustaining 
ecological system that helps, maintain the integrity and resilience of 
biosphere. These two complementary perceptions would lead to the 
surmise that biodiversity is an invaluable natural resource, which needs 
to be conserved and sustainably utilized for the benefit of the present as 
well as the future generations of humankind. Humankind has tapped 
only a fraction of this great nature’s genetic library. Bioprospecting is 
the systematic search for genes, natural compounds, designs and whole 
organisms of forest/wildlife with potential for product development. 
Bioprospecting has three important facets like ‘chemical prospecting, 
gene prospecting and bionic prospecting’.

Genesis of the Subject Ethnopharmacology
Ethnopharmacology as a scientific term was first introduced at an 

international symposium held at San Francisco in 1967. This was used 
while discussing the theme ‘Traditional Psychoactive drugs’ in this 
Symposium. But later Rivier and Bruhn [9] made an attempt to define 
Ethnopharmacology as “a multidisciplinary area of research concerned 
with observation, description and experimental investigation of 
indigenous drugs and their biological activities. It was later redefined 
by Bruhn and Holmstedt [10] as “The interdisciplinary scientific 
exploration of biologically active agents traditionally employed 
or observed by man”. In its entirety, pharmacology embraces the 
knowledge of the history, source, chemical and physical properties, 
compounding, biochemical and physiological effects, mechanism of 
action, absorption, distribution, biotransformation, excretion and 
therapeutic and other uses of drugs. A drug is broadly defined as 
any substance (chemical agent) that affects life processes. Therefore, 
briefly, the main component of ethnopharmacology may be defined as 
pharmacology of drugs used in ethnomedicines. However, none of the 
above said definitions captures the true spirit of this interdisciplinary 
subject. Ethno- (Gr., culture or people) pharmacology (Gr., drug) 
is about the intersection of medical ethnography and the biology of 
therapeutic action, i.e., a transdisciplinary exploration that spans the 
biological and social sciences. This suggests that ethnopharmacologists 
are professionally cross-trained – for example, in pharmacology and 
anthropology – or that ethnopharmacological research is the product of 
collaborations among individuals whose formal training includes two 
or more traditional disciplines. In fact, very little of what is published 
as ethnopharmacology meets these criteria. 

Hansen et al., [11] has suggested that the objectives of 
Ethnopharmacology should focus on (1) the basic research aiming at 
giving rational explanation to how a traditional medicine works, and 
(2) the applied research aiming at developing a traditional medicine 
into a modern medicine (Pharmacotherapy) or to develop its original 
usage by modern methods (Phytotherapy).

Biopiracy
Biodiversity and the associated knowledge systems are the real 

strength of the biodiversity rich nations who have an equally rich 
cultural diversity like India. The misappropriation of traditional 
knowledge has been greatly enhanced by the changes brought in by 
certain international regulations, mainly the introduction of Intellectual 
Property Rights (IPR). The wealth of traditional knowledge available in 
different cultures, if subjected to prospecting can yield valuable leads in 
developing novel drugs/pharmaceuticals or phytochemicals or genes 
of great industrial value. It is estimated that the annual global sale of 
products derived from the manipulation of genetic resources with 
associated traditional knowledge system is between US $ 500 to 800 
billion. Sales of herbal medicine derived from traditional knowledge 
of biodiversity rich countries alone are estimated to have exceeded US 
$ 12.5 billion in 1994 and Uz $ 30 billion in 2000 with annual growth 
rates averaging between 5% and 15% depending on the region.

Biopiracy is about stealing of bioresources and associated 
knowledge system from traditional or indigenous communities, 
individuals or from the country. The term is also used to refer to such 
breach of contractual agreement on the access and use of bioresources 
and traditional knowledge system to the detriment of the provider and 
bioprospecting without the consent of the local communities [12]. 
Some examples of Biopiracy in the name of Bioprospecting in Asia 
Pacific Region are given in Table 2.

https://www.researchgate.net/scientific-contributions/2073041966_Klaus_Hansen
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Ironically, the very knowledge that forms much of the basis of 
modern scientific research and development is not regarded as a science. 
Scientists and industry share the profit and the traditional communities 
who provide the leads and raw materials gain nothing. The UN 
Convention on Biological Diversity (UN-CBD) signed by countries of 
the world in 1992 and which came to effect from 23rd December 1999 
provide protection of traditional community’s resources and their 
knowledge system Article 8 (j) and Article 15.7 recognize the need to 
respect the skills, practices etc. of indigenous and local communities and 
to ensure equitable benefit sharing of the benefits accrued from the sue 
of such bioresources and associated traditional knowledge. India has 
enacted two acts namely Protection of Plan Varieties and Farmers Act of 
2001 and the Biodiversity Act of 2002. India is also the first in the world 
to experiment a benefit sharing experiment wherein the traditional 
knowledge of a forest dwelling community was subject to scientific study 
by scientists of Government owned national/regional laboratories and 
developed a value added, IPR covered and scientifically validated herbal 
drug which on commercialization shared the benefits(license fee and 
royalty) equally (1:1) by the research institute and the Kani tribe known 
as model/Pushpangadan model/JNTBGRI model of benefit sharing as 
now cited globally including the UN bodies particularly CPSD as the 
only model that implemented the Article 8(i) of 15.7 of CBD. 

Sustainable Agriculture and Economic Development
The increasing population has exerted great pressure on land and 

ecosystem. Environmental crises have increased at alarming rates due 
to the unregulated expansion of agricultural areas by encroaching 
the prime forests, sustainable conception patterns and also due to 
the fast population growth that exceed the supporting capacity of the 
ecosystem. The ecodestructive propensities have deep cultural and 
psychological roots that divide human communities from rest of the 
environment. Current ecological problems lie within our attitudes, 
values, ethics, perceptions and behavior. Tribal areas afford a wonderful 
opportunity to reconceptualise our unity with the biosphere and the 
associated ethnic communities. We need to understand the dynamic 
relationship that these communities keep with the local ecosystem and 
its management need to integrate all those positive components in any 
developmental programme that are meant for them.

Crops need to be carefully selected for cultivation with all 
appropriate protocols for sustainable growth and development of the 
region. Ethnic communities have a rich fund of knowledge and heritage 
on agricultural practices. They have also conserved very many land 
races /cultivars and the agricultural practices are also almost organic. 
Therefore a carefully planned strategy is required to the agriculture 
based sustainable development.

Country Biological Resource Biopirate Country Notes

China Bitter Melon 
(Momordica charantia) US US Patent No.5484889

China Xi Shu/Happytrees
(Camptotheca lowreyana) US US Patent No. PP 11959

Malaysia Bintangor tree
(Calophyllum lanigerum)

Singapore
US

US Patents including Nos. 6420571, 6369241, 6160131 and 
6277879

Pacific Kava 
(Piper mythesticum) US US Patents including Nos. 6405948, 6277396

6080410, 6025363, 5977120, 5976550 and 5770207

Pacific Nonu (Indian Mulberry Morinda citrifolia) Europe
US

In 1995 Nonu Samoa Enterprises began export of nonu, a tree with 
medicinal properties, to the US with US collaboration

Pakistan Basmati Rice US US Patent Nos.6274183 and 5663484
PNG Coral reef sponges US US Patent Nos. 6281196, 6153590, 5646138 and 5494893

Philippines Soil microbes US

The multinational company Eli Lily has earned billions of dollars from 
the erythromycin antibiotic, which was developed from a bacterium 
isolated from a soil sample that Filipino scientist Abelardo Aguilar 
collected in his home province of Lloilo. Neither Aguilar nor the 
Philippines received any royalties.

Philippines Llang-IIang (Cananga odorata) France
The use of the extracts from llang. Llangin the cosmetic industry is 
perhaps as old as perfume in France. There are several perfumeries 
in France that have used and continue to use it in their products.

Philippines Banaba (Lagerstroemia sp.) Japan, US US Patent No. 5980904

Philippines Nata de coco Japan, US US Patent Nos. 6280767, 6140105, 5962277 and 5795979

Philippines Snails (Conus) US US Patent Nos. 6369193, 6344551, 6197535, 6153738, 6077934, 
5633347, 5595972, 5589340 and 5514774

India Basmati Rice US US Patent Nos. 5663484 and 4522838

India Turmeric (Curcuma longa) US US Patent Nos.5401504, 5135796 and
5047100

India Neem (Azadirachta indica) US Several US Patent including Nos. 5420318, 5391779 and 5371254; 
the US multinational company W.R Grace’s EPO Patent No.0426257

India Guggul (Commiphora mukul) US US Patent No.6113949 and US Patent Application 20020018757

Thailand Jasmine Rice US

A US plant geneticist has developed a strain of Jasmine Rice to 
be able to grow it in the US; he received the original seeds of the 
Thai Khao Dok Mail 105 (KDM 105) jasmine rice variety from the 
international Rice Researh Institute (IRR) in 1995.

Thailand Plao-noi 
(Croton sublyratus) Japan In 1975 Sankyo of Japan extracted the active ingredient of the Thai 

local plant to produce the patented product Kelnac.
Samoa Mamala tree (Homalanthus nutans) US US Patent No. 5599839

Sri Lanka Kothala himbutu
(Salacia reticulata) Japan, US Takama System, Ltd. (Yamaguchi, JP)’s US Patent No. 6376682

Table 2: Bioprospecting in Asia Pacific region.
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Biotechnology and Bioprospecting-Links & Leads
Biotechnology is a set of powerful tools that has been employed 

not only to understand the structure and function of living cells, tissue 
or organisms, but also to manipulate the living systems to make or 
modify new products. With the advent of new tools and techniques, 
biotechnology has grown to the extent that much is now known to 
the scientific world about the structure and function of living cells, 
how do they retain and transmit genetic information, and how do 
they respond to physical and chemical changes, and so on. Just a few 
decade back biotechnology in common man’s perception was high-
tech science dealing with manipulation of genes and development 
of transgenic organisms with novel forms and functions. However, 
with rapid progress of biotechnology research during the last 
one decade or so, there has been a major shift in the mindset of 
people. Benefits of biotechnology now could reach directly to the 
common man in the form of many new foods, healthcare products 
and other consumer goods. This has led to its wide acceptance in 
public domain and rise in social expectation. Biotechnology is thus 
playing a significant role in converting biodiversity resources into 
industrially and commercially valuable products and processes 
having increased productivity and application in many crucial areas 
such as agriculture (including Aquaculture) health care(medicines, 
vaccines, diagnostics, gene therapy), environmental protection, 
Bio-energy, etc.

Bioprospecting
The emerging area of biotechnological application on biodiversity 

is known as bioprospecting, which includes “systematic search for 
genes, natural compounds, designs and whole organisms in wild life 
with a potential for product development by biological observations 
and biophysical, biochemical and genetic methods without disruption 
to nature”. Bioprospecting has thus three facets like “chemical 
prospecting, gene prospecting and bionic prospecting.

Chemical prospecting

Modern high-throughput chemical screening and automated 
bioassay programmes including the activity-guided screening for 
identifying, isolating characterizing novel bioactive compounds from 
wild bioresources (higher plants, broyophytes, pteridophytes, fungi and 
microorganisms etc.) animals (insects and other wild invertebrates) 
have opened up new vistas in natural product research in general, 
drug and pharmaceuticals in particular. Chemical prospecting of wild 
plant resources is becoming increasingly applicable in agro chemistry 
(biopesticides), drugs and pharmaceuticals, cosmetics, proteins, 
enzymes, food additives and other industrially valuable chemical 
products. 

Propsecting for phytomedicines

Prospecting of new potential pharmaceuticals from sources such 
as natural products which are traditional in nature or derived from 
folklore or which are from little known or unknown forests sources 
has also become an important part of the pharmaceutical industry. 
Biotechnology Law report 1995 mentioned bioprospecting for new and 
valuable agricultural and pharmaceutical products from searching farms 
and jungles” a modern day gold rush”. With the advent of chemistry, 
genomics research, new molecular biological tools for developing 
bioassays, cell based assays, high-throughput screening (HTS) and 
computer aided automation including robotics has incredibly speeded 
up the screening, isolation, structural elucidation, semi or full synthesis 
of natural molecules or its derivatives etc. have further dramatized 

the novel drug development. Consequently, in recent years, a notable 
number of natural products derived agents have been discovered by 
employing mechanism based screening approaches. A large number 
of plant derived natural products are continued to be developed 
based on traditional or empirical local medicine practices. Therefore, 
a prospecting of the wild medicinal plants, particularly those with 
traditional folklore claims are expected to yield novel phyto medicines 
of molecular potential for development of molecular medicine.

Gene prospecting

DNA Fingerprinting techniques are finding wider applications in 
molecular systematics that aims at identification and characterization 
of potential genetic variants in a species or population at the DNA 
level. Such an approach is now gaining considerable attention and is 
becoming increasingly important in establishing the sovereignty IPRs 
of the gene-rich but biotechnology poor countries of the Third world 
over their own biodiversity resources. With the new patents regimes 
of WTO-TRIPs, wherein modified organisms, hybrids and transgenics 
– including higher plants and animals are patentable, there may arise 
serious implications on the sovereignty and IPRs of biodiversity rich 
poor nations. It is therefore, important for these countries to undertake 
appropriate research and development programmes for identifying, 
characterizing and evaluating their genetic resources, particularly those 
endemic species and characterize them at molecular level to prevent 
any possible biopiracy or genepiracy.

Modern molecular techniques like DNA recombinant techniques 
and transgenic technologies make it possible to identify, isolate, 
clone and introduce desirable genes from one organisms to another, 
transcending the biological/taxonomic barriers. Transgenic 
technologies are making significant herdways by facilitating transfer of 
the desirable agronomic traits or chemicals from one organism (plant/
animal/humans) to bacteria and converting the resultant transgenic 
bacteria to potential chemical factories producing desired products 
such as enzymes, proteins and other biomolecules. Proteins is an 
interesting field of gene prospecting. This deals with the identification 
and patterns of expression of gene(s) that encodes for the synthesis of a 
specific protein or enzyme of interests. Bioinformatics provides the key 
for the biosynthesis, expression and functions of a particular protein or 
enzymes can be made. Study of proteins and its application in health 
and nutrition is known as proteomics. Proteomics offers new promises 
to give therapy and enzyme technologies.

Bionic prospecting

Bionic prospecting is a new area by which new designs, patterns, 
models and techniques are evolved based on natural biodiversity. New 
sensor technologies, architecture, bio-engineering and bio-modelling 
are some of the interesting fields in bionic prospecting.

The pros and cons of bioprospecting need to be evaluated 
against the backdrop of the increasing incidence of biopiracy and 
most seriously against the current crisis of biodepletion and the 
likely impacts of predicted mass extinction spasm impending in 
the tropicalbiomes [13]. About 5% of the earth’s land surface is 
protected area networks, and if human activities continue in the rest 
of the 95% of the unprotected wild land habitats, about 50% of the 
species would go extinct [14]. Bioprospecting programme should, 
therefore, be carried out with the end in view that apart from direct 
economic benefits, it should consider the biodiversity. The linkages 
and leads generated through sustainable use of biodiversity and the 
associated TKS is illustrated in Figure 1. 
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Conservation for sustainable development 

Conservation of plant diversity assumes greater importance 
at a time when the humanity is confronted with the problems of 
environmental degradation, including the unprecedented loss of 
biological diversity. It is estimated that about 60,000 out of the 2,87,655 
described plant species are facing threats of extinction due to various 
reasons. The situation has led to the development of several national 
and international initiatives, action plans, strategies, policies and legal 
frameworks aiming to halt the current continuing loss of plant genetic 
resources. The Global Strategy for Plant Conservation (GSPC) is one 
of such initiatives adopted by the conference of parties (COP) of CBD 
at its sixth meeting held in April 2002 in Hague. The GSPC initiative is 
aiming at practical conservation of threatened plant diversity through 
in-situ and ex-situ or a combination of these two methods plant 
conservation. In India, the National Biodiversity Strategy and Action 
plan identifies ex-situ conservation of plant diversity as a priority area of 
action and it suggests strengthening and enhancing the role of botanic 
gardens, home gardens and other ex-situ conservatory networks in 
India as important ways and means to achieve the above goals. The 
Ministry of Environment & Forests (MOEF) is implementing a special 
assistance programme to support selected botanic gardens in India to 
equip them with adequate infrastructure and other resources to support 
ex-situ conservation of plant diversity. Since 1992, MOEF has extended 
support to many botanic gardens for infrastructure development and 
plant conservation programmes.

India has a good network of Research & Development institutions 
supported by the Central Government Ministries / Departments (eg. 
MOEF, DST, ICAR, CSIR & ICFRE), Statements, Universities, State 
Agricultural Universities and NGOs (eg. FRLHT, KFRI, MSSRF, 
TERI, WEF. India). These institutions have undertaken research 
and conservation activities which include inventory of RET species 
and their status assessment, conservation biology of RET species, 
mapping distribution of RET species, in-situ and ex-situ conservation 
programmes, which include micropropogation techniques, gene bank, 
reintroductive programmes, conservation educative agrotechnology, 
genetic diversity assessment, characterizing the level of passport data 
preparation, bioprospecting and sustainable utilization programmes. 

Bioprospecting and valuation of biodiversity

The potential of nature’s genetic library in providing with new 
kind of food, medicine, industrial products is enormous. The unknown 
potential of genes, species and ecosystems represent a never ending 

biological frontier of inestimable value. The prime focus of genetics in 
the past was centered around the domesticated biodiversity. The scope 
of tapping the talent of patent potential of these otherwise lesser known 
bioresources will be greatly rewarding and challenging. Bioprospecting 
is the most efficient means to explore and evaluate the economic, 
genetic and chemical potentials of biological resources through modern 
technological intervention. The recent advances in instrumentation and 
enzyme technology scientists can now undertake screening of plants 
on a massive scale for identifying and isolating potential bioactive 
components. Appropriate plant extracts can be screened for their 
biological activity by employing ‘throughput’ techniques using in-vitro 
enzyme methods followed by isolation of active principles by modern 
chromatographic techniques such as HPLC (High Performance Liquid 
Chromatography), HPTLC, GLC (Gas Liquid Chromatography), 
MPLC (Medium pressure Liquid Chromatography) and LCMS (Liquid 
Chromatography Mass Spectrometry) aided by computer robotics. 
Gene Prospecting is another potential area of bioprospecting. With 
the advancements made in DNA fingerprinting technology it is now 
possible to study the genetic diversity available in a species. 

Conclusion
The incredible ability of human kind to unravel the subtle mysteries 

of nature will certainly help to develop newer technologies for the 
sustainable utilization of our planet’s limited bio-resources.
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CHAPTER-II 

THE CONVENTION ON BIOLOGICAL DIVERSITY-ORIGIN AND 

DEVELOPMENT 

2.1. Evolution of the Convention on Biological Diversity 

Biological diversity is a broad concept, embodying as it does the variability among 

all living organisms, including diversity within species, among species, and among 

ecosystems. Genetic resources are the hereditary material in all animals, plants, and 

microorganisms; the concept refers to genetic material with actual or potential use or value 

for humanity. Genetic diversity or variability is a necessary condition to sustain vitality in 

both wild and domesticated plants and animals, and also for the development of new and 

improved products.  

Conservation of biodiversity is critical to maintaining the future of life on Earth as 

we know it. Conversely, the lack of such conservation will undoubtedly lead to continued 

elimination of life-forms, loss of genetic material, and disruption of natural processes1. In 

view of the large scale exploitation of useful diversity of various plant species from forest 

and open areas, particularly for medicinal and other economic plants, and the prevalence of 

fragile ecosystems in many part of the country2. Discussion of the relative merits and 

limitations of biodiversity prospecting agreements in realizing the objectives of the CBD has 

been the subject of a polarized and often emotional debate3

                                                            
1 Richard K. Baydack, et al.,(ed), Practical Approaches to the Conservation of Biological Diversity, 1st edn. 
(Island Press, Washington, 1999), p.xi. 

. 

2 U.Kumar et al.,Principles and Conservation, 2nd  edn., (Agrobios, India, 2009), p.69. 
3 Sarah A Laird (ed.,), Biodiversity and Traditional Knowledge, 1st edn., (Earthscan Publications Limited, 
London,  2006),p.288. 
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The Conservation of Biological Diversity constitutes one of today's greatest 

challenges, as environmental degradation world-wide has led to species extinction at a 

hitherto unprecedented rate. Estimates of the number of existing species in the world vary 

from about 5 to 100 million4, of which only some 1.4 million have been described 

scientifically5. As the new biotechnologies make it possible to utilize the full potential of the 

world's genetic resources (it is now possible to transfer any gene into any organism), the 

economic incentive to conserve biological diversity increases. Hence, the interest in genetic 

material is arising from environmental concerns, as well as being based on technological 

developments. By the year 2000 farm-level sales of products of agricultural biotechnology 

are expected to have reached some US$100 billion; the value of global trade in plant-based 

pharmaceuticals was estimated at US$20 billion for the year 19866

                                                            
4 Edward O. Wilson, The Diversity of Life, 1st edn. (Harvard University Press, Cambridge, 1992), p.5. 

. Apart from the ethical 

and aesthetic value of species diversity, we should note that mankind depends on genetic 

resources for food, medicines, and for raw materials in the chemical industries. The 

international debate on genetic resources is concerned not only with conservation, but just as 

much with the distribution of benefits derived from using this material. The main bulk of the 

global genetic resources are found in the Third World, but it is the developed countries that 

possess the biotechnology to exploit these resources. This potential conflict was realized by 

the World Commission on Environment and Development which urged: ‘Industrialized 

nations seeking to reap some of the economic benefits of genetic resources should support 

the efforts of the Third World nations to conserve species’ and ‘developing countries must 

5 Edward O. Wilson (ed.), Biodiversity, 1st edn. (National Academy Press, Washington. D.C, 1998), p.24. 
6 Report of Panel II, UNEP/Bio.Div/Panels/Inf.2, Nairobi, 28 Apr. 1993. 



24 
 

be ensured an equitable share of the economic profit from the use of genes for commercial 

purposes7

 The Bio Convention is not the first international treaty to address species or habitat 

conservation, but it is the first to address conservation of all biological diversity and the first 

to include sustainable utilization of these resources. There exist a great many agreements 

pertaining to international co-operation on the conservation of various species of plants and 

animals and their habitats. The Ramsar Convention on Wetlands is one of the most 

important global measures concerned with habitat protection (Ramsar, 1971). For the Arctic 

area, there is the Convention on the Conservation of Antarctic Marine Living Resources 

(CCAMLR, Canberra, 1980). Whales (ICRW, Washington, 1946) and tuna (ICCAT, Rio de 

Janeiro, 1966) have their own Conventions. Another example is the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora (CITES, Washington, 

DC, 1973). 

’. 

Until the early 1980s the focus for both national and international conservation work 

was still on wild species of plants and animals. An important shift came when the question 

of access to and control over plant genetic resources was raised by governments of the 

developing world. The forum for this heated debate was the UN Food and Agricultural 

Organization (FAO); the result was the FAO International Undertaking on plant genetic 

resources, then representing the most comprehensive agreement in terms of linking genetic 

resources conservation to social and economic concerns8

                                                            
7 WCED, World Commission for Environment and Development, Our Common Future, 1st edn. (Oxford 
University Press, Oxford,1987), p.8. 

. In 1989 the UN Environment 

Programme (UNEP) was given the formal mandate of negotiating what was to become the 

8 Cary Fowler, ‘Biological Diversity in a North–South Context’, in Green Globe Yearbook, 1st edn., 
(Oxford University Press, Oxford, 1993), p.35. 
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all-encompassing Convention on biological diversity, which was adopted in Nairobi in May 

and signed in June at the 1992 UN Conference on Environment and Development in Rio de 

Janeiro9

2.2. CBD and Property Rights on Genetic Resources  

. A first crucial question was whether to include both wild and domesticated species. 

In the background lurked the question of property rights to genetic resources.  

Genetic resources are generally defined as genetic material of actual or potential 

value. The world's genetic resources are raw materials for biotechnology. With the advent of 

the new biotechnologies has come an increased realization of the value of genetic resources. 

In the 1970s the transnational seed and chemical corporations started applying these new 

technologies in plant breeding and agrochemicals, and in the course of the 1980s the 

biotechnology industry grew big. This realization has had a profound impact on the 

understanding of property rights to genetic resources. The story begins with the principle of 

a common heritage of mankind and ends with patents and state sovereignty. Common 

property resources are usually defined by their character of non-rivalry and non-

exclusiveness. Non-rivalry implies that it is possible for more than one person to use or 

consume the good without diminishing the amount available to others. Non-exclusiveness 

indicates that it is hard to exclude others from using or consuming the good. The air we 

breathe is generally regarded as an example of a nonrival and non-exclusive good. This used 

to be the case with clean water as well, but its character of non-rivalry is rapidly declining in 

many parts of the world. The combined case of non-exclusiveness and rivalry may give rise 

to problems of collective action, unless some kind of management regime can be established 

to control access to the resource in question. 

                                                            
9 G. Kristin Rosendal, A Sustainable Development for Plant Genetic Resources: The Output of the Debate 
in FAO; a Sisyphean Victory for an Environmental Organization Green Globe Yearbook, 1st edn., 
(Oxford University Press, Oxford, 1993), p.7. 
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Basic to the idea of common heritage is always an element of non-exclusiveness or 

open access: the absence of well-defined property rights. This was the case with ocean 

fisheries in the past century, in the Grotian doctrine of the freedom of the high seas10. 

Common heritage, however, is not necessarily identical with the idea of open access as 

practiced under the high seas doctrine11

                                                            
10 Hedley Bull, Benedict Kingsbury, and Adam Roberts (eds.) Hugo Grotius and International Relations, 

(Clarendon Press, Oxford, 1992), p.8. 

. Open access merely implies that no one can be 

excluded from using the resources, save by lack of economic and technological capacity. 

Conversely, the common heritage principle may imply that everyone (all mankind) has a 

right to benefit from exploitation of the resources.  In international negotiations the common 

heritage principle was first introduced at the UN Conference on the Law of the Sea 

(UNCLOS) in 1967 by the Maltese ambassador to the UN, Arvid Pardo, as a guiding 

principle in governing the exploitation of minerals on the deep sea-bed. Both in the 

UNCLOS negotiations and later in the Antarctic Treaty negotiations, the idea was to secure 

greater equity between developed and developing countries in the exploitation of a 

‘common’ resource. The majority of industrialized states objected to the principle as being 

legally diffuse and practically impossible. All along, however, the principle of common 

heritage did constitute the international regime for exchange of and access to plant genetic 

resources, in other words, seeds. International gene-banks were stocked with seeds from the 

most commonly used food plants, these seeds were primarily collected from the extensive 

variation found in the Third World, and the gene-banks were based on the principle of open 

access. 

11 R. B. Bilder  ‘International Law and Natural Resources Policies’, Natural Resources Journal, Vol.20, 
(July,1980),  pp 451–86 at p.453. 
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 ‘Technically’, the collection of seed samples was considered by all as a non-rival 

and non-exclusive activity. Moreover, no one questioned this practice on moral grounds, as 

the seeds of our most utilized food plants were seen to be of basic significance to all 

mankind.  While most gene-banks still operate on the basis of open access to genetic 

resources, the common heritage regime for genetic resources is rapidly becoming a thing of 

the past. This change may be traced back to the 1930s, with the introduction of 

hybridization, tailored to secure exclusive rights to superior plant varieties. More recently, 

the regime change has come about swiftly, primarily as a reaction to the introduction of 

intellectual property rights for organic material, which allow private ownership to genetic 

resources through patents or plant breeders' rights. Prior to this development it became 

necessary to change, or rather reinterpret, national patent laws. The moral notion that food 

and medicine should be excluded from patentability because of their fundamental 

importance to basic human needs is rapidly losing ground. On the other hand, there have 

also been technical barriers to patentability. National and international patent legislation 

draws no a priori distinction between various sectors of technology. Traditionally, it is true; 

the patent system was limited to technologies dealing with non-organic material. Biological 

material was regarded as natural products rather than industrial products discoveries rather 

than inventions12

First, the invention must be novel, meaning basically that it has not been published 

anywhere before. Secondly, there is the criterion of non-obviousness the invention must 

. Biological products or processes were originally excluded from 

patentability on the grounds that such inventions could not meet all the requisite patent 

criteria. For an invention to be patented, it must meet four fundamental criteria.  

                                                            
12 R. S. Crespi, Patents: A Basic Guide to Patenting in Biotechnology, 1st edn. (Cambridge University Press, 
Cambridge, 1988), p.12. 
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display an inventive step. The third criterion states that the invention must have an industrial 

application a practical utility. One function of this utility requirement is to distinguish 

between basic researches, considered to belong to the public domain, and applied 

technology, which is eligible for patenting. Finally, the patent application must fulfil the 

criterion of reproducibility, in the sense that it must describe the invention in such detail that 

other experts may repeat the experiment and arrive at the same results. In addition to these 

criteria, patent legislation commonly excludes from patentability inventions whose 

utilization would run counter to ‘public order or morality’. The barriers represented by these 

patent criteria have now been largely overcome by developments in the new 

biotechnologies. These developments have not only made patenting a practical possibility: 

they have also created a need for it, from the perspective of the US, Japanese, and West-

European biotechnology industries. Research in biotechnology often involves high costs, as 

compared to traditional breeding methods. Competition is fierce, and research is 

increasingly being carried out by the private sector. The biotechnology sector has been 

arguing strongly for compensation in terms of royalties, along the lines of other fields of 

technology. The principal ruling on the patentability of biological material appeared in the 

German Federal Supreme Court in 1969 (the Red Dove Case), which determined that a 

breeding process for animals was indeed patentable13. In the Chakrabarty Case of 1980 the 

US Supreme Court of Justice decided, by five against four, to allow industrial patents for 

naturally occurring living matter, including both asexually and sexually reproduced plants14

                                                            
13 Pat Mooney, Cary Fowler, Eva Lachkovics, and Hope Shand, ‘The Laws of Life: Another Development 
and the New Biotechnologies’, Development Dialogue, 1st edn. (Dag Hammarskjöld Foundation, Uppsala, 
1988), p.31. 

.  

A judge from this case was later employed by the EC Commission in drawing up its 

14 S. A. Bent, R. L. Schwaab, D. G. Conlin, and D. D. Jeffery, Intellectual Property Rights in Biotechnology 
Worldwide,  1st edn. (Stockton Press, New York, 1987), p.17. 
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formulation of a directive on industrial patents in biotechnology. Plant varieties can be 

protected by ‘plant breeders' rights’, as under the US Plant Variety Protection Act of 1970. 

Intellectual property rights may also be granted through the ‘plant breeders' rights’ of the 

1961 UPOV Convention (International Union for the Protection of New Varieties of Plants). 

In order to be subject to UPOV protection, a plant be ‘uniform, stable and distinct from 

existing varieties’.  

In order to attain protection by breeders' rights or patents, some kind of systematic 

breeding is required. This is seldom the case with Third World breeders' lines, however. 

This controversy is not confined to the agricultural sector. There is a growing awareness that 

the largely unexplored components of biodiversity may conceal treasures, for example, of 

great medicinal value. A much-cited case from medicine is the Rosy Periwinkle, a native 

plant of Jamaica and Madagascar. Two components from the plant have been turned into a 

medicine for treatment of Hodgkin's Disease and certain types of Leukemia by the US 

pharmaceutical firm Eli Lilly. The company's annual return on the invention is about £60 

million, none of which is returned to the country of origin15

                                                            
15 F. Pierce , ‘Brazil, Where the Ice Cream Comes From’, New Scientist, (July 1992), p.47. 

. As patenting was catching on 

rapidly in the industrialized world, the governments of developing countries started to 

question whether the common heritage principle would eventually apply solely to resources 

from the South. They reasoned that the elaborated material of the industrialized countries 

was based largely on material from the South, and should thus also be seen as part of the 

common heritage. This view met with strong resistance from the industrialized countries, 

who argued that such an arrangement would not be compatible with Northern ‘breeders' 

rights’ and patent legislation. Third World governments abandoned the claim for an all-

embracing common heritage regime and turned the argument around. Their new line of 
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argumentation was to claim national sovereignty over their genetic heritage, regarding it as a 

national asset along the lines of other natural resources, like oil and minerals. Genetic 

resources differ, however, from oil and minerals in being non-rival and largely nonexclusive 

goods. These characteristics will obviously hamper state control over genetic resources. 

Nevertheless, national sovereignty ended up as the only passageway for reaching consensus 

about property rights between the North and the South. The next section traces this 

international debate through the international forums in which it took place during the 1980s 

and early 1990s. 

2.3. The Negotiation Process of Bio Convention 

The Bio Convention was negotiated by a UNEP ad hoc Working Group of legal and 

technical experts, which later changed its name to the Intergovernmental Negotiating 

Committee (INC). The first meeting in the ad hoc group drew experts from twenty-five 

countries, as well as some NGO observers (including the World Conservation Union 

(IUCN) and World Wide Fund for Nature (WWF) and IGOs (such as FAO). The number of 

delegates expanded rapidly. Negotiations started in November 1989, and the Bio Convention 

was signed by 153 countries and the European Community at UNCED in Rio de Janeiro on 

5th June 1992. When the issue of biodiversity was first moved to UNEP several parties 

suspected that this was in fact an attempt to un-link the politicized plant genetic resources 

debate in FAO from the more traditional values of wildlife conservation in protected areas. 

That is exactly what it was: an attempt, led by the USA and the IUCN, to retain a focus on in 

situ conservation, rather than tackle the controversial issue of ‘sustainable use of biological 

resources’. Their fears were legitimate enough, as linking these packages would clearly 

cause hotter negotiations. The USA hoped that the move to UNEP would quench the fire, 
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and refused to include any mention of biotechnology or to talk about the value of genetic 

resources. Obviously, the controversy concerning conservation and sustainable utilization of 

biological resources was further fired by the consequences this would eventually have for 

financing: first, because putting a price-tag on biodiversity might disclose how profits in the 

agricultural and pharmaceutical sectors in the North are extracted from genetic resources 

from the South. Secondly, because the new perspectives draw attention to biodiversity in a 

much wider sense and could lead to stricter regulations on agricultural and forestry practices 

in all parts of the world.  

Environmental and wildlife management NGOs like IUCN and WWF feared that no 

conservation agreement would in the end be reached, either for wild or domesticated 

species, if the latter was to be included in the negotiations16

                                                            
16Available at http:// 

. Hence, the first IUCN draft 

convention presented to the participants reflected the Western traditions of nature 

conservation in full. The role of IUCN was also symptomatic of the NGOs represented as 

observers in the UNEP negotiations. These were mainly concerned with habitat and species 

protection, rather than what had been the case in FAO, where the International Coalition for 

Development Action (ICDA) helped to advocate the interests of Third World farmers. The 

UNEP agenda was characterized by a high degree of flexibility, and participants kept adding 

on new elements. Nevertheless, for a long time the agenda was dominated by a focus on 

protecting biological ‘hot-spots’ like tropical rainforests and other places of high biological 

diversity. It was primarily the Nordic delegations which emphasized the development 

aspects and an improved utilization of resources as a means to provide incentives for better 

conservation of natural species or habitats. They also stressed that biodiversity conservation 

is essential in all countries, regardless of the number of species—thus trying to counter the 

www.fni.no/ybiced/95_06_rosendal.p.Last visited on 28.03.2014. 

http://www.fni.no/ybiced/95_06_rosendal.p.Last�


32 
 

bias towards tropical forests. Eventually the developed countries realized that putting off 

these issues would mean that the developing countries, especially countries like Brazil and 

Malaysia, would not join the Bio Convention but as the main bulk of biodiversity are located 

in the tropics, negotiations simply could not proceed without them. 

 

As of June 1994 the Biodiversity Convention has been signed by 167 states and the 

European Community, and has been ratified by sixty four. The objective of the Convention 

is twofold:  to ensure conservation and sustainable use of biological diversity; and to 

promote a fair and equitable sharing of the benefits arising from the utilization of genetic 

resources17

                                                            
17 Available at http:// 

. The Convention sets out obligations and objectives for nations to combat the 

destruction of plant and animal species and ecosystems. Among other things, the 

Contracting Parties shall integrate conservation and sustainable use of biological diversity 

into relevant sectoral plans and policies and develop systems of protected areas. The 

international community is given the responsibility for conserving biodiversity in 

developing countries, including the most environmentally vulnerable, such as those with arid 

and semi-arid zones, and coastal or mountainous areas. Each Contracting Party is to present 

reports on the measures it has taken towards implementing the provisions of the Convention 

and how effective these have been in meeting the objectives. It is left to each Party to decide 

on which measures are most effective to conserve biodiversity. Furthermore, the Contracting 

Parties agree to respect, preserve, and maintain knowledge and practices of indigenous and 

local communities, and encourage the equitable sharing of the benefits arising from the 

utilization of such knowledge and practices. The Bio Convention states that each country 

www.fni.no/ybiced/95_06_rosendal.p.Last visited on 28.03.2014. 
 

http://www.fni.no/ybiced/95_06_rosendal.p.Last�
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has the sovereign authority to determine access to its genetic resources, that access to 

genetic resources requires prior informed consent and must be on mutually agreed terms, 

and that a country providing genetic resources is entitled to benefit from the commercial use 

of its resources. The Convention envisages three basic mechanisms by which a country may 

benefit from the use of its genetic resources: participation in the research using the 

resources, receiving technology which embodies or utilizes the resources, and sharing the 

financial benefits realized from commercial exploitation of the genetic material or resource. 

This sovereignty does not include genetic material in international gene banks which was 

collected prior to the Convention entering into force18

 Moreover, that was still a major concern with the Clinton administration, as the 

decision to sign the Convention was followed by an interpretative statement addressing 

. In Article 39 the Global Environment 

Facility (GEF) of the United Nations Environment Programme, the United Nations 

Development Programme, and the World Bank is accepted as the interim financial 

mechanism of the Convention. It is up to the Conference of the Parties to decide on policy, 

programme priorities, and eligibility criteria relating to access to the financial mechanism. 

As far as patenting is concerned, the Convention stipulates that technology transfers ‘shall 

be provided on terms which recognize, and are consistent with, the adequate and effective 

protection of intellectual property rights’. Seeking to reconcile the conflicting interests in the 

patent issue, the Bio Convention states that the Contracting Parties shall co-operate to ensure 

that intellectual property rights ‘do not run counter to its objectives'. This sentence was one 

of the main reasons why US president George Bush refused to sign the Bio Convention in 

Rio. 

                                                            
18 Ruiz, M. and I. Lapeña (eds.), A Moving Target: Monitoring the International Flow of Genetic 
Resources, 1st edn. (IUCN Environmental Policy and Law Paper, Switzerland, 2007), p. 67. 
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intellectual property rights as well as the provisions for financial mechanisms. As regards 

links to biotechnology, the final version of the Convention also sought to smoke out another 

controversial issue. As the USA was fervently opposed to international regulations on 

‘living modified organisms resulting from biotechnology’, it was left to the Parties to 

consider the ‘need for, and modalities of’ a protocol on biosafety in the future. It is pertinent 

to mention about the commitments of the Convention. 

It is in the nature of human beings to organize our world into a hierarchical structure, 

whether it be with regard to leadership, sports teams, or-more prosaically-the 

classification of international laws. On the latter point, two simple categories have 

developed to organize international law into a hierarchical structure. At the top is so 

called "hard law,"19 generally created by treaties, which theoretically imposes binding 

legal obligations on member states. At the bottom is "soft law," created by other 

instruments that theoretically are more in the nature of aspirational or moral goals. The 

operative word of course, is "theoretically." It practice, it can be quite difficult to 

determine whether a particular instrument operates as hard or soft law20

                                                            
19Abbot, K.W. and Snidal, D., Hard and Soft Law in International Governance, International Organization, 
Vol. 54, (2000), pp. 421-456. 

. One such 

instrument that is difficult to classify is the CBD and its subsidiary instruments. In theory, 

the CBD is hard law, a binding international treaty negotiated by governments. In practice, 

however, it has been argued that the CBD conforms to the characteristics of other 

international hard laws that possess a soft nature. This section explores the international 

legal context within which Multilateral Environmental Agreements (MEAS) such as the 

CBD are developed. It then provides a brief description and preliminary analysis of the legal 

weight of the CBD. 

20Harrop, S.R. and DJ. Pritchard, A Hard Instrument Goes Soft: The Implications of the Convention on 
Biological Diversity's Current Trajectory, Global environmental Change, Vol. 21, (2011), pp. 474-480, at p. 
476. 
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Traditionally, binding21 International Law (including International Environmental 

Law) is created pursuant to the Vienna Convention on the Law of Treaties (Vienna 

Convention). Under the Vienna Convention, parties consent to be bound by a treaty at 

an international conference and the treaty enters into force once it has been ratified by 

a minimum number of parties22. This is the "traditional process of lawmaking, states 

protects their individual interests by exercising their sovereign right to withhold 

their consent to be bound and their prerogative to demand reciprocal concessions of 

their bargaining partners23

While this process protects states' sovereign rights to withhold or grant consent to be 

bound by a treaty, it has been criticized in the context of MEAS as being inadequate to 

respond to the realities of environmental degradation and loss of biodiversity in a timely 

and effective manner. This has prompted calls for "new approaches to international 

environmental law-making", including approaches aimed at overcoming the constraints of 

the consent requirement. The Conference of the Parties (COP) to MEAS is one avenue 

through which restraints imposed by the consent requirement is being addressed. 

." This is the method under which conventions such as the 

CBD and the United Nations Framework Convention on Climate Change (UNFCCC) 

entered into force. 

Under traditional treaty law analysis, the actions of the COP which most closely 

approximate traditional treaty formation, adoption and ratification will constitute hard law. 

Thus, amendments to the CBD, protocols, and amendments to protocols, which require 

                                                            
21 J. Brunee, Coping with Consent: Law Making Under Multilateral Environmental Agreements,  Leiden 
Journal of international Law, Vol. 1, (2002), p.32-35. 
22 J. Werksman, The Conference of Parties to Environmental Treaties , in Greening International 
institutions,  1st edn. (Earthscan, London, 1996), p.56. 
23 R. Churchill et al., Autonomous Institutional Arrangements in Multilateral Environmental Agreements: A 
Little-Noticed Phenomenon in International Law,  Australian Journal of International Law, Vol. 94, (2000), p. 
623 
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express consent from Parties before they are bound, should constitute hard law. Annexes and 

amendments thereto deviate from the traditional treaty-law formation in that they require 

opting out in order to avoid being bound. As set forth in Article 11 of the Vienna 

Convention, however, "the consent of a State to be bound by a treaty may be expressed… by 

any other means if so agreed." It could be argued that the opt-out process in the CBD is 

another means by which Parties can express consent. Even if a literal interpretation of the 

term "express consent" is taken, Parties still have the opportunity to determine whether or 

not to be bound by an annex or amendment thereto. 

On the other hand, the legal weight of actions which take place outside of this 

context (such as certain COP Decisions) are "at best ambiguous." In regard to COP 

Decisions in particular, "they do not appear to be binding in a formal sense." According to 

Brunee, "[t]o the extent that parties understand some of the rules contained in the relevant 

decisions as 'mandatory' and agree to subject themselves to their terms, the distinction 

between COP decisions that are, technically speaking, legally binding and those that are 

not may well be more apparent than real24

                                                            
24 J. Brunee, COPing with Consent- Law Making Under Multilateral Environmental Agreements,  Leiden 
Journal of International Law, Vol.15, (2002), pp.32-65. 

." It is important to note that some 

commentators argue that traditional treaty analysis is inadequate to address the scope 

of COP decision-making. Brunee "argue[s] for an interactional understanding of 

international law ... [where] international law arises from a mutually generative process, 

[meaning that] ... actors come to understand themselves and their interests in light of 

their interaction with others and in light of the norms that frame the interaction." The 

point here is that rather than focusing on whether or not a decision was made within 

the formal confines of traditional treaty law, decisions are analyzed according to general 

concepts of transparency, mutual understanding, and customary practice. 



37 
 

The Right wing commentators have noted that by its nature, the CBD is more in the 

realm of a soft law instrument. Because of the contentious issues addressed by the CBD, the 

instrument was drafted with a "broad remit, with many of the details to be 

implemented by individual Parties. Rather than implementing additional hard law 

instruments, however, the CBD COP developed soft instruments which are not 

backed by obligations. 

The CBD is a landmark in that it is the first global treaty to explicitly take a 

comprehensive, ecosystems-based approach to the protection of biodiversity. It also reaffirms 

state control over biological resources within national territories, while simultaneously noting 

that biodiversity is the common concern of all. The central objectives of the treaty are threefold: 

the conservation of biological diversity, the promotion of its sustainable use, and the equitable 

sharing of the benefits of genetic resources. It is the last objective, with its clear redistributive 

implications, that was and remains the cause of much diplomatic strife. The basis of the 

perceived North-South bargain was summarized in the words of one developing country 

participant: "We have the biodiversity, they have the technology."25

The CBD is a true framework treaty. Aspirational in tone and well salted with caveats, it 

contains no targets, time tables, or lists of any kind. Some countries (led by France) pushed for 

lists of special areas, and their absence is viewed as a failing by some observers. Each party to 

the CBD is obligated to develop national programs for the conservation and sustainable use of 

biodiversity "in accordance with its particular conditions and capabilities. Parties must monitor 

components of biodiversity and activities that are particularly deleterious, establish a system of 

  The commitments made 

by participants may be grouped into four clusters that reflect the major issues. 

                                                            
25 E. Diringer, "Why US Opposes Biodiversity Pact," San Francisco Chronicle, Vol. 9, (1992), p.7. 
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protected areas, regulate their resources, and rehabilitate degraded areas. These activities are 

called "in situ" conservation. "ex situ' conservation, such as occurs in botanical gardens, zoos, 

and the global net-work of gene centers, also figures prominently but is clearly secondary.  

Additionally, the treaty mandates that consideration of biodiversity be included in all aspects 

of decision making and that governments conduct environmental impact assessments of 

proposed projects with ramifications for conservation. These commitments, while significant, 

are modest and did not provoke notable debate. For most developed nations, they simply 

codify existing practices. If implemented properly, the extension of such practices to the 

developing world could substantially enhance protection of biodiversity, however.  

Developing nations insisted that the obligations they undertake be coupled with 

financial and technical transfers to pay the incremental costs of compliance. In return, 

developed nations insisted that access to technology and financial transfers only occur subject 

to mutually agreed terms. The focus on technology transfers further fed fears that the CBD 

was becoming a grab bag of items linked only tangentially to actual conservation. The 

bargaining over financial terms and mechanisms was particularly divisive. The key 

questions were what specifically would be covered by a biodiversity fund and what body 

would control it. Developed countries have committed themselves to provide financial 

resources to developing countries to meet the "agreed full incremental costs" of 

implementation26

                                                            
26 Beatson, J., and E. Schrage, eds., Cases, Materials and Texts on Unjustified Enrichment, 1st edn. (Hart 
Publishing. Oxford, 2003), p.57. 

. The issue of funding incremental costs has appeared in a number of 

environ-mental treaties, most notably those on climate change. What exactly constitutes an 

incremental cost is not defined in the CBD text and his is likely to be a source of 

considerable disagreement in the future. The pilot phase of the Global Environment Facility 



39 
 

(GEF) shows the difficulty of defining and measuring the costs and benefits of biodiversity 

projects; in practice, the concept may be useless in setting priorities and funding levels. 

Developing nations preferred to place the CBD fund under the control of the 

Conference of the Parties. Donor states adamantly refused, preferring to employ the newly 

created GEF, which was and still is to a lesser degree controlled by the donors. In the end, the 

donor states won this particular battle, but DEF was only designated the interim mechanism 

and then only if it was fully restructured to include a "democratic and transparent system of 

governance." 

Yet even at the close of negotiations, ambiguity about the financing terms remained, 

and the delegations of 19 industrialized nations joined in a declaration emphasizing their right 

to determine the amount of their individual and joint contributions. For many developed 

nations particularly the United States, the linkage between biodiversity and the safety of 

biotechnology is contrived. Indeed, a UNEP study commissioned in the period proceeding the 

treaty negotiations found almost no linkages between the two, with those that were found 

tending to benefit biodiversity27

                                                            
27 L. V. Giddings and G. Persley, Biotechnology and Biodiversity, UNEP/Biodiv/SWGB. 1/3 (United 
Nations Environment Programme, October 1990, p.27. 

 . The treaty text clearly presumes other-wise, however. The 

biosafety issue arose late in the negotiations through a proposal from Malaysia that received 

immediate widespread support from developing countries and many nongovernmental 

organizations (NGOs). While the biotechnology industry tends to be closely regulated in 

industrialized countries (mostly through national laws on laboratory practices and the 

release of living modified organisms outside the laboratory), there are few international 

regulations governing these activities.  
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The CBD consolidates the role of government in protecting and maintaining 

resources and reaffirms that states have sovereign rights over their own biological resources. 

Yet the convention simultaneously propounds a more global view of biological resources, 

stating that conservation is the "common concern" of all humanity and that states are 

responsible for using biodiversity in a sustainable manner. The uneasy coexistence between these 

two aims leaves unresolved how to divide the benefits that flow from bio-diversity. The problem 

is most acute when biological resources have been improved through innovation. In addition to 

elaborating a set of commitments and goals, the CBD establishes several new international 

institutions to carry out its mandate and continue the cooperative process. The flexible and 

often vague structure of the treaty and commitments will be animated and focused by debate 

within these institutions. The primary new body is the Conference of the Parties (COP), which 

makes all formal decisions regarding the treaty. Formal membership is limited to the actual 

parties, although important nonparties such as the United States also play a role as observers. 

The COP has a number of responsibilities that are mentioned specifically in the CBD, 

including examining new scientific data on biodiversity, examining the issues of liability and 

redress for damage to biodiversity, defining incremental costs, choosing the appropriate level 

of financing for the financial mechanism, and considering the need for a biosafety protocol. 

Arguably, the main achievement of the CBD so far has been to create this ongoing body 

through which global biodiversity issues can be addressed. The COP, which held its first session 

in 1994, meets annually. 

The CBD includes a provision to transfer financial resources to developing countries to 

pay the "agreed full incremental costs" of implementation. Because donor states feared the 

creation of yet another international institution, the CBD will rely on GEF as its interim 
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financial mechanism until at least 199728

As required by the CBD, the COP has established a clearing-house mechanism to 

operate in a pilot phase from 1996 to 1997

. GEF is already disbursing money on biodiversity 

projects according to criteria and priorities established by the COP. According to the CBD's, 

definition, the developed countries consist of the members of the Organization for Economic 

Cooperation and Development (OECD) plus Monaco. A third group comprises countries with 

economies in transition that emphatically declare they are not developing but do not wish to 

assume the financial obligations of developed countries (though they may voluntarily assume 

those obligations). Virtually the same distinctions are employed in the climate treaty. Positions 

on GEF's council, which governs GEF- financed activities, are earmarked for developing, 

developed, and transitional countries. These distinctions are elastic, however: Several 

developing countries, including Brazil, China, and Egypt, have been both contributors and 

recipients of GEF funding. 

29

                                                            
28 D. Pruzin, "Treaty Parties Fail Again in Effort to Set Up GEF in Permanent Financing Role," International 
Environment Reporter, Vol. 29 (November 1995), pp.898-899. 

. The mechanism is charged with promoting 

international scientific and technical cooperation, disseminating information on the lessons 

learned during implementation, and facilitating the transfer of technology. While these 

functions are important, it remains to be seen if a formal institution can contribute to them 

effectively; there is Rule guidance from other international institutions on how to do so. Most 

technology and information diffuse through markets and scientific collaboration. Absent large 

resources with which to intervene-such as to fund sorely needed taxonomists in developing 

countries-the clearing-house mechanism may prove inconsequential.  The CBD also creates a 

secretariat to arrange meetings, prepare reports, coordinate with other international organizations, 

and so forth. The form and function of this body mirror those of a number of other new 

29 UNEP/CBD/COP/3/38 Annex II: Decisions Adopted by the Third Meeting of the Conference of the Parties. 
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secretariats. Secretariats vary in size and effective-ness but are considered necessary components 

of any comprehensive and complex formal regime. Many hoped that coordination among 

secretariats would improve if they were concentrated in Geneva, the interim home of the CED 

and climate secretariats as well as several others. In 1995, however, Montreal was chosen as the 

permanent site for the CBD secretariat, while the climate secretariat is currently in the midst of a 

move to Bonn. The costs of the CED secretariat (and those of some developing country 

participants) are covered by a trust fund into which all parties con-tribute according to a scale of 

assessments similar to the UN scale. 

The CBD creates one subsidiary body to provide assistance to the COP as needed. The 

Subsidiary Body on Scientific, Technical, and Technological Advice (SBSTTA) is open to all 

parties and is multidisciplinary in focus. Its tasks are to provide advice and assessments relating to 

biodiversity, produce policy analyses, and monitor research on biodiversity protection.  

2.4. Legal Status of the Convention on Biological Diversity 

Prior to the Biodiversity Convention's ratification, there was no recognized basis 

under international law for granting a sovereign property right in unmodified genetic 

material. While commentators have searched for ways to apply patent law, copyright law, 

trademark law and the law of plant breeder's rights to unprocessed genetic material, none of 

these approaches has proved entirely satisfactory30

                                                            
30 Daniel T. Jenks, A Convention on Biological Diversity-- An Efficient Framework for the Preservation of Life 
on Earth? Nw. J. Int'l L.& Bus, Vol. 15, (1995), pp.636-653. 

. A brief analysis of patent law's 

application to preserving biodiversity will shed some light on the difficulties in creating an 

intellectual property right in genetic material. To obtain a patent in most countries, an object 

must be "useful, novel and non-obvious." By obtaining a patent, one obtains the exclusive 

right to make, use, sell or license such object or process for a fixed period of time.  
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The patent system's intellectual legitimacy rests in part upon (i) Lockean labor 

theory, which justifies the grant of a property interest in those whose labor has 

fundamentally transformed a thing, and (ii) Utilitarian theory, which recognizes an optimal 

trade-off between an inventor's interest in exploiting his innovation and society's interest in 

broadly utilizing this knowledge and which thus requires that patent rights be limited in 

duration. Patent law also requires that all information related to the creation of an object be 

clearly disclosed. Traditional patent theory is not particularly useful in the effort to preserve 

biodiversity. First, non-modified genetic material is clearly "obvious" under current 

definitions of this word. Second, as the vast majority of the world's species have not been 

classified, the recognition of intellectual property rights in these "undiscovered" species 

seems incongruous given the patent law information disclosure requirement. Third, the 

discovery of a new species, while useful, clearly does not justify the granting of an 

intellectual property right under the Lockean labor theory for the owner has done nothing 

with his labor to transform the thing31

                                                            
31 Rebecca L. Margulies, Note, ProtectingBiodiversity: Recognizing International Intellectual Property Rights 
in Plant Genetic Resources,  Mich. J. Int'l. L, Vol. 14, (1993),  pp.322-330. 

. Finally, placing time restrictions on an owner of 

biodiversity's right to exploit his intellectual property as required under the patent system 

would be counterproductive to the goal of long-term preservation. The Biodiversity 

Convention creates a new type of intellectual property right whose legitimacy rests on a 

different basis than traditional intellectual property rights. For example, while Lockean labor 

theory seeks to reward those who expend effort in creating something new, the philosophy 

underpinning the Convention seeks to reward those who exercise forbearance and thus 

preserve biodiversity.  
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 Because each nation has a sovereign right to develop its property as it sees fit and 

because as more rain forest is developed, more species are lost, those nations which do not 

develop ecologically-sensitive areas are sacrificing economic development opportunities for 

the preservation of biodiversity. The sacrifice which developing nations make in forbearing 

from development arguably equates to the sacrifice of expending labor under the Lockean 

labor theory and therefore, if it is just to recognize a property right resulting from "fruits of 

one's labor," it should be equally just to recognize a property right resulting from 

forbearance in this context32

Environmental concern about the loss of habitat, and the consequent loss of 

biodiversity, has been growing during the past thirty years. During this time, a number of 

. While it is uncertain at this time which property rights among 

the "bundle" of possible property rights the Biodiversity Convention recognizes within 

sovereign nations, two rights are clearly identifiable - the right to restrict access to 

biodiversity and the right to compensation for use of biodiversity. Article 15, paragraph 1 

clearly recognizes the sovereign right of nations to "determine access to genetic resources" 

and Article 15, paragraphs 4, 5 and 7 require that access shall be given "upon mutually 

agreed upon terms," "based upon prior informed consent" and with benefits of biodiversity 

shared in a "fair and equitable way." Unlike other types of intellectual property, the 

sovereign right in biodiversity has no time limit to it and presumably each nation's interest in 

a specie's genetic matter, unless entirely alienated, will continue indefinitely. To understand 

why the establishment of a sovereign property right in unmodified genetic material under the 

Convention is so important, this Comment will now examine the environmental background 

to the Convention and the economic benefits of biodiversity to mankind. 

                                                            
32 Lawrence C. Becker, Deserving to Own Intellectual Property, Chi.-Kent. L. Rev. Vol. 68, (1992), p.609-
620.  Available at: http://scholarship.kentlaw.iit.edu/cklawreview/vol68/iss2/4. Last visited on 13.04.2014. 
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ecologically-sensitive areas have been destroyed due to the severe social and economic 

pressures that many developing countries have faced33. Tropical rain forests have been 

disappearing at a particularly fast rate, estimated to be seventeen million hectares per year. 

Major causes of deforestation include (i) the establishment of farms and cattle ranches, (ii) 

fuel wood gathering by peasants and (iii) commercial logging for export. Largely because of 

deforestation, some scientists believe that up to twenty-five percent of all species on earth 

today may become extinct in the next thirty to forty years. Mankind's awareness of the 

extent of the biodiversity on earth has risen over time as well. During the past twenty years, 

scientists have continued to upwardly revise their estimates of the number of species on 

Earth34

Over fifty percent of the world's biodiversity is located in the rain forests of the 

world and much of it may be found in insects and small plants. For example, there are close 

to three hundred thousand species of beetle. Many species are found only in very small 

geographical areas and have evolved differently from related species due to specific 

variations in local conditions. Through evolution, individual species have evolved unique 

chemical defenses to the threats around them. The uniqueness in chemical make-up between 

seemingly similar species is what drives the value of biodiversity from a commercial 

perspective. 

. As these estimates have risen, the percentage of the Earth's species catalogued has 

fallen.  

The problem of conserving biodiversity in a world without intellectual property 

protection for genetic resources is a "commons" problem.  A "commons" is typically an area 

of land, air or water which is owned communally by a group. In the absence of strict and 

                                                            
33 Available at http://www.un.org/dpcsd/earthsummit. Last visited on 20.4.2014. 
34 Brian F. Chase, Tropical Forests and Trade Policy: The Legality of Unilateral Attempts to Promote 
Sustainable Development Under the GATT, Hastings Int'l & Comp. L. Rev, Vol. 17,  (1994), pp. 349-352. 

http://www.un.org/dpcsd/earthsummit�


46 
 

enforced regulation limiting access to and use of the "commons," rational action by 

individual members of the group will create a "commons" problem. Traditional "commons" 

problems have included the depletion of fisheries, the overgrazing of animals on common 

lands and air pollution.' "Commons" problems traditionally occur when an individual actor 

is able to derive all of the benefits from his action while spreading the cost of such action 

onto other parties. If all of the actors involved in a "commons" problem pursue the 

seemingly rational course of maximizing their individual net economic benefit, 

overproduction occurs i.e. production where the marginal benefit  is less than the marginal 

cost from a collective perspective and the net economic rents to be derived from a particular 

"commons" are eroded down to nothing. 

 "Commons" theorists argue that by converting the "commons" to private property 

where possible, problems of overproduction are solved as each actor fully internalizes the 

marginal cost of his actions and net economic rents return to market levels. The biodiversity 

"common" represents a non-traditional "commons" problem from the perspective of 

developing countries. Instead of spreading the marginal cost of preserving biodiversity onto 

other parties, each nation must fully internalize this cost which is the opportunity cost of 

foregone development. More importantly, instead of fully internalizing the benefit of 

preserving biodiversity, many developing nations derive no direct benefit from biodiversity 

as international intellectual property law prior to the Convention did not recognize a 

property right in unmodified genetic material. From the perspective of biotechnology 

companies, the biodiversity "commons" is more like a traditional "commons" problem. 

When a biotechnology company discovers a new drug from the rain forest, in most cases it 

derives all of the net benefit from this drug. However, part of the cost inherent in developing 
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the drug-preserving ecologically- sensitive areas are not incurred by the biotechnology 

company. Unlike traditional actors in "commons" situations, biotechnology companies 

neither physically destroy the "commons" nor engage in behavior which results in a situation 

where the net economic rent from the "commons" is reduced to zero. Still, by not fully 

internalizing the cost of their behavior, these companies in part help to erode conservation of 

ecologically-sensitive areas35

 By granting this right, the Convention allows developing nations to internalize the 

benefits of preserving biodiversity which here therefore have been impossible to capture. As 

a result of internalizing this benefit, the marginal cost of land development (which includes 

the foregone marginal benefit of conservation) rises and, ceteris paribus, less land 

development is consequently demanded and more biodiversity is preserved. The grant of a 

sovereign property right under the Convention is Kaldor-Hicks efficient

. The Biodiversity Convention "solves" the "commons" 

problem by recognizing a sovereign property right in biodiversity. 

36

                                                            
35  S. V. Ciracy-Wantrup, "Common Property" as A Conception of Natural Resources Policy,  Nat. Res. J, Vol. 
15, (1975), pp.713-716. 

. Under the 

Convention, the net economic benefit which individual pharmaceutical companies derive (at 

least in the short-run) from biodiversity will be reduced, as these institutions will be forced 

to make upfront and royalty payments to developing nations. However, the net benefit which 

developing countries receive will be higher under the new legal regime and the net long-

term benefit to the world community will be higher as more biodiversity is preserved. As the 

value of the new legal regime to developing nations and the world community is arguably 

higher than the cost of the new regime to biotechnology companies, efficiency is enhanced. 

How the sovereign right in biodiversity is interpreted and how nations internally share the 

benefits associated with this right will have an impact on the level of efficiency under the 

36Richard A. Posner, Economic Analysis of Law. 4th edn. ( Little Brown and Company, U.K, 1992), p.57. 
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Convention. For example, if a species lives in two different countries, who owns the right to 

exploit this species. If the right is not shared equitably, then developing nations will be 

incented to protect and research border areas first so as to "capture" species common to 

multiple countries and, as a result, sub-optimal preservation of biodiversity may occur.  

As well, even if a sovereign right in biodiversity exists, will the benefits associated 

with exploiting this right actually filter down to the individuals and groups who are the 

"agents" of land development in many developing countries. If benefits from biodiversity 

are misaligned with costs of preservation at any societal level, then sub-optimal preservation 

will occur.  While the single action of granting a sovereign property right in biodiversity 

enhances global efficiency, the Biodiversity Convention also calls upon developed nations 

to create a multilateral fund to support the purposes of the Convention and transfer certain 

intellectual property rights to developing nations. 

The “common heritage of mankind” is an ethical concept and a general concept of 

international law. It establishes that some localities belong to all humanity and that their 

resources are available for everyone’s use and benefit, taking into account future generations 

and the needs of developing countries. It is intended to achieve aspects of the sustainable 

development of common spaces and their resources, but may apply beyond this traditional 

scope. When first introduced in the 1960s, the “Common Heritage of Mankind” (CHM) was 

a controversial concept, and it remains so to this day. This controversy includes issues of 

scope, content and status, together with CHM’s relationship to other legal concepts. Some 

commentators consider it out of fashion due to its lack of use in practice, e.g., for mining of 

seabed resources, and its subsequent rejection by modern environmental treaty regimes. In 
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contrast, other commentators consider it a general principle of international law with 

enduring significance37

“Common heritage” has historically been the implicit system for managing the 

diffusion of crop genetic resources, from the informal movement of crops in prehistoric 

times to the formal national and international framework of crop exploration and 

conservation agencies. Common heritage refers to the treatment of genetic resources as 

belonging to the public domain and not owned or otherwise monopolized by a single group 

or interest. Defining common heritage is similar to belated and sometimes last ditch efforts 

to demarcate the public domain after the expansion of private property. Just as the public 

domain is most easily defined when its constituent parts are appropriated and privatized, 

common heritage is made visible when exchange and use of biological resources are 

restricted and privatized. An obstacle to understanding and appreciating common heritage is 

its inherently implicit nature, but roots of the concept are visible in the free exchange of seed 

among farmers, the long history of diffusion through informal and formal mechanisms, 

established scientific practices, and the application of the term to other resources in the 

international arena

. 

38

The main innovation included in the United Nations Convention on the Law of the 

Sea (Montego Bay, 1982; UNCLOS) is the concept of common heritage of mankind. While 

other important new aspects of the UNCLOS, such as the exclusive economic zone or the 

regime relating to the protection of the marine environment, are the result of the natural 

evolution of international law of the sea, the concept of common heritage of mankind has a 

. 

                                                            
37Available at http://wealthofthecommons.org/essay/common-heritage-mankind-bold-doctrine-kept-within-
strict-boundaries. Last visited on 22.03.2014. 
38 Available at http://www.planttreaty.org/sites/default/files/demise_CH.pdf.Last visited on 22.03.2014. 

http://wealthofthecommons.org/essay/common-heritage-mankind-bold-doctrine-kept-within-strict-boundaries.Last�
http://wealthofthecommons.org/essay/common-heritage-mankind-bold-doctrine-kept-within-strict-boundaries.Last�
http://www.planttreaty.org/sites/default/files/demise_CH.pdf.Last�
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revolutionary character. It presupposes a third kind of regime which is different from both 

the traditional regimes of sovereignty, applicable in the territorial sea, and of freedom, 

applicable on the high seas. The idea of the common heritage of mankind was launched in a 

memorable speech made at the United Nations General Assembly on 1st November 1967 by 

the representative of Malta, Mr. Arvid Pardo. 

The major challenge posed for today's planners is unambiguous. New modes of 

thinking are demanded and new approaches to the management and use of world resources 

of all kinds must be made. Furthermore, people especially in the industrialized countries will 

have to reassess, with generational consequences, their life styles and to appreciate the need 

to change the* aspirations from quantity towards quality. This suggests that a thorough 

examination is required as to how and to what extent the CHM concept with its operational 

principles and its institutional implications should be extended to the efficient, equitable and 

sustainable management of other areas of global concern which span not only the oceans but 

also the terrestrial environment and even the atmosphere39

Prior to the CBD, genetic resources were considered part of the Common Heritage of 

Mankind (CHM) and treated as commons. Importantly, placing genetic resources in the 

CHM has a symbolic meaning: it denotes the importance of these resources for all humanity. 

CHM is not incompatible with the exercise of state sovereignty, especially when the 

resources are found within the territory of a country. It differs from classic global commons 

resources that are not clearly circumscribed by national borders, such as the high seas and 

. 

                                                            
39 Available at  http://archive.unu.edu/unupress/unupbooks/uu15oe/uu15oe0q.htm.  Last visited on 22.03.2014. 

http://archive.unu.edu/unupress/unupbooks/uu15oe/uu15oe0q.htm.�
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airspace40.  Hence, the CHM should not necessarily imply that such resources are accessible 

to and usable by anyone without restrictions. However, in practice, genetic resources ranked 

in the CHM are treated as commons, resulting in overuse and extinction. Indeed, under 

international law, states enjoy sovereignty41  over their lands and natural and biological 

resources, and nothing denies state sovereignty over their genetic resources. In reality, the 

discourse over the nature of genetic resources in international law started when genetic 

resources contributions to commercial uses and the financial benefits of these uses were 

realized from the source countries42. The first international agreement dealing with genetic 

resources and their sustainable management at the global level was the 1983 International 

Undertaking (IU) on Plant Genetic Resources, passed by the United Nations Food and 

Agriculture Organization (FAO)43.  The resolution asserted that all plant germplasm was the 

"common heritage of mankind." However, the use of genetic resources and the fact that the 

IU is a soft law instrument fails to shape the necessary opinio juris and justify customary 

law in the treatment of the resources as global commons44

More specifically, global commons are free to be used by anyone, and the free use of 

biogenetic resources in the production of medicines causes market failure (biopiracy), 

because the bioprospecting market fails to adequately involve and compensate all 

. 

                                                            
40 Graham Dutfield, What is Biopiracy? International Expert Workshop on Access to Genetic Resources 
and Benefit Sharing (2004). Available at http://www.canmexworkshop.com/documents/papers/1.3.pdf. Last 
visited on 22.03.2014.   
41 U.N. Charter Article 2; Declaration on Principles of International Law Concerning Friendly Relationships 
and Cooperation among States in Accordance with the Charter, G.A. Res. 2625 (XXV), U.N. Doc. A/2625 
(Oct. 24, 1970), 9 I.L.M. 1292 (1970); Declaration on Permanent Sovereignty over Natural Resources, G.A. 
Res. 1803 (XVII), U.N. Doc. A/1803 (Dec. 14,1962). 
42 Lyle Glowka, A Guide to Designing Legal Frameworks to Determine Access to Genetic Resources , 
(IUCN, Gland, Switzerland.1998), p.55. 
43 Food and Agriculture Organization Conference, Rome, Italy, 1983, International Undertaking on Plant 
Genetic Resources, FAO Res. 8/83, available at http://www.fao.org/ ag/cgrfa/Res/C8-83E.pdf. Last visted on 
22.03.2014. 
44 J. Goodman, V. Walsh, The Story of Taxol: Nature and Politics in the Pursuit of an Anti-Cancer Drug, 
1st edn. (Cambridge University Press, Cambridge, 2001), p.182. 
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stakeholders, directing them to alternative and more destructive uses of biodiversity. 

Furthermore, the sourcing of the biological resources to be used in bioprospecting is 

unsustainable and threatens species to extinction45.  The CHM principle linked in common 

practice to common property creates a practical problem, the so-called "tragedy of the 

commons46." The tragedy of the commons exists when too many individuals have the right 

to use a scarce resource, and overuse of that resource potentially leads to its complete 

depletion. The lack of property rights leads to overexploitation of resources because of a 

lack of economic incentives to protect them47

To address the problem of the nature of genetic resources, the international 

community attached the same importance to the conservation and sustainable use of 

resources by replacing the CHM in the CBD with the "common concern" of mankind, and 

reaffirmed the authority of the state. In turn, states have accepted the increased responsibility 

to regulate and manage access and benefit sharing

. It should be noted here that sovereignty, 

although significantly different from property ownership, has property characteristics in that 

it assigns exclusive rights to exercise supreme authority over land and resources. 

48

                                                            
45 Kerry Ten Kate & Adrian Wells, The Access and Benefit Sharing Policies of the United States National 
Cancer Institute: A Comparative Account of the Discovery and Development of the Drugs, Calanolide and 
Topotecan (1998), pp.108-119. Available at http://www.biodiv.org/doc/case-studies/abs/cs-abs-nci.pdf Last 
visited on 22.06.2014. 

. This recent emphasis in exercising 

control over biological resources contrasts markedly to past approaches largely due to the 

46 E. Kula, Economics of Natural Resources and the Environment, 1st edn. (Chapman and Hall publishers, 
London, 1992), p.158.  
47 Daniel. W. Bromley, Environment and Economy: Property Rights and Public Policy, 1st edn. 
(Blackwell, Oxford, UK, 1991), p.167. 
48  R. David Simpson, Valuing Biodiversity for Use in Pharmaceutical Research, Journal of Political Economy, 
Vol. 104, (1996), pp.163-166. 



53 
 

fact that states now feel the pressure of scarcity, while not long ago natural assets were 

perceived as abundant and conservation measures unnecessary49

A major snag of the CBD is a shift in focus from the ecological and scientific value 

of biodiversity to its commercial value. Articles 3 and 15 of the CBD recognise the 

sovereign rights of nation states over their biological resources and their authority to 

determine access to genetic resources through national legislation. Several countries have 

developed legal regimes and implementing mechanisms to regulate access to genetic 

resources

. 

50

 This undermines global food security that is critically dependent on transnational 

sharing and distribution of genetic resources among human societies. National legislation 

like India’s Biological Diversity Act 2002 and the Philippine Executive Order No. 247 shut 

down national boundaries against free access and sharing of genetic resources. Such 

parochial restrictive measures are gradually becoming ubiquitous all over the world. 

. 

 
 No country ever possessed all the genetic resources essential for its existence. Every 

country in the world uses exotic genetic material to enhance the productivity of its crops and 

livestock as the genetic limits of the native stock can be overcome only by incorporating 

genes from such material. The Food and Agriculture Organisation’s (FAO) 22nd conference 

adopted a resolution (Resolution 8/83)4 that plant genetic resources are a heritage of 

mankind to be preserved, and to be freely available for use, for the benefit of present and 

                                                            
49  W. Lesser, Sustainable Use of Genetic Resources Under the Convention on Biological Diversity: 
Exploring Access and Benefit Sharing,  1st edn. (CAB International, New York, 1997), p130. 
50  Available at  http://globaljusticeecology.org/files/biodiversity.pdf. Last visited on 22.03.2014. 
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future generations51

 The developing countries’ efforts to keep all types of breeding material within the 

public domain were at variance with the demand of the developed countries to provide and 

respect intellectual property protection. In 1989, developed countries succeeded in 

establishing Plant Breeders’ Rights as provided under the International Union for the 

Protection of New Varieties of Plants (UPOV). This FAO resolution, though it recognises 

farmers’ rights, set the stage for the showdown between the technologically-advanced North 

and the biodiversity-rich South over genetic resources in the United Nations Convention on 

Biological Diversity. In lieu of their demand to keep all breeding material in the public 

domain, the developed countries collectively bargained and succeeded in establishing 

national sovereign rights over genetic resources that was historically treated as a common 

heritage of mankind. The CBD in its current form, yet to be adopted by the US, is an 

outcome of this conflict over genetic resources. 

. Developing countries en masse pushed through and adopted the 

resolution, while Canada, France, Germany, Japan, the United Kingdom and the United 

States officially reserved their position with respect to the FAO undertaking as it explicitly 

specifies that the term “plant genetic resources” also includes newly developed varieties and 

special genetic stocks. 

 The biodiversity-rich developing nations had high expectations for CBD under the 

premise that biological resources, being the raw material for the biotechnology, seeds and 

pharmaceutical industries, are the key to potential economic success in the future. The high 

tide of publicity and hope in the popular and scientific media portrayed biodiversity as the 

                                                            
51 Hamilton, N. D.  ‘Who Owns Dinner: Evolving Legal Mechanisms for Ownership of Plant Genetic 
Resources’, Tulsa Law Journal, Vol. 28, (1993), pp.587- 590. 
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most commercially important natural resource like oil or gold. The politicians and 

policymakers in the developing world were carried away by the waves of speculation, 

propaganda and lobbying by activists and NGOs, rather than empirical evidence. The South 

abandoned the common heritage strategy adopted in the FAO and successfully demanded 

national sovereign rights over genetic resources in the CBD negotiations. They also pushed 

for and succeeded in including equitable sharing of genetic resources in the CBD.  

The transfer of funds and intellectual property to developing nations can be thought 

of as additional compensation for the preservation of biodiversity52

 From a developing nation's perspective, the cost of the option may outweigh its 

speculative benefits. Developing nations usually have very high costs of capital and   as a 

result, the value of a new drug which may generate cash flows ten years from now may not 

be particularly high. As well, the absolute size of the royalties which a developing nation 

may receive from a new drug is not particularly large in comparison to the total value which 

such drug may create. (i) the long-time horizon involved in biodiversity prospecting, (ii) the 

. An analysis of option 

theory will demonstrate why granting additional compensation to developing nations may 

also be necessary to further global efficiency. Because the value of biodiversity is largely 

speculative in nature, the value of preserving biodiversity can be compared to holding an 

"option" on the future benefits of biodiversity. While there is no upfront cost to this option, 

there is an on-going opportunity cost to the option which is the cost of foregone economic 

development. Elements involved in valuing an option include (i) the probability and 

expected size of future cash flow(s), (ii) timing of such cash flows and (iii) the discount rate 

("cost of capital") applied to these cash flows.  

                                                            
52 Martin. A, McGuire, S.Sullivan, Global Environmental Justice and Biodiversity Conservation, Geogr. J, 
Vol. 179, (2013), pp.122–131. 
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relatively high cost of capital in developing nations and (iii) the relatively small amounts 

which these nations will receive in royalties, it may be efficient (from a local perspective) 

for developing countries to develop ecologically-sensitive areas rather than preserve them. 

From a global perspective, the value of the "biodiversity option" may outweigh the 

opportunity cost of foregone development to a particular developing nation. The 

international community (and in particular the developed world) has a lower cost of capital 

than many developing nations and will enjoy larger benefits from the exploitation of 

biodiversity than any single country. As a result, it may be globally efficient to preserve 

biodiversity in instances where local preservation would not make economic sense.  

By compensating developing nations via multilateral payments and transfers of 

intellectual property, the Biodiversity Convention helps to increase the option value of 

biodiversity to the developing world53

The historical notion of a "public trust" has its roots in English common law and is 

loosely based on earlier Roman law

. By increasing this value, more biodiversity will be 

preserved and global efficiency should be enhanced. Having addressed the ways in which 

the Convention theoretically improves economic efficiency, this Comment will now argue 

that each nation under the Convention is in effect a trustee of an international public trust, 

the corpus of which is such nation's biodiversity and the beneficiary of which is the 

international community.  

54

                                                            
53 George B. Frisvold, Peter Condon, The Convention on Biological Diversity: Implications for Agriculture, 
Technological Forecasting and Social Change, Vol. 50, (1995), pp. 41-54 .  

. The historical doctrine posited that certain things - 

like air, running water, the ocean - are common to mankind and, therefore, cannot be 

privately owned but are held by the sovereign in trust for the benefit of all citizens. 

54 Joseph L. Sax, The Public Trust Doctrine in Natural Resource Law: Effective Judicial Intervention,  Miac. 
L. Rev, Vol. 68, (1970), pp.471- 475. 
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 The historical doctrine has a largely economic rationale (the promotion of 

commerce) and was used primarily by courts to maintain the navigability of rivers and bays. 

Around 1970, under the leadership of Professor Joseph Sax, efforts were made to "update" 

the public trust doctrine and transform it into a tool for the promotion of environmental 

protection. While much of the modem public trust doctrine is ill-defined, at base the doctrine 

is rooted in the notion that a great deal of property that is both publicly and privately owned 

is bundled with an extensive set of pre-existing communal rights.  

As the takings clause of the Constitution protects the property rights of minorities 

from action by the majority, the public trust doctrine protects the communal property rights 

of the majority from actions by a minority. In theory, the public trust doctrine states a cause 

of action (which may rest in the government or in private parties) for any use of a property 

which infringes on a pre-existing communal right55. The Biodiversity Convention has many 

of the indication of a public trust. The purpose of the trust is "to preserve biodiversity.  The 

trust property is the biodiversity of the world, and by logical extension, the habitats of the 

world in which biodiversity resides. Trust property may be alienated; however, use of trust 

property is restricted to those uses which do not materially affect biodiversity56

 The trustees who may or may not have legal title to the trust property are the 

sovereign nations in which trust property is located. The Biodiversity Convention is more of 

. Trust 

property may be harmed in certain circumstances, but only if the harm is minimized and is 

"necessary."  The beneficiaries of the trust are the international community and perhaps 

future generations.  

                                                            
55  Lloyd R. Cohen, The Public Trust Doctrine: An Economic Perspective, Cal. W. Law. Review, Vol. 29, 
(1992), pp.239- 250. 
56 Ved P. Nanda, William K. Ris. Jr., The Public Trust Doctrine" A Viable Approach to International 
Environmental Protection,  Ecol-L. Q, Vol. 5, (1976), pp. 291- 302. 
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a "true" public trust than many of the public trusts that environmentalists have tried to 

judicially establish in the United States in the past twenty years, because the Convention 

specifically looks at the "totality of public interests" in the preservation of biodiversity57

 This balancing act is seen within the Convention, which recognizes the sovereign 

right to economic development in Article 2 but which also requires states to minimize the 

environmental impact of proposed projects in Article 14. While the Convention's attention to 

the "totality of public interest" may disappoint some environmentalists, it enhances the 

Convention's legal legitimacy because it makes the Convention look more like an historical 

public trust. U.S. courts have been hesitant to adopt the modem public trust doctrine, in part 

because (i) plaintiffs have been unable to demonstrate a prior reservation by the sovereign of 

certain communal rights in property' and (ii) restrictions on the private use of property often 

appear like governmental  "takings". The Biodiversity Convention avoids the first critique of 

the public trust doctrine because the public, communal rights in biodiversity under the 

convention were explicitly created at the same time that the sovereign property rights in 

genetic material were recognized. The outline of an international public trust clearly exists 

under the Convention.  

. 

Since such interests are not entirely environmental, environmental interests must be weighed 

with and balanced against other public interests such as economic growth, preservation of 

indigenous cultures, etc. 

2.5. International Legal Instruments Regulating Biodiversity  

Rich biodiversity and equally rich cultural heritages are thus two invaluable assets of 

most of the TWCs. The developmental scenario of the world is now changing fast at 

                                                            
57  Richard J. Lazarus, Changing Conceptions of Property and Sovereignty in Natural Resources: Questions 
the Public Trust Doctrine,  Iowa. L. Rev. Vol. 71, (1996), pp.631-715. 
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breathtaking speed. The TWCs therefore have to be alert and sensitive to the changing global 

developmental scenario and must adopt and adapt appropriate measures to safeguard their 

interests and to take the best advantage of the legally binding international laws and 

multilateral agreements such as CBD, TRIPS 19 (Trade-Related Intellectual Property Rights 

of WTO), ITPGRFA, which are now in force. CBD is the first international legal instrument 

that brought out a radical change from the prevailing common perception on genetic resources 

as common heritage of humankind to a legally binding regime that confers sovereign rights to 

the states over their biological resources and associated TK. 

The WIPO Intergovernmental Committee on Intellectual Property and Genetic 

Resources, Traditional Knowledge and Folklore (IGC) was established in 200158

                                                            
58 Available at, 

 and it began 

to study the issues related to pro-viding an international dimension to protection of TK 

associated with the use of genetic resources. IGC made a series of discussions and debates on 

TK related issues with other international instruments such as CBD and WTO- TRIPS. The 

ongoing discussions and negotiations helped to develop two main forms of IPR related 

protection to TK: 1. Positive protection-i.e. establishing legal entitlements for TK holders, 2. 

Defensive protection-i.e. safeguarding against illegitimate acquisition of IPR over TK or 

associated genetic resources. Ensuring the practice of PIC and benefit- sharing agreements 

with TK holders are other issues involved in TK - derived bio prospecting and technology 

transfer programmes. Several national governments, WIPO -IGC and CBD secretariat are 

actively discussing these issues with the participation of local and indigenous communities 

and institutions. WIPO- IGC is in the process of finalizing the policy objectives and core 

principles for protection of TK. National governments have also been addressing the issue of 

http://www.wipo.int/meetings/en/topic.jsp?group_id=110. Last Visited on 14.03.2014. 

http://www.wipo.int/meetings/en/topic.jsp?group_id=110�
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providing IP protection to TK under the existing IP laws or sui generis mechanisms, so that 

the intellectual as well as customary rights of the TK- holders are respected, recognized and 

rewarded59

Article 15 of the CBD unambiguously states that the authority to determine access to 

genetic resources rests with national governments and is subject to national legislation and 

that access, where granted, shall be on mutually agreed terms and shall be subject to the 

prior informed consent of the Contracting Party providing such resources. Article 15 

specially obliges Parties to take necessary measures to share in a fair and equitable way the 

results of research and development and the benefits arising from the commercial and other 

utilization of genetic resources with the Party providing such resources, on mutually agreed 

terms. Article 16 deals with the access to and the transfer of technology. Article 16 para 5 of 

CBD refers to the relationship between IPR and the CBD by stating that "patents and IPR 

may have an influence on the implementation of this convention, and therefore, Members 

states shall cooperate in this regard subject to national legislation and international law in 

order to ensure that such rights are supportive of and do not run counter to its objectives".  

. 

Article 80 of the CBD enjoins upon Contracting Parties to respect, preserve and 

maintain knowledge, innovations and practices of indigenous and local communities and 

encourages the equitable sharing of benefits arising from their utilization. The concept of 

fair and equitable sharing of benefits arising out of use of genetic resources enshrined in the 

CBD, needs to be examined in the light of the TRIPS Agreement. TRIPS and CBD represent 

                                                            
59 Medaglia, J. C, Access to Genetic Resources, Protection of Traditional Knowledge, and Intellectual Property 
Rights: The Costa Rican Experience. In Twarog, S. and Kapoor, P. (Eds.), Protecting and Promoting 
Traditional Knowledge: Systems, National Experiences And International Dimension, 1st edn. (United 
Nations, New York, 2004),  p.59. 
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two different approaches to the utilization of living resources60. CBD clearly recognizes the 

sovereign rights of States over their biological resources and seeks to ensure that where 

these are taken from the country of origin, there should be fair and equitable sharing of any 

subsequently developed benefits61

The present mandatory conditions for patents in almost all countries are confined to 

disclosure of the invention in a manner sufficiently clear and complete for invention to be 

carried out by a person skilled in art. In addition, these conditions were developed in the 

patent laws of different countries basically in respect of mechanical and chemical 

inventions. The issue is whether the inventions using biological material, need to be 

. It seeks to protect, preserve and benefit, by providing an 

equitable sharing of the utilization of the indigenous and traditional knowledge systems 

which do not readily fit into any standard form of IP protection. The TRIPS Agreement does 

not cover protection of such intellectual contributions. The TRIPS Agreement, on the other 

hand, recognizes IPR to be private rights and believes in rewarding inventions by IPR, 

without referring to the source of biological material and associated traditional knowledge 

and without commitment for fair and equitable sharing of benefits with the country of 

origin/holders of such knowledge For reconciliation of these contradictions in provisions of 

TRIPS Agreement and the CBD, India has been advocating the argument in international 

forum, under CBD as well as under Committee on Trade and Environment (CTE) of the 

WTO, that Article 29 of the TRIPS Agreement should require mandatory disclosure, in the 

patent application of the origin of biological resources/traditional knowledge used in the 

technological invention.  

                                                            
60 Greg K. Venbrux, When Two Worlds Collide: Ownership of Genetic Resources Under the Convention on 
Biological Diversity and the Agreement on Trade-Related Aspects of Intellectual Property Rights, Journal of 
Technology Law and Policy, (2006), pp.24-30. 
61 McManis, C.R, The Interface Between International Intellectual Property and Environmental Protection: 
Biodiversity and Biotechnology,  Washington University Law Quarterly, Vol. 6(1), (1998), pp.245-249. 
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governed by a set of additional requirements. A case is being argued for mandatory 

disclosure in the patent applications of the country of origin of biological resource and 

associated knowledge and consent of the country providing the resource and knowledge, to 

ensure equitable sharing of benefits. In this context, it is pertinent to mention here that the 

Conference of Parties (COP) to the CBD in its fourth meeting held in May 1998 emphasized 

that further work is required to help develop a common appreciation of the relationship 

between IPR and relevant provisions of TRIPS and CBD, particularly on issues relating to 

technology transfer, and conservation and sustainable use of biological diversity and fair and 

equitable sharing of benefits arising out of the use of genetic resources. Thereafter, an Inter 

sessional Meeting held in June 1999 has recommended the following follow-up activities for 

the COP. To develop ways and options to closely follow the work of WIPO and WTO on 

the issue and to provide inputs to this work when relevant from CBD's perspective.  To 

recognize the importance of systems such as sui generis and others for protection of 

traditional knowledge, taking into account the ongoing work on Article 8G, and transmit its 

findings to WTO and WIPO. These recommendations will be considered for adoption by the 

COP in its fifth meeting to be held in May 2000. 

2.6. Commercialization of Biological Resources- Bio-piracy and Bio-prospecting   

Humankind has been prospecting biodiversity from the very dawn of the civilization. 

Modified use of bio-resources for food, medicine and other material requirements had been 

the traditional form of bio-prospecting. Modern prospecting involves well-organized 

research and methodologies. Bio prospecting in essence means - an activity involving 

survey, exploration, documentation and evaluation of biological resources and their 

derivatives and/or associated TK, leading to identification and/or isolation of commercially 
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valuable products (genes, biochemical) compounds, derivatives and/or any other tangible 

and in-tangible components including IPR covered processes, technologies and services 

derived from wild or domesticated biodiversity. With the advent of new tools and 

techniques, the power of bio prospecting has been incredibly increased62

Modern bioprospecting now includes systematic search for genes, natural compounds, 

designs and whole organisms of either domesticated or wild source with a potential for 

product development. Bio prospecting has thus three faces-chemical prospecting, gene 

prospecting and bionic prospecting

.  

63

Third World Country (TWC) members are still at the receiving end as far as the 

development of special value-added products and herbal technologies are concerned. The 

developed countries, on the other hand, are emerging as super powers with their 

biotechnological strength. This North-South divide has been in existence for years and will 

continue to remain so, until the biodiversity-rich countries of South, strive their best to develop 

capability in biotechnology, bioinformatics and related technologies

. It is essentially an action-oriented multidisciplinary 

programme with the end in view of generating both knowledge and avenues for the 

development of a diverse array of IPR-covered value-added products and their 

commercialization with appropriate benefit- sharing arrangements. 

64

                                                            
62 George Frisvold, Kelly Day-Rubenstein, Bioprospecting and Biodiversity Conservation: What Happens 
When Discoveries are Made?,  Arizona Law Review, Vol. 50, (2007), pp.545-576. 

.  The major concerns of 

the developing countries with regard to access to and transfer of genetic resources and 

biotechnology are: (1) prevention of bio piracy and misappropriation, (2) development of 

international systems of protection of TK and (3) means for fair and equitable benefit sharing 

63 D. Newman, G.M. Cragg, Natural Products as Sources of New Drugs over the Last 25 Years, J. NAT. 
PRODUCTS, Vol. 70, (2007), pp.461-471. 
64 R.D. Firn, Bioprospecting- Why Is It so Unrewarding? Biodiversity &Conservation, Vol.12, (2003), pp. 207-
208. 
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and technology transfer. One of the key issues involved in prospecting and commercialization 

of TK-derived technologies and products is the inadequacies in providing protection of TK 

through appropriate intellectual property laws and policy measures at national and 

international levels65. Increasing incidences of appropriation or misuse of TK for obtaining 

IPR rights without even acknowledging the role and contribution of TK holders are 

mounting with the recent booms in bio prospecting involving the use of genetic resources 

and associated TK. Establishing legally binding instruments and mechanisms to ensure the 

prior informed consent (PIC) of TK holder(s) and arriving at Mutually Agreed Terms 

(MAT) for benefit sharing, third party transfers, IPR claims, and commercialization of the 

products or technologies derived from the use of TK associated with genetic resources are 

other concerns that are being discussed66

Biopiracy is a term that was first coined by the Canada-based NGO Rural Advancement 

Foundation International (RAFI, now the Action Group on Erosion, Technology and 

Concentration [ETC Group]) and is usually attributed to activist Pat Mooney

 and de-bated at international forums, such as 

Convention on Biological Diversity, Food and Agricultural Organization, World Intellectual 

Property Organization, United Nation Environment Program, etc.  

67

                                                            
65  Srividya Raghavan, Protection of Traditional Knowledge, Minnesota Intellectual Property Review, Vol. 
2(1), (2001), pp.213-217. 

.  In order to 

arrive at a definition of biopiracy one must appreciate the historical context within which the 

term arose. First, Western intellectual property owners have often accused Third World 

states and economic actors of “pirating” or unlawfully “appropriating” the intellectual 

property rights of industrialized entities, especially patents and copyrights. In the wake of 

66 Nijar, G. S. Community Intellectual Property Rights Protect Indigenous Knowledge, Biotechnology and 
Development  Monitor, Vol. 36, (1998), pp.11–12. 
67 Robinson, Daniel. F, Confronting Biopiracy : Challenges, Cases and International Debates, 1st edn., 
(Earthscan, London, 2010), p.14. 
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biotechnological inventions and the patenting by Western states and entities of indigenous 

peoples bio cultural resources, obtained without their lawful informed consent, Third World 

States contend that industrialized states, business entities, and research institutions are 

“pirating” their biological resources. Therefore, the Third World applies the term 

“biopiracy” to describe what it sees as a misappropriation of indigenous peoples knowledge 

and bio cultural resources, especially through the use of intellectual property mechanisms68. 

If the infringement of patents, copyrights, and trademarks constitutes intellectual piracy, 

then so does the failure to recognize and compensate indigenous and traditional peoples for 

the creations arising from their knowledge. Inherent to the biopiracy rhetoric are the notions 

of unauthorized appropriation/theft of biological diversity and its associated traditional 

knowledge. The concept of biopiracy concerns law, ethics, morality, and fairness. The term 

was developed due to growing frustrations about the appropriation and monopolization of 

long-held medicinal and agricultural knowledge about nature, as well as the related physical 

resources (plants, animals and their components). The flow of these resources and 

knowledge, often ‘from biodiversity in the South to medicines, cosmetics and crops in the 

North69

Biopiracy connotes any attempt to acquire proprietary rights over biological 

resources and its associated indigenous knowledge, or upon product(s) based on them, 

disregarding the consent and contribution of the holders of such resources and knowledge. 

’, has been targeted by NGOs as a hypocritical injustice on the part of corporations 

and researchers predominantly from Japan, the US, Europe and other parts of the Western 

world. 

                                                            
68 Chidi Oguamanam, “Localizing Intellectual Property in the Globalization Epoch: The Integration of 
Indigenous Knowledge”, Indiana Journal of Global Legal Studies, Vol.11(2), (2004), pp.135-169. 
69 Dhillion, S.S and Ampornpan, L.A., ‘Bioprospecting and Phytomedicines in Thailand: Conservation, 
Benefit-sharing and Regulations’, in Svarstad, H. and Dhillion, S.S. Responding to Bioprospecting: From 
Biodiversity in the South to Medicines in the North, 1st edn., (Spartacus Forlag AS, Oslo,2000), p.59. 
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The Action Group on Erosion, Technology and Concentration (ETC Group) defines 

biopiracy as ‘the appropriation of the knowledge and genetic resources of farming and 

indigenous communities by individuals or institutions seeking exclusive monopoly control 

(usually patents or plant breeder’s rights) over these resources and knowledge70

Vandana Shiva defines biopiracy as “ Biopiracy refers to the use of intellectual 

property systems to legitimize the exclusive ownership and control over biological resources 

and biological products and processes that have been used over centuries in non-

industrialized cultures”

’. 

71. Dutfield states that “ Biopiracy: normally refers either to the 

unauthorized extraction of biological resources and/or associated traditional knowledge from 

developing countries, or to the patenting of spurious ‘inventions’ based on such knowledge 

or resources without compensation72

 

. 

Biopiracy also refers to the asymmetrical and unrequited movement of plants and 

TKUP from the South to the North through the processes of international institutions and the 

patent system. As Rosemary Coombe has rightly pointed out, this process is characterized 

by the non-recognition of the intellectual contributions of holders and practitioners of 

traditional knowledge towards the improvement of the plants or TKUP in question73

                                                            
70 Suman Sahai, Prasmi Pavithran, Indrani Barpujari, Biopiracy Imitations Not Innovations, (Gene 
Campaign, New Delhi, 2007), p.9. 

. RAFI 

linked biopiracy claims to evidence that transnational seed companies were planning to use 

terminator technologies for seed sterilization, thus inhibiting farmer re-use of seeds. In this 

71 V. Shiva, Protect or Plunder: Understanding Intellectual Property Rights, 1st edn., (Zed Books, London, 
2001), p.59. 
72 Graham Dutfield, Intellectual Property, Biogenetic Resources and Traditional Knowledge, 1st edn., 
(Earthscan, London, 2004), p.77. 
73 Coombe. R, ‘Intellectual Property, Human Rights, and Sovereignty: New Dilemmas in International Law 
Posed by the Recognition of Indigenous Knowledge and the Conservation of Biodiversity’, Indiana Journal of 
Global Legal Studies, Vol.6(1), (1999), pp.59–116. 
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way, RAFI was able to highlight the ongoing legal and technical institutionalization of 

farmers from the global south. 

The origins of the term bioprospecting are usually associated with the 1993 book 

Biodiversity Prospecting by Reid et al. from the World Resources Institute, where it was 

defined as, ‘the exploration of biodiversity for commercially valuable genetic and 

biochemical resources’. For these authors, when conducted appropriately, bioprospecting 

can: contribute greatly to environmentally sound development and return benefits to the 

custodians of genetic resources the national public at large, the staff of conservation units, 

the farmers, the forest dwellers, and the indigenous people who maintain or tolerate the 

resources involved. As Cori Hayden states that Bioprospecting is the new name for an old 

practice: it refers to corporate drug development based on medicinal plants, traditional 

knowledge, and microbes culled from the ‘biodiversity rich’ regions of the globe, most of 

which reside in the so-called developing nations74

Biological diversity, the variability among living organisms and the ecosystems of 

which they are part, underpins our very existence. It provides essential ecosystem services 

such as the purification of water, prevention of soil erosion and floods, and regulation of the 

climate. Furthermore, ‘genetic resources’ biological materials of actual or potential value 

containing functional units of heredity

. 

75

                                                            
74 Hayden, C.  When Nature Goes Public: The Making and Unmaking of Bioprospecting in Mexico, 1st edn., ( 
Princeton University Press, Princeton, New Jersey, 2003), p.14. 

 form the basis of a significant proportion of the 

world’s economic activity. A crude estimate of combined annual global markets for a 

portion of the products derived from genetic resources lies between US$500 billion and 

75 Article 2 of the CBD defines ‘genetic resources’ as ‘genetic material of actual or potential value’ and 
‘genetic material’ as ‘any material of plant, animal, microbial or other origin containing functional units of 
heredity’. 
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US$800 billion. The world’s biological diversity is distributed largely in inverse proportion 

to scientific and technological capacity76

At present, biologically diverse countries with developing economies and limited 

scientific infrastructure rarely participate in the rapid scientific and technological advances 

that make new and varied use of their genetic resources, but many of them aspire to do so. 

Companies and research institutions based in developed countries seek diversity and novelty 

in the genetic resources they study and use, and many look outside their borders for new 

leads. The need for access to genetic resources by industry on the one hand, and, on the 

other, the benefits sought by biologically diverse countries, asked by the international 

community to conserve biodiversity, set the scene for an exchange. The 1992 CBD reflects a 

commitment by the participating governments to facilitate access to genetic resources in 

return for a fair and equitable sharing of benefits such as technology transfer (CBD Article 

1), an exchange that has been described as a ‘grand bargain

.  

77

 Article 15 of the Convention requires governments to facilitate access to genetic 

resources, but it also states that the authority to determine access rests with national 

governments, and is subject to their prior informed consent and to the fair and equitable 

sharing of benefits on mutually agreed terms. The CBD itself is a framework convention. In 

’. The objectives of the CBD 

are the conservation of biological diversity, the sustainable use of its components, and the 

fair and equitable sharing of the benefits arising from the use of genetic resources, including 

through access to genetic resources, technology transfer and funding. 

                                                            
76 C. Macilwain, ‘When Rhetoric Hits Reality in Debate on Bioprospecting’, Nature, Vol. 9(1), (April, 1998), 
pp.535-541 at p.541. 
77 M. A. Gollin, ‘An Intellectual Property Rights Framework for Biodiversity Prospecting’, in W. V. Reid, S. 
A. Laird, C. A. Meyer, R. Games, A. Sittenfeld, D. H. Janzen, M. A. Gollin and C. Juma, eds, Biodiversity 
Prospecting: Using Genetic Resources for Sustainable Development, 1st edn. (World Resources Institute, 
Washington D.C, 1993), p.56. 
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the field of access and benefit-sharing, its implementation at the national level is proceeding 

at quite a pace. Laws and other policy measures aimed at securing fair partnerships with 

researchers and with companies have been introduced or are under development in over 40 

countries, and more are set to follow. These regulate access to genetic resources and require 

the sharing of benefits that arise from their use, such as publications, training, research 

results and capacity-building, as well as monetary benefits such as fees, royalties and 

‘milestone payments’ made at key stages in the development process, in addition to the 

initial fees for samples or grants to cover research. The CBD and the national laws on access 

introduced to implement it have an important bearing on the work of any person or company 

seeking access to genetic resources of any kind, whether for academic study or for 

commercial research and development. These measures are attempting to redraw ethical and 

legal norms established over a long history of trade in genetic resources, and aim to balance 

the needs of both technologically and biologically endowed countries. The practical 

implementation of these principles poses an enormous challenge for the 176 parties (and the 

regional economic integration organization of the EU) that have ratified the CBD, and for 

the many sectors of industry that need access to genetic resources for product discovery and 

development. Together, they must find workable rules and procedures that reflect the rights 

of sovereign states, communities, research institutions, individuals and companies but 

deliver partnerships that are ‘fair and equitable’ in the context of the risks and rewards of 

product development. The rules and procedures need to be speedy, simple and efficient. A 

number of factors conspire to make this difficult to achieve. 

 To begin with, despite its importance to humankind, the biological diversity at the 

heart of the exchange is being eroded. Conservative estimates place current extinction rates 
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for well-documented groups of vertebrates and vascular plants at 50–100 times larger than 

the expected natural rates78. Secondly, the countries, institutions, communities and 

companies involved in the exchange of genetic resources particularly by multinational 

companies have extremely different perceptions about the relative value of those resources 

and of the information, innovation, and research and development that are needed for 

product discovery and development. The gulfs that divide these different expectations often 

block the successful conclusion of partnerships for scientific research and 

commercialization. Although there is a wide range of different perspectives, a caricature of 

the different perspectives can be seen as having two extremes. On the one hand, some feel 

that the legal and policy environment does not adequately ensure prior informed consent and 

adequate benefit-sharing, any commercial use of genetic resources is ‘biopiracy’79. On the 

other hand, some believe that countries have an unrealistic and inflated estimation of the 

value to industry of access to their genetic resources, and fear that the ‘grand bargain’ may 

be misconceived, because there is insufficient commercial demand for access to genetic 

resources to generate the benefits that will in turn create the incentive to conserve biological 

diversity or to help countries develop80. A third problem is that a number of features of the 

transfer of genetic resources and the discovery and development of products make the 

monitoring and enforcement of access and benefit-sharing agreements extremely difficult81

                                                            
78 Janetos, A.C, Do We Still Need Nature? The Importance Of Biological Diversity, Saginaw Valley State 
University Journal, Vol.3(1), (1997), pp.24-29. 

. 

Material often travels from countries of origin to private sector concerns in other countries 

79 V. Shiva, Bio Piracy: The Plunder of Nature and Knowledge, 1st edn. (Green Books, Devon 1998), p.13. 
80 K. ten Kate and S. A. Laird, The Commercial Use of Biodiversity: Access to Genetic Resources and 
Benefit-Sharing, 1st edn. ( Earthscan, London, 1999), p.6. 
81 Bronwyn Parry, ‘The Fate of the Collections: Social Justice and the Annexation of Plant Genetic 
Resources’,in Charles Zerner, ed., People, Plants and Justice: The Politics of Nature Conservation, 1st 
Edn.(Columbia University Press, New York, 1999), p.47. 



71 
 

through a complicated route, passing through many hands from collection to 

commercialization, with value being added at each stage. 

 In many cases, the product which is commercialized is not physically linked to the 

original genetic resources collected; for example, it may have been manufactured from 

scratch on the basis of modifications of chemical structures originally found in nature. 

Consequently, it is difficult to track the exchange of genetic resources and link it to the 

sharing of benefits. This lack of transparency, compounded by the common requirement for 

confidentiality in commercial partnerships, does nothing to dispel the high levels of distrust 

prevalent between potential partner countries, companies and institutions.  

Rapid scientific developments over the past few decades in the fields of biology, 

chemistry82

Discernible among this complex pattern are trends towards, on the one hand, 

consolidation through mergers and acquisitions, and on the other, a proliferation of small 

companies that specialize in aspects of discovery or development. Thus ‘life science titans’ 

such as Monsanto, Novartis and Aventis evolve alongside a host of small research 

, genomics and information technology have revealed a vast range of new targets 

for the development of medicines and agricultural products, and have transformed the 

processes of discovery and development. Biological discoveries that would once have taken 

years can now be completed in days, thanks to new technologies such as combinatorial 

chemistry, ultra-high through put screening and ‘laboratories on a chip’. In response to these 

scientific and technological developments, a constellation of companies, nearly as diverse as 

the genetic resources on which they work, has arisen in a shifting pattern of partnerships 

within an increasingly globalized economy.  

                                                            
82 Kerry Ten Kate, Sarah A. Laird, Biodiversity and Business: Coming to Terms with the ‘Grand Bargain’,  
International Affairs, Vol. 76, (2000), pp.241-264. 
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biotechnology companies to which, particularly in the area of health care, the larger 

companies ‘outsource’ an increasing proportion of their research83

Taken as a whole, industry has an interest in every conceivable kind of genetic 

resource. Given the enormous variety of approaches to R&D and to the choice of starting 

material across industry and even within each sector it is difficult to generalize about the 

kinds of material that companies seek to acquire. While the majority of companies in the 

pharmaceutical industry, for example, maintain a broad interest in plants and micro-

organisms, some focus primarily or even exclusively on a narrow area perhaps particular 

fungi, or animal toxins. Many small and medium-sized enterprises concentrate their research 

efforts entirely on one kind of genetic resource, such as a single species of plant or category 

of micro-organism, or on compounds isolated from samples taken from one source, be it 

sharks, frogs, leeches or venomous insects. The botanical medicine, horticulture and seed 

industries are primarily plant based industries.  

. There is enormous 

variety within and between industry sectors in market size and growth, strategies for 

research and development, and the cost, time and probabilities of success involved in 

developing commercial products from natural product samples. The richness and complexity 

of the legal, political, scientific and socio-economic framework for the commercial use of 

biodiversity does not lend itself to generalities and simple conclusions. However, we will 

endeavor to draw some broad conclusions about the extent of markets and nature of 

industrial demand for access to genetic resources. In some sectors such as the seed industry, 

horticulture and the botanical medicines industry all products sold are derived from genetic 

resources. 

                                                            
83Supra Note, no. 68, in, p. 65. 
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However, within the botanical medicine trade there is a growing interest in marine 

organisms and fungi, and the advent of genetic engineering has led to a growing number of 

crop plants that incorporate genetic resources from other kingdoms, from the Bt bacterium 

to fish genes coding for cold tolerance. Some cosmetic and personal care companies operate 

marine prospecting programmes and investigate novel therapeutic actions in 

microorganisms, although the bulk of ‘natural’ cosmetic products contain botanical 

ingredients84

Companies rarely collect material on their own behalf and can be reluctant to 

negotiate directly with source countries. Increasingly, they turn to intermediaries such as 

botanic gardens, universities, research institutions, gene banks and commercial brokers not 

only for collection and scientific services, but also to broker access and benefit-sharing 

relationships on their behalf with source countries, sometimes as their agents and sometimes 

. The biotechnology industry devoted to products in fields other than 

pharmaceuticals and agriculture conducts a great deal of its research on micro-organisms, 

but also has interests in many other categories of genetic resources. The basis for the crop 

protection industry is plant genetic resources, but chemical crop protection products and 

biological control systems also make use of a wide range of micro-organisms and insects. 

Pharmaceutical, biotechnology and crop protection companies often prefer to acquire 

material as raw samples such as dried plant and soil samples or extracts organic or aqueous. 

Some samples may have been selected on the basis of ethno botanical information or will be 

supplied with such information. Some companies, however, acquire ‘value-added’ genetic 

resources. Typically, these could be samples supplied with the results of screening, pre-bred 

crop lines, identified bioactive compounds, or even data emerging from product trials 

usually in the course of collaborative partnerships.  

                                                            
84 Available at https://cbd.int/doc/articles/2002-/A-00473.Last visited on 28.05.2014. 
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independently85

 The number of joint ventures and partnerships based on research and development 

conducted in source countries is gradually growing. Assisted by the development of best 

practice in benefit-sharing arrangements, countries with the requisite scientific and 

institutional infrastructure will increasingly be able to supply companies with value-added 

products, often protected by intellectual property rights, thereby enabling source country 

institutions to capture a larger share of the resultant benefits. As a result of such capacity-

building measures, the National Cancer Institute in the United States is today able to build 

partnerships involving more drug discovery in high-biodiversity countries than was possible 

just five years ago. In some cases, such as the joint venture between the government of 

Sarawak and the US pharmaceutical company Medichem Research, high-biodiversity 

countries are participating in research on endemic species

. A number of different intermediaries may be involved between the initial 

collection of material and the ultimate commercialization of the product. Consequently, 

intermediaries play a key role in determining benefit-sharing relationships. To date, the 

majority of samples obtained from developing countries have little value added, but some 

projects include capacity-building to supply value added products as part of joint research 

programmes. 

86

                                                            
85 Verolme. H.J.H. et al. ‘Access to Genetic Resources: An Evaluation of the Development and 
Implementation of Recent Regulation and Access Agreements.’  1st edn. (Columbia University press, 
Columbia, 1999), p.57. 

. In others, such as the Nigerian 

project of the International Biodiversity Cooperative Group, the partnership is creating the 

opportunity for research on diseases prevalent in the source country that do not otherwise 

attract much research attention within multinational pharmaceutical companies. The kind of 

genetic resources and derivatives that companies seek from providers varies enormously 

86 Asbey, E. J, and J. D. Kempenaar, ‘Biodiversity Prospecting: Fulfilling the Mandate of the Biodiversity 
Convention’, Vanderbilt Journal of Transnational Law, Vol. 28, (1995), pp.703- 707. 
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both between and within industry sectors, but the factors that guide a company’s choice of 

source are fairly consistent across all sectors.  

Perhaps the most important criteria for companies are the quality of the samples and 

the caliber of the scientists in the provider institution. An ability to supply biologically and 

chemically diverse samples also attracts companies to particular providers. Factors that are 

becoming increasingly important to many companies are the simplicity of the process by 

which permission is granted to obtain samples and the clarity of the legal framework (thus 

protecting the company from risk, since it can be sure of obtaining good title to the 

samples). The cost of samples and their freedom from intellectual property rights also bear 

on a company’s choice of partners, but seem not to figure quite so prominently as the other 

criteria mentioned here.  

However, countries supplying samples to industry are increasingly familiar with the 

costs, risks and delays inherent in product development, and, rather than pinning their hopes 

on the slim chance of a royalty payment 20 years or more down the line, are increasingly 

prioritizing ‘non-monetary’ benefits such as the sharing of research results, participation in 

research, technology transfer, training and capacity building87

                                                            
87 Available at, 

. Some partnerships offer help 

in kind, such as medical assistance and investment in local infrastructure. Before describing 

best practice in benefit-sharing in particular industry sectors, it is important to note that the 

circumstances in which companies of all sectors acquire samples often do not give rise to 

opportunities for benefit sharing. Years of exchange across cultures and continents mean 

that many genetic resources have passed outside their countries of origin, and today many 

are found in vast ex situ collections housed in developed countries, where they may be 

available without the obligation to share benefits arising with their original providers. In 

http://www.doko.vn/tai-lieu/key-marketing-skills-197211.Last Visited on 14.03.2014. 
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other cases, access and benefit-sharing are severed when benefits arise many decades after 

the original access, and in a completely different part of the world.  

A prime example of this is SmithKline Beecham’s anti-cancer drug Topotecan, 

based on samples of Camptotheca acuminata sent from China to the United States in 1911 

and put on the market in the United States in 1996, more than 80 years later88

At the same time, there is a growing appreciation that what is ‘fair and equitable’ is 

likely to differ substantially according to industry sector, product area, individual research 

and development programme, and country, and that successful benefit-sharing arrangements 

are those tailored to the specific circumstances of an individual case. Experience and ‘best 

practice’ in benefit sharing have progressed quite significantly on a number of fronts in the 

decade since the concept first emerged. Many companies in all sectors are willing to pay 

fees for samples and, in many cases, royalties on net sales. Willingness to share non-

monetary benefits is mainly confined to collaborative research relationships not only the 

highly value added activities of discovery and development, but also fairly low value-added 

activities like the processing of extracts

. Access to 

traditional knowledge is commonly decoupled from benefit-sharing because it is usually 

accessed by companies through literature and databases, fed by academic publications, 

rather than directly from the people holding the knowledge. This said, there is a gradual but 

palpable trend towards more creative benefit sharing, involving monetary and non-monetary 

benefits in the short, medium and long terms.  

89

                                                            
88 Fernández-Ugalde, J.C. ‘Tracking and Monitoring of International Flows of Genetic Resources: Why, How 
and, Is It Worth the Effort?’ In Ruiz, M. and I. Lapeña (eds.),  A Moving Target: Monitoring the 
International Flow of Genetic Resources.1st  edn. (IUCN, Bonn, 2007),p.67. 

. Some companies view non-monetary benefit-

sharing, whether in the form of research collaborations or in-kind benefits such as supply of 

89 Available at, https://www.creativekorea.or.kr/attach/common/1086.pdf. Last Visited on 14.03.2014. 

https://www.creativekorea.or.kr/attach/common/1086.pdf�
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medical assistance, as a form of charitable contribution rather than as part of the cost of 

R&D. Others consider these forms of benefit-sharing as integral to any collaborative 

partnership with providers of genetic resources, and an essential requirement for business 

activity that allows them to secure access to high-quality samples and to work with high-

calibre collaborators. Benefit-sharing varies dramatically across and within sectors, and 

recent trends embody a response in varying degrees to international policy developments 

such as the CBD. Best practice in benefit-sharing evolves in tandem with technological and 

scientific developments, and also reflects changes in market and regulatory environments.  

The most effective form of benefit-sharing appears to result from well-developed 

partnerships between the private sector and source country institutions. Technology transfer 

and capacity-building within partnerships frequently becomes more valuable to the provider 

of genetic resources over time, involving more extensive collaborations and resulting in a 

wider range of benefits. For example, during the initial three-year term of the agreement 

between INBio of Costa Rica and the US Diversa Corporation, all samples were sent to the 

company’s laboratories in the United States for  analysis, but when the agreement was 

renewed in 1998, Diversa set up a DNA processing laboratory at bio prospecting division in 

Costa Rica. 

 

Biotechnology companies often obtain without charge samples collected by 

academic researchers. Licensing agreements for access to value-added genetic resources and 

biotechnologies are rarely seen by companies in this sector as ‘benefit-sharing’, but rather as 

an inevitable part of the bargain in order to maintain access to quality samples, to enjoy the 

advantages of collaboration with high-calibre scientists, and to remain competitive in the 
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future. Many of the smaller, recently formed companies, often founded as spin-offs from 

university departments, are unfamiliar with the CBD90

The link between access and benefit-sharing is thus often broken. Benefit-sharing 

with ‘source countries’ is relatively rare, and usually confined to occasions where companies 

collect genetic resources themselves, or establish access arrangements with intermediary 

institutions overseas

. Several believe that the 

microorganisms which form the mainstay of so much work in the biotechnology sector are 

not covered by the CBD, and most are inexperienced in negotiating licensing and benefit-

sharing arrangements. Rather than initiating benefit sharing agreements of their own, these 

companies tend to follow the lead of intermediary organizations such as culture collections 

(ex situ collections of microorganisms), which are increasingly supplying materials under 

material transfer agreements. Genetic resources may have passed through many hands and, 

in the case of micro-organisms, are often deposited in and accessed from culture collections 

before reaching the biotechnology company that ultimately commercializes a product.  

91

                                                            
90 Laird, S. A. and K. ten Kate, ‘Biodiversity Prospecting: The Commercial Use of Genetic  Resources and 
Best Practice in Benefit Sharing’, in S. A. Laird (ed) Biodiversity and Traditional Knowledge, 1st edn. 
(Earthscan, London, 2002), pp241. 

. Comparatively few companies are accustomed to developing benefit-

sharing agreements to comply with access legislation, but such agreements as do exist 

typically involve technology transfer and training as well as commitments to pay royalties. 

Others, which obtain their materials, especially derivatives such as enzymes, exclusively 

from suppliers other than the companies themselves, are generally unfamiliar with the CBD. 

Their ‘benefit-sharing’ extends only as far as the purchase price or license fee for the 

derivative concerned. The seed industry involved in the development of major crops 

91Available at http:// www.researchgate.net/.../227603548_Biodiversity_and_Business_Coming.Last visited on 
14.03.2014. 
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approaches benefit-sharing in a very different way from the pharmaceutical industry92

 However, these benefits do not pass back directly along the chain to each 

contributor, particularly as the vast majority of the materials used have been obtained from 

collections maintained by seed companies themselves, or by national governments. Several 

seed breeders we interviewed, from both public and private sectors, felt that it was the 

increasing use of intellectual property rights, and not developments in law and policy on 

access and benefit sharing that was driving change in partnerships in the industry. The 

majority of researchers in agriculture view unrestricted, reciprocal access to genetic 

resources as the major benefit ‘shared’ through the current informal system of exchange. At 

the national scale, tax revenue from the seed industry supports research and pre-breeding in 

the public sector, including some extension services to farmers. Industry also supports 

research in academia directly, by endowing chairs and funding basic research programmes 

. The 

exchange and commercialization of plant genetic resources for food and agriculture has been 

the subject of public scrutiny and intergovernmental negotiations for more than a decade, 

but in this sector benefits are shared in a much more indirect fashion than in 

pharmaceuticals. Our interviews with seed breeders revealed that it is still common for many 

seed companies to obtain genetic resources for no charge or for a nominal handling fee, 

particularly if the germ plasm acquired is ‘unimproved’. Many actors are involved in the 

chain from initial access, through pre-breeding and commercial development, to sale of the 

final product to the farmer or consumer. The gradual privatization of the seed industry in 

many parts of the world and the growing use of licenses as more seed is patented mean that 

sophisticated agreements do occur towards the end of this chain. 

                                                            
92 Dutfield, G. ‘Sharing the Benefits of Biodiversity – Is There a Role for the Patent System?’ The Journal of 
World Intellectual Property, Vol. 5(6), (2002), pp.899–932. 
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in universities. At the international level, donor governments support the work of the 

Consultative Group on International Agricultural Research (CGIAR).   

Companies’ responses to the CBD have been mixed, and the development of best 

practice in industry varies accordingly. For the most part, awareness of the Convention is 

highest within the pharmaceutical, crop protection, seed and biotechnology sectors, and 

direct impacts on corporate business practice are greatest in the pharmaceutical sector93

                                                            
93 Reid, W. V., Laird, S., Meyer, C. A., Ga´mez, R., Sittenfeld, A., Janzen, D. H., Gollin, M. A., and Juma, C.  
Biodiversity Prospecting: Using Genetic Resources for Sustainable Development. 1st edn. (World 
Resources Institute, Washington, D.C.1993), p. 97. 

. The 

horticulture, botanical medicines, and personal care and cosmetics sectors tend to be largely 

unaware of the content of the CBD. Companies in the pharmaceutical sector reported most 

experience with access and benefit-sharing measures and with the CBD policy process, and 

a number of companies have drafted policies on the acquisition of natural products. 

Awareness and experience of partnerships that reflect the CBD vary enormously between 

sectors, from company to company, and even within single companies, where individual 

researchers and management staff may differ in their perspectives. However, awareness of 

the CBD is spreading rapidly, and more and more companies report that they are changing 

their business practices in response to it.  To date, very few companies have developed 

policies in response to the CBD, let alone clear and detailed public documents designed to 

ensure and to demonstrate compliance with the CBD and national laws on access. However, 

a number of pharmaceuticals companies have introduced corporate policies to clarify their 

approach to the requirements of prior informed consent and benefit-sharing introduced by 

the CBD and increasingly reflected in national laws, and a number more are in the process 

of doing so 
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Development of a corporate or institutional policy on access and benefit sharing 

offers several advantages to a company or other organization. The preparation of a policy 

provides an opportunity and a mechanism for a company to familiarize itself with the letter 

and spirit of the Convention and access legislation, and will result in a management tool that 

can protect the company from liability by ensuring compliance with required standards and 

procedures94

A corporate policy can enable more proactive companies to design tools for 

continuous improvement in their supplier and user chains, and can contribute to the 

development of a company’s R&D strategy, since the process of developing such a policy 

will help the company identify parameters such as the number of countries it is likely to 

work in, its main suppliers and collaborators, and the monetary and non-monetary costs of 

partnerships. A policy also provides a tool for transparency and good corporate citizenship, 

enabling companies to communicate their positions and commitments to suppliers and other 

outside collaborators. 

. 

Not only individual companies but also industry and professional associations have 

taken steps to address questions of broader social and environmental responsibility in 

business. These networks and associations including the Social Venture Network, 

Businesses for Social Responsibility and the Coalition for Environmentally Responsible 

Economies—might be encouraged to take up issues arising from the CBD, including access 

and benefit-sharing. First, it is important to realize that a number of factors limit both the 

interest of companies in obtaining samples and the opportunities to obtain benefits when 

they do so. There is plenty of biological diversity to be found in samples already held in ex 

situ collections outside the country of origin, and in many cases the use of historical 
                                                            
94 Available at, http://www.kpmg.de/docs/expect-unexpected.pdf. Last Visited on 25.4.20014. 
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collections does not give rise to benefit-sharing with countries of origin. Much biodiversity 

(in forms such as micro-organisms) located within developed countries remains poorly 

understood, and its commercial potential as yet unexplored. As a result, many researchers 

today conduct research on genetic resources readily available in situ or ex situ at home. 

Many companies have already built up large internal compound libraries and collections and 

have become more selective in their hunt for new samples. Companies in the 

pharmaceutical, biotechnology, botanical medicine and personal care and cosmetics sectors 

now commonly pursue a strategy that could be termed ‘cherry picking’. This involves a 

focused and targeted selection of a relatively small number of samples, based on specific 

chemotaxonomic, ethno botanical or bio rational leads, in order to fill gaps in existing 

collections, or develop products for categories identified as priorities by marketing 

departments95

The idea can be generated from studying literature, and the compound synthesized 

from laboratory chemicals. Another factor is that it is difficult to predict the nature of 

companies’ demand for access to genetic resources in the future. Over the last 40 years, 

interest in accessing biodiversity for pharmaceutical development has been cyclical: high in 

the 1960s when successful antibiotics and anti-tumor agents were found in nature; falling off 

. Companies are also now often selective in terms of the quality of samples, 

accepting only those for which there is adequate accompanying taxonomic, geographical, 

ecological and other information. Finally, companies find the leads for many products, even 

those derived from genetic resources, from literature and databases, without the need for 

recourse to physical material or knowledge taken directly from people. For example, 

discovery of new products from wholly synthesized analogues once modelled on a template 

from nature does not require access to genetic resources.  

                                                            
95 Thayer, A. M.  Pharmaceuticals, Redesigning R&D, Chem.Engineering News, Vol. 25, (1998), pp.25–37. 
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in the 1970s with the advent of recombinant DNA technology and molecular pharmacology; 

and rising again in the 1980s, as technologies such as robotic high-throughput screens and 

improved separation techniques made it cost-effective to explore many hundreds of 

thousands of samples a year96. Currently, capital markets, corporate mergers and research 

directors are less attracted to natural products than to alternative fields of discovery and 

development. In many sectors, research dollars are flowing out of natural products and into 

synthetic chemistry to fund rational drug design, combinatorial approaches and genetics, 

often with a focus largely on human material. The jury is out on the future of natural 

products. Despite these factors, the extraordinary diversity and novelty of genetic resources 

found in high-biodiversity regions remain a valuable source of leads for new product 

development, and many companies continue to seek access to these materials. Increasingly, 

companies are prepared to share a number of monetary and non-monetary benefits in 

exchange for high-quality samples, preferably supplied with reliable accompanying data by 

a reputable scientific organization97

                                                            
96 Srividhya Ragavan, “New Paradigms for Protection of Biodiversity”,  Journal of Intellectual Property 
Rights, Vol. 13, (September 2008), pp.514-522. 

. Such value-added partnerships also enable source 

countries to capture a greater proportion of the benefits that arise from product development. 

In addition, companies are increasingly concerned to ensure that they do business with 

organizations which can provide legal certainty that they have good title to the materials; so, 

while they look for swift and un bureaucratic access to materials, they are also concerned to 

obtain written guarantees that samples have been acquired in accordance with both the CBD 

and relevant national law on private property, access and benefit-sharing. In order to benefit 

from potential partnerships, countries may need to rethink the kind of policy measures they 

97 Tamayo, G., Nader, W. F., and Sittenfeld, A,  Biodiversity for Bioindustries. In  J. A. Callow, B. V. Ford-
Lloyd, and H. J. Newbury, Biotechnology and Plant Genetic Resources eds. 1st edn. (CAB International, 
Wallingford, United Kingdom, 1997), p.225. 



84 
 

can introduce to foster value-added partnerships, and to streamline requirements imposed by 

access laws so that they are cost-effective and unbureaucratic. Countries will need to be 

responsive to the factors which attract companies, and those that build up their capacity to 

provide an attractive service are likely to gain most from partnerships. The differences in 

benefit-sharing between and within sectors suggests that it will be necessary for access and 

benefit-sharing measures to be flexible enough to reflect this diversity, and require the 

drafters of such measures to be highly informed and to follow closely a wide range of 

scientific, technological and marketing developments. Commercial activities involving 

genetic resources can provide direct benefits for conservation programmes and protected 

areas in the form of financial benefits for park systems, projects and government 

departments involved in biodiversity conservation. For example, INBio in Costa Rica 

dedicates 10% of its research funds and 50% of royalties it receives from companies to the 

Ministry of Natural Resources. To date, INBio’s bioprospecting agreements have 

contributed over US$390,000 to the Ministry of Environment and Energy (MINAE) of the 

government of Costa Rica, US$710,000 to conservation areas, US$710,000 to public 

universities and US$740,000 to other groups at INBio, particularly INBio’s national 

biodiversity inventories. In another example, US$380,000 from the Australian 

pharmaceutical company AMRAD was put directly into conservation projects in Western 

Australia, with US$190,000 dedicated to the conservation of rare and endangered Western 

Australian flora and fauna and US$190,000 to other conservation activities, including the 

development of information technology in such areas as geographical information systems, 

data capture and the study of population dynamics98

                                                            
98 F. Grifo, D. J. Newman, A. S. Fairfield, B. Bhattacharya,  J. T. Grupenhoff, ‘The Origins of Prescription 
Drugs’, in F. Grifo and J. Rosenthal, eds, Biodiversity and Human Health, 1st edn. (Island Press Publishers, 

. A third instance is the taxonomic work 
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undertaken by the Sarawak State Department of Forests and the University of Illinois at 

Chicago under a collecting agreement with the US National Cancer Institute.  

Bioprospecting partnerships can thus provide a source of funds to support activities 

related to conservation such as resource surveys, taxonomic research and inventories, and 

other activities integral to ecosystem and species management. Sustainable economic 

activities based on biodiversity can also serve to boost sustainable development by 

providing an incentive for conservation and an alternative to more destructive income-

generating schemes. For example, within the pharmaceutical, botanical medicines, personal 

care and cosmetics industries, employment and income generation have been associated 

with the sustainable supply of raw materials, and the processing and manufacture of 

products. Examples include the work of Shaman Pharmaceuticals with Croton, the work of 

NCI on Ancistrocladus, the Aveda Corporation’s Bixa programme in Brazil, and the Body 

Shop community trade programme. The provision of value-added derivatives of genetic 

resources, such as extracts for screening, or of pre-bred materials for crop development, or 

the processing of material into finished products for local, regional or international markets 

also provides jobs99

Biodiversity prospecting serves sustainable development perhaps best certainly 

through the capacity-building and technology transfer that result from commercial research 

. The expansion of markets for such value-added materials can promote 

sustainable development in several ways, including by creating employment, by supporting 

trade in higher-value products, by generating export revenues, and by substituting for 

imports where through developing their own appropriate medicines and other products 

countries can avoid having to buy and import expensive pharmaceuticals.  

                                                                                                                                                                                       
Washington DC, 1996), p.89. 
99 Wilhelm Barthlott, Matthias Winiger, Biodiversity: A Challenge for Development Research and Policy, 
1st Edn. (Springer-Verlag, Berlin Heidelberg, New York, 2001),  p.121. 
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collaborations. For instance, efforts are currently under way in a number of countries, many 

with the support of the World Health Organization, to study and standardize traditional 

medical systems. The skills and capacity needed to undertake these studies and integrate the 

results into national and local health care are important benefits that can be developed 

through partnerships involving access to genetic resources, and can result in improved and 

affordable local health care. Scientific capacity to study tropical diseases and locally 

important health conditions and agricultural problems can be improved by research 

collaborations in biodiversity prospecting.  

Partnerships with companies can also provide local institutions with training, 

technology, access to market information, and other forms of capacity-building that will 

allow them to develop relationships and work more effectively with the private sector, as 

well as to build local programmes and domestic or joint venture companies100

                                                            
100Available at 

. Examples 

include the joint venture between the state government of Sarawak and the US firm 

Medichem Pharmaceuticals; the partnership between INBio and the Diversa Corporation; 

Successful access and benefit-sharing partnerships can lead to new medicines, crops to feed 

the growing world population and other useful products for humankind. They can also help 

to build scientific and technological capacity within high-biodiversity countries, can 

promote legal and policy regimes that protect the rights of countries, individuals, 

communities and corporations, and can help promote sustainable development and the 

conservation of biological diversity. Respecting local rights can be the first step to nurture 

respect for IPR. Developing countries should ensure that the trilogy of objectives protection 

of biodiversity, sustainable development, and equitable sharing of resources work in tandem 

with trade objectives. However, for these objectives to be achieved, the many stakeholders 

https://cbd.int/doc/articles/2002-/A-00473.pdf.Last visited on 28.03.2014. 
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involved in biodiversity prospecting will need to be involved in the development of 

appropriate laws, policies and capacity-building activities.  

 



CHAPTER V 

INTELLECTUAL PROPERTY (IP) PROTECTION OF 
BIODIVERSITY RELATED TRADITIONAL 

KNOWLEDGE IN INDIA 
 

5.0.   Introduction  

The Biodiversity associated Traditional Knowledge has been one of the most 

contentious issues/concerns in the contemporary debates on intellectual 

property rights. The concerns are found to emerge from the lack of 

consensus on how to protect indigenous resources, as also due to the 

complexities involved in defining and classifying such resources within the 

framework of Intellectual Property Rights. Further, the IP protection of 

Traditional Knowledge acquired critical significance, rather emerged as a 

problematic area, in wake of the conclusion of the International Agreements 

such as the CBD and the TRIPS.  

With the growing demands for the bio-products in the recent decades, 

commercialization of the Traditional knowledge associated with the 

biodiversity has been on growing pace all over the world. The erosion of the 

TK and bio-resources has adversely affected the livelihoods of Traditional 

Knowledge holding societies and also caused serious threat to the 

biodiversity. Hence the need for the protection of Traditional Knowledge 

and bio-resources has been raised and has become a topic of international 

debate. India and other Third World countries are bio- rich countries, the 

region’s countless varieties of plants, trees, and genetic material have 

innumerable potential applications. The knowledge of pan stimulated 

unprecedented race for access, possession and control by multinational 

companies, research laboratories, universities and various stakeholders. The 

value of biodiversity associated resources in the global market is 

astonishingly high, which would suggest the recent surge in bio-

prospecting.   



144 Chapter V 

Intellectual property rights especially related to the protection of 

Biodiversity and Traditional Knowledge have been marred by the 

overlapping of the various Conventions. The highest level of divergence in 

this regard has been related to the TRIPS Agreement and the CBD.  This 

Chapter shall review the Indian experience in the protection of Biodiversity 

associated Traditional Knowledge. Here, efforts have been made to examine 

as to how India has ensured compliance with TRIPS provisions on the one 

hand and initiated various legislative, legal, institutional and administrative 

measures taking recourse to the beneficial provisions in the CBD, such as 

Access and Benefit Sharing, Prior Informed Consent.a 

5.1.   The Biodiversity associated TK: Issues and Challenges  

Developing countries call for the harmonization of the Convention on 

Biodiversity and the TRIPS Agreement, so as to compel persons applying 

for IP protection over plant varieties to disclose information relating to; the 

source of origin of the plant varieties, proof that the indigenous community 

from which the TK originates consents to its exploitation, and that an Access 

and Benefit Sharing Agreement  has been reached with the indigenous 

community, as required by the CBD and the Nagoya Protocol. This position 

is rejected by developed countries. The only logical explanation for this 

opposition by the latter may be that they encourage, and want to continue 

with bio-piracy (Dountio, 2009).   

The Agreement merely allows individual countries the laxity to decide on 

how to protect plant varieties, making no allusion the CBD. Hence, 

developing countries, individually, are confronted with a problem that 

requires international cooperation to resolve. It is not as though developing 

countries are not capable of seeking solutions to their problems, the 

drawback lies in the fact that TK protection is an issue that concerns every 

country. Consequently, there is need to establish a bottom line on how these 

                                                           
a Thadikkaran, Raju, K and Mathew, Basil, B, (2012), Project Report, UGC Major Research 

Project on the theme, Global Intellectual Property Rights (IPR) Regime and India: 
Challenges and Opportunities in the Protection of Intellectual Property Related to 
Biodiversity and Traditional Knowledge. 
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two blocs will make use of TK and equitably benefit there from, failing 

which the weak will lose to the strong as is the case today (Dountio, 2009). 

5.1.1. Bio-prospecting and Bio-piracy: The Global Scenario   

Though the term Bio-prospecting was in discussions for a long time, Bio-

piracy is a new term, mostly controversial, that emerged in the wake of the 

CBD and TRIPS. Bio-prospecting is defined as the exploration of wild plants 

and animals for commercially valuable genetic and biochemical resources. 

Bio-prospecting is a fair enterprise based on certain legal conditions and 

benefit sharing. Bio-prospecting can help medical and other scientific research 

by collecting biological samples. Bio-piracy, on the other hand, occurs when 

corporations use the folk wisdom of indigenous people to locate and 

understand the use of medicinal plants and then exploit this knowledge 

commercially. Bio-piracy refers to the misappropriation and monopolisation 

of a traditional population's knowledge and biological resources, including 

the smuggling of diverse forms of plants and animals. Bio-piracy results in 

traditional populations losing control over their resources (Song, 2005). The 

term has gained popularity in use only over the past decade. Prior to that, 

research expeditions occurred regularly with the purpose of finding, 

collecting, and making use of the rich abundance of biological diversity 

worldwide with little to no legal repercussions (Gollin, 2004).  

A rational definition of 'bio-piracy' would focus on activities relating to 

access or use of genetic resources in contravention to national regimes based 

on the CBD. Accordingly, a legitimate claim of bio-piracy will involve 

unauthorized access to a controlled genetic resource and using that resource 

in a manner that contravenes the national regime. In practical terms, this 

means that (a) the activity in question occurred after the CBD came into 

force and (b) the acts consist of a party gaining access without the consent of 

the source country, or in contravention to laws or regulations governing 

access to or use of genetic resources that the country has established 

(Ghidini, 2007).  
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This concept of bio-piracy stands in stark contrast to the claims of bio-piracy 

that are made with ever-increasing frequency by certain groups. For these 

groups, bio-piracy consists of an innovator gaining access to some genetic 

resource, making an invention, and filing a patent application. Indeed, some 

groups make lists of 'examples' of bio-piracy that consist merely of patent 

applications. It is hard to see how the filing of a patent application can, in 

itself, amount to bio-piracy (Ghidini, 2007).   

The filing of a patent application presumes that something beyond the 

information relating to the genetic resource has been developed; namely, an 

invention. By attacking the innovative process itself, including efforts to 

obtain intellectual property protection for inventions arising out of the use 

of genetic resources, these groups will ultimately prevent or deter parties 

from even attempting to create benefits that could be shared under the CBD 

model. The CBD may require equitable sharing of the benefits from such an 

invention; if this does not take place, this could then reasonably be termed 

bio-piracy. However, the wrong does not lie in filing the patent application, 

but in failing to deal fairly with the parties that helped to create the 

opportunity for innovation (Paul, 2009). 

5.1.2. A Case of Bio-piracy  

The instances of Bio-piracy and its legitimisation through legal sanctions in 

the Developed Countries, and the US in particular have been quite 

disturbing to bio-rich developing countries. In 1980, the Supreme Court of 

the United States indirectly addressed the question of whether bacteria 

qualified as patentable subject matter. The Court explained that the relevant 

consideration was whether the invention was the product of human 

intervention. This decision paved the way for future applications containing 

eukaryotic organisms. The PTO adopted the policy of addressing 

patentability on a case-by-case basis according to the precedent established 

in Chakrabarty (Diamond Vs. Chakrabarty 447.US.303(1980)). Chakrabarty, 

a genetic engineer employed by General Electric, developed a bacterium from 

the genus Pseudomonas that was capable of breaking down crude oil. It was 
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suggested that the bacterium could be used for treating oil spills. With the 

organism originally rejected by the PTO as unpatentable subject matter, the 

issue eventually went to the Supreme Court. Ultimately, in a 5-4 ruling, the 

Court held in favour of Chakrabarty, stating alive, human-made micro-

organism is patentable subject matter under Title 35 USC 101. Respondent's 

micro-organism constitutes a 'manufacture' or 'composition of matter' within 

that statute. Just because the subject matter of the patent is a living organism 

does not bar the subject matter from patent protection. In other words, the 

Court's holding set the stage for future courts as well as the PTO to give 

wide scope to their interpretation of patent laws (Henry, 2008). 

The Supreme Court decision in Chakrabarty was vital for the progress of the 

biotechnology industry. The industry uses an abundance of natural 

discoveries, particularly living organisms, in most of the new products it 

develops each year. From pharmaceuticals to agricultural engineering, the 

active ingredients behind many of the most remarkable inventions are from 

plants and organisms discovered in the diverse ecosystems of smaller, less 

developed countries. Company representatives travel to remote locations 

looking for "undiscovered" traditional medicine that could possibly be 

commercialised for profit (Henry, 2008). 

Indeed, in the ten years following Chakrabarty's victory, patents were 

extended in rapid order to isolated and purified genetic sequences, to man-

made plants, and to animals. By the turn of the millennium, raw biological 

material increasingly moved from an open access or global commons good 

to a private or government-owned good (Safrin, 2007). 

5.1.3. North-South Division and other Issues  

The protection of biodiversity and TK presents another conflict of interest 

between technology-rich industrialised countries and the biodiversity-rich 

developing countries. Cooperation between these two groups could bring 

about significant innovation in products ranging from drugs to agricultural 

products to cosmetics. However, only rarely has such cooperation resulted 

in revenue for developing countries. In the best case scenario, the unequal 
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bargaining power of the contracting parties tend to lead to biased licensing 

schemes whereby indigenous communities are rewarded only for the 

biological resources and are not compensated for the intellectual resources 

they provide (McManis, 1998). Furthermore, the indigenous communities 

are typically excluded from sharing results of the subsequent research. 

Often, no agreement between the countries takes place at all (Boyle, 1996).  

In some cases, the bond between TK and genetic resources is evident, as 

indigenous communities have come to realise the specific applicability of 

the germplasm. In such a case, foreign companies simply isolate the 

molecules, embed them in a commercial product, and file for patent 

protection (Vecchio, 2007). 

Notwithstanding the close link between the two, biodiversity and TK differ 

in that the former is material while the latter is abstract and intangible. 

Biodiversity, however, presents another very peculiar case. Biological 

resources, like all genetic resources, represent a set of codes, with each piece 

carrying specific information that deals with a certain function. Once the 

relation between a portion of the code and its function has been revealed, 

the genetic resource acquires value. Conversely, TK has value only in 

connection to that specific biological resource. When a germplasm is 

transferred, parties' unequal bargaining powers tend to lead to unfair 

licensing agreements in which companies compensate local communities 

only for the genetic resources through lump sums or royalties (Ghidini, 

2005).  The value of TK goes unacknowledged. Although there could be 

contractual schemes envisioning grant back provisions or granting foreign 

companies non-exclusive licenses for "research use" and (derivative) 

innovations based on TK, such arrangements are rare (McManis, 2004). 

5.2.   Intellectual Property Protection of Traditional Knowledge  

One of the most contentious areas in the negotiations under the WTO and 

the CBD is on the matters related to the protection of biodiversity associated 

traditional knowledge. As a matter of fact, protections of such resources 

have been confronting a severe crisis primarily due to the provisions for 
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patenting of life forms enforced by the TRIPS Agreement. These provisions 

have found a place in the TRIPS Agreement primarily due to revolutionary 

breakthrough in the biotechnology industry which are under the  monopoly 

control of multinational companies based in United States and Europe. It 

has been rightly argued that the challenges posed by biotech multinational 

companies have redefined the very notion of security (Sharma, 1995).   

The rapid growth of the biotechnology industry over the past two decades 

led many countries to recognise the vast economic potential of their genetic 

resources and indigenous knowledge with increasing demand for new 

biotechnological products. The global community is struggling to strike a 

balance between the interests of host countries, who seek remuneration for 

supplying genetic resources and traditional knowledge, and biotechnological 

inventors, who are pressing for free access, open markets, and stronger 

intellectual property rights protection (Sharma,1995). 

Industrialised countries, seeking to maintain incentives for new innovations 

through a strong intellectual property rights regime, viewed the wishes of 

many developing countries to assert sovereign control over their resources 

as barriers to free trade. (Sharma, 1995) In contrast, many developing 

countries viewed intellectual property rights as a tool for industrialised 

countries and multinational corporations to gain free access to their 

resources without sharing in the benefits derived from these resources. 

(Lesser, 1998) Consequently, developing countries began to assert their 

sovereign right to control the resources within their territorial jurisdictions.  

Pharmaceutical corporations and Agribusiness companies increasingly rely 

upon these resources to engineer new drugs and genetically modified crops 

for sale in the international market. Developing countries, home to over 

eighty percent of the world's biodiversity, have become hotbeds for bio-

prospectors, searching for the next big breakthrough in medicine or 

agriculture. As a result of the high stakes involved in this multi-billion 

dollar industry, the global community, in seeking to facilitate the equitable 
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sharing of benefits, is struggling to strike a balance between the interests of 

biological suppliers and biotechnological inventors (Straus, 2000). 

The Convention on Biological Diversity and the Agreement on Trade-

Related Aspects of Intellectual Property Rights mirror the conflicting views 

of industrialised and developing countries concerning intellectual property 

rights. Industrialised countries view the CBD with a suspicious eye, as it 

precariously balances the sovereign rights of states with intellectual 

property protections. In turn, developing countries often viewed TRIPS as a 

tool for affording multinational corporations access to their resources 

without sharing in the benefits derived from them (Straus, 2000).  

The conflict over intellectual property rights is partially the result of an 

unequal distribution in the location and wealth of the world's global 

biodiversity (Sharma, 1995). As a general rule, the richness in biodiverse 

natural resource is inversely related to latitude. Thus, the majority of the 

world's biological wealth is concentrated in the temperate regions of the globe 

(Kothari, 1994). Estimates indicate that nearly eighty percent of the raw 

genetic inputs used in biotechnology are from tropical developing countries 

(Straus, 2000).The uneven distribution of the earth's biological resources, 

coupled with the superior technology, economic leverage, and monopoly 

scientific knowledge of developed countries, have resulted in serious 

inequities in the global biotechnology trade. 

5.2.1. The TRIPS, CBD and the IP Protection  

As we discussed in the previous Chapter, the TRIPS Agreement, enforced in 

1994, is capable of radically reshaping intellectual property law, especially 

with regard to genetic resources and biodiversity. Negotiations for the 

TRIPS agreement were an exhaustive process, and in the end both 

developed and developing countries compromised. Nonetheless, the TRIPS 

radically changed the face of international IP law. The TRIPS agreement 

provided "minimum standards for legal recognition of intellectual property 

rights" that were basically the standard levels already in place in most 

developed countries (Loew, 2006). 
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Indeed, the TRIPS was intended to standardise these differences in 

intellectual property protection between the nations of the global north and 

the global south. Because the United States, the European Union, and, to a 

lesser extent, Japan wield tremendous influence in the WTO, their voices 

drew the most attention in the process of drafting the TRIPS agreement. These 

nations were, in turn, influenced by the commercial interests of their 

corporate citizens. In fact, the TRIPS agreement was drafted and introduced 

in the Uruguay Round of the GATT by an American industry coalition, the 

Intellectual Property Committee (IPC), which conducted what it called 

"missionary work" to sell the idea to the international community (Bratspies, 

2006). 

The WTO negotiations succeeded in reshaping international trade because the 

process bundled previously unrelated areas into a single take-it-or-leave-it 

package. To participate in the global economy, states had to agree to abide by 

all the agreements that make up the WTO. Among the mass of terms were 

new intellectual property standards. By linking specified levels of intellectual 

property protection to previously unrelated trade issues, such as labour and 

environment, the TRIPS negotiation forced developing countries to sign on to 

higher standards of intellectual property protection than their state of 

development would otherwise have dictated (Salazar, 2000). 

The TRIPS Article 27, entitled "Patentable Subject Matter," requires marked 

changes in the domestic patent law of many states. Under Article 27.1, states 

must ensure that patents "shall be available for any inventions, whether 

products or processes, in all fields of technology, provided that they are 

new, involve an inventive step and are capable of industrial application." 

The most controversial portion of the TRIPS Agreement, Article 27.3, 

includes plants and animals within the inventions eligible for patenting or 

develop a sui generis plan for protecting these inventions (Bratspies, 2006). 

According to the WTO, intellectual property rights are the rights given to 

people over the creations of their minds.  Yet, the way TRIPS has been 

structured is against indigenous groups to claim any intellectual property 



152 Chapter V 

rights over the unmediated products of their traditional knowledge. As a 

result, indigenous and traditional knowledge is consigned to the global 

commons. This produces a striking imbalance, in the sense that modern 

scientific inventions are considered property and eligible for the full 

monopoly of TRIPS protections, while the creations of the mind of indigenous 

peoples are not (Bratspies, 2006). 

In brief, the TRIPS Agreement made many promises for facilitating the 

equitable transfer of technology to developing countries. Although 

strengthened intellectual property protection enabled a handful of developing 

countries to obtain greater FDI than before the TRIPS Agreement, the overall 

impact of TRIPS on technology transfer has been dismal. Despite the 

predictions of many economists and scholars alike that increased intellectual 

property protection will result in technological development both 

domestically and abroad, the fruits of this transfer have yet to provide any 

substantial gains for most developing countries (Maskus, 2000). 

The CBD represents a global framework aimed at protecting biodiversity. 

Although this agreement is largely an international treaty aimed at 

promoting the sustainable use of environmental resources, it also possesses 

important economic aspects that impact the application of intellectual 

property rights on the inputs of the biotechnological industry. The CBD 

approaches conservation based on the theory that what is perceived as 

having economic value tends to be used more efficiently, thus promoting 

the sustainable use of depletable resources (Lesser, 1998). 

For many decades Developed Countries have combated the counterfeiting of 

their products abroad. They have called pirates all the foreign enterprises, no 

matter whether big or small, who reverse engineered and copied their 

intellectual creations in order to form their own industrial capacity and skills 

and decrease the technological gap dividing developed and developing 

countries. But ironically enough, the biodiversity and traditional knowledge 

(TK) issues seem to reverse the roles in the game. Almost all industrialised 

countries do not have Peru’s plant varieties or anything like the Indian Neem 
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tree, not to mention any shamanic knowledge associated to those natural 

resources (Ghidini & Arezzo, 2006). 

The problems in the protection of biodiversity and TK stems from the 

circumstance that foreign researchers and scientists, backed by their own 

governments, take such resources without permission, and without granting 

any truly equitable sharing of benefits flowing from production of 

biodiversity-based drugs to the indigenous people, nor to their 

governments. Indeed, not only local natural resources and knowledge 

generate huge amount of profits to the exclusive benefit of such companies, 

but also, as Professor Boyle has pointed out, they often go back to their 

country of origin embedded in strong patents that impede the very local 

communities, who have long studied and cherished them, to keep using 

their own heritage and scientific culture (Ghidini & Arezzo, 2006). 

The best way of protecting those communities in a way consonant to the 

principles expressed by the Convention on Biological Diversity is to grant them 

some form of entitlement to protect their tangible and intangible knowledge 

against its misappropriation. As already mentioned in the previous chapters, in 

1992 the United Nations Conference on Environment and Development 

convened in Rio de Janeiro and created the CBD. Generally, the CBD 

established sovereign national rights over biological resources and committed 

member countries to conserve them, develop them sustainably, and share the 

benefits resulting from their use (Gervais, 2004).  

Over the centuries, many samples of unique genetic resources have been taken 

from their original country of origin to collections in industrialised nations. 

Many unique biological resources have yet to be catalogued or even 

discovered. These resources, which are concentrated in developing countries of 

high biodiversity, remain in demand as sources of leads for new products, or 

for scientific collections. (Laird & Kate, 2002) This demand has led many 

biodiversity rich developing countries to exercise their rights over biological 

resources established by the CBD by enacting national laws and rules to protect 

their resources. The extension of developing countries' laws to require 
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informed consent and benefit-sharing as preconditions to access to biological 

resources has resulted in contractual arrangements between biodiversity source 

countries and biotechnology and pharmaceutical corporations seeking access to 

the biological resources. These agreements are variously referred to as either 

biodiversity prospecting agreements or access and benefit sharing agreements 

(Gollin, 1999). 

While national legislation relating to biological resources and biodiversity 

prospecting agreements is intended to protect countries' rights to their 

biological resources, it has also added new legal complexities. Intellectual 

property experts have not been extensively involved in the establishment of 

such rules, with the result that they are of limited practicality. While some 

biodiversity prospecting agreements may be fairly straightforward, many 

provide negotiated royalty payments in exchange for access and sample 

collection, and other agreements involve complex negotiations regarding 

the sharing and value of locally acquired and/or pre-existing indigenous 

knowledge regarding a developing country's biological resources (Barber et 

al., 2002). The source countries may place a high value on these contracts in 

monetary, environmental, and political terms. Thus, legal representation 

that can adequately and appropriately handle the intellectual property 

issues that arise in the context of biodiversity prospecting agreements is 

crucial. 

The concerns of developed and developing countries resulted in various 

concessions that are reflected throughout the text of the CBD. In Article 16, for 

example, the CBD consistently acknowledges the importance of intellectual 

property rights and stipulates that these rights be honored. Nevertheless, 

Article 16 places conditions in adherence to intellectual property rights by 

requiring mandatory technology transfer and benefits-sharing obligations 

when necessary to meet the goals of the CBD. The end result was an 

international agreement that arguably fell short of meeting the expectations of 

both developed and developing countries because of its compromised and 

often ambiguous language (Maskus, 2000). 
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Despite the shortcomings of the CBD, the agreement marked a crucial 

starting point for addressing the concerns of intellectual property rights and 

the trade of biotechnological products. By acknowledging the importance of 

intellectual property rights and the goal of equitably sharing the benefits 

derived from utilising the genetic materials of developing countries, the 

CBD came close to striking a balance between the divergent views of the 

developed and developing world (Maskus, 2000).  

5.2.2. TRIPS versus CBD: The Areas of Conflict or Cooperation  

There are few laws and regulations in force at present that have been 

explicitly enacted to govern access to genetic resources or to clarify the 

questions related to private versus community rights. Most countries face 

significant challenges regarding the administrative competencies and 

jurisdictions for regulating access to genetic resources, particularly given the 

contradicting and mutually conflicting directives of the major international 

treaties. Although the CBD predates the TRIPS, it is not clear which treaty 

takes precedence when conflicts occur; while the TRIPS has enforcement 

and penalty provisions, the CBD does not, but both treaties have equal 

nominal authority. Thus the dearth of legal, institutional, and scientific 

capacity to deal with these complex biodiversity, trade, and intellectual 

property rights issues has been exacerbated by the lack of clarity within the 

international policy framework. 

 Article 16(5) of the CBD, in fact, recognises that the IPR can have a negative 

effect on the implementation of the CBD provisions, and thus, urges Parties 

to cooperate to ensure that IPR are supportive and do not run counter to the 

CBD objectives. The discussions raised under the TRIPS Council have dealt 

with the relationship with the CBD, as well as the review of Article 27.3(b) 

of the TRIPS. Nonetheless, developing countries argue that they feel 

consistently exploited because of structural imbalance between countries 

rich in biological diversity and those strong in technological and legal 

instruments. They contend that the CBD is intended to conserve and use 

biological diversity of developing countries on a long-term basis, while 
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TRIPS Agreement is intended to provide private property rights over 

products and processes. According to the developing countries' standpoint, 

TRIPS Agreement influences the provisions of the pre-existing CBD in the 

access to genetic resources, the fair and equitable sharing of benefits from 

the utilisation of genetic resources, and the respect for traditional 

knowledge held by the indigenous communities (Gervais, 2003).  

Based on the principle of national sovereignty enshrined in the CBD, 

countries have the right to regulate access of foreigners to biological 

resources and knowledge, and to determine benefit sharing arrangements. 

TRIPS enables persons or institutions to patent one country’s biological 

resources (or knowledge relating to such resources) in countries outside the 

country of origin of the resources or knowledge. In this manner, TRIPS 

Agreement facilitates the conditions for misappropriation of ownership or 

rights over living organisms, knowledge and processes. The sovereignty of 

developing countries over their resources, and over their right to exploit or 

use their resources, as well as to determine Access and Benefit Sharing 

arrangements have been compromised (Gervais, 2003).   

Developing countries argue that Article 15.1 of the CBD recognises the 

sovereign rights of States over their national resources and that national 

government might determine access to genetic resources. Also, under the 

Articles 14.4 and 14.5, the CBD simply submits access to genetic resources to 

the "prior informed consent" of the party on mutually agreed terms aimed at 

sharing the benefits arising from the utilisation of such resources. However, on 

the contrary, it is said that biological resources should be subject to private 

intellectual property rights under the TRIPS Articles 21 and 27. Thus, 

developing countries assert that the conflict arises on the primacy of national 

sovereignty in the CBD that countries have the right to prohibit patents on life 

forms, and TRIPS requires provisions of intellectual property rights on life 

forms (Gervais, 2003).    

The most distinct aspect of the CBD is that it recognises the sovereign rights 

of states over their biodiversity and knowledge, and thus gives the state 
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rights to regulate access, and this in turn enables the state to enforce its 

rights on arrangements for sharing benefits. Access, where ever granted, 

shall be on mutually agreed terms (Article 15.4), shall be subject to prior 

informed consent (Article 15.5). Further, the countries providing the 

resources should fully participate in the scientific research (Article 15.6) and, 

most importantly, each country shall take legislative, administrative or 

policy measures with the aim of sharing in a fair and equitable way the 

results of research and development, and the benefits arising from the 

commercial and other utilisation of genetic resources with the contracting 

party providing such resources. Such sharing shall be upon mutually agreed 

terms (TWN, 2001). 

Under the TRIPS, there is no provision for the patent holder on claims 

involving biological resources or related knowledge to share benefits with 

the state or communities in countries of origin. In fact, there is little that a 

country of origin can do to enforce its benefit-sharing rights, if a person or 

corporation were to obtain a patent in another country based on the 

biological resource or related knowledge of the country of origin. While a 

legal challenge can be launched, such legal cases are prohibitively 

expensive. Even if a state has the resources to legally challenge a patent in 

another country, it may not have the resources to track down and 

challenge every patent that it believes to be a case of bio-piracy against it, 

nor is there a guarantee of success. Thus, if the patent laws, the 

administration of approvals, or the courts of a particular country operate 

in a context that is favourable to granting such patents, there is little that 

can be done by a country of origin to ensure that bio-piracy does not take 

place, or that if it takes place that it can get a remedy (Paul, 2009).  

In the preamble to the TRIPS Agreement, it is recognised that “intellectual 

property rights are private rights”. Patents confer exclusive rights on its 

owner to prevent third parties from making, using, offering for sale, selling 

or importing the patented product, and to prevent third parties from using 

the patented process. As mentioned earlier, in the TRIPS Agreement, the 

award of IPR over products or processes confers private ownership over the 
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rights to make, sell or use the product or to use the process (or sell the 

products of that process). This makes it an offence for others to do so, except 

with the owner’s permission, which is usually given only on license or 

payment of royalty (Gervais, 2003).   

IPR, therefore, have the effect of preventing the free exchange of knowledge, 

of products of the knowledge, and their use or production. This system of 

exclusive and private rights is at odds with the traditional social and 

economic system in which local communities make use of, and develop and 

nurture, biodiversity. For example, seeds and knowledge on crop varieties 

and medicinal plants are usually freely exchanged within the community. 

Knowledge is not confined or exclusive to individuals but shared and held 

collectively, and passed on and added to from generation to generation, and 

also from locality to locality (Gervais, 2003).  

The CBD has several provisions that acknowledge this and also that aim at 

protecting community rights, the key provision being Article 8(j). However, 

the contribution and nature of community knowledge and community 

rights are not recognised in the TRIPS agreement.  Instead, the patent 

system endorsed by TRIPS favours private individuals and institutions, 

enabling them to acquire “rights”, including rights over the products or 

knowledge, whose development was mainly carried out by the local 

communities. TRIPS and the enactment of patent laws relating to biological 

materials in some countries have facilitated the misappropriation of the 

knowledge and resources of indigenous and local communities, and the 

number of “bio-piracy” cases has been increasing at a rapid rate.  This 

misappropriation is counter to the principles and provisions of the CBD that 

oblige countries to recognise local community rights and fair benefit sharing.  

Indeed, one of the main objectives of establishing the CBD was to counter the 

possibility of misappropriation or “bio-piracy”, whilst one of the effects of 

TRIPS has been to enable the practice of such misappropriation (Gervais, 

2003).    
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5.2.3. Towards a Review of the TRIPS and the CBD  

In the review of the TRIPS (which has been provided for in Articles 27.3(b)), 

amendments should be made in Article 27.3(b) to bring the scope of 

exclusion of biological materials and processes in line with environmental 

and ethical considerations as well as the need for preventing bio-piracy; and 

an interpretation can be made that the sui generis option for plant varieties 

can include the protection of traditional knowledge and local community 

rights, in line with the CBD.   

Amendments can also be made to the TRIPS Agreement, in the context of 

the review under Article 71.1, to strengthen the obligations of developed 

countries to ensure the transfer of technology to developing countries, as 

well as to operationalise the implementation of technology transfer. 

Consideration can also be given to revise TRIPS to allow for exclusion or 

relaxation of standards of the IPR relating to environmentally-sound 

technologies, and to technologies that relate to the use of biodiversity. This 

would bring the TRIPS more in line with the spirit of the CBD, and with the 

provisions in Article 16, including those dealing with technology transfer on 

concessional and preferential terms, as also and with the need to ensure that 

IPR are supportive of and do not run counter to the CBD objectives 

(Gervais, 2003).    

In a review of the  CBD, Article 16 CBD could be amended to remove the 

tensions in it, so that the important objectives and principles of access to and 

transfer of technology to developing countries are not so constrained, as 

with the present CBD, by the references to the need to be consistent with 

adequate and effective protection of IPR and international law.  The 

obligations on technology transfer can also be strengthened and the 

implementation made more operational.  

One should also recognise that the present provisions in the CBD on access 

to genetic resources now place the onus of implementation on national 

policies and legislation.  However, measures by national authorities are 

insufficient to enable effective implementation of access and benefit sharing 
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arrangements. For example, in its national legislation, a state may require as 

part of its access contract that the collector cannot patent a product or 

knowledge originating in that state (or that such a patent can be applied for 

only under certain conditions or benefit-sharing arrangement). But to be 

able to monitor or effectively implement that condition, that state would 

require the cooperation of patent authorities or biodiversity authorities of 

other states. Further, an international protocol would be required to 

establish guidelines and standards for access and for fair and equitable 

sharing of benefits, as well as to establish international cooperation to 

facilitate implementation of the access and benefit-sharing arrangements 

(TWN, 2001). 

5.3.  The IP Protection of Biodiversity Associated TK: Global and 
Regional Initiatives  

The Biodiversity, as discussed earlier, plays an important economic, social, 

and cultural role in the lives of indigenous and local communities. 

Preserving biodiversity in the face of a variety of well-documented 

encroachments is more than an aesthetic or strictly environmental concern. 

Agriculture, pharmaceuticals, forestry, fisheries, and tourism are all key 

areas that are heavily dependent upon biodiversity, attracting the attention 

of industry researchers and investors. Management of biological resources 

has a profound effect on biodiversity and the ecological services that sustain 

life. Habitat destruction, as a result of competing human needs, has resulted 

in the loss of numerous plant and animal species, some known and others 

unknown.   

Biodiversity is mostly located in the global south. The region's countless 

varieties of plants and trees are viewed as a treasure trove of genetic 

material with innumerable potential applications. One of the easy ways to 

identify a useful compound is to review the work of local communities 

that have long studied and experimented with,  to uncover the medicinal, 

agricultural and scientific properties of these resources. The "discovered" 

compound can then be patented by the researchers, enabling them to 

exploit the biological resource for a profit and to exclude others from 
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freely accessing and exploiting their proprietary resource is a deceptive 

argument from the perspective of the CBD. The local communities that 

developed the know-how, by contrast, owns nothing and receives nothing 

as the legal system places their technology and knowledge in the public 

domain. 

Most legal regimes award the mantle of "property”, with its attendant 

rights, only to the tangible goods produced by indigenous cultures, paying 

no attention to the contexts in which those goods were produced and used. 

As a result, these legal regimes too often try to force indigenous resources 

into property definitions external to the cultures themselves. In this 

process, indigenous cultures wind up compartmentalised, with artifacts 

entitled to legal protection as "cultural property," but with the real wealth 

of indigenous peoples - their traditional knowledge about biodiversity, 

their folklore, designs and traditions-left outside this mantle of protection. 

This compartmentalisation under the western Cartesian worldview, in a 

way, facilitates the transfer of wealth from indigenous cultures to multi-

national corporations. 

 5.3.1. Global Institutional Initiatives 

The WIPO has given serious consideration to the possible extent of the 

protection of indigenous knowledge through various forms of intellectual 

property rights, including copyright, patents, plant varieties, industrial 

designs, and trademarks. As a practical matter, however, it may be difficult to 

protect traditional knowledge through IPRs due to certain accepted notions of 

intellectual property relating to ownership, originality, duration, fixation, 

inventiveness and uniqueness, among others (Kuruk, 1999). According to the 

WIPO, traditional knowledge comprises: tradition-based literary, artistic or 

scientific works; performances; inventions; scientific discoveries; designs; 

marks, names and symbols; undisclosed information; and, all other tradition-

based innovations and creations resulting from intellectual activity in the 

industrial, scientific, literary or artistic fields (WIPO,1999).  
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By contrast, intellectual property protection, in the form of copyrights, 

trademarks, designs & patents usually applies to: "An identifiable author, 

inventor or other originator (who will be individually rewarded); an 

identifiable work, invention or other object; and defined restricted acts." 

Traditional knowledge does not fit well within these three characteristics of 

intellectual property rights. There are rarely well-identified authors or 

inventors of creations, inventions and knowledge passed on and improved 

from one generation to the next. The knowledge is sometimes amorphous and 

hard to circumscribe for the purposes of a patent application or to identify as 

one or more copyrighted works. Finally, the types of acts that indigenous 

communities want to prevent are not necessarily those that propertisation 

provides. For instance, benefit-sharing obligations, which can be based on 

ethical standards, or national or international legal norms, or a combination 

thereof, resemble more a liability-type regime, or perhaps a compulsory 

license, than a full intellectual property right, in large part because they do 

not include a right to exclude or prohibit  (Gervais, 2005). 

For example, it has been argued that IPRs are unsuitable for indigenous 

knowledge because they focus on individual rather than group rights; they 

offer protection for fixed periods of time unlike the indeterminate periods 

applicable to indigenous knowledge, and the requirement of a writing for 

protected works virtually excludes much of the indigenous knowledge that is 

transmitted orally through generations in traditional societies. Additionally, 

IPRs are expensive to obtain and the costs of enforcement high. Long and 

costly administrative and judicial procedures would render the IPR option 

unattractive for many indigenous people (Kuruk, 1999). 

Given this perceived incompatibility between the IPRs and traditional 

knowledge, the case has been made for the development of a sui generis 

regime specifically adapted to the nature and characteristics of indigenous 

knowledge. The argument for adopting a separate instrument for traditional 

knowledge is based on the recognition that traditional knowledge is created, 

owned, and utilised differently. Unlike the intellectual property law, 

traditional knowledge is designed not to confer economic benefits to 
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individual creators but is intended for common appropriation. 

‘Consequently, it does not make sense to try to fit it within the rigidities of 

national intellectual property law’ (Mugabe, 1998). 

Specifically, Article 8, Section j, of the CBD calls on Contracting States to 

"respect, preserve and maintain knowledge, innovations and practices of 

indigenous and local communities embodying traditional lifestyles relevant 

for the conservation and sustainable use of biological diversity." In addition to 

"promoting their wider application of such knowledge, innovations, and 

practices" with "the approval and involvement of the holders thereof," the 

CBD also encourages the equitable sharing of the benefits arising from the 

utilisation of such knowledge, innovations, and practices. Essentially, these 

provisions of the CBD reflect a compromise between the need by parties from 

the North for access to biological resources of the South and the demands of 

the South to restrict such access. The balance struck was to facilitate access to 

biological resources while ensuring the transfer of some benefits to providers 

of such resources (Kuruk, 2007).   

5.3.2. Regional Initiatives 

One of the earliest comprehensive regional sui generis instruments on the 

traditional knowledge protection has been the African Model Law for the 

Protection of the Rights of Local Communities, Farmers, Breeders and 

Regulation of Access to Biological Resources (African Model Law) adopted by 

Council of Ministers of the Organisation of African Unity (OAU) in June 1998. 

The African Model Law reaffirms the sovereignty of the State and people over 

their biological resources and provides for the establishment of a National 

Competent Authority to administer the instrument's provisions. The Article 

16 of the African Model Law recognises the rights of communities over their 

innovations, practices, knowledge, and technologies acquired through 

generations. It also recognises their right to collectively benefit from the 

utilisation of such resources. These community rights are to be protected in 

accordance with norms, practices and customary law found in, and 

recognised by, the concerned local and indigenous communities, whether 

such law is written or not (Gervais, 2003).  . 
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For the grant of access to the biological resources and knowledge or 

technologies of local communities in any part of the country, one must apply 

for the prior informed consent and written permit of the National Competent 

Authority. The applicant must also include such details as the identity of the 

applicant, type and reasons for resources requested, risks in the use of the 

resources, benefits to the local communities, and proposed benefit-sharing 

arrangements. To ensure transparency, the African Model Law requires 

publication of the application in a public registry or newspaper. The consent 

of the concerned local community must also be obtained and access carried 

out; without local and State consent, the access is invalid. The National 

Competent Authority is required to verify with local communities that their 

consent was in fact sought and granted. Under the African Model Law, the 

local communities may withdraw consent or place restrictions on activities 

relating to access where such activities are likely to be detrimental to their 

socio-economic life, or their natural or cultural heritage (Gervais, 2003).  .  

Under the Pacific Model Law, certain uses of traditional knowledge and 

expressions of culture are subject to the prior and informed consent of the 

traditional owners. To obtain such consent, an application must first be 

addressed to the Cultural Authority required to be created under the Pacific 

Model Law. Upon receipt of the application, the Cultural Authority is 

authorised to publish it in the national newspapers and to endeavor to 

identify and notify the relevant owners of the traditional knowledge that is 

the subject-matter of the application (Kuruk, 2007). 

The rights-holders, if interested in the proposal, could at this stage enter into 

negotiations with the applicants over the terms of access to, or use of, 

traditional knowledge. Although any agreement reached between the 

applicant and the traditional group is subject to review by the Cultural 

Authority, the traditional owners may accept, reject, or modify any comments 

made by the Cultural Authority after its review. If the traditional knowledge 

is to be used for a commercial purpose, the agreement must contain a benefit-

sharing arrangement providing for equitable monetary or non-monetary 

compensation to the traditional owners (Kuruk, 2007). 
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The Pacific Model Law makes it a criminal offense, punishable by a fine or 

jail term, to use traditional knowledge in a non-customary manner 

(whether or not of a commercial nature) and in relation to which the 

required prior and informed consent has not been obtained. In addition, 

civil suits can be brought by the traditional owners in relation to such non-

customary use of traditional knowledge for remedies including injunctive 

relief, damages, seizures, and accounting for profits. The term "customary 

use" is employed in this context to mean "the use of traditional knowledge 

or expressions of culture in accordance with the customary laws and 

practices of traditional owners." Significantly, while the Pacific Model Law 

envisages to resort to the national court systems to resolve disputes 

concerning traditional knowledge, it states quite categorically that it does 

not preclude the use of customary law and practice as a dispute resolution 

mechanism (Kuruk, 2007). 

In September 2000, the Andean Communityb adopted Decision 486 on a 

Common Intellectual Property Regime, which sought to create a sui generis 

system for traditional knowledge. Under Decision 486, the Andean 

Community member states undertook to safeguard and respect their 

biological and genetic heritage, together with the traditional knowledge of 

their indigenous, African American, or local communities. The Decision also 

recognises the right and the authority of indigenous, African American, and 

local communities in respect of their collective knowledge (CIPR, 2001).  

The decision requires any application for a process or product patent 

obtained from or developed on the basis of the traditional knowledge of 

indigenous, African American, or local communities in the member states 

to include written proof from a member country of authorisation to use 

such knowledge. It also provides for the invalidation of patents based on 

such knowledge but in respect of which proper evidence of authorisation 

was not provided at the time of the application. Furthermore, unless an 

"application is filed by the community itself or with its express consent," 

                                                           
b  Andean Community Commission (2001).Decission 486, Common Intellectual Property 

Regime, December 1 , http://sice.oas.org/trade/junac/decisiones/DEC486.asp. 
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the Decision bars from registration as trademarks, signs that consist of the 

name of indigenous, African American, or local communities, or of such 

denominations, words, letters, characters, or signs as are used to 

distinguish their products, services, or methods of processing, or that 

constitute an expression of their culture or practice (Kuruk, 2007). 

5.3.3. National Initiatives 

The Ecuador's Law on Intellectual Property of 1998 provides that protection 

given to industrial property should ensure the protection of the country's 

biological and genetic heritage. The 1998 Law also conditions the grant of 

product or process patents that relate to such heritage on the legal acquisition 

of elements of the heritage from the relevant traditional owners (LIP, 1998).  

In 1997, the Philippine Congress passed the Indigenous Peoples Rights Act 

to recognise and promote all the rights of Indigenous Cultural 

Communities/Indigenous Peoples (ICCs/IPs), including the rights of 

ICCs/IPs to preserve and develop their cultures, traditions and institutions. 

The Act recognises rights of indigenous peoples to ancestral domains, self-

governance and empowerment, social justice and human rights, and 

cultural property. With respect to cultural property, the Act affirms the right 

of ICCs/IPs to the full ownership and control and protection of their 

cultural and intellectual rights (Kuruk, 2007).  

Under the Philippine Act, access to biological and genetic resources and to 

indigenous knowledge related to the conservation, utilisation, and 

enhancement of these resources is permitted within ancestral lands and 

domains of the ICCs/IPs "only with a free and prior informed consent of 

such communities, obtained in accordance with customary laws of the 

concerned community." As used in the Act, the term "free and prior 

informed consent" means "the consensus of all members of the ICCs/IPs to 

be determined in accordance with their respective customary laws and 

practices, free from any external manipulation, interference coercion, and 

obtained after fully disclosing the intent and scope of the activity, in a 

language and process understandable to the community (Kuruk, 2007). 
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The Philippine Act guarantees ICCs/IPs the right to practice and revitalise their 

own cultural traditions and customs and obligates the State to "develop the 

past, present and future manifestations of their cultures as well as the right to 

the restitution of cultural, intellectual religious, and spiritual property taken 

without their free and prior informed consent or in violation of their laws, 

traditions and customs." The Act also recognises the right of ICCs/IPs "to 

practice and teach their spiritual and religious traditions, customs and 

ceremonies; the right to maintain, protect and have access to their religious and 

cultural sites; the right to use and control of ceremonial objects; and, the right to 

the repatriation of human remains (Kuruk, 2007). 

5.4. The Biodiversity Concerns in India 

India is the seventh largest country in the world and Asia’s second largest 

nation with an area of 3,287,263 square km, it has a land frontier of some 

25,200 km and coastline of 7,516km. India is one of the top twelve mega-

diversity countries and has two of the total eighteen biodiversity hotspots in 

the biodiversity rich areas of the Western Ghats and Eastern Himalayas 

(CES, 2006). 

India is a party to the Convention on Biological Diversity (CBD) which came 

into force on 29 December 1993. As already discussed earlier, it has three 

main objectives namely, the conservation of biological diversity, the 

sustainable use of its components and fair and equitable sharing of benefits 

arising out of the utilization of genetic resources. The CBD envisages that 

the benefits accruing from commercial use of TK have to be shared with the 

people responsible for creating, refining and using this knowledge. Art 8(J) 

of the CBD provides for respecting, protecting and rewarding the 

knowledge, innovation and practices of local communities (CES, 2006).  

Traditional Knowledge is essentially culturally oriented or culturally based, 

and it is integral to the cultural identity of the social group in which it 

operates and preserved.  In India Traditional Knowledge is an open-ended 

way to refer to tradition-based literary, artistic or scientific works; 

performances; inventions; scientific discoveries; designs; marks, names and 
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symbols; undisclosed information; and all other tradition-based innovations 

and creations resulting from intellectual activity.   

Different indigenous and local communities develop knowledge systems 

through a tradition of invention and also develop languages through which 

to articulate their knowledge systems. If a language dies, a knowledge 

system partly or completely dies with it. The conservation of language or 

oral tradition becomes a crucial factor for conserving taxonomies because 

each word, conceptually speaking in the context of natural resources is a 

category (Blackent, 2010).  

India is a fortunate country for having rich and varied heritage of 

Biodiversity. It has a variety of habitats ranging from tropical rainforests to 

alpine vegetation and from temperate forests to coastal wetlands. The two 

hotspots of Biodiversity in India are the Western Ghats and the Eastern 

Himalayas. In 1980s, around 18 biodiversity hotspots were identified.  Of 

the estimated total 14 million species, only 3.7 million have been described 

till now. The distribution of all these species is highly uneven. About seven 

percentage of the world's total land area is the home to half of the world's 

species. The tropics alone account for 6 million species. India contributes 

significantly to this latitudinal biodiversity trend. Even with just 2.4 percent 

of the world's area, India accounts for 7.68 percent of the species which 

number around 90,225. 

India has not done well to conserve its rich biodiversity, which is considered 

most diverse in the world. The National Biodiversity Action Plan maintains 

that 41percent of India’s forest cover is at different levels of degradation and 

the country is making limited use of is vast gene pool in agriculture and 

livestock, thereby creating a risk of food security. The Environment Ministry 

released a comprehensive Document detailing the major areas of concern for 

India’s biodiversity and the proposed action plan to check further 

degradation and conserving biodiversity (NBA, 2007). 

India has already lost more than 41 percent of its forests mangroves and a 

large part of its wetlands. Adding to the problem are destructive trade 
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practices, poor remuneration for indigenous food grain and cereals, 

demographic changes due to development and poor planning that 

sidestepped the importance of biodiversity. There were also unsustainable 

methods being adopted that ignored traditional management practices 

(Blackent, 2010).   

5.4.1. Bio-piracy and other Concerns   

The term ‘indigenous’ describes tribes or semi-tribal populations in 

independent countries who live in the country prior to colonization or 

conquest by immigrants from outside the country or geographical region in 

question. These populations became increasingly marginalized after the 

conquest, which gradually led them to develop particular social, economic, 

and cultural lifestyles distinct from those of the national mainstream.  

The indigenous knowledge, as already discussed earlier, is interchangeably 

referred as traditional knowledge, local knowledge, traditional ecological 

knowledge, folklore, traditional bio-cultural contribution and traditional 

bio-culture knowledge of knowledge developed by local people through 

direct interactions between human beings and nature. It is the knowledge 

that the locals use in their everyday lives as they strive to sustain their 

livelihoods (Blakeny, 2010).  

TK is created and shared by the members of local communities. It is the fruit 

of an intergenerational process, whereby generations pass on their cultural 

heritage which continuously grows. There is no need to commercially trade 

TK within the indigenous communities, as there is no fear of such 

knowledge being stolen, and thus local people have not been completed to 

codify it in a written form (WIPO, 2003). 

Traditional knowledge has always been an easily accessible treasure and 

thus has been vulnerable to misappropriation, particularly; it related to the 

treatment of various diseases has provided leads for development of 

biologically active molecules by the technology rich countries. Bio-piracy of 

codified Indian traditional knowledge continues, since, this information 

exists in regional languages, and there exists a language barrier due to 
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which the patent offices are unable to search this information as prior art, 

before granting patents. Formulations used for the treatment of human 

ailments from traditional knowledge are time-tested since they have been in 

practice for centuries. The reliability of the traditional medicine systems 

coupled with the absence of such information with patent offices, provides 

an easy opportunity for interlopers for getting patents on these therapeutic 

formulations derived from traditional medicine systems (Blakeny, 2010). 

5.4.2.1. The Case of Turmeric:  

The rhizomes of turmeric are used as a spice for flavouring Indian cooking. 

It also has properties that make it an effective ingredient in medicines, 

cosmetics and dyes. As a medicine, it has been traditionally used for 

centuries to heal wounds and rashes. In 1995, two expatriate Indians at the 

University of Mississippi Medical Centre (Suman K. Das & Hari Har P. 

Cohly) were granted a US Patent (no.5, 401,504) on use of turmeric in 

wound healing (Rao&Guru, 2003).  

The Council of Scientific & Industrial Research (CSIR), India, New Delhi 

filed a re-examination case with the USPTO challenging the patent on the 

grounds of existing of prior art. The CSIR argued that turmeric has been 

used for thousands of years for healing wounds and rashes and therefore its 

medicinal use was not a novel invention. Their claim was supported by 

documentary evidence of traditional knowledge, including ancient Sanskrit 

text and a paper published in 1953 in the Journal of the Indian Medical 

Association. Despite an appeal by the patent holders, the US PTO upheld 

the CSIR objections and cancelled the patent. The turmeric case was a 

landmark Judgment case as it was for the first time that a patent based on 

the traditional knowledge of a developing country was successfully 

challenged. The US Patent Office revoked this patent in 1997, after 

ascertaining that there was no novelty; the findings by innovators having 

been known in India for centuries (Ghidini & Emannuela, 2010). 
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5.4.2.2. Neem:  

Neem extracts can be used against hundreds of pests and fungal diseases 

that attack food crops; the oil extracted from its seeds can be used to cure 

cold and flu; and mixed in soap, it provides relief from malaria, skin 

diseases and even meningitis. In 1994, European Patent Office (EPO) 

granted a patent (EPO patent No.436257) to the US Corporation W.R. Grace 

Company and US Department of Agriculture for a method for controlling 

fungi on plants by the aid of hydrophobic extracted Neem oil (Ghidini 

&Emannuela, 2010).  

In 1995, a group of international NGOs and representatives of Indian farmers 

filed legal opposition against the patent. They submitted evidence that the 

fungicidal effect of extracts of Neem seeds had been known and used for 

centuries in Indian agriculture to protect crops. In 1999, the EPO determined 

that according to the evidence all features of the present claim were disclosed 

to the public prior to the patent application and the patent was not considered 

to involve an inventive step. The patent granted on was Neem was revoked 

by the EPO in May 2000. EPO, in March 2006, rejected the challenge made in 

2001 by the USDA and the chemicals multinational, W. R. Grace to the EPO’s 

previous decision to cancel their patent on the fungicidal properties of the 

seeds extracted from the Neem tree (Udgaonkar, 2002). 

Chronology of Commercialisation of Neem Biopesticide 

1985 Robert Larson receives patent for stable neem extract. 

1989 W.R. Grace buys Larson's patents, trademarks, and registrations. 

1991 Grace awards license to sell neem-based products to Ringer Corp., which 
will focus on home/gardening market. 

1992 Agridyne goes public after receiving EPA registrations for Azatech and 
Azatin 

1992: Ringer begins selling Neemix and Bioneem to gardeners through mail-order 
channels. 

1993: 

 

Grace announces joint venture with P.J. Mar go Pvt. Ltd. (Kamataka, India) 
to build first commercial facility for producing neem biopesticides. Margo 
Biocontrols is the subsidiary dealing with neem and other biopesticides. 
Demonstrations begin against Grace in India. 
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1993: Agridyne announces joint venture with Tata Oil Mills (Bombay). It receives a 
patent on a neem-extract purification procedure (5,229,007) and EPA 
registration for Align (agricultural market). 

1993 Hindustan Lever Ltd. (a subsidiary of Unilever PLC) purchases Tata Oil 
Mills from the Tata Group. (Hindustan Lever holds a 1991 Indian patent on 
neem extraction.) 

1994 Agridyne receives its second U.S.  patent for neem extraction (5,352,697) and 
licenses its neem patents to Rohm & Haas. (Rohm & Haas presently holds 
four Indian patents on neem products or processes.) Agridyne announces 
agreement with Famam Companies to market animal husbandry 
biopesticides. 

1994 Grace and Agridyne engage in a legal quarrel over patent infringement. 

1995 Grace and Agridyne settle patent dispute. Grace licenses patents 5,001,146 
and 5,124,349 to Agridyne. 

1995 Biosys buys out Agridyne. 

1996 Grace sells biopesticides division to Thermo Ecotek, which folds it into its 
new subsidiary, Thermo Trilogy. 

1997 Biosys declares bankruptcy and sells assets to Thermo Trilogy. 

1998 Ringer changes its name to Verdant Brands, which sells products under a 
variety of brand names. 

2000 Verdant Brands sells its retail products division to Wood stream: it continues to 
market commercial products through the Consep subsidiary. 

2000 Thermo Electron announces that Thermo Trilogy is a "non-core" business 
and seeks buyer. 

2001 Mitsui purchases Thermo Trilogy and creates a subsidiary. CertIs, to 
produce and sell pesticides. 

2001 Verdant auctions off Consep's assets and ceases operations.  

2001 Grace files for Chapter 11 bankruptcy protection because of asbestos-related 
claims. 

Source:  J. Michael Finger & Philip Schuler (2004): “Poor People’s Knowledge Promoting 
Intellectual Property in Developing Countries,” Washington DC: The World Bank. 

5.4.2.3. The Case of Basmati Rice 

The Case of Basmati Rice has forever been one of the most discussed and 

debated issue in the context of traditional knowledge protection vis-a vis 

bio-piracy related to India. Rice Tec. Inc. had applied for registration of a 

mark “Texmati” before the UK Trade Mark Registry. Agricultural and 
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Processed Food Exports Development Authority (APEDA) successfully 

opposed it. One of the documents relied upon by Rice Tec as evidence in 

support of the registration of the said mark was the US Patent 5,663,484 

granted by the US Patent Office to Rice Tec on September 2, 1997 and that is 

how this patent became an issue for contest (Udgaonkar, 2002). 

This US utility patent was unique in a way to claim a rice plant having 

characteristics similar to the traditional Indian Basmati Rice lines and with 

the geographical delimitation covering North, Central or South America or 

Caribbean Islands. The US PTO granted the patent to Rice Tec on September 

2, 1997. The said patent covered 20 claims covering not only novel rice plant 

but also various rice lines; resulting plants and grains, seed deposit claims, 

method for selecting a rice plant for breeding and propagation. Its claims 

15-17 were for a rice grain having characteristics similar to those from 

Indian Basmati rice lines. The said claims 15-17 would have come in the way 

of Indian exports to US, if legally enforced (Ghidini & Emannuela, 2010). 

Evidence from the IARI (Indian Agricultural Research Institute) Bulletin 

was used against claims 15-17. The evidence was backed up by the 

germplasm collection of Directorate of Rice Research, Hyderabad since 1978. 

CFTRI (Central Food Technological Research Institute) scientists evaluated 

the various grain characteristics and accordingly the claims 15-17 were 

attacked on the basis of the declarations submitted by CFTRI scientists on 

grain characteristics. 

Eventually, a request for re-examination of this patent was filed on April 28, 

2000. Soon after filling the re-examination request, Rice Tec chose to 

withdraw claims15-17 along with claim 4.Biopiracy of traditional 

knowledge is not limited to India alone. In fact, there have been several 

examples from other countries where traditional knowledge bio-piracy has 

become a concern (Rao & Guru, 2003).  
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List of Bio-piracy of India’s Traditional Knowledge 

 1 Basmati Rice: Patented by Rice Tec, Texas USA in 1997 as aromatic rice. 

Recently on challenges by APEDA, withdraw four claims of its 

uniqueness. The use of term ‘Basmati’ by Rice Tec was also challenged on 

the inappropriate trademark usage (Texmati) and violation of 

Geographical Indication. However the international Centre for 

Technology assessment (ICTA, Washington, DC) and Research 

Foundation for Science, Technology and Ecology (RFSTE, New Delhi) 

have filed a suit to restrict the use of the term Basmati to rice varieties 

grown in India. 

2 Turmeric: Patent granted to University of Mississippi medical Center (for 

wound healing) in the US , was revoked on challenges by CSIR 

3 Neem: Patent granted to WR. Grace & Co. UK and US department of 

Agriculture was vacated on Challenge.  

4 Karela,  Jamum and Brinjal: Patented granted to Cromak Research Inc. 

Us on edible herbal compositions compromising the mixtures of the 

above to reduce sugar levels 

5 Pepper: Patent granted by US patent office 

6 Aswagantha: Patent granted to Relive International Inc. as a supplement 

for healthy joints, US patent office also granted a dozen patents on 

Aswagantha centered findings  

7 Herbal Products: Amla, vasabr, saptrangi, bel etc. Natreon Inc was 

granted patents for 13 claims of Amla by US Patent Office, application 

also filed with European Patent Office.  

8 Hessian (Jute Cloth): Patent granted to UK firm by the European Patent 

Office, patent revoke on challenges by Jute Industrial research 

Association of India  

9 Ginger: Us patent Office granted patent on eight ginger formulation 

10 Tea: Patent applied by George Williamson & Co. UK (Method of 

manufacturing and packaging)  

Source:   M.B.Rao & Manjula Guru (2003): Understanding TRIPS; Managing 
Knowledge in Developing Countries, New Delhi: Response Books. 
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5.5. National Initiatives  

The Constitution of India provides fundamental rights to equality, equal 

opportunity, right to life and personal liberty and to conserve distinct 

language, script or culture. The Directive Principles enjoin the State inter-alia 

to direct its policy towards securing that the ownership and control of 

material resources of the community is so distributed as to sub-serve the 

common good. 

Article 243 of the Constitution of India enables the State to make laws to 

empower Panchayats to deal with certain matters including schemes of 

economic development and social justice. The areas in which the Panchayats 

could implement such schemes include agriculture, social forestry and farm 

forestry, minor forest produce and maintenance of community assets 

(Kaushik, 2002). 

5.5.1. Biodiversity under the Indian Constitutional Framework   

India has a great diversity of people and cultures and the sustainable use 

and equitable sharing of benefit have been part of the traditional life styles 

and ethos of the people. This is reflected in Indian forms of worship, rituals, 

food habits, philosophy and culture. Reverence for plants and animals in 

India guided traditional people to even sacrifice their lives to protect 

biological diversity (Ramesh, 2006).   

In independent India, the need to conserve biodiversity integrating the 

needs people was identified as a priority even in the early years of planning 

and development. The Government of India, as early as 1952, enunciated 

the National Forest Policy with the aim of conserving a third of the forest 

cover in the country. The Wild Life (Protection) Act was the first major step 

taken by the Government of India to protect Wild Life in the Country. 

Environmental protection and the conservation of natural resources in the 

context of poverty alleviation emerged as key national priorities in India in 

the wake of the 1972 Stockholm Conference on Human Environment 

(Ramesh, 2006).    
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Between the Stockholm Conference and Rio Earth Summit 1992, India 

developed a stable organizational structure for environment and wildlife 

protection in the country. India’s concern and commitment towards 

environmental conservation were reinforced in 1976 by the 42nd amendment 

of the Constitution of India. Article 48 under the Directive Principles of State 

Policy and Article 51a (g) of the Fundamental Duties in the Constitution 

states that ‘the State shall endeavour to protect and improve the 

environment and to safeguard forests and wildlife in the country and its 

protect and improve the natural environment including forests, lakes and 

rivers and wildlife and to have compassion for the living creatures’ 

(Ramesh, 2006). 

 In 1980, a Department was setup, till this time environment and forests 

were the concern of the Ministry of Agriculture and the Department of 

Science and Technology. The Forest Act which came into force in 1980 had 

stringent provisions for preventing diversion of forest land for any other 

purpose. In 1985, the Department of Environment was upgraded as a full-

fledged Ministry of Environment and Forests. The Environmental 

(Protection) Act 1986 set out and operates to formulate and carry out 

environmental policy at the national level. The Forest (Conservation) Act 

was amended in 1988 to include provisions to allow certain developmental 

activities in and around forest areas (NBA, 2007).  

5.5.2. Important Acts Relevant to Biodiversity  

The Indian Forest Act 1927 is a colonial legislation enacted mainly to enable 

the state to acquire ownership over forests and their produce and 

specifically to facilitate trade and timber.  The Wildlife (Protection) Act 1972, 

amended in 1983, 1986 and 1991, for the protection of wild plants and 

animals, regulates hunting, trade and collection of specific forest products. 

Certain tribes are however allowed to collect or possess specifies plants for 

their bonafied personal use. The revised act also provides a licensing system 

to regulate cultivation and trade of specifies plants in pattern similar to the 
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trade in fauna. Licenses are required to declare their stocks and follow 

prescribed procedures (Ramesh, 2006).  

The National Wildlife Action Plan 1973, identified broad goals of 

establishing a network of representative protected areas and developing 

appropriate management systems which take into account the needs of local 

peoples and conservation requirements outside protected areas. The 

National Forest Policy as amended in 1989, stressed the sustainable use of 

forests and the need for greater attention to ecological fragile, but 

biologically rich mountain and island ecosystems (Ramesh, 2006). 

The Forest (Conservation) Act, 1980, amended in 1988, primarly deals with 

using forest lands for non-forestry purposes, manly industry and mining. It 

requires the state governments to acquire the approval of the central 

government before it gazettes a reserved forest, leases forest land to a private 

person or corporation or clears it for the purpose of reforestation. 

Implementation of this Act has reduces the annual rate of diversion of preset 

lands for non forestry purposes to 16,000 hectares a year (Ramesh, 2006).  

The Environment (Protection) Act, 1986 empowers the central government 

to take appropriate measures for the purposes of protecting and improving 

the environment. In accordance with this act, the central government has 

issues a number regulations affecting sectors such as hazardous and 

chemical wastes, genetically engineered micro-organisms, and industrial 

development of costal zones (NBA, 2007).  

The Foreign Trade (Development and Regulation) Act 1992, is designed to 

stimulate sustained economic growth and enhance the technological 

strength and efficiency of Indian agriculture, industry and services. The 

Central Government regulates the import and export of goods by means of a 

negative list of imports or a negative list of exports, depending on the 

situation, Import and export are prohibited restricted through licensing or 

routed through specified agencies. Provisions of the conventions on 

International Trade and Endangered Species of Wild Fauna and Flora 

(CITIES) are also implemented through this act (NBA, 2007) 
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5.5.3. Traditional Knowledge Protection through the Framework of IP    

The Article 23.4 of TRIPS provides for negotiations to be undertaken in the 

Council for TRIPS on the establishment of a multilateral system of 

notification and registration of geographical indications in the context of 

wines. There is no reason why such negotiations should be restricted only to 

wines and not include traditional knowledge as well as contemporary 

innovations of local communities and individuals. The application of IPR 

laws to traditional knowledge and innovations hinges on the 

conceptualisation of the traditional or indigenous knowledge itself. Brush 

(1993) includes all folk of popular knowledge preserved in local and 

traditional practices as indigenous knowledge. Agarwal, leading scholar, 

decries the tendency to view indigenous knowledge as a counterpoint to 

western or scientific knowledge.   

5.5.3.1. Patents 

Traditional knowledge would be broad enough to embrace traditional 

knowledge of plants and animals in medical treatment and as food. But can 

patent law actually provide promising solutions? According to Graham 

Dutfield  the main objections are as follows:  

(i)  TK is collectively-held and generated while patent law treats 

inventiveness as an achievement of individuals. This is because 

patents require that an individual inventor be identifiable. Yet while 

TK is merely part of the public domain, a new and non-obvious 

modification to this knowledge achieved by an individual or 

identifiable group can be the subject of a patentable invention. In the 

late nineteenth century, large research-based corporations were 

already finding the heroic inventor paradigm to be rather 

inconvenient. They much preferred to treat invention as a collective 

and routinised corporate endeavour in which individual flashes of 

genius were unnecessary. Through their lobbying efforts patent law 

and doctrine began to accommodate the collective notion of 

inventorship from as early as the 1880s, first in Germany and then 
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elsewhere. This suggests that the collective nature of TK production 

and ownership need not be a bar to the acquisition of a patent. It 

certainly has not been for corporations (Dutfield, 2002).  

(ii)  Patent applicants must supply evidence of a single act of discovery. 

Patent specifications must nonetheless provide evidence of an 

inventive step or an act that would not be obvious to one skilled in the 

art. Applying the same criteria to TK would exclude much of it from 

patentability. This is not only because it is difficult to identify a 

specific act of creation in the area of TK, but also because such acts 

may have taken place in the distant past. Many anthropologists have 

demonstrated that TK in many societies is evolutionary, dynamic and 

adaptive. 

(iii)  Patent specifications must be written in a technical way that examiners 

can understand. It would be extremely difficult for indigenous group 

to describe their knowledge to a patent attorney in a way that would 

enable the latter to complete a patent specification on their behalf. 

While a useful characteristic of a plant or animal may be well-known 

to such an individual or group, the inability to describe the 

phenomenon in the language of chemistry or molecular biology would 

make it almost impossible to apply for a patent even if the fees could 

be afforded, which is unlikely. This is a situation that a company can 

take advantage of. Patent rules in most countries require a company to 

do more than describe the mode of action or the active compound to 

acquire a patent. Minimally, it would probably need to come up with a 

synthetic version of the compound or a purified extract. But in the 

absence of a contract or specific regulation, the company would have 

no requirement to compensate the communities concerned. 

(iv)  Applying for patents and enforcing them once they have been 

awarded is prohibitively expensive. The lack of economic self-

sufficiency of many traditional communities, the unequal power 

relations between them and the corporate world, and the high cost of 
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litigation, would make it very difficult for them to protect their IPRs 

through the patent system. The costs of preparing and prosecuting a 

patent application, and of periodically renewing the patent after it has 

been granted, are well beyond the financial means of most 

communities. Even though patent fees in some jurisdictions may be 

reduced for small and medium-sized enterprises, using the patent 

system is still likely to be prohibitively expensive. 

Nevertheless, most traditional peoples and communities seem to be 

fundamentally opposed to patents. There are various reasons why traditional 

peoples and communities are skeptical that patent law can be utilised to 

further their interests. The main practical difficulty that deters them from 

filing patents is the expense of doing so, which includes payments to the 

patent attorney hired to complete the application, and the filing, prosecution 

and renewal fees. Legally enforcing the patent against infringers is likely to be 

even more expensive. Moreover, patents with overly broad claims 

encompassing non-original products or processes are sometimes mistakenly 

awarded. Due to poverty, few if any indigenous groups could mount legal 

challenges to patents on the grounds that their knowledge or, say, landraces, 

have been fraudulently or erroneously claimed (Dutfield, 2002).  

Supporters of patents argue that ‘traditional knowledge’ cannot be 

registered under patents. While patent law generally supports such a 

defense, ‘the state of the art’ is to some extent subjective, especially from a 

cross-cultural perspective. To give a recent example, Phyllanthus Amarus, a 

medicinal plant used in India for treating various ailments including 

jaundice, was discovered in tests to show effectiveness against viral 

hepatitis-B and E. Subsequently, the Fox Chase Cancer Center was awarded 

a U.S. patent for a pharmaceutical preparation comprising an extract of the 

plant. While the invention was sufficiently new, useful and non-obvious to 

be patentable, Indian ayurvedic healers are unlikely to be as impressed as 

the Patent and Trademark Office examiner who granted the patent. While 

patent law has been contoured in ways that tend to be highly supportive of 

corporate interests, the demands of traditional peoples and communities are 
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rarely if ever taken into account when patent regulations are reformed. It 

can be argued that a democratic IP system should take into account a wider 

set of interests including those of TK holders (Dutfield,2002). 

5.5.3.2. Copyright 

At the international level, the idea of applying copyright law to protect 

intangible cultural expressions including those of traditional peoples and 

communities dates back to the 1960s. The term commonly applied to such 

manifestations of culture was not TK but folklore, or ‘expressions of folklore’. 

Copyright law has some fundamental limitations in the folklore context.  

First, whereas copyright requires an identifiable author, the notion of 

authorship is a problematic concept in many traditional societies. It is 

sometimes argued that IPR, and copyright law especially, unduly 

emphasise the role of individuals in knowledge creation and consequently 

fail to reward those knowledgeable communities and collaborators that 

provided the intellectual raw material that formed the true basis for the 

copyrighted work or patented invention. In other words, creative 

expressions and collective innovations such as those of traditional 

communities are ineligible for protection yet may legally be treated as free 

inputs for industrial R&D and the copyright industries. According to this 

view copyright law is more likely to be used to undermine the interests of 

traditional peoples and communities than to promote them (Dutfield, 2002). 

Second, copyright has a time limit: for folkloric expressions that are 

important elements of people’s cultural identity, it would be more 

appropriate to have permanent protection. But for many traditional peoples 

and groups certain expressions and works are central to their cultural 

identity and should therefore never be fully released into the public domain, 

at least not to the extent that others would be free to do whatever they like 

with them. This is not to say that copyright protection should therefore be 

permanent for culturally significant expressions and works, but that 

copyright law should not be seen as the appropriate approach for each and 

every kind of cultural work. 
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Third, copyright normally requires works to be fixed. However, among 

some traditional groups, folkloric expressions are not fixed, but are passed 

on orally from generation to generation. This normally excludes such 

expressions from eligibility for copyright protection. Since communities 

often do not have the means of recording their cultural expressions, they 

cannot acquire copyright protection. However, this bar to protection can be 

removed with the will to do so. Several countries have incorporated 

protection of folkloric expressions into their national copyright laws. These 

include Tunisia (1967), Bolivia (1968), and Kenya (1975). But the most 

powerful actors in international IPR negotiations are still resistant to the 

idea of modifying international copyright rules to more effectively protect 

folklore (Dutfield, 2002). 

Proposals to reform TRIPS to protect TK have paid little attention to 

copyright. Unfixed cultural expressions can to a limited extent also be 

protected under performers’ rights in cases where performances have been 

fixed without the authorisation of the original performers. TRIPS partially 

incorporate the 1961 Rome Convention for the Protection of Performers, 

Producers of Phonograms and Broadcasting Organisations, allowing 

performers to prevent the recording and reproduction of their performance 

on a phonogram, and the broadcast and public communication of a live 

performance. But neither the Rome Convention nor TRIPS makes any 

reference to folklore. 

However, the 1996 WIPO Performances and Phonograms Treaty defines 

‘performers’ as ‘actors, singers, musicians, dancers, and other persons who 

act, sing, deliver, declaim, play in, interpret, or otherwise perform literary or 

artistic works or expressions of folklore’. Apart from these theoretical 

difficulties, there are practical obstacles, too. For example, the entity wishing 

to assert its copyright – or indeed to claim any other IPR –must have a legal 

personality. Such collective groups as rural communities and smaller groups 

within communities rarely have the status of being juristic persons according 

to the national legal system (Dutfield, 2002). 
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5.5.3.3. Trade Secrets 

 Sharing of knowledge is common in many traditional societies, but healers 

and other specialist knowledge-holders as well as clans and lineage groups 

are unlikely to share knowledge with anybody. Conceivably, a considerable 

amount of TK could be protected under Trade Secrecy Law (Dutfield, 2002). 

An experimental project based in Ecuador and supported by the Inter-

American Development Bank is currently trying to protect TK as trade 

secrets. The project, ‘transforming traditional knowledge into trade 

secrets’, aims to enable traditional peoples and communities to benefit 

from bio-prospecting through effective trade secret protection of their 

knowledge. An NGO called Ecociencia is documenting the botanical 

knowledge of the participating indigenous groups, and registering it in 

closed-access databases. If an entry is not in the public domain, the 

community or communities with the knowledge have a trade secret. The 

trade secret can then be disclosed to companies with benefit sharing 

guaranteed by a standardised contract. These benefits would then be 

distributed among the trade secret-holding communities and the 

Ecuadorian government. So far the database contains 8,000 entries 

provided by six participating indigenous groups. 60 per cent of the uses 

appear so far not to have been disclosed through publications. Already, 

three companies have expressed interest in accessing the database. Trade 

secrecy to be deployed as a means to protect TK and to realise its 

commercial potential for the benefit of the knowledge holders and their 

communities (Dutfield, 2002) 

5.5.3.4. Geographical Indications 

The TRIPS Agreement intended the introduction of the GI Act as a means to 

protect French makers of wines and champagnes, and to give trademark-

like protection to distinctive goods or services whose quality and reputation 

derive from the geographical area in which they are produced. In a country 

such as India, which has a vast cultural heritage and a store of traditional 

knowledge dating back to the Vedas, the GI Act is seen as a potentially 
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important source of recognition and income for India's rural poor. There is 

also hope that GI protection will allow cultural diversity to thrive and 

artisans to remain in their villages, resisting the pull of city industry. 

Tradition is cultivated, not discovered. Developing marketable uses for 

Third World cultural products is "ultimately perhaps the most effective 

way to protect their traditions (Dutfield, 2002).  

There is significant economic value here, although just how much is unclear. 

The United Nations estimates that developing countries lose about $5 billion in 

royalties annually from unauthorised use of traditional knowledge. But the 

turn to intellectual property for the poor is not simply another instance of a 

misguided if value, then right mentality. Dismissing these claims on such 

grounds obscures the ways in which poor people's intellectual property claims 

present a broader understanding of the purposes and effects of intellectual 

property law, beyond traditional renderings of intellectual property as 

incentives alone. Poor people's turn to property is surely about economics, but 

is about social and cultural values as well. These claims recognise that the 

relationship between intellectual property and development goes beyond GDP. 

People, rich and poor alike, want recognition of their creativity and 

contributions to science and culture. This capacity for innovation, work, and 

cultural sharing is part of what makes us human. 

While the patent provisions of TRIPS have posed clear challenges for 

developing countries, which typically lack manufacturing capacity or capital 

for R&D intensive breakthroughs, GIs, in contrast, are hailed as the poor 

people's intellectual property rights, recognising the knowledge of weavers, 

farmers, and craftspeople rather than just the high technology contributions of 

MNCs. The structure of GIs also makes them particularly well-suited to poor 

people's knowledge. First, GIs recognise collective intellectual property rights; 

under the Indian GI Act, multiple associations of artisans may be recognised as 

the authorised producers or users of a GI. GI applications are also relatively 

cheap, at least for a group of artisans working together. Under the Indian GI 

Act, it costs a modest five thousand rupees to apply (little more than $100).  
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India's effort to step up Geographical Indication protection for its traditional 

knowledge is commendable in the recent past. There is a rising tide of 

applications for intellectual property rights filed with a national registry 

established pursuant to the Geographical Indication of Goods (Registration and 

Protection) Act of 1999. Indian farmers and artisans from across the country 

were getting in line to register their wares, from Darjeeling tea to Alfonso 

mangoes, Kolhapuri chappals, Mysore silk and sandalwood, and the uniquely 

woven sarees from the village of Pochampally in the shadow of high-tech 

Hyderabad. Not even the makers of the famous laddus in Tirupati, who 

prepare these sweets for worshippers to offer to God at this popular Hindu 

pilgrimage site, have been immune to the frenzy.  

But while GIs certainly hold promise for the poor, they have their own limits. 

The Indian GI Act protects goods whose quality or reputation are shown to be 

"due exclusively or essentially to the geographical, environment, with its 

inherent natural and human factors." GI applications require "proof of origin" 

and "historical records" of continuous use of the goods. Registrants obtain the 

exclusive right to use the GI, and licensing of GIs is prohibited. Such 

requirements and restrictions take a narrow view of traditional knowledge, 

linking culture to land. The rule against alienability poses special concerns. 

While this approach may enable people to remain within their communities 

(and preserve the physical environment as well), what if they move? What 

rights do traditional weavers from Mysore have if they move to North India--

or the U.K.? Of course, there are good reasons to prevent the alienation of the 

GI from the particular geographical community. It prevents the scenario 

where a large foreign corporation hires a member of that community away 

and then begins to produce "authentic" work elsewhere, using that GI--and 

decimating the livelihoods of the traditional community left behind. At the 

same time, such a restriction could stifle opportunities for some individuals, 

as they remain within a traditional community by economic necessity, not 

choice. People move, intermarry, and change jobs. Culture flows with them. 

The GI Act does not recognise this dynamic nature of culture, ossifying 

authentic production in today's localities (Dutfield, 2002).  
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Elizabeth Povinelli notes that cultural rights often lead to the ironic 

production of authenticity or indigeneity, which conforms to traditional 

structures from the past, rather than celebrating cultures as diachronic 

peoples who are dynamic and heterogeneous. GIs also pose economic 

concerns. While GIs protect Darjeeling tea, for example, they also prohibit 

the Indian manufacture of Scotch whiskey, driving up the cost of Scotch in 

India. It is possible that the poor may reap greater economic rewards in a 

system with fewer production constraints. Yet, it is clear that GIs do 

potentially offer a range of benefits, from recognising the innovation of 

collectives to preserving geographic diversity and stimulating some 

redistribution of wealth (Eiland, 2007).   

India has proposed that in order to harmonise the CBD and TRIPS, 

geographical indications (GI) should be expanded to protect more forms of TK. 

They clearly envisaged that a strong GI system would have hindered the well 

known neem patent in the USA. In practice, however, it is unclear how this 

would have been the case. TRIPS article 22 outlines that geographical 

indications: "...identify a good as originating in the territory of a Member, or a 

region or locality in that territory, where a given quality, reputation or other 

characteristic of the good is essentially attributable to its geographical origin." 

TRIPS article 23 outlines additional protection for wines and spirits. This 

method offers a way that rights could be maintained for an unlimited amount 

of time. It does not confer a monopoly right on a few individuals. Geographical 

indications "...reward producers that are situated in a certain region and that 

follow production practices associated with that region and its culture and 

customs. They are designed to reward goodwill and reputation created or built 

up by a group of producers over many years, and in some cases over centuries" 

(Eiland, 2007).   

Perhaps best known for the protection of regional foods, such as wine or 

cheese, GI have been proposed as a method for protecting TK. It is 

uncertain how effective this would be in practice. Most GI are French, 

where special attention is paid to products that are distinctive due to a 

combination of cultural and territorial factors. Regional associations have 
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established standards for particular products. National laws' enforcement 

upholds the integrity of the geographical indication (Dutfield, 2002).  

A more relevant example, used to protect indigenous products, is 

American Indian arts and crafts. Particularly in the case of Southwestern 

tribes, non-native producers were using inauthentic methods and 

materials to make products put forth as genuine. The state of New Mexico 

passed the Indian Arts and Crafts Protection Law that gives retailers the 

duty of determining if a product was made by a Native American by hand. 

Somewhat controversially, there is no test to determine whether an item 

was made using traditional methods. Only after examination by a retailer 

can it then can bear a distinctive label stating it is an authentic, handmade 

Indian product. As is clear with the latter point, it would be quite difficult 

for a non-specialist to determine if the product was made using traditional 

methods. However, the law acts as a barrier to imitation (Dutfield, 2002). 

GI have a limited role for protecting Traditional Medicine, if it is clear that 

certain medicines originate from a particular region. In order to make 

geographical indications an efficient and accurate form of protection there 

needs to be a high level of appreciation, both in the public and in the 

examining authorities. In the case of French food products, one could find 

such expertise widely. There is still a debate regarding the correct method 

of manufacture for American Indian arts and crafts. A very small group of 

specialists have knowledge of this area, and in order to make a definitive 

statement there would have to be a specially constituted committee. While 

buyers of art may be satisfied with certification by a retailer, the situation 

with drugs is more complicated. There needs to be a high level of 

organisation to make protection feasible (Eiland, 2007). 

While at first sight protection using GI appears to be simple, it may be - in 

practice - very complicated. Committees to establish standards must be 

formed, and national laws must be made to enforce these standards. The 

system may be applicable to well established TM systems, such as in China, 

but may have limited coverage in other TM systems. 
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In addition, a patent protects an idea, not the products themselves. Patented 

TM could be made under license by a concern unconnected with the inventor. 

Even a group with limited production facilities could benefit from an invention 

if it held a patent. GI best suit a more extensive operation (Eiland, 2007). 

5.5.4. Major Indian Legal Initiatives  

To conserve the biodiversity and counter the problem of bio-piracy, India 

has enacted three Legislations in the Parliament. They are; 

(1) The Protection of Plant Varieties and Farmer’s Right Act 2001. 

(2) The Biological Diversity Act 2002 

(3) The Patent Amendment Act 2005 

5.5.4.1.  The Protection of Plant Varieties and Farmer’s Right Act (PPVFR), 
2001 

Indian Parliament passed the PPVFR Act in 2001 with the objective of 

intellectual property protection of plant varieties and protection of rights of 

farmers. The farmer’s right arises from their role in conserving, improving 

and making available plant genetic resources for the development of new 

plant varieties. And it is to stimulate investment in plant breeding research, 

promote development if new plant varieties, growth of seed industry and 

availability of high quality seed ad planting material to farmers for an 

accelerated agriculture development. The Act has 97 sections stacked in 11 

chapters. The notified rules have 76 sections, arranged in nine chapters with 

four schedules and 45 forms. 

The objectives of the Protection of Plant Varieties and Farmers’ Rights Act 

are (Ravi, 2004):  

1. To stimulate investments for research and development both 

in the public and the private sectors for the developments of 

new plant varieties by ensuring appropriate returns on such 

investments;  

2. To facilitate the growth of the seed industry in the country 

through domestic and foreign investment which will ensure 
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the availability of high quality seeds and planting material to 

farmers; and  

3. To recognize the role of farmers as cultivators and conservers 

and the contribution of traditional, rural and tribal 

communities to the country’s agro biodiversity by rewarding 

them for their contribution through benefit sharing and 

protecting the traditional right of the farmers. 

The Protection of Plant Varieties and Farmers Right Act 2001 (PPVFR Act) 

seeks to protect the right of farmers and breeders on plant varieties. The act 

recognizes the individual and community roles played by farmers in the 

improvement and conservation of varieties. Under the PPVFR Act, Plant 

Breeders Rights (PBR) on a plant variety is established by registration of the 

variety, the persons become its PBVR Holders (Venkittaraman&Latha, 

2008).The PBR holder can be one person, a group of community or an 

Institution. The PBR holder alone has the exclusive right to produce, sell, 

market or distribute the seeds or planting material of that variety. PPVFR 

Act has provisions with regard to researcher’s rights, benefit sharing 

between breeders and farming or tribal communities who have contributed 

to genetic diversity used by the breeder and establishment of national gene 

fund to promote conservation (Venkittaraman&Latha, 2008). 

The farmers rights as defined in the PPVFR (Venkittaraman&Latha, 2008): 

1. A farmer who has bred or developed a new variety shall be 

entitled for registration and other protection in like manner as a 

breeder of a variety under this Act;  

2. The farmers’ variety shall be entitled for registration of the 

application contains declaration as specified in clause (h) or sub-

section (1) of section 18;  

3. A farmer who is engaged in the conservation of genetic resources 

of land races and wild relatives of economic plants and their 

improvement through selection and preservation shall be entitled 
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in the prescribed manner for recognition and reward from the 

Gene Fund. Provided that material so selected and preserved has 

been used as donors of genes in varieties registrable under this 

Act;   

4. A farmer shall be deemed to be entitled to save, use, sow, re-sow, 

exchange, share or sell his farm produce including seed of a 

variety protected under this Act in the same manner as he was 

entitled before the coming into force of this Act. 

5.5.4.2. Biological Diversity Act, 2002 

The Act states that a member country should facilitate access to its genetic 

resources by other parties on mutually agreed terms, but that access 

requires a PIC of the country providing the resources. It also provides for an 

equitable sharing of any benefits arising from the commercial use of these 

resources or any TK associated with the biological resources subject to 

domestic legislations. In response to its obligation under the Act after ten 

years of negotiations and discussions with all the stake holders, India has 

enacted the Biological Diversity Act in 2002 (Datta, 2002). 

The Act mainly deals with access to genetic resources by foreign companies, 

individuals or organizations. The National Biodiversity Authority (NBA) 

was set up under section eight of the act to deal with requests for access to 

genetic resources by foreigners and to related research out of India and to 

determine benefit sharing arising from the commercialization. 

The other salient features of the Act are (Datta, 2002): 

• To regulate access to biological resources of the country equitable 

share in benefits arising out of the use of biological resources; 

• To conserve and sustainable use of biological diversity;  

• Setting up of National Biodiversity Authority (NBA), State 

Biodiversity Board (SBB) and Biodiversity Management 

Committees. (BMC’s);  
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• NBA and SBB are required to consult BMCs in decisions relating to 

bio-resource / related knowledge within their Jurisdiction; 

• To respect and protect knowledge of local communities traditional 

knowledge related to biodiversity; 

• To secure sharing of benefits with local people as conservers of 

biological resources and holders of knowledge and information 

relating to the use of biological resources;  

• All foreign nationals/organizations require prior approval of NBA for 

obtaining biological resources and/or associated knowledge for use;  

• Indian scientists/individuals require approval of NBA for 

transferring results of research to foreign nationals/organizations; 

• Conservation and development of areas of importance from the 

standpoint of biological diversity by declaring them as biological 

diversity heritage sites;  

• Protection and rehabilitation of threatened species;  

• Involvement of institutions of State Government in the broad 

scheme of the implementation of the Biological Diversity Act 

through constitution of committees;  

• Protect India’s rich biodiversity and associated knowledge against 

their use by foreign individuals and organizations without sharing 

benefits arising out of such use and check Biopiracy;  

• Indian Industry needs prior intimation to SBB to obtain bioresource. 

SBB has right to restrict if found to violate conservation and 

sustainable use and benefit sharing;  

• Provisions for notifying heritage sites by State Government in 

consultation with local body;  

• Creation of National, State and Local Biodiversity Fund and its use 

for conservation of biodiversity;  

• Prior approval is needed from NBA for IPRs in any invention in 

India or outside India on Bio-resources;   
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The Act also prescribes some special provisions for the protection of TK. For 

instance, chapter II of the Act regulates access to biological diversity. The 

Act prohibits ‘certain persons’ from obtaining any biological resources 

occurring in India or knowledge associated there to for research or for 

commercial utilization or fro bio-safety and bio-utilization (Venkittaraman 

&Latha, 2008). According to this provision, no person shall apply for any 

IPR, by whatever name called, in or outside India for any invention based 

on any research or information on a biological resource obtained from India 

without obtaining the previous approval of the NBA. 

The procedure for the access and other purposes mentioned in the Act are 

provided to ensure effective, efficient and transparent access procedures 

through written agreements and applications in prescribed formats. The NBA, 

through appropriate consultation mechanisms shall dispose of the application 

and communicate its decision to grant access or otherwise to the applicant 

within a period of six months from the date of receipt of the application. The 

Authority is required to communicate the grant of access to the applicant in the 

form of a written agreement duly signed by an authorised official. The rule 14 

of the Biodiversity rules, 2004 also stipulates the Authority to provide reasons 

in writing in case of rejection of an application and give reasonable opportunity 

to the applicant for appeal. The Authority shall publicize the approval granted 

through print or electronic media and also shall monitor the compliance of the 

conditions agreed by the party and the applicant when approval for grant for 

access was accorded. The access procedure is only regulatory in nature but is 

not prohibitive in any manner to any applicant irrespective of their 

nationalities, affiliations, origin, etc. 

The Act also providers for revocation of the approvals granted to an 

applicant only on the basis of any complaint or suo moto under the 

following conditions (Venkittaraman &Latha, 2008): 

(1) Violation of the provisions of the Act or conditions on which the 

approval was granted; 

(2) Noncompliance of the terms o the agreement; 
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(3) Failure to comply with any of the condition of access granted; 

(4) On account of overriding public interest or for protection of 

environment and conservation of biodiversity rules. 

After having withdrawn the access permit, the Authority is required to send 

an order of revocation to the concerned Biodiversity Management 

Committee (BMC) and the State Biodiversity Board to prohibit the access 

and to assess the damage, if any, caused and steps to recover the damage. 

The NBA gives Indian nationals/researchers permission to access biological 

resources. It will also lay down some conditions as to how any benefits that 

arise should be shared with local communities. The Act provides that 

benefit sharing may include monetary payment, technology transfer or joint 

ownership of IP rights, but this is not an exhaustive list. The Act, subject to 

Section 21 and rule 20 of the Biodiversity rules, insist upon including 

appropriate benefit sharing provisions in the access agreement on mutually 

agreed terms related to access and transfer of biological resources or 

knowledge occurring in or obtained from India for commercial use, bio-

survey, bio-utilization or any other monetary purposes (Venkittaraman & 

Latha, 2008). The Authority shall develop guidelines and shall notify the 

specific details of benefit sharing formula in an official gazette on a case-to-

case basis. The suggested benefit sharing measures may include,  monetary 

benefits’ such as realty, joint ventures, technology transfer, product 

development and non-monetary benefits such as education and awareness 

raising activities, institutional capacity building, venture capital funds, etc.  

With the assistance of NBA, eighteen State Biodiversity Boards have been 

formed by state governments. Several BMC have also been constituted by 

SBBs. The main function of the Biodiversity Management Committee (BMC) 

constituted under each local body as per section 41(1) of the Act and Rule 

22(1-11) of biodiversity rules (2004), is to prepare People’s Biodiversity 

Registers, which shall contain comprehensive information on the 

availability and knowledge of local biological resources and medicinal or 

any other traditional knowledge associated with them. Other important 
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functions of the BMC are to advise the SBBs and NBA on matters for 

granting approval, maintain data about the local vaids and practitioners 

using the biological resources, besides maintain a register containing 

information on access to biological resources and knowledge granted, 

details of collections fee received and details of benefit sharing derived 

along with the mode of sharing (Venkitaraman & Latha, 2008). 

NBA has set up eight expert committees to prepare guidelines on different 

issues. The guidelines for the collaborative research projects have been 

approved and published in the government’s official gazette, however, 

guidelines on issue like normally traded commodities, intellectual property 

rights, traditional and tribal knowledge, microbial diversity, etc are in the 

line for approval (Venkitaraman & Latha, 2008). 

5.5.4.3. The Patent (Amendment) Act, 2005  

With the adoption of TRIPS Agreement in 1995, India had to amend its 

patent laws to fulfill its obligations under TRIPS Agreement. Accordingly in 

2005, India enacted the Patent (Amendment) Act and introduced product 

patent along with some provisions relating to TK. The change made to the 

definition of the term ‘patent’ which means a patent granted for an 

invention under the Act section 2 (1) (m) and specification of ‘invention’ 

which are not patentable in section 3 of the act which states that ‘a mere new 

use for a known substance’ (section 3 (d)) and ‘an invention’ which, in 

effect, is traditional knowledge or which is and aggregation or duplication 

or known properties of traditionally known component or components 

Section 3 (p) will not be an invention (Venkitaraman & Latha, 2008). 

The inclusion of the new provisions of patent opposition proceedings which 

can be done on limited grounds under Section 25(1) of the Act as: 

(Venkitaraman & Latha, 2008): Where an application for a patent has been 

published but a patent has not been granted, any person may, in writing, 

represent by way of opposition to the Controller against the grant of patent 

on the ground of:  
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(a) Patentability including novelty, inventive step and industrial 

applicability, or 

(b) Non disclosure or wrongful disclosure mentioning in complete 

specification, source and geographical origin if biological material 

used in the invention and anticipation of invention by the 

knowledge, or oral or otherwise available within any local or 

indigenous community in India or elsewhere. 

Inclusion of the provisions for the opposition of a complete patent 

specification of an invention which was publically known or publically used 

in India before priority date of that claim (Section 25(3d)). 

The reason for the inclusion of all the above provisions is to defy the 

challenges of misappropriation of the TK which is already in the public 

domain in India or its use is known to the Indian communities or 

individuals from the time immemorial. One inference can be drawn from 

these provisions that all of them are defensive in nature, which can help to 

oppose the patent granted for the invention whose source and geographical 

origin of biological material used or the knowledge, oral or otherwise is 

available within any local or indigenous community. Benefit sharing is not 

the concern of the Act (Venkitaraman & Latha, 2008). 

5.5.5. Institutional Initiatives  

In addition to the aforesaid legal initiatives, various institutions have been 

constituted at the national level to augment the protection of Biodiversity 

and Traditional Knowledge in a more comprehensive manner. Following is 

a brief discussion of some of these institutions.  

5.5.5.1. The National Biodiversity Authority (NBA) (2003) 

The National Biodiversity Authority (NBA) was set up in 2003 at Chennai 

by the Government of India to implement the different provisions of the 

Biological Diversity Act 2002 (BD Act) and Biological Diversity Rules, 2004.  

The BD Act provides a legal mechanism for establishing sovereign rights 

over the Indian biodiversity and its conservation, protection against 
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misappropriation, regulation of access and sustainable use of biodiversity 

and associated knowledge (NBA, 2008). 

The BD Act, 2002 is implemented engaging decentralized regulation of 

activities through Biodiversity Management Committees (BMCs), State 

Biodiversity Boards (SBBs) and the NBA, each with well-defined functions 

within their respective jurisdiction. Accordingly, it is being operated at 

national, state and local levels, as a three-tier system.  A significant progress 

has been made in implementing the Act and it is believed that with the 

support, cooperation and partnership of different stakeholders, the 

implementation process will reach new heights. It will provide an 

exemplary mechanism for meeting the various provisions of the Act.  

At the top of the hierarchy is the National Biodiversity Authority which will 

deal with matters relating to requests for access by foreign individuals 

including non resident Indians, institutions or companies and all matters 

relating to transfer of results of research to any foreigner; imposition of 

terms and conditions to secure equitable sharing of benefits and approval 

for seeking any form of intellectual property rights  in or outside India for 

an invention based on research or information pertaining to a biological 

resource obtained from India. The NBA has also been given the authority to 

take any measures necessary to oppose the grant of intellectual property 

rights in any country outside India or knowledge associated with the 

biological resources derived from India (NBA, 2008).  

The NBA is a body corporate having perpetual succession and a common 

seal with the power to acquire, hold and dispose of property, both movable 

and immovable and to contract and shall by the said name sue and sued 

(Section 8(2)). The NBA consists of a Chairperson, ten ex-officio members 

and five non official members (Section 8(4)). The NBA has the fund called 

the National Biodiversity Fund which will be used to distribute benefits to 

the stakeholders, conservation and promotion of biological resources and 

socio- economic development of areas accessed to obtain biological 

resources (Section 27) (NBA, 2008).  
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5.5.5.2. The State Biodiversity Board (SBB) 

At the state level, State Biodiversity Board has the authority to deal with 

matters relating to access by Indians for commercial purposes and restrict 

any activity which violates the objectives of the conservation, sustainable 

use and equitable sharing of benefits. In the case of Union Territories, the 

NBA shall perform all the functions of the SBB and the NBA has been vested 

with the power to delegate any and all of the powers to a person or a group 

of persons specified by the Central Government (NBA, 2008).  

The SSB also has a body corporate having perpetual succession and a 

common seal with the power to acquire, hold and dispose of property, both 

movable and immovable and to contract and shall by the said name sue and 

sued (Section 22(3)). The SBB consists of a Chairperson, five ex-officio 

members and five non-official members. The SSB  also have a fund called 

the State Biodiversity Fund which will be used for management and 

conservation of heritage sites, compensating and rehabilitating people 

affected by notification of heritage sites, conservation and promotion of 

biological resources and socioeconomic development of areas accessed to 

obtain biological resources (NBA, 2010). 

5.5.5.3. The Biodiversity Management Committee (BMC) 

The Biodiversity Management Committee will be set up by institutions of 

self government in their respective areas for conservation, sustainable use, 

and documentation of biodiversity and chronicling of knowledge relating to 

biodiversity. The BMC shall consist of a chairperson and note more than six 

persons nominated by the local body, of whom not less than one third 

should be women and not less than 18% should belong to the scheduled 

castes/tribes. The BMC shall be consulted by the NBA and the SBB on 

matters related to use of biological resources and associated knowledge 

within their jurisdiction. A fund called Local Biodiversity Fund will be 

constituted at every area notified by the State Government, presumably at 

all places where a BMC is establishes (NBA, 2008).  
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5.5.5.4. The Biodiversity Heritage Sites  

The duty of the Biodiversity Heritage is that, any areas of biodiversity 

importance can be notified to the State Government, after consultation with 

the local bodies. The State Government is also empowered to make rules in 

consultation with the Central Government for the management and 

conservation of all the heritage sites (Ramesh, 2006). 

5.5.6. Additional Institutional Initiatives  

Intellectual Property Rights are often considered synonym to patents or at 

best patents, trademark and copyrights. Awareness still remains an 

unfulfilled goal in spite of efforts made by so many agencies. There is a need 

to adopt different means such as contact programmes, print media, 

bulletins, internet, videos etc. Awareness by itself is of little use if the State 

does not create and provide suitable systems to enable scientists, 

technologists, industries and even the State to protect their rights. The 

departments like Atomic Energy, Space and DRDO and agencies like CSIR 

have their in house system for looking after their needs of IPR (Ravi, 2008). 

5.5.6.2. Patent Facilitating Centre (PFC) 

The Department of Science and Technology has set up the Patent 

Facilitating Centre at the Technology Information Forecasting and 

Assessment Council (TIFAC) in 1995 as a new small initiative to address the 

need of awareness creation among scientists, helping them to protect their 

inventive and original work through IP laws and also act as a watch dog. 

The PFC came to be known for its capability to raise issues and bringing 

new information and knowledge about IPR in public domain. Starting with 

the revelation of the turmeric patent to the whole country, it brought to 

notice many other patents using some of our well known plants and 

traditional knowledge (Ravi, 2008). 

The PFC has organized 305 IPR awareness workshops all over the country 

independently and also in association with Ministry of Small Scale Industries, 

Department of Atomic Energy, Department of Space and ICMR. In the 
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process almost 35000 scientists, technologists and policy makers have been 

sensitized from about 500 universities, colleges and R&D institutions and 800 

industries. The PFC has been organizing advanced level of training 

programmes with CII and attorney firms and also workshops cum retreat on 

topics such as public private partnership in IPR management (Ravi, 2007). 

The PFC brought out Ekaswa A and Ekaswa B databases on the patent 

applications filed in India and the patent applications accepted by the Patent 

Office. There are twenty Patent Information Centres (PIC) that have been set 

up by the PFC in 20 States namely; Assam, Andhra Pradesh, Chattisgarh, 

Goa, Gujarat, Haryana, Himachal Pradesh, Jammu and Kashmir, Karnataka, 

Kerala, Madhya Pradesh, Manipur, Punjab, Rajasthan, Sikkim, Tamil Nadu, 

Tripura, Uttar Pradesh, Uttranchal and West Bengal (Mathew, 2013). These 

PICs are helping scientists, technologists and policy makers in their 

respective States by creating awareness and extending help for protecting 

their inventions. The PFC is the only window available in the country, 

which provides full technical, legal and financial support for inventions 

emanating from educational institutions, including schools and colleges, 

and government departments. It has so far filed 260 patent applications in 

India and other countries from about 55 universities/academic institutions 

and many of them have been granted (Mathew, 2013). 

5.5.6.2. Other Centers/Cells 

Many government departments, educational institutions and PSU have 

started their IPR Cells. Prominent among the government departments / 

agencies are Department of Biotechnology, Ministry of Telecommunications 

and Information Technology, Indian Council of Medical Research, Indian 

Council of Agricultural Research, ISRO, Department of Atomic Energy, 

Defense Research and Development Organization and Indian Council of 

Forest Research. IITs at Delhi, Mumbai, Kharagpur and Roorkee have also 

set up their cells and evolved their IPR policies (Mathew, 2013). 

Ministry of Science and Technology issued the guidelines ‘Instructions for 

Technology Transfer and Intellectual Property Rights’ in March 2000, which 
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would help in enhancing the motivation of scientists, research Institutions 

and universities in projects funded by the Department of Science and 

Technology, Department of Biotechnology, Department of Scientific and 

Industrial Research and Department of Ocean Development.  

The salient features of the guidelines are (Mathew, 2012); 

• Institutions shall be encouraged to seek protection of intellectual 

property rights in respect of the results of R&D. They may retain the 

ownership of such IPR. Here Institutions mean any technical, 

scientific or academic establishment where research is carried out 

through funding by the central or the state governments; 

• The Institutions shall take necessary steps to commercially exploit 

patents on exclusive or on non-exclusive basis; 

• The owner institution is permitted to retain the benefits and earnings 

generated out of the IPR. The institution may determine the share of 

inventor(s) and other persons from such actual earnings. However, 

such share shall be limited to one third of the actual earnings; 

• IPR generated through joint research by institution(s) and industrial 

concern(s) through joint efforts can be owned jointly by them or as 

may be mutually agreed to by them through a written agreement. 

The institution and industrial concern may transfer the technology to 

a third party for commercialization on exclusive/ non-exclusive 

basis. The third party, exclusively licensed to market the innovation 

in India, must manufacture the product in India. The joint owners 

may share the benefits and earnings arising out of commercial 

exploitation of the IPR; 

• The owner institution shall set apart not less than 25% of the revenue 

generated from; 

• IPR to create a Patent Facilitating Fund which shall be utilized by the 

institution for updating inventions, filing new patent applications 
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and protecting IP rights against infringement, and for building 

competency in the area of IPR and related issues; 

• The Government shall have a royalty free license for the use of the 

Intellectual property for the purposes of the Government of India.  

This is a major departure in the approach and policy towards managing 

inventions in India by the Ministry of Science and Technology. In order to 

have a uniform policy of the government in this respect, it may be useful to 

have a suitable law in this regard. It is obvious that with more and more 

autonomy to research institutions in regard to IPR and technology transfer, 

these institutions, and the scientists working there would have stronger 

motivation to invent products and processes, which are required by the 

market (Mathew, 2013). 

5.5.7. Documenting the Traditional Knowledge  

Documentation of TK in an organised manner started as early in 1982. 

Number of government institutions are involved in this work such as the 

Council for Scientific and Industrial Research (CSIR), National Botanical 

Research Institute (NBRI), Central Drug Research Institute (CDRI), National 

Institute of Immunology (NII), Tropical Botanical Garden and Research 

Institute (TBGRI),  National Medicinal and the Aromatic Plant Institute 

(NMAPI).The opening up of the globalised market, external pressures from 

TRIPS and the emergence of a significant interest group within the country 

that supports the new market and IPR regimes have led India to attempt to 

be in the forefront through pioneering initiatives in this arena in the rush to 

garner an advantageous position in the global market (Mathew, 2013).  

5.5.7.1. Traditional Knowledge Digital Library (TKDL) 

The Indian government set up the Traditional Knowledge Digital Library 

(TKDL), an electronic database, to document public-domain information 

about medicinal plants including traditional systems such as Ayurveda, 

Unani, Sidha, Naturopathy and folklore. The information is then classified 

under Traditional Knowledge Resource Classification (TKRC), an 
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information retrieval system linked to International Patent Classification 

(IPC).This is to make the information available worldwide to national patent 

office’s through the IPC system to establish Indian rights to that knowledge 

so that they are not awarded patents since a claim could be laid then that the 

knowledge is already in the public domain.  

The genesis of TKDL dates back to the Indian effort on revocation of patent 

on wound healing properties of Turmeric at the USPTO and anti-fungal 

properties of Neem at  EPO. In 2000, the TKDL expert group estimated that 

about 2000 wrong patents concerning Indian systems of medicine were 

being granted every year at international level, mainly due to the fact that 

India’s traditional medical knowledge existing in languages, such as 

Sanskrit, Hindi, Arabic, Urdu, Tamil etc. was neither accessible nor 

comprehensible for the patent examiners at the international patent office’s 

(Mathew, 2013).  

India signed TKDL Access Agreement with (i) European Patent Office (Feb 

2009), (ii) United State Patent & Trademark Office (Nov 2009), (iii) Canadian 

Intellectual Property Office (Sep 2010), (iv) German Patent Office (Oct 2009), 

(v) United Kingdom Patent & Trademark Office (Feb 2010) and (vi) 

Intellectual Property, Australia (Jan 2011).           In-principle Agreement has 

been reached with the Japan Patent Office while negotiations are under way 

to conclude the Access Agreement with the Intellectual Property Office of 

New Zealand.c 

These unique international Access Agreements are expected to have long-

term implications on the protection of both traditional knowledge and 

global intellectual property systems in view of the fact that in the past, 

patents have been granted at various patent offices on the use of over 200 

medicinal plants due to the lack of access to the documented knowledge in 

public domain. Also, 40-50 patent applications based on Indian traditional 

knowledge are awaiting grant of patent at any point of time. 

                                                           
c   See more details, Traditional Knowledge Digital Library, available at 

www.tkdl.langdefault/common/home.asp. 
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The National Innovation Foundation (NIF) of India, established in 2000 by 

the Department of Science and Technology, Government of India, provides 

institutional support in scouting, spawning, sustaining and scaling up 

grassroots innovations and helping their transition to self-supporting 

activities. NIF established the National Register of Innovations and Unique 

Traditional Knowledge (NRITUK). These innovations are to be supported 

for incubation and conversion into viable business opportunities. Society for 

Research and Initiatives for Sustainable Technologies (SRISTI), a 

nongovernmental initiative based in Ahmedabad in Gujarat established in 

1993, promoted the ‘Honey Bee Network’ to document and promote 

innovations through entrepreneurship (Mathew, 2013).  

The Honey Bee database of 12,000 innovations collected and documented by 

SRISTI would be part of the National Register of Innovations to be managed 

and supported by NIF. Grassroots Innovations Augmentation Networks 

(GIANs) in various geographic regions have been established to link up 

innovations, investments and enterprises. Input of formal science and 

technology, design, handholding support for project planning and 

management, finance and marketing intelligence to enable transition of an 

innovation into product and then into enterprise. The National Biodiversity 

Act also indicates village or community biodiversity chronicles/ registers to 

be carried out at a national level (Mathew, 2013). 

5.6. Summary  

The Protection of biodiversity associated Traditional knowledge resources 

has been the central theme of sustainable development. Agriculture, 

pharmaceuticals, forestry, fisheries, and tourism are all key areas that are 

heavily dependent upon biodiversity, attracting the attention of industry 

researchers and investors. Management of biological resources has a 

profound effect on biodiversity and the ecological services that sustain life. 

Application of biotechnology for production purposes has had 

revolutionary effect on the use and transformation of biodiversity associated 

resources.  
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Discussion on the biodiversity reveals that it is located mostly in the global 

south. The countries in Asia, Africa and South America account for major 

chunk of such resources. These region's have countless varieties of plants and 

trees that are viewed as a treasure trove of genetic material with innumerable 

potential applications. The knowledge of pan genetic resources and its 

application in almost all walks of production have stimulated unprecedented 

raise for access, possession and control by multinational companies, research 

laboratories, universities and various other stake holders. The value of 

biodiversity associated resources in the global market is astonishingly high 

which would suggest the recent surge in bioprospecting.  

Globalisation has exponentially increased the chances of acquiring first-

hand information about the knowledge that indigenous peoples have and 

the intrusion of western styles in their traditional cultures and the 

exploitation of natural resources in their territories-a typical behavior of the 

western actor-have produced emigrations as well as the consequent 

subsuming of indigenous peoples as a whole. TK about ecosystems, 

specifically regarding medicinal plants and animals, has become the "green 

gold" of transnational corporations, representing increasingly important 

economic advantages for just a few.  

The Indian experience reveals that until the advent of TRIPS Agreement, the 

IPR protection in the country has served well the interests of the people and 

society on the one hand and the legitimate interests of the right holders on 

the other. Implementation of the TRIPS Agreement in India, as in the case of 

other developing countries, did experience a variety of challenges, the 

intensity of which was felt high in the realm of protection of indigenous and 

traditional knowledge as well as biodiversity resources.  

There have been several cases of bio-piracy of TK from India. It includes, as 

discussed in this chapter, the misappropriation of resources related Indian 

herbal plants such as neem, turmeric, Aswagandha,  Karela, Jamun, Brinjal, 

etc. Many of these claims with minor modifications in methods of extraction 

and processing could amount to bio-piracy of the centuries old TK of Indian 
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system of medicine. There is also the view that the TRIPS Agreement 

permits patenting of organisms that encourages 'bio-piracy'. Whilst the 

corporations stand to make huge revenues from this process, the local 

communities are unrewarded and in fact face the threat in future of having 

to buy the products of these companies at high prices.  

In this regard the legislative initiatives made in India, especially the 

Protection of Plant Varieties and Farmers Rights Act 2001 and Biodiversity 

Act 2002 merit serious attention. The PPVFA was appreciated by various 

stake holders especially for its classification of plant varieties into three 

protectable categories: (a) New Varieties, (b) Extant varieties, and (c) 

Farmers' Varieties. The extant variety typology itself was introduced to 

protect traditional knowledge and indigenous rights. Section 28 of the Act 

provides that the Government, as the owner of the extant varieties, enjoys 

the rights to determine their production, sale, marketability, distribution, 

importation or exportation. The objective is to protect biodiversity by 

empowering the government to negotiate with entities that require 

biodiversity materials for creating biotechnology innovations.  The Act also 

provides for benefit sharing which may provide ample scope for protection 

of biodiversity related traditional knowledge in India.  

Indian experience reveals that the national level, number of initiatives have 

been made to protect Traditional Knowledge and biodiversity. National 

Biodiversity Authority, National and State Biodiversity Boards, Biodiversity 

Management Committees and Biodiversity Heritage Sites.  

In brief, the discussion in this chapter reveals that there is ample scope for 

devising appropriate regional and national regulatory framework for the 

protection of biodiversity associated traditional knowledge. Having learned 

from its own experience in bio-piracy, India has initiated certain solid 

measures PPVFA, Biodiversity Act and TKDL. TDKL is one of the 

prestigious initiatives to protect Traditional Knowledge and prevent bio-

piracy.  However, legal initiatives need to be supplemented with adequate 

administrative and participatory measures.  
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NATIONAL BIODIVERSITY ACTION PLAN 
 
 
1. PREAMBLE 
 

India is known for its rich heritage of biological diversity, having already 

documented over 89,000 species of animals and 46,000 species of plants in its 10 bio-

geographic regions.  Nearly 6,500 native plants are still used prominently in indigenous 

healthcare systems.  Thousands of locally-adapted crop varieties, grown traditionally 

since ancient times, and over 130 native breeds of farm livestock, continue to thrive in 

its diversified farming systems. The country is recognized as one of the eight Vavilovian 

Centres of Origin and Diversity of Crop Plants, having more than 300 wild ancestors 

and close relatives of cultivated plants still growing and evolving under natural 

conditions. 

 

Biodiversity (comprising all the diversity observed among species, their 

populations and also the vast ecosystems), that we see around us today, is the 

outcome of over 3.5 billion years of evolutionary development, shaped by natural 

processes and increasingly by human influence. It sustains the web of life and we fully 

depend upon it to meet our food, healthcare and other daily needs. Conserving 

biodiversity is basic to our survival and well-being and using it sustainably forms part of 

the Indian culture and lifestyle.  Biodiversity and ecosystem services provided by it 

contribute to poverty eradication and national development. 

  

 Biodiversity is not distributed evenly across the globe. Certain countries, lying 

mostly in the tropics, are characterized by high species richness and more number of 

endemic species. Called megadiverse countries, 17 of them formed the group of Like 

Minded Megadiverse Countries (LMMCs) and India was invited in 2004 to chair this 

group for two years. During this period, India coordinated the development of common 

position of LMMCs, especially for negotiations of an international regime on access and 

benefit sharing.   
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India has participated actively in all the major international events related to 

environment protection and biodiversity conservation over the past decades and has 

ratified all the major biodiversity and environment related global conventions (Table 1). 

It played a lead role in developing the agreed text for the Convention on Biological 

Diversity (CBD) and became a Party to it in February 1994. The three objectives of the 

CBD are conservation of biodiversity, sustainable use of its components, and fair and 

equitable sharing of benefits arising out of the use of these resources.  Article 6 of this 

Convention calls upon the Parties to develop national biodiversity strategies and action 

plans. Recognising the sovereign rights of States over their natural resources, access to 

genetic resources rests with the national governments and it is subject to national 

legislation (Article 15). 

 

The Union Ministry of Environment & Forests (MoEF), the nodal agency for 

implementing provisions of CBD in India, developed a strategy for biodiversity 

conservation at macro-level in 1999 and got the Biological Diversity Act enacted in 2002 

followed  by the rules thereunder in 2004. There is a need now to develop and 

implement a suitable national action plan for promoting biodiversity conservation, 

sustainable use of its components and equitable sharing of benefits arising from such 

use. The National Environment Policy, 2006, seeks to achieve balance and harmony 

between conservation of natural resources and development processes and also forms 

the basic framework for the National Biodiversity Action Plan. 
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Table 1: Major multilateral environment agreements (MEAs) ratified by India 

MEAs Year Entry into 
force 

Date of 
ratification 
by India  

Issues covered 

Convention on 
Wetlands of 
international 
importance 

1971 21.12.1975 11.02.1982 Conservation and wise use 
of wetlands. Primarily as 
habitat for the Water-bird 

Convention for the 
Protection of World 
Cultural and Natural 
Heritage 

1972 17.12.1975 4.11.1977 Protection an conservation 
of cultural and natural 
heritage 

Convention on 
International Trade 
in Endangered 
Species 

1973 1.07.1975 20.07.1976 International trade in 
endangered species of wild 
fauna and flora 

Convention on 
Migratory Species of 
Wild Animals (CMS) 

1979 1.11.1983 01.11.1983 Conservation and 
management wise use of 
migratory species of wild 
animals and their habitats 

Convention on 
Substances that 
Deplete the Ozone 
Layer (Vienna) 

1985 22.09.988 18.03.1991 Atmospheric ozone layer 
above the planetary 
boundary layer 

Protocol on 
Substances that 
Deplete the Ozone 
Layer (Montreal) 

1987 1.01.1989 19.06.1992 Atmospheric ozone layer 
above the planetary 
boundary layer 

Convention on 
Transboundary 
Movements of 
Hazardous Wastes 
and their Disposal 
(Basel) 

1989 5.05.1992 24.06.1992 Transboundary movements 
of hazardous wastes and 
their disposal 

United Nations 
Framework 
Convention on 
Climate Change 
(UNFCC) 

1992 21.03.1994 01.11.1993 Changes in the earth’s 
climate system due to 
anthropogenic interference 

Protocol to the 
UNFCC (Kyoto) 

1997 16.02.2005 26.08.2002 Qualified emission limitation 
and reduction commitments 
for Annex I Parties 
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MEAs Year Entry into 
force 

Date of 
ratification 
by India  

Issues covered 

Convention on 
Biological Diversity 
(CBD) 

1992 29.12.1993 18.02.1994 Biological diversity and 
biological resources 

Protocol on 
Biosafety to the 
CBD (Cartagena) 

2000 11.09.2003 11.09.2003 Transboundary movement, 
transit, handling and use of 
living modified organisms 
(LMOs) 

United Nations 
Convention to 
Combat 
Desertification  

1994 26.12.1996 17.12.1996 Combating desertification 
and mitigate the effects of 
drought, particularly in 
Africa 

Rotterdam 
Convention on the 
Prior Informed 
Consent Procedure 
for Certain 
Hazardous 
Chemicals and 
Pesticides in 
International Trade 

1998 24.02.2004 24.05.2005 Promote shared 
responsibility and 
cooperative effort among 
the Parties in the 
international trade of certain 
hazardous chemicals, in 
order to protect human 
health and the environment 
from potential harm and to 
contribute to their 
environmentally sound use 

Stockholm 
Convention on 
Persistent Organic 
Pollutants 

2001 17.05.2004 13.01.2006 Protect human health and 
the environment from 
persistent organic pollutants  

 



 5 

2. INTRODUCTION 
 

Biological diversity, or biodiversity, encompasses the variety of all life on earth. 

Biodiversity manifests itself at three levels: species diversity which refers to the 

numbers and kinds of living organisms; genetic diversity which refers to genetic 

variation within species; and ecosystem diversity which denotes the variety of habitats, 

biological communities and ecological processes.  

 

Notwithstanding the fact that current knowledge of the number of species 

inhabiting the Earth is still incomplete, estimates vary from 8 to 14 million species.  To 

date, about 1.7 million species have been described while many more await discovery. 

India, a megadiversity country with only 2.4% of the land area, accounts for 7-8% of the 

recorded species of the world spread over 46,000 species of plants and 89,000 species 

of animals that have been documented so far (Tables 2 and 3). 

 

At the global level, 2,78,900 species of microorganisms have been described so 

far out of the estimated 3.75 million extant species. In India, 5,650 microbial species 

have been described.  

 

A wide variety in physical 

features and climatic situations has 

resulted in a diversity of habitats and 

ecosystems such as forests, 

grasslands, mountains, wetlands, 

coastal and marine (mangroves and 

coral reefs) and deserts. India is also 

one of the eight primary centres of origin of cultivated plants and is an acknowledged 

centre of crop diversity, including over 320 closely related wild species mainly of rice, 

and several important pulses, millets, vegetables, fruits and fibre plants (Table 4).  In 

addition, nearly 140 breeds of domesticated animals (such as buffalo, cattle, sheep, 

goat, camel, horse and poultry) are also found here (Table 5).   
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Table 2: Recorded plant species 

Taxonomic group No. of species % of world flora 

 India World  

Angiosperms 17500 250000 7.0 

Gymnosperms 48 650 7.4 

Pteridophytes 1200 10000 12.0 

Bryophytes 2850 14500 19.7 

Lichens 2075 13500 15.0 

Fungi 14500 70000 20.7 

Algae 6500 40000 16.30 

Virus/Bacteria 850 8050 10.6 

Total 45523 406700 11.80 

 Source: India’s Third National Report to CBD, 2006 
 
  

Table 3: Recorded animal species 

Taxonomic group No. of species % of world fauna 

 India  World  

PROTISTA (Protozoa) 2577 31250 8.24 

ANIMALIA 

Mesozoa 10 71 14.08 

Porifera 486 4562 10.65 

Cnidaria 842 9916 8.49 

Ctenophora 12 100 12.00 

Platyhelminthes 1622 17500 9.22 

Nemertinea - 600 - 

Rotifera 330 2500 13.20 

Gastrotricha 100 3000 3.33 

Kinorhyncha 10 100 10.00 

Nematoda 2850 30000 9.50 

Nematomorpha - 250 - 

Acanthocephala 229 800 28.62 

Sipuncula 35 145 24.14 

Mollusca 5070 66535 7.62 

Echiura 43 127 33.86 

Annelida 840 12700 6.61 
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Taxonomic group No. of species % of world fauna 

 India  World  

Onychophora 1 100 1.00 

Arthropoda 68389 987949 6.90 

Crustacea 2934 35534 8.26 

Insecta 59353 867391 6.83 

Arachnida 5818 73440 7.90 

Pycnogonida 16 600 2.67 

Pauropoda - 360 - 

Chilopoda 100 3000 3.33 

Diplopoda 162 7500 2.16 

Symphyla 4 120 3.33 

Merostomata 2 4 50.00 

Phoronida 3 11 27.27 

Bryozoa (Ectoprocta) 200 4000 5.00 

Entoprocta 10 60 16.66 

Brachiopoda 3 300 1.00 

Pogonophora - 80 - 

Priapulida - 8 - 

Pentastomida - 70 - 

Chaetognatha 30 111 27.02 

Tardigrada 30 514 5.83 

Echinodermata 765 6223 12.29 

Hemichordata 12 120 10.00 

Chordata 4994 48451 10.40 

Protochordata 119 2106 5.65 

Pisces 2546 21723 11.72 

Amphibia 240 5150 4.66 

Reptillia 460 5817 7.91 

Aves 1232 9026 13.66 

Mammalia 397 4629 8.58 

Total (Animalia) 86905 1196903 7.25 

Grand Total (Protista + 
Animalia) 

89492 1228153 7.28 

Source: India’s Third National Report to CBD, 2006
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Table 4: Wild relatives of crop plants in India 

Crop No. of wild relatives 

Cereals & Millets               46         
Pulses               81 
Fruits               91         
Spices and Condiments               28 
Vegetables                76 
Fibre crops               15           
Oilseeds               14 
Miscellaneous plants               28 
Total             379 

 
 

Table 5: Indian native breeds of domesticated animals 

Group    Number 
Cattle        30 
Buffalo        10 
Sheep        42 
Goat        20 
Camel          9 
Horse          6 
Donkey          2 
Poultry        18 
Total      137 

 

 Environment protection is enshrined in the Constitution of India.  Article 48-A and 

Article 51-A(g) of the Directive Principles of State Policy in the Constitution of India state 

that “the State shall endeavour to protect and improve the environment and to 

safeguard the forests and wildlife in the country”, and it is a duty of every citizen “to 

protect and improve the national environment including forests, lakes, rivers and wildlife, 

and to have compassion for living creatures”. Under the system of democratic 

decentralization of responsibilities enshrined in Constitution amendment No. 73 of 1993, 

local bodies consisting of elected representatives, one third of whom are women, have 

been entrusted with the responsibility of safeguarding the local environmental capital 

stocks.  
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At the Central Government level, MoEF is the focal point for biodiversity 

conservation, as well as the nodal Ministry for all environment and forest related 

matters. Biodiversity being a multi-disciplinary subject, several other 

Ministries/Departments and affiliated agencies at the central and state levels are also 

undertaking biodiversity related programmes.  At the central level, the 

Ministries/Departments of Agriculture, Health, Water Resources, Rural Development, 

Power, Industry, New and Renewable Energy, Urban Development, and Science and 

Technology have important programmes relating to biodiversity. 

 

India’s strategy for conservation and 

sustainable utilization of biodiversity 

focuses on according special status and 

protection to biodiversity rich areas by 

declaring them as national parks, wildlife 

sanctuaries, biosphere reserves, and 

ecologically fragile and sensitive areas; 

diverting pressure on reserve forests by 

supporting   alternative   measures    for 

meeting fuel wood and fodder needs of people; afforestation of degraded areas and 

wastelands; and creation of ex-situ conservation facilities such as gene banks,  within 

the overall ambit of a stable institutional framework. Conservation programmes for 

species such as tiger and elephant, and species-specific sanctuaries for wild and 

domesticated biodiversity have been established so as to strengthen conservation 

efforts.  Setting up of zoos, botanical gardens, and captive breeding centers, and also 

promoting genetic mapping, gene banking and research activities on ex situ / in situ 

conservation, are other initiatives. Protected areas are the cornerstones of biodiversity 

conservation in India, and approximately 4.74% area of the total geographical area of 

the country is already under in situ conservation of habitats and ecosystems.  
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India has participated in all major international events on environment issues, 

since the Stockholm Conference on Human Environment and Development in 1972.  

The country has contributed to and ratified several key multilateral agreements on 

environment issues, including the Convention on Biological Diversity(CBD). Pursuant to 

the CBD, following a widespread consultative process, a National Policy and Macrolevel 

Action Strategy on Biodiversity was developed in 1999 to consolidate and augment 

existing strategies and programmes relating to biodiversity.  India has also enacted the 

Biological Diversity Act, 2002, which was developed through an extensive and intensive 

consultation process initiated in 1994.  India is one of the few countries to have enacted 

such legislation.  This Act primarily aims at regulating access to biological resource and 

associated traditional knowledge so as to ensure equitable sharing of benefits arising 

out of their use, in accordance with the provisions of the Article 15 of the CBD.  

Thereafter, the Government has also promulgated the Biological Diversity Rules, 2004.   

 

The National Environment Policy (NEP) 2006 seeks to achieve balance and 

harmony between conservation and development.  The policy is intended to mainstream 

environmental concerns in all development activities.  The dominant theme of this policy 

is that while conservation of environmental resources is necessary to secure livelihoods 

and well being of all, the most secure basis for conservation is to ensure that people 

dependent on particular resources obtain better livelihoods from the fact of 

conservation, than from degradation of the resource.   The NEP prescribes that human 

beings are at the centre of concerns for sustainable development and they are entitled 

to a healthy and productive life in harmony with nature. 

 

The principal aim of the National Forest Policy, 1998 is to ensure environmental 

stability and maintenance of ecological balance including atmospheric equilibrium which 

are vital for sustenance of all life forms, human, animal and plant. The derivation of 

direct economic benefit must be sub-ordinated to this principal aim. The national goal 

should be to have a minimum of one-third of the total land area of the country under 

forest or tree cover. In the hills and in mountainous regions, the aim should be to 
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maintain two-third of the area under such cover in order to prevent erosion and land 

degradation and to ensure the stability of the fragile eco-system.  

 

The current phase of graduated economic liberalization in India which began in 

1991, proceeds hand in hand with a sustained process of political decentralization 

which aims at devolving works and responsibilities on culturally diverse populations to 

implement local development plans.  Project and programme designs for biodiversity 

conservation need to be predicated on socio-cultural convergence and user harmony.   

A major concern now is to formulate and implement a National Biodiversity 

Action Plan (NBAP) taking in view the prevailing threats to biodiversity as well as  

challenges to the ongoing conservation efforts.  The NBAP needs to be consistent with 

the ecological, social, cultural and economic mosaic of the country. India’s cultural 

diversity which is closely linked with its biogeographic features, itself offers a major 

challenge to prepare and implement a biodiversity action plan.  Preparation of NBAP is 

also in pursuance of Article 6a of the CBD. 

  

The process of preparing the NBAP for India was carried out by Ministry of 

Environment & Forests involving wide consultations and planning with various 

stakeholders across the country, including an externally aided project on ‘National  

Biodiversity Strategy and Action Plan (NBSAP). Under the NBSAP project, 33 State 

level, 10 ecoregion level, 18 local level, and 13 thematic action plans were prepared.  

On the basis of these action plans, a final technical report of NBSAP project was 

prepared under the project.   This NBAP document is broadly based on the evaluation 

of existing legislations, regulatory systems, implementation mechanisms, existing 

strategies, plans and programmes, using the report of NBSAP project as one of the 

inputs. It proposes to design actions based on the assessment of current and future 

needs of conservation and sustainable utilization, and of physical and fiscal instruments, 

with particular reference to implications and impact of such instruments on short and 

long term basis.  Considering the multidisciplinary nature of biodiversity, the actions 

identified in the NBAP are aimed towards integration of the three objectives of the CBD 

into relevant sectoral or cross-sectoral plans, programmes and policies. The NBAP 



 12 

takes into account ecosystem approach, where appropriate, and promotes 

mainstreaming of gender considerations. The challenge before India is not only to 

sustain the efforts of the past, but also to further consolidate the endeavour in 

accordance with a rational need assessment. 

 

Chapter 3 of this NBAP document describes the major threats and constraints 

facing biodiversity conservation.  For the purpose of addressing these threats, 

objectives of NBAP have been outlined in Chapter 4, followed by corresponding action 

points emanating from the objectives in Chapter 5.  A tabulated matrix for 

implementation of the key activities of NBAP indicating the implementing agencies and 

timeframe is given in Chapter 6. 
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3.  BIODIVERSIT Y CONSERVATION: THREATS AND CONSTRAINTS 
  

 In the backdrop of varying 

socio-cultural milieu and often 

conflicting demands of various 

stakeholders, there remains an 

imminent need for augmenting 

and accelerating the efforts for 

the conservation and sustainable 

use of biological diversity, and a 

fair and equitable sharing of 

benefits arising from  the 

utilization of genetic resources.  

Threat to biodiversity stems 

mainly from:  habitat 

fragmentation, degradation and 

loss; shrinking genetic diversity; invasive alien species; declining forest resource base; 

climate change and desertification;  over exploitation  of resources; impact of 

development projects; and impact of pollution. The constraints and challenges to 

biodiversity conservation which flow inter alia from these threats include:  biodiversity 

information base; implementation of Biological Diversity Act and safeguarding traditional 

knowledge; new and emerging biotechnologies; economic valuation and natural 

resource accounting; policy, legal and administrative measures; and institutional 

support.  
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3.1 Habitat fragmentation, degradation and loss, and shrinking genetic 
diversity 

 
Habitat destruction is identified as 

the main threat to biodiversity. 

Under diverse natural conditions, 

over a billion people in rural and 

urban areas live in harmony 

under a democratic system in 

India. Their pressing needs for 

food, fibre, shelter, fuel and 

fodder combined with compelling 

need for economic development  

exert enormous pressure on natural resources. With half the total land under 

agriculture, and approximately 23 per cent under forests, the protection of 

diverse habitats poses a formidable challenge.  

 

The loss and fragmentation of natural habitats affects all animal and plant 

species. We need to not only stop any further habitat loss immediately but also to 

restore a substantial fraction of the wilderness that has been depleted in the past. 

Various species of plants and animals are on the decline due to habitat 

fragmentation and overexploitation, e.g. habitats of Great Indian Bustard in 

Madhya Pradesh, Gujarat and Rajasthan, and of the Lion-tailed Macaque in 

Western Ghats. 

 

The major impact of developmental activities involves diversion of forest land.  

Since the enactment of Forest (Conservation) Act in 1980, about 14,997 

development projects involving 11.40 lakh hectare forest area, have been 

granted forestry clearance. Against this diversion, Compensatory Afforestation 

has been stipulated over 12.10 lakh hectare. 
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Habitat fragmentation is also one of the 

primary reasons leading to cases of man-

animal conflict. Common property resources 

like pastures and village forests, which 

served as a buffer between wildlife habitat 

and agriculture, have been gradually 

encroached upon and converted into 

agricultural fields and habitation.  Due to this, 

the villagers are brought into a direct conflict 

with wild animals.  The usual cases regarding 

man-animals conflicts relate to leopards, 

elephants, tigers, monkeys, blue-bulls, wild 

 boars and certain birds. Section 11 of the Wildlife (Protection) Act, 1972 

authorizes the Chief Wildlife Warden of a State/U.T. to permit the 

translocation/capturing/killing of a wild animal in the following circumstances: 

 

• Schedule-I animals (Elephant, Tiger, Leopard, etc.) only when they pose 

threat to human life or have become so disabled or diseased beyond 

recovery. 

• Other wild animals (Blue Bull, Wild Boar, Monkeys, etc.) when they pose 

threat to human life, crops and other properties or have become so disabled 

or diseased beyond recovery. 

 

Sacred groves (India has over 19,000 sacred groves) are also getting eroded or 

getting converted to plantations.   Because there are several medicinal plants 

and wild relatives of crop plants occurring naturally in these areas, the sacred 

groves need to be conserved.  Traditional norms and practices for conservation 

of neighbourhood forest and common land are also diminishing, although certain 

rural and tribal communities continue to safeguard their biological resource base 

even at the cost of their livelihood and sustenance (Box 1)  
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Loss of habitats and over 

exploitation have led to depletion 

of genetic diversity of several wild 

animals and cultivated plants. 

Shrinking genetic diversity leads 

to more vulnerability to diseases 

and pests and lesser adaptability 

to environmental changes. This 

lesson has emerged from the 

world-wide    experience        of 

drastically curtailed genetic diversity in agricultural biodiversity following the so-

called Green and White Revolutions in agriculture-based economies, including 

India. 

 

Conserving the flagship large animal species (such as the lion, tiger, rhino and 

elephant) has also attracted the concern that these projects should aim at 

Box 1: Bishnois – Committed to conservation 

 

The Bishnoi tribe of Western Rajasthan has, over the centuries, protected the trees and wild animals 

in and around their villages.  Bishnois do not cut trees for fuel and timber; they remove only the dead 

trunks and twigs. Spotted deer, black buck and blue bulls can be seen foraging fearlessly in their 

fields. Even if the crop is consumed by herds of deer, the Bishnois do not chase away the animals. 

 

In 1730 A.D. Maharaja Abhaya Singh of Jodhpur ordered cutting of trees in large numbers to provide 

timber for building a fortress. He sent soldiers to Bishnoi villages to cut down khejari trees growing in 

the area. When soldiers applied the axe, the Bishnoi villagers pleaded to spare the trees., When the 

soldiers did not relent they hugged the trees and as many as 363 of them laid down their lives to save 

the trees. 

 

The Bishnois worship nature in all its manifestations, conserve trees and medicinal plants, provide 

food and water to animals, and are vegetarians in their diet, as advocated by their Guru Jambaji. 
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broadening the genetic base (gene pool) in breeding populations besides 

focusing on habitat protection. The decisive factor in saving critically endangered 

species is maintaining the minimum size and genetic base of inter-mating 

individuals rather than their total number which may include the non-breeding 

individuals also.   

 

An assessment of plant genetic resources for food and agriculture illustrates this 

point. These resources contribute to people ’s livelihoods while providing food, 

medicine, feed for domestic animals, fibre, clothing, shelter, energy and a 

multiple of other products and services. India is remarkably rich in agriculturally 

important genetic resources. However,  both the number of crops grown on 

commercial scale and the number of their varieties grown under different agro-

ecosystems, have severely declined in recent decades reducing thereby the 

agricultural biodiversity maintained in diverse farming systems.  

 

About 150 crops feed most of the human population at present, but just 12 of 

them provide 80% of food energy (with wheat, rice, maize and potato alone 

providing 60%). Also, about 30 mammalian and bird species are used 

extensively, but just 15 of them account for over 90 per cent of global livestock 

production. The Indian scenario is not very different. Choice of crops and farm 

livestock in agricultural production systems is now getting largely influenced by 

market trends and changing lifestyles, affecting the variety, taste and nutrition 

value of our food basket.   

 
Landraces, developed and grown traditionally by farming communities through 

generations, locally adapted obsolete cultivars and their wild relatives comprise 

crop genetic resources. These provide the building blocks used by farmers and 

scientists as the raw material for breeding new plant varieties and also act as a 

reservoir of genes sought after for manipulation using new tools of biotechnology. 

Indigenous cultivars, adapted to local situations are, however, mostly low yielding 

(largely because of not receiving due breeding effort) and are, hence, getting fast 
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replaced by just a few high-yielding and pest-resistant superior varieties/hybrids 

under each crop. Alarm bells are ringing because narrow genetic base means 

more vulnerability to widespread epidemics. A large number of over 300,000 

samples of these cultivars, kept under long term storage in the National Gene 

Bank, have gone out of cultivation. Many among the well known nearly 140 

native breeds of farm livestock and poultry are also facing similar threat to their 

survival.  This is happening even when local breeds are genetically better 

adapted to their environment and are more cost effective being productive even 

whilst consuming lower quality feedstuffs.  The local breeds are also more 

resilient to climatic stress, are more resistant to local parasites and diseases, and 

serve as a unique reservoir of genes for improving health and performance of 

‘industrial’ breeds. Conservation and greater use of local breeds will be most 

effective in achieving food and nutrition security objectives at the local level.  

 
Wild species, related closely to their cultivated forms, are valued by plant 

breeders for obtaining genes for resistance to virulent diseases and tolerance to 

stresses like drought, salinity and temperature.  Continuing evolutionary 

development of these valuable species depends on adequate genetic diversity in 

their natural populations. Increasing fragmentation, degradation and loss of their 

habitats over the years have seriously limited their availability and threatened 

their survival. 

  

Efforts to conserve plants and animals in gene banks are vital but an even more 

important task is to maintain biodiversity on farms and in natural habitats where it 

can continue to evolve and adapt to changing conditions. As custodians of 

agricultural biodiversity, farmers are better suited to  conserving and developing 

these genetic resources, ensuring their survival and availability to serve present 

and future needs. Developing fruitful national partnership for this purpose, while 

working towards sustainable agriculture, presents a challenge to all the 

concerned government agencies, scientific institutions and rural communities.  

 



 19 

3.2 Declining natural resource base and overexploitation of resources 

India is endowed with diverse 

forest types ranging from the 

tropical wet evergreen forests in 

North-East to the tropical thorn 

forests in the Central and 

Western India.  The forests of the 

country can be divided into 5 

major groups based on climatic 

factors. These major groups have 

been further divided into 16 forest 

types based on temperature and they are further divided into several sub groups 

and type groups leading to 202 forest types and sub types based on location 

specific climatic factor and plant species constitution. Forests face threats on 

account of diversion of forest land for agriculture, industry, human settlements, 

and other developmental projects.  Construction of roads and canals, quarrying, 

shifting cultivation and encroachments are other threats.  Degradation of forests 

results from illicit felling, excess removal of forest products, fodder, fuelwood, 

forest floor litter, overgazing and forest fires. As a result, some of the floristic and 

faunal components, including many keystone and endemic forest species are 

now left with a narrow eroding populations which need to be urgently conserved.   

Even though forestry is the second largest land use in India after agriculture, 

covering approximately 23.57 percent (recorded forest area) of the total 

geographical area, the contribution to the Gross Domestic Product from forestry 

and logging is minimal (it was barely 1.1 percent in 2001). An estimated 41 

percent of the country’s forest cover has been degraded to some degree.  As 

much as 78 percent of forest area is subject to heavy grazing and about 50 

percent of the forest area is at risk from forest fires.  Domestic demand for timber 

and fuelwood is well above the sustainable level.  
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The rich diversity of medicinal plants 

(over 6500 species) in the country 

needs conservation and sustainable 

utilization, as their habitats are either 

degraded or the species are being 

overexploited. In fact, nearly 90% of the 

medicinal plants in trade are harvested 

from the wild.  The medicinal plants  

constitute critical resource for health care of rural communities and for the growth 

of Indian herbal industry. Currently India’s share in the Complementary Medicine 

related global market is only 0.3% and there exists immense scope for expanding 

its share in the 62 billion US$ world market from the present level of Rs. 5000 

crore. But, it is a sad reflection that while it has the knowledge, skills and 

resources, India has not yet seized opportunities in the global market. Even its 

0.3% share is largely (70%) through export of raw materials and only in a limited 

way (30%) through value addition and sale of finished products. Indian exports 

are thus guided by what may be termed as a trader’s vision rather than by a 

knowledge-products vision. 

 

The Ministry of Environment & Forests has mooted a Multi-Stakeholder 

Partnership (MSP) framework involving the three partners, namely, the land 

owning agency/ Forest Department, the local village community and the sponsor, 

for forestation on degraded forest lands and other lands, as one of the measures 

to achieve the National Forest Policy goal of one-third forest and tree cover in the 

country. 

 

Unsustainable exploitation of biodiversity resources, particularly by developed 

countries, have serious adverse impacts, both local and global. The global 

impacts are largely manifest in developing countries, and may further accentuate 

poverty in these countries. Failure on the part of developed countries to provide 

incentives for conservation in the form of financial resources, technology transfer 
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and scientific cooperation, as envisaged under the CBD, further dampen the 

conservation efforts in the developing countries. 

 

With the increase in population in our country, natural forests, woodlands and 

wetlands have been converted for agricultural use, fuelwood, timber and human 

settlements. The five grassland types in India (namely, Sehima-Dicanthium type, 

Dicanthium-Cenchrus-Lasiurus type, Phragmites-Saccharum-Imperata type 

Themada-Arundinella type and Temperate-Alpine type) too are under severe 

threat.  There is a dearth of both trained manpower and targeted research on 

grasslands and their carrying capacities. Similarly, the wetlands and coastal and 

marine ecosystems such as mangroves and coral reefs are also experiencing 

challenges from increased resource use, pollution, reclamation and illegal 

poaching.   

Biomass-based communities are faced with the problem of increasing 

vulnerability characterized by high poverty levels.  Although population growth 

and resource consumption are the proximate threats to biodiversity today, in the 

long run biodiversity’s fate will be determined by more than one variable, 

including social and economic progress of the country.  The steps that are taken 

to improve literacy, empower women, invest in health and child welfare, and 

stimulate sustainable economic development will in the end also determine the 

level where human population, and the demands it places on natural resources, 

stabilizes.  

3.3 Invasive Alien Species   

 

Among the major threats faced by native plant and animal species (and their 

habitats), the one posed by the invasive alien species is truly scaring since it is 

considered second only to that of the habitat loss. The major plant Forest 

Invasive Species (FIS) include Lantana camara, Eupatorium glandulosum , 

Parthenium species, Mimosa species, Eichhornia crassipes, Mikania micrantha, 

Ulex enropaeus , Prosopis juliflora, Cytisus scoparius, Euphorbia royleana etc. 
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Alien aquatic weeds like water hyacinth and water lettuce are increasingly 

choking waterways and degrading freshwater ecosystems. Lantana and carrot 

grass cause major economic losses in many parts of India. Highly invasive 

climbers like Chromolaena and Mikania species have over-run the native 

vegetation in North-East Himalayan region and Western Ghats. Numerous pests 

and pathogens such as coffee berry borer, turnip stripe virus, banana bunchy top 

virus, potato wart and golden nematode have invaded agro-ecosystems 

becoming serious menace.  

 

In addition, illegally introduced catfishes (like the African magur) and also the big 

head carp are known to have adversely affected native fish. Accidental entry of 

silver carp in Govindsagar lake and its subsequent  dominance over the native 

catla and mahseer fish is a shocking experience. Tilapia has similarly been 

reported to have adverse effects on indigenous species in Vaigai reservoir in 

Tamil Nadu. A recent intruder, the African catfish (also called Thai magur) seem 

to have posed even far greater threats to native fish fauna.      

 

In view of the severe damage that has been done to major ecosystems and 

taking note of the alarming environmental degradation caused by the invasive 

alien species, some states (like West Bengal, Tamil Nadu and Kerala) have 

adopted legislative and administrative measures for eradicating/preventing their 

further spread. These welcome initiatives notwithstanding, the threat posed by 

the exotic invasive species is not yet contained and awaits more effective steps 

to be taken at the ground level.   
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3.4 Climate Change and Desertification 

 

Climate change, on account of a build-

up of greenhouse gases in the 

atmosphere leading to global warming, 

poses another significant   threat    to 

biodiversity, ecosystems, and the 

goods and services they provide. 

There are indications that  

the projected changes in temperature and CO2 concentration may alter growth, 

reproduction and host-pathogen relationships in both plants and animals.  It is 

believed that the ecosystems with undiminished species diversity, and species 

with their genetic diversity intact, are likely to be in a much better position to face 

the impact of climate change. The Intergovernmental Panel on Climate Change 

in its summary report released in February, 2007, has estimated huge loss of 

biodiversity for biodiversity-rich megadiverse countries such as India, because of 

higher greenhouse gas emissions. Targeted research on impacts of climate 

change on forest types, eco-sensitive zones, crop yields and biodiversity is 

required under the changing climatic regime.  

 

Similarly, scientific studies have brought out that strong interlinkages exist 

between desertification and biodiversity loss.  This calls for undertaking focused 

research on the impact of desertification, as also synergizing efforts to combat 

desertification and promote biodiversity conservation. 
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3.5 Impact of Development Projects 

India, with its large population, is poised for 

rapid economic growth. Large infrastructural 

and industrial projects, including highways, 

rural road network, and the special economic 

zones (SEZs), are coming up. With cities and 

townships expanding, often at the cost of 

agriculture, and agriculture expanding at the 

cost of tree cover, fresh threats to biodiversity 

are emerging. In addition, changing lifestyles of  

the people, with rising incomes, in both rural and urban areas, are placing 

increasing demands on biodiversity. 

In order to harmonise developmental efforts with protection of environment, 

environmental impact assessment (EIA) was made mandatory by the EIA 

Notification issued in 1994 for notified categories of developmental projects in the 

sectors of industry, thermal and nuclear power, mining, river valley and 

infrastructure projects.  This Notification has been revised and notified on 14 

September 2006, to make the EIA process more efficient, decentralized and 

transparent. 

Biodiversity in India is facing threat from various sources of pollution, both point 

and non-point, too.  The major threats are from improper disposal of municipal 

solid waste, inadequate sewerage, excessive use of chemical pesticides and 

continuous use of hazardous chemicals even where non-hazardous alternatives 

are available.  New industrial processes are generating a variety of toxic wastes, 

which cannot be dealt with by currently available technology in the country.  

Besides, economic constraints and problems related to the indigenization makes 

the substitution of these technologies  difficult.  
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Although India’s per hectare use of pesticide is very low as compared with many 

other countries, pesticide residues in land, water and food have been detected 

over the last three decades.  Varying amounts of DDT and BHC residues have 

been found in agricultural produce including milk, fats, meat and fodder.  Levels 

found have been mostly below stipulated norms but their presence is a matter of 

concern.  

 

There is a need for significant body of research and development  seeking new, 

biologically based methods for abatement of pollution. 

3.6 Biodiversity Information Base 

So far, almost 70% of the 

country’s land area has been 

surveyed and around 46,000 

species of plants and 89,000 

species of animals have been 

described.  It is estimated that 

about 400,000 more species may 

exist in India which need to be  

recorded and described. The baseline data on species and genetic diversity, and 

their macro-and micro-habitats, is inadequate. Further, although, a number of 

organizations/agencies are working on various aspects of biodiversity, the 

information on the subject is scattered and not yet integrated into a national 

database. Some of the databases being developed are not upto the standard, 

primarily because of lack of infrastructure, skilled manpower and coordination 

among experts in different fields.  The different sectoral networks therefore need 

to establish a nationwide information system with a uniform format for collection, 

retrieval and dissemination of data.  
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The underground biodiversity, particularly soil microbes, are poorly understood. 

The degradation of land has led to the loss of underground biodiversity. Similarly, 

the microbial diversity of fresh water and marine ecosystems is little known and 

may yield novel compounds of therapeutic and industrial value.  For sustainable 

agriculture, microorganisms play a decisive role.  They have very wide potential 

for stimulating plant growth, increasing nutrient availability and accelerating 

decomposition of organic materials, and are anticipated to increase crop 

production as well as maintain sound environment for sustainable harvests.  

Hence, it is necessary to explore, preserve, conserve and utilize the unique 

microbial flora of our country for fulfilling the emerging food, fodder and fiber 

needs, clean environment and improved soil health.  There is a need to conserve 

microbial diversity from various niches for varied applications. 

The information on biodiversity of freshwater, coastal and marine areas of the 

country is highly fragmentary, although it has vast economic potential. Nearly 

50% of the aquatic plants of the world are recorded from the Indian sub-

continent, but only few have been studied in detail, probably because of 

inconvenience and inaccessibility.  In order to address some of these concerns, a 

National Institute on Mangroves and Coastal Bioresources is being set up by 

MoEF in Sunderbans. The human induced changes in terrestrial ecosystems 

have been adversely impacting the marine biodiversity too. Efficient management 

system for marine protected areas is lacking. Documentation, conservation and 

sustainable utilization of marine biodiversity are urgently needed.  In India, 

conservation biological studies have been carried out only on a few marine 

organisms (viz. estuarine crocodiles, and olive ridley, leather back and hawks bill 

turtles).   Other important life forms such as coral reefs, sea horses, sea 

cucumbers, dolphins, dugongs, whale, shark, mollusks and crustaceans have not 

been properly studied so far.  Information on several taxa is insufficient to 

categorise them as extinct, endangered, vulnerable or rare.  This is mainly 

because of the lack of expertise on specific groups, lack of funding to work on 
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groups having only scientific importance, lack of coordination in exchanging data, 

and lack of proper technology in culturing/growing the organisms.   

It is evident that the taxonomists are either aging or declining in number and 

there is lack of expertise in identification of several groups of organisms mainly 

because of failure in transferring the capacity in taxonomic identification to the 

next generation.  Similarly, the frontline forestry staff requires training for 

example in snorkeling and scuba diving, for equipping them for undertaking 

research and monitoring activities.  

India has a strong base of indigenous knowledge on various aspects of 

biodiversity including that of coastal and marine biodiversity.  This traditional 

knowledge has to be scientifically validated through screening of biological 

diversity for commercially valuable products, so as to make bio-prospecting 

useful and effective. 

Our understanding of the underlying causes of the loss of biodiversity is limited, 

as is the assessment of the consequences of such a loss for the functioning of 

ecosystems. Available data does not help in unequivocally establishing cause-

effect relationships. There is also a lack of any widely accepted indicator(s) of 

biodiversity. We need to strengthen institutional framework and human capacity 

to generate new knowledge, create greater awareness on the linkages of 

biodiversity with other components of our life- support system, and apply 

scientific solutions to the problem of erosion of species and genetic diversity. The 

loss is allied with increasing human demands and decreasing productivity in 

ecosystems.  
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3.7 New and emerging biotechnologies 

 
Development and introduction of 

transgenic or genetically modified 

organisms, developed through the use 

of r-DNA technology , are already in the 

process of revolutionising all facets of 

human life, be it agriculture, industry or 

health care.  Significant investments in 

biotechnology research have also been made in India and many research 

projects are at advanced stages of development. About 20 recombinant 

therapeutics and a transgenic crop i.e. Bt cotton have already been approved for 

commercial use in the country.  The area under Bt cotton cultivation has 

increased substantially in the last four years. Further, 11 transgenic crops are 

under various stages of field trials. Among various biosafety issues, there are 

concerns with respect to impact on biodiversity.  

 

A multi-tiered mechanism is already in 

place in India to evaluate and regulate 

such organisms and their products (Box 
2). However, the long-term impact of 

introduction of transgenics on 

biodiversity, particularly on genetic 

diversity of domesticated animals and 

crops, is far from clear. The sheer 

magnitude  of  potential  benefits   of  

transgenics, and the perceived fears of their possible harmful consequences, call 

for urgent steps to review the existing mechanisms and protocols for biosafety 

assessment of transgenic organisms on a continuous basis.  
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Box 2: Procedures involved in the approval of GMOs in India 

 

 

 

 

 

 

 

 

 

The use of Genetic Use Restriction Technologies  (GURTs) or terminator 

technologies  is prohibited and import of GURTs based products is also banned in 

the country (Box 3).  Hence, there is a need to further develop state-of-the-art 

containment facilities and diagnostic tools for GURTs in the country. 

Applicant 

GEAC functions: 
To approve for large scale 
use, open release in to 
environment  

IBSC functions 
To note, approve, recommend and 
to seek approval of RCGM 

IBSC 

RCGM MEC 

ICAR Trials 
To generate complete agronomic 
data and to recommend for 
commercial release of GM crops 
Clinical Trials 
To generate clinical data 
 

 RCGM functions 
To note, approve, 
recommend generation of 
appropriate biosafety and 
agronomic data 

MEC functions 
Visit multi location and large scale 
field trial sites, analyze data, inspect 
facilities, recommend safe and 
agronomically viable transgenics to 
GEAC through RCGM 

GEAC ICAR/ 
DCGI  

Release for commercial 
agriculture 
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Box 3: Genetic Use Restriction Technologies (GURTs) 

GURT, also called Terminator Technology, is a biotech-based strategy that prevents seed from 
germinating in the next growing season unless treated chemically by the seed company prior to planting. 
When seeds of crop varieties (containing this kind of genetic manipulation) are purchased from the 
company and planted, they germinate and grow normally but produce seeds that do not germinate when 
saved by the farmers and sown during the following season. Thus, healthy and high yielding plants are 
genetically commanded to produce ‘sterile’ seeds preventing the farmers to use them for the next 
season’s planting. The technology was first developed by the Delta & Pine Land, a multinational seed 
company, and the US Department of agriculture. If commercialized, ‘Terminator’ would compel farmers to 
purchase fresh seeds from the company every year. It is bad for agricultural biodiversity and worse for the 
small and marginal farmers. 
 
Farmers have to purchase seeds of high yielding Hybrid Varieties because seeds produced by the hybrid 
plants are not uniform and their production capacity decreases in successive seasons. Hybrid varieties 
are not yet popular in self-fertilised crop plants like wheat and rice whose seeds are normally replaced 
after five years or so and that too on exchange among the farmers. Multinational seed companies intend 
to prevent this traditional practice through GURTs. 
 
It is noteworthy that India opted to enact its own sui generis system (PPVFR Act 2001) for protection of 
crop varieties as required under the WTO-TRIPs provisions. The Indian system is largely compliant to an 
accepted international system for variety protection, called UPOV 1978, that permits farmers to use 
saved-seed and also exempts researchers in using seeds of protected varieties. These two exemptions 
distinguish this system from its more recent version called UPOV 1991 which does not permit them and 
operates more like the patenting system. GURTs can be employed to achieve this objective without the 
need to seek protection or patenting of new seed varieties.   
 
The International Agricultural Research Centre, operating under CGIAR, decided in 2000 against the use 
of this technology and India was the first country to block its entry. The  Government of India has further 
strengthened this action through Protection of Plant Varieties and Farmers’ Rights Act, 2001. Its Section 
29 (3) states that “Notwithstanding anything contained in sub-section (2) and sub-sections (1) and (3) of 
Section 15, no variety of any genera or species which involves ‘any technology’ which is injurious to the 
life or health of human beings, animals or plants shall be registered under this Act. For the purposes of 
this sub-section, the expression “any technology” includes genetic use restriction technology and 
terminator technology.” 
 

 

 
 

Policies and programmes, aimed at securing biotechnological capacity building of 

the country for realizing the actual and potential value of biodiversity, along with 

its conservation, also need to be strengthened.  
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3.8 Economic valuation and natural resource accounting 

Sensitivity to conservation issues and decision-making has been insufficient as a 

result of non-accounting of intrinsic value of biodiversity and non-visibility of 

serious damage caused to ecosystems and ecological balance in the immediate 

and long run. Despoilers of environment will not find it economically viable if an 

economic value is put on the goods and services provided by the ecosystem. In 

India, natural resource accounting systems are likely to play an important role in 

decision making and resource allocation in the future. However, such systems 

are still evolving and easily usable methods are not as yet available. Cess, user 

charges and other fiscal instruments are to be used to confer value on biological 

resources.   Among other things, an overt objective of such suggestions is to 

generate revenue, which could provide much needed financial support for 

biodiversity conservation programmes. However, feasibility and the eventual 

usefulness of these controls and fiscal instruments deserve evaluation.  

3.9 Policy, Legal and Administrative measures 

 

Although, various policy legal and administrative measures are in place to 

address various aspects of biodiversity conservation (including Wildlife Protection 

Act, 1972, Forest Conservation Act, 1980,  Biological Diversity Act, 2002 etc.), 

there is need for promoting greater harmony and synergy in these measures. 

Another major identified gap is lack of effective enforcement of existing laws.  For 

tribal dominated areas, the implementation of existing laws is to be gauged in the 

light of sixth schedule of constitution. 

 

Further, role of macro-economic policies and measures on biodiversity is least 

understood. Policies, which directly or indirectly work as incentives for 

indiscriminate use of biodiversity, are insensitive to biodiversity concerns. On the 

other hand, biodiversity and wildlife conservation policies that rely on denying 

people access to their natural resource base can inflict hardship on the poor, as 

there is no accounting of the costs of conservation thrust on them for the benefit 
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of distant interest groups. There is a need to promote people ’s participation and , 

cooperation, particularly those living inside PAs and fringe areas.  

 

Some of the good practices initiatives taken by the Ministry of Environment & 

Forests include rationalizing and streamlining the processes for environmental 

and forestry clearances for achieving greater transparency and inducting 

expertise in decision-making, and for ensuring that decisions are taken within a 

fixed time frame on each proposal. In addition, some developmental schemes of 

the Ministry have provision for supplementary and alternative livelihood support, 

and creation of minor infrastructure by way of paths and roads, jetties, drinking 

water, medical and health, irrigation facilities etc. with the objective of improving 

the quality of life of people living in and around forests and other biological 

resources.   

 

Even though the Biological Diversity Act was enacted in 2002, and the Rules 

notified in 2004, its provisions are yet to be fully and effectively implemented.  

This progressive legislation has the potential to address the lacunae in several 

aspects relating to conservation and management of biodiversity and associated 

traditional knowledge.  However, its implementation is proving to be quite 

challenging.  

 

The Act provides for setting up of a National Biodiversity Authority (NBA), State 

Biodiversity Boards (SBBs) and Biodiversity Management Committees (BMCs) at 

local levels.  The Act also stipulates preparation of People ’s Biodiversity 

Registers (PBRs) by the BMCs involving local people and with guidance from 

SBBs and NBA, for documenting traditional knowledge relating to biodiversity.  

The implementation of preparation of People ’s Biodiversity Registers programme 

across the country is an enormous task. Further, it has many limitations. The 

programme may have to be implemented in a phased manner after addressing 

the limitations. The Institutes/Agencies which have already initiated such 

programmes should be strengthened to complete the task in States where the 



 33 

programme has made some progress, and SBBs and BMCs should be set up in 

all the States and local bodies, respectively. 

 

The documentation of traditional knowledge available in our ancient texts is being 

undertaken by NISCAIR (a CSIR institution), in the form of a computerized 

database, Traditional Knowledge Digital Library (TKDL).  Preparation of PBRs is 

expected to document the un-coded, oral traditional knowledge of local people.  

Considering that this would be a stupendous and time-consuming exercise, there 

is a need for an All India Coordinated Project on Traditional Knowledge for 

documenting the un-coded, oral traditional knowledge of local people, especially 

of little-known bioresources of potential economic value. 

 

3.10 Institutional framework and capacity building 

 

A reasonably sound institutional infrastructure is in place for adequate coverage 

of biodiversity concerns with specific mandates and activity profiles of existing 

institutes.  However, there is a need for improving intersectoral coordination inter 

alia through continuous review and revision of their mandates, and networking of 

these institutions to ensure adequate coverage of biodiversity concerns and 

issues and also to avoid duplication/overlapping of efforts.  

 

There is a need for human resource development and capacity building for 

scientific management of biodiversity.  Capacity building in taxonomy requires 

particular attention, since taxonomists are rapidly declining in numbers at this 

critical juncture when the need for taxonomic stocktaking of earth’s biodiversity is 

becoming increasingly important and urgent.  Many groups of biota are yet to be 

catalogued, while biodiversity losses are rampant. The implementation of 

Biological Diversity Act 2002, and Rules 2004 and National Environmental Policy 

2006 is difficult without adequate number of trained taxonomists. 
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4. OBJECTIVES 
 

The objectives of the NBAP, enumerated in the paragraphs that follow, are 

founded in the backdrop of the cardinal principles already set out in the NEP 2006.  The 

most important of these principles is that human beings are at the centre of sustainable 

development concerns.  The other relevant principles on which the objectives are 

premised include:  Right to development; Precautionary approach; Economic efficiency, 

Entities with ‘incomparable’ value (Box 4); Equity; Public trust doctrine; Decentralisation; 

Integration; Preventive actions; and Environmental offsetting.  These principles, which 

have an established genecology, provide the necessary overall guidance for the 

implementation of the objectives.  The objectives are broad-based and relate to current 

perceptions of key threats and constraints to  biodiversity conservation.  These may 

accordingly evolve over time.  The objectives are to be realized through various 

strategic interventions by different public authorities at Central, State and local 

Government levels.  They are to also form the basis of diverse partnerships.  

 

4.1 Strengthening and integrating in situ, on farm and ex situ conservation  

 

• To protect and conserve through in situ, on farm and ex situ conservation, 

major national bio-geographic zones, critical ecological systems and genetic 

resources, which are essential for life support, livelihoods, food and nutritional 

security; and are in consonance with the national economic growth and broad 

conception of human well-being.  

 

4.2 Augmenting of natural resource base and its sustainable utilization 
 

• To promote holistic approach to conservation, enhancement and sustainable 

utilization of biodiversity, providing access to bioresources for all sections of 

society, in particular the economically poor, which are most dependant on 

them, thereby ensuring inter-  and intra-generational equity  
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4.3 Regulating introductions, and managing invasive alien species 

 

• To develop unified national system for regulation of all introductions including 

their quarantine check, assessment and release. 

 

• To improve management of invasive alien species and restore the adversely 

affected ecosystems.     

 

4.4 Assessing vulnerability, and adaptation to climate change and 
desertification 

 

• To develop appropriate tools, methodologies and indicators of impact of 

climate change and desertification at the national level. 

 

• To assess vulnerability of various important national economic sectors to 

global threats such as climate change and desertification. 

 

• To devise appropriate strategies for mitigating the impact of, and adaptation 

to, climate change and desertification.   

 

4.5 Integrating biodiversity concerns in economic and social development   

   

• To integrate biodiversity concerns into policies, plans, programmes and 

projects for economic and social development. 

 

• To achieve sustainable development based on protection, enhancement and 

management of biological resources.   
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4.6 Impact of pollution 
 

• To prevent, minimize and abate impacts of pollution from point and non-point 

sources on various components of biological diversity, keeping in view cost 

minimization, polluter-pays principle, and without distorting international trade 

and investment. 

 

4.7 Developing and consolidating biodiversity databases 
 

• To collect, collate and integrate biodiversity information from diverse sources 

into a national database on different components of biodiversity with 

distributed networking systems and linkages.  

 

• To intensify the survey, identification and inventorization of country’s floristic, 

faunal and microbial resources with special attention to hitherto unexplored 

areas, and keystone, umbrella, endangered and endemic species which need 

to be conserved on priority basis. 

 
4.8 Strengthening implementation of policy, legislative and administrative 

measures for biodiversity conservation and management 
 

• To review and update the extant policy, legislative and administrative 

measures for conservation and management of biological diversity.  

 

• To promote greater harmony, synergy and linkages among extant policy, 

legal and administrative measures for conservation and management of 

biological diversity and associated traditional knowledge.    

 

• To accelerate effective implementation of provisions of Biological Diversity 

Act, 2002 and Rules, 2004 with special attention to protecting the traditional 

knowledge (both codified and un-codified), innovations and practices, and 
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encouraging their use while ensuring equitable sharing of benefits arising out 

of their use as stipulated under the CBD.  

 
 

 
 

Box 4: Regulatory Framework for Entities of Incomparable Values (EIV) 
 
The National Environmental Policy (NEP) 2006 while defining the basic principles of environmental 
conservation and management, emphasizes need for priority allocation of societal resources for 
conservation of Entities of Incomparable Value (EIV), both natural and man-made, which may impact 
the well-being, broadly conceived, of large number of persons.  The country has already taken several 
measures to protect and conserve environmental life-support systems, besides certain other natural 
and human-made entities, and cultural heritages, which impact present and  the future well-being and 
happiness of individuals and communities.   

 
Some of the ecologically rich and sensitive areas are currently covered through the Protected Areas 
(PA) network and Eco-sensitive zones, deriving power under diverse legal instruments and/or 
regulatory frameworks but the provisions of extant legal instruments have not been translated into 
regulatory frameworks and guidelines, and they do not fully cover certain EIVs such as biosphere 
reserves, natural heritage sites and man-made monuments, wetlands, mangroves, and sacred groves.  
It has therefore become necessary to set up a harmonized system for identification, constitution, 
rationalization and management of the diverse EIVs under a unified regulatory framework within the 
ambit of existing Environment Protection Act (EPA), 1986. 
 
Taking into account the concerns expressed in the NEP and requirements for a specific regulatory 
framework, an EIV is defined as follows:  

‘Entities of Incomparable Values (EIVs) are sites containing unique natural or man-made 
entities, (living and/or non-living), that provide critical life support environmental services 
and/or are essential for the well-being, broadly conceived, of a large number of people of 
present and future generations.’ 

 
Criteria for Identification of EIV are:  
a. Unique Biodiversity (Genetic, Species and Ecosystem).  It includes Species and Ecosystems 

characterized by endemicity, rarity and representativeness (such as relevant components of 
Biosphere Reserves, Natural Heritage Sites and other fragile ecosystems).   

b. Life Support Systems (Water, Soil, Geology, Glaciers) impacting the well-being and health of large 
number of people, i.e. at least 100,000 population.  

c. Entities of Cultural, Aesthetic and Religious Significance to large number of people, i.e. at least 
100,000 people. 

d. Large Economic Potential in the context of specific unique natural resources to be conserved i.e at 
least 25 crores potential annual income at 2007 prices and/or major livelihood support to 100,000 
population. 

e. Natural entities providing eco-system resilience. 
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4.9 Developing national capacities for biodiversity conservation and 
appropriate use of new technologies  

 

• To promote human resource development, institutional strengthening and 

capacity-building for biodiversity conservation and management with special 

attention to taxonomy and conservation biology. 

 

• To build institutional and human capacity for biosafety, inter alia for 

undertaking risk assessment and management of genetically modified 

organisms. 

 

• To increase public education, awareness and participation in decision 

making, management and sustainable use of biological resources.  

 

• To promote targeted research in critical gap areas pertaining to biodiversity 

conservation and management.   

 

• To ensure higher resource flows, comprising finance, technology 

management skills, traditional knowledge, and social capital, for biodiversity 

conservation through mutually benefic ial mutlistakeholder partnerships 

between local communities, public agencies, the academic and research 

community, investors, and multilateral and bilateral development partners.      

 

• To review and strengthen ongoing training, extension and on-site 

demonstration programmes at requisite levels to incorporate directed focus to 

conservation.   
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4.10 Use of economic instruments/valuation in biodiversity related decision 
making processes 

 

• To apportion appropriate market value to the goods and services provided by 

various ecosystems and strive to incorporate these costs into decision 

making, management and sustainable utilization of biological diversity 

resources. 

 

• To factor in natural resource accounting (NRA) in the national economic 

planning   processes and encourage financial institutions to adopt appropriate 

NRA appraisal practices so that risks to biological diversity are adequately 

considered in the financing of projects.   

 

• To facilitate integration of biodiversity concerns into cost-benefit analysis with 

a view to encouraging more efficient allocation of resources while making 

public investment decisions.  

 

4.11 International cooperation 

 

• To consolidate and strengthen bilateral, regional and multilateral cooperation 

on issues related to biodiversity 
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5. ACTION PLAN 
 

 In the sections that follow, broad Action Points have been listed 

corresponding to the areas identified in Chapter 3.  These are envisioned to be 

achieved in the backdrop of extant national policy framework, and a large number of 

programmes and activities, currently underway in different Departments and 

Ministries of the Central and State governments, complemented by NGOs and civil 

society organizations working in the  field of biological diversity. In the long-term 

perspective, the State government and Panchayati Raj institutions would be 

encouraged to undertake their own action programmes consistent with the present 

National Biodiversity Action Plan under the overall ambit of the National Environment 

Policy.  In the short-term perspective (Eleventh Plan period), the actions required, 

the functionaries, and corresponding capacities for attending to the major, imminent 

gap areas have been described.  These action points are certainly not exhaustive 

and are intended to facilitate the process of conservation of biodiversity in the 

country.  This is an iterative and dynamic process, which will continue to evolve on 

its own with experience.  

 

5.1 Strengthening and integrating in situ, on-farm and ex situ conservation  

 

A total of 605 Protected Areas (PAs) 

covering approximately 4.74% of the 

total geographical area of the country 

are under in-situ conservation 

through a PA network of National 

Parks (96), Wild Life Sanctuaries 

(509), and  Conservation Reserves  
 

(3), established under the Wildlife Protection Act 1972. A state-wise list of 

National Parks and Wildlife Sanctuaries in the country is given in Table 6.  As 

may be seen in this table, the top five states in terms of PA coverage are 

Gujarat, Maharashtra, Jammu & Kashmir, Andhra Pradesh and Madhya 

Pradesh. The PA network covers about 24.2% of the forest area of the 

country, largely covering forest with relatively larger populations of target 
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species and associated ecological components. Many important habitats exist 

in the rest of the forests, which require special attention for conservation for 

ensuring sustainability of the populations. Habitats of sandalwood, red 

sanders, shola forests of southern tropical montane forests, alpine meadows 

in Himalayan region, elephant habitats including corridors connecting PA, 

southern tropical rain habitats, tropical swamps, mangroves outside forests in 

Sunderbans, etc. are some of such habitats existing in the forests outside 

PAs. Hence, a new scheme is being launched for “Protection of Wildlife 

Outside Protected Areas” for implementation in areas forming important 

corridors and habitat for wildlife.   

 

Substantial chunk of India’s biodiversity exists outside the precincts of 

‘formally declared conservation zones’, which are owned and managed by 

local communities. The livelihood security of these communities is delicately 

and intricately interwoven with the prudent resource management and 

conservation status of these areas. Further, any future plans to expand the 

Protected Area network in India, lies significantly in recognizing such 

Community Conserved Areas. Recent amendments to the Wildlife Protection 

Act this Act provide for setting up of Community and Conservation Reserves. 

Voluntary relocation of villagers from critical habitats of Protected Areas, 

contributes to enhancing the quality of habitat for wildlife and also the quality 

of living for villagers by facilitating better access to mainstream development.  

 

To conserve the representative ecosystems, a Biosphere Reserve 

programme is being implemented. Fourteen Biosphere Reserves are in 

operation, of which four have garnered international recognition (Table 7).  

Fifteen more potential sites have also been identified for this purpose.  
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Table 6: State-wise details of the Protected Area Network of the country  

 
S.No. States/UTs No. of National Parks No. of Wildlife 

Sanctuaries 
1. Andhra Pradesh  4 22 
2. Arunachal Pradesh  2 11 
3. Assam 5 20 
4. Bihar 1 11 
5. Chhatisgarh 3 10 
6. Goa 1 7 
7. Gujarat 4 21 
8. Haryana 2 10 
9. Himachal Pradesh 2 32 
10. Jammu & Kashmir 4 16 
11. Jharkhand 1 10 
12. Karnataka 5 21 
13. Kerala 6 13 
14. Madhya Pradesh 9 25 
15. Maharashtra 6 35 
16. Manipur 2 5 
17. Meghalaya 2 3 
18. Mizoram 2 7 
19. Nagaland 1 3 
20. Orissa 2 18 
21. Punjab Nil 10 
22. Rajasthan 5 23 
23. Sikkim 1 6 
24. Tamil Nadu 5 20 
25. Tripura Nil 4 
26. Uttar Pradesh 1 23 
27. Uttaranchal 5 6 
28. West Bengal 6 15 
29. Andaman & Nicobar 9 96 
30. Chandigarh Nil 2 
31. Dadar & Nager Haveli Nil 1 
32. Lakshadweep Nil 1 
33. Daman  & Diu Nil 1 
34. Delhi Nil 1 

 Total 96 509 
 GRAND TOTAL 605  
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Table 7: Biosphere reserves in  India 
 
S. 
No.    

Name of the biosphere 
reserve & total 
geographical area 
(km2)                       

Date of 
Notification 

Location (State) 

1. Nilgiri   
(5520 ) 

1.8.86 
 

Part of Wynad, Nagarhole, Bandipur and 
Madumalai, Nilambur, Silent Valley and 
Siruvani hills (Tamil Nadu, Kerala and 
Karnataka) 

2. Nanda Devi 
(6497.03) 

18.1.88 Part of Chamoli, Pithoragarh & Almora Districts 
and Valley of Flowers ( Uttarnchal) 

3. Nokrek (820)  1.9.88 Part of Garo Hills (Meghalaya) 
4. Manas 

(2837) 
14.3.89 Part of Kokrajhar, Bongaigaon, Barpeta, 

Nalbari, Kamprup and Darang Districts (Assam) 
5. 
 

Sunderbans 
(9630) 

29.3.89 Part of delta of Ganges & Brahamaputra river 
system (West Bengal) 

6. Gulf of Mannar 
(10500) 

18.2.89 
 

Indian part of Gulf of Mannar between India and 
Sri Lanka (Tamil Nadu) 

7. Great Nicobar 
(885) 

6.1.89 
 

Southern most islands of Andaman and Nicobar 
(A&N Islands) 

8. Similipal (4374) 21.6.94 Part of Mayurbhanj district (Orissa) 
9. Dibru-Saikhowa 

(765) 
28.7.97 Part of Dibrugarh and Tinsukia districts (Assam) 

10 Dehang Debang 
(5111.5) 

02.09.98 Part of Siang and Debang valley in Arunachal 
Pradesh 

11 Kanchanjunga  
( 2619.92 ) 

07.02.2000 Parts of North and West Sikkim. 

12.  Pachmari  (4926.28)  03.03.99 Parts of Betur, Hoshangabad and Chindwara, 
Distt.of Madhya Pradesh. 

13. Agasthyamalai 
(3500.36) 

12.11.2001 
(area 
expanded on 
30.3.2005 

Parts of Thirunelveli and Kanya Kumari Districts 
in Tamil Nadu and Thiruvanthapuram, Kollam 
and Pathanmthitta. 

14.  Achanakmar-
Amarkantak ( 3835.51)  

30.3.2005 Parts of Anuppur and Di ndori districts of 
Madhya Pradesh and Parts of Bilaspur district 
of Chattisgarh State  

  *Sites with bold letter have been recognized by UNESCO on World Network of Biosphere Reserves. 

 

Specific programmes for scientific management and wise use of fragile 

ecosystems such as wetlands, mangroves and coral reef are under 

implementation (Table 8). Internationally significant wetlands are declared as 

Ramsar sites under the Ramsar Convention (Figure 1). Under the World 

Heritage Convention, natural sites are declared as World Heritage sites.   
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Table 8 : Statewise distribution of wetlands under  
National Wetland Conservation & Management Programme 

 
State Number of Wetlands Area (ha) 

Andhra Pradesh  1 90100 

Assam 2 4504 

Bihar 3 11490 

Chandigarh 1 148 

Gujarat  8 1270875 

Himachal Pradesh 5 15736 

Haryana 2 288 

Jammu and Kashmir 7 117325 

Jharkhand 2 98965 

Karnataka 7 4250 

Kerala 5 213229 

Madhya Pradesh 12 359814 

Maharashtra 3 40298 

Manipur 1 26600 

Mizoram 2 285 

Orissa 4 122580 

Punjab 3 5648 

Rajasthan 1 24000 

Sikkim 6 164 

Tamil Nadu 3 46283 

Tripura 1 240 

Uttar Pradesh 9 12083 

Uttaranchal 1 800 

West Bengal 5 553090 

 
Source: Conservation of Wetlands in India: A Profile, Ministry of Environment & Forests, 

Government of India, 2007 

 

A National Lake Conservation Plan (NLCP) is being implemented for 

conservation of polluted and degraded urban/semi-urban lakes, leading to 

lake rejuvenation in terms of improvement in water quality and biodiversity.  

As on March 2007, 31 projects for conservation of 46 lakes have been taken 

up (Table 9).  A National River Conservation Plan (NRCP) is under 

implementation in 160 towns along polluted stretches of 34 rivers spread over 

20 states, the major rivers being Ganga, Yamuna, Gomti, Damodar, Satluj, 
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Krishna, Cauveri and Godavari. The objective of NRCP is to check pollution in 

rivers through implementation of various pollution abatement schemes.  

 
Table 9: List of 31 projects for conservation of 46 lakes as on March 2007 

S.No. Lake Sanctioned 
Cost  
(Rs. in Crore) 

State Sanction 
Date 

Remarks 

1.  Banjara 2.75 Andhra Pradesh Feb 2005  
2.  Dal Lake, Srinagar, J&K 298.76 Jammu & 

Kashmir 
Sept 2005  

3.  3 lakes of Bangalore namely 
Vengaiahnkere, Nagavara 
and Jarganahalli 

11.47 Karnataka Feb 2002  

4.  Bellandur lake, Bangalore 5.54 Karnataka Jan 2003  
5.  Kotekere, Belgaum 5.64 Karnataka Jan 2003  
6.  Bhishma, Gadag 2.50 Karnataka Sept 2003  
7.  Lal Bagh, Bangalore 1.66 Karnataka Dec 2003  
8.  Sharanabasveshwara 4.89 Karnataka March 2005  
9.  Akkamahadevi, Haveri 2.64 Karnataka March 2005  
10.  Chanapatna, Hasan 4.97 Karnataka Jan 2005  
11.  Veli Akkulum, 

Thirunnanthapuram 
24.56 Kerala Sept 2005  

12.  Powai 6.62  Maharashtra June 2001  
13.  9 lakes in Thane 2.53 Maharashtra Dec 2002  
14.  Mahalaxmi lake, Vadagaon 1.85 Maharashtra March 2005  
15.  Mansagar, Jaipur 24.72 Rajasthan Sept 2002  
16.  Ooty 1.95 Tamil Nadu  June 2002  
17.  Kodaikanal 5.13 Tamil Nadu June 2001  
18.  3 lakes of Agartala 2.01 Tripura March 2005  
19.  4 lakes of Nainital District 16.85 Uttaranchal July 2003  
20.  Nainital lake 47.97 Uttaranchal Aug 2003  
21.  Rabindra Sarovar, Kolkata 6.96 West Bengal Oct 2002  
22.  Mirik 4.00 West Bengal Aug 2004  
23.  Bindusagar, Bhubaneswar 3.67 Orissa March 2006  
24.  Kundwad lake, Davengere, 

Karnataka 
3.4 Karnataka May 2006  

25.  Rani Talab, Riva 3.31 Madhya Pradesh June 2006  
26.  Kotetavarekere, 

Chickmaglore 
3.64 Karnataka June 2006  

27.  Tripuranthekeshwar, Bidar 4.67 Karnataka 2006-07  
28.  Rankala, Kolhapur 8.65 Maharashtra 2006-07  
29.  Varhala Devi, Bhiwandi 4.60 Maharashtra 2006-07  
30.  Sagar, Sagar 21.33 Madhya Pradesh 2006-07  
31.  Mansi Ganga 22.71 Uttar Pradesh 2006-07  
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Figure 1: Identified Ramsar Sites in India 

 
Source: Conservation of Wetlands in India: A Profile, Ministry of Environment & Forests, Government 
of India, 2007 
 

Large mammal species targeted projects (e.g. Project Tiger, Project Elephant) 

based on the perception of threat to them have been under implementation. 

Large tracts of the habitat of the Great Indian Bustard in different states have 

been declared as protected areas (Box 5). Various measures are being taken 

to address the declining population of vultures in India (Box 6). 
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Box 5: Great Indian Bustard (Ardeotis nigriceps) 
 

Indian Bustard (Ardeotis nigriceps), 
alternate scientific name Choriotis 
nigriceps, is found in the short grass plains 
and desert plains of west Rajasthan and 
Gujarat. This bird is on the endangered 
red list of IUCN due to its small and 
declining population. Indian bustard is the 
most endangered member of the bustard 
family in the world and the total population 
in wild may not exceed 700.  
 
 
Threats to the Great Indian Bustard (GIB) include degradation of grasslands due to development 
works, habitat fragmentation, expansion of agriculture, conversion of grasslands into other forms of 
land cover  and change of floral composition of grasslands including conservation of grasslands and 
woodlands, habitat degradation due to invasive species and general increase in anthropogenic 
pressures. 
 
Various conservation measures being undertaken include population and habitat monitoring 
exercises and awareness raising among people, policy makers, managers and other stake holders. 
Ministry of Environment and Forests has sanctioned a project to GEER Foundation, Gujarat for 
monitoring GIB population in Gujarat. B N H S is also engaged in research and population 
monitoring of GIB.Important GIB Protected Areas in the country are Karera Bustard 
Sanctuary,Ghatigaon Bustard Sanctuary, Ranni Bennur Blackbuck Sanctuary, Karnataka,Nanaj 
Area, Solapur, Maharashtra, Sorsan, Rajasthan, Sonkhaliya, Rajasthan, Desert National Park, 
Rajasthan,Rollapadu, Andhra Pradesh,. Lala Bustard Sanctuary and Grasslands of Naliya, 
Kachchh, Gujarat 
   
With the above conservation measures, it is hoped that the conservation of Great Indian Bustard 
would be ensured in the long run. 
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Box 6:   Vulture crisis in India and steps taken for its conservation 
 

There are nine species of vultures found in India 
i.e 
1. White-rumped Vulture  
2. Long-billed Vulture  
3. Slender-billed Vulture 
4. Red-headed (king) Vulture   
5. Egyptian Vulture  
6. Himalayan Griffon  
7. Eurasian Griffon 
8. Cinereous Vulture  
9. Lammergier Vulture  
 
 
It is believed that the population of three Gyps vultures (white-rumped vulture, long-billed vulture, 
slender-billed vulture) has declined by about 95% since early 1990s in the Indian sub continent. 
India too is witnessing this catastrophic vulture crisis, which is largely due to –  
 
• Food scarcity caused by changes in disposal practice of dead cattle in developed areas, cities 

etc. coupled with competition with other scavengers such as stray dogs etc. whose population 
have increased. 

• Decline in the number of tall tree preferred by vultures for nesting and roosting. 
• Anthropogenic pressures, industrialization, urbanization etc. 
 
Various  measures initiated for conservation of vultures in India include awareness raising among 
people, policymakers, veterinarians and other stakeholders, establishment of two Vulture Breeding 
Centres in Haryana and West Bengal ( A new Vulture Breeding Centre has been approved for 
Gujarat) and initiation of population monitoring of vultures. During 2005, state wide Gyps vulture 
population survey was carried out in Gujarat by (GEER) Foundation and 2,647 Gyps vultures were 
found in the state. The population survey is being repeated in 2007 under a project sanctioned by 
Ministry of Environment and Forests (G O I). 
 
MoEF has formulated an “Action Plan for Vulture Conservation in India” in April 2006.These 
measures would help in the revival of vulture population in the country. 

 
 

Other such flagship species such as snow leopard, musk deer and Kashmir 

stag are to be covered during Eleventh Plan.  Gene Sanctuaries for 

preserving the rich native diversity of citrus, banana, rhododendron and 

orchids have also been established.  

 

Subsequent to an amendment to the Wildlife Protection Act in year 2006, a 

National Tiger Conservation Authority and a National Wildlife Crime Control 

Bureau have been constituted.  
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In situ conservation of medicinal plants is 

being undertaken by various government 

and non-government organizations. A 

National Medicinal Plants Board has been set 

up under a government resolution notified on 

24th November 2000 under the  Chairpersonship 

of Union Health & Family Welfare Minister to promote coordination and 

implementation of policies relating to medicinal plants both at the Central and State 

levels.  There is a need to study the agronomy of medicinal plants to develop 

agro-techniques for their cultivation. Cultivation of medicinal and other 

economically important plants can also be promoted through home, herbal 

and kitchen gardens, resident welfare associations in urban and semi-urban 

areas,  village commons etc.  

 

This research component can be taken up by national institutions,  

universities,  including State Agricultural Universities.  The cultivation of 

medicinal plants can be taken by the State Forest Departments within the 

forests where they occur naturally or on lands situated close to their native 

habitat ranges.  Forest Departments should be strengthened by MoEF to 

implement these programmes.  Planting of trees of medicinal value on waste 

lands should be encouraged.  This can be implemented through National 

Afforestation and Eco-Development Board.  Bio-prospecting of native 

medicinal plants (nearly 6,500 species) needs to be undertaken on a priority 

basis.  It can be done through institutions like National Institute of 

Pharmaceuticals Education and Research (NIPER), Chandigarh.  CSIR labs 

such as Central Institute of Medicinal and Aromatic Plants (CIMAP), National 

Botanical Research Institute (NBRI) and Regional Research Laboratory 

(RRL), Jammu which are at present concentrating only on 40-45 species 

should enlarge their mandate to embrace all highly traded, endemic medicinal 

plants.  Simultaneously, the ICAR system should work on developing agro-

technologies for bringing the endemic medicinal plants into the fold of 

cultivation. Growing medicinal plants should also receive priority in urban 
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plantation programmes. This would reduce pressure on forests as 95% of the 

medicinal plants at present are collected from the wild.  

 

 
 

To compliment in situ conservation, attention has been paid to ex situ 

conservation measures through setting up of botanical gardens, zoos, deer 

parks, safari parks, aquaria etc.  A Central Zoo Authority has been set up to 

secure better management of zoos.  Under a plan scheme on ‘Assistance to 

Botanical Gardens’, assistance to botanical gardens is provided to strengthen 

and institute measures for ex-situ conservation of threatened and endangered 

species in their respective regions.  Guidelines for botanical gardens have 

been finalized and the vision is to have at least one botanical garden per 

district. The Indian Council for Agricultural Research has set up a number of 

gene banks for ex-situ conservation under the National Bureau of Plant 

Genetic Resources (NBPGR) (Table 10), National Bureau of Animal  Genetic 

Resources(NBAGR), National  Bureau of Fish Genetic Resources (NBFGR), 

and National Bureau of Agriculturally Important Microorganisms (NBAIM).  A 

large number of microorganisms of agricultural importance also form a vital 

part of the diversified Indian agricultural ecosystem (Table 11). 
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Table 10: Base Collections of Crop Genetic Resources in India 

S. No. Crop groups Base collections 
holdings 

1. Cereals                134,953 
2. Pseudo Cereals                   5,508 
3. Pulses                 53,074 
4. Millets and minor millets                 48,727 
5. Oilseeds                 47,924 
6. Vegetables                 21,334 
7. Medicinal & aromatic plants                   5,461 
8. Fruits                      265 
9. Fibre crops                   9,572 
10. Spices & Condiments                   1,681 
11. Agro-forestry                   2,167 
12. Released crop varieties and Elite Genetic Stocks                   3,978 
13. Reference samples (Medium term)                 53,161 
14. Duplicate Safety Backup (for IARC Banks)                 10,235 

 Total                393,040 
Source: The National Gene Bank, NBPGR, New Delhi 
 

Table 11: Micro-organisms kept under Storage 
 

Group No. of Accessions 
Fungi 1368 
Yeast 40 
Actinomycetes 18 
Bacteria, Others 103 
Total 1529 

 
Source: National Bureau of Agriculturally Important Micro-organisms. 

 

 
Projects have been initiated for reintroduction of threatened species into their 

natural habitats under appropriate conditions.  Examples include mass 

propagation of pitcher plant, rehabilitation of mangroves in degraded open 

mud flats, and the effort towards relocation of rhinoceros from Kaziranga to 

Manas.  

 

Traditional Indian farming systems are characterized by remarkable diversity 

owing largely to wide spectrum of agro-climatic situations and indigenous 

cultivars and native breeds adapted to specific local conditions.  Notable 

efforts to collect crop diversity and documenting of livestock breeds 

notwithstanding, there is a need for on-farm conservation providing 

appropriate incentives. Ex situ conservation is expected to provide a strong 

backup to the efforts to facilitate access and meet unforeseen natural 

calamities. 
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While there is an increasing coherence of policies and programmes on in situ, 

on farm and ex situ conservation, there is a need to further strengthen these 

efforts. 

 
Action Points 

 

In situ conservation 

Ø Expand the PA network of the country including Conservation and 

Community Reserves, to give fair representation to all biogeographic 

zones of the country.  In doing so, develop norms for delineation of PAs in 

terms of the objectives and principles of the National Environment Policy, 

in particular, participation of local communities, concerned public 

agencies, and other stakeholders, who have direct and tangible stake in 

protection and conservation of wildlife, to harmonize ecological and 

physical features with needs of socio economic development.  

Ø Establish self-sustaining monitoring system for overseeing the activities 

and effectiveness of the PA network. 

Ø Ensure that human activities on the fringe areas of PAs do not degrade 

the habitat or otherwise significantly disturb wildlife. 

Ø Mitigate  man-animal conflicts. 

Ø Promote site-specific eco-development programmes in fringe areas of 

PAs, to restore livelihoods and access to forest produce by local 

communities, owing to access restrictions in PAs. 

Ø Promote voluntary relocation of villagers from critical habitats of PAs. 

Ø Devise effective management and conservation techniques for the forest 

preservation plots to ensure conservation of representative areas of 

different forest types. 

Ø Strengthen research work on PAs, Biosphere Reserves and fragile 

ecosystems by involving local research institutions and universities, so 

as to develop baseline data on biological and managerial parameters, 

and functional properties of ecosystems. 

Ø Strengthen the protection of areas of high endemism of genetic 

resources (biodiversity hotspots), while providing alternative livelihoods 
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and access to resources to local communities who may be affected 

thereby.  

Ø Continue to promote inter-sectoral consultations and partnerships in 

strengthening biodiversity conservation activities. 

Ø Strengthen capacities and implement measures for captive breeding and 

release into the wild of identified endangered species. 

Ø Reintroduction and establishment of viable populations of threatened 

plant species. 

Ø Control poaching and illegal trade in wild animals and plant species. 

Ø Periodically revisit the norms, criteria and needs of data for placing 

particular species in different Schedules of the Wildlife (Protection) Act. 

Ø Promote ecologically and socially sensitive tourism and pilgrimage 

activities with emphasis on regulated and low impact tourism.  

Ø Formulate and implement partnerships for enhancement of wildlife 

habitat in Conservation Reserves and Community Reserves, on the lines 

of multistakeholder partnerships for afforestation, to derive both 

environmental and eco-tourism benefits.  

Ø Promote conservation of biodiversity outside the PA network, on private 

property, on common lands, water bodies and urban areas. 

Ø Formulate and implement programmes for conservation of endangered 

species outside PAs. 

Ø Ensure conservation of ecologically sensitive areas, which are prone to 

high risk of loss of biodiversity due to natural or anthropogenic factors. 

Ø Ensure that survey and bioprospecting of native economically important 

biological resources is undertaken on a priority basis. 

Ø Integrate conservation and wise use of wetlands and river basin 

management involving all stakeholders, in particular local communities, 

to ensure maintenance of hydrological regimes and conservation of 

biodiversity. 

Ø Consider particular unique wetlands as entities of incomparable values, 

in developing strategies for their protection and formulate conservation 

and prudent use strategies for each of these, with participation of local 

communities, and other stakeholders (Box 7). 
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Source: Conservation of Wetlands in India: A Profile, Ministry of Environment & Forests, Government 
of India, 2007 
  

 On-farm conservation 

 
Ø Identify hotspots of agro-biodiversity under different agro-ecozones and 

cropping systems and promote on-farm conservation. 

Ø Provide economically feasible and socially acceptable incentives such as 

value addition and direct market access in the face of replacement by 

other economically remunerative cultivars. 

Ø Develop appropriate models for on-farm conservation of livestock herds 

maintained by different institutions and local communities. 

Ø Develop mutually supportive linkages between in situ, on-farm and ex 

situ conservation programmes. 

 
Ex situ conservation 

 

Ø Promote ex situ conservation of rare, endangered, endemic and 

insufficiently known floristic and faunal components of natural habitats, 

through appropriate institutionalization and human resource capacity 

building. For example, pay immediate heed to conservation and 

multiplication of rare, endangered and endemic tree species through 

revitalization of institutions such as Institute of Forest Genetics and Tree 

Breeding.  

Ø Focus on conservation of genetic diversity (in situ, ex situ, in vitro) of 

cultivated plants, domesticated animals and their wild relatives to support 

their breeding programmes. 

Box 7: Regulatory Framework for Wetlands 
 
Recognizing the value of Wetlands and taking cognizance of the fact that there does not yet exist a 
formal system of Wetland Regulation, the National Environment Policy (NEP), 2006 as approved by 
the Cabinet in May 2006 seeks to set up a legally enforceable regulatory mechanism for identified 
valuable Wetlands to prevent their degradation and enhance their conservation. It also undertakes to 
develop an inventory of such Wetlands. In pursuance of the policy resolution a Multi Disciplinary 
Expert Group has held a series of meetings to formulate a regulatory framework for the Wetlands. The 
Expert Group has prepared its recommendations on the Categories of Wetlands for Regulation, 
Process and Procedure for Identification, Composition of Regulatory Authority, Functions of the 
Authority, and Activities to be Regulated. A draft notification is proposed to be brought out under the 
provisions of the Environment Protection Act, 1986. 
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Ø Strengthen national ex situ conservation system for crop and livestock 

diversity, including poultry, linking national gene banks, clonal 

repositories and field collections maintained by different research centers 

and universities. 

Ø Develop cost effective and situation specific technologies for medium 

and long term storage of seed samples collected by different institutions 

and organizations. 

Ø Undertake DNA profiling for assessment of genetic diversity in rare, 

endangered and endemic species to assist in developing their 

conservation programmes.  

Ø Develop a unified national database covering all ex situ conservation 

sites.  

Ø Consolidate, augment and strengthen the network of ex situ centers of 

zoos, aquaria etc. 

Ø Develop networking of botanical gardens and consider establishing a 

Central Authority for botanic gardens to secure their better management, 

on the lines of Central Zoo Authority. 

Ø Provide for training of personnel and mobilize financial resources to 

strengthen captive breeding projects for endangered species of wild 

animals. 

Ø Strengthen basic research on reproduction biology of rare, endangered 

and endemic species to support reintroduction programmes. 

Ø Encourage cultivation of plants of economic value presently gathered 

from their natural populations, causing their decline.  

Ø Promote inter-sectoral linkages and synergies to develop and realize full 

economic potential of ex situ conserved materials in crop and livestock 

improvement programmes. 
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5.2 Augmentation of natural resource base and its sustainable utilization  
 

Conservation and sustainable use of 

biodiversity has been integrated into 

national decision making through policy 

statements, legislative measures, and 

programmes. Sustainable use of biological 

diversity is emphasized in various  policy 

statements of the   Government,   notably 

the National Conservation Strategy and Policy Statement on Environment and 

Development, 1992, the National Forest Policy, 1988, the National Wildlife 

Action Plan (2002-2016) and National Environment Policy, 2006. NEP does 

not substitute the preceding policy frameworks, but is an adjunct to previous 

policies. Several initiatives have been taken to implement various aspects of 

these policy statements. Sustainable utilization, underscored in these policy 

statements, recognizes the interdependence of local communities and people 

on biological resources, and emphasizes the need to draw upon the existing 

resources keeping long-term conservation in view. 

 

Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of 

Forest Rights) Act enacted in 2006, is a tool to provide occupational and 

habitational rights to the people. Empowering people, particularly assigning 

the ownership of minor forest produce for the purpose of access, processing 

and trade would enhance their livelihood. The Ministry of Tribal Affairs have 

allocated Rs. 450 crores to the development of forest villages, which have 

hitherto been totally cut-off from the mainstream development in the country.  

The National Rural Employment Guarantee Act, 2005 entitles a rural 

household for 100 days of work in a financial year. Many of the works 

permissible relate to forestry, like afforestation, tree plantation, water 

conservation and water harvesting etc. 
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Pressure on natural resources in 

biodiversity-rich areas needs to be diverted 

by bringing additional areas under green 

cover to satisfy local demands, encouraging 

environment friendly substitutes to meet the 

needs, promoting  energy efficient devices,      

and creating awareness and an enabling environment. There is also a need to 

restrict use and extraction of only desired part of the organism rather than the 

entire organism.  

 

Economically effective and socially viable incentives for conservation and 

sustainable use of biological diversity are being encouraged.  These include 

use of wood substitutes, alternative energy sources (biogas, wind mills, solar 

cookers, wave energy, fuel efficient stoves, etc.), establishment of nurseries, 

tree planting, stall feeding, water harvesting and pollution abatement 

measures. 

 

The forestry sector in India is being re-defined with a growing emphasis on 

poverty alleviation and livelihood opportunities, while at the same time 

ensuring sustainable management and use of forest resources.   The current 

trend in forest management is towards greater participation and involvement 

of all stakeholders dependent on the forests. The National Forest Policy 

(1988) and National Forestry Action Programme (1999) have also 

endeavoured to address some of the concerns towards Sustainable Forest 

Management (SFM).  According to National Status Report on Forests and 

Forestry in India, 2006, SFM would, inter alia, involve : 

• Production of wood and non-timber forest products, first for meeting 

subsistence needs and then the surplus for commercial purposes. 

• Protection and setting aside of areas to be managed as wild life reserves 

or plantations for recreational and environmental purposes. 

• Regulating the conversion of forest lands for non-forestry uses. 

• Regeneration of wastelands and degraded forests. 
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• Functional and land capability classification of forests and land use 

planning to ensure healthy and sustainable land use systems with 

acceptable, safe minimum standards. 

• Protection of adequate extent of natural forests for their long-term 

contributions, including conservation of biodiversity. 

• Management and utilization of forest resources for maximizing their 

sustainable contribution and value addition towards improved welfare of 

society.  

• Promotion of efforts for producing forest goods and services outside forest 

areas (e.g. agroforestry plantations, home gardens) and development of 

potential substitutes for wood from non-forest sources (e.g. rubber wood, 

coconut wood) 

• Waste reduction and waste recycling programme. 

• Feasible medium for encouraging participation of people and the private 

sector.  

• A proper and realistic system for cost, values and benefits attributable to 

forestry to ensure a strong ecology – economy interface. 

 

The Joint Forest Management (JFM) programme in the country has emerged 

as a powerful tool to achieve sustainable forestry in India.  A decentralized 

two-tier institutional structure (Forest Development Agency and JFM 

Committee) facilitates greater participation of the local communities, both in 

planning and implementation, to conserve forests as well as secure 

livelihoods. At present, more than 22.02 million ha of forests is managed by 

around 1.06 lakhs JFM Committees involving 21.99 million people of forest 

areas. The major problems faced under JFM include lack of permanent 

institutional arrangement and regular sustained income flows to participating 

communities. JFM’s performance is also found to be highly varying across the 

participating States. Cases have been reported regarding conflict between 

Panchayati Raj Institutions (PRIs) and JFMCs. The need to forage linkage is 

essential to synergise the efforts and activities of both the Institutions i.e. PRIs 

and JFMCs. There is a need to involve JFM in biodiversity mapping and 
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conservation, for which synergy between JFM micro planning and biodiversity 

conservation activities merits to be promoted. 

 

Indian forests are rich in several types of non-timber forest products (NTFPs) 

such as honey, bamboo, cane, gums and resins, leaves used for country 

smoke and plate- making, several types of flowers, dye plants, fruits, nuts, 

seeds and roots. Sustainable management of NTFPs is one of the main 

objectives of forest management. NTFPs contribute to over 75% of total forest 

export revenue, and   add significantly to the income of about 30% of rural 

people.  NTFPs play an important role in the social and traditional life of forest 

dependent populations.  According to a study, about 67% of all gatherers are 

women and 13% are children.   

 

Trade in some items such as tendu leaves, sal seeds, myrobolans, gums and 

resins is nationalized in some States.  In Madhya Pradesh and Chhattisgarh, 

the major share of net revenue goes back to NTFP gatherers.  Sustainability 

of the management of NTFPs is one of the major concerns which is being 

ensured through development and application of non-destructive methods of 

NTFP collection.  

 

Despite very high potential of NTFPs, their sustainable management is a 

serious issue requiring urgent action.  NTFP gatherers are highly unorganized 

with little market access. Because of lack of inventory data or value addition, 

and resultant non-remunerative prices, the gatherers often resort to 

unsustainable and destructive harvesting to maximize their collection. Further, 

in the forestry sector, the local organizations such as cooperatives are either 

still rare or in infancy. There is a need to strengthen the useful link between 

NTFP management and JFM so that the benefits accruing from NTFPs can 

be profitably channelised for the well-being of the forest dependent 

communities, ensuring sustainable forest management.  The high potential of 

NTFPs is to be rationally and optimally utilized through scientific approaches, 

research, acquisition of appropriate technology and greater people’s 

participation. 
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The constraints in forestry sector, among others, include:  (i) lack of adequate 

awareness about the multiple roles and benefits of forests and its relevance to 

poverty alleviation and sustainable development; (ii) low priority for forestry in 

national planning process despite rhetoric; (iii) slow pace of policy reforms 

and inadequate regulatory mechanism; (iv) over-emphasis on government 

control and involvement and difficult administrative procedures; (v) weak 

forestry information system rendering decision making difficult;  (vi) 

inadequate investment in forestry, non-commensurate with its role in 

sustainable development; (vii) inadequate space for private participation; (viii) 

lack of full realization of people’s participation; (ix) inadequate targeted 

research and extension studies; (x) inadequate frontline staff and that too of 

older age group;  (xi) less emphasis on forestry research sector; (xii) lack of 

on-job training and capacity building for forest officers; (xiii) general neglect of 

full potential of NTFPs, and (xiv) lack of supportive land use policy.  

 

Remedial actions for restoration of degraded areas have been undertaken 

through eco-restoration programmes by involving local people.  Special 

attention has been given to coastal zones through Coastal Zone Regulation 

Rules, 1991 under Environment (Protection) Act, 1986. This notification is 

under reformulation based on scientific principles as recommended by 

Swaminathan Committee (2005).  

 

NAEB in the MoEF gives special attention to regeneration of degraded forest 

areas and lands adjoining forest areas, national parks, sanctuaries and other 

PAs as well as ecologically fragile areas such as the Himalayas, Aravallis and 

Eastern Ghats.  The functions of NAEB involve evolving mechanisms for 

ecological restoration of degraded forest areas and adjoining lands through 

systematic planning and implementation in a cost effective manner.  It also 

sponsors extension of research findings to disseminate new and proper 

technologies for the above.  To complement the initiatives of JFMCs, a new 

scheme of National Afforestation Programme (NAP) was launched during 

2002-03 and under this scheme, an extent of 9.24 lakh ha. Is being covered 

by 23,750 JFMCs under 715 FDAs in 28 states.   
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Various programmes initiated by the MoEF, including National Afforestation 

Programme Scheme, setting up of JFM Committees and Hill Area 

Development Programme focus on greater participation of the community with 

an objective to improve their livelihoods.  These programmes also help in 

poverty alleviation in the respective areas.   

 

The involvement of private sector is encouraged in initiatives on the 

sustainable use of biodiversity.  For example, both public and private sectors 

– comprising individuals, companies, cooperatives, and industry – are playing 

key roles in the management of forests.  The private sector has also 

demonstrated its ability to enhance the productivity of wastelands and is 

dominant in the areas of wood harvesting and processing. 

 

Honey Bee Network is an important example to illustrate the measures taken 

to protect and encourage customary use of biological resources in India.   

 

Current efforts at promoting conservation and sustainable use 

notwithstanding, there is a need to further augment the natural resource base 

and integrate sustainable use concept in all relevant economic sectors (such 

as agriculture, animal husbandry, fisheries, forestry and industry) so as to 

ensure intra- and  

inter-generational equity . 

 
Action Points 
  

Ø Secure integration of biodiversity concerns into inter-sectoral policies and 

programmes to identify elements having adverse impact on biodiversity 

and design policy guidelines to address such issues. Make valuation of 

biodiversity an integral part of pre-appraisal of projects and programmes to 

minimize adverse impacts on biodiversity. 

Ø Promote decentralized management of biological resources with emphasis 

on community participation. 
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Ø Promote sustainable use of biodiversity in sectors such as agriculture, 

animal husbandry, dairy development, fisheries, apiculture, sericulture, 

forestry and industry. 

Ø Promote conservation, management and sustainable utilization of 

bamboos and canes, and establish their living collections in the form of 

bambusetum and canetum for maintaining species diversity and elite 

germplasm lines.  

Ø Promote best practices based on traditional sustainable uses of 

biodiversity and devise mechanisms for providing benefits to local 

communities. 

Ø Build and regularly update a database on NTFPs, monitor and rationalize 

use of NTFPs  ensuring their sustainable availability to local communities. 

Ø Promote sustainable use of biological resources by supporting studies on 

traditional utilization of natural resources in selected areas to identify 

incentives and disincentives and promote best practices.  

Ø Encourage cultivation of medicinal plants and culture of marine organisms 

exploited for drugs to prevent their unsustainable extraction from the wild. 

Ø Promote capacity building at grassroot level for participatory decision 

making to ensure eco-friendly and sustainable use of natural resources. 

Ø Develop sui generis system for protection of traditional knowledge, and 

related rights including Intellectual Property Rights. 

Ø Encourage adoption of science-based, and traditional sustainable land use 

practices, through research and development, extension of knowledge, 

pilot scale demonstrations, and large scale dissemination, including 

farmer's training, and where necessary, access to institutional finance. 

Ø Promote reclamation of wasteland and degraded forest land, through 

formulation and adoption of multistakeholder partnerships, involving the 

land owning agency, local communities, and investors. 

Ø Promote sustainable alternatives to shifting cultivation where it is no longer 

ecologically viable, ensuring that the culture and social organisation of the 

local people are not disrupted. 

Ø Encourage agro-forestry, organic farming, environmentally sustainable 

cropping patterns, and adoption of efficient irrigation techniques. 
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Ø Incorporate a special component in afforestation programmes for 

afforestation on the banks and catchments of rivers and reservoirs to 

prevent soil erosion and improve green cover. 

Ø Integrate wetland conservation, including conservation of village ponds 

and tanks, into sectoral development plans for poverty alleviation and 

livelihood improvement, and link efforts for conservation and sustainable 

use of wetlands with the ongoing rural infrastructure development and 

employment generation programmes. 

Ø Promote traditional techniques and practices for conserving village ponds. 

Ø Mainstream the sustainable management of mangroves into the forestry 

sector regulatory regime, so as to ensure the protection of coastal belts 

and conservation of flora and fauna in those areas.  

Ø Disseminate available techniques for regeneration of coral reefs, and 

support activities based on application of such techniques. 

Ø Adopt a comprehensive approach to Integrated Coastal Management by 

addressing linkages between coastal areas, wetlands, and river systems, 

in relevant policies, regulation, and programmes. 

 
5.3 Regulating introductions, and managing invasive alien species 

 

Plants, animals, micro-organisms that are not indigenous to a specific 

ecosystem and become established ina few environment, then proliferate and 

spread in ways that are destructive to human interests, eco-systems and 

environment are considered as invasive alien species (IAS). These species 

cause billions of dollars of damages annually across a wide range of sectors 

including agriculture, forestry, fisheries, ecosystem services, human health 

and tourism threatening economic growth, prosperity as well as the overall 

environment. Their spread has been aggravated by rapid developmental 

activities. IAS recognize no borders (Box 8).   
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Source: India’s Forests, 2007 
 

Invasive alien species (obnoxious weeds, fish, pathogens and pests, etc.) 

pose a serious threat to native species, their habitats and functioning of 

different ecosystems.  In India, a multi-agency and multi-programme 

approach, involving several Ministries and agencies, is being followed for 

regulating introductions and managing invasive alien species.  Major activities 

include regulation of introduction of exotic living materials, their quarantine 

clearance and release for research and direct use.  In general, Ministry of 

Agriculture deals with cultivated plants, fish and farm livestock including 

poultry.  It also has projects on eradication and management of invasive 

weedy plants, pathogens, pests and harmful fish.  MoEF deals with all forest 

materials and wild animals.  It also supports and coordinates programmes on 

eradication/control measures/ utilization of such species in different forest 

areas and conducts national surveys on their spread, prepares reports on 

damage caused and undertakes restorative measures.  There is, however, a 

need to develop a unified national system for regulation of introduction and 

management of all invasive alien species across jurisdiction of all concerned 

Ministries and relevant sectors.   

 
Action Points 

Ø Develop unified national system for regulation of all introductions and 

carrying out rigorous quarantine checks. 

Ø Develop domestic quarantine to contain the spread of invasive species to 

neighbouring areas.  

Box 8: Invasive Species 
• India follows international quarantine regulations 
• Presently, there is no exclusive legislation or policy in India to deal with the invasive alien species 
• Directorate of Plant Protection, Quarantine and Storage, Faridabad, Ministry of Agriculture is the nodal 

agency to enforce the regulations. 
• Latest regulations are ‘Plant Quarantine Order 2003’ 
• On preliminary assessment 61 species of plants (including 12 species of fungi) and 14 species of insects 

have been identified as invasive having national distribution and 36 species having regional distribution. 
• About 28 species native to India have been found to be invasive to other biogeographical zones. 
• ICFRE has established a ‘FIS Cell’ in FRI to deal with various aspects of management of FIS in the country. 
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Ø Promote intersectoral linkages to check unintended introductions and 

contain and manage the spread of invasive alien species. 

Ø Develop a national database on invasive alien species reported in India.  

Ø Develop appropriate Early Warning and Awareness System in response to 

first new sightings of invasive alien species. 

Ø Provide priority funding to basic research on managing invasive species. 
Ø Support capacity building for managing invasive alien species at different 

levels with priority on local area activities.  

Ø Promote restorative measures of degraded ecosystems using preferably 

locally adapted native species for this purpose.  

Ø Promote regional cooperation in adoption of uniform quarantine measures 

and containment of invasive exotics. 

 

5.4 Assessment of vulnerability, and adaptation to climate change and 
desertification 

 

India’s vast majority of people depends 

directly on agriculture and forestry for food 

security and livelihoods.  These sectors are 

considered to be more vulnerable to the 

projected climate change, particularly 

affecting water availability and temperature 

regimes.  Preliminary assessments      have  

indicated   decline in agricultural productivity and shifts in cropping patterns, 

forest boundary, changes in species assemblage or forest types, changes in 

net primary productivity, and potential loss or distribution pattern of 

biodiversity.  These consequences may have adverse socio-economic 

implications for farming and forest dependent communities, and national 

economy.  Thus, there is a need for developing and implementing adaptation 

strategies to minimize and mitigate possible adverse impacts of climate 

change.   Natural ecosystems such as grasslands, mangroves and coral reefs 

are also likely to be drastically affected by the projected climate change.   
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Preliminary research has been initiated on vulnerability assessment due to 

climate change on various production systems, socio-economic sectors and 

natural ecosystems in India.  Some research activities have already been 

initiated in this direction and the Indian Agricultural Research Institute has 

undertaken research on impacts of climate change on crop productivity.  

Climate friendly initiatives being adopted in agricultural sector include: water 

use efficiency, nutrient uptake, better crop management, enhanced organic 

fertilizer use and integrated pest management.   Weather data collection and 

forecasting capabilities are being strengthened while taking lead in regional 

initiatives.  Research efforts are also on to develop and refine capabilities in 

forecasting and assessment by developing suitable criteria and indicators.     

  

India has established National Clean Development Mechanism Authority 

(NCDMA) for according host country approval to CDM projects as mandated 

under the Kyoto Protocol to the UN Framework Convention on Climate 

Change.  One of the criteria used is impact on biodiversity by CDM projects.  

Host country approvals have so far been accorded to 404 CDM projects 

facilitating investment of more than Rs, 22,000 crores.  

 

The  Government has set up an Expert Committee on the impacts of Climate  

Change on 7th May 2007  under the chairmanship of Dr. R. Chidambaram 

Principal Scientific Adviser to Government of India, to study the impacts of 

anthropogenic climate change on India and to identify the measures that  may 

have to be taken in the future in relation to addressing vulnerability to 

anthropogenic climate change impacts.  A high level coordination committee 

chaired by Prime Minister, namely, ‘Prime Minister’s Council on Climate 

Change’ has been set up on 6th June 2007, to coordinate national action for 

assessment, adaptation and mitigation of climate change.  

 

Nearly 228 mha (69%) of geographical area of India falls under drylands (arid, 

semi arid and dry sub humid).  These ecosystems support large human and 

livestock populations, contain unique genetic adaptation mechanisms for 

stress tolerance, and are rich in flora, fauna and microorganisms adapted to 
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climate extremes.  Accelerated desertification processes are likely to further 

compound the adverse impacts of climate change.  

 

Against the above backdrop, there is a pressing need for developing tools, 

methodologies and indicators for assessing impact of climate change and 

desertification, as well as developing appropriate mitigation and adaptation 

strategies.  

 

Action Points 

Ø Identify key vulnerable sectors of the country to climate change, in 

particular impacts on water resources, agriculture, health, coastal areas 

and forests. 
Ø Promote research to develop methodologies for tracking changes and  

assessing  impacts of climate change on glaciers, river flows and 

biodiversity. 

Ø Assess the need for adaptation to future climate change at national and 

local levels, and the scope for incorporating the outputs of such 

assessments in relevant programmes, including watershed. management, 

coastal zone planning and regulation, agricultural technologies and 

practices, forestry management, and health programmes. 

Ø Explicitly consider vulnerability of coastal areas and their biodiversity to 

climate change and sea-level rise in coastal management plans, as well 

as infrastructure planning and construction norms. 

Ø Participate in voluntary partnerships with other countries both developed 

and developing, to address the challenges of sustainable development 

and climate change, consistent with the provisions of the UN Framework 

Convention on Climate Change. 
Ø Identify the most important gaps in knowledge that limit the national ability 

to develop and implement climate change adaptation strategies for 

species and ecological processes and functions. 

Ø Enhance the capacity of climate modeling in the country substantially to 

get clear idea on the climate change impacts on biodiversity at national 

and local levels.  
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Ø Develop ecological criteria for identifying the species and ecosystems that 

are at great risk from climate change and identify their priority habitats.  

Ø Identify information requirements and priorities, through expert 

consultative processes, for long-term monitoring of climate change 

impacts on biodiversity.   

Ø Establish a climate change and biodiversity website for decision makers 

concerned with national resource management to facilitate information 

exchange about the actual and potential impacts of climate change and 

relevant policies, strategies and programmes. 

Ø In view of the multidisciplinary nature of the subject, undertake an All India 

Coordinated Research Project on Impacts of Climate Change on various 

facets of wild and agricultural biodiversity. 

Ø Integrate biodiversity concerns into measures for energy conservation and 

adoption of renewable energy technologies, with a focus on local biomass 

resources and dissemination of improved fuelwood stoves, and solar 

cookers. 

Ø Strengthen efforts for partial substitution of fossil fuels by bio-fuels, 

through promotion of biofuel plantations, promoting relevant research and 

development, and streamlining regulatory certification of new technologies. 

Ø Strengthen and augment the existing programmes and activities of the 

Central and State Governments relating to drylands.  

Ø Prepare and implement thematic action plans incorporating watershed 

management strategies, for arresting and reversing desertification, and 

expanding green cover. 

Ø Promote reclamation of wastelands by energy plantations for rural energy 

through multistakeholder partnerships involving the land owning agencies, 

local communities, and investors. 
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5.5 Integration of biodiversity concerns in economic and social 
development 

  

 
 

Policies and legislations enabling proper assessments and adopting 

measures towards minimizing adverse impact of developmental activities are 

in place.  The Environment (Protection) Act, 1986 is an umbrella act which 

enables Central Government to promulgate statutory notifications and rules 

thereunder for this purpose.  The EIA Notification, 2006, the Coastal 

Regulation Zone Notification 1991 and the Notification pertaining to 

ecologically sensitive areas have been issued to regulate development 

activities (Box 9).  To address biodiversity related issues in EIA, the baseline 

status of biological diversity and its components are ascertained and 

information on habitat resilience is also collected for assessing the likely 

impacts of proposed developmental activities.  
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Ecologically sensitive areas are also notified under the Environment 

(Protection) Act, 1986 with the objective of imposing restriction on the 

industries, operations, and other developmental activities in the region which 

have detrimental effect on the environment, to provide for restoration of 

denuded areas, management of catchment areas, watershed management 

etc. for a planned development.  It is also intended to ensure sustainable 

livelihood for the local communities and stakeholders. 

 

The development of these areas and setting up of industries therein is 

regulated in accordance with the provisions made in the respective 

Notifications issued in this regard.  The various areas which have been 

declared ecologically fragile/eco-sensitive or where development/setting up of 

industries has been regulated are: (i) Murud-Janjira area in Raigarh District, 

Maharasthra (6th January, 1989), (ii) Doon Valley, Uttarakhand (1st February, 

1989), (iii) Dahanu Taluka, District Thane, Maharasthra (20th June 1991), (iv) 

Box 9: Management of Coastal Zones 
 
MoEF had constituted an Expert Committee under the Chairmanship of Prof. M.S. Swaminathan in 
July, 2004, to review and make recommendations with regard to implementation and amendments if 
necessary, of Coastal Regulation Zone Notification, 1991.  The Expert Committee submitted its report 
alongwith the recommendations, which were accepted by MoEF in April, 2005. The major 
recommendations include: 

Ø Implementation of Integrated Coastal Zone Management Plant rather than an uniform 
regulatory approach. 

Ø Development along the coastal stretches based on the vulnerability of the coast, taking 
into account the natural and manmade hazards. 

Ø Inclusion of the ocean zone for regulation.  
Ø Setting up of Institute for Coastal Zone Management to address the policy and legal 

issues. 
Ø Abatement of the pollution of coastal areas and marine waters in a time-bound manner. 
Ø Identification and mapping of the coastal eco-sensitive areas such as mangroves, corals, 

turtle breeding areas. 
Ø Development of coastal bioshield. 

 
MoEF has initiated steps for implementing the above recommendations which include  

Ø Preparation of a National Action Plan for control of pollution of coastal water from land 
based activities. 

Ø Pilot scale studies for demarcation of vulnerability line along identified coastal stretches 
through scientific organizations namely, Survey of India, Dehradun, Space Application 
Centre, Ahmedabad and Centre for Earth Science Studies, Thiruvananthapuram. 

Ø Seeking technical and financial assistance from multi-lateral agencies for implementing 
the recommendations pertaining to mapping of ecologically sensitive areas along the 
coastline, control of pollution in the coastal waters from land based activities and capacity 
building and institutional development. 
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Aravali Range, Gurgaon District, Haryana and Alwar District Rajasthan (7th 

May, 1992), (v) No Development Zone around Numaligarh Refinery Site in 

Assam (5th July, 1996), (vi) Mahabaleshwar Panchgani, Satara District, 

Maharashtra (17th January, 2001) and (vii) Matheran, Maharashtra (4th 

February, 2003.) 

 

Policies and programmes are in place for management of chemical 

emergencies, hazardous waste management and solid waste management. 

Planning and overseeing the implementation of the extant policies and 

programmes on management of chemical emergencies and hazardous 

substances are carried out to promote safe handling, management and use of 

hazardous substances including hazardous chemicals and hazardous wastes, 

in order to avoid damage to health and environment.  For example, handling 

of 70 cancer causing azodyes and the processes incidental thereto in the 

course of which these substances are found or carried on throughout the 

country, have been prohibited vide notification dated March 26, 1997 (Box 

10). 

 

 

 

 

 

 

 

 

 
 

India is a Party to Rotterdam Convention on the Prior Informed Consent 

Procedure for Hazardous Chemicals, Stockholm Convention on Persistent 

Organic Pollutants, and the Basel Convention on Transboundary Movement 

of Hazardous Waste and their disposal. 

 

Box 10: Azodyes 
 

Ø Azodyes are dye stuffs used for colouring textiles and leather products. Such dye stuffs have 

significance in production of rubber, epoxy resins, polyurethane foam, fibres and polyamids. 

 

Ø The 70 azodyes prohibited are derived from 20 arylamines of which a number of them are 

confirmed human carcinogens. Considering the number of safe substitutes, both of chemical 

and natural origin, which were available and that the cost increased was nominal, the Ministry 

of Textiles and the Department of Chemicals & Petrochemicals opined that the 70 azodyes be 

prohibited for handling.   
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Action Points 

 
Ø Develop strong research base on impact assessment and conduct 

rigorous impact assessment of development projects, with a focus on 

biodiversity and habitats. 

Ø Integrate biodiversity concerns across development sectors (such as 

industry, infrastructure, power, mining etc.)  and promote use of clean 

technologies.  

Ø Accord priority to the potential impacts of development projects on 

biodiversity resources and natural heritage while undertaking EIA. In 

particular, ancient sacred groves and biodiversity hotspots should be 

treated as possessing incomparable values. 

Ø Take steps to adopt and institutionalize techniques for environmental 

assessment of sector policies and programmes to address any potential 

adverse impacts, and enhance potential favourable impacts. 

Ø Develop and integrate pre-project plans for reallocation and rehabilitation 

of local people likely to be displaced by development projects keeping in 

view their socio-cultural and livelihood needs.  

Ø Ensure that in all cases of diversion of forest land, the essential minimum 

needed for the project or activity is permitted. Restrict the diversion of 

dense natural forests, particularly areas of high endemism of genetic 

resources, to non-forest purposes, only to site-specific cases of vital 

national interest. 

Ø Give priority to impact assessment of development projects on wetlands; 

in particular, ensuring that environmental services of wetlands are 

explicitly factored into cost-benefit analyses.  

Ø Promote integrated approaches to management of river basins 

considering upstream and downstream inflows and withdrawals by 

season, pollution loads and natural regeneration capacities, in particular, 

for maintenance of in-stream ecological values. 

Ø Consider and mitigate the impacts on river and estuarine flora and fauna, 

and the resulting change in the resource base for livelihoods, of 

multipurpose river valley projects, power plants, and industries. 
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Ø Adopt best practice norms for infrastructure construction to avoid or 

minimize damage to sensitive ecosystems and despoiling of landscapes. 

Ø Support practices of rain water harvesting and revival of traditional 

methods for enhancing groundwater recharge. 

Ø Give due consideration, to the quality and productivity of lands which are 

proposed to be converted for development activities, as part of the 

environmental clearance process. 

Ø Ensure provision for environmental restoration during commissioning, and 

after decommissioning, of industries. For example, in all approvals of 

mining plans, institutionalize a system of post-monitoring of projects to 

ensure safe disposal of tailings and ecosystem rehabilitation following the 

principles of ecological succession. 

Ø Promote, through incentives, removal of barriers and regulation, the 

beneficial utilization of wastes such as fly ash, bottom ash, red mud, and 

slag, minimizing thereby their adverse impact on terrestrial and aquatic 

components of biodiversity. 

Ø Promote sustainable tourism through adoption of best practice norms   for 

tourism facilities and conservation of natural resources while encouraging 

multistakeholder partnerships favouring local communities. 

Ø Develop and implement viable models of public-private partnerships for 

setting up and operating secure landfills, incinerators, and other 

appropriate techniques for the treatment and disposal of toxic and 

hazardous waste, both industrial and biomedical, on payment by users, 

taking the concerns of local communities into account. The concerned 

local communities and State Governments must have clear entitlements to 

specified benefits from hosting such sites, if access is given to non-local 

users. Develop and implement strategies for clean up of toxic and 

hazardous waste dump legacies, in particular in industrial areas, and 

abandoned mines, and reclamation of such lands for future, sustainable 

use. 

Ø Survey and develop a national inventory of toxic and hazardous waste 

dumps, and an online monitoring system for movement of hazardous 

wastes. Strengthen capacity of institutions responsible for monitoring and 

enforcement in respect of toxic and hazardous wastes. 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


 74 

Ø Strengthen the legal arrangements and response measures for addressing 

emergencies arising out of transportation, handling and disposal of 

hazardous wastes as part of the chemical accidents regime. 

Ø Promote organic farming of traditional crop varieties through research in 

and dissemination of techniques for reclamation of land with prior 

exposure to agricultural chemicals, facilitating marketing of organic 

produce in India and abroad, including by development of transparent, 

voluntary, science-based labeling schemes. 

Ø Develop and enforce regulations and guidelines for management of e-

waste, as part of the hazardous waste regime. 

Ø Promote, through incentives, removal of barriers, and regulations, the 

beneficial utilization of generally non-hazardous waste streams such as fly 

ash, bottom ash, red mud, and slag, including in cement and brick making, 

and building railway and highway embankments.   

 

5.6 Impact of Pollution 
 

Pollution is the inevitable generation 

of waste from the anthropogenic 

activities involving production and 

consumption.   Ecosystems have 

some natural capacities to assimilate 

pollution; however, these vary 

considerably with the nature of the 

pollutant and the ecosystem. In 

general, it is cheaper to reduce the 

emission of pollution, than to 
 

mitigate it after generation, or to treat the receiving medium or receptor.  The 

impacts of air and water pollution may differentially affect the poor, women, 

children, and developing regions, which may also be having relatively low 

contributions to its generation. Accordingly the costs and benefits of 

abatement may have important implications for equity.   
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Similarly, the immediate and deeper causes of soil pollution as well as 

management of industrial and municipal wastes are serious challenges in 

terms of magnitude and required resources.   

The present legislative framework is broadly contained in the umbrella 

Environment (Protection) Act, 1986; the Water (Prevention and Control of 

Pollution) Act, 1974; the Water Cess Act, 1977; and the Air (Prevention and 

Control of Pollution) Act, 1981.  

 

Action points 
 
Ø Minimise and eliminate activities leading to loss of biodiversity due to point 

and non-point sources of pollution and promote development of clean 

technologies. 

Ø Strengthen the monitoring and enforcement of emission standards for both 

point and non-point sources. 

Ø Develop location-specific work plans focusing on biodiversity conservation 

while managing   pollution problems. 

Ø Treat and manage   industrial effluents so as to minimize adverse impacts 

on terrestrial and aquatic biological resources. 

Ø Promote biodegradable and recyclable substitutes for non-biodegradable 

materials, and develop and implement strategies for their recycle, reuse, 

and final environmentally benign disposal, including through promotion of 

relevant technologies, and use of incentive based instruments. 

Ø Avoid excessive use of fertilizers, pesticides and insecticides while 

encouraging Integrated Pest Management (IPM) practices, and use of 

organic manures and biofertilisers.  

Ø Promote organic farming of locally adapted and traditional crop varieties 

through appropriate incentives, and direct access to markets duly 

supported by credible certification systems.  

Ø  Develop a strategy for strengthening regulation, and addressing impacts, 

of ship-breaking activities on human health, and coastal and near marine 

bio-resources. 
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Ø Accord priority to potential impacts on designated natural heritage sites in 

view of their incomparable values that merit stricter standards than in 

otherwise comparable situations. 

Ø Promote R&D on impacts of air, water and soil pollution on biodiversity 

and use of biological methods for pollution amelioration.  
 
5.7 Developing and integrating biodiversity databases 

 

Developing national strategy 

and action plans for 

biodiversity conservation are 

severely constrained because 

of inadequate database on 

different components of 

biodiversity and their 

geographical distribution. 

Even the limited available 

information is scattered and 

held 

by a number of organizations working independently on the subject.  Further, 

there is no unified format for collection, retrieval and dissemination of data on 

biodiversity.  Realizing this need, the Central Govt. while framing Biological 

Diversity Rules, 2004 under Biological Diversity Act, 2002, mandated the 

National Biodiversity Authority to build up database and to create 

documentation system for biological resources and biological diversity 

registers and electronic databases to ensure effective management, 

promotion and sustainable use (Rule 12 (xiii). There is thus an urgent need for 

integrating data from all available sources into a national network with 

distributive linkages for facilitating data dissemination and interface with 

managers and users.  There is also a need to accelerate and intensify the 

survey and inventorization of unexplored areas, with focus on endangered, 

endemic and insufficiently known species. 
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Action Points  

Ø Develop an integrated national biodiversity information system with 

distributive linkages for easy storage, retrieval and dissemination. 

Ø Intensify survey, identification and inventorization activities; involving local 

institutions and giving priority to hitherto unexplored areas. 

Ø Conduct regular surveys to monitor changes in populations of target 

species (wild and domesticated), using remote sensing and other updated 

tools and techniques. 

Ø Update listing of endangered species of flora and fauna on priority, based 

on internationally accepted criteria. 

Ø Extend listing of keystone, umbrella and endemic species for conserving 

them on priority basis, and develop models/packages for their 

conservation. 

Ø Update database on sacred groves and sacred ponds documenting bio-

resources and associated knowledge conserved at these sites. 

Ø Promote DNA fingerprinting, other molecular analytical techniques and 

studies on genetic diversity of critically endangered species to develop 

appropriate conservation strategies. 

Ø Expand area specific surveys of land races, traditional cultivars of crops, 

wild relatives of crop plants and breeds of domesticated animals inter alia 

through application of appropriate statistical techniques. 

Ø Use modern taxonomic methods for documentation/identification of 

species. 

Ø Strengthen and build capacity for taxonomy and biosystematics, 

particularly for groups of plants, animals and microorganisms which are as 

yet inadequately understood. 
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5.8 Strengthening implementation of policy, legislative and administrative 
measures for biodiversity conservation and management 

 

Subject relating to 

environment and forests is on 

the concurrent list of the 

Constitution of India. Both 

Central and State 

Governments legislate and 

formulate policies and 

programmes       on   this 

subject. 

National policies environmental management include the National Forest 

Policy 1988, the National Conservation Strategy and Policy Statement on 

Environment and Development 1992, and National Policy and Macrolevel 

Action Strategy on Biodiversity 1999. Some other sectoral policies (e.g. 

National Agriculture Policy 2000, National Water Policy) have also contributed 

towards environmental management. As our development challenges evolved 

and our understanding of the centrality of environmental concerns in 

development sharpened, the National Environment Policy was developed in 

2006. The NEP builds on the earlier policies, and strengthens them. 
 

Major Central Acts having direct bearing on biodiversity issues are: Indian 

Forest Act 1927, Wildlife (Protection) Act 1972, Forest (Conservation) Act 

1980, Environment (Protection) Act 1986, and the Biological Diversity Act 

2002. In addition, there are several other Acts which have relevance to 

biodiversity. Some of these are given in Box 11. These Central Acts are 

supported by a number of State laws and statutes as provided under the 

Constitution. 
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Box 11: Important Central Acts having Relevance to Biodiversity 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

While there exists a strong body of legislative and policy framework relevant 

to biodiversity, there is a need to develop synergies among various Acts. 

Some efforts have been made in this direction, which would have to be further 

accelerated. 

 

The Biological Diversity Act enacted in 2002 in pursuance to the CBD is a 

comprehensive legislation, the primary aim of which is to conserve 

biodiversity through regulating access to biological resources and associated 

traditional knowledge, and to ensure equitable sharing of benefits arising out 

of their use, as envisaged under the CBD. 

 

Issues relating to benefit sharing and protection of traditional knowledge are 

rather complex and still evolving. Being a megadiverse country rich in 

associated traditional knowledge, effective implementation of the Biological 

• Fisheries Act, 1897.  
• Destructive Insects and Pests Act, 1914.  
• The Indian Forest Act, 1927.  
• Indian Coffee Act, 1942  
• Agricultural Produce (Grading and Marketing) Act, 

1937.  
• Import and Export (Control) Act, 1947.  
• Rubber (Production and Marketing) Act, 1947.  
• Tea Act, 1953.  
• Mining and Mineral Development (Regulation) Act, 

1957 
• Prevention of Cruelty to Animals Act, 1960.  
• Customs Act, 1962.  
• Cardamom Act, 1965.  
• Seeds Act, 1966.  
• Wildlife (Protection) Act, 1972 and Wildlife 

(Protection) Amendment Act, 1991.  
• Marine Products Export Development Authority Act, 

1972.  
• Water (Prevention and Control of Pollution) Act, 

1974.  
• Tobacco Board Act, 1975. 
• Territorial Water, Continental Shelf, Exclusive 

Economic Zone and other Maritime Zones Act, 
1976.  

• Water (Prevention and Control of Pollution) Cess 
Act, 1977.  

•

• Maritime Zones of India (Regulation and 
Fishing by Foreign Vessels) Act. 1980.  

• Forest (Conservation) Act, 1980.  
• Air (Prevention and Control of Pollution) Act, 

1981.  
• Agricultural and Processed Food Products 

Export Development Authority Act, 1985/ 
1986.  

• Environment (Protection) Act, 1986.  
• Spices Board Act, 1986.  
• National Dairy Development Board, 1987.  
• Foreign Trade (Development and Regulation) 

Act, 1992. 
• Rules for the manufacture, use/import/export 

and storage of  hazardous  microorganisms/ 
genetically engineered organisms or cells, 
1989  

• Biological Diversity Act, 2002 
• Biological Diversity Rules, 2004 
• Plant Quarantine (Regulation of Import into 

India) Order, 2003 
• Protection of Plant Varieties and Farmers' 

Rights (PVPFR) Act, 2001 
• The Food Safety and Standards Act, 2006 
• Scheduled Tribes and Other Traditional 

Forest Dwellers (Recognition of Forest 
Rights) Act, 2006. 
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Diversity Act and Rules is in the interest of the country and its people, and 

therefore needs to be accelerated. Experience gained in implementation of 

the national legislation on access and benefit sharing (ABS) would be of much 

value in strengthening and effectively articulating the developing country 

perspective for the international regime on ABS presently being negotiated 

under the CBD. 

 

Action Points 
 

Ø Accelerate effective actions at the central, state and local levels to 

implement provisions under the Biological Diversity Act 2002 and its Rules 

2004. 

Ø Review enabling policies to prevent the transfer of prime agricultural land 

to non-agricultural purposes, and promote sustainability of agricultural, 

lands. 

Ø Formulate suggestive policies for strengthening and supporting 

conservation and management of grasslands, pastoral lands, sacred 

groves and other areas significant for biodiversity conservation. 

Ø Support preparation of People’s Biodiversity Registers (PBRs) in linkage 

with scientific institutions and primary stakeholders. 
Ø Strengthen systems for documentation, application and protection of 

biodiversity-associated traditional knowledge, providing adequate 

protection to these knowledge systems while encouraging benefits to 

communities. 

Ø Revive and revitalize sustainable traditional practices and other folk uses 

of components of biodiversity and associated benefits to local communities 

with a view to promoting and strengthening traditional knowledge and 

practices. 

Ø Create public education and awareness about the need to conserve, 

protect and gainfully use traditional knowledge systems. 

Ø Identify emerging areas for new legislation, based on better scientific 

understanding, economic and social development, and development of 

multilateral environmental regimes, in line with the National Environment 

Policy. 
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Ø Review the body of existing legislation relevant to biodiversity in order to 

develop synergies among relevant statutes and regulations, eliminate 

obsolescence, and amalgamate provisions with similar objectives, in line 

with the National Environment Policy. Further, encourage and facilitate 

review of legislation at the level of State and local governments with a view 

to ensuring their consistency with this Policy. 

Ø Review the regulatory processes for LMOs so that all relevant scientific 

knowledge is taken into account, and ecological, health, and economic 

concerns are adequately addressed. 

Ø Periodically review and update the National Bio-safety Guidelines to 

ensure that these are based on current scientific knowledge. 

Ø Ensure conservation of biodiversity and human health when dealing with 

LMOs in transboundary movement in a manner consistent with the 

multilateral Biosafety Protocol. 

Ø Develop appropriate liability and redress mechanisms to internalize 

environment costs and address economic concerns in case of any 

damage to biodiversity.  

Ø Harmonise provisions concerning disclosure of source of biological 

material and associated knowledge used in the invention under the 

Patents Act,1970, Plant Varieties Protection and Farmers’ Rights Act, 

2001 and Biological Diversity Act 2002, with a view to enable local 

communities holding traditional knowledge of the use of such biological 

material to benefit from providing access to such knowledge. 

Ø Develop supportive regulatory regime for protection of identified wetlands 

and biosphere reserves. 

Ø Develop appropriate system and modalities for operationalizing provisions 

for prior informed consent and benefit sharing under the Biological 

Diversity Act, working towards greater congruence between these 

provisions and trade related aspects of intellectual property rights. 
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5.9 Developing national capacities for biodiversity conservation and 
appropriate use of new technologies 

 

By and large, the country has over a period of time developed a stable 

institutional structure for environmental management.  

  

The MoEF interacts with Ministry of 

Human Resource Development 

(MHRD), University Grants 

Commission (UGC), National Council 

on Education Research and Training 

(NCERT) and other educational bodies 

for   introducing   and         expanding  

 environmental concepts, themes and issues in the curricula of schools, 

colleges and universities. In order to generate awareness regarding the need 

to conserve and sustainably utilize biological resources, the communication 

media such as TV, radio and press are being utilized. The education system, 

both formal and non-formal, is also mobilized to this end. 

 

For education, awareness, research and extension development on forestry 

issues, the Indian Council of Forestry Research and Education (ICFRE) is the 

focal point. The Forest Research Institute imparts education and creates 

awareness on various aspects of environment and forestry. The Indian 

Institute of Forest Management imparts education and training in forest 

management. The Wildlife Institute of India imparts training on wildlife 

management. 

 

The Centre for Environment Education (CEE), CPR Environment Education 

Centre, and the Centres of Excellence supported by MoEF, organize activities 

aimed at creating environmental awareness among all sections of the society.  

 

 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


 83 

The National Museum of Natural History is devoted to environment education 

and creation of conservation awareness among public through exhibit 

galleries, mobile museum, discovery room and various other activities. 

 

However, there are still a number of gap areas which need to be adequately 

addressed. Human resource development for scientific management of 

biodiversity has suffered because of inadequate infrastructure for research 

and development, the shortage of organizations capable of imparting 

technical skills, the limitations of education and public awareness through 

formal and non-formal means and insufficient training for various 

stakeholders. 

 

The current efforts for environmental education and awareness should be 

strengthened to highlight the importance of conservation and sustainable use 

of biodiversity especially focusing on new and emerging issues such as 

biosafety, climate change, and biofuels. Towards this, the audio, visual and 

the print media could be more effectively used. There is a need to strengthen 

the in-service training and orientation courses for personnel engaged in 

conservation programme. 

 

There are a number of 

Ministries/Departments, agencies, 

and organizations which are 

supporting research relating to 

biodiversity. Coordination among 

these organizations needs to be 

enhanced. There is also a need to  

effectively integrate findings of research projects into policy making. 

Participation of private sector in R&D also needs to be further encouraged. 

Institutional and human capacity needs to be constantly strengthened and 

updated to meet the new and emerging challenges relating to biodiversity, 

e.g. in the fields of biosafety, climate change, and invasive alien species.  
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There is a need to look at the on-going education, training and extension 

programmes profile to incorporate directed focus on biodiversity conservation. 

 

Action Points  
 

Ø Develop consortium of lead institutions engaged in conservation providing 

linkage and networking across public and private sectors. 

Ø Outsource research and promote joint ventures on key conservation 

issues.  

Ø Promote application of biotechnology tools for conserving endangered 

species. 

Ø Encourage DNA profiling for assessment of genetic diversity in 

endangered species to assist conservation.  

Ø Develop DNA-probe based technology for tracking of LMOs. 

Ø Develop specific pilot gene banks for LMOs approved for undertaking 

research and commercial use. 

Ø Develop capacity for risk assessment, management and communication 

on LMOs. 

Ø Support pilot studies on use of biotechnology tools for conservation where 

appropriate.  

Ø Develop specific complimentary capacity building measures based on 

national needs and priorities for the design and implementation of national 

rules and procedures on liability and redress such as to strengthen the 

establishment of baseline information and monitoring of changes.  

Ø Develop protocols for monitoring products based on genetic use restriction 

technologies. 

Ø Strengthen participatory appraisal techniques and encourage formation of 

local institutional structures for planning and management of natural 

resources, ensuring participation of women. 

Ø Preserve and strengthen traditional, religious, ritualistic, ethical and 

cultural methods of conservation. 

Ø Strengthen manpower, infrastructure and other pertinent capacities 

including upgradation of skills of existing officials of Ministry of 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


 85 

Environment & Forests to enable it to address new and emerging 

requirements in field of biodiversity conservation and management. 

Ø Strengthen BSI and ZSI capabilities and promote their technical 

cooperation with SBBs and BMCs.  

Ø Augment human resource development and personnel management in 

forestry and wildlife sector. 

Ø Strengthen multidisciplinary R&D efforts on key areas pertaining to 

conservation and management of biological diversity. 

Ø Promote both formal and non-formal means for environment education 

and biodiversity conservation.  

Ø Design and implement awareness programmes, particularly for rural 

women, and also absorb their wisdom. Women’s organizations such as 

Women’s Councils and Mahila Mandals could be used for this purpose. 

Ø Incorporate modules on conservation and sustainable utilization of 

biodiversity in foundational and professional training for All India and State 

Services. 

Ø Promote and/or strengthen education, training, awareness and extension 

programmes on biodiversity issues for various stakeholders including all 

levels of students, professionals (such as engineers, doctors, lawyers, 

CAs etc.), elected representatives (such as representatives of Panchayati 

Raj Institutions (PRIs), MLAs, MPs, Mayors etc.), judiciary, NGOs, those in 

public and private sectors (e.g. corporate representatives, industrial 

associations etc.), defence and para military forces, customs, police, 

media, cultural, spiritual and religious institutions/individuals.. 

Ø Enhance public education and awareness for biodiversity conservation 

through audio, visual and print media. 

Ø Promote activities relating to animal welfare. 

 
5.10 Use of economic instruments/valuation in biodiversity related decision   

    making processes 

 

It is necessary that the costs associated with the degradation and depletion of 

natural resources be incorporated into decision making, to reverse the 

tendency to treat these resources as free goods. At the macro-level, a 
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system of natural resource accounting is required to assess whether in the 

course of economic growth, we are drawing down, or enhancing the biological 

resource base. In addition, the costs and benefits associated with various 

activities, including sectoral policies, should be evaluated to ensure that these 

factors are duly taken into account in decision making. 

 

There is also a need to move from the current near exclusive reliance on 

regulations, to a judicious mix of incentives and regulatory instruments.  

 
Action Points 
 

Ø Develop a system of natural resource accounting reflecting the ecological 

as well as economic values of biodiversity, with special attention to 

techniques of green accounting in National Accounts and estimation of 

positive and negative externalities for use of various types of natural 

resources in the production processes as well as in household and 

government consumption.. 

Ø Develop suitable valuation models for adoption at national, state and local 

levels. 

Ø Support projects and pilot studies aimed at validating methods of valuation 

of bioresources. 

Ø Identify key factors and indicators to assess effectiveness of valuation 

methods and models, taking into consideration the U.N guidelines on 

monitoring and evaluation of socio-economic projects.  

Ø Assess the utility of traditional and innovative fiscal instruments for 

promoting conservation and sustainable utilization of biodiversity. 

Ø Develop systems for partial return of the revenues generated in protected 

areas, zoological parks, botanical gardens, aquaria etc. for improving their 

managements to conserve biodiversity. 

Ø Mobilize additional resources based on project formulations for biodiversity 

conservation. 
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5.11 International cooperation 
 

India has participated in major international events on environment and 

biodiversity conservation since 1972. India has also contributed to developing 

the agreed texts, ratified, and complied with the commitments in various 

international conventions relating to biodiversity. These agreements are: 

Convention on Biological Diversity (CBD), Convention on International Trade 

in Wild Species of Endangered Flora and Fauna (CITES), Ramsar Convention 

on Wetlands, World Heritage Convention, and the Bonn Convention on 

Conservation of Migratory Species (CMS). Some other international 

agreements with a bearing on biodiversity, to which India is a Party include: 

UNFCCC, UNCCD, Commission on Sustainable Development, World Trade 

Organisation, FAO facilitated International Treaty on Plant Genetic Resources 

and UN law of the Seas.  

 

A Global Tiger Forum of Tiger Range Countries has been created for 

addressing international issues related to tiger conservation.  

 

India has also actively supported numerous regional and bilateral 

programmes on biodiversity. MoEF, the nodal Ministry for the CBD and other 

biodiversity related Conventions, is also the nodal agency in the country for 

the United Nations Environment Programme (UNEP), SACEP, ICIMOD, and 

IUCN. It has institutionalized the process for developing country’s position for 

on major issues for negotiations under different International Conventions. 

 

In this context, MoEF is continuously taking steps to harmonise national 

policies and programmes in implementation of various multilateral 

environment agreements (MEAs), based on active involvement of various 

stakeholders. MoEF functions in partnership with a number of institutions for 

developing and implementing national strategies on conservation and 

sustainable use of biological diversity. These partners include Ministries, State 

Government departments, Universities, other academic institutions, 

autonomous bodies, women’s organizations and NGOs. 
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India along with sixteen other megadiverse countries, which are rich in 

biodiversity and traditional knowledge, has formed a group known as the Like 

Minded Megadiverse Countries (LMMCs). These countries are Bolivia, Brazil, 

China, Colombia, Costa Rica, Democratic Republic of Congo, Ecuador, 

Indonesia, Kenya, Madagascar, Malaysia, Mexico, Peru, Philippines, South 

Africa and Venezuela. The LMMCs hold nearly 70% of all biodiversity. India 

chaired the LMMCs for a two-year period from March 2004 to March 2006,and 

coordinated the activities of this group focusing particularly on access and 

benefit sharing issues under the CBD. 

 

Notable progress in this area notwithstanding, concerted efforts are now 

required to further improve bilateral, regional and multilateral cooperation, as 

also cooperation with UN agencies and other international organizations on 

issues related to biodiversity. There is a also a need to enhance our own 

capacities to comply with our commitments, and ensure sustained flows of 

resources for biodiversity management. 

 
Action Points 

 

Ø Further consolidate and strengthen global cooperation, especially with UN 

agencies and other international bodies on issues related to biodiversity. 

Ø Promote regional cooperation for effective implementation of suitable 

strategies for conservation of biodiversity, especially with neighbouring 

countries through fora like SAARC, ASEAN and ESCAP. 

Ø Develop projects for accessing funds for conservation and sustainable use 

of biodiversity from external sources, earmarked for conservation, through 

bilateral, regional and other multilateral channels.  

Ø Promote technology transfer and scientific cooperation towards 

conservation of biological resources, their sustainable use and equitable 

sharing of benefits arising out of  their use. 
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6. MATRIX FOR IMPLEMENTATION  
 

The preceding chapter outlines a number of new and continuing activities for 

augmenting biodiversity conservation.  Considering that the subject of biodiversity is 

cross sectoral in nature, the implementation of these activities would be heavily 

dependant on coordinated efforts of diverse actors, including the concerned central 

sector Ministries/Departments, state governments, research institutions, various 

organizations both government and non government, local institutions, and people 

themselves.  The National Biodiversity Authority established on 1st October, 2003 

under Biological Diversity Act, 2002 and the State Biodiversity Boards and Local 

Biodiversity Management Committees which are in process of being established 

under the same Act, would also have to be actively involved in a number of actions.   

 

Since many of the activities are already ongoing, these would be taken up 

under the ambit of existing schemes and programmes, securing full utilization of 

available infrastructure and funds, with marginal to substantial augmentation and 

further inputs, wherever required.  In addition, sources of external funding would also 

be explored and availed of, in accordance with the extant policies and regulations.   

 

As regards the time frame for implementation of these activities, these would 

be taken up in the short term (within 5 years), medium term (between 5 and10 

years), or long term (beyond 10 years).  Most of the activities are already operational 

or planned, and the time frame as mentioned against each in the Matrix is indicative 

of the term when optimal level of implementation will be achieved. 

 

A tabulated matrix for implementation of the key activities of NBAP, indicating 

the implementing agencies and time frame for each of these activities is given below.  

The implementing agencies listed in the matrix, are only indicative and not 

comprehensive.  
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MATRIX FOR IMPLEMENTATION OF KEY ACTIVITIES OF NBAP 
S. 
No. 

  Actions                        Activities Coordinating agency Associated agencies Time frame  

1. Strengthening 
and 
integrating in 
situ, on-farm 
and ex situ 
conservation 

• Expand the Protected Area (PA) network of the country 
giving representation to all bio-geographic zones.  

• Establish self-sustaining monitoring system for overseeing 
the activities and effectiveness of the protected area network. 

• Mitigate man animal conflicts.  
 
• Promote site-specific eco-development programmes in fringe 

areas of PAs. 
 
• Promote voluntary relocation of villagers from critical 

habitats of Pas. 
• Devise effective management and conservation techniques 

for the forest preservation plots.  
• Strengthen research work on protected areas, biosphere 

reserves and fragile ecosystems.  
• Strenghthen the protection of ecologically sensitive areas of 

high endemism of genetic resources ( biodiversity hotspots).  
• Promote inter-sectoral consultations and partnership in 

strengthening biodiversity conservation activities. 
• Control poaching and illegal trade in wild animals and plant 

species. 
• Strengthen capacities and implement measures for captive 

breeding and release into the wild, of identified endangered 
species. 

• Promote ecologically and socially sensitive tourism and 
pilgrimage activities. 

• Promote conservation of biodiversity outside the protected 
area network, on private property, on common lands and 
water bodies. 

• Identify hotspots of agro-biodiversity under different agro-
ecozones and cropping systems and promote on-farm 
conservation. 

• Provide economically feasible and socially acceptable 
incentives like value addition and direct market access in 
face of replacement by other economically remunerative 
cultivars. 

• Develop appropriate models for on-farm conservation of 
livestock herds maintained by different institutions and local 
communities. 

 
• Develop mutually supportive linkages between in situ, on-

farm and ex situ conservation programmes.  
• Focus on conservation of genetic diversity (in situ, ex situ, in 

vitro) of cultivated plants, domesticated animals and their 

− MoEF  
 
− MoEF 
 
− MoEF  
 
− MoEF  
 
 
− MoEF 
 
− MoEF  
 
− MoEF  
 
− MoEF  
 
− PC  
 
− MoEF 
 
− MoEF  
 
 
− MoT 
 
− MoEF  
 
 
− MoA  
 
 
− MoA  
 
 
 
− MoA 
 
 
 
− MoA & MoEF  
 
− MoA  
 

− State/U.T. Governments with inputs from research 
institutions, other stakeholders. 

− State/U.T. governments. 
 
− WLBI, MoTA in partnership with State/U.T. Governments, 

research institutions, local people and CSOs. 
− MoTA, MoT in partnership with State Governments, research 

institutions, local people and CSOs. 
 
− State/U.T. governments, district and panchayat level 

authorities local people and CSOs. 
− MoST, DoS, ICFRE, WII, IIFM, IGNFA in association with 

SFDs, SFRIs etc. 
− MoST, DoS, MoES, MoA, universities, research institutions 

and CSOs. 
− NBA, MoA, MHRD, MoTA, State/U.T. Governments, SBBs. 
 
− MoEF, MoA, MoES, MoCI, MoT, MoH&FW, AYUSH, MoRD, 

MoWR. 
− Customs, Coast Guards, SFDs, State/U.T. Governments. 
 
− SFDs, CZA, Botanic Gardens, WII, BSI, ZSI, NBRI, TBGRI, 

CSIR institutions, universities and other research 
institutions.  

− MoEF, State/U.T. governments, public and private travel & 
tour operators, religious and cultural institutions, CSOs. 

− NBA, SBBs, BMCs, MoA, MoWR, MoTA, MoRD, DRDO, private 
land owners, PRIs, public and private sector. 

 
− ICAR, State/U.T. governments, NBA, SBBs, BMCs, PVPFRA, 

MoTA, ZSI, SAUs, CSOs. 
 
− ICAR, State/U.T. governments including agriculture, animal 

husbandry and horticulture depts., MoTA, NAFED, NABARD, 
NIF, PC, research institutions, PRIs, public and private 
sector, CSOs and other innovation promoting agencies. 

− State/U.T. governments including agriculture, animal 
husbandry and horticulture depts., NAFED, NABARD, NIF, 
PC, research institutions, PRIs, public and private sector, 
CSOs and other innovation promoting agencies. 

− ICAR, State/U.T. governments, CSIR institutions, NBA, SBBs, 
BMCs, national gene banks, clonal repositories, PC etc. 

− ICAR, MoEF, CZA, State/U.T. governments, SAUs, research 
institutions, CSIR institutions. 

− Medium 
 
− Medium 
 
− Medium 
 
− Short 
 
 
− Medium 
 
− Short 
 
− Short 
 
− Medium 
 
− Short 
 
− Medium 
 
− Medium 
 
 
− Medium 
 
− Medium 
 
 
− Medium 
 
 
− Medium 
 
 
 
− Medium 
 
 
 
− Short 
 
− Long 
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S. 
No. 

  Actions                        Activities Coordinating agency Associated agencies Time frame  

wild relatives to support breeding programmes. 
• Strengthen national ex situ conservation system for crop and 

livestock diversity including poultry linking national gene 
banks, clonal repositories and field collections, maintained 
by different research centers and universities. 

• Develop cost effective and situation specific technologies for 
medium and long term storage of seed samples collected by 
different institutions and organizations. 

• Undertake DNA profiling for assessment of genetic diversity 
in rare, endangered and endemic species to  assist in 
conservation programmes. 

• Develop a unified national database covering all ex situ 
conservation sites.  

• Develop networking of botanical gardens and consider 
establishing a unified command. 

• Encourage cultivation of plants of economic value, gathered 
from their natural populations and promote development of 
elite varieties of such plants. 

• Promote inter-sectoral linkages and synergies to develop 
and realize full economic potential of ex situ conserved 
materials in crop and livestock improvement programmes. 

• Strengthen   basic research on reproduction biology of rare, 
endangered and endemic species to support reintroduction.  

 
−  MoA/ICAR 
 
 
 
− MoA/ICAR  
 
 
− DBT  
 
 
− MoA  
 
− MoEF  
 
− MoA  
 
 
− MoA  
 
 
− MoEF  
  

 
− State/U.T. governments, SAUs, research institutions, CSIR 

institutions, community gene banks, CSOs. 
 
 
− State/U.T. governments, SAUs, research institutions, CSIR 

institutions, community gene banks, CSOs. 
 
− NRC on DNA Fingerprinting, CCMB, CDFD,  SAUs, research 

institutions and universities. 
 
− NBA, PVPFRA, DBT, PC, public and private institutions. 
 
− BSI, NBA, State/U.T. governments, CSIR institutions, 

universities, colleges and research institutions.  
− SAUs, AYUSH, DBT, CSIR institutions, public and private 

sector, CII, FICCI, ASSOCHAM and other industry 
associations. 

− ICAR, NABARD, PC, State/U.T. governments, SAUs, CSIR 
institutions, research institutions and universities. 

 
− MoA, MoST, BSI, ZSI, research institutions and universities. 

 
− Long 
 
 
 
− Medium 
 
 
− Medium 
 
 
− Short 
 
− Short 
 
− Medium 
 
 
− Medium 
 
 
− Medium 

2. Augmentation 
of Natural 
Resource 
Base and its 
sustainable 
utilization: 
Ensuring inter 
and intra-
generational 
equity 

• Promote sustainable use concept and best practices for 
sustainable use of biodiversity in relevant economic sectors. 

• Promote decentralized management of biological resources 
with emphasis on community participation. 

• Integrate biodiversity concerns into sectoral and inter-
sectoral policies and programmes.  

• Promote conservation, management and sustainable 
utilization of bamboos and canes, and establish  
bambusetum and canetum.  

• Encourage cultivation of medicinal plants and culture of 
marine organisms utilized for drugs to prevent their 
unsustainable extraction from the wild. 

• Promote capacity building at grassroot level to ensure eco-
friendly and sustainable use of natural resources. 

• Develop suitable mechanisms for protection of traditional 
knowledge associated with genetic resources.  

• Adopt a comprehensive approach to Integrated Coastal Zone 
Management by strengthening linkages among coastal areas, 
wetlands and river systems.  

 
• Promote techniques  for conservation and regeneration of 

coral reefs and mangroves. 

− PC  
 
− PC &  MoPR 
 
− PC  
 
− MoEF & MoA 
 
 
− MoA & MoES 
 
 
− MoEF  
 
− MoEF  
 
− MoEF  
 
 
 
− MoEF 
 

− MoEF, MoA, MoCI, MoT, MoRD, MoTA, MoES, AYUSH, CII, 
ASSOCHAM, FICCI and other industry associations. 

− MoEF, MoA, MoRD, MoES, MoH&FW, MoTA. 
 
− MoEF, MoA, MoCI, CII, ASSOCHAM, FICCI and other industry 

associations. 
− State governments, SFRIs, CSIR institutions, research 

institutions and universities. 
 
− AYUSH, MoEF, PC, MoST, ICMR, CSIR institutions, 

universities and research institutions. 
 
− NBA, SBBs, BMCs, MoA, MHRD, State/U.T. governments, 

SFDs, PRIs, CSOs. 
− NBA, PVPFRA, CSIR institutions, MoCI. 
 
− MoES, MoA, MoWR, NIO, ZSI, Centres of Excellence, 

State/U.T. government including science, technology and 
environment departments, Coast Guards, research 
institutions and universities, public and private sector. 

− MoES, NIO, ZSI, SDMRI, State/U.T. governments, Coast 
Guards and private sector. 

− Long 
 
− Medium 
 
− Short 
 
− Medium 
 
 
− Medium 
 
 
− Short 
 
− Medium 
 
− Short 
 
 
 
− Short 
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S. 
No. 

  Actions                        Activities Coordinating agency Associated agencies Time frame  

• Encourage agro-forestry, organic farming, environmentally 
sustainable cropping patterns, diversified farming systems 
and more efficient irrigation techniques.  

− MoA  − SAUs, State/U.T. governments including agriculture, 
horticulture and forest departments, MoTA, MoFPI, APEDA, 
NABARD, private sector. 

− Medium 

3. Regulating 
introductions, 
and managing 
invasive alien 
species 

• Develop unified national system for regulation and 
quarantine check of all introductions. 

• Develop domestic quarantine to contain the spread of 
invasive species to neighbouring areas. 

• Promote intersectoral linkages to check accidental 
introductions.  

• Develop a national database on invasive alien species 
reported in India.  

• Develop appropriate Early Warning and Awareness System. 
  
• Provide priority funding to basic research on managing 

invasive species. 
• Promote capacity building for managing invasive alien 

species.  
• Promote restorative measures of degraded ecosystems using 

native species. 
• Promote regional cooperation in adoption of uniform 

quarantine measures.  

− MoA & MoEF  
 
− MoA  
 
− MoA  
 
− MoA  
 
− MoA  
 
− MoA  
 
− MoA  
 
− MoEF 
 
− MoEF  

− PC, Customs, State/U.T. governments, research institutions 
and universities.  

− ICAR, MoEF, MoCI,/ State/U.T. governments, research 
institutions and universities. 

− ICAR, MoEF, MoCI, PC, State/U.T. governments, research 
institutions and universities.  

− ICAR, MoEF, State/U.T. governments, research institutions 
and universities. 

− State/U.T. Governments, CSOs, media, research institutions 
and universities.  

− ICAR, MoST, MoEF, PC, research institutions and 
universities.  

− ICAR, MoEF, NBA, BSI, ZSI, State/U.T. governments, research 
institutions and universities.  

− MoA, MoRD, PC, CSOs, PRIs, State/U.T. governments, 
research institutions and universities. 

− MoA, MEA, MoF, MHA. 

− Medium 
 
− Medium 
 
− Medium 
 
− Short 
 
− Short 
 
− Short 
 
− Medium 
 
− Long 
 
− Medium 

 
4. Assessment 

of 
vulnerability, 
and 
adaptation to 
climate 
change & 
desertification 

• Identify key vulnerabilities to climate change in the Indian 
context. 

• Focus on sea- level rise and vulnerability of coastal areas 
and their biodiversity to climate change and geological 
events. 

• Participate in voluntary partnerships with other countries 
both developed and developing, to address the challenges of 
sustainable development and climate change, consistent with 
the provisions of the UN Framework Convention on Climate 
Change. 

• Identify the most important gaps in knowledge that limit the 
national ability to develop and implement climate change 
adaptation strategies for species and ecological processes 
and functions. 

• Develop ecological criteria for identifying the species and 
ecosystems that are at great risk from climate change and 
identify their priority habitats.  

• Identify information gaps and priorities, through expert 
consultative process, for long-term monitoring of climate 
change impacts on biodiversity.   

• Establish a climate change and biodiversity website for 
decision makers.  

• Adopt watershed management strategies for arresting and 
reverting desertification and for expanding the green cover. 

− MoST & MoEF  
 
 
− MoST & MoEF 
 
− MoEF & MoST 
 
 
 
 
− MoEF & MoST 
 
 
 
− MoEF & MoST 
 
 
− MoEF  
 
 
− MoEF & MoST 
 
− MoA & MoEF 
 

− MoES, DoS, DRDO, MoM, PC, research institutions and 
universities. 

− MoES, DoS, MoM, PC, research institutions and universities.  
 

− MEA, DEA, MHA. 
 
 
 
− DoS, research institutions and universities, centres of 

excellence, CSOs. 
 
 
− DoS, research institutions and universities, centres of 

excellence, CSOs. 
− MoST, MoEs, DoS, research institutions and universities, 

CSOs. 
 
− NIC. 
 

− MoRD, State/U.T. governments, research institutions and 
universities.   

− Medium 
 
 
− Medium 
 
− Long 
 
 
 
 
− Medium 
 
 
 
− Medium 
 
 
− Long 
 
 
− Medium 
 
− Long 
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S. 
No. 

  Actions                        Activities Coordinating agency Associated agencies Time frame  

5. Integration of 
biodiversity 
concerns in 
economic and 
social 
development 

• Integration of biodiversity concerns across development 
sectors and promote use of clean technologies. 

 
• Develop strong research base on impact assessment.  
 
• Integrate plans for reallocation and rehabilitation of local 

people likely to be displaced by development projects. 
 
 
• Promote integrated approach to management of river basins, 

according priority to mitigating the impacts on river and 
estuarine flora and fauna. 

• Adopt “best practice” norms for infrastructure development 
projects.  

 
• Strengthen traditional practices of rain water harvesting.  
 
• Ensure provision for environmental restoration during 

commissioning and after decommissioning of industries.  
• Promote sustainable tourism through adoption of “best 

practice” norms. 

− MoEF & PC 

 
− MoEF & MoST 
 
− PC & concerned 

State 
government 
agencies 

− MoWR & PC 

− MoUD & PC 
 
 
− MoUD  
 
− MoCI & MoEF 

− MoT  

− MoST, MoA, MoCI, MoPNG, AYUSH, public and private 
sector,  CII, FICCI, ASSOCHAM and other industry 
associations. 

− Research institutions, CSOs, public and private sector, CII, 
FICCI, ASSOCHAM and other.  

− MoWR, MoTA, MoEF, CSOs, public and private sector, CII, 
FICCI, ASSOCHAM and other. 

 
 
− MoEF, MoA, State/U.T. governments, universities and 

research institutions, public and private sector, BSI, ZSI. 
 
− Min. of Surface Transport, MoT, NHAI, MoEF, MoCI, research 

institutions, public and private sector, CII, FICCI, ASSOCHAM 
and other industry associations 

− MoRD, MoEF, MoCI, research institutions, State 
Governments, public and private sector, CSOs. 

− MoM, NHAI, MoST, public and private sector,  CII, FICCI, 
ASSOCHAM and other industry associations, CSOs. 

− MoEF, MHRD, public and private tour operators, CSOs. 

− Medium 
 
 
− Short 
 
− Short 
 
 
 
− Short 
 
 
− Short 
 
 
− Short 
 
− Medium 
 
− Short 

6. Impact of 
pollution 

• Strengthen monitoring and enforcement of emission 
standards, for both point and non-point sources, minimizing 
adverse impacts on biodiversity. 

• Treat and manage industrial effluents to minimize adverse 
impacts.  

• Promote biodegradable and recyclable substitutes for non-
biodegradable materials. 

 
• Avoid excessive use of fertilizers and pesticides; promote 

organic farming of locally-adapted traditional crop varieties 
where feasible. 

• Develop a strategy for strengthening regulation, and 
addressing impacts, of ship-breaking activities. 

− MoEF  
 
 
− MoEF  
 
− MoEF  
 
 
− MoA  
 
 
− Min. of Shipping 

& MoEF 

− CPCB, SPCBs, State Environment Departments, CSOs. 
 
 
− CPCB, SPCBs, public and private sector, CII, FICCI, 

ASSOCHAM and other industry associations, CSOs. 
− CPCB, SPCBs, public and private sector, CII, FICCI, 

ASSOCHAM and other industry associations, research 
institutions, CSOs, BIS. 

− State/U.T. governments, farming communities, public and 
private sector, CSOs. 

 
− Min. of Surface and Transport, MoCI, public and private 

sector, CSOs. 

− Short 
 
 
− Medium 
 
− Long 
 
 
− Short 
 
 
− Medium 

7. Developing 
and 
integrating 
biodiversity 
databases 

• Develop an integrated national biodiversity information 
system with distributive linkages for easy storage, retrieval 
and dissemination. 

• Collect, collate and consolidate all available information. 
 
• Intensify area-specific survey, identification and 

inventorization activities. 
• Strengthen research base on taxonomy and genetic diversity.  

− NBA 
 
 
− MoEF  
 
− MoEF  
 
− MoEF  
 

− MoEF, BSI, ZSI, CSIR institutions, universities and research 
institutions, CSOs. 

 
− NBA,BSI, ZSI, MoA, MoST, CSIR institutions, research 

institutions  and universities, Centres of excellence, SAUs. 
− BSI, ZSI, MoA, Centres of excellence, universities and 

research institutions.  
− BSI, ZSI, MoA, centres of excellence, universities and 

research institutions.  
 
 

− Medium 
 
 
− Short 
 
− Medium 
 
− Short 
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No. 

  Actions                        Activities Coordinating agency Associated agencies Time frame  

8. Strengthening 
implementatio
n of policy, 
legislative and 
administrative 
measures for 
biodiversity 
conservation 
and 
management 

• Accelerate effective actions at the central, state and local 
levels to implement provisions under the Biodiversity Act 
2002 and its Rules 2004. 

• Review  enabling policies regarding agricultural lands 
• Formulate policies for grasslands, pastoral lands, sacred 

groves etc. 
• Revitalize traditional practices and other folk uses of bio-

resources. 
 
• Develop synergies among relevant statutes and regulation in 

line with the NEP and identify areas for new legislation. 
• Review and update regulatory processes for LMOs (including 

National Bio-safety Guidelines keeping in view biodiversity 
and human health. 

• Harmonise provisions concerning disclosure of source of 
biological material and associated knowledge relevant to the 
Patents Act, 1970, Plant Varieties Protection and Farmer’s 
Rights Act,2001 and Biological Diversity Act 2002. 

• Develop appropriate system and modalities for 
operationalizing provisions for prior informed consent and 
benefit sharing under the Biological Diversity Act.  

• Support preparation of PBRs.  
• Reorient and converge national policies on use of natural 

resources (including forestry, agriculture, fisheries, industry, 
mining etc.) and integrate  biodiversity concerns. 

− MoEF  
 
 
− MoA 
− MoEF  
 
− MoEF  
 
 
− MoEF  
 
− MoEF & DBT 
 
 
− MoEF  
 
 
 
− MoEF  
 
 
− MoEF  
− MoEF & PC 

− NBA, SBBs, BMCs, State/U.T. governments, CSOs. 
 
 
− MoEF, MoRD, MoUD. 
− State/U.T. governments, MoA, MoRD. 
 
− NBA, SBBs, BMCs, AYUSH, State/U.T. governments, CSIR 

institutions, research institutions and universities, Centres of 
excellence, CSOs. 

− Concerned Ministries, State/U.T. Governments. 
 
− MoA, MoH&FW, DGFT, MFPI, State/U.T. governments, SAUs, 

ICAR, ICMR. 
 
− MoA, PVPFRA, MoCI, NBA. 
 
 
 
− NBA, SBBs, BMCs. 
 
 
− NBA, SBBs, BMCs. 
− NBA, MoCI, MoA, MoM, public and private sector, CII, FICCI, 

Assocham and other industry associations. 

− Medium 
 
 
− Large 
− Medium 
 
− Medium 
 
 
− Short 
 
− Short 
 
 
− Short 
 
 
 
− Medium 
 
 
− Long 
− Long 

9. Developing 
national 
capacities for 
biodiversity 
conservation 
and 
appropriate 
use of new 
technologies 

• Develop consortium of lead institutions and promote joint 
research on key conservation issues.  

• Promote application of biotechnology tools for conserving 
endangered species. 

• Consolidate follow up studies on released LMOs.  
• Implement ban on ‘genetic use restriction technologies’ 
• Strengthen local institutional structures ensuring 

participation of women. 
• Integrate traditional knowledge and practices into 

biodiversity conservation.  
• Promote use of non-convention sources of energy.  
 
• Support traditional, religious, ritualistic, ethical and cultural 

methods of conservation. 
• Strengthen manpower, infrastructure and capacities of MoEF 
• Strengthen BSI and ZSI capabilities and link them to assist 

SBBs and BMCs.  
• Augment human resource development and personnel 

management in forestry and wildlife sector. 
• Develop a unified national system for conservation of all 

− MoEF& MoST 
 
− DBT 
 
− MoEF & DBT 
− MoA 
− MoEF & DoWCD 
 
− MoEF 
 
− MRER 
 
− MoEF 
 
− DoPT 
− MoEF 
 
− MoEF 
 
− MoA 

− MoES, MoA, universities and research institutions, CSIR 
institutions, public and private sector. 

− MoEF, universities and research institutions, CSIR 
institutions, public and private sector. 

− MoA, ICAR, SAUs, State/U.T. governments.  
− NBA, DBT, MoEF. 
− MoA, MoRD, CSOs, State/U.T. governments. 
 
− NBA, MoC, MoA, MoRD, MoTA, AYUSH & CSIR institutions. 
 
− MoEF, State/U.T. governments, CSOs, public and private 

sector. 
− MoC, religious and cultural organizations, State/U.T. 

governments, CSOs, public and private sector. 
− PC, MoEF. 
− ZSI, BSI, State/U.T. governments, universities and research 

institutions.  
− WII, State/U.T. governments, universities and research 

institutions. 
− State/U.T. governments including agriculture, horticulture 

− Medium 
 
− Medium 
 
− Medium 
− Short 
− Medium 
 
− Long 
 
− Long 
 
− Medium 
 
− Short 
− Long 
 
− Short 
 
− Long 
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components of agricultural biodiversity.  
 
• Expand the network of botanical gardens and zoological 

parks.  
 
• Evolve suitable mechanism to coordinate all activities related 

to conservation (wildlife, forestry, agriculture, animal 
husbandry, fisheries, etc.). 

• Promote both formal and non-formal means for environment 
education and biodiversity conservation. 

• Incorporate modules on conservation and sustainable use of 
biodiversity in foundational and professional training for All 
India and State Services. 

• Promote and augment public education and awareness  
• Support research on threats to biodiversity, ‘Hot Spot’ areas 

and lower taxa.  
• Upgrade technologies for conservation and use. 
 
• Enhance research on bio-fertilisers, bio-pesticides and IPM. 
 
• Improve capability for impact assessment.  
 
• Strengthen taxonomic capacity. 
 
• Promote activities relating to animal welfare. 

 
 
− MoEF 
 
 
− PC, MoA & 

MoEF 
 
− MoEF 
 
− MoEF, MoST & 

MHRD 
 
− MoEF 
− MoEF & MoST 
 
− MoEF 
 
− MoA & MoST 
 
− MoEF, MoST & 

PC 
− MoEF & MoST 
 
− AWB 

and animal husbandry department, SAUs, public and private 
sector, research institutions, CSIR  institutions.  

− State/U.T. governments, BSI, ZSI, CSIR institutions, 
universities and research institutions, public & private 
sector.   

− State/U.T. governments, research institutions and 
universities, CSIR institutions and CSOs. 

 
− MoHRD, UGC, NCERT, AICTE, CBSE, State Councils and 

Boards. 
− BSI, ZSI, NBA, CSIR institutions, universities and research 

institutions, CSOs. 
 
− MHRD, UGC, media, CSOs, public and private sector.  
− State/U.T. governments, MHRD, MoA, DBT, universities and 

research institutions, CSIR institutions.  
− TIFAC, MoST DoS, MoES, universities and research 

institutions.  
− State/U.T. governments, universities and research 

institutions. 
− CPCB, SPCBs, public and private sector, CSOs, research 

institutions. 
− BSI, ZSI, State/U.T. governments, universities and research 

institutions, CSIR institutions, CSOs. 
− MoEF, MoA, CSOs, universities and research institutions, 

public and private sector. 

 
 
− Long 
 
 
− Medium 
 
 
− Medium 
 
− Medium 
 
 
− Short 
− Medium 
 
− Short 
 
− Long 
 
−  
 
−  
 
− Short 

10. Use of 
economic 
instruments/va
luation in 
biodiversity 
related 
decision 
making 
processes 

• Develop valuation models and a system for natural resource 
accounting (reflecting ecological and economic values of 
biodiversity). 

• Develop valuation models and validate through pilot studies. 
 
 
• Develop systems for greater return of revenues (generated in 

protected areas, zoological parks, botanical gardens, aquaria 
etc.) for strengthening biodiversity conservation. 

− MoEF & MoSI  
 
 
− MoEF & MoSI 
 
 
− MoEF  

− PC, State/U.T. governments, IEG, IGIDR, Central Statistical 
Organization, universities and research institutions, CSIR 
institutions, CSOs, TERI. 

− PC, State/U.T. governments, IEG, IGIDR, Central Statistical 
Organization, universities and research institutions, CSIR 
institutions, CSOs, TERI. 

− MoSI, PC, State/U.T. governments, IEG, IGIDR, Central 
Statistical Organization, universities and research 
institutions, CSIR institutions, CSOs, TERI. 

− Long 

− Long 
 
 
− Long 

 

11. International 
cooperation 

• Strengthen cooperation with international agencies on 
biodiversity issues. 

• Promote regional cooperation. 
• Mobilise external funding. 
• Enable technology transfer. 

− MEA & MoEF 
 
− MEA & MoEF 
− MoF & MoEF   
− MoEF & MoST 

− MoST, MoA, PC, DEA, MHA. 
 
− DEA, MoA, MoST, MHA. 
− MEA, DEA, MoA, MoST. 
− MEA, DEA, MoA. 

− Medium 
 
− Long 
− Medium 
− Medium 
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AICTE  : All India Council for Technical Education 
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CoEs  : Centre of Excellence 
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CSOs  : Civil Society Organizations 
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DoWCD : Department of Women & Child Development  
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IGIDR : Indira Gandhi Institute of Development & Research   
IGNFA  : Indira Gandhi National Forest Academy 
IIFM  : Indian Institute of Forest Management  
M/o Culture  : Ministry of Culture   
MEA  : Ministry of External Affairs 
MHA : Ministry of Home Affairs 
MHRD  : Ministry of Human Resource & Development 
MNRE : Ministry of New & Renewable Energy  
MoA  : Ministry of Agriculture  
MoCI  : Ministry of Commerce & Industry  
MoD  : Ministry of Defence 
MoEF  : Ministry of Environment & Forests 
MoES  : Ministry of Earth Sciences  
MoF : Ministry of Finance 
MoFPI  : Ministry of Food Processing Industries  
MoH&FW : Ministry of Health & Family Welfare 
MoIT : Ministry of Information Technology  
MoM  : Ministry of Mines 
MoPNG  : Ministry of Petroleum & Natural Gas 
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MoRD : Ministry of Rural Development  
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FOREST POLICY IN INDIA 

4.0 INTRODUCTION 

 

In the constitution of India, ‘forestry’ appears on the ‘concurrent list’ 

meaning that both federal as well as state governments have control over forestry 

activities but the federal government, as a policy-making body, has overriding 

authority. However, management authority is with the state governments. The 

organizational structure and operating procedures of the state Forest Departments, 

as lineal descendants of the colonial system of management, are almost similar in 

all the states of India (Kumar and Kant, 2005). 

 

Conservation of forests formed an integral part of the Vedic tradition of 

India as early as 300 BC. The Maurya kingdom recognized the importance of 

forests, and the first emperor of the dynasty, Chandragupta, appointed an officer to 

look after the forests (FAO, 2012). The forest policy is a complex balance between 

economic, social and political objectives in an environment where the forests and 

the institutions continuously change (Kant, 2003). The forest policy in India 

changed over a period of time. The arrival of British and their perception about 

forest resources created enormous change in the forest cover, forest resources and 

the rights of tribal people in India. The forest management and conservation 

practices in India are dissimilar in different period and it is primarily divided into 



two periods namely (i) colonial and (ii) post-colonial period for analysing the 

changes generally in forest sector and particularly in forest management for 

preventing atmospheric concentration of GHGs, especially CO2. The forest policy 

discussions include a variety of topics like timber supply, sale and pricing, forest 

taxation, international trade, forest management standards, carbon sequestration, 

deforestation, forest ownership, property rights and policy reforms (Kant, 2003). 

 

4.1 FOREST POLICY DURING COLONIAL PERIOD 

 

 During colonial rule in India, the forest policy gave much importance to 

exploitation of forest resources without concerning conservation. The ownership 

was assumed by the colonial powers and this period records a march towards 

centralization and the forests came under the control of the state. Huge quantity of 

natural resources were exploited in the name of development, however the reality 

behind this was commercial exploitation by the state. The colonial British 

Administration realized the international demand for timber and potential monetary 

benefits from the forests, strict rules were enforced by compulsion to bring all 

these forests under the state control. The over exploitation of forest resources 

during British Administration marked a new phase in the use of forest produce in 

India. Most of the policies during the colonial period have a custodial attitude and 

they gave much importance to the forests than the dependent people (Balaji, 2002). 



Between 1800 and 1947 India witnessed rigorous policy interventions in forest 

management and there was much debate within the colonial bureaucracy on the 

subject of forest versus people. Since 1855, the establishment of railway network 

required large quantities of wood for sleepers and low cost engine fuel, and the 

expansion of railways and deforestation positively related (Kumar, 2010).  

 

Forest Policy, 1855  

 

 In 1855, Lord Dalhousie framed the Forest Charter which leads regulation of 

wasteland by changing its status into government property in India. This was 

treated as a key intellectual transition of legal rights of wasteland which leads to 

forest conservation in the later period. The Forest Charter of 1855 put the Indian 

forestry on a solid scientific basis which introduced new environmental 

interventions which were paternalistic, radical and previously untried. These forest 

initiatives, born in India, spread to other British colonies and the United States of 

America. 

 

  Lord Dalhousie’s new forest policies greatly expanded British authority over 

the land and people of India. British India’s forest administrators feared the 

potential long-term environmental, economic and climatic effects of deforestation 

caused by indiscriminate logging which convinced Dalhousie to support modern 

scientific forestry methods and conservation.  



 

Indian Forest Act, 1865 

 

 The organized forestry activity began in 1864, when the Imperial Forest 

Department was established in India. The Imperial Forest Department attempted to 

establish its control over forests, by various legislations with the help of German 

Forester Dietrich Brandis, who was brought to look into the process of forest 

resource management in India (Mishra, 1999). The Indian Forest Act, 1865 was 

legislated with the objective of asserting state monopoly on forest resources. 

Brandis argued about the influence of forest on climate, rainfall, and irrigation 

sources as a strong tool to the imposition of state control over forests. The property 

rights regime changed with the first Forest Policy Statement of Colonial British 

Government.  

 

In India, British rulers transformed the indigenous decentralized forest 

management systems into a centralized system, created a bureaucratic agency, 

Forest Department (FD) to meet their timber and revenue demands. The 

bureaucratic structure of the FD with its hierarchical working practices, though 

non-responsive to societal needs, was in line with the colonial government’s 

requirements (Kumar and Kant, 2005). The Indian Forest Act, 1865 was declared 

the British Administration’s monopoly over the forests of India. 

 



The Forest Act, 1878 

 

In India, by the Forest Act of 1878, the British Administration acquired the 

sovereignty of all wastelands which by definition included forests. This Act also 

enabled the administration to demarcate reserved and protected forests. The local 

rights were refused in the case of protected forests while some privileges which 

were given to the local people by the government which can be taken away are 

anytime. This Act classified the forests into three – reserved forests, protected 

forests and village forests. It was attempted to regulate the collection of forest 

produce by forest dwellers and some activities declared as offence and 

imprisonment and fines were imposed in this policy to establish the state control 

over forests. 

 

National Forest Policy, 1894 

 

The Forest Policy 1894, the first formal policy in India gave much 

importance to commercial exploitation of forest products, state custodianship and 

permanent cultivation. This policy is primarily based on Dr. Voelcker's 

recommendations given in a report on 'Improvement of Indian Agriculture', 1893. 

Through this policy the British Administration encouraged the Zamindars to 

convert the open forests into agricultural land for enhancing the revenue earning of 



the state. Forests are treated as a source of revenue to the state and not to meet the 

needs of the people.  

 

In this policy, the forests were divided into four classes.  The first class 

generally situated in hill slopes and essential to protect the cultivated plains from 

landslides and they played a conservation role for the benefit of cultivated plains 

and assured revenue to the state. The second class of forests consisted of valuable 

timber trees like devadharu (Cedrus deodara), sal (Shorea robusta) and teak 

(tectona grandis), and due to commercial interest natural regeneration of devadharu 

and sal are promoted and artificial regeneration of teak was developed. The third 

class of forests as per the classification under this policy meant for minor forests, 

which yields low quality timber, fuelwood and fodder and for meeting the demands 

of local people. Finally, the fourth class covered the pastures and grazing lands, the 

local people were allowed to use them with restrictions (Balooni and Singh 2007).  

 

Indian Forest Act, 1927 

  

This Act impacted the life of forest dependent communities. The penalties 

and procedures given in this Act aimed to extend the state’s control over forests as 

well as diminishing the status of people’s rights to forest use. The village 

communities were alienated from their age-old symbiotic association with forests. 



Further amendments were also made to restrain the local use of forests mainly by 

forest dependent communities. 

 

 

4.2 FOREST POLICY DURING POST-COLONIAL PERIOD 

 

 The post-colonial period starts with the Independence of India and 

continuing till date. Since 1974 the Independent India formulated policies for 

forest conservation and management. These policies were formulated with national 

interest and changes were brought about in the forest cover of the country.  

 

Indian Forest Policy, 1952 

 

Forest degradation and deforestation sustained from colonial period to post-

colonial period and emergence of a comprehensive forest policy arose to reduce 

the over exploitation of forests. There are three forest policies after independence, 

Indian Forest Policy, 1952, National Commission on Agriculture, 1976 and Indian 

Forest Policy, 1988. The Indian Forest Policy, 1952 was a simple extension of 

colonial forest policy. However it became conscious about the need to increase the 

forest cover to one-third of the total land area. At that time maximum annual 

revenue from forests is the vital national need. The two World Wars, need for 

defence, developmental projects such as river valley projects, industries like pulp, 

paper and plywood, and communication heavily depended on forest produce on 



national interest (Balaji, 2002). When National Forest Policy first came into 

existence in 1952, the use of forest by adjoining village communities was relatively 

restricted at the cost of national interests (Rishi, 2007). 

Forests are classified as protected forests, national forests, village forests and 

tree lands according to this policy with distinct uses. The protected forests are 

preserved for maintaining physical and climatic conditions and the commercial 

forests are to meet the demand from defence and communication industry. The 

forest dependent community can extract the produce of village forests for domestic 

uses. 

 

Independent India inherited this bureaucratic organizational structure of the 

FD. In 1952, new national forest policy did make some deviations from the 

colonial forest policy of 1894; however, these changes could not percolate down to 

the operational levels (Kumar and Kant, 2005). In 1953, the Indian government 

nationalized the forests which were earlier with zamindars. 

 

Forest Conservation Act, 1980 

 

 The Forest Conservation Act, 1980 serves to check the diversion of forest 

land for non-forestry purposes has become the cornerstone for conservation of 

forests (SFR, 2011). The Forest Conservation Act, 1980 stipulated that the central 

permission is necessary to practice sustainable agro-forestry in forest areas. 



Violation or lack of permit was treated as criminal offense. It targeted to limit 

deforestation, conserve biodiversity and save wildlife. Though this Act provides 

greater hope towards forest conservation it was not successful in its target. It 

resulted in increased deforestation and loss of biodiversity and wildlife because the 

rural population ignored the regulations and continued to use the forests for their 

survival. 

 

Indian Forest Policy 1988 

 

Indian Forest Policy, 1988 is the second forest policy after independence of 

India and first forest policy which recognized the role of local people in forest 

protection and management of forests for achieving improvements in community 

livelihood (Behera and Engel, 2006). The ultimate objective of this forest policy is 

maintaining environmental stability and ecological balance through conservation 

of forests as a natural heritage.  The National Forest Policy in 1988 made a very 

significant and categorical shift from commercial concerns to focus on the 

ecological role of the forests and participatory management (Balaji, 2002). 

Community based forest management can be an effective tool for improving rural 

livelihood and ensuring sustainable management of forest resources (Hoare, 2010).  

Joint Forest Management in India 

 



 The Government of India formally adopted community based forest 

management on July 1, 1990 which laid down broad guidelines for an institutional 

arrangement involving the local people to jointly protect and manage the forest 

resources in return for benefits from it (Singh, 2008). The village committees in 

association with the FD will manage specific forest blocks. Forest protection is the 

responsibility of the people. It brought positive effect in forest protection and 

management directed to the participation of 17 states in JFM by 1992 with 2 

million hectares of forest land under protection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Forest cover of India 

 The forest cover of India is presented in figure 4.1.  

 

Figure 4.1 Forest cover of India (1987-2011) 



 

Source: State of Forest Reports, FSI, (1987-2011) 

 

 It is important to note the coverage of dense forests and open forests. It is a 

threat to carbon sequestration and other environmental services of forests if the 

dense forests are degraded and increase in open forests. The qualitative loss will 

occur to the forest wealth and quantitatively there is no change in forest cover if it 

is left as unnoticed. The forest policies should aim at increasing the forest cover to 

33 percent of the geographical area of the country without compromising the area 

under dense forests. 

TABLE 4.1  

SHARE OF DENSE AND OPEN FOREST IN FOREST 

COVER OF INDIA (1987-2011) 

 Dense  Forest Open Forest Total Forest 



Year 

Area (km
2
) 

Share 

(%) 
Area (km

2
) Share (%) 

(km
2
) 

1987 357686 56.4 276583 43.6 634269 

1989 378470 59.5 257409 40.5 635879 

1991 385008 60.6 249930 39.4 634938 

1993 385576 60.6 250275 39.4 635851 

1995 385756 60.7 249311 39.3 635067 

1997 367260 58.4 261310 41.6 628570 

1999 377358 59.7 255064 40.3 632422 

2001 416809 61.7 258729 38.3 675538 

2003 390564 57.6 287769 42.4 678333 

2005 387216 57.2 289872 42.8 677088 

2007 402522 58.3 288377 41.7 690899 

2009 403666 58.3 288728 41.7 692394 

2011 404207 58.4 287820 41.6 692027 

Source: State of Forest Reports, FSI, 1987-2011. 

 

 From table 4.1 it is evident that there is not much variation in the  share of 

dense forests in India. However, there are slight variations in the share of dense 

forests in forest area from 1997. It is steadily increasing from 2005 and provides 

hope of sustainable forestry and indicates the successful implementation of JFM in 

India. 



 

 

Figure 4.2 Change in dense and open forest cover in India 

 

Source: State of Forest Reports, FSI, 1987-2011. 

 

 

Resource Allocation for Forestry under Five Year Plans 

TABLE 4.2  

BUDGET ALLOCATION FOR FORESTRY UNDER  

FIVE YEAR PLANS 

Plan 
Forestry Outlay (in 

million rupees) 

Percentage in 

Total Outlay 

First Plan (1951-56) 76 0.32 

Second Plan (1956-1961) 212 0.47 



Third Plan (1961-1966) 458 0.61 

Annual Plan (1966-1969) 419 0.63 

Fourth Plan (1969-1974) 894 0.56 

Fifth Plan (1974-1979) 2088 0.53 

Annual Plan (1979-1980) 683 0.54 

Sixth Plan (1980-1985) 6924 0.71 

Seventh Plan (1985-1990) 18519 1.09 

Annual Plan (1990-1991) 6299 0.97 

Annual Plan (1991-1992) 7831 1.08 

Eighth Plan (1992-1997) 40820 0.94 

Ninth Plan (1997-2002) 68228 -- 

Source: FAO, 2003. 

 

 Like other sectors of national importance the forestry also receives 

budgetary allocation from the plan outlay.  However, the allocation is less than one 

percentage of total outlay except in the seventh plan (1.09%). 

 

 

TABLE 4.3  

OVERVIEW OF FORESTRY IN INDIA 

Period Year Policy 

Colonial 

period 

 1855 Lord Dalhousie’s Forest Charter - regulation of wasteland 

– modern scientific forestry  

1864 Establishment of Imperial Forest Department 

1865 Indian Forest Act, 1865 – asserted state monopoly on 

forest resources – scientific forest management 

1878 Forest Act, 1878 – classification of reserved, protected 



and village forests – refusal of local rights – opposed by 

the forest dwellers 

1894 National Forest Policy, 1894 – encouraged conversion of 

open forests into agricultural land 

1927 Indian Forest Act, 1927 – alienation of forest dependent 

communities 

1930 Establishment of Forest Department at state level 

Post – 

colonial 

period 

1952 Indian Forest Policy, 1952 – classification of protection, 

national, village forests and tree lands – aimed to bring 

33% of geographical area under forest cover 

1953 Nationalization of forests 

1980 Forest Conservation Act, 1980 – intended to limit 

deforestation, conserve biodiversity and wildlife 

1988 Indian Forest Policy, 1988 – recognition of the role of 

local people in forest protection 

1990 Adoption of community based forest management 

 

 

 

 

4.3 SUMMARY 

 

It is evident that the people’s interests were made subservient to the state’s 

commercial interests with regard to forests in the colonial period.  Colonial forest 

management paid much attention to maximum output of quality timber for export 

and sleepers for expanding railways. British Administration used to project from 

the fear of deforestation on the climate and irrigation to extent state control over 



the forest and they never gave due importance to the climatic impact of 

deforestation. They performed effective destruction of forests on one hand and 

talking about preservation of forests on the other and continuously focused the 

forest dwellers as destroyers.  It is acknowledged fact that the British initially 

destroyed forests and subsequently implemented policies for forest conservation 

(Kumar, 2010).  

 

After Independence, the Indian Government travelled through the path 

showed by colonial forest policies and strengthened the state power by legislative 

measures. Then the drive switched over to industrial wood production. Diversion 

of forest land for agricultural and industrial purposes leads to degradation of 

forests (Bhat et al, 2001). The JFM implies a historical shift towards 

decentralization of forest management in India through the New Forest Policy of 

1988.  
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Natural Resources - FFoorreessttss  

 
Introduction 
 
A forest is a complex ecosystem which is predominantly composed of trees, shrubs and is usually 
a closed canopy. Forests are storehouses of a large variety of life forms such as plants, mammals, 
birds, insects and reptiles etc. Also the forests have abundant microorganisms and fungi, which do 
the important work of decomposing dead organic matter thereby enriching the soil. Nearly 4 
billion hectares of forest cover the earth’s surface, roughly 30 percent of its total land area 
 
The forest ecosystem has two components- the non-living (abiotic) and the living (biotic) 
component. Climate, soil type are part of the non-living component and the living component 
includes plants, animals and other life forms. Plants include the trees, shrubs, climbers, grasses 
and herbs in the forest. Depending on the physical, geographical, climatic and ecological factors, 
there are different types of forest like evergreen forest (mainly composed of evergreen tree 
species i.e. species having leaves all throughout the year) and deciduous forest (mainly composed 
of deciduous tree species i.e. species having leaf-fall during particular months of the year). Each 
forest type forms a habitat for a specific community of animals that are adapted to live in it. 
 
The term forest implies ‘natural vegetation’ of the area, existing from thousands of years and 
supporting a variety of biodiversity, forming a complex ecosystem. Plantation is different from 
natural forest as these planted species are often of same type and doesn’t support a variety of 
natural biodiversity. 
 
Forests provide various natural services and products. Many forest products are used in day-to-
day life. Besides these, forests play important role in maintaining ecological balance & 
contributes to economy also. 
 
Ecological Role of Forest:  
 

• Forests provide an environment for many species of plants and animals thus protects and 
sustains the diversity of nature. 

• Plants provide habitat to different types of organisms. Birds build their nests on the 
branches of trees, animals and birds live in the hollows, insects and other organisms live in 
various parts of the plant.  

• Forests act as hydrologic flow modulators 
• Plants provide a protective canopy that lessens the impact of raindrops on the soil, thereby 

reducing soil erosion. Roots help to hold the soil in place. They provide shade which 
prevents the soil to become too dry. Thus increases the soil moisture holding capacity. 

• Forests help in maintaining microclimate of the area. 
• Plants clean the air, cool it on hot days, conserve heat at night, and act as excellent sound 

absorbers. Transpiration from the forests affects the relative humidity and precipitation in 
a place. Forests clean the environment by muffling noises, buffering strong winds and 
stopping dust and gases. 

• The layer of leaves that fall around the tree prevents runoff and allows the water to 
percolate into the soil. Thus helping in ground water recharge. 

• Dead plants decompose to form humus, organic matter that holds the water and provides 
nutrients to the soil.  
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• Through the process of photosynthesis, forests renew the oxygen supply in the atmosphere 
by absorbing atmospheric CO2 and moderating the greenhouse effect. 
As per the report published by Ministry of Environment and Forests during August 2009, 
the annual CO2 removal by India’s forest and tree cover is enough to neutralize 11.25 % of 
India’s total GHG emissions (CO2 equivalent) at 1994 levels. This is equivalent to 
offsetting 100% emissions from all energy in residential and transport sectors; or 40% of 
total emissions from the agriculture sector. Clearly, India’s forest and tree cover is serving 
as a major mode of carbon mitigation for India and the world.  

• Forest cover of an area plays an important role in amount of precipitation received by the 
area. Thus play an important role in maintaining water cycle of the area. 

• Some species of trees have the ability to return nitrogen to the soil through root 
decomposition or fallen leaves. Such trees are planted to increase the nitrogen content of 
the soil. 

• Forests absorb suspended particles in air thereby reducing pollution. 
• Forests also helps in the process of soil formation by causing weathering of rock 
• They play vital role in maintaining healthy watershed. Rivers originate in a forest area and 

carry the organic matter from forest to the downstream thus supporting a variety of fishes 
and aquatic animals. The richness of forest in upstream decides the biological value of the 
river ecosystem supported by it. 

• It provides forest food which has great medicinal value and used by local people in 
respective season. 

 
In performing all these functions, forest stabilizes the climate, maintains the ecological 
/environmental balance of the area and shape the landscape of the area. 
 
Contribution to economy:  
 

• It provides valuable items like timber, paper, fuel wood, bamboo, cane, food, fibers, 
essential oils. 

• Forest plants provide hundreds of medicinal plants, spices, poisons, insecticides, soap 
substitutes like ritha and shikakai, tendu leaves used in bidi wrapping. 

• Forests also provide fodder for cattle and other grazing animals. Leaves and twigs of some 
plants have high fodder value. It is useful fodder source during drought. 

In addition to this forests are also popular areas for relaxation & recreation and they add to the 
aesthetic value of the area. 
 
Classification of Forests: 
 
Forests can be classified in different ways. The forest type depends upon the abiotic factors such 
as climate and soil characteristics of a region. Forests in India can be broadly divided into 
coniferous forests and broadleaved forests. They can also be classified according to the nature 
of their tree species-evergreen, deciduous, xerophytes or thorn trees, mangroves, etc. They can 
also be classified according to the most abundant species of trees, such as Sal or Teak forests. In 
many cases, a forest is named after the first three or four most abundant tree species. 
 
Coniferous forests grow in the Himalayan mountain region, where the temperatures are low. 
These forests have tall stately trees with needle-like leaves and downward –sloping branches, so 
that the snow can slip off the branches. 
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Broad-leaved forests are of several types, such as evergreen forests, deciduous forests, thorn 
forests, and mangrove forests. Broad-leaved trees usually have large leaves of various shapes and 
are found in middle to lower latitude. 
 
Evergreen forests grow in the high rainfall areas of the Western Ghats, North –eastern India and 
the Andaman and Nicobar Islands. These forests grow in areas where the monsoon period lasts for 
several months. 
Deciduous forests are found in regions with a moderate amount of seasonal rainfall that lasts for 
only a few months. Most of the forests in which Teak trees grow are of this type. The deciduous 
trees shed their leaves during the winter and hot summer months.  
Thorn forests are found in the semi-arid regions of India. The trees, which are sparsely 
distributed, are surrounded by open grassy areas. 
Mangroves forests grow along the coast especially in the river deltas. These plants are uniquely 
adapted to be able to grow in a mix of saline and freshwater. They grow luxuriantly in muddy 
areas covered with silt that the rivers have brought down. The mangrove trees have breathing 
roots that emerge from the mud banks. 
 
 
# Forest Types in India: 
 
India has a diverse range of forests from the rainforest of Kerala in the south to the alpine pastures 
of Ladakh in the north, from the deserts of Rajasthan in the west to the evergreen forests in the 
north-east. Climate, soil type, topography, and elevation are the main factors that determine the 
type of forest. Forests are classified according to their nature and composition, the type of climate 
in which they thrive, and its relationship with the surrounding environment. 
 
Champion & Seth system of classification (1968) provides an elaborate description of forest types 
of India in six major groups which are further divided into 16 type groups and finally into 200 
types including subtypes and variations of forests. The ‘forest type’ may be defined as a unit of 
vegetation with distinctive physiognomy and structure. As per Champion & Seth, the determining 
factors of the forest types are climate, soil, vegetation and the past treatment (including biotic 
interference). 
 
The major six groups of Indian Forests subdivided in to 16 type groups are given below:  
 

Moist tropical Forests 
Group 1-  Wet evergreen 
Group 2 - Semi-evergreen 
Group 3 - Moist deciduous 
Group 4 - Littoral and swamp 

Montane sub tropical Forests 
Group 8 - Broad leaved 
Group 9 - Pine 
Group 10 - Dry evergreen 
 

Dry tropical Forests 
Group 5 - Dry deciduous 
Group 6 - Thorn 
Group 7 - Dry evergreen 

Montane temperate Forests 
Group 11 - Wet 
Group 12 - Moist 
Group 13 - Dry 

Group 14 - Sub alpine forests 
 

Alpine Forests 
Group 15- Moist 
Group 16- Dry 
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Moist tropical forests: 
 
1. Wet evergreen 
 
Wet evergreen forests are found in the south along the Western Ghats and the Nicobar and 
Andaman Islands and all along the north-eastern region. It is characterized by tall, straight 
evergreen trees that have a buttressed trunk or root on three sides like a tripod that helps to keep a 
tree upright during a storm. These trees often rise to a great height before they open out like a 
cauliflower. The more common trees that are found here are the jackfruit, betel nut palm, jamun, 
mango, and hollock. The trees in this forest form a tier pattern: shrubs cover the layer closer to the 
ground, followed by the short structured trees and then the tall variety. Beautiful fern of various 
colours and different varieties of orchids grow on the trunks of the trees.  
 
2. Semi-evergreen 
 
Semi-evergreen forests are found in the Western Ghats, Andaman and Nicobar Islands, and the 
Eastern Himalayas. Such forests have a mixture of the wet evergreen trees and the moist 
deciduous trees. The forest is dense and is filled with a large variety of trees of both types. 
 
3. Moist deciduous 
 
Moist deciduous forests are found throughout India except in the western and the north-western 
regions. The trees have broad trunks, are tall and have branching trunks and roots to hold them 
firmly to the ground. Some of the taller trees shed their leaves in the dry season. There is a layer 
of shorter trees and evergreen shrubs in the undergrowth. These forests are dominated by sal and 
teak, along with mango, bamboo, and rosewood.  
 
4. Littoral and swamp 
 
Littoral and swamp forests are found along the Andaman and Nicobar Islands and the delta area 
of the Ganga and the Brahmaputra. It consists mainly of whistling pines, mangrove dates, palms, 
and bulletwood. They have roots that consist of soft tissue so that the plant can breathe in the 
water.  
 
Dry tropical forests: 
 
1. Dry deciduous forest 
 
Dry deciduous forests are found throughout the northern part of the country except in the North-
East. It is also found in Madhya Pradesh, Gujarat, Andhra Pradesh, Karnataka, and Tamil Nadu. 
The canopy of the trees does not normally exceed 25 metres. The common trees are the sal, a 
variety of acacia, and bamboo.  
 
2. Thorn 
 
This type is found in areas with black soil: North, West, Central, and South India. The trees do not 
grow beyond 10 metres. Spurge, caper, and cactus are typical of this region.  
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3. Dry evergreen 
 
Dry evergreens are found along the Andhra Pradesh and Karnataka coast. It has mainly hard-
leaved evergreen trees with fragrant flowers, along with a few deciduous trees.  
 
Montane sub tropical forests: 
 
1. Broad-leaved forests 
 
Broad-leaved forests are found in the Eastern Himalayas and the Western Ghats, along the Silent 
Valley. There is a marked difference in the form of the vegetation in the two areas. In the Silent 
Valley, the poonspar, cinnamon, rhododendron, and fragrant grass are predominant. In the Eastern 
Himalayas, the flora has been badly affected by the shifting cultivation and forest fires. These wet 
forests consist mainly of evergreen trees with a sprinkling of deciduous here and there. There are 
oak, alder, chestnut, birch, and cherry trees. There are a large variety of orchids, bamboo and 
creepers.  
 
2. Pine 
 
Pine forests are found in the steep dry slopes of the Shivalik Hills, Western and Central 
Himalayas, Khasi, Naga, and Manipur Hills. The trees predominantly found in these areas are the 
chir, oak, rhododendron, and pine. In the lower regions sal, sandan, amla, and laburnum are 
found.  
 
3. Dry evergreen 
 
Dry evergreen forests normally have a prolonged hot and dry season and a cold winter. It 
generally has evergreen trees with shining leaves that have a varnished look. Some of the more 
common ones are the pomegranate, olive, and oleander. These forests are found in the Shivalik 
Hills and foothills of the Himalayas up to a height of 1000 metres.  
 
Montane temperate forests: 
 
1. Wet 
 
Wet montane temperate forests occur in the North and the South. In the North, it is found in the 
region to the east of Nepal into Arunachal Pradesh, at a height of 1800–3000 metres, receiving a 
minimum rainfall of 2000 mm. In the South, it is found in parts of the Niligiri Hills, the higher 
reaches of Kerala. The forests in the northern region are denser than in the South. This is because 
over time the original trees have been replaced by fast-growing varieties such as the eucalyptus. 
Rhododendrons and a variety of ground flora can be found here.  
In the North, there are three layers of forests: the higher layer has mainly coniferous, the middle 
layer has deciduous trees such as the oak and the lowest layer is covered by rhododendron and 
champa.  
 
2. Moist 
 
This type spreads from the Western Himalayas to the Eastern Himalayas. The trees found in the 
western section are broad-leaved oak, brown oak, walnut, rhododendron, etc. In the Eastern 
Himalayas, the rainfall is much heavier and therefore the vegetation is also more lush and dense. 
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There are a large variety of broad-leaved trees, ferns, and bamboo. Coniferous trees are also found 
here, some of the varieties being different from the ones found in the South.  
 
3. Dry 
 
This type is found mainly in Lahul, Kinnaur, Sikkim, and other parts of the Himalayas. There are 
predominantly coniferous trees that are not too tall, along with broad-leaved trees such as the oak, 
maple, and ash. At higher elevation, fir, juniper, deodar, and chilgoza can be found.  
 
Sub alpine forests: 
 
Sub alpine forests extends from Kashmir to Arunachal Pradesh between 2900 to 3500 metres. In 
the Western Himalayas, the vegetation consists mainly of juniper, rhododendron, willow, and 
black currant. In the eastern parts, red fir, black juniper, birch, and larch are the common trees. 
Due to heavy rainfall and high humidity the timberline in this part is higher than that in the West. 
Rhododendron of many species covers the hills in these parts.  
 
Alpine forests: 
 
1. Moist 
Moist alpines are found all along the Himalayas and on the higher hills near the Myanmar border. 
It has a low scrub, dense evergreen forest, consisting mainly of rhododendron and birch. Mosses 
and ferns cover the ground in patches. This region receives heavy snowfall.  
 
2. Dry 
 
Dry alpines are found from about 3000 metres to about 4900 metres. Dwarf plants predominate, 
mainly the black juniper, the drooping juniper, honeysuckle, and willow.  
 
# Forest Type-wise Forest Cover in India:  
 
Following table gives the distribution of country’s forest cover in different type groups: 
 

Table: India’s Forest cover in different forest type groups 
Forest Type Group Forest Cover in % 
Group 1 – Tropical Wet Evergreen Forest 8.75 
Group 2 – Tropical Semi-Evergreen Forest 3.35 
Group 3 – Tropical Moist Deciduous Forest 33.92 
Group 4 – Littoral and Swamp Forest 0.38 
Group 5 – Tropical Dry Deciduous Forest 30.16 
Group 6 – Tropical Thorn Forest 5.11 
Group 7 – Tropical Dry Evergreen Forest 0.29 
Group 8 – Subtropical Broadleaved Hill Forest 0.38 
Group 9 – Subtropical Pine Forest 5.99 
Group 10 - Subtropical Dry Evergreen Forest 0.36 
Group 11 – Montane Wet Temperate Forest 3.45 
Group 12 – Himalayan Moist Temperate Forest 3.79 
Group 13 – Himalayan Dry Temperate Forest 0.28 
Group 14,15,16 – Sub Alpine and Alpine Forest 3.79 
Total  100.00 

Source: India State of Forest Report, 2009, Forest Survey of India. 
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Forests in India 
 
India is rich in the natural diversity. Forest is the second largest land use in India next to 
agriculture. The forests play vital role in harboring more than 45,000 floral and 81,000 faunal 
species of which 5150 floral and 1837 faunal species are endemic.  
 
# Forest Cover in India 
 
As per the India State of Forest Report, 2009, the total forest cover of the country (2007 
assessment) is 690,899 km² and this constitutes 21.02 percent of the geographic area of the 
country. Of this, 83,510 km² (2.54 %) is very dense forest, 319,012 km² (9.71 %) is moderately 
dense forest, while 289,377 km² (8.77 %) is open forest cover. The scrub accounts for 41,525 km² 
(1.26 %). 
 

Table: Status of Forest Cover in India 
 

Class Area (km²) Percent of 
Geographic 

Area 
Forest Cover   
Very Dense Forest 
(VDF) 

83,510 2.54 

Moderately Dense 
Forest (MDF) 

319,012 9.71 

Open Forest (OF) 289,377 8.77 
Total Forest 
Cover* 

690,899 21.02 

Non Forest Cover  
Scrub 41,525 1.26 
Non-forest (NF)** 2,554,839 77.72 
Total Geographic 
Area 

3,287,263 100.00 
 

* Includes 4,639 km² under mangroves 
** Excludes scrubs and includes water bodies 

 
Source: India State of Forest Report, 2009, Forest Survey of India. 

  
Note:  

 Forest cover includes all lands which have a tree canopy density of 10 percent and  above with 
area 1 ha or more. 

 Very Dense Forest: All lands with tree cover of canopy density of 70% and above. 
 Moderately Dense Forest: All lands with tree cover of canopy density between 40% and 
70% 

 Open Forest: All lands with tree cover of  canopy density between 10% and  40% 
 Scrub: Degraded forest lands with canopy density less than 10 %.  
 Non-forest: Any area not included in the above classes. 
 Area under VDF, MDF and OF also includes mangrove cover of the corresponding density 
class. 
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Forest Cover in India
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Forest Cover Map of India  

 
Source: India State of Forest Report, 2009, Forest Survey of India. 
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# State/UT wise Forest Cover of India: 
 
The State/UT wise forest cover in the country is shown in following Table. It shows that 
Madhya Pradesh has got the largest forest cover in the country followed by Arunachal Pradesh, 
Chhattisgarh, Maharashtra and Orissa. In terms of % of forest cover with respect to total 
geographical area, Mizoram with 91.27 % leads the table, followed by Lakshadweep, Nagaland 
and Andaman & Nicobar Islands. Arunachal Pradesh has got the largest area of very dense forest 
cover and Andhra Pradesh has got the largest area of scrub. 
 
Mangrove cover in India accounts for 3 % of the world’s mangrove vegetation and is spread over 
an area of 4,639 km2 in the coastal States/UTs of the country. This accounts for 0.14% of the 
country's total geographic area. Sundarbans in West Bengal accounts for a little less than half of 
the total area under mangroves in India. West Bengal has the maximum mangrove cover in the 
country, followed by Gujarat and Andaman & Nicobar islands of the country’s total mangrove 
cover.  
 
Forest cover in States/UTs in India (2007 assessment): 

(area in km2) 
Forest Cover State /UT Geographic 

Area 
Very 
Dense 
Forest 

Moderately
Dense 
Forest 

Open 
Forest 

Total 

Percent 
of GA 

Scrub 

Andhra Pradesh 275,069 820 24,757 19,525 45,102 16.40 10,372 
Arunachal Pradesh 83,743 20,858 31,556 14,939 67,353 80.43 111
Assam 78,438 1,461 11,558 14,673 27,692 35.30 179
Bihar 94,163 231 3,248 3,325 6,804 7.23 134
Chhattisgarh 135,191 4,162 35,038 16,670 55,870 41.33 107
Delhi 1,483 7 50 120 177 11.94 1
Goa 3,702 511 624 1,016 2,151 58.10 1
Gujarat 196,022 376 5,249 8,995 14,620 7.46 1,463 
Haryana 44,212 27 463 1,104 1,594 3.61 145
Himachal Pradesh 55,673 3,224 6,383 5,061 14,668 26.35 327
Jammu & Kashmir 222,236 4,298 8,977 9,411 22,686 10.21 2,036 
Jharkhand 79,714 2,590 9,899 10,405 22,894 28.72 683
Karnataka 191,791 1,777 20,181 14,232 36,190 18.87 3,176 
Kerala 38,863 1,443 9,410 6,471 17,354 44.58 58
Madhya Pradesh 308,245 6,647 35,007 36,046 77,700 25.21 6,401 
Maharashtra 307,713 8,739 20,834 21,077 50,650 16.46 4,157 
Manipur 22,327 701 5,474 11,105 17,280 77.40 1
Meghalaya 22,429 410 9,501 7,410 17,321 77.23 211
Mizoram 21,081 134 6,251 12,855 19,240 91.27 1
Nagaland 16,579 1,274 4,897 7,293 13,464 81.21 2
Orissa 155,707 7,703 21,394 20,388 48,855 31.38 4,852 
Punjab 50,362 0 733 931 1,664 3.30 20
Rajasthan 342,239 72 4,450 11,514 16,036 4.69 4,347 
Sikkim 7,096 500 2,161 696 3,357 47.31 356
Tamil Nadu 130,058 2,926 10,216 10,196 23,338 17.94 1,206 
Tripura 10,486 111 4,770 3,192 8,073 76.95 75
Uttar Pradesh 240,928 1,626 4,563 8,152 14,341 5.95 745
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Forest Cover State /UT Geographic 
Area 

Very 
Dense 
Forest 

Moderately
Dense 
Forest 

Open 
Forest 

Total 

Percent 
of GA 

Scrub 

Uttarakhand 53,483 4,762 14,165 5,568 24,495 45.80 271
West Bengal 88,752 2,987 4,644 5,363 12,994 14.64 29
Andaman & 
Nicobar 

8,249 3,762 2,405 495 6,662 80.76 53

Chandigarh 114 1 10 6 17 14.91 1
Dadra & Nagar 
Haveli 

491 0 114 97 211 42.97 1

Daman & Diu 112 0 1 5 6 5.04 3
Lakshadweep 32 0 16 10 26 82.75 0
Pondicherry 480 0 13 31 44 9.14 0
Grand Total 3,287,263 83,510 319,012 288,377 690,899 21.02 41,525 
Source: India State of Forest Report, 2009, Forest Survey of India. 
 
# Recorded forest area in India 
 
As per the India State of Forest Report, 2009, the recorded forest area of the country is 769,512 
km2, accounting for 23.41 % of the Country’s geographical area.  
 
The term ‘Recorded Forest Area’ refers to all the geographical areas recorded as ‘forest’ in 
government records. Recorded forest area largely consists of Reserved Forests (RF) and Protected 
Forests (PF), which have been constituted under the provisions of the Indian Forest Act, 1927. 
Besides RFs and PFs, the recorded forest area may include all such areas, which have been 
recorded as forests in the revenue records often called ‘unclassed forests’ or have been constituted 
under any State Act or local laws. The term Forest Cover refers to all lands more than one hectare 
in area with a tree canopy density of more than 10 %. Thus ‘Recorded Forest Area’ denotes the 
legal status of the land, which may or may not have tree / forest cover, whereas Forest Cover 
indicates presence of tree cover over any land irrespective of ownership. 
 
The recorded forest area figures under three categories viz, Reserved Forests, Protected Forests 
and Unclassed Forests as reported by the Forest Departments of the States and UTs have been 
given below: 
 
 
Table: Recorded Forest Area in States/UTs: 

(area in km2) 
State /UT Geographic  Recorded Forest Area % of  

 Area 
(G.A.) 

Reserved 
Forests 

Protected 
Forests 

Unclassed 
Forests 

Total GA 

Andhra Pradesh 275,069 61,210 1,967 637 63,814 23.20
Arunachal 
Pradesh 

83,743 10,546 9,528 31,466 51,540 61.55

Assam 78,438 17,864 - 8,968 26,832 34.21
Bihar 94,163 693 5,779 1 6,473 6.87
Chhattisgarh 135,191 25,782 24,036 9,954 59,772 44.21
Delhi 1,483 78 7 - 85 5.73
Goa 3,702 253 845 126 1,224 33.06
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State /UT Geographic  Recorded Forest Area % of  
 Area 

(G.A.) 
Reserved 
Forests 

Protected 
Forests 

Unclassed 
Forests 

Total GA 

Gujarat 196,022 14,122 479 4,326 18,927 9.66
Haryana 44,212 249 1,158 152 1,559 3.53
Himachal 
Pradesh 

55,673 1,898 33,060 2,075 37,033 66.52

Jammu & 
Kashmir 

222,236 17,643 2,551 36 20,230 9.10

Jharkhand 79,714 4,387 19,185 33 23,605 29.61
Karnataka 191,791 28,690 3,931 5,663 38,284 19.96
Kerala 38,863 11,123 142 - 11,265 28.99
Madhya Pradesh 308,245 61,886 31,098 1,705 94,689 30.72
Maharashtra 307,713 49,226 8,195 4,518 61,939 20.13
Manipur 22,327 1,467 4,171 11,780 17,418 78.01
Meghalaya 22,429 1,113 12 8,371 9,496 42.34
Mizoram 21,081 7,909 3,568 5,240 16,717 79.30
Nagaland 16,579 86 508 8,628 9,222 55.62
Orissa 155,707 26,329 15,525 16,282 58,136 37.34
Punjab 50,362 44 1,153 1,861 3,058 6.12
Rajasthan 342,239 12,454 17,416 2,769 32,639 9.54
Sikkim 7,096 5,452 389 - 5,841 82.31
Tamil Nadu 130,058 19,388 2,183 1,306 22,877 17.59
Tripura 10,486 4,175 2 2,117 6,294 60.02
Uttar Pradesh 240,928 11,660 1,420 3,503 16,583 6.88
Uttarakhand 53,483 24,638 9,882 131 34,651 64.79
West Bengal 88,752 7,054 3,772 1,053 11,879 13.38
Andaman & 
Nicobar 

8,249 2,929 4,242 - 7,171 86.93

Chandigarh 114 31 - 3 34 29.82
Dadra & Nagar 
Haveli 

491 199 5 - 204 41.55

Daman & Diu 112 0 8 0 8 7.38
Lakshadweep 32 0 0 0 0 0.00
Pondicherry 480 4 2 7 13 2.71
Total 3,287,263 430,582 206,219 132,711 769,512 23.41

Source: India State of Forest Report, 2009, Forest Survey of India. 
 
 
 # Forest Cover in Different Altitude Zones in India: 
 
The information on the distribution of forest cover in different altitude zones is important for 
policy and planning in the States which have hilly terrain. Following table gives altitude zone 
wise forest cover of the country.  
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Table: Forest Cover in different Altitude Zones 
(area in km2) 

Altitude Zone VDF MDF OF Total % of G.A. of 
the zone 

0-500m 29,600 156,702 172,101 358,403 (51.87 %) 15.62
500-1000m 21,522 97,124 78,057 196,703 (28.47%) 33.58
1000-2000m 14,492 37,049 24,647 76,188 (11.03%) 72.19
2000-3000m 14,154 19,313 7,001 40,468 (5.86%) 66.04
Above 3000m 3,742 8,824 6,571 19,137 (2.77%) 7.98
Total 83,510 319,012 288,377 690,899(100.00%) 21.02
 
# Tree Cover in India:  
 
All areas more than 1 ha in extent and having tree canopy density of 10% and above are included 
under forest cover. However, there are many small patches of trees less than 1.0 ha in extent, such 
as trees in small scale plantations, woodlots, or scattered trees on farms, homesteads and urban 
areas, or trees along linear features, such as roads, canals, bunds, etc. not being captured by 
satellite sensors under forest cover due to technological limitations. All such patches are included 
under ‘Tree Cover’.  
 
As per the India State of Forest Report, 2009, the tree cover in the country has been estimated to 
be 92,769 km2 in 2007, which is 2.82 % of the geographical area. Tree Cover constitutes the 
largest area in Maharashtra followed by Gujarat, Rajasthan and Uttar Pradesh.  
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Forests in Maharashtra   

Maharashtra forests are rich and diverse in flora and fauna. There are about 3500 flowering plant 
species covering 1200 genera and 150 families. One of the valuable tree species Teak (Tectona 
grandis) is found to occur  over an area of  approx. 10.18 thousand sq km, and Bamboo (Mainly 
Dendrocalumus strictus) over 10.10 thousand square kilometer area. Among the non-wood forest 
products, Bamboo and Tendu leaves constitute the important resource. 

# Forests types in Maharashtra: 

Maharashtra has five forest types as per the Champion and Seth’s classification. Each forest type 
represents a unique Eco-system. 

1. Southern Tropical Semi-Evergreen Forests 

Forests of this type occur mostly on upper hill slope from 450 meters to 1050 metres above the 
MSL in Western Ghats. The main species are Terminalia paniculata (Kinjal), Memocylon 
umbellatum (Anjani), Terminalia chebula (Hirda), Syzigium cumini (Jambul), Olea diocea 
(Parjamun) and Mangifera indica (Mango), Actinodaphne hookeri (Pisa), etc. 

2. Southern Tropical Moist Deciduous Forests  
  Two main sub-types occur under this group.  

i) Moist Teak bearing Forests 

Important and valuable forests of the State from commercial view point, these are mainly 
confined to Project Tiger area in Melghat region of Amrawati district, Chandrapur, Gadhchiroli 
and Thane districts with Tectona grandis (Teak), the associates are Terminalia tomentosa (Ain), 
Delbergia latifolia (Shisham), Adina cardifolia (Haldu), Madhuca indica (Moha), Pterocarpus 
marsupium (Bija), Mitragyna parviflora (Kalam), Salmalia malabaricum (Semal) and 
Dendrocalamus strictus (Bamboo) etc. 

ii) Moist Mixed deciduous Forests: 

Teak is present occasionally and the evergreen component of species is larger than in case of Teak 
bearing forests. The main species are Pterocarpus marsupium (Bija), Salmalia malabaricum 
(Semal), Terminalaia bellarica (Behada), Dalbergia latifolia (Shishum), Syzigium cumini 
(Jambul), Terminalia tomentosa (Ain), Lagerstremia parviflora (Bendara) etc. 

3. Southern Tropical Dry Deciduous Forests   

Forests falling in this group occupy a major part of state. Main species being Tectona grandis 
(Teak), these forests produce middle and small size timber. Following are the main forest sub-
types.  

i) Dry Teak Bearing Forests:  

Principal species is Tectona grandis (Teak) and the associates are Ougeinia dalbergiaoides 
(Tiwas), Acacia catechu (Khair), Gmelania arborea (Shivan) and Anogeissus latifolia (Dhawada) 
etc. 
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ii) Dry Mixed Forests: 

This type of Forests occurs mostly on upper hill slope from 450 meters to 1050 metres above the 
m.s.l. in Western Ghats. The main species are Terminalia paniculata (Kinjal), Memocylon 
umbellatum (Anjani), Terminalia chebula (Hirda), Syzigium cumini (Jambul), Olea diocea 
(Parjamun) and Mangifera indica (mango), Actinodaphne hookeri (Pisa) etc. 

4. Southern Tropical Thorn Forests:  

Under this forest type fall the forests of the low rainfall areas of Marathwada, Vidarbha, 
Khandesh and Western Maharashtra. Majorities of these forests are heavily degraded due to low 
fertility coupled with low rainfall. The main tree species found in these forests are Acacia arabica 
(Babul), Acacia leucophloea (Hiwar), Zizyphus jujuba (Bor), Butea monosperma (Palas), and 
Belanites roxburghii (Hinganbet) etc. These forests are full of Euphorbia and Cassia scrub. 

5. Littoral and Swamp Forests:  

The littoral and swamp forests occur along the creeks and littoral in Sindhudurg and Thane 
district. Although their comparative extent in the State is marginal, these forests are important for 
protection of seacoast and marine life. The typical mangrove species found in this area are 
Avicennia spp. and Rhizophora spp. etc.  

# Forest Type-wise Forest Cover in Maharashtra:  
 
As per Champion & Seth Classification, the State has 16 forest types which belong to 6 forest 
type groups viz. Tropical Semi Evergreen, Tropical Moist Deciduous, Littoral and Swamp, 
Tropical Dry Deciduous, Tropical Thorn and Subtropical Broadleaved Hill Forests. Distribution 
of forest cover in different forest type groups found in the State is given below: 
 

Table: Maharashtra’s Forest cover in different forest type groups 
 

Forest Type Group Forest Cover in % 
Group 2 – Tropical Semi-Evergreen Forest 7.73 
Group 3 – Tropical Moist Deciduous Forest 29.84 
Group 4 – Littoral and Swamp Forest 0.08 
Group 5 – Tropical Dry Deciduous Forest 57.41 
Group 6 – Tropical Thorn Forest 1.02 
Group 8 – Subtropical Broadleaved Hill Forest 1.54 
Plantation / TOF* 2.38 
Total  100.00 

Source: India State of Forest Report, 2009, Forest Survey of India. 
* TOF: Trees Outside Forests (trees growing outside recorded forest areas) 

 
# Forest Cover of Maharashtra State: 
 
The Forest cover in the State, based on interpretation of satellite data of October-December 2006, 
is 50,650 km2, which is 16.46 % of the State’s geographic area. The State has 8,739 km2very 
dense forest, 20, 834 km2 moderately dense forest and 21,077 km2 open forest. The forest cover of 
the State is shown in following figure: (ref: India State of Forest Report, 2009, Forest Survey of 
India, Dehradun) 
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Table: Forest Cover in Maharashtra 

(2007 Assessment, data of Oct-Dec’2006) 
 

Forest Type Forest 
Cover (km2)

Forest 
Cover in % 

Very Dense Forest 8,739 2.84 
Moderately Dense Forest 20, 834 6.77 
Open Forest 21,077 6.85 
Scrub 4,157 1.35 
Non Forest 2,52,906 82.19 
Total 307,713 100.00 

Source: India State of Forest Report, 2009, Forest Survey of India. 
 

Forest Cover in Maharashtra

Scrub
1.35% Open

6.85%
Moderately 

Dense
6.77%

Very Dense
2.84%

Non-forest
82.19%

Very Dense
Moderately Dense
Open
Scrub
Non-forest

 
 
 

Note:  
 Forest cover includes all lands which have a tree canopy density of 10 percent and  above with 
area 1 ha or more. 

 Very Dense Forest: All lands with tree cover of canopy density of 70% and above. 
 Moderately Dense Forest: All lands with tree cover of canopy density between 40% and 70% 
 Open Forest: All lands with tree cover of  canopy density between 10% and  40% 
 Scrub: Degraded forest lands with canopy density less than 10 %.  
 Non-forest: Any area not included in the above classes. 
 Area under VDF, MDF and OF also includes mangrove cover of the  corresponding density class. 
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Forest Cover Map of Maharashtra  
Source: India State of Forest Report, 2009, Forest Survey of India. 

 
As per the ‘Economic survey of Maharashtra’ for the year 2008-09, the total forest area in 
Maharashtra at the end of year 2007-08 was 61,939 km2, which is 20.1 % of the geographic area.  
 
Distribution of forest area in Maharashtra:  

(Area in km2) 
Name of Agency Total Forest Area 

2007-08 
Percentage to total 
Geographical area 

Forest Department 55,367 18.0 
Revenue Department 2,449 0.8 
FDCM 3,563 1.2 
Private Forest brought under possession 
of Forest Department  

560 0.2 

Total 61,939 20.1 
Source: Office of the Principal Chief Conservator of Forest, GoM 
 
 
# District-wise Forest Cover in Maharashtra: 
 
District wise Forest Cover in Maharashtra is presented below. Out of the total forest cover in 
Maharashtra, Gadchiroli District accounts for the maximum forest cover followed by Ratnagiri 
and Chandrapur. Maximum area under ‘Very Dense Forest’ is in Gadchiroli followed by 
Chandrapur district. 
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Table: District-wise Forest Cover in Maharashtra in 2007 
 

(Area in km2) 
Forest Cover Sr 

No 
District Geographic 

area (G.A.) Very 
Dense 
Forest

Moderately 
Dense 
Forest 

Open 
Forest

Total 
Percent 
of G.A. 

Scrub

1 Ahmadnagar 17,048 0 69 217 286 1.68 555
2 Akola 5,390 11 96 215 322 5.97 8
3 Amravati 12,210 655 1,455 1,077 3,187 26.10 116
4 Aurangabad 10,107 19 101 437 557 5.51 193
5 Bhandara 3,588 130 546 215 891 24.83 21
6 Bid 10,693 0 13 162 175 1.64 357
7 Buldana 9,661 23 137 429 589 6.10 163
8 Chandrapur 11,443 1,342 1,592 1,140 4,074 35.60 56
9 Dhule 7,189 0 70 251 321 4.47 103
10 Gadchiroli 14,412 4,733 3,396 1,966 10,095 70.05 20
11 Gondia 5,733 884 824 303 2,011 35.08 37
12 Hingoli 4,686 0 10 104 114 2.43 47
13 Jalgaon 11,765 52 363 770 1,185 10.07 69
14 Jalna 7,718 1 16 48 65 0.84 55
15 Kolhapur 7,685 65 1,038 672 1,775 23.10 88
16 Latur 7,157 0 0 5 5 0.07 25
17 Mumbai 

City 
157 0 0 2 2 1.27 0

18 Mumbai 
Suburban 

446 0 62 58 120 26.91 0

19 Nagpur 9,892 372 953 698 2,023 20.45 77
20 Nanded 10,528 60 434 420 914 8.68 128
21 Nandurbar 5,961 0 418 796 1,214 20.37 30
22 Nashik 15,530 0 351 738 1,089 7.01 319
23 Osmanabad 7,569 0 3 40 43 0.57 49
24 Parbhani 6,355 0 4 46 50 0.79 49
25 Pune 15,643 0 757 975 1,732 11.07 493
26 Raigad 7,152 13 1,248 1,603 2,864 40.04 70
27 Ratnagiri 8,208 33 1,911 2,255 4,199 51.16 2
28 Sangali 8,572 0 95 49 144 1.68 156
29 Satara 10,480 119 569 588 1,276 12.18 365
30 Solapur 14,895 0 8 39 47 0.32 50
31 Sindhudurg 5,207 89 1,372 1,112 2,573 49.41 47
32 Thane 9,558 0 1,281 1,631 2,912 30.47 222
33 Wardha 6,309 10 419 430 859 13.62 62
34 Washim 5,184 5 113 214 332 6.40 28
35 Yavatmal 13,582 123 1,110 1,372 2,605 19.18 97
 Total 307,713 8,739 20,834 21,077 50,650 16.46 4,157

Source: India State of Forest Report, 2009, Forest Survey of India. 
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# Recorded Forests in Maharashtra: 
 
As per the India State of Forest Report, 2009, the recorded forest area of the State is 61,939 km2, 
which is 20.13 % of the State’s total geographic area. Reserved Forests constitute 79.47 %, 
Protected Forests 13.23 % and Unclassed Forests 7.30 % of the total forest area. About one fifth 
of the State’s geographical area is under recorded forests.  

 
# Altitude Zone wise Forest Cover in Maharashtra: 
 
Forest Cover in the State in different altitude zones is given below: 
 

(area in km2) 
Altitude Zone VDF MDF OF Total 

0-500m 7,589 15,914 15,658 39,161 
500-1000m 1,109 4,599 5,102 10,810 
1000-2000m 41 321 317 679 
Total 8,739 20,834 21,077 50,650 
Source: India State of Forest Report, 2009, Forest Survey of India. 

 
# Tree Cover in Maharashtra:  
 
All areas more than 1 ha in extent and having tree canopy density of 10% and above are included 
under forest cover. However, there are many small patches of trees less than 1.0 ha in extent, such 
as trees in small scale plantations, woodlots, or scattered trees on farms, homesteads and urban 
areas, or trees along linear features, such as roads, canals, bunds, etc. not being captured by 
satellite sensors under forest cover due to technological limitations. These patches are included 
under ‘Tree Cover’. As per the India State of Forest Report, 2009, the estimated tree cover of 
Maharashtra is 9,466 km2, which is 3.08 % of the geographical area of the State. Tree Cover 
constitutes the largest area in Maharashtra as compared with other States in the Country. 
 

Forest and Tree cover of Maharashtra: 
 

Category Area 
(km2) 

% of Geographical Area 

Tree Cover 9,466 3.08 
Forest Cover 50,650 16.46 
Forest & Tree Cover 60,116 19.54 

           Source: India State of Forest Report, 2009, Forest Survey of India. 
 
 
# Forest Produce in Maharashtra:  
 
Forests provide major products like timber, firewood and minor products like bamboo, Tendu 
leaves, gum etc. All these forest produce are of great value in terms of generating revenue and 
contribute to GDP of the country as well as providing livelihood to local people. As per the 
Economic Survey of Maharashtra, 2008-09, the production and value of forest produce in 
Maharashtra is as follows: 
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Table: Production and value of forest produce in Maharashtra  
(Rs in crores) 

 
2007-08 2008-09 Forest Produce Unit of 

Production Production Value Production Value 
(A)Major Forest   
      Produce 

     

      Timber LCM 1.49 214.2 1.88 174.8 
      Firewood LCM 4.61 33.1 4.32 69.1 
      Total (A)   247.3  244.0 
      
(B)Minor Forest  
      Produce 

     

      Bamboo LMT 1.57 23.9 2.85 26.4 
      Tendu LSB 7.67 94.0 7.39 72.0 
      Grass MT 6,279 0.3 521 0.2 
      Gum Qtls. 5,026 1.5 700 0.0 
      Others  -- 2.2 -- 10.6 
      Total (B)  -- 121.8 -- 109.3 
Total (A + B)   369.1  353.2 

Source: Office of the Principal Chief Conservator of Forest, GoM (Economic survey of 
Maharashtra 2008-09) 
 
Note: LCM: Lakh Cubic Meter, LMT: Lakh Metric Tonnes, LSB: Lakh Standard Bags 
 

#  State Forest's Emblems 

• State Tree: Mango (आबंा) (Mangifera indica)  
 

Mango is large evergreen tree with leathery leaves and dense 
round crown (foliage). Kokan region is famous for delicious 
alphanso variety of Mango trees. In Maharashtra, the flowers 
generally appear from January to March and fruits from April to 
July.  "Kalpatru" for farmers, fruits of tree are of great 
importance; beside Mango is shade tree for avenue and camping ground. Its timber is used for tea 
boxes, packing cases and planks.  
 

• State Flower : Tamhan(ता हण)  / Jarul (जा ल) / Pride of India  
               (Lagerstroemia speciosa)   
 

Abundantly seen in Konkan region in Maharashtra. Also 
cultivated in gardens and Forest parks in Western and 
Southern India. This large deciduous tree with rounded 
crown is famous for its beautiful reddish violet inflorescence. 
Leaves become reddish-brown before shedding during 
February-March and large terminal clusters of mauve flowers 
appear from April to May in drier climate and from May to 
September in Konkan region. Its wood is used for ship making, building and furniture.  
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• State Animal : Indian giant squirrel / Shekaru (शके )  
                (Ratufa indica elphinstoni)   

 
One of the big seven different squirrels, Ratufa indica are generally 
found in Western Ghats of southern tropical evergreen forest, 
specially near Bhimashankar (Pune). They live only at the top of 
trees and seldom come on ground. They move from tree to tree 
taking amazing leaps with limb outspread, covering as much as 
twenty feet in a single bound. They are active and agile animals. 
They are most active in early hours of the day and in the evening. 
They are shy and wary animals and not easy to discover. Its loud and rattling call, off repeated 
usually reveals its presence.  
 

• State Bird : Common Green Pigeon / Hariyal (ह रयाल)  
             (Treron phoenicoptera)   
                 

A stocky yellow olive green and ashy gray pigeon with lilac 
patch on shoulders. Its yellow legs are diagnostic and it is found 
in dry & moist deciduous biotope. This gregarious and arboreal 
bird affects well-wooded country. Commonly found in roadside 
trees, particularly Banyan & Peepal, when in fruit and also in 
gardens / groves near towns, villages. Fruits and berries 
constitute its food and it is known for the pleasant, musical, 
mellow whistle with a peculiar human quality. Nesting season is mainly March to June.   
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Threats to Forests: 
 
As the rate of development is increasing, it is putting pressure on all the natural resources around 
us. Forests are also getting depleted at a fast rate all over the world.  
 
Over use and irrational use, technological and industrial growth, population growth and 
increasing consumption levels are major factors causing depletion of forest resources. Some 
other factors are mining, submergence due to big dams, shifting cultivation, use of forestlands for 
rehabilitation, agriculture, transport and tourism. All these activities are causing qualitative as 
well as quantitative depletion of forests. The forest wood is used up for construction, furniture, 
deriving energy (coal and firewood) and thus the increasing demand for timber, energy, paper and 
paper products has led to massive destruction of forests.  
 
When forest is cut, it is not just the trees that go but the entire ecosystem is lost which is 
invaluable. The full grown forests, existing since thousands of years can’t be replaced by 
plantations. As forests grow very slowly, people cannot use more resources than they can produce 
during a growing season. If timber is felled beyond a certain limit, the forest cannot regenerate. 
The gaps in the forest change the habitat quality for its animal, and the more sensitive species 
cannot survive under these changed conditions. Over-utilizing forest resources is an unsustainable 
way of using our limited forest resources. As the forest resources are exploited, the forest canopy 
is opened up, the ecosystem is degraded, and its wildlife is seriously threatened. 
 
Increasing tourism activities are also causing destruction to forest ecosystem. when the 
frequency of visitors and tourists becomes excessive, problems of soil erosion occur along and 
adjacent to footpaths. Wildlife is also disturbed, plants and saplings are trampled, and the waste is 
dumped at these places which disturbs entire ecosystem. 
 
Forest fire is also an important threat to forests, which destroy large areas of forest every year all 
over the world. It has detrimental impact on forest, wildlife and people living around. Along with 
the loss of biodiversity, it results in increased air pollution, migration of animals to different areas. 
It directly affects the livelihood of people dependant on forest resources.  
 
Natural disasters like Tsunami, earthquake destroys large forests areas in a short span of time. 
All these natural as well as man-made factors cause destruction of forests at a large scale. 
 
 
Managing forests-  
 
Conservation, protection & overall management of forests is important. Entities involved in it & 
their role can be summarized as: 
 

A. Government  
B. Community and community organizations 
C. Individuals and Private Bodies 

 
A). Government:  
 
Making policy & laws for conservation, protection & overall management of resources is one of 
the important aspects of government initiatives. India’s first Forest Policy was enunciated in 1952. 
Between 1952 and 1988, the extent of deforestation was so great that it became essential to 
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formulate a new policy on forests and their utilization. The earlier forest policies had focused only 
on revenue generation. In the 1980s it became clear that forests must be protected for their other 
functions such as the maintenance of soil and water regimes centered on ecological concerns. 
Thus the role of India's forests in the national economy and ecology has been reemphasized in the 
National Forest Policy, 1988, which focuses on ensuring environmental stability, restoring the 
ecological balance and preserving the forests. The policy aims at increasing the forest and tree 
cover to 33 % of the country's land area. It also provided for the use of goods and services of the 
forest for its local inhabitants. 
  
Various laws like Forest Conservation Act, Wildlife Protection Act have been prepared and are 
being implemented by the government. The Forest Conservation Act of 1980 was enacted to 
control deforestation. In 1988, this act was amended to facilitate stricter conservation measures. 
Under the Wildlife Protection Act, 1972, different animals are categorized under specific 
schedules and there are restrictions on their hunting, as per this act specific ban is imposed on 
hunting of all Schedule 1 animals like tigers, leopards etc. 
 
Another important government initiative is declaration of protected areas for conservation of 
wildlife. Sanctuaries and National Parks play a very important role in conservation of plants and 
animal gene pool. Several of these are present in catchment areas of major rivers, and so they are 
very important for water conservation and conservation of entire ecosystem. The government also 
implements many schemes for conservation of forests and for their sustainable management.  
 
# Maharashtra Forest Policy, 2008:  
 
Maharashtra State has prepared the ‘Maharashtra Forest Policy, 2008’ with focus on ‘Sustainable 
management of forests and wildlife in the State’. The policy also focuses on formulation of 
Districtwise plan for achieving 33 % of forest cover in the State. 
 
Some of the Objectives of the policy include:  

• To achieve sustainable development and conservation of forests through their scientific 
management, this will help in maintaining ecological balance and environmental stability. 

• Afforestation on wastelands for soil and water conservation 
• To increase forest cover on available government, public and private lands through 

participation of women and unemployed people, with the help of Social Forestry and 
Agricultural nurseries. 

• Implementing long term plans and action plans for Conservation of wildlife and 
biodiversity. 

• Management of Catchment areas for soil conservation 
• Joint Forest Management 
• Eco-tourism policy 
• Reduction in use of timber and other forest produce 
• Establishing Forest Development Corporation of Maharashtra (FDCM) 

 
Working Strategies: 

 
Afforestation through Social / Community Forestry:  
 

• Afforestation will be done on wastelands and saline soils. Trees for firewood, fodder and 
NTFP (non timber forest produce) will be planted. The work will be done through Social / 
Community Forestry with involvement of local people. 
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• Land near railway tracks, State and national highways, canals will be used for plantations. 
Green belts will be developed in urban and industrial areas to absorb carbon dioxide from 
the atmosphere and control the pollution. Urban forestry will be promoted on available 
areas in cities like gardens, open spaces, with the help of technical support from FDCM 
and Social Forestry. 

• Village lands and community lands will be brought under afforestation to meet the 
increasing demand for timber, firewood and NTFP. This work will be undertaken with 
involvement of Grampanchayat and with technical help from Social Forestry Department.  

• Organizations and individuals will be promoted to do tree farming on their land by 
providing necessary facilities and bringing required changes in Land Acquisition Rules 
and related rules, if any. 

 
 
Protection & Management of Natural / Man made Forests: 
 

• Natural and man-made forests / plantations on Hill slopes in catchment area of rivers and 
lakes will be protected to maintain ecological balance and environmental stability. 

• Competent system will be developed to take strict action against the people / their actions 
that cause destruction to forests. Necessary changes will be done in Forest related laws to 
frighten the people about punishment given in forest related crime. A time limit will be set 
to prevent the uncontrolled grazing in forest areas. Modern technologies will be used for 
forest fire prevention.  

• Forest guards will be well-equipped with modern communication systems (wireless 
machine, mobiles, and vehicles) and weapons to protect the natural and man-made forests 
from criminal gangs / poachers harming forests. Forest officers / employees will be given 
the right to use guns to fight against the criminal gangs. ‘Secret Fund’ will be developed to 
handle such united forest crimes. 

• The basic programme of village area development and participatory forest management 
will be strengthened to manage and protect the natural and man-made forests.  

• Necessary regulations will be made about Saw mills to avoid any effect of saw mills on 
the protection of forests.  

• Survey and demarcation of all forest land will be completed to prevent the encroachment 
in forest area. Funds and facilities will be provided to update all forest maps & forest land 
records. 

• Scientific management of forests will be done to increase the plant survival rate and 
ultimately achieve the increase in productivity of natural as well as man-made forests. 

• Exotic tree species will be used for plantation only after their long term study about their 
suitability in local environment, any effect caused by them on native tree species etc.  

• Mangrove cover under government jurisdiction will be identified through satellite images 
and their maps on suitable scales will be prepared by Forest Department.  

• Mangrove forest having minimum manageable area will be taken up by forest department 
and their scientific management will be done with the help of local people.  

• Special attention will be given to protect ecologically sensitive area and scattered forest 
areas.  

• Technical and professional help will be given by forest department for development of 
private forests returned to the owner. Management of private forest undertaken by 
government will be done according to approved work plan. 

• Compensation and financial support will be provided to the family of forest officer / 
employee if he is handicapped or killed during completing his duty of forest protection. 
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Management of Catchment areas and Soil Conservation: 
 

• Catchment area development programme will be implemented effectively to prevent the 
soil erosion due to rainwater and to arrest as much rainwater as possible. Water bodies 
created through this will be used to increase the productivity of forests and to irrigate 
nearby agricultural lands which will help in improving the standard of living of rural 
people.  

• Soil and water conservation works will be taken up to arrest the heavy runoff of water and 
recharge the ground water.  

 
 
Wildlife and Biodiversity Conservation: 
 

• Special attention will be given to wildlife protection and management, biodiversity 
conservation in Protected Areas (PAs) & areas outside PAs. Management plan of these 
areas will include wildlife research, environmental awareness, wildlife training, habitat 
management and environment protection. Ex-situ conservation of flora and fauna will be 
done through establishing botanical gardens and zoological parks.  

• Measures will be taken to decrease the wildlife-human conflict and thereby providing 
necessary environment for wildlife management. Area under PAs will be increased to 
make it 5 % of the total geographical area of the State. Redemarcation of boundaries of 
PAs will be done without any effect on biodiversity conservation therein.  

• Anti-poaching squads will be formed in areas sensitive for wildlife poaching like Mumbai, 
Thane, Pune, Nagpur, Chandrapur, Amaravati, Kolhapur. Secret fund will be formed to 
obtain confidential information about illegal wildlife trade and prevent it.  

• Rehabilitation of local people in PAs will be done by consultation with them and 
compensation for loss of crop, domestic animals and any human death due to wildlife 
attack, will be done as fast as possible.  

• Revenue generated in any PA will be utilized for its management and development, also 
for benefiting local people near PAs. 

 
 
Forest Research: 
 

• ‘Forest Research Action Plan’ will be prepared for State to increase the productivity of 
natural and man-made forests, to identify natural regeneration areas, to choose genetically 
important saplings, to establish seed production centre, to preserve important tree species 
etc.  

• Similarly research activities will be undertaken for identifying native plant species for 
plantation in different areas, developing plan for restoration of wastelands, preparing bio-
fertilizers and bio-manures and their use, medicinal plant conservation etc.  

• Maharashtra Forestry Research Institute will be established and will be strengthened for 
field level research.  

 
Forest Publicity and Extension: 
 
Network of ‘Forest Information Centre’ will be developed in the State to aware people about 
importance of forests, wildlife and forestry etc and get their participation in forest conservation 
and protection. Farmers and other people will be provided with information about land and water 
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resources, technology for good quality production. Forest conservation related success stories and 
matter affecting the conservation of wildlife will be presented effectively to people. 
 
Human Resource Development & Training: 
 

• ‘Human Resource Development Plan’ will be implemented in Forest Department, Social 
Forestry Department and FDCM to attract educated and skilled people to these 
departments.  

• Forest training institutes in the State will be technologically upgraded and strengthened. 
Field officers, forest guards will be trained here and refresher curses for forest officers will 
also be undertaken. 

 
Tribals and Forests: 
 

• Participation of tribals in Forest Protection, restoration and development will be 
emphasized. Similarly they will be involved in NTFP management in forest area. 
Industries will be promoted for increase in NTFP production and their trade. Suitable 
mechanism will be set for fare pricing and sale of forest based products from tribals. 
Special measures will be taken with the help of Tribal Development Department for 
improving financial conditions of tribals through their active participation in NTFP 
collection, storage, processing, standardization and trade.  

• According to the 73rd amendment done in the Constitution, forest based tribals and locals 
will not be deprived of their traditional rights and facilities. 

 
Joint Forest Management: 
 

• Participatory Forest Management will be strictly implemented as successful 
implementation of any plan / programme for ‘protection of natural forest/man-made 
plantations, restoration activities on wastelands’ depends on basic concept of Participatory 
Forest Management.  

• As per the 73rd amendment done in the Constitution, Participatory Forest Management will 
be given the status of law. Active participation of people and NGOs will be emphasized 
for ‘Forest Development’ to become a peoples’ programme. Villages will be made aware 
of the benefits of joint forest management through use of mass communication media.  

 
Eco-tourism: 
 
Ecotourism will be encouraged for its benefit to forest based locals and people in general. It will 
provide employment to local people and create awareness about nature conservation. Accordingly 
promotion of ecotourism in PAs and forests outside PAs will be done as per the work enlisted in 
State Eco-tourism Policy.  
 
Forest based Industry: 
 
Forest based industries will be encouraged to establish relation with farmers and cooperative 
organizations doing plantations. They will take responsibility of the produce from farmers; will 
provide good quality saplings to them.  
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Management Information System: 
 

• ‘Management Information System’ will be developed to prepare work plans of different 
schemes, to achieve high quality managerial coordination, to monitor various aspects and 
for easy availability of basic information needed for evaluation of completed tasks. E-
governance and transparent work system will be achieved through this.  

• Surveying of forest resources and collection and publication of matter, maps needed for 
forest management will be done on priority. Satellite imagery and GIS technology will be 
used for forest cover mapping after fixed time interval and monitoring of forest resources.  

 
Reduction in use of timber and other forest produce: 
 

• Alternatives for timber and firewood will be promoted to reduce the stress on existing 
forests. Use of Bamboo (obtained from plantation) in place of timber wood, use of biogas 
instead of firewood, use of solar energy will be encouraged.  

• Stall feeding of fodder will be practiced to check the uncontrolled grazing in forests. Other 
departments working in similar areas will be coordinated, like Rural Development 
Department, Animal Husbandry Department, Non Conventional Energy Sources 
department.  

• Use of modern electric cremation system will be emphasized to decrease the use of wood 
for burning dead bodies.  

 
Buildings and Infrastructure Development: 
 
Residential and official buildings will be developed on BOT (Build Operate Transfer) basis, on 
land under Forest Department (non-forest land or forest land if necessary).  
 
Financial Support for Forestry Sector: 
 

• Forestry sector has important contribution in providing employment to rural people, 
increasing their agricultural produce and maintaining environmental balance. Therefore 
provision of enough funds for this sector is necessary. 

• ‘Green Fund’ will be established to invest in wasteland development, nature restoration 
and catchment area development. Money obtained through Clean Development 
Mechanism (CDM) under Kyoto Protocol will be used for “Green Fund”. Similarly tax 
obtained through compensatory afforestation and forest development will be utilized for 
green fund. Thought will be given to taxing 2 % Green Cess to municipalities for using 
water from forest areas and then the money will be used for green fund. 

• Green fund will be utilized for completion of area /environment development and 
afforestation activities.  

 
Forest Development Corporation of Maharashtra: 
 

• Forest Development Corporation of Maharashtra (FDCM) has been formed for 
development of man-made forests. FDCM will be responsible for development of modern 
nursery techniques and providing genetically high quality plantation material. It will also 
produce saplings of important tree species from forest and make them available to other 
forestry divisions and to farmers. FDCM will undertake plantations in urban and industrial 
areas on ‘turnkey’ basis. 

• FDCM will be encouraged to take economically important plantations on private lands. 
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• FDCM will be strengthened to become a professionally working autonomous body. 
• FDCM can also work to encourage eco-tourism, centers for sell of bamboo, sell of vermi-

compost, processing and sell of NTFP obtained from Forest Department & Forest 
Protection Committees. 

 
 
# Forest Management Activities in Maharashtra:  
 
Forest Management Activities are carried out through various Institutional Mechanisms as 
explained below: 
 
1. Joint Forest Management (JFM): 
 
Joint forest management is a concept of developing partnerships between fringe forest 
communities and the forest department on the basis of mutual trust and jointly defined roles and 
responsibilities with regard to forest protection and development. The effective and meaningful 
involvement of local communities in sustainable forest management is now recognized as the 
main approach to address the longstanding problems of deforestation and land degradation. The 
community level institutional involvement in various forest protection and developmental 
activities has made promising impacts on the biophysical and socio-economic environment of the 
forest on the fringes of these villages.  
Under this scheme of Government of India (GoI), degraded forest areas and block plantation 
raised under social forestry are to be taken up. Net proceeds from the final harvest are shared 
between government and members of JFM committee in a 1:1 ratio. The income received from 
the block plantation schemes of the social forestry is distributed between the village panchayat 
and the government in ratio of 9:1. The Ministry of Environment and Forest (MoEF) has given 
certain guidelines for JFM like providing legal status of JFM's, extension of their activities 
involving women on a larger scale and formation of Forests Protection Committee (FPCs).  
In Maharashtra the JFM process was initiated in 1992 and currently it covers 6,86,688 ha 
managed by 2,153 FPCs. The progrss of JFM as on Sept. 2003 in Maharashtra is 5,322 JFM 
groups and 1,411,215.00 ha is area under JFM. About 1.5 % of Maharashtra’s forest cover comes 
under the purview of JFM activities. The coverage of villages under JFM is shown in following 
table. 
     

Table: Data of JFM Villages in Maharashtra 
 

Region Circle 
Total No. of 

Fringe 
Villages 

No. of 
JFMCs 
Created 

Area of 
Forests 

Assigned 
(ha) 

No. of 
Families 
Involved 

Population 
of JFM 
Villages 

Aurangabad 1402 208 16754 31794 93818
Thane 2409 1035 249351 125729 634651
Nagpur 1567 534 170088 80305 399112
Pune 1462 413 27041 151032 796780
N. Chandrapur 985 293 65133 11173 48252
S. Chandrapur 985 287 108499 17348 52044
Yavatmal 1130 224 74893 14650 63087
Dhule 977 774 266865 119051 671890
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Region Circle 
Total No. of 

Fringe 
Villages 

No. of 
JFMCs 
Created 

Area of 
Forests 

Assigned 
(ha) 

No. of 
Families 
Involved 

Population 
of JFM 
Villages 

Kolhapur 1881 477 105890 146176 739509
Nashik 2008 846 299833 198843 1160391
Amravati 710 231 49293 40183 153507
Total 15516 5322 1433640 936284 4813041

Source: State of Environment Report, MPCB 2007 
. 
2. Forest Nurseries: 
 
Maharashtra Forest Department (MFD) has established, a large network of permanent and 
temporary forest nurseries in the State leading to production of seedlings of several forestry 
species representing various agro-ecological zones of the State. Central Forest nurseries are 
located in most of the districts. Besides the MFD, the other two Public Forestry Institution (PFI) 
in the State i.e. the Forest Development Corporation of Maharashtra (FDCM), Nagpur and the 
Directorate of Social Forestry, Pune; also have established nurseries to meet their planting stock 
requirements. Some of these nurseries also cater to the need of the public by supplying planting 
material of forest species. 
 
3. Supply of poles and firewood: 
 
In order to curb the tendency of illicit felling in forests, the local villagers are supplied with poles 
and firewood at subsidized rates by the Government.  
 
4. Creation of Forest -based Institution: 
 
The GoI launched the Samanvit Gram Vanikaran Samridhi Yojana (SGVSY) an umbrella scheme 
integrating all ongoing Centrally Sponsored Schemes (CSSs) related to afforestation, through a 
new autonomous institution called the Forest Development Agency (FDA) with JFM as the 
mainstay.  
 
5. Efforts of Maharashtra Van Sanshodhan Sanstha (MVSS): 
 
It is located at Chandrapur and caters the research needs of the North and South Chandrapur 
Circles situated in agro-climatic zone VII and IX. It has got research centers at Lohara  (268 ha) 
near Chandrapur, and Tadgaon (59 ha) near Bhimaragarh. Lohara lodges the gene pool of teak in 
Asia comprising of 260 clones from all over India.This Lohara institution is pioneer in developing 
the techniques of teak bud grafting and developing a prototype machine for teak seed treatment. 
 
6. Afforestation by Forest Development Corporation of Maharashtra (FDCM): 
 
It undertakes various afforestation projects on turnkey basis and helps in the process of creation of 
vegetative cover, which in turn will benefit the entrepreneur and society at large. Their project 
includes plantations on the basis of land of corporations, autonomous bodies, Public Sector 
Undertakings (PSUs) etc.  
FDCM have major activities like afforestation in mining areas, urban plantation and beautification 
projects, industrial plantations, thinning in teak plantations, harvesting in Government Forest. 
   



 29

7. Sant Tukaram Vangram Yojana : 
 
This scheme was launched in 2006-07 with a view to create awareness regarding the importance 
of forest and wildlife, to protect the forest from illegal tree cutting, encroachment etc. Under this 
scheme total 12,587 Joint Forest Management Committees (JFMC) were constituted upto March, 
2008. 
 
8. Protected area network in Maharashtra:  
 
Protected areas include National Parks, Wildlife Sanctuaries, Tiger Reserves, Biosphere Reserves, 
Conservation Reserves and Community Reserves. These areas are declared under the Wildlife 
protection Act 1972. There are 45 different kinds of protected areas in Maharashtra covering 
17983.78 Sq. km. area i.e. 5.841 % of State area. These protected areas include 6 national parks, 
35 wildlife sanctuaries, 3 tiger reserves and 1 conservation reserve. Various species of flora and 
fauna along with the ecosystem they live in is conserved due this network of protected areas. 
 
9.  Protection of Mangrove Cover:  
 
In Maharashtra certain patches of mangroves are declared as protected forests, after direction 
given by Hon. High Court in 2005. This step has helped to protect important mangrove cover in 
Maharashtra.  Up to year 2009, an area of 5588 Hectars and 92 Ares from Mumbai city & suburbs 
and Thane District, has been declared as Protected Forest. 
 
 
B. Community and community organizations:  
 
Community organizations are at the interface of government and individuals. Community 
participation is a very important aspect in implementation of resource management programmes.  
 
Communities take various initiatives for conservation—like Sacred Groves. These are forest 
patches protected for religious or cultural reasons. It is an excellent example of community 
conservation. Many of these groves are at the origin of rivers, thus helping in water conservation. 
It also protects rare varieties of plants and animals. India has over 19,000 sacred groves. All these 
areas are also being disturbed due increasing pressure on available land resource, so they need to 
be conserved.  
 
There are many examples of communities’ role in conservation of forests e.g. the Chipko 
movement and Bishnois in Rajasthan.  
 
The Chipko movement  
 
The ‘Chipko movement’ was started around 260 years back in the early part of the 18th century in 
Rajasthan by Bishnoi community. The name of the movement comes from the word 'embrace', as 
the villagers hugged the trees, and prevented the contractors' from felling them. A large group of 
them from 84 villages led by a lady called Amrita Devi laid down their lives in an effort to protect 
the trees from being felled on the orders of the Maharaja (King) of Jodhpur. After this incident, 
the maharaja gave a strong royal decree preventing the cutting of trees in all Bishnoi villages.  
 
In the 20th century, it began in the hills where the forests are the main source of livelihood, since 
agricultural activities cannot be carried out easily. The Chipko movement of 1973 was one of the 
most famous among these, which was initiated in the village of Mandal in the upper Alakananda 
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valley and over the next five years spread to many districts of the Himalayas in Uttar Pradesh. It 
was sparked off by the government's decision to allot a plot of forest area in the Alaknanda valley 
to a sports goods company. This angered the villagers because their similar demand to use wood 
for making agricultural tools had been earlier denied. With encouragement from a local NGO 
(non-governmental organization), DGSS (Dasoli Gram Swarajya Sangh), the women of the area, 
under the leadership of an activist, Chandi Prasad Bhatt, went into the forest and formed a circle 
around the trees preventing the men from cutting them down. The success achieved by this protest 
led to similar protests in other parts of the country.  
     
The Bishnois  
 
The Bishnois, a Vaishnavite sect, living in western Rajasthan on the fringe of the Thar desert, 
have for centuries, been conserving the flora and fauna to the extent of sacrificing their lives to 
protect the environment. For these nature-loving people, protection of the environment, wildlife, 
and plants is a part and parcel of their sacred traditions. The basic philosophy of this religion is 
that all living things have a right to survive and share all resources.  
In the fifteenth century, Swami Jambeshwar Maharaj laid down 29 tenets for his followers which 
included a ban on killing animals, a ban to the felling of trees (especially the Khejri – which 
grows extensively in these areas). Nature protection was given foremost importance in these 
tenets. Since then, the sect has religiously followed these tenets.  
 
The heartland of the Bishnois in the forests near Jodhpur is abundant in trees and wildlife. The 
landscape around here is greener than elsewhere and the animals mainly antelopes, particularly 
the blackbuck and the chinkara, in these forests are not afraid of humans and are often seen near 
the villages eating out of the villagers’ hands. The Bishnois have indeed proved that human lives 
are a small price to pay to protect the wildlife and the forests around them. 
 
  
C. Individuals and Private Bodies:  

 
Many individual efforts have led to conservation of tree cover in a particular area. Some people 
have carried out successful restoration activities on many acres of land for the revival of forest 
ecosystem.  
There are also examples of people who have done plantations of variety of tree species on their 
land, which has helped maintain green cover of the area.  
 
Effective Conservation: 
 
In addition to current measures taken to conserve forests, some more measures may help in 
conserving forest ecosystem.  
 
Conservation at Government level:  
 

• Environmental issues and important aspects with respect to environment in a particular 
city / area should be thoroughly studied before making the ‘Development Plan’. This 
process will help in detailing out the area details and then planning further development in 
tune with environment. e.g. an area should not be just demarcated as ‘garden’, instead it 
should be further specified with inhabiting species & other details considering local 
environment. Development around such areas should be planned in a way not to disturb 
the habitat of wildlife therein.  
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• Many a times, plantation programmes involve ‘planting of exotic tree species’ like 
Eucalyptus or Gliricidia. These species shows quick growth and green cover is developed 
in a short period. But at the same time this monoculture practice doesn’t support the native 
flora and fauna as compared to forest patch of indigenous species. Therefore, use of native 
tree species for plantations can help to revive the natural ecosystem in the area. 

• Often the compensatory plantation programme is carried out at a distant place from the 
place where forest has been cut due to submergence by dam water etc. This step doesn’t 
help in revival of the forest ecosystem in the affected area. In such cases, the survey 
reports should be studied thoroughly and an alternate plan for ecosystem survival in the 
affected area should be prepared and implemented. Thus, Compensatory afforestation 
should not be just plantation at any other place but a process of starting a new ecosystem 
as a whole.  

• While making economic use of forests, Sustainable Harvesting should be kept in mind. 
Old growth forest should not be utilized for economic purpose, it should be left for its 
natural role and plantation of economically important species should be done, this young 
forest should be utilized for economic purpose. 

• Strict enforcement of rules and regulations about prohibiting activities affecting the forest 
ecosystem adversely is required to protect them from destruction. The revenue earned 
from eco-tourism, visits to nature parks, forests and protected areas should be used for 
conservation of resources. 

• People participation should be encouraged in afforestation and conservation schemes 
within cities and towns. Local bodies should undertake programmes and steps to beautify 
their cities / towns / villages in an environment-friendly manner. 

 
Conservation at Community / Individual level:  
 
Community and Individuals can be more effective in conservation of resources. Here are some 
actions which individuals can take up for conservation of forest resource as well as protection of 
environment: 

 
1. Be alert to destructive activities in your local green area such as Reserved Forests and 

Protected Forests, and in Protected Areas (national parks and wildlife sanctuaries.). 
Report any such act to the Forest Department as well as the Press. Reports of violations 
can be made to the Conservator of Forest, District Forests Officer, Range Forest Officer, 
Forest Guard or the District Commissioner, or local civic body. 

2. Acquaint yourself with the laws, detailed rules and orders issued by the Government. 
3. Be in touch with concerned local NGOs and associations. Organize one with other like-

minded people if none exist in your area. 
4. Create awareness about the existence and value of national parks and sanctuaries and 

build up a public opinion against illegal activities in the forest or disturbance to wildlife. 
5. Pressurize the authorities to implement the forest and wildlife laws and rules to protect 

green areas. 
6. Take legal action if necessary and if possible through a Public Interest Litigation (PIL) 

against the offending party. Use the help of NGOs who can undertake legal action. 
7. Help to create public pressure to change rules, laws and procedures when necessary. 
8. Use better, ecologically sensitive public transport and bicycle tracks. Do no litter in a 

forest area. 
9. Participate in preservation of greenery, by planting. Watering and caring for indigenous 

plant species. 



 32

10. Try to search for alternatives to things which destroy forest resources like practicing wise 
use of paper, electricity; recycling paper; reuse of wooden furniture; use of particle board 
/ eco-board for furniture; avoid use of greeting cards, instead sending e-greetings; avoid 
use of gift-wrappers and reusing them if use is done etc. 
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Introduction

• The word forest is derived from a Latin word“ Foris” means
Outside

• Forests are one of the most important natural resources of the
earth.

• Approximately 1/3rd of the earth’s total area is covered by
forests

• Forests vary a great deal in composition and density and are
distinct from meadows and pastures.

• Forests are important to humans and the biodiversity. For
humans, they have many aesthetics, recreational, economic,
historical, cultural and religious values.

• Forests provide fuelwood, timber, fodder, wildlife, habitat,
industrial forest products, climate, medicinal plants etc.



Forest Cover of India

• As per the State of forest report 2013, forest cover of country
is 6,97,898 sq.km (69.79 million hectare)

• This is 21.23% of the total geographical area of the country.

• The tree cover of the country is estimated to be 9.13 million
hectare which is 2.78% of the total geographical area.

• The total forest and tree cover of the country as per 2013
assessment is 78.92 million hectare, which is 24.01% of the
total geographical area of the country.

• There is an increase of 5871 sq.km in the forest cover of the
country in comparison to 2011 assessment.

Source-India State of Forest Report 2013



FOREST COVER IN INDIA
Years FOREST COVER % F. cover sq km Growing stock

Million m. cum

2005 23.41 769,621 4602.30

2009 21.02 690,899 4498.66

2011 21.05 691,969 6047.158

2013 24.01 789,164 5658.046

77.51%

2.54%
9.70%

8.99%

1.26%

21.23%



An Overview of Forest Area in 
Rajasthan

• Total Geographical Area of the State : 342239 sq.km

• Total Forest Cover of the State : 16086 sq.km

• Tree Cover : 7860 sq.km

• Total Forest & Tree Cover : 23946 sq.km

• Per capita forest & Tree Cover : 0.035 Hectare

• Of State’s Geographical Area :                  7.00 %

• Of India’s Forest &Tree Cover :                  3.03 %

• Very Dense Forest : 72 sq.km

• Moderately Dense Forest : 4424 sq.km.

• Open Forest : 11590 sq.km

• Recorded Forest Area:-

– Reserved Forest : 12475 sq.km

– Protected Forest : 18217 sq.km

– Un-classed Forest : 2045 sq.km

Total : 9.57 %

Source: India State of Forest Report, 2013



Physiographic Zones



Land Use types

Total Geographical area 3287263 sq km
Arable land 51 %



10 to 40 % canopy 
density

Source: Environmental Information system, Database WII India

Forest Cover Distribution in India



Area 



FSI, 2009



Growing stock in India

State of forests, FSI 2009
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By: erjveruivbevb



Protected areas in India, 2011



Trends in PA,s India

Source: Environmental Information system, Database WII India

Up to 2016, Proposals: 75 NPs & 219 WL S



Protective Functions

• Forest Provide protection against Soil erosion, Droughts, floods, 
noise, radiations

Soil erosion FloodsSoil erosion Droughts



Productive Functions

• Forest Provide various products like, gum resins, medicines,
Katha, honey, pulp, bamboo, timber, and fruits



Regulative Functions

• The Forest regulates the level of Oxygen and carbon dioxide in
atmosphere. The forests also help in regulating temperature
conditions







Accessory Function

• Forest provides aesthetics, habitat to various flora and fauna
besides that it also has an recreational value.



Ecological Importance or uses of 
Forests

• Regulation of global climate and temperature
• Forests play a crucial role in regulation of global climate and

temperature as forest cover absorb the solar radiations that
would otherwise be reflected back into the atmosphere by bare
surface of the earth.

• Transpiration of plants increases the atmosphere humidity
which affects the rainfall, cools the atmosphere and thus
regulate the hydrological cycle



Reduction of Global Warming
• The main green house gas co2 is used by forests for

photosynthesis process, the forests act as a sink for co2 there by
reducing the green house effect due to co2



Production of Oxygen

• During Photosynthesis process forest releases oxygen a very
important gas for human survival thereby are called as lungs of
earth.



Conservation of Soil

• They prevent soil erosion by binding the soil particles tightly in
their roots. They also reduce the velocity of wind and rain which
are chief agents causing erosion



Absorption of air pollutants

• Forest absorbs many toxic gases and air pollutants and can help

in keeping air pure.



Economical Importance of Forests

• Timber: Wood used for commercial purposes like
for making furniture and other items like boats,
bridges and other day to day uses.

• Fuel Wood: The wood is used as fuel for cooking
and other purposes by poor people.

• Raw material for wood based industries: forests
provide raw material for various wood based
industries like paper and pulp, sports goods,
furniture, match boxes etc.



• Food: Fruits, roots, leaves of plants and trees along with the
meat of forest animals provide the food to the tribal people.

• Miscellaneous Products: Miscellaneous products like, resin,
gums, oils, medicines, Katha, honey are provided by forests

//upload.wikimedia.org/wikipedia/commons/a/ab/Plum_tree_with_fruit.jpg
//upload.wikimedia.org/wikipedia/commons/a/ab/Plum_tree_with_fruit.jpg


Tropical wet evergreen and semi 
evergreen forests

• found in Southern Western 
Ghats, north-eastern India 
and Plains of West Bengal 
rainfall exceeding 200cms. 

• Height of trees is from 45-
60mts.

• Vegetation is very dense.

• Variety of species is very 
large consists of rose wood, 
paan, aini, telsur. 



Tropical moist deciduous forests

• Found in Western ghats and 
ChotaNagpur plateau and 
Siwaliks of Himalayas. 

• These forests have hilly 
terrains and plateau regions 
with rainfall between 100-
200cms.

• These are tropical monsoon 
forests with tall trees which 
rise upto 25-60mts.

• Teak is a dominant species 
and other species are sandal 
wood, sal and shisham



Tropical dry deciduous forests

• occupy the large part of 
peninsular plateau, Ganga
plain and area between the 
Thar, the Himalayas and the 
Western Ghats. 

• They cover vast areas of 
plateau and plain areas with 
rainfall between 70-100cms. 

• This type of forest is found 
with open formations and the 
important species are teak, 
bamboo, sal and khair. 



Forest Area-

Udaipur Distt.



AERIDES CRISPUM

RARE PLANT OF DRY DECIDUOUS FORESTS OF RAJASTHAN



COSTUS SPECIOSUS ENSETE SUPERBUM

RARE PLANT OF DRY DECIDUOUS FORESTS OF 
RAJASTHAN



Hastikarn

RARE PLANT OF DRY DECIDUOUS FORESTS OF 
RAJASTHAN



Thorn forests. 

• Found in the plains of 
Punjab, seaside's of Western 
ghats and the drier parts of 
the Deccan plateau, 

• This type forests are found 
in dry areas with rainfall 
less than 70cms. 

• The vegetation consists of 
open stunted forests and 
xerophytic bushes and trees 
are just 6-7mts high.

• Acacias and euphoria's are 
common species everywhere



Tidal forests

• Tidal forests are found in 
channels and islands of the 
Indian deltas like Ganga, 
Mahanadi, Godavari and 
Krishna. 

• They grow in the brackish as 
well as fresh waters areas 
and where mud and silt get 
accumulated. 

• Mangrove is the most 
important tree in these 
forests which reaches 30mts 
high. 

• Canes and palms are the 
species. 



The Himalayan Temperate and Alpine 
forests

• Found in all the ranges of 
middle and upper Himalayas. 

• The trees range from 100-
250cms.at an elevation 1600-
3000mts  

• The Alphine forests at a higher 
elevation of 3500mts and 
above.

• A great variety of species like 
broad leafed temperate 
evergreen trees like oaks, 
laurels, chestnuts, walnuts 
etc… 

• The Alphine vegetation 
consists of birch junifers, silver 
fir and shrubby rhododendrons



INSTITUTIONAL FRAMEWORK FOR 
PROTECTION OF   FOREST 

• Principal Chief Conservator of Forests
• Additional Principal Chief Conservator of Forests
• Chief Conservator of Forests
• Conservator of Forests
• Deputy Conservator of Forests
• Assistant Conservator of Forests
• Range Forest Officer (Gr. I)
• Range Forest Officer (Gr. II)
• Forester
• Assistant Forester
• Forest Guard



KEY ISSUES

• Illegal mining activities

• Encroachments

• Forest fire

• Grazing pressure

• Fuel-wood removal

• Shifting cultivation



Impact of human activities and natural 
forces on the forest of India

• Clearing and burning of the forests for
agriculture,cattle rearing and timber extraction.

• Clear cutting and conversion of forest land in hilly
areas for agriculture,plantation and housing.

• Forests affected by acid deposition originating from
industries.

• Pesticides spraying to control insects in forest
plantation leads to poisoning all the way up the food
chain and unintended loss of species.



Impact of human pressures

• Dams build in forest areas for hydropower and
water drown huge areas ,destroying species and
depriving people of their land.

• In wilderness areas like the Arctic ,oil exploration
and military activities disrupt the ecosystem
,contaminating areas and lead to decline of
species.

• The harvesting of old growth forests destroys
crucial habitat for endangered species

• .



History of forest management

• Ancient Indian scriptures and literature 
mention forest management

• scientific study of managed forests and came 
with the colonial rule only

• The Indian Forest Department was set up 
with British officers in senior positions and 
Indian officers to assist them.



• Forest Act of 1878- control of all reserved 
forests including harvesting if timber and 
restricting access of the people and livestock 
to these forests.

• 1890 almost every province in India had a 
permanent forest administration to look after 
the state forests.

• Historically India had forest cover 65% 
• It  shrunk to 40% by the middle of the century
• Since India’s independence the figure has 

shrunk to 19% today. 



Management concern

• JFM not extended to protected areas and 
well-stocked forests

• lack of clarity regarding tenure

• the extent of forestry department control 
within JFM is significant. 

• village organizations in most states have no 
autonomous status and can be dissolved by 
the forestry department. 



Causes of forest management failure

• Indian Forest Act 1927 -restricting people’s 
access to ‘government’ forests

• The Forest Act 1952- village communities 

should in no event be permitted to use forests 
at the cost of 'national interest'. 

• rights to manage forests were vested with the 
state governments till 1976

• After that forests put on the concurrent list



• Prior to the Forest (Conservation ) Act 1980
the state governments could take any forest
land out of forestry and put to other use such
as agriculture, roads, and habitation
settlement.

• Until 1988, the policy lands used for
commercial purposes



Trends in Forest Management
• Social forestry- moving tree planting activities

away from traditional forests and into other
common lands and private lands

• It intended to serve the needs of the people at
their ‘doors’ and reduce their dependence upon
the natural forests.

• It provided incentive to large-scale industries to
clear fell ecologically valuable degraded forest
areas and common property lands for
plantations.



DEFINITION OF JOINT MANAGEMENT

Joint Management of forest lands is the sharing of the products, 
responsibilities, control and decision-making authority over forest lands 
between Forest Department and local user groups.

It involves a contract specifying the distribution of authority, 
responsibility and benefits between villages and State Forest 
Departments with respect to land allocated for Joint Management.

Source: Moench



• It created a uniform monoculture of timber
species.

• It escalated commercial felling

• CFM, PFM, JFM emerged out of the failure of
colonial and social forestry and the Indian
government’s forest policies in general.

• CFM-local community initiatives towards
regenerating, protecting and managing public
and other forest lands.



• (JFM) management systems that are collaborative in nature.

• The Sukho Majri project underlined the imperative of
involving the communities in the protection, conservation,
management and sharing of natural resources.

• Forest Policy in 1988

• Shifting the focus from revenue generation to conservation

• Answering the subsistence needs of the communities.

• The policy gives higher priority to environmental stability than
to earning revenue.

• It discourages monocultures and prefers mixed forest

• The rights and concessions enjoyed by them should be fully
protected.



• JFM) refers to formalized local
community and forest department
agreements relating to regenerating,
protecting and managing state owned,
public forest lands.

• The ministry issued guidelines on June 1
1990 regarding JFM.

• share in usufructs
• MP provides100% share of the net profit

of the harvesting of timber and bamboo
to the JFM.



BACKDROP

The policing approach of the Forest Department resulted in continual clash 
of interests between the forest staff and the local communities with 
regard to use of forest resources.

Foresters realised  that strong laws are meaningless and counter 
productive without adequate and voluntary participation by the local 
communities.

User communities are likely to protect forests when they have a say in 
forest management and receive a significant proportion of the benefits.



GENESIS OF JOINT FOREST MANAGEMENT IN 
INDIA  

1972 – Arabari (West Bengal)

Mid-1970s – Sukhomajri (Haryana)

Two most well known pilot experiments in early 1970s



JFM ENVISAGES A MOVEMENT 

FROM TO

Centralized management Decentralized management

Production motives Sustainability

Large working plans Micro-plans

Unilateral decision making Participatory decision making

Controlling people Facilitating people

Department People’s institution

Achieving single, pre-set 

objective

Fulfilling multiple, need 

based objectives

Timber production Multiple products combined 

with bio-diversity

Plantation as first option Low input management and 

regeneration



• 28 State Governments have adopted JFM.
• Almost 60% of the forest cover within the 

tribal districts of the country, and the tribal 
families are automatically covered in the JFM 
programme in these areas. 



JFM IN RAJASTHAN

• Total no. of VFPMCs:   5620

• Forest area under management: 8.95 lac Ha

• Total funds available in the committee’s
account: 11.09 Crores(through collection of MFP,sale of 

grass,penalties,corpus fund etc.)

• Total members- 642377 ,women: 230287

{SC:89926,ST: 274590, Others: 277861}



Shifting of forest policies towards 
conservation

• 1980 the Forest (Conservation) Act-

to check uncontrolled diversion of forest areas for
other purposes, particularly for agriculture and
human settlement.

• state govt. cannot de-reserve Reserved Forests or
divert forest lands for non-forest purposes without
the permission from GOI.

• The states cannot now lease out forests to the
private entrepreneurs/ Corporations not owned by
government.



Some provision should take into 
consideration

• Provide clear policy signals to the forest-based
private sector

• Remove bottlenecks to farm forestry and cut
back on subsidized supply of raw material to
industry

• Tackle intra-community inequity

• Incorporate farm forestry in watershed
development programmes



CONCLUSION

• single-use strategies inadequate for local 
development.

• Adopting a contemporary, multiple-use 
strategy. 

• Focusing on generating multiple products
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Chapter 2: REVIEW 0F LITERATURE 

2.1. Non-timber Forest Products (NTFPs)-An overview  

The year 2011 has been designated ‗The International Year of Forests‘ by the 

United Nations General Assembly. This builds on momentum already generated in other 

international arenas, such as those related to climate change and biodiversity, to bring 

even greater attention to forests worldwide (FAO, 2011). 

Forestry is a productive sector with significant effects on meeting national socio-

economic and environmental functions as well as the improvement of rural livelihoods. 

The important roles played by NTFP in the livelihood of rural and urban households 

cannot be overemphasized as majority of rural households in developing countries, and a 

large proportion of urban households depend on the products to meet some part of their 

nutritional, health, house construction, or other needs. A large number of households also 

generate some of their income from trades in forest products e.g. sales of Irvingia seeds 

in Ibadan (Uke, 2010). 

The term ‗forest product‘ almost immediately brings to mind wood and wood-

based products, but there are equally important non-wood products that are collected 

from the forests. These include all botanicals and other natural products extracted from 

the forest other than timber, known as Non-Timber Forest Products (NTFPs). NTFPs are 

components of the forest system that exist in nature and are generally not cultivated. 

Non-timber forest products (NTFPs) are plants or plant parts that have a perceived 

economic or consumption value sufficient to encourage their collection and removal from 

the forest. It can also be referred to as all the resources or products that may be extracted 

from forest ecosystem and are utilized within the household or are marketed or have 
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social, cultural or religious significance (FAO, 1990). These include plants and plant 

materials used for food, fuel, storage and fodder, medicine, cottage and wrapping 

materials, biochemical, as well as animals, birds feather, reptiles and fishes. NTFPs 

which are harvested from within and on the edges of natural and disturbed forest, may be 

all or part of a living or dead plant, lichens, fungi, or other forest organisms. It therefore, 

represents a diversity of potential products sought after by a wide variety of people on a 

continuum of scales and intensities (FAO, 1990). Apart from timber and firewood that 

are conceived as major forest produces, non-timber forest products (NTFP) include all 

products obtainable from forest. NTFPs indeed play a very significant role in the rural 

economy in terms of providing employment, income potential and life support sustenance 

(Negi et al., 2011). 

The past decade has witnessed a rapid growth of interest in non-timber forest 

products (NTFPs) among conservation and development organisations (Arnold and Ruiz 

Pérez, 1998; Neumann and Hirsch, 2000). There are a number of reasons for the general 

spread and upsurge in global interest in NTFPs. It is believed that the promotion of 

sustainable use of NTFPs could lead to a win-win situation for poverty reduction and bio-

diversity conservation (FAO, 1995; Shiva and Verma, 2002; Golam et al. ,2008). 

Utilization of NTFPs to create win-win options for forest conservation and improvement 

of local livelihoods depends upon how they are managed and governed in respect to both 

access to resources and access to the markets (Laird et al., 2010). Effective governance of 

NTFPs is important throughout the management, harvesting, trade and use phases of most 

NTFPs. However, the governance of NTFPs was overlooked and poorly regulated in past 

years (Laird et al., 2010). 
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This is due to the increasing recognition that NTFPs can contribute significantly 

to the livelihoods of forest dependent communities (Clendon, 2001; Belcher et al., 2005; 

Marshall et al., 2005; Ros-Tonen and Wiersum, 2005; FAO, 2006; Ahenkan and Boon, 

2010); household food security and nutrition (FAO, 1995; Falconer, 1997; Clark and 

Sunderland, 2004; Shacleton and Shackleton, 2004; Ahenkan and Boon, 2008); generate 

additional employment and income (Peters, 1996; Ros-tonen, 1999; Andel, 2000; 

Marshall et al., 2003); and offer opportunities for NTFP based enterprises (Shackleton 

and Shackleton, 2004). Moreover, NTFPs are more accessible to the poor (Saxena, 2003); 

contribute to foreign exchange earnings (Andel, 2000) and support biodiversity and other 

conservation objectives (FAO, 1995; Arnold and Ruiz Pérez, 1998; Marshall et al., 2005; 

Charlie and Sheona, 2004). Furthermore, NTFPs can be harvested with relatively little 

impact on the forest environment (Myers, 1988; Neumann and Hirsch, 2000; FAO 2008). 

The significance of NTFPs effectively captured the imagination of conservationists 

around the world when an article by Peter et al., (1989) published in ‗Nature‘ claimed 

that more money could be earned from tropical forests by collecting these products than 

from logging (Choudhury, 2007). Since then, the importance of NTFPs has moved to the 

centre stage of the global development agenda. In the past 10–15 years, a number of 

countries have begun to fine-tune well-intentioned forest policies passed in the 1990s to 

reflect the socio-economic, ecological and cultural realities of NWFP use. This has 

resulted in a number of specific improvements to the ways in which these products are 

regulated, including re-thinking the use of costly and complex inventories and 

management plans for NWFPs, and revising quota and permitting systems. There is still a 

long way to go, and NWFPs continue to have low priority in most forestry departments 
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and curricula, but the trend in several countries is towards greater understanding and 

better-elaborated regulatory frameworks for these products (Laird et al., 2010). 

The Food and Agriculture Organisation (FAO) of the United Nations was one of 

the first agencies to promote NTFPs through their programme on non-wood forest 

products. Over the past 20 years, other international agencies such as the World Bank, 

Canadian International Development Agency (CIDA), International Development 

Research Centre (IDRC), Center for International Forestry Research (CIFOR), 

International Union for the Conservation of Nature (IUCN) and the Biodiversity Support 

Programme (BSP), among others, have incorporated the concept of NTFPs into their 

research and development programmes. The concept of NTFPs, therefore, became an 

economically acceptable ecological option of development. There was also an 

assumption, often implicit (Belcher 2003), that making forests more valuable to local 

users can encourage forest conservation and poverty reduction (Ahenkan and Boon, 

2008; Mbuvi and Boon, 2008). NTFP-based development was, therefore, born as a new 

development paradigm (Choudhury, 2007) capable of accommodating many conflicting 

needs of forest depending communities. Within the context of emerging new international 

commitments to address rural poverty, such as the Millennium Development Goals 

(MDGs), the commercialisation of NTFPs is recognised as having the potential to 

achieve dual conservation and development goals by increasing the value of forest 

resources to local communities for poverty reduction and human development (FAO, 

1995) Neumann and Hirsch, 2000; Marshall et al. 2003; Wunder and Angelsen, 2003). 

Globally, inter-national trade in NTFPs is estimated at USD 11billion annually (Ndoye 
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and Ruiz Pérez, 1998; Shiva and Verma, 2002; Marshall et al., 2005; Ahenkan and Boon, 

2010).  

These products provide a ―green social security‖ to billions of people in the form 

of low-cost building materials, income, fuel, food supplements and traditional medicines. 

In some cases, the revenues earned from NTFPs are the only source of cash income, 

which increases the dependency of people on commercially interesting NTFPs resources 

(Andel, 2000; Marshall et al., 2005). Despite the surge in importance of NTFPs and the 

significant global interest surrounding them, a number of basic definition and conceptual 

issues remain unresolved. The term ―NTFPs‖ has proved difficult to define amongst 

forest experts, conservationists, development organisations and the pioneers of the 

concept due to some of the blurred boundaries between timber and non-timber products, 

the underlying difficulty in defining a forest and the evolving nature of the concept and 

the potential to bring together a diverse set of interests and experiences to the idea of 

integrated forest management. Consequently, the term ―NTFPs‖ has generated a lot of 

controversy as regards its meaning (Arnold and Ruiz-Perez, 1998; Shiva and Verma, 

2002; Belcher, 2003). The debate on the definition of NTFPs has raged on since the term 

was coined during the early 1980s by authors like Posey, Peters, de Beer and McDermott 

(Neumann and Hirsch, 2000; Jean-Laurent and Patrick, 2002; Belcher, 2003). Though 

significant information has been documented on the socio-economic importance and 

potential of NTFPs utilization and their impacts on poverty reduction, livelihood 

improvement and environmental sustainability, little progress has been made to clear the 

accruing confusion in terminology and semantics. There is an overabundance of 

terminologies which has been used interchangeably by various authors and organisations 
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with terms such as non-wood forest products, minor forest products, forest biological 

resources, special forest products, non-wood forest benefits non-wood goods and 

services, forest garden products, wild products, natural products, non-timber forest 

products, by-products of forests, secondary forest products minor forest products, and 

hidden harvest (Chandrasekharan, 1995; FAO, 1999; Wunder and Angelsen, 2003; FAO, 

2006).  

FAO (1995) attempted a first step towards a harmonised definition of NTFPs by 

organizing the ―International Expert Consultation on Non- Wood Forest Products‖ in 

Indonesia to agree on a common definition. Unfortunately, there is still no universally 

accepted definition of NTFPs and the confusion over the definition and scope of ‗NTFP‘ 

continues. There is still no agreement on universally acceptable terminology to describe 

the product (FAO, 1999; Wong, 2000; Bih, 2008). It has become very difficult to 

distinguish between NTFPs from natural forests and those from human-influenced 

systems and the fact that the study of non-timber forest products has been dealt with by 

people from varied fields of study such as forestry, ethno-biology, economic botany, 

social development, natural resource economics, conservation biology, protected area 

management, agro-forestry, marketing, commercial development, ecological 

anthropology, cultural geography and human ecology has complicated the problem (Bih, 

2008 Ahenkan and Boon, 2010). 

Even the terms forest and product are debatable (FAO, 2001; Ahenkan and Boon, 

2010). Literally, NTFPs includes all products that are derived from forests with the 

exception of timber. In practice, various products and production environments are 

included or excluded depending on the objectives of the author (Belcher et al., 2005). 
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The lack of a common definition and terminology and the multiplicity of interest are been 

regarded as hindrances to research and development of NTFPs (Belcher, 2003). The 

difficulty in harmonising the definition of NTFPs also makes comparison of studies and 

statistics on NTFPs very difficult particularly because of the different definitions and 

classifications used by the different authors and in which some products are included 

while others are excluded. It has further limited the creation of a comprehensive and 

consistent classification system on NTFPs (Belcher and Ruiz-Pérez, 2001), which can 

only be based on an agreed terminology including clear definitions. Belcher et al., (2005) 

note that the discussion has been confounded by ambiguous and inconsistent definitions 

of the term ‗‗NTFP‘‘ and by the very different approaches that have been followed to 

research and develop NTFPs. This has hindered the understanding of the role and 

potential of NTFPs for livelihood improvement and conservation (Belcher et al., 2005). 

Nevertheless, several attempts have been made by different authors and international 

institutions to find an ―acceptable norm‖ for defining NTFPs (de Beer and McDermott, 

1989; Peters, 1989; Chandresekharan, 1995; FAO, 1995; Ros-Tonen et al., 1995; Peters, 

1996; FAO, 1999; Wong, 2000; Shiva and Verma, 2002; Marshall and Schreckenberg, 

2005; Ahenkan and Boon, 2008). However, most of the NTFPs definitions proposed in 

the literature also tend to expound on specific species, aspects and products in line with 

different authors‘ focal interests (FAO, 1995; Morris and Bay, 2002; Mbuvi and Boon, 

2008). As has already been mentioned, the important elements of the debate over the 

concept of NTFP depend on the interests and priorities of the proponents and are usually 

centred on five main issues; The Nature of the Product – inclusion/exclusion of non-

industrial timber and other wood products (Jean and Patrick, 2002; Belcher, 2003). 
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 Box 1: Definition of NTFPs 

De Beer and McDermott (1989): The term “Non Timber Forest Products” (NTFPs) 

encompasses all biological materials other than timber, which are extracted from forests 

for human use.  

Chandresekharan (1995): Non-wood forest products include all goods of biological 

origin, as well as services, derived from forest or any land under similar use, and exclude 

wood in all its forms. 

 Ros-Tonen et al. (1995, 1998): “all tangible animal and plant products from the forest, 

other than industrial wood” In 1998, they slightly modified this definition to include 

“....all tangible animal and plant forest products other than industrial wood, coming 

from natural forests, including managed secondary forests and enriched forests. 

Mathur and Shiva (1996): All products obtained from plants of forest origin and host 

plant species yielding products in association with insects and animals or their parts and 

items of mineral origin except timber, may be defined as Minor Forest Products (MFP) 

or Non-Wood Forest Products (NWFP) or Non-Timber Forest Products (NTFP). 

M. P. Shiva (1998): All usufructs/utility products of plant, animal and mineral origins 

except timber obtainable from forests or afforested / domesticated land areas are termed 

as Non-Timber Forest Products (NTFP) or Non-Wood Forest Products (NWFP)/Minor 

Forest Products (MFP). 

FAO (1999): Non wood forest products (NWFP) are defined as „goods of biological 

origin other than wood derived from forests, other wooded lands and trees outside 

forests‟ (FAO 1999). 

Wong(2000):„...all products derived from biological resources found on forest land but 

not including timber, fuelwood, or medicinal plants harvested as whole plants‟  

Source: Rajesh Rajchal 2006. 

From the discourse above, it is clear that the term ―NTFPs‖ has proved difficult to 

define in a universally acceptable way. The definition and scope of the concept still 

remain a major challenge to research on and the development, and promotion of NTFPs. 

Conflicting interests and objectives have also subjected the terminology and usage of the 

term to a lot of ambiguity and inconsistencies. Nevertheless, the original conservation/ 
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development proposition in the NTFP debate since its inception has been subjected to 

various discussions and revisions. Consequently, the concept is gradually evolving from a 

resource focus only on natural forests to include cultivation of products of forest origin. 

Most of the products that are being marketed as NTFPs originate both from natural 

forests, managed vegetations and domestication. In practice, them distinction between 

‗wild‘, semi or cultivated products will continue to be difficult. The transitions are so 

gradual and the products remain the same at the market level and therefore the 

terminology is unnecessary. NTFPs cannot be harvested indefinitely without proper 

management and domestication practices to sustain their yield. The products are being 

depleted at an alarming rate and forest dependent communities continue to lose them, 

either through overexploitation or habitat destruction. Since the objective of NTFPs is to 

improve livelihoods and conservation of forest resources, these resources can best be 

assured through a process of gradual domestication in human-modified systems. Unless 

urgent measures are taken to reverse the current trend of harvesting NTFPs from the wild, 

most of these products will disappear before they are documented and the term NTFPs 

will eventually be a myth. However, there is the need for sub-division of the NTFPs 

continuum into natural, managed, and cultivated in order to enhance their research 

development, and promotion. 

The interaction between forest and forest dwelling communities received 

increasing attention from social scientists and policy makers due to its significance from 

the view point of community welfare and sustainable forest management. This is 

particularly true in the case of benefits from non-timber forest products (NTFPs). Hence 

sustainable management of NTFP is of crucial importance for sustaining the livelihood of 
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rural poor (Shylajan and Mythili, 2007). All stakeholders in the forestry sector have a role 

to play in long-term sustainability of the resources, and these include local communities 

(adjacent to the natural forests and woodlands), forest industries (in commercial forestry), 

municipalities (involved with urban forestry/greening), government (policy makers) and 

other interested parties (Abubakr et al., 1997; Prasad, 1999;  Sreedharan, 2002; Dlamini 

and Geldenhuys, 2011a). 

Many households in rural and forested areas around the world depend heavily on 

NTFPs for survival. World Bank (2001) estimates that one out of four of the world‘s poor 

depend directly or indirectly on forests for their livelihood. During the last decade, there 

has been a dramatic increase in interest and research of NTFPs (Shillington, 2002). This 

is due to the increasing recognition of the fact that NTFPs can provide important 

community needs for improved rural livelihood, contribute to household food security 

and nutrition, help to generate additional employment and income, offer opportunities for 

NTFP based enterprises, contribute to foreign exchange earnings, and support 

biodiversity and other conservation objectives (FAO, 1995). Many local people use 

varieties of wild plants in traditional ways for their daily requirements as well as primary 

health care. Some 80 percent of the population of the developing world use NTFPs for 

health and nutritional needs (WHO, 2000). The World Health Organisation estimates that 

in many developing countries up to 80% of the population relies on biodiversity for 

primary health care (Herndon and Butler, 2010) and the loss of biodiversity has been 

linked to the increased emergence and transmission of infectious diseases with 

deleterious impacts on human health (Keesing et al., 2010). 
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Around one billion people rely on wild harvested products for nutrition and 

income and the ―invisible‖ trade in wild resources is estimated to generate $90 

billion/annum (Pimentel et al., 1997). In India alone the livelihoods of around 6 million 

people are maintained by the harvest of forest products (Tuxill, 1999) The communities 

from the various study sites reported several preferred species of edible and medicinal 

NTFPs, the threatened species under each product group, and the top priority with regard 

to immediate domestication and commercialization. Studies in the Republic of South 

Africa done by Shackleton and Shackleton, (1997, 2004, 2006) and Shackleton et al., 

(2002), and in Swaziland by Dlamini (2011a) and Dlamini and Geldenhuys (2009, 2011a, 

b) also highlighted several NTFP resources that are utilized by rural communities, that is, 

fuelwood, construction wood, edible fruits, edible herbs, edible insects, medicinal plants, 

bush meat, bee honey, reeds for weaving and grass hand brushes. 

Some studies reveal that extractors and producers tend to be exploited by 

middlemen, who buy NTFPs for very little and sell them at a highly inflated price 

(Shillington, 2002). However, the perception of NTFPs as economically important has 

assisted in initiating theories that the harvesting of these products provides potentially 

improved incomes at the same time as it decreases the rate of deforestation and 

environmentally degrading activities. The link between conserving biodiversity 

(environmental conservation) and supporting human communities is based on the idea of 

sustainable development. In terms of NTFPs, sustainable development refers to the 

economic development of communities (for instance, the income generating activities) 

that simultaneously conserve and protect biodiversity. Neumann and Hirsch (2000) states 

that the underlying belief of sustainable development is that a ―community and its 
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members will conserve and protect forest resources if it receives the economic benefits 

from sustainable forest use. Thus, for NTFPs to be tools of sustainable development they 

must be harvested in such a way as to not ‗harm‘ the forest ecosystems so that there is a 

continuous supply of resources to adequately support economically the human 

communities and ecologically the forestry community. The issue of sustainable harvest, 

however, has created much debate in NTFP literature. Delineating sustainable harvest 

entails many variables, including: the type of harvest (e.g. root, leaf, fruit, etc.), amount 

of harvested, process of harvesting, attributes of the species harvested, and the type of 

forest ecosystem from which that product is harvested (Neumann and Hirsch, 2000). 

Underpinning the complexities of commercialisation and therefore the ability of NTFPs 

to provide an economic incentive to forest conservation is the fact that such a trade is 

often part of the informal forestry sector or the ―hidden harvest‖ (Scooneset et al., 1992). 

Formalising the harvest and sale of NTFPs such that revenues contribute to the formal 

forestry sector is an forgotten issue in NTFP research, and their near absence from the 

policy agenda (Laird et al., 2010). 

A large proportion of rural people use NTFP worldwide. Researchers have 

identified NTFPs as key resources in a strategy to overcome difficulties in time of 

uncertainty that can be pursued by workers who find themselves without jobs, and by 

individuals whose employment opportunities are chronically limited by age, gender and 

disability. The independent nature of the activity is also suitable for people who do not fit 

comfortably within the demands of contemporary wage labour. The primary requirements 

to work with NTFPs are knowledge of products, their uses and locations, and the time, 

energy and mobility to access (Pierce et al., 2002). Panayotou and Glover (1994) and 
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Clay (1992) and Ruiz Perezi (2005) all stated that NTFPs attracted early attention among 

practitioners and researchers alike, based on three largely untested assumptions: i) NTFPs 

are widely distributed, contributing more than timber to forest people‘s livelihoods; ii) 

their harvesting is ecologically more friendly than alternative forest or non-forest uses , 

and iii) an increasing their commercial value will contribute to an increased appreciation 

of forests, therefore contributing both to poverty alleviation and to forest conservation. 

Moreover, Shillington (2002) also stated that many international development agenda 

promote NTFPs as tools for sustainable development. The promotion of gender equity 

materializes through NTFPs‘ ability to improve the economic situation of households by 

incorporating women as key actors, since they recognized as the main extractors, 

processors, and marketers. So NTFPs are viewed as a potential means to better the 

livelihood strategies of rural populations while simultaneously sustaining the biodiversity 

of forested areas. Millions of people throughout the world make extensive use of 

biological products from the wild (Koziell and Saunders, 2001; Lawes et al., 2004). 

These items, commonly termed non-timber forest products (NTFPs), are harvested for 

both subsistence and commercial use, either regularly, or as a fallback during times of 

need. They add to peoples' livelihood security, especially for forest-dependent people 

(Posey, 1999). 

In the past, policy makers, forest economists and foresters have viewed forests 

primarily as a source of national revenue with timber as the dominant product (Tewari, 

1994). However, in an era of fast-declining old-growth forests, great significance is 

attached nowadays to forest products besides timber, that is, non timber forest products 

(NTFP). Such forest products range from exudates (gums, resins and latex) to canes, 
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fruits, flowers, seeds, seed derivatives, entire plants, leaves, root or stem bark, fungi, 

meat and by-products from game animals, animals for the pet trade, micro-organisms, 

and insects (Panayotou and Ashton, 1992; Tewari, 1994). Non-timber forest products 

differ from timber in terms of the greater variety of products and of species, the shorter 

frequency of harvest cycles and the typically smaller yields per unit area. However, as 

opposed to timber, rarely are entire plants harvested during NTFP extraction. 

Additionally, unlike timber that brings profits to state treasuries, economic benefits 

provided by NTFP accrue largely at the local level (Panayotou and Ashton, 1992).  

In developing countries deforestation, forest degradation, biodiversity loss and 

rural poverty have long been important concerns in forest governance. The search for 

effective forest governance1 arrangements that meet the challenges of sustainable forest 

use remains an important issue (Weiland and Dedeurwaerdere, 2010) It has been 

proposed that long-term economic benefits from sustainable NTFP extraction might be 

significant enough to prevent forests from being put to more destructive land uses such as 

logging, mining or ranching, and help lower rates of tropical deforestation (Panayotou 

and Ashton, 1992). This concept had its birth in the struggle of the Brazilian rubber-

tappers to save their forests from encroaching ranchers and loggers during the late 1980s, 

which led to over 3 million ha of forests being set aside as extractive reserves (Fearnside 

1989; Nepstad and Schwartzman, 1992). The potential role of NTFP in forest 

conservation was further supported by several studies that demonstrated that the long-

term financial return from sustainable NTFP harvest could far outweigh the net economic 

benefits of timber production or conversion of the same area of land to agricultural fields 

(Chopra, 1997; Malhotra et al., 1992; Nepstad et al., 1992; Peters et al., 1989).  
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These developments fuelled much excitement in the conservation community 

about the prospects of establishing extractive reserves that could help maintain 

biodiversity while simultaneously providing sustainable economic returns to local people 

and governments. Several authors have tried to temper this enthusiasm for extractive use 

by pointing out that there are many limitations to hypothetical calculations of the income 

derived from an average hectare of tropical forest (Fearnside, 1989; Pinedo-Vasquez et 

al., 1990; Sheil and Wunder, 2002) and have questioned the wisdom of using such 

valuation studies as a basis for conservation policy (Sheil and Wunder, 2002).  

A key message from FRA (2010) was that, while the rate of deforestation and loss 

of forest from natural causes was still alarmingly high, it was slowing down. At the 

global level, it decreased from an estimated 16 million hectares per year in the 1990s to 

around 13 million hectares per year in the last decade. At the same time, afforestation and 

natural expansion of forests in some countries and areas reduced the net loss of forest 

area significantly at the global level. The net change in forest area in the period 2000–

2010 was estimated at -5.2 million hectares per year (an area about the size of Costa 

Rica), down from -8.3 million hectares per year in the period 1990–2000. However, most 

of the loss of forest continued to take place in countries and areas in the tropical regions, 

while most of the gain took place in the temperate and boreal zones, and in some 

emerging economies. Significant progress was made in developing forest policies, laws 

and national forest programmes. Some 76 countries issued or updated their forest policy 

statements since 2000, and 69 countries – primarily in Europe and Africa – reported that 

their current forest law has been enacted or amended since 2005. Close to 75 percent of 

the world‘s forests were covered by a national forest programme, i.e. a participatory 
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process for the development and implementation of forest-related policies and 

international commitments at the national level. (FAO, 2011). 

2.2 Categories and Uses of NTFPs 

NTFPs use is characterized by a diversity of institutional arrangements regarding 

access to the resources and markets at both local and national level (Laird et al., 2011). 

There is, however, great variation in the extent to which forest products are used from 

area to area and even between households within a community. Because of this variation, 

it is difficult to abstract generalizations about NTFPs use. Indeed, this variation reflects 

the extent to which NTFPs are an integral part of rural livelihoods. People only exploit 

resources from the forests when they cannot be found on nearby fallow lands, or when 

they are collecting for trade and better supplies are available in the forest. NTFPs can be 

classified into different categories, based on the purpose of use (for example, as food, 

fuel, medicine, house hold utensils, farm implements); level of use (self supporting, 

commercial); the part of plants harvested (leaf, fruit, stem ,roots ) and trophy from wild 

animals (Jeannette, 2000). For this study, the classification of NTFPs is based on 

categories related to their use and on the recently developed International Economic 

Botany Data Collection Standard use categories of NTFPs (Andel, 2006). 

 

2.3 CLASSIFICATION OF NTFPs  

Group I – (a) Non – Timber Forest Produce of Plant Origin  

1. EDIBLE PLANT PRODUCTS  

2. SPICES AND CONDIMENTS  

3. MEDICINAL PLANTS  
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4. AROMATIC PLANTS  

5. FATTY OIL YIELDING PLANTS  

6. GUM AND RESIN EXUDING PLANTS  

7. TAN YIELDING PLANTS  

8. DYE AND COLOUR YIELDING PLANTS  

9. FIBRE AND FLOSSES YEILDING PLANTS  

10. BAMBOOS  

11. CANES  

12. FODDER AND FORAGE  

13. FUELWOOD, CHARCOAL AND BRIQUETTE MAKE  

14. BIDI WRAPPER LEAVES AND BIDIS  

15. OTHER LEAVES FOR PLANTTERS, PLATES, BOWLS  

16. BEADS FOR ORNAMENTS AND DECORATION  

17. SAPONIN YEILDING PLANTS AND MARKING NUT  

18. OTHERS  

(b) Non – Timber Forest Produce of Animal Origin  

1. HONEY AND BEES WAX  

2. INSECTS AND ANIMALS  

3. LAC AND SHELLAC  

4. HIDES, SKINS AND FEATHERS  

5. TUSSER AND OTHER SILKS  

6. HORHS, BONES, SHELLS, IVORY AND MUSK  
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(C) Non – Timber Forest Produce of Mineral Origin  

1. MICA, SAND, GRAVEL AND OTHER MINERALS  

CODES USED  

USES CODES   S.No.    FOREST TYPE CODES  

1. Medicinal MED 1. TROPICAL WET EVERGREEN FOREST  

2. Aromatic ARM 2. TROPICAL SEMI-EVERGREEN FOREST  

3. Edible EDL 3. TROPICAL MOIST DECIDUOUS FOREST   

4. Fatty Oil FAT 4. LITTORAL AND SWAMP FOREST   

5. Gums GUM 5. TROPICAL DRY DECIDUOUS FOREST   

6. Resin RES 6. TROPICAL THORN FOREST  

7. Tans TAN 7. TROPICAL DRY EVERGREEN FOREST  

8. Dyes DYE 8. SUBTROPICAL BROADLEAVES HILL FOREST  

9. Fibre and Flosses FIB 9. SUBTROPICAL PINE FOREST  

10. Bamboo and Canes BAM 10. SUBTROPICAL DRY EVERGREEN FORST   

11. Fodder FOD 11. MONTANE WET TEMPERATE FOREST  

12. Charcoal and Briquetting CHA 12. HIMALAYAN MOIST TEMPERATE FOREST  

13. Timber TIM 13. HIMALAYAN DRY TEMPERATE FOREST  

14. Other OTH 14, 15, 16, SUBALPINE and ALPINE FOREST  

2.4 Food Products 

As Andel (2006) stated that food products include: wild fruits, vegetables, nuts, 

edible roots, bush meat, edible insects, and honey and food additives like spices, 

flavorings, food colorants, fermentation agents. Many non-timber forest products are 

harvested each year from forests around the world. Many of the products harvested are 
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forest botanicals that are used personally or are sold as commercial trade in the food 

products industry. Berries, herbs and mushrooms are among some of the most valuable 

non-timber forest products being harvested and sold to established markets throughout 

the world (Barfoot, 2006). Other food products include essential oils, honey, nuts, seeds, 

spices, coffee, teas and saps. In many developing countries, wild forest plants comprise a 

great portion of the daily diet for many people. In central and West Africa, for example, 

approximately 1,500 species of wild plants are collected for consumption. Oiled seeds, 

leaves and fruits are among the non-timber forest products which contain many of the 

necessary vitamins and other nutritional elements for survival. Falconer (1994) noted that 

forest foods continue to contribute significantly to the diet of many rural households 

while a great variety of goods are gathered from forest and fallow lands, the forests 

commonly supply tubers, mushrooms and snails. Many different fruits and seeds are 

eaten as snacks on the farm or in the bush, especially by children. Foods gathered from 

fallow and forest areas are added to sauces as flavouring, as medicines, as substitutes for 

staple food during periods of scarcity and especially for their healing properties. 

Collectively, these foods add diversity and flavour to the diet as well as providing 

protein, energy, vitamins and minerals (Falconer,1997).  

2.5 Medicinal value 

It includes medicinal plants, bark, resin and seeds (Andel, 2006). Forests supply 

medicines for the vast majority of urban and rural people and medicines are consistently 

ranked as one of the most-valued forest products by local people. Falconer (1997) state 

that all people use plant medicines and the majority of them (80%) rely on wild plants as 

their main medicinal source even amongst urban households plant medicines are widely 
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used, especially as first aid. Although there are many different healing practices and 

beliefs, common to most are the use of plants. Knowledge is not confined to specialist 

healers; common plant treatments are known and used by the majority of people. Women 

play a critical role in this regard as it is usually they who administer first aid to their 

children. Knowledge of common medicines is passed on through families and this 

knowledge continues to evolve as the environment changes. 

Many forest plants have been used for their medicinal value for many years. In 

Sub-Saharan Africa, for example, health care is largely a forest-based service. Barfoot 

(2006) indicated that there are many reports that caution the extraction of non-timber 

forest products from the forest, especially of medicinal plants. It has been noted that 

plants used for medicinal purposes are harvested more than any other product from the 

natural world. China, for example, is home to approximately 24,000 native species, with 

more than 10,000 of these being used medicinally. It is also estimated that 50,000 species 

of plants are used medicinally throughout the world. 

2.6 Fuel (Energy supply) 

In the country, 853.88 million persons used fuelwood as a source of energy used 

fuel as a source of energy for cooking or heating, out of which 199.63 million (23.38 

percent) used fuelwood collected from forests (ISFR 2011). Andel (2006) also noted that 

fuel includes fuel wood (firewood, charcoal), petroleum substitutes, and lighting resins. 

All rural households rely on fuel wood to meet all their energy needs. But, most fuel 

wood is collected from farms and bush fallow, rather than the forest. The supply of fuel 

wood is not a problem in any of the study villages. Although in some cases, where the 

fuel wood is used in a processing enterprise such as palm oil production or preparation of 
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cooked foods for sale, fuel wood collection may be difficult and claim that readily 

available supplies are scarce (Falconer, 1997).  

2.7 Animal Fodder 

Most of the households collect fodder for their livestock even though they are 

often free ranging for part of the day (Falconer, 1997). Forests play a significant role in 

feeding domestic and wild animals through the provision of fodder trees and fodder 

shrubs. The importance of fodder trees has received recognition by the wider scientific 

communities in recent years, as the number of livestock increased proportionally with the 

increment of human population in most of tropical countries. Then it is assumed that 

fodder plants are important components of animal feed particularly as suppliers of 

proteins and supplement feed in dry seasons (FAO, 1992). 

2.8 Honey product 

Beekeeping is as old as human history itself (FarmAfrica, 2008).Beekeeping is an 

ancient tradition in Ethiopia and is practiced by the wider rural communities. Studies 

suggested that Ethiopia has favorable climate for an extended flowering season that 

supports the involvement of farmers in beekeeping activities (EFAP, 1994). Historically, 

Ethiopia has been an important honey and beeswax producing country, which dominated 

by local consumption. Annual honey consumption nearly equals annual production, 

currently estimated at 43,000 tones. As stated by Ayalew and Gezahegn (1991) Ethiopia 

is the leading honey producer in Africa and one of the ten largest honey and beeswax 

producing countries in the world. Moreover, Reinhard and Admasu (1994) indicated that 

beekeeping has significant role in forest conservation and development. This is because 
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beekeepers conserve the forest or fragmented large trees for hanging beehives and to 

remain the plant to stay long with flowering so that they could collect honey frequently. 

2.9 Construction materials 

This includes forest products like palm leaves or grass for roof thatch, bamboo, 

wood-sticks and poles. (Andel, 2006) .Building materials such as cement and aluminum 

roofing sheets are available, but the majority of rural households cannot afford these, 

relying instead on the forest for their building materials. Falconer (1997) explained that in 

most cases, rural houses are mud and wattle, utilizing sapling-size trees as standing poles 

and raphia (leaf petioles) or bamboo to produce a lattice. While specific species are 

sought after for particular needs, a great variety of different materials are used, even 

within one community. 

2.10 Household utensils and agricultural equipment 

This encompasses forest products such as fibers, baskets, furniture, bow and 

arrow, dye, paint, varnish glue (Andel, 2006). NTFP also features commonly in the 

material culture, providing household, agricultural and marketing equipment. Other 

essential household items include mortars, furniture and sleeping mats, wood for hoe and 

other tool handles, farm implements, poles for crop storage containers and crop dryers, 

canes for baskets, crop drying mats, fish traps and other fishing equipment. Most items 

are made within the household rather than being purchased and every household uses 

items made from NTFPs in daily life (Falconer, 1997). All these categories of NTFPs are 

found in the study area forest, except the wild animals all types of NTFPs are used 

directly by the local community. However, in depth study on the quantitative contribution 

of these products either for household subsistence or for generating cash income is not 
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available. Hence, past and present forest management planning of the study area forest 

have not included the role of NTFPs for improving rural welfare, food security and 

conserving the forest landscape. On the other hand, this forest has long been state 

property that the communities do not have legal access to use forest resources. Due to 

this, currently the forest is under immense pressure from immigrants and local people. 

This problem will continue unless the community involves in the management and 

benefit sharing mechanism as well as an alternative solution will be designed for 

immigrants. One option for the sustainable utilization of forest resources is through the 

management and use of NTFPs. This study is aimed to address this problem through 

providing information on the NTFP resource basis and how they are used for the 

enhancing rural livelihood of the community living in and near forest. 

2.11 Role of NTFP in Promoting Forest Conservation 

NTFPs have also been trusted to contribute to the conservation of biological 

diversity via sustainable harvest techniques or agro-forestry arrangements. The interest in 

NTFPs has grown with increasing awareness of tropical forest deforestation and rising 

acknowledgment of the need to add value to forest resources, in order to compete with 

other land uses (Martinez, 2004). The origin of NTFPs conservation role emanates from 

the assumption that: NTFPs, much more than timber, can contribute in important ways to 

the livelihoods and welfare of populations living in and adjacent to forests; providing 

them with food, medicines, other material inputs, and a source of employment and 

income, particularly in hard times, and the exploitation of NTFPs is less ecologically 

destructive than timber harvesting and therefore provides a more sound basis for 

sustainable forest management. Increased commercial harvest of NTFPs should add to 
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the perceived value of the tropical forest, at both the local and national levels, thereby 

increasing the incentive to retain the forest resource, rather than conversion of the land 

for use for agriculture or livestock (Arnold and Perez, 1998). Through the holistic 

management of NTFPs, an attempt is made to maintain and sustain the resource and its 

users; contribute to sustainable development; conserve forests and biodiversity, and to 

promote non-traditional enterprises to improve local economies and diversify the 

economic base of the rural poor (Falconer,1997). Many who approach NTFPs sector as 

conservation tool begin with a set of basic assumptions. It is assumed that natural forest 

will have greater long-term benefits if left standing; that local people will tend 

to manage their forest resources more sustainable if they directly benefit from doing so; 

and that poverty in forest communities is caused by, degradation of the forest resources 

(Clark, 2004). The logical conclusion is that if poverty can be alleviated through 

harvesting forest products, then there will be greater incentive to conserve those forests 

(Neumann and Hirsch, 2000). 

The enthusiasm for NTFPs in economic development and conservation grew 

primarily from reports of their high economic value. Such reports include research by 

Peters et al., (1989) on fruit and latex extraction in the Amazon, where they report that 

the net present value of fruit and latex was more than twice that of timber. They argue 

that even though an individual timber harvest can have a greater value than that of a 

NTFP, when measured over a longer period of time the net present value of NTFPs can 

exceed that of timber (Peters et al., 1989). The exploitation of NTFPs is viewed as more 

compatible with biodiversity conservation than timber extraction or agriculture. When 

standing forest is needed to supply particular plant products such as aerial roots or rattan, 
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commercial extraction can contribute to forest conservation, as harvesters often 

deliberately protect useful trees from logging. If people make money by selling wild plant 

products, they will not need to cut down trees to make a living. But when prices for 

NTFPs drop and harvesting is no longer economically viable, or if extractors are expelled 

from customary collection sites, people may shift to more destructive activities such as 

logging, cash-crop agriculture or cattle ranching (Andel, 2006). The maintenance of a 

forest like structure in relation to NTFP production enables the maintenance of some of 

the conventional forest environmental function like carbon sequestration, nutrient 

recycling, erosion control, and hydrological regulation (Arnold and Pérez, 2001). 

Nonetheless, still as compared to alternative land use system, forest and home gardens 

managed for NTFPs production also retain a large amount of plant and animal 

biodiversity (Michona and Foresta, 1997). 

Although the various studies highlighted the often important role of NTFPs for 

local communities, they also have led to doubts about the potential of NTFP extraction 

from natural forests to contribute simultaneously to forest conservation and poverty 

alleviation (Arnold and Ruiz Perez, 1998). It was found that it is not at all easy to serve 

ecological, economic and social objectives simultaneously through the sustainable 

extraction of NTFPs. Studies regarding ecological impact of NTFPs exploitation 

indicated that commercial harvesting  of NTFPs does have a number of negative impacts, 

including a gradual reduction in the vigor of havested plants, decreasing rates of seedling 

establishment of harvested species, potential disruption of local animal populations and 

nutrient loss from harvested material . This consequently brought reduction of 

composition, abundance and genetic diversity of forest species in general and those of a 
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more restricted habitat in particular. The counter proposition is that low intensity 

extraction of NTFPs from natural forest can have a low impact on the local ecology and 

on biodiversity at the landscape scale and even at the species level (Belicher et al., 2005). 

Increased production of NTFPs might be achieved through human intervention such 

intervention may range from enriching forests with valuable NTFPs species to cultivation 

of NTFPs species in agroforestry systems. The value of NTFPs in such anthropogenic 

vegetation types is higher than that of undisturbed natural forests (Ros-Tonen and 

Wiersum, 2005). 

2.12 The importance of NTFP for rural livelihood 

Non Timber Forest Products (NTFPs), are harvested for both subsistence and 

commercial use, either regularly or as a fall-back during times of need. They add to 

peoples‘ livelihood security, especially for rural dwellers. NTFPs may also have marked 

cultural significance and value (Shackleton and Shackleton, 2004). NTFPs are 

conventionally viewed as the products of the poor unlike that of the timber for the rich. 

However, evidence indicated that in developing countries forest products are also an 

integral component of the livelihood of a sizeable proportion of urban households (Byron 

and Arnold, 1999). In several studies on the role of NTFPs in rural livelihoods, various 

strategies for incorporating these products in the livelihoods systems have been 

identified. Usually, much attention is given to relate the different livelihood practices to 

the economic characteristics of a species (Belcher et al., 2005) and to the access to 

markets (Belcher and Schreckenberg, 2007; Ros-Tonen and Kusters, 2011).  

NTFPs cover a wide range of products with different characteristics, which are 

utilized in a variety of context and play important roles in various household livelihood 
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strategies .This involves thousands of plant and tree species, most of which are consumed 

within the household of the gatherers and are not traded in markets. Studies conducted by 

(Shackleton and Shackleton, 2004) show that extraction, processing, and trading of 

NTFPs is often the only employment available for the population in remote rural areas. 

Adepoju (2007) indicate that NTFPs are a dependable source of income and food supply 

in the rural areas. However, it is a diminishing resource as a result of its dependency on 

land which is known to be under pressure of depletion from agriculture and development 

of public infrastructures. Several opportunities for improved rural development are linked 

to NTFPs. In many areas, rural populations are traditionally depend on local forest 

resources to provide additional income through collection and marketing of NTFPs. 

Where employment opportunities from traditional industries are declining, workers 

looking for alternative income sources often turn to collection of these products from 

nearby forest. NTFPs also play a role in the household economy of not only the poor, but 

also the rich (Nguyen, 2006) . In Vietnam, more than 320,000 people are involved in 

NTFP production (Riadh, 2007). There is a growing agreement that Non-Timber Tree 

and Forest Products (NTFPs) play an important role in the livelihoods of the rural poor as 

a source of food, medicine, construction materials, and income. It has been estimated that 

there are more than 60 million highly forest dependent people in Latin America, West 

Africa, and Southeast Asia, with an additional 400-500 million people directly dependent 

on these natural products (Riadh, 2007). Subsistence use of NTFP represents the greater 

part of its value to households. However, they are also source of cash income such 

income seldom appears to account for a large share of a households total income, but 

complements other livelihood activities (Shackleton and Shackleton, 2004). Being able to 
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collect and use NTFP to a meet daily needs of energy, shelter, food and medicine, allows 

the scarce cash resources to be used to secure other household needs and to attempt to 

accumulate the necessary asset base for a more secure livelihood. This includes the 

education of children, investment in agricultural tools, or capital for activities that 

generate income. Such a cost saving would best be reflected by replacement values of the 

goods that the NTFPs substitute, rather than direct-use value based on farm-gate prices 

(Shackleton and Shackleton, 2004). 

As discussed above, some NTFPs serve as safety net or as poverty trap while 

others may provide regular, important cash income and household self sufficiency, food 

security, income generation, accumulation of savings and risk minimization. They also 

provide input for agriculture, small scale enterprise and bases for capital formation . 

 According to Shackleton and Shackleton (2004) NTFPs provide livelihood 

benefits in assisting households to cope in times of adversity manifested as sudden 

changes in the economic, social or bio-physical environments in which households exist 

and function. It provides the poor quick cash or auto consumption goods especially in the 

event of unpredicted shortfalls, such as failure of agricultural crop or disasters (Angelsen 

and wunder, 2003). Shackleton and Shackleton (2004) stated that this sudden change 

includes events like a death or retrenchment of the head of the household, droughts, 

floods, frosts or disease leading to crop failure or death of livestock, major economic 

structural adjustment, or unanticipated and large increases in costs of staple foods and 

goods. During such times it is common for rural households to turn to NTFPs to tide 

them over what they perceive is a temporary setback. In these situations the changed 

types or species of NTFPs not often used by that household, increase consumption of 
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products already part of their livelihood and temporary sale of NTFPs on local and 

regional markets, including within communities and between neighboring households use 

of NTFPs is typically a coping strategy, with the products providing a safety‘ or 

‗emergency‘ net to peoples livelihood. 

Money earned from the sale of forest products has been shown to complement 

agricultural income and provide financial cost of health, and house hold expenses 

(Arnold and Ruiz Perez, 2001). So safety net function of NTFP provides rural poor 

against falling into poverty by reducing their vulnerability to such risk. Studies by Ruiz 

Perez and Arnold (1995) indicated that NTFP-based activities can be important in filling 

seasonal and other food or income gaps can provide a buffer in times of hardship or 

emergency, is an activity of last resort, or can present an opportunity for improving 

household income and security. The risk-management role of forest products is 

particularly important in the rural regions of developing countries, given that agricultural 

crops face many types of risk, such as price shocks, seasonal flooding, unpredictable soil 

quality, pests, crop diseases or illnesses. NTFP can be used directly in consumption or 

sold to fill cash gaps (World Bank, 2001). Moreover low capital and skills requirements 

of NTFP extraction as well as open or semi-open access to the resource, provides poor 

households to easily extract the resource (Delacote, 2008). 

Godoy et al., (1997) had also noted in a study in Honduras, that although NTFP 

extraction has a low annual value, it can provide insurance in the case of unexpected 

losses. The coping strategy (observed in Africa) consists of extracting NTFP only in the 

case of bad agricultural crops. The use of NTFP can here be considered as an ex post gap 
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filling use. Forest products are extracted in order to smooth the household‘s consumption 

in case of low crop returns (Shackleton and Shackleton, 2004). 

Access to forest resources helps rural households diversify their livelihood base 

and reduce their exposure to risk. Earnings from forest products are often important as a 

complement to other income. Very large numbers of households generate some of their 

income from selling forest products, often when farm production is not enough to provide 

self-sufficiency year round. Income from forest products is often used to purchase seeds, 

hire labour for cultivation, or generate working capital for trading activities (Warner et 

al., 2008.) Safety net allows money to be saved and spent on other livelihood strategies 

such as agriculture which may in turn contribute to the households‘ sustainability. So 

safety net function of NTFP had a benefit for those who use the resources frequently in 

large quantity and occasionally.  

2.13 Non-Timber Forest Products (NTFPs) in India 

In India, too, the role of NTFP in rural and forest economies is immense. 

Economically significant NTFP have been recorded from over 3,000 plant species 

extracted from forests and associated ecosystems in India (Tewari, 1994). In certain 

areas, NTFP have been reported to contribute up to 40 per cent of the household income 

(Chopra, 1997). NTFP extraction is very widespread, both within and outside protected 

areas. Kothari et al. (1995), for example, reported that NTFP are known to be extracted 

from fourteen (36 per cent) of the thirty-nine national parks and 104 (56 per cent) of the 

185 wildlife sanctuaries in India (although NTFP extraction is not permitted in national 

parks and is allowed only with special sanction inside sanctuaries, extraction is permitted 

in reserved and other categories of forests, however (Anon 1995). In India the role of 
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NTFP in forest conservation has gained additional impetus lately with increasing 

emphasis on participatory models of forest conservation, such as joint forest management 

and community-based conservation, in which NTFP extraction constitutes an attractive 

economic incentive for local people (Kothari et al., 1997; Ravindranath et al., 2000). 

The Indian Forest Policy of 1988 (MoEF, 1988) and the subsequent government 

resolution on participatory forest management (MoEF, 1990) emphasize the need for 

people's participation in natural forest management. The policy document asserts that 

local communities should be motivated to identify themselves with the development and 

protection of the forests from which they derive benefits. Thus, the policy envisages a 

process of joint management of forests by the state governments (which have nominal 

responsibility) and the local people, which would share both the responsibility for 

managing the resource and the benefits that accrue from this management.  

Under joint forest management (JFM), village communities are entrusted with the 

protection and management of nearby forests. The areas concerned are usually degraded 

or even deforested. However, in Andhra Pradesh and Madhya Pradesh all village fringe 

forests can come under JFM. The communities are required to organize forest protection 

committees/ village forest committees/ village forest conservation and development 

societies, etc. Each of these bodies has an executive committee that manages its day-to-

day affairs. Non-wood forest products (NTFPs) have a key role in JFM efforts. With the 

increasing awareness of their economic potential and growing concerns for the 

sustainability of the resources and the distribution of the benefits derived from them, 

various state governments have taken over control of a number of NTFPs. 
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2.14 Non Timber Forest Products (NTFPs) and rural livelihood in India and 

Global scenario 

It is estimated that 90% of the world‘s poor depend on forests for at least a portion 

of their income (World Bank, 2000; Scherl et al., 2004; USAID, 2006). In Africa, 600 

million people have been estimated to rely on forests and woodlands for their livelihoods 

(Anderson et al., 2006), and in India, 50 million people are estimated to directly depend 

on forests for subsistence alone. The users of forest products include forest dwellers, 

nearby farmers, commercial users (including small traders, producers and employees) and 

the urban poor.  

Timber, non-timber forest products (NTFPs) and animal protein are all used by 

the rural poor for subsistence, and also as a source of income and employment (Angelsen 

and Wunder, 2003). Depending on circumstances, forest products may offer both a ‗daily 

net‘ and a ‗safety net‘. The ‗daily net‘ describes everyday use, with products meeting 

current household needs, offering a reliable source of income to purchase agricultural 

inputs (Shackleton and Shackleton, 2004), or fodder for livestock herds. A ‗safety net‘ 

comes into play when other sources of household income (e.g. plantations) fail to meet 

dietary shortfalls, or whenever a quick cash option is required (McSweeney, 2003).  

NTFPs are a key resource for many poor communities (Sunderlin et al., 2005). In West 

Africa, for example, bushmeat provides 25% of protein requirements, and can be the 

principal source for some indigenous groups (Bennett, 2000). NTFPs are often open-

access resources, and require little processing or the use of low cost (often traditional) 

techniques. An overview of case studies indicates that forest products contribute between 

20% and 40% of total household income in forest areas, and that poor households tend to 



51 

 

be disproportionately dependent on forest resources (especially fuel wood and fodder) 

(Vedeld et al., 2007). Based on this type of finding, investment in NTFP use has often 

been proposed as a method of poverty alleviation (Brown and Williams, 2003). Although 

NTFP sales often supplement income, it has been suggested that the same open-access 

characteristics that make them available to poor households in the first place make them 

poor candidates for poverty reduction schemes (Arnold and Perez, 2001; Belcher, 2005). 

In recent years both research and policy debate have increasingly considered 

reliance on NTFPs as a livelihood strategy, with many commentators highlighting a high 

dependence on forests and NTFPs especially amongst asset-poor households (Shackleton 

et al., 2001, Fisher, 2004). Rural households throughout the developing world rely to 

varying degrees on a range of products and species collected from the surrounding 

ecosystems (Shackleton et al., 2002; Angelsen and Wunder, 2003). These are used either 

for direct household consumption or sold in local, regional and national markets and 

when included into rural livelihood strategies, help reduce peoples‘ vulnerability to risks 

(Neumann and Hirsch, 2000). The products and species used can be diverse. In certain 

cases the income from these products (as both a direct cost saving and through their sale) 

has been found to be more than or on a par with other sources of income (Cavendish, 

2000; Shackleton and Shackleton 2000; Dovie, 2001). Additionally, the potential income 

from NTFPs has been seen to be comparable with other land-use options motivating 

proponents to consider whether or not transformative land-use options (e.g. agriculture) 

make long-term economic sense.  
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The commercialization of NTFPs may potentially make both economic sense and 

offer an incentive to biodiversity conservation although the sustainability of the resource 

base is of concern if the harvesting and commercialization of products is not effectively 

monitored and managed (Ticktin, 2004; Emanuel et al., 2005). Additionally there is the 

risk that if products assume a high commercial value, local residents and traders may lose 

out to elite groups with access to transport, markets and credit (Cavendish, 2000). With 

growing concerns that the contribution of the commercialization of NTFPs (both to 

poverty alleviation and biodiversity conservation) may not, in all cases, be as 

considerable as desired focus has shifted somewhat to the potential safety-net role of 

NTFPs (Crook and Clapp, 1998; Byron and Arnold; 1999; Godoy et al; 2000; Pattanayak 

and Sills; 2001). 

The livelihoods of the rural poor can be compared to ‗snakes and ladders‘ 

whereby the snakes represent traps that contribute towards poverty and the ladders, 

resources (including natural resources) and relationships that improve or worsen a 

household‘s degree of poverty (Room, 2000). Research at a global scale has identified 

that rural households adopt a range of livelihood strategies, draw from a diversity of 

income sources and invest in an assortment of assets not only in an endeavour to achieve 

their livelihood outcomes but also to provide a buffer to risk (Ellis, 2000; Block and 

Webb; 2001, Shackleton et al; 2001; Niehof, 2004; Bryceson and Fonseca, 2006). 

Livelihood diversification can be disaggregated into diversifying in response to new 

opportunities or diversifying as an ex-post risk coping strategy ( Dekker, 2004). The 

range of livelihood strategies includes both off-farm and land-based livelihood strategies, 

including the use of non-timber forest products (NTFPs) both for household consumption 



53 

 

and for sale. The contribution made by these NTFPs to household income has been 

found, in certain cases, to be considerable and comparable to other income sources 

(Dovie, 2001). In recent years with an increasing focus on poverty alleviation, NTFPs 

have been considered for their role in minimizing the impact of crises on rural households 

and as a possible means to assist households to move out of poverty (Angelsen and 

Wunder, 2003; Belcher et al., 2005). According to Wunder (2001) there is increasing 

evidence of natural resources serving as ―the poor man‘s overcoat‖ providing rural 

households with natural insurance through both consumption- and income-smoothing. 

The need for empirical data is however still necessary (Shackleton and Shackleton, 

2004a; Belcher et al., 2005). With goals to significantly reduce global poverty within the 

next decade, there is an increasing focus on the potential role of forests and NTFPs in 

economic development and poverty reduction strategies (Angelsen and Wunder, 2003; 

Belcher et al., 2005).  

The livelihoods of poor, rural communities are often insecure and vulnerable to 

adversity, consequently people adopt a range of livelihood strategies including formal 

and informal employment, pensions, migrant remittances, the use of natural resources 

(for subsistence and sale), arable production, animal husbandry and claiming through 

social networks (Shackleton et al., 2001). Through these multiple strategies people aim to 

secure their livelihoods and achieve multiple and desired livelihood outcomes. A 

sustainable livelihood is one that can recover from shocks and maintain and improve its 

assets without impacting unsustainably on the available natural resource base (DFID, 

1999). A livelihood strategy comprises ―capabilities, assets and activities required for a 

means of living‖ (DFID, 1999). Within the livelihoods approach these strategies and 



54 

 

assets cannot be considered in isolation but rather as a suite of activities/assets that 

together contribute to reducing a household‘s vulnerability. Although diversification can 

help households cope with adversity, it is possible it can trap the poor in poverty (Ellis, 

1999). The use of natural resources (and NTFPs in particular) as a livelihood strategy has 

received increasing recognition although further investigation is warranted, particularly 

with respect to their daily role in sustaining rural livelihoods compared to their role as a 

natural insurance strategy or rural safety-net (Shackleton and Shackleton, 2004a). 

Non-timber forest products (NTFPs) provide a range of products which, when 

incorporated into the livelihood strategies of rural people aid in reducing their 

vulnerability to risks (Neumann and Hirsch, 2000). These products are used for food, 

energy, shelter, medicines, tools and fibre. They are used to meet basic needs, are sold in 

local, regional and national markets to generate cash and, serve an important gap filling 

or safety-net function (Chopra, 1997; Khare et al., 2000; Shackleton et al., 2002; 

Angelsen and Wunder, 2003). Over the last decade research has elucidated the value of 

NTFPs both to rural livelihoods and as an alternative land-use option and, has found the 

value of NTFPs to be considerable (Shackleton et al., 2001). 

In India too several studies on NTFP and its role in socio-economic sustenance of 

local communities are available (Gupta and Guleria 1982, 1986; Prasad and Bhatnagar, 

1991; Chandrasekharan, 1997; FAO, 1994, 1998; Prasad and Bhatnagar, 1998. A large 

numbers of rural families in particular those of agricultural labourers, rural artisans, and 

marginal and small farmers, are NTFP gatherers. Reporting a study from Raipur district 

in central India, Chopra (1997) observed that 98 per cent of those interviewed mentioned 

collection of NTFP as a secondary source of livelihood. In Sheopur district of Madhya 
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Pradesh, primitive tribes Saharias in 60 villages are totally dependent on NTFP collection 

for their livelihood support (Bhattacharya, 2000). Quantity traded as a percentage of that 

collected varies from 35 to 100 per cent. One or more NTFPs are available for collection 

and consumption throughout the year. Nearly 400 million people living in and around 

forests in India depend on NTFPs for sustenance and supplemental income. NTFPs 

contribute significantly to the income of about 30 per cent of rural people. More than 80 

per cent of forest dwellers depend on NTFPs for basic necessities. Collection of NTFPs 

comprises the main source of wage labour for17 per cent of land less labour, and 39 per 

cent are involved in NTFP collection as a subsidiary occupation. In some other studies 

(Tewari and Campbell, 1995, Prasad and Bhatnagar, 1998) household income from NTFP 

collection of average 40%, the range varying from 11 per cent to 53 per cent. From above 

accounts it is clear that NTFPs play increasingly greater role in the social, economic and 

traditional lifestyle of millions of forest dependent population particularly the tribal, land 

less, women and other rural poor. 

2.15 NTFP commercialization, livelihoods and conservation 

The recognition that non-timber forest products (NTFPs) have potential for 

increased trade is not new (deBeer and MacDermott, 1989; Neumann and Hirsch, 2000; 

Kusters and Belcher, 2004; Sunderland et al. 2004; Belcher and Schreckenberg 2007). 

Research has affirmed that harvesting, processing and sale of NTFPs offer in many cases 

a low barrier entry into a market economy for the rural, forest-dependent poor (Neumann 

and Hirsch, 2000; Cunningham, 2000; Angelsen and Wunder, 2003; Vedeld et al. 2004; 

Sunderlin et al. 2005). It is also accepted that commercial NTFPs act as a safety net in 

times of need and generate supplementary income (Pimentel et al. 1997; Byron and 
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Arnold 1999; Pattanayak and Sills, 2001; Arnold, 2002a; Angelsen and Wunder, 2003; 

Fisher, 2004; Sunderlin et al. 2004; Shackleton, 2005). Expectations have been raised 

that this sub-sector will play a significant role in reducing rural poverty, addressing 

international concerns for poverty alleviation, conserving biodiversity and fulfilling the 

Millennium Development Goals (World Bank, 2002; Arnold, 2002; Angelsen and 

Wunder, 2003; Kaimowitz and Sheil, 2007). It has been specifically asked if NTFP 

commercialisation provides a possible pathway out of poverty (Neumann and Hirsch, 

2000; Wunder, 2001; Belcher and Schreckenberg, 2007), with an option for conservation 

of biodiversity (Shackleton, 2001; Ticktin, 2004; Marshall et al. 2006). 

However, the nexus between NTFP commercialization and poverty, suffixed as it 

is with paradoxical generalizations such as trap, elimination or mitigation (Neumann and 

Hirsch, 2000; Wunder, 2001; Arnold, 2002; Angelsen and Wunder, 2003) is 

controversial. NTFP commercialization is promoted as a strategy for creating a positive 

synergy between conservation and livelihood needs (Sheil and Wunder, 2002). 

Proponents have coined their responses through phrases like ‗use it or lose it‘, 

‗conservation through use‘ and ‗rainforest crunch‘ (Clay, 1992; Dove, 1993; Neumann 

and Hirsch, 2000;). It is argued in various ways that high-value NTFPs have the potential 

to integrate these objectives by increasing the economic value of intact forest to local 

inhabitants, thereby providing an incentive for conservation (Ruiz Perez and Arnold 

1996; Arnold and Ruiz Perez 2001). Critics answer that NTFP commercialization is 

short-hand for several, interrelated processes (Lawrence, 2003; Ros-Tonen and Wiersum, 

2003; 2005; Belcher and Kusters, 2004). The outcomes are highly variable and unstable 

due to the many possible combinations of market-related factors, institutions, biological 
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attributes and livelihood strategies (Browder, 1992 a,b,; Dove, 1994; Peters, 1994; Crook 

and Clapp, 1998; Neumann and Hirsch, 2000; Shanley et al. 2002b; Ruiz Perez et al. 

2004, Ros-Tonen and Wiersum, 2005; Belcher and Schreckenberg, 2007). 

The challenge for researchers is to identify criteria for defining how extraction 

can successfully contribute to the long-term conservation of forest and tree resources, and 

to increased incomes for forest people. Selection of cases among different locations, 

species, products, ecological conditions, legal and institutional settings, has enabled 

identification and analysis of processes and the variables that describe them. Interesting 

findings are nowavailable from studies based on multivariate and other advanced 

statistical analysis (Ruiz- Perez and Arnold, 1996; Marshall et al. 2003; Ruiz-Perez et al. 

2004; Belcher et al. 2005; Kusters et al. 2006; Marshall et al. 2006), rounded off by a 

narrative ‗reality check (Belcher and Schreckenberg, 2007). 

2.16 Challenges and emerging issues with NTFP 

NTFPs have gained new attention in international debates because of their 

potential role in livelihood, poverty alleviation and safety net. These discussions make it 

urgent for governments to put in place pro-poor reforms in the forest sector to protect and 

enhance the livelihood benefits that forests provide to the poor. If this is to be realized, 

local communities will need more secure rights if they are to be involved in managing 

and protecting large areas of forests globally. 

The Global Forest Resources Assessment 2010 – Main Report indicates that 80 

percent of the world‘s forests are publicly owned (FAO, 2010a) but ownership and 

management of forests by communities is on the rise. However, in many countries, 

regulatory frameworks are not clearly defined or do not provide adequate security of 
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tenure for forest dependent communities. Investment in locally controlled forestry 

requires certain preconditions. Initial ‗soft‘ investment can significantly help empower 

communities and local entrepreneurs as well as moderating other economic and political 

risks, in preparation for subsequent ‗hard‘ investments, such as access to business 

knowledge and credit (Elson, 2010). 

With greater information, effective consultations with stakeholders and strategic 

approaches to policy-making, NTFP laws and policies can promote ecological 

sustainability, equity in trade, and improved rural livelihoods. The extent of 

commercialization and the heterogeneity of NTFP resources, markets and stakeholders 

should be reflected in policies and laws. A ‗one-size-fits-all‘ approach to regulating this 

diverse category of products is not possible. Laws need to reflect the different types of 

NTFP use, including subsistence, local trade, commercial trade and recreation. 

Experience has also indicated that NTFP law and policy are most effective when:  

 Subsistence use of NTFPs is not regulated, except in clear cases of overharvesting;  

 Governments focus law and policy on internationally and intensively traded industrial      

scale NTFPs, particularly when they have limited resources; 

 Appropriate attention is given to the damage to NTFPs caused by forest degradation from 

logging, mining and clearing for commercial agriculture and other land uses; 

 Policies avoid criminalizing harvesting activities and further marginalizing producers; 

 Support and information are given to producer and harvester groups, trade associations 

and NGOs to strengthen stakeholder consultations;  

 The negative impacts of unrelated laws are mitigated; 

 There is collaboration between countries trading NTFPs;  
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 The burden of permits and procedures is minimized for small-scale producers; and 

 Governments integrate and coordinate customary and statutory law and governance 

systems.  

NTFP policies work best when incentives and supportive legal frameworks are 

promoted, including government support for producer, trade and processing groups; 

market access and premium prices through certification; tax breaks; and outreach and 

education on new policies and laws. In some cases, particularly when there is sudden and 

high commercial demand, a more involved regulatory framework is also necessary, 

including permits, quotas, taxes and restrictions on trade. Governments will need to 

approach NWFP regulation in ways that reflect the financial, ecological and social costs 

and benefits of such actions, government implementation capacity and the likelihood of 

compliance (FAO, 2011). 
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ABSTRACT Though a significant volume of information has been documented on the importance and potential of NTFPs’
utilisation and its impacts on poverty reduction, livelihoods improvement and environmental sustainability, a lot of confusion
is still associated with NTFPs semantics and terminologies. NTFPs have proved to be difficult to clearly define because of the
blurred boundaries between timber and non-timber products and the underlying difficulty in defining a forest. The overabundance
of terminologies relating to a single term having a range of interpretations, and none of which is universally recognised is at the
heart of the NTFPs semantic confusion. Consequently, the meaning of “NTFPs” has generated a lot of controversy. In other
words, there is no universally accepted operational definition of NTFPs. Various definitions proposed in literature tend to
expound on specific species, aspects and products according to different authors’ focal interests. The increasing realisation of
the importance of all forest resources makes the dichotomisation of forest resources into “timber” and “non-timber” overly
simplistic. The lack of a common definition, terminologies as well as the multiplicity of interest, constitutes a real hindrance to
research on and development of NTFPs. Through an extensive and critical review of literature and consultations with experts,
this paper examines the semantics and the difficulties in defining NTFPs, the ensuing confusion and the consequences for
research, and development and promotion of these products.

1. INTRODUCTION

The past decade has witnessed a rapid growth
of interest in non-timber forest products (NTFPs)
among conservation and development
organisations (Arnold and Ruiz Pérez 1998;
Wollenberg and Ingles 1998; Neumann and
Hirsch 2000; Marshall et al. 2003). There are a
number of reasons for the general spread and
upsurge in global interest in NTFPs. It is be-
lieved that the promotion of sustainable use of
NTFPs could lead to a win-win situation for
poverty reduction and bio-diversity conserva-
tion (FAO 1995; Shiva and Verma 2002; Golam
et al. 2008). This is due to the increasing recog-
nition that NTFPs can contribute significantly
to the livelihoods of forest dependent commu-
nities (Clendon 2001; Belcher et al. 2005;
Marshall et al. 2005; Ros-Tonen and Wiersum
2005; FAO 2006; Ahenkan and Boon 2010);
household food security and nutrition (FAO
1995; Falconer 1997; Clark and Sunderland
2004; Shacleton and Shackleton 2004; Ahenkan
and Boon 2008); generate additional employ-
ment and income (Peters 1996; Ros-tonen 1999;
Andel 2000; Marshall et al. 2003); and offer
opportunities for NTFP based enterprises
(Shackleton and Shackleton 2004; Subedi 2006).
Moreover, NTFPs are more accessible to the poor
(Saxena 2003); contribute to foreign exchange
earnings (Andel 2000; Shiva and Verma 2002);

and support biodiversity and other conservation
objectives (FAO 1995; Arnold and Ruiz Pérez
1998; Marshall et al. 2005; Charlie and Sheona
2004). Furthermore, NTFPs can be harvested
with relatively little impact on the forest envi-
ronment (Myers 1988; Neumann and Hirsch
2000; FAO 2008).

The significance of NTFPs effectively cap-
tured the imagination of conservationists around
the world when an article by Peter et al. (1989)
published in ‘Nature’ claimed that more money
could be earned from tropical forests by coll-
ecting these products than from logging
(Choudhury 2007). Since then, the importance
of NTFPs has moved to the centre stage of the
global development agenda. The Food and Ag-
riculture Organisation (FAO) of the United Na-
tions was one of the first agencies to promote
NTFPs through their programme on non-wood
forest products. Over the past 20 years, other
international agencies such as the World Bank,
Canadian International Development Agency
(CIDA), International Development Research
Centre (IDRC), Center for International Forestry
Research (CIFOR), International Union for the
Conservation of Nature (IUCN) and the Biodi-
versity Support Programme (BSP), among oth-
ers, have incorporated the concept of NTFPs into
their research and development programmes.
The concept of NTFPs, therefore, became an
economically acceptable ecological option of
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development. There was also an as-sumption,
often implicit (Belcher 2003), that making for-
ests more valuable to local users can encourage
forest conservation and poverty reduction
(Plotkin and Famolare 1992; Schreckenberg et
al. 2006; Ahenkan and Boon 2008; Mbuvi and
Boon 2008).

NTFP-based development was, therefore, born
as a new development paradigm (Choudhury
2007) capable of accommodating many conflic-
ting needs of forest depending communities.
Within the context of emerging new interna-
tional commitments to address rural poverty,
such as the Millennium Development Goals
(MDGs), the commercialisation of NTFPs is
recognised as having the potential to achieve
dual conservation and development goals by
increasing the value of forest resources to local
communities for poverty reduction and human
development (FAO 1995; Wollenberg and Ingles
1998; Neumann and Hirsch 2000; Marshall et
al. 2003; Wunder and Angelsen 2003; Sun-
derland and Ndoye 2004). Globally, inter-na-
tional trade in NTFPs is estimated at USD 11bil-
lion annually (Ndoye and Ruiz Pérez 1998;
Shiva and Verma 2002; Marshall et al. 2005;
Ahenkan and Boon 2010). These products pro-
vide a “green social security” to billions of
people in the form of low-cost building mate-
rials, income, fuel, food supplements and tra-
ditional medicines. In some cases, the revenues
earned from NTFPs are the only source of cash
income, which increases the dependency of
people on commercially interesting NTFPs re-
sources (Andel 2000; Sheil and Wunder 2002;
Marshall et al. 2005).

2. DEFINING NTFPS AND THE
CONFUSION IN SEMANTICS

Despite the surge in importance of NTFPs
and the significant global interest surrounding
them, a number of basic definition and con-
ceptual issues remain unresolved. The term
“NTFPs” has proved difficult to define amongst
forest experts, conservationists, development
organisations and the pioneers of the concept
due to some of the blurred boundaries between
timber and non-timber products, the underly-
ing difficulty in defining a forest and the evolv-
ing nature of the concept and the potential to
bring together a diverse set of interests and ex-
periences to the idea of integrated forest man-

agement. Consequently, the term “NTFPs” has
generated a lot of controversy as regards its
meaning (Arnold and Ruiz-Perez 1998; Ros-
Tonen et al. 1998; Shiva and Verma 2002;
Belcher 2003). The debate on the definition of
NTFPs has raged on since the term was coined
during the early 1980s by authors like Posey,
Peters, de Beer and McDermott (Neumann and
Hirsch 2000; Jean-Laurent and Patrick 2002;
Belcher 2003).  Though significant information
has been documented on the socio-economic
importance and potential of NTFPs utilization
and their impacts on poverty reduction, liveli-
hood improvement and environmental sus-
tainability, little progress has been made to clear
the accruing confusing in terminology and se-
mantics. There is an overabundance of termi-
nologies which has been used interchangeably
by various authors and organisations with terms
such as ‘‘non-wood forest products, minor for-
est products”, “forest biological resources”, spe-
cial forest products”, “non-wood forest benefits”
“non-wood goods and services”, “forest garden
products”, “wild products”, “natural products”,
“non-timber forest products”, “by-products of
forests”, “secondary forest products” “minor
forest products’’, and ‘‘hidden harvest’’
(Chandrasekharan 1995; FAO 1999; Wunder
and Angelsen 2003; FAO 2006).

In 1995, FAO attempted a first step towards
a harmonised definition of NTFPs by organising
the “International Expert Consultation on Non-
Wood Forest Products” in Indonesia to agree on
a common definition. Unfortunately, there is still
no universally accepted definition of NTFPs and
the confusion over the definition and scope of
‘NTFP’ continues. There is still no agreement
on universally acceptable terminology to de-
scribe the product (FAO 1999; Wong 2000; Bih
2008). It has become very difficult to distinguish
between NTFPs from natural forests and those
from human-influenced systems and the fact that
the study of non-timber forest products has been
dealt with by people from varied fields of study
such as forestry, ethnobiology, economic botany,
social development, natural resource econom-
ics, conservation biology, protected area man-
agement, agro-forestry, marketing, commercial
development, ecological anthropology, cultural
geography and human ecology has complicated
the problem (Bih 2008; Ahenkan and Boon
2010).

Even the terms ‘forest’ and ‘product’ are
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debatable (FAO 2001; Ahenkan and Boon 2010).
Literally, NTFPs includes all products that are
derived from forests with the exception of tim-
ber. In practice, various products and produc-
tion environments are included or excluded de-
pending on the objectives of the author (Belcher
et al. 2005). The lack of a common definition
and terminology and the multiplicity of interest
are been regarded as hindrances to research and
development of NTFPs (Belcher 2003). The dif-
ficulty in harmonising the definition of NTFPs
also makes comparison of studies and statistics
on NTFPs very difficult particularly because of
the different definitions and classifications used
by the different authors and in which some prod-
ucts are included while others are excluded. It
has further limited the creation of a compre-
hensive and consistent classification system on
NTFPs (Belcher and Ruiz-Pérez 2001), which
can only be based on an agreed terminology in-
cluding clear definitions. Belcher et al. (2005)
note that the discussion has been confounded
by ambiguous and inconsistent definitions of the
term ‘‘NTFP’’ and by the very different ap-
proaches that have been followed to research
and develop NTFPs. This has hindered the un-
derstanding of the role and potential of NTFPs
for livelihood improvement and conservation
(Belcher et al. 2005).

Nevertheless, several attempts have been
made by different authors and international in-
stitutions to find an “acceptable norm” for de-
fining NTFPs (de Beer and McDermott 1989;
Peters 1989; Chandresekharan 1995; FAO 1995;
Ros-Tonen et al. 1995; Peters 1996; FAO 1999;
Wong 2000; Shiva and Verma 2002; Marshall
and Schreckenberg 2005; Ahenkan and Boon
2008). However, most of the NTFPs definitions
proposed in the literature also tend to expound
on specific species, aspects and products in line
with different authors’ focal interests (FAO
1995; Morris and Bay 2002; Mbuvi and Boon
2008).

As has already been mentioned, the impor-
tant elements of the debate over the concept of
NTFP depend on the interests and priorities of
the proponents and are usually centred on five
main issues;
• The Nature of the Product – inclusion/

exclusion of non-industrial timber and
other wood products (Jean and Patrick
2002; Belcher 2003),

• The Source of the Product – inclusion/

Box 1: Definition of NTFPs
De Beer and McDermott (1989)
The term “Non Timber Forest Products” (NTFPs) encom-
passes all biological materials other than timber, which
are extracted from forests for human use.
Chandresekharan (1995)
Non-wood forest products include all goods of biologi-
cal origin, as well as services, derived from forest or any
land under similar use, and exclude wood in all its forms:
Ros-Tonen et al. (1995, 1998)
“all tangible animal and plant products from the forest,
other than industrial wood” In 1998, they slightly modi-
fied this definition to include
“....all tangible animal and plant forest products other
than industrial wood, coming from natural forests, in-
cluding managed secondary forests and enriched forests.
Mathur and Shiva (1996)
All products obtained from plants of forest origin and
host plant species yielding products in association with
insects and animals or their parts and items of mineral
origin except timber, may be defined as Minor Forest
Products (MFP) or Non-Wood Forest Products (NWFP)
or Non-Timber Forest Products (NTFP).
M. P. Shiva (1998)
All usufructs/utility products of plant, animal and min-
eral origins except timber obtainable from forests or af-
forested / domesticated land areas are termed as Non-
Timber Forest Products (NTFP) or Non-Wood Forest
Products (NWFP)/Minor Forest Products (MFP).
FAO (1999)
Non wood forest products (NWFP) are defined as ‘goods
of biological origin other than wood derived from for-
ests, other wooded lands and trees outside forests’ (FAO
1999).
Wong(2000)
‘...all products derived from biological resources found
on forest land but not including timber, fuelwood, or me-
dicinal plants harvested as whole plants’

Source: Rajesh Rajchal 2006; Pfund and Patrick Robinson
2002

exclusion of forest/tree plantations, man-
aged forest, grassland, managed agrofo-
restry systems within agricultural land,

• The Nature of Production of the Product–
gathered only from the wild, or include tho-
se that are domesticated (e.g. rubber, mush-
rooms, snails, oil palm and other industrial
tree plantation crops) (Belcher 2003),

• The Scale of Production – capital intensive,
industrial scale versus small scale mixed
systems,

• The Ownership and Distribution of Benefits
(Ros-Tonen 1999; Belcher 2003; Marshall
et al. 2005).

The debate also centres on the expected con-
tribution of NTFPs to poverty reduction, health,
conservation as well as on their current and
potential benefits to the poor communities ver-
sus their further impoverishment (FAO 1995;
Peters 1996; Pfund and Patrick Robinson 2002).
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At the centre of the debate over NTFPs is
whether or not to include woody plant material
and products in the definition, the question of
whether the product or service is produced in a
forest environment; what exactly is a forest; and
the more problematic question of whether an
NTFP is really an NTFP if it is cultivated. Some
argue that if the product has been domesticated
and produced outside a forest environment, then
it is no longer a ‘forest product’. An important
question that has been raised is whether non-
timber forest products are only those biological
resources that originate from within natural for-
ests (Ros-Tonen 1999; Belcher 2003; Rajesh
Rajchal 2006). This raises a whole different set
of questions as to how a natural forest is de-
fined and whether the concept of NTFP should
be tied to such a definition. Intractable and
thorny questions include whether products such
as honey, mushrooms, medicinal plants and
fruits harvested from the forest and the ones
domesticated or under managed regimes should
all be classified as NTFPs. Should grass-cutters
and snails from the forest and the ones produced
under managed regimes be included as NTFPs
or a chanterelle harvested from a planted jack
pine plantation from a natural regeneration,
post-fire jack pine stand is included? (Belcher
2003; Ros-Tonen 2000).

The controversy about whether or not to in-
clude cultivated products of forest origin in the
definition of NTFPs is as old as the term itself.
According to de Beer and McDermott (1989),
who were among the pioneers writers on the
subject, NTFP “encompasses all biological ma-
terials other than timber which are extracted
from forests for human use”. They defined ‘for-
est’ as a natural ecosystem in which trees are a
significant component. However, forest products
are derived not only from trees, but also from
all plants, fungi and animals (including fish)
for which the forest ecosystem provides habitat.
Clark et al. (2004) argue that products such as
Gnetum occur naturally in forest openings, but
are also found in secondary forests, fallow fields
and sometimes in mixed crop fields. Thus, there
is a continuum from ‘wild’ or ‘forest’ resources
to cultivated and domesticated ones. In other
words, it is often difficult to decide whether a
resource should be described as an NTFP or as
an agricultural product.

This controversy has led to some of the
NTFPs pioneers, including Ros-Tonen et al.

(1995) and Belcher (2003), attempt to redefine
the term NTFP in order to distinguish between
forest products collected from the ‘wild’ and
domesticated products of forest origin. For in-
stance, Ros-Tonen et al. (1995) defined non-tim-
ber forest products as “all tangible animal and
plant products from the forest, other than in-
dustrial wood”. But in 1998, they slightly modi-
fied this definition to include “all tangible ani-
mal and plant forest products other than indus-
trial wood, coming from natural forests, includ-
ing managed secondary forests and enriched
forests (Ros-Tonen et al. 1998) because  in prac-
tice, the distinction between ‘wild’ and semi-
cultivated products is often difficult to make
(Ros-Tonen et al. 1998; Belcher 2003).

The fact is that many items that are being
marketed as NTFPs originate both from natural
forests and from man-made vegetation types and
domestication. Economically successful NTFPs
in particular tend to be domesticated (Homma
1992). Van Dijk, J. Wiersum (1999) note that a
high proportion of the NTFPs exploited in
Southern Cameroon are not collected from natu-
ral forests, but harvested from vegetation types
modified by man and domestication. In the tran-
sition from ‘wild’ to cultivated products, sev-
eral NTFPs may come from both natural forests
and home gardens or plantations. The best
known example is that of rubber from Hevea
brasiliensis, which is collected from natural for-
ests in Brazil, while in Indonesia it comes from
plantations. The same occurs within one and
the same country with gum Arabic from Acacia
senegal in Sudan and rosin and turpentine made
of the oleoresin of Pinus merkusi in Indonesia
(Coppen 1999). When such products appear on
the market, they bear no label to clarify their
origin.

The problem of the concept of NTFPs also
lies in the fact that the distinction between natu-
ral and human-modified forest ecosystems and
products cannot always be easily drawn. There
is often a gradual transition from the collection
of ‘wild’ products in natural forests to enrich-
ment planting in secondary forest and inten-
sively managed home garden production (Ros-
Tonen et al. 1995). Belcher (2003) also argues
that, from the perspective of a forest user and
from a development perspective, even the dis-
tinction between timber and non-timber prod-
ucts is false because within systems where com-
munities have control over forest resources,
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people manage forest products that are most
valuable to them. By creating such a distinction
between wood and non-wood products could
have negative consequences in terms of both
conservation and development, because it con-
tains and supports the implicit assumption that
timber is for the rich and that NTFPs are for the
poor (Belcher 2003).

Various studies, including Tropenbos (1999),
also raise this problematic and Hammen and
Rodríguez (1996) illustrate how indigenous
people in the Colombian Amazon region ma-
nipulate forest succession in order to promote
the growth of such useful species as the
chontaduro palm (Bactris gasipaes) and the
guamo fruit tree (Inga spp.). De Jong et al.
(2000) provide an example of the evolution of a
man-made vegetation type in West Kalimantan,
which appears to be a match for natural forest
in biological diversity. Some authors prefer to
restrict the use of the term NTFPs to products
from natural forest systems, whether they are
modified by human intervention or not (Ros-
Tonen 2000). The reason for doing so lies in
the fact that the term was coined in relation to
strategies for the conservation of biodiversity
in natural forests (Ros-Tonen 1998). Several
alternative terms have been suggested for prod-
ucts from man-made vegetation types, such as
forest garden products (Senanayake 1999), non-
timber plantation products (Ros-Tonen 2000) or
agroforestry products (Ottens 1999). Others too
restrict the category to ‘‘extractive’’ products that
are collected from the wild (natural regenera-
tion), while others include managed or culti-
vated products. Some restrict their discussion
to plants, while some include animals. Planted
forests, grasslands, or other environments may
or may not be included. As a result, generali-
sations about NTFPs are confusing at best, and
can lead to the formulation of inappropriate
policies. Belcher et al. (2005) note that if we
take the perspective of forest-dwelling people,
we might even consider replacing the term
NTFPs with “community-exploited forest prod-
ucts”, even if this might be confusing in rela-
tion to FAO statistics, in which forest products
mostly refer to wood products. From a local per-
spective, the real issue is not whether these lo-
cally exploited products are timber or non-tim-
ber, but how they can be managed so that they
contribute optimally to people’s livelihoods and
can be harvested with minimal damage to the

forest. Ros-Tonen et al. (1998) note that the tran-
sitions are so gradual and the products remain
the same, why should we bother about the ter-
minology?

World-wide, NTFPs are produced and har-
vested under a broad range of management regi-
mens, ranging from strictly wild harvested,
semi-domesticated and more intensively man-
aged systems (CNTR 2006). Harvesting options
range from gathering from the wild through to
intensive cultivation (Ros-Tonen and Wiersum
2003; Ahenkan and Boon 2010).  Belcher et al.
(2005) therefore proposes a sub-division of the
NTFPs continuum into three main categories:
wild, managed, and cultivated. The wild prod-
ucts are gathered from fallow, secondary for-
ests or mature forests, with little transforma-
tion of forest structure due to the extraction of
NTFPs. Regeneration often depends on natural
processes, and forests are left by and large to
natural successional stages. Managed products
are produced in forests that are partially trans-
formed through treatments such as weeding
or crown opening to encourage the production
of preferred species. Target species regenerate
through natural processes, and natural succes-
sion still operates, allowing for multiple uses
of the forest and maintaining relatively high
biodiversity. Cultivated NTFPs are those delib-
erately planted as seeds or seedlings or breed-
ing stocks such as grass-cutters and snails. For
example, Dacryodes edulis (safou fruit) and
Irvingia gabonensis (‘bush mango’) have been
included as NTFPs. These fruit trees grow in
natural forest areas but are also widely cultiva-
ted, and in many areas, the majority of fruits are
harvested from cultivated trees (Schreckenberg
et al. 2006).

3. CLASSIFICATION OF NTFPS

A globally applicably standard classification
system for NTFPs does not exist (Shiva and
Verma 2002). However, NTFPs can be classi-
fied in many different ways: according to end
use (medicine, food, drink, etc), by the part used
(roots, leaves, barks, etc); or in accordance with
major international classification systems such
as the Harmonized Community Description and
Coding System developed under the auspices of
the Customs Cooperation Council (Shiva and
Verma  2002). For the purpose of this research,
NTFP are classified according to their end uses
as indicated in Table 1.
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Table 1: Categories of non- timber forest products

Plant products Animals and animal products
Categories Description Categories Description

Food Vegetal foodstuff and beverages provided by Living animals Mainly vertebrates such as mammals,
fruits, nuts, seeds, roots birds, reptiles etc.

Fodder Animal and bee fodder provided by leaves, Honey,beeswax Products provided by bees.
fruits etc.

Medicines Medicinal plants (e.g.leaves, bark, roots) used Bushmeat Meat provided by vertebrates, mainly
in traditional medicine and/or by pharmaceu- mammals
tical companies

Perfumes and Aromatic plants providing essential (volatile) Other edible Mainly edible in vertebrates such as
cosmetics oils and other products used for cosmetic animal products insects (e.g. caterpillars), crabs and other

purposes “secondary” products of animals (e.g.
eggs, nests)

Dying and Plant material (mainly barkand leaves) pro- Hides, skins Hide and skin of animals used for various
tanning viding tannins and other plant parts (especially purposes

leaves and fruits) used as colorants
Utensils, Heterogeneous group of products including Medicine Entire animals or parts of animals such
handicrafts thatch, bamboo, rattan, wrapping leaves, fibres as various organs used for medicinal

(e.g. Arouma, Bwa Flo, Silk cotton floss, Screw purposes (e.g. caterpillars, crab legs,
pine) snake oil)

Construction thatch, bamboo, fibres,
materials
Ornamentals Entire plants (e.g. orchids, ferns, philodendron) Colorants Entire animals or parts of animals such

andparts of the plants (e.g. potsmade from as various organs used as colorants
roots) used forornamental purposes

Exudates Substances such as gums(water soluble), Other nonedible e.g. bones used as tools
resins (water insoluble) and latex (milky or animal products
clear juice), released from plants by exudation

Source: Adapted from FAO 1995; Shiva and Verma 2002

4. IMPACT OF NTFPS EXTRACTION
ON FOREST RESOURCES

It is often assumed that NTFPs are
sustainably harvested and that this “green so-
cial security” will always be available to re-
source users. This is not always the case. The
early interest in NTFPs was encouraged by t
he belief that NTFP commercialisation that
added sufficient value to forest products could
contribute to forest conservation (Nepstad and
Schwartzman 1992). Where NTFPs are har-
vested in a sustainable manner, this may indeed
be the case (Sunderland et al. 2004; Belcher and
Schreckenberg 2007). Several scientists have
stressed that NTFPs can be harvested without
much destruction of the forest, while maintain-
ing essential environmental functions and pre-
serving biological diversity (Anderson 1990;
Plotkin and Famolare 1992; Peters 1996). The
extraction of NTFPs is considered sustainable
if it has no long-term deleterious effect on the
regeneration of the harvested population, and
when the yield remains more or less constant
throughout the years (Cunningham 2000). Nev-
ertheless, uncontrolled extraction due to popu-
lation increases, high demand for NTFPs and

low prices has caused species extinction and
forest degradation in many countries (Browder
1992; Ahenkan and Boon 2010). Unsustainable
harvesting of NTFPs does have a number of
ecological impacts, including a gradual reduc-
tion in the vigour of harvested plants, animals,
as well as decreasing rates of seedling estab-
lishment of harvested species, potential disrup-
tion of local animal populations and nutrient
loss from harvested material (Peters 1996).
There was ample evidence of over-harvesting
even at the time that NTFP exploitation was
promoted as nature conservation strategies ac-
cording to Sunderland et al. (2004).

5. THE NEED FOR NTFPS FARMING

In many parts of the world, local people are
losing access to valued plant and animal spe-
cies either through overexploitation and habi-
tat destruction or loss of access as former har-
vesting areas are included within national parks
or forest reserves.  Achieving sustainable NTFPs
harvest and forest conservation relies entirely
on the ability to reconcile ecosystem produc-
tivity with human exploitation (Marshall et al.
2005). Higher demand increases pressure on the
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resource and as resources become depleted, three
main strategies are employed to militate against
shortfalls in supply: travel further to find the
product, substituting the particular product with
a similar product or to develop a more intensive
or cultivated sources of supply (Cunningham
2000; Ahenkan and Boon 2010). As a result of
the recognition that the extraction of NTFPs
from natural forests has limited potential for
improving household economies, several schol-
ars began to question whether the objective of
enhancing forest-based livelihoods through
NTFPs could not be better fulfilled by optimising
NTFPs production through domestication
(Kusters et al. 2001; Arnold and Ruiz Pérez
2001; De Jong 2002). Ros Tonen (1999) and
Ahenkan and Boon (2008) state that it is incor-
rect to suggest that NTFPs can be harvested in-
definitely without proper management practices
and domestication to sustain their yield and
therefore call for the need for intensification of
management and semi-domestication of these
products of forest origin, including honey, mush-
rooms, snails, grass-cutters, medicinal and aro-
matic plants and fruits. The contribution of
NTFPs to improving livelihoods can best be as-
sured through a process of gradual domestica-
tion of NTFPs in human-modified (agro) forest
types. Rajesh Rajchal (2006) notes that intensi-
fied management and domestication of NTFPs
may be an important means of improving live-
lihood of poor through higher yields, improved
and more consistent quality and control over the
timing of harvests and reduce pressure on wild
and presumably endangered resources. The
study by De Jong (2000) of forest products and
local forest management in three Bidayuh vil-
lages in West Kalimantan also confirms the co-
existence of several NTFP exploitation systems
involving various types of managed natural for-
ests and domestication types.

6. CONCLUSION

From the discourse above, it is clear that the
term “NTFPs” has proved difficult to define in
a universally acceptable way. The definition and
scope of the concept still remain a major chal-
lenge to research on and the development, and
promotion of NTFPs. Conflicting interests and
objectives have also subjected the terminology
and usage of the term to a lot of ambiguity and
inconsistencies. Nevertheless, the original con-

servation/development proposition in the NTFP
debate since its inception has been subjected to
various discussions and revisions. Consequently,
the concept is gradually evolving from a re-
source focus only on natural forests to include
cultivation of products of forest origin. Most of
the products that are being marketed as NTFPs
originate both from natural forests, managed
vegetations and domestication. In practice, the
distinction between ‘wild’, semi or cultivated
products will continue to be difficult. The tran-
sitions are so gradual and the products remain
the same at the market level and therefore the
terminology is unnecessary. NTFPs cannot be
harvested indefinitely without proper manage-
ment and domestication practices to sustain their
yield. The products are being depleted at an
alarming rate and forest dependent communi-
ties continue to lose them, either through over-
exploitation or habitat destruction. Since the
objective of NTFPs is to improve livelihoods and
conservation of forest resources, these resources
can best be assured through a process of gradual
domestication in human-modified systems. Un-
less urgent measures are taken to reverse the
current trend of harvesting NTFPs from the wild,
most of these products will disappear before they
are documented and the term NTFPs will even-
tually be a myth. However, there is the need for
sub-division of the NTFPs continuum into natu-
ral, managed, and cultivated in order to enhance
their research development, and promotion.
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