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Abstract 
The Length-Weight Relationship (LWR) is immensely valuable to ascertain of well-being of a fish. 
The present study reports the length-weight relationship and condition factor of Channa striata, a 
snakehead fish species. The fish species Channa striata is under the order Perciformes and the 
family of Channidae. This particular fish species is under the category of Least Concern according 
to IUCN 2014. The value of the Log C is 5.3387 and the value of n is 1.6118. Calculating the LWR for 
Channa striata, it was found that growth fish population from the data it could be concludes as 
allometric in nature.  
Keywords: Length-Weight Relationship (LWR), Channa striata, River Siang, Arunachal Pradesh  
Introduction  Length-weight relationship studies of fishes are considered as an important tool for understanding of fish. Length is a linear measure (cm) and the weight of a fish (g) is approximately equal to its volume (cm3). Hence, weight of a fish is a function of length. The relationship can be expressed by the hypothetical law: 3aLW = . The value of exponent may considerably deviate from the value 3, as most fishes change their form or shape when they grow. This variation from expected weight to the actual weight of individual fish is assessed by analyzing the length weight relationship Length-weight 

relationship establishes the mathematical relationship between length and weight of fish. In fisheries science length-weight relationship studies of a fish are of prime importance for fish production and biomass estimations (Anderson and Gutreuter 1983; Safran 1992). Length-weight relationship is one of the scientific tool for demonstrating the survival, growth, maturity, reproduction, and general well-being of fishes (Le Cren 1951; Jatoi et al. 2013). 
Channa striata have 18 predorsal scales, pelvic fin less than half length of pectoral fin and lateral line with peninsula of the dark color extending into the yellow, several dark vertical bands below lateral line. It is commonly known as potted snakehead fishes (Jayaram 1999). 

Study Site 
 The River Siang, is largest river of Brahmaputra river system, originates from Chema-Yungdung Glacier near Kubi at 5150 m in Tibet. In Tibet it is popularly known as Tsang-Po, flows in West–East direction. After traversing a distance of 

about 1625 km river in Tibet and then it takes a turn in south direction, enters the territory of India near Tuting in the Upper Siang district of Arunachal Pradesh. It flows 58 km through North–South direction in East Siang district 
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towards Assam and finally it merges with Lohit and Dibang in Assam and it becomes the mighty River Brahmaputra. A hill-Stream of 1st order river had colluvial (landslide from adjacent hill slopes delivering sediments and organic matter) 
valley segment and pool-riffle type of reach. This reach type was most commonly associated with small to mid-size streams and was a quite prevalent type of reach in the rheophilic zones (Das et al. 2014 a; Das and Kar 2015) (Fig.1). 

 
Materials and method  Fish samples were collected from River Siang using different fishing gears. A total length of each fish was measured to the nearest 0.01 cm and individual body weight was recorded to the nearest 0.01 g (Kar 2007). In fishes, generally the growth pattern follows the cube law. Such relationship for the fishes will be valid when the fish grows isometrically. In such cases, the experimental value must be exactly 3. But, in reality, the actual relationship between length and weight may depart from the ideal value due to environmental conditions or condition of fish.   This relationship is expressed by the equation:  

naLW = ………………………………..…………………..(1)  This equation was used by several workers for different fish species form different habitats. Fish samples were collected through netting operations during June 2012 to July, 2013.  Individual measurements of Channa striata, pertaining to total length (TL in cm) and total weight (TW in gm) were done with the help of precision Vernier Calliper and Digital Sartorious Electronic Balance respectively. The total length (TL) of each fish species were taken from tip of snout to longest ray of caudal fin (Kar 2013).  The LWR was established by fitting equation of the form:  
ncLW = ………………………………….…………………(2)  Where W is the weight of the fish, ‘ L ’ its length and ‘c’ and ‘n’ are constants. The equation 1 could be expressed in the linear form by using logarithms, as given below:  

nLogLLogcLogW += …………………………..(3)          

  The estimates of the constants c and n were obtained empirically by using the formulae, as given below:      
…………………………....(4)  Significance of the variation in estimates of n  from the expected value is 3 (cube law). Weights were estimated for different lengths using relationship equation.     …………………………………………………………………...(5)  The relation between length and weight for each fish was computed with help of statistics. The Fulton’s Condition Factor (K) was computed by using the formulae, as given below:  Condition Factor ( K ) =       ………………………………………...………………………...(6) 
 
 
 
 
 
 
 
 

Figure 1.  Showing the Location of Siang River in Arunachal Pradesh 
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Results and Discussion 
 

 
 
 A total of 60 specimens of Channa striata were used in the analysis. In the present study the body weight of the fishes have been ranged between 4 and 199 gm and the total length between 75 mm to 305 mm. The differences in weight for all the sampled batches may be due to the individual condition factor as it relates to the well-being and degree of fatness (Pauly, 1983) (Fig.2). The Condition factor ( K ) is an indication of general well being of fishes. The number of specimens, LWR, Fultons Condition Factor and Le-Cren Condition Factor were presented in Table 1. The value of the LogC  is 5.3387. It is evident from the result that the ‘ n ’ value of length-weight relationship was found 1.6118.   The observed average weight of the species against the observed length with a predicted data, a parabolic curve has been obtained and a logarithmic graph prepared with the observed data of log L and log W with a predicted data showed a straight line relationship. The 

relationship between length and weight in the fish of Channa striata; but the fish follow the cube law strictly and the weight increase was a rate of the cube of its length in all the samples collected from spatially and geographically different places characterized by different environmental conditions. The condition factor (
K ) reflects, through its variations, information on the physiological state of the fish in relation to its welfare (Singh et al. 2015). The current interpretation of the parameters resulting from the LWR of the species could disclose information which may be is useful to the study of fishery biology and management of fishes (Das et al. 2013; Das et al. 2014 b; Das et al. 2014 c; Das et al. 2015). The study of the length-weight relationship in fishes by fishery biologists has been mainly directed towards two objectives, viz., to provide a mathematical relationship between the two measurements as a means of inter-conversion and secondly, to calculate the 'condition factor'.

 
 

 
 
 
 
 
 
 
 

Figure 2. The relationship between Total length and Body weight of Channa striata 
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Sl. 
No. 

Length 
(mm) 

Weight 
(gm) 

Log L Log W Log L2 Log L × 
Log W 

Fultons 
Condition 
Factor (K) 

La Crens 
Condition 

Factorm(Kn) 
1 124 24 2.09 1.38 4.38 2.88 1.25 2.75 
2 280 147.1 2.44 2.16 5.98 5.30 0.67 15.84 
3 290 185 2.46 2.26 6.06 5.58 0.75 19.87 
4 305 205 2.48 2.31 6.17 5.74 0.72 21.94 
5 190 48 2.27 1.68 5.19 3.83 0.69 5.32 
6 230 105 2.36 2.02 5.57 4.77 0.86 11.48 
7 75 4 1.87 0.60 3.51 1.12 0.94 0.47 
8 140 25 2.14 1.39 4.60 3.00 0.91 2.84 
9 165 30 2.21 1.47 4.91 3.27 0.66 3.36 

10 170 32 2.23 1.50 4.97 3.35 0.651 3.58 
11 100 10 2 1 4 2 1 1.16 
12 105 10 2.02 1 4.08 2.02 0.86 1.16 
13 210 75 2.32 1.87 5.39 4.35 0.80 8.25 
14 110 11 2.04 1.04 4.16 2.12 0.82 1.27 
15 108 17 2.03 1.23 4.13 2.50 1.34 1.97 
16 90 7 1.95 0.84 3.81 1.65 0.96 0.82 
17 130 19 2.11 1.27 4.46 2.70 0.86 2.17 
18 245 113 2.38 2.05 5.70 4.90 0.76 12.29 
19 260 149 2.41 2.17 5.83 5.24 0.84 16.14 
20 167 29 2.22 1.46 4.94 3.25 0.62 3.25 
21 201 58 2.30 1.76 5.30 4.06 0.71 6.41 
22 170 79 2.23 1.89 4.97 4.23 1.60 8.84 
23 160 16 2.20 1.20 4.85 2.65 0.39 1.79 
24 210 52 2.32 1.71 5.39 3.98 0.56 5.72 
25 170 18 2.23 1.25 4.97 2.79 0.36 2.01 
26 145 15 2.16 1.17 4.67 2.54 0.49 1.70 
27 165 17 2.21 1.23 4.91 2.72 0.37 1.91 
28 130 17 2.11 1.23 4.46 2.60 0.77 1.94 
29 190 56 2.27 1.74 5.19 3.98 0.81 6.21 
30 230 104 2.36 2.01 5.57 4.76 0.85 11.37 
31 160 35 2.20 1.54 4.85 3.40 0.85 3.93 
32 260 141 2.41 2.14 5.83 5.19 0.80 15.27 
33 240 114 2.38 2.05 5.66 4.89 0.82 12.42 
34 220 99 2.34 1.99 5.48 4.67 0.92 10.86 
35 290 199 2.46 2.29 6.06 5.66 0.81 21.38 
36 165 37 2.21 1.56 4.91 3.47 0.82 4.15 
37 160 28 2.20 1.44 4.85 3.18 0.68 3.14 
38 115 10 2.06 1 4.24 2.06 0.65 1.15 
39 165 35 2.21 1.54 4.91 3.42 0.77 3.92 
40 240 200 2.38 2.30 5.66 5.47 1.44 21.79 
41 230 184 2.36 2.26 5.57 5.34 1.51 20.12 
42 220 174 2.34 2.24 5.48 5.24 1.63 19.09 
43 210 199 2.32 2.29 5.39 5.33 2.14 21.91 
44 250 177 2.39 2.24 5.75 5.39 1.13 19.23 
45 200 169 2.30 2.22 5.29 5.12 2.11 18.67 
46 220 175 2.34 2.24 5.48 5.25 1.64 19.20 
47 240 179 2.38 2.25 5.66 5.36 1.29 19.50 
48 230 180 2.36 2.25 5.57 5.32 1.47 19.68 
49 225 171 2.35 2.23 5.53 5.25 1.50 18.72 
50 182 51 2.26 1.70 5.10 3.85 0.84 5.67 
51 210 86 2.32 1.93 5.39 4.49 0.92 9.46 
52 150 27 2.17 1.43 4.73 3.11 0.8 3.05 
53 200 33 2.30 1.51 5.29 3.49 0.41 3.64 
54 190 30 2.27 1.47 5.19 3.36 0.43 3.32 
55 160 27 2.20 1.43 4.85 3.15 0.65 3.03 
56 140 21 2.14 1.32 4.60 2.83 0.76 2.38 
57 190 19 2.27 1.27 5.19 2.91 0.27 2.10 
58 250 130 2.39 2.11 5.75 5.06 0.83 14.12 
59 230 105 2.36 2.02 5.57 4.77 0.86 11.48 
60 160 30 2.20 1.47 4.85 3.25 0.73 3.37 

Table 1. Length-Weight Relationship of Channa striata 
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Abstract 
The aim of present investigation was to determine the effects of different dose of arsenic salt 
sodium meta-arsenite (SMA) on the blood parameters of catfish, Clarias batrachus. The mortality 
rate increased with increased concentrations of arsenic salt. All the blood parameters 
(erythrocytes, leucocytes count, and hematocrit and hemoglobin conc.) decreased with increasing 
concentration of toxicant and become significantly (p < 0.05) lower at higher concentration when 
compared with the control. The derived hematological indices of mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) 
were equally lowered. It is believed that observed depression in hematocrit and haemoglobin 
values coupled with decreased and deformed erythrocytes are obvious signs of anemia. In 
conclusion, the changes observed indicate that hematological parameters can be used as an 
indicator of arsenic related stress in fish on exposure to elevated arsenic levels. 
 
Keywords: Arsenic, Clarias batrachus, hematology, stress, fish, toxicity. 

 
Introduction 
 
The arsenic and its compounds are used as 
pesticides herbicides, insecticides and 
fungicides (Webb 1996). The animals are 
exposed to inorganic arsenic through drinking 
well water, food, air and are occasionally 
exposed occupationally through arsenic fumes 
or dust (NRC 1999). Heavy metals Heavy metals 
from natural and anthropogenic sources 
continuously enter the aquatic ecosystem 
including arsenic are distributed throughout the 
environment and these are derived from 
industrial processes, agricultural activities, 
burning of fossil fuels and weathering of 
geologic formation. where they pose serious 
threats because of their toxicity, long 
persistence, bioaccumulation and 
biomagnifications in the food chain. Levels of 
arsenic are higher in the aquatic environment 

than in most areas of land as it is fairly water-
soluble and may be washed out of arsenic 
bearing rocks (Edmonds and Francesconi 1993). 
Recently, the anthropogenic activities such as 
treatment of agricultural land with arsenical 
pesticides, treating of wood using chromated 
copper arsenate, burning of coal in thermal 
plants power stations and the operations of gold 
mining have increased the environmental 
pervasiveness of arsenic and its rate of 
discharge into freshwater habitat (Pacyna et al. 
1995). The contamination of fresh water with a 
wide range of pollutants has become a matter of 
great concern over the last few decades, not only 
because of the threat to public water supplies, 
but also with the damage caused to the aquatic 
life. Fishes can be used as a bio indicator for 
pollution of the aquatic ecosystem as they are 
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involved in uptake of contaminants directly 
from water. Fishes are being used for the 
assessment of the quality environment and as 
such can serve as bio-indicator of environmental 
pollution (Lopes et al. 2001). Fish is used 
extensively for environmental monitoring, 
because they uptake contaminates directly from 
water. This work has been made to illustrate the 
toxic impact of different doses of trivalent 
arsenic salt sodium meta-arsenite on various 
hematological parameters of nutritionally 
important catfish, C. batrachus.  

Blood parameters are considered 
patho-physiological indicators of the whole 
body and important in diagnosing the structural 
and functional status of fish exposed to toxicants 
(Adhikari and Sarkar 2004; Maheswaran et al. 

2008). Haematological variables remain 
veritable tools in determining the sub-lethal 
concentration of pollutants such as heavy metals 
in fish (Witeska 2003). The most common 
hematological variables measured during stress 
included red and white blood cells count, 
hemoglobin content, and hematocrit value and 
red blood cells indices. Since hematological 
parameters reflect the poor condition of fish 
more quickly than other commonly measured 
parameters, and since they respond quickly to 
changes in environmental conditions, they have 
been widely used for the description of healthy 
fish, for monitoring stress responses and for 
predicting systematic relationships and the 
physiological adaptations of animals (Atamanalp 
and Yanik 2003). 

  
Materials and methods 
 
Fish collection and maintenance 
Clarias batrachus from a single population (body 
length 15±1 cm and body weight 45±5 g), 
collected from the local fish market at Varanasi. 
The fishes were acclimatized to laboratory 
conditions for 21 days. They were maintained in 
large plastic container bearing 25 Litres of tap 
water (having dissolved O2 6.3 mgL-1, pH 7.2, 
water hardness 23.2 mgL-1, and room 
temperature 28±3 °C) for 21 days for 
acclimation. They minced goat liver was used to 
feed the fish after every 48h. Water was 
renewed after every 24hrs. 
 
Experimental design 
After acclimatization we made different groups 
and exposed to different doses (0 ppm, 0.5 ppm, 
1 ppm and 2 ppm) of sodium arsenite for three 
week. Control fish were retained in 10 liters of 
plain tap water [without (0 ppm) having the 
arsenic salt)] under identical laboratory 
conditions. For hematological analysis the blood 
samples (three fish from each three 
experimental as well as control aquaria) were 
collected from randomly selected fish from the 
caudal vein of fish. 
 
Haematological analysis 
Haematological parameters such as red blood 
corpuscles (RBCs) and white blood corpuscles 
(WBCs) were counted by Neubauer’s improved 
haematocytometer, Packed cell volume (PCV), 
Haemoglobin, Mean corpuscles volume(MCV), 
Mean corpuscular haemoglobin (MCH) and 
Mean corpuscles haemoglobin concentration 
(MCHC) were calculated respectively using 
standard formulae. 
 

i. Estimation of haemoglobin (Hb) content 
 

Hb (g/100 ml of blood) was estimated by 
Sahli’s acid haematin method as 
described by Darmady and Davenport 
(1954). 

 
ii. Total erythrocyte (RBC) Count 
 

Total RBCs were counted with the help of 
haemocytometer with improved 
Neubauer Ruling and Heyme’s solution 
for dilution and staining as described by 
Darmady and Davenport (1954). 

 
iii. Packed cell volume (PCV) 
 

PCV value is the percentage of red blood 
cells in the whole blood. It was 
determined by Top-Tech PCV tubes, 
centrifuging at 5000 rpm for 15 minutes. 

 
iv. Mean corpuscular volume (MCV) 
 
  MCV was calculated using the 

formula: 
 
 
                             

v. Mean corpuscular haemoglobin (MCH) 
 

MCH was calculated using the formula: 
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vi. Mean corpuscular haemoglobin 
concentration (MCHC) 

 
     MCHC was calculated using the formula:   
 

 
 

 
vii. Total leucocyte counts (WBCs) 
 
  The number of total leucocytes was 

counted using haemocytometer with 
Improved Neubauer Ruling and Turk’s 
solution as diluting and staining fluid.  

 
Erythrocytes Morphology 
Blood was collected directly from the ventral 
aorta with a heparinised syringe and a drop of 
blood was spread on a clean slide following the 
usual procedure described by Dacie and Lewis 
(1970). The blood smear was prepared, stained 
with Gimsa stain and examined under the light 
microscope for photomicrography. 
 
Statistical analysis 
Data were analyzed statistically at p < 0.05. To 
test their significance the t values were 
calculated between control and experiment 
value by Student’s t-test. 

Results 
 
Hemoglobin content 
The amount of hemoglobin of unexposed control 
fish was 10.60 ± 0.230 g/dl. Following exposure 

of different dose of arsenic, the concentration of 
hemoglobin showed decreased which was 
maximum in 2ppm treated fish (Figure 1a). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 1. (a-g) Alterations in the different haematological parameters of C. batrachus at various dose of arsenic exposure. 

The criterion for significance was set at p<0.05; Symbols * - Significant, when exposed groups were compared with 
unexposed controls  
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Ellipsoidal shape 
of nucleus of  
erythrocytes 

Total erythrocytes count (RBCs) 
The total erythrocytes count of unexposed 
control fish was 12.28 ± 1.08 x 106/mm3. In the 
exposed fish the erythrocytes content decreased 
steadily as increasing the dose of arsenic 
exposure (Figure 1b). 
 
Total leucocytes count (WBC) 
The total leucocytes count of unexposed control 
fish was 102.66 ± 6.22 x 103 /mm3. The 
leucocytes contents in exposed fish increased 
with increased the dose of exposure of arsenic 
(Figure 1c). 
 
Packed cell volume (PCV) 
The percentage of packed cell volume (PCV) in 
control fish was 55.0± 2.88. In exposed fish the 
percentage of PCV decreased with increase in 
dose of exposure. The decreases were 
statistically significant in 2ppm treated fish. 
(Figure 1d). 

 
Mean corpuscles volume (MCV) 
The MCV value in unexposed control fish was 
45.66 ± 5.27μm3. In exposed fish it increased in 
all exposed group of fish. These changes were 
statistically significant (Figure 1e). 
 
Mean corpuscular haemoglobin (MCH) 
The mean corpuscular haemoglobin (MCH) 
value of unexposed control was 8.74 ± 0.68pg. 
After exposure MCH value progressively 
increased (Figure 1f). 
 
Mean corpuscular hemoglobin concentration 
(MCHC) 
The percentage mean corpuscular hemoglobin 
concentration value of unexposed control fish 
was 19.35 ± 0.922. After exposure it showed 
fluctuation with increasing dose of arsenic. 
(Figure 1g) 

 
Erythrocyetes morphology 
An enlargement of red blood cells (RBC) was 
observed in arsenic exposed C. batrachus as 

compared its untreated control groups which 
was more prominent in 2ppm exposed fish 
(Figure 2; A-D). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
 
The results of present investigations show that 
the sodium arsenite treatment inflicted a drastic 
reduction in the total RBC count. The reduction 

was dose dependent. Fall in the number of red 
blood cells followed by PCV (packed cell 
volume) confirms anemic condition in Clarias 

Figure 2. (A-D) Showing photomicrograph of blood cells of C. batrachus following exposure with different doses 
(A-untreated, B-0.5ppm, C-1ppm, D-2ppm) of arsenic  Scale bar = 10mm (100 X) 
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batrachus. A similar decrease in RBC counts was 
also recorded in coho salmon (Mc Leay 1975) 
and rainbow trout (Mc Leay and Howard 1977) 
following exposure to high sublethal 
concentration of bleached craft mill effluent. The 
decreasing pattern was also observed in the 
hemoglobin content. This indicates that arsenic 
caused anaemia. This may be due to a decreased 
rate of production of RBCs or an increased loss 
of these cells, which is confirmed by decreased 
MCHC values. Maheshwaran et al (2008) 
observed the reduction in hemoglobin 
concentration in C. batrachus following 
exposure of mercuric chloride. They suggested 
that mercuric chloride induces anaemia which 
perhaps due to a decreased rate of production of 
red blood cells or an increased loss of these 
cells. Gill and Epple (1993) have attributed 
anemia to: (i) impaired erythropoiesis due to a 
direct effect of metal on hematopoietic centers 
(Kidney/spleen), (ii) accelerated erythroclasia 
due to altered membrane permeability and/ or 
increased mechanical fragility, and (iii) defective 
Fe metabolism or impaired intestinal uptake of 
Fe due to mucosal lesions. White blood cells play 
a major role in the defense mechanism of the 
fish. In the present investigation, leucocytes 
concentration showed significant increase and 

quite different pattern of change with the effect 
of sodium arsenite when compared with the 
erythrocyte levels of the control group. Blood 
samples of all the experimental groups 
contained higher leucocytes than those of 
controls. It could be attributed to a stimulation 
of immune system in response to tissue damage 
caused by arsenic. Reduction of RBCs and Hb% 
and increase in leucocytes are usually the 
immediate responses of an organism 
confronting stressed condition (Santhakumar et 
al. 1999; Nussey et al. 2002; Das et al. 2004a, b, 
c). Unlike mammals, erythrocytes in fish species 
have a nucleus. Erythrocytes and their nucleus 
are assumed to have an ellipsoidal shape (Figure 
2; A-D). A striking difference in RBC morphology 
was noticed in the arsenic exposed fish when 
compared to control fish.  
 Some of the blood cells became 
elliptocyte and some cells showed variation in 
size which confirms anisocytosis due to arsenic 
toxicity on blood cells. The hematological results 
of this investigation suggest that both total 
erythrocyte and leucocyte counts including the 
haemoglobin content, MCV, PCV, MCHC etc. are 
sensitive parameters for monitoring toxic 
responses of the fish following the exposure to 
arsenic. 

 
Conclusion 
 
The higher dose of arsenic salt causes severe 
alters to haematological parameters of C. 
batrachus. Increased WBCs indicates the 
stimulation of defense system in response to 
tissues damage due to arsenic toxicity. Other 

haematological parameters also could be 
effectively used as potential biomarkers of 
arsenic toxicity to the freshwater fish in the field 
of environmental Biomonitoring 
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Abstract 
This article presents our knowledge of the abundance, distribution and diversity of Indian 
biodiversity. The field of biodiversity studies now embraces the activities of many disciplines, 
including paleobiology, systematics, ecology, and conservation biology. Special emphasis given on 
biodiversity hotspots of India and most vulnerable ecosystem: Mangroves. The past and present 
scenarios with emphasize on future perspectives of Indian biodiversity are dealt in detail. 
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Introduction 
 
The term biological diversity was used first by 
wildlife scientist and conservationist Raymond 
F. Dasmann in the 1968 advocating conservation 
(Dasmann 1968). The term ‘biodiversity’ was 
coined by Walter G. Rosen in 1985 as a catchy 
replacement for ‘biological diversity’ (Sarkar 
2002). Biodiversity is defined as “the full range 
of life in all its forms.”  This includes the habitats 
in which life occurs, the ways that species and 
habitats interact with each other, and the 
physical environment and the processes 
necessary for those interactions (Norse et al. 
1986; Wilson 1988; Heywood & Baste 1995; 
Washington Biodiversity Council 2007). 
However, convention on biodiversity (CBD) 
defines "Biological diversity" as the variability 
among living organisms from all sources 
including, inter alia, terrestrial, marine and 
other aquatic ecosystems and the ecological 
complexes of which they are part; this includes 
diversity within species, between species and of 
ecosystems (Convention on Biodiversity 1992). 

The term biodiversity encompasses a 
broad spectrum of biotic scales, from genetic 

variation within species to biome distribution 
on the planet (Wilson 1992; Gaston 1996; Purvis 
& Hector 2000; Mooney 2002; Hooper et al. 
2005). Globally, there are about ~8.7 million 
(61.3 million SE) eukaryotic species, of which, 
2.2 million (60.18 million SE) are dwelling in the 
ocean depths (Mora et al. 2011). However, 
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. Global 
biodiversity (species numbers of vascular 
plants) scenario was mapped by Barthlott et al. 
(1999) and presented in the figure 1. Indian 
subcontinent is one of the most biologically 
diverse parts of the world. This is due to the 
diverse topography, its exposure to monsoon 
currents and weather patterns, and its high 
Himalayan Mountains to lowland areas near the 
coast. India is the seventh largest country in the 
world and Asia's second largest nation with an 
area of 3,287,263 square km. 
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The Indian mainland stretches from 8o4' to 
37o6' N latitude and from 68o7' to 97o25' E 
longitude. It has a land frontier of some 15,200 
km and a coastline of 7,517 km (4,700 mi) long; 
of this distance, 5,423 km (3,400 mi) belong to 
peninsular India, and 2,094 kms (1,300 mi) to 

the Andaman, Nicobar, and Lakshadweep 
Islands (Kumar et al. 2006, Research, Reference 
and Training Division, 2010). India lies within 
the Indomalaya ecozone and contains 
three biodiversity hotspots (figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Indian subcontinent is covered by tropical rain 
forest in the Andaman Islands, Western Ghats 
and coniferous forest in the northeastern India 
of the Himalayan region. These extreme forest 
types sandwiched sal-dominated moist 
deciduous forests of eastern India, teak-
dominated dry deciduous forests of central and 
southern India and the babul-dominated thorn 
forests of the central Deccan and western 
Gangetic plain (Tritsch 2001). 

India, in fact, contains most of the major 
ecosystem types found in the Malayan and 

African nations. The Indian sub-continent 
occupies a unique position in the Bio-
geographical realm of the region. Broadly falling 
within the Oriental region of tropical Asia, the 
Indian sub-region absorbs the Palaearctic 
Region in the NW Himalayas. The Indo-Chinese 
sub-region in NE India, together with Andaman 
island group, forms a part of the Indo-Malayan 
realm. In the south, the Deccan plateau along 
with Sri Lanka absorbs the Ethiopian realm 
(Hussain 2007).  

 
Natural history of India 
 
Our understanding of the past history of 
diversity of life depends upon the 

paleontological data. There are several issues 
pertinent to this paleontological data which are 
completeness of the fossil record, accuracy of 
taxonomy, quality of preservation and quantity 

Figure 1. An annotated, world map of the potential species diversity of 
vascular plants to serve as a basis for a future world map of biodiversity 
(After Barthlott et al., 1999) 
 

Figure 2. The 34 Biodiversity Hotspots: Earth’s biologically richest places (Newer hotspots are 
denoted by capital letters) (After, Hotspots by Region, 2007) 
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of such records. Indian palaeobotanical works 
have been helpful to understand the past history 
of Indian peninsula. More are discussed in the 
classic papers of Sahni (1928; 1931) and Seward 
(1898; 1910; 1917; 1918; 1931). The mega-
fossil assemblages of India suggest that there is 
a succession of plant assemblage during 
Permian to lower Cretaceous. Permian of India 
is considered as Lower Gondwana. Talchir, 
Karharbari, Barakar, Barren Measures, Raniganj 
and Kamthi formations are representing the 
Permian formation in the Son, Damodar, 
Mahanadi, Satpura, Wardha and Godhavari 
Valley basins (Bose et al. 1990). The uppermost 
part of the Talchir formation is dominated by 
Gangamopteris cyclopteroides (Bose et al. 1990) 
whereas Surange and Lele (1955) found 
Noeggerathiopsis hislopii and Noeggerathiopsis 
sp. along with Gangamopteris cyclopteroides. 
The dominant element in Karharbari is 
Glossopteris and it seems Gangamopteris and 
Noeggerathiopsis achieved their maximum 
diversity during this time. The Barakar 
formation is the principal coal bearing strata of 
India and flora is dominated by Glossopteris and 
Vertebraria (Bose et al. 1990). Triassic of India 
is considered as middle Gondwana and floral 
assemblage is dominated by Glossopteris along 
with some rare specimens (Bose 1974; 
Chowdhury et al. 1975; Bose et al. 1990). 
Jurassic to Lower Cretaceous is considered as 
Upper Gondwana of India. The flora is of two 
distinct types. One is dominated by cycadophytic 
and pteridophytic remains whereas the other 
type includes Pentoxylon and podocarpacean 
remains with extremely rare cycadophytes 
(Bose et al. 1990).   

During Cretaceous (<105 m yrs ago) 
Gondwana land was disintegrated and giving 
way to many Indian species and underpins 
many biogeographic and diversity patterns seen 
in the southern hemisphere today (Cantrill & 
Poole 2002). Peninsular India's subsequent 
movement towards, and collision with, the 
Laurasian landmass set off a mass exchange of 
species. However, volcanism and climatic 
changes 20 million years ago caused the 
extinction of many endemic Indian forms 
(Karanth 2006). Soon thereafter, mammals 
entered India from Asia through two 
zoogeographical passes on either side of the 
emerging Himalaya (Tritsch 2001). The Indian 
east coast flora is a pre-angiosperm Early 
Cretaceous (Neocomian-Aptian) flora which is a 
gymnosperm dominant post-Gondwana flora 
(Rajanikanth et al. 2010) and is treated under 
various floristic zones like Diclyozamiles-
Plerophyllum-Anomozamites 
(Athgarh/Pavalur/Satyavedu), Allocladus-

Brachyphyllum-Pagiophyllum (Sriperumbudur, 
Gollapalli, Raghavapuram, Budavada, 
Vemavaram, Gangapur) and Weichselia-
Onychiopsis-Gleichenia (Sivaganga) (Sukh Dev 
1988). The Cretaceous and Paleogene time 
period are considered for the expansion of 
tropical wet climate along with the early 
diversification of angiosperms (Burnham & 
Johnson 2004; Crepet 2008; Feild et al. 2009; 
Boyce et al. 2010). But this diversification is not 
pin-pointed at any particular time period for the 
origin of angiosperm-dominated tropical 
rainforests (Upchurch & Wolfe 1987; Morley 
2000; Burnham & Johnson 2004; Davis et al. 
2005; Wing et al. 2009; Boyce et al. 2010). It is 
believed that angiosperms did not originate in 
the SE Asian region, but dispersed into the area 
from western Gondwanaland (Morley 2000; 
Conti et al. 2002; Dutta et al. 2011). During this 
time, there were no flowering trees or shrubs on 
the east coast, and the climate was dry, arid with 
cold winters and hot summers as in temperate 
zones (Jeyasingh 2010).  

The Siwalik fossil fauna include 
Mastodons, hippopotamus, rhinoceros, 
Sivatherium, a large four-horned ruminant, 
giraffe, horses, camels, bison, deer, antelope, 
gorillas, pigs, chimpanzees, orangutans, 
baboons, langurs, macaques, cheetahs, sabre-
toothed cats, lions, tigers, sloth bear, Aurochs, 
leopards, wolves, dholes, porcupines, rabbits 
and a host of other mammals (Prater 1971). 
Titanosaurus indicus was perhaps the first 
dinosaur discovered in India by Richard 
Lydekker in 1877 in the Narmada valley 
(Lydekker 1877). This area has been one of the 
most important areas for paleontology in India. 
Another dinosaur known from India 
is Rajasaurus narmadensis (Wilson et al. 2003), a 
heavy-bodied and stout carnivorous abelisaurid 
(theropod) dinosaur that inhabited the area 
near present-day Narmada river. It was 9 m in 
length and 3 m in height and somewhat 
horizontal in posture with a double-crested 
crown on the skull (Lovgren 2003). Some fossil 
snakes from the Cenozoic era are also known 
from Kutch of western India. These snakes 
belong to Pterosphenus Lucas, 1899 that was a 
highly aquatic genus. It lived in shallow water, 
probably in marine environment close to the 
coasts and/or in freshwater (Rage et al. 2003). 
Himalayacetus subathuensis the oldest-known 
whale fossil of the family Protocetidae (Eocene), 
about 53.5 million years old was found in the 
Simla hills in the foothills of the Himalayas. This 
area was underwater (in the Tethys sea) during 
the Tertiary period (when India was an island 
off Asia). This whale may have been capable of 
living partly on land (Bajpai & Gingerich 1998). 
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Other fossil whales from India include 
Remingtonocetus approximately 43-46 million 
years old (Kumar & Sahni 1986). 
 
Present Scenario 
 
Indian subcontinent is permanent or temporary 
home to several species of microbes to huge 
Asian elephants. India is divided in to different 
phytogeographical regions by various authors. A 
phytogeographical region is defined as an area 
of uniform climatic conditions and having a 
distinctly recognizable type of vegetation. India 
can be divided in to 9 floristic zones (Hooker 
1909), 10 biogeographic zones (Rodgers & 
Panwar 1988) and 8 phytogeographical regions 
of India (Chatterjee 1939), renamed as eco-
floristic zones (Blasco 1979), revised as 14 
phytogeographic zones (Meher-Homji 1984). On 
the basis of physiograpic variations, the Indian 
subcontinent is divided into 11distinct zones 
(Balakrishnan 1996). This varied physiographic 
as well as climatic condition influence the 
development of a diversified floristic 

composition, representing by more than 17500 
taxa of angiosperm plants (Karthikeyan 2000).  

India hosts 7.6% of all mammalian, 
12.6% of all avian, 6.2% of all reptilian, 4.4% of 
all amphibian, 11.7% of all piscine, and 6.0% of 
all flowering plant species. Surveys conducted 
so far in India have inventoried over 45,500 
species of plants and over 91,000 species of 
animals accounts around 7-8% of the World’s 
recorded species (MoEF 2008). Indian 
subcontinent hosts many number of endemic 
plant species and it goes up to 33% (BSI 1983; 
Thapar 1997). India is one of 17 megadiverse 
country (Mittermeier et al. 1997; Figure 3) has 
great variety of fauna numbering over 89,000 
species. Of these, protista number 2,577; 
mollusca 5,070; arthropoda 68,389; amphibia 
209; mammalia 390; reptilia 456; members of 
protochordata 119; pisces 2,546; aves 1,232 and 
other invertebrates 8,329 (Research, Reference 
and Training Division 2010). The number of 
fungi recorded in India exceeds 27,000 species, 
the largest biotic community after insects 
(Sarbhoy et al. 1996; Manoharachary et al. 
2005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Biodiversity hotspots of India 
 
A biodiversity hotspot is a biogeographic region 
with an abundant number of endemic species 
and the area/region must be under human 
threat. To qualify as a biodiversity hotspot on 
Myers et al. (2000) edition of the hotspot-map, a 
region must meet two strict criteria: 
• It must contain at least 0.5% or 1,500 species 

of vascular plants as endemics, and 

• It has to have lost at least 70% of its primary 
vegetation (Myers et al. 2000). 
Around the world, at least 34 areas qualify 

under this definition (figure 2). These sites 
support nearly 75% of the world's plant, bird, 
mammal, reptile, and amphibian species, with a 
very high share of endemic species. Three 
regions that satisfy these criteria exist in India. 
They are: 
• The Western Ghats and Sri Lanka 
• The Himalaya 
• Indo-Burma 

 

Figure 3. Megadiversity Countries of the world - United States of America, Mexico, Colombia, 
Ecuador, Peru, Venezuela, Brazil, Democratic Republic of Congo, South Africa, Madagascar, India, 
Malaysia, Indonesia, Philippines, Papua New Guinea, China, and Australia (After Mittermeier et al.,
1997) 
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The Western Ghats and Sri Lanka 
 
Western Ghats or Sahyādri are a chain of hills 
that run along the western edge of peninsular 
India. It is an UNESCO World Heritage Site and is 
one of the eight hottest hotspots of biological 
diversity in the world (World Heritage 
Convention 2012). The forests of the Western 
Ghats are some of the best representatives of 
non-equatorial tropical evergreen forests in the 
world. The Western Ghats have evolved into one 
of the richest centers of endemism owing to 
their isolation from other moist areas. The hills 
of the Western Ghats are embedded in a 
landscape that has much drier climatic 
conditions (Ramesh et al. 1997). Western Ghats 
has over 4000 species of flowering plants and 
1,500 (nearly 38 percent) of these are endemic 
(Nair & Daniel 1986), 139 mammal species, 508 
bird species and 179 amphibian species; it is 
likely that many undiscovered species live in the 
Western Ghats. At least 325 globally threatened 
species occur in the Western Ghats (Myers et al. 

2000). The region shows high species diversity 
as well as high levels of endemism. Nearly 77% 
of the amphibians and 62% of the reptile species 
found here are found nowhere else (Daniels 
2001). 

Sri Lanka, which lies to the south of 
India, is also a country rich in species diversity. 
It has been repeatedly connected with India 
between successive interglacials, most recently 
until about 7,000 years ago by a land bridge up 
to about 140 kilometers wide (Mittermeier et al. 
2005). Much of the world's spices such as black 
pepper and cardamom have their origins in the 
Western Ghats. The highest concentration of 
species in the Western Ghats is believed to be 
the Agasthyamalai Hills in the extreme south 
(Conservation International 2012). The Western 
Ghats contains numerous medicinal plants and 
important genetic resources such as the wild 
relatives of grains (rice, barley, Eleucine 
coracana), fruits (mango, garcinias, banana, 
jackfruit), and spices (black pepper, cinnamon, 
cardamom, and nutmeg). 

 
The Himalaya 
 
The Himalayas are geologically young (Xu 1993; 
Singh & Rawat 1999) the collision of India with 
Asia that formed the Himalayas beginning ~40 
Ma only (DeConto 2008).  More than 200 million 
years ago, Proto-India detached from the 
southeastern margin of Africa and began to drift 
slowly northward until it was intercepted by 
Eurasia. The Himalayan mountain range rose 
out of the geologic faulting during this massive 
collision, which occurred during the latter part 
of the Tertiary Period as indicated by the fossil 
record that shows an invasion of India by 
Eurasian fauna (Molnar 1986). The Miocene 
orogeny led to drastic changes in the vegetation 
and the contemporary flora has been almost 
entirely replaced by the modern flora (Vishnu-
Mittre 1979; Singh & Singh 1987; 1992). 

The Himalaya is the region 
encompassing in an arc (Figure 4) over 3,000 
kilometers of northern Pakistan, Nepal, Bhutan 
and the northwestern and northeastern states of 
India, the region is geologically young and 
shows high altitudinal variation. It includes all of 
the world’s mountain peaks higher than 8,000 
meters. This includes the world’s highest 
mountain, Sagarmatha (Mt. Everest) as well as 
several of the world’s deepest river gorges. The 
Himalayan system includes over 100 
mountains exceeding 7200 m (Qinye & Du 
2004). This immense mountain range, which 
covers nearly 750,000 km², has been divided 

into two regions: the Eastern Himalaya, which 
covers parts of Nepal, Bhutan, the northeast 
Indian states of West Bengal, Sikkim, Assam, and 
Arunachal Pradesh, southeast Tibet (China), and 
northern Myanmar; and the Western Himalaya, 
covering the Kumaon-Garhwal, northwest 
Kashmir, and northern Pakistan. 

The Himalaya Hotspot is home to 
important populations of numerous large birds 
and mammals, including snow leopards (Uncia 
uncia), giant pandas (Ailuropoda melanoleuca), 
red pandas (Ailurus fulgens), Asian golden cats 
(Catopuma temminckii), and elusive takins 
(Budorcas taxicolor). The Nanda Devi National 
Park is one of the most spectacular wilderness 
areas in the Himalayas. It is dominated by the 
peak of Nanda Devi, which rises to over 7,800 m. 
No humans live in the park, which has remained 
more or less intact because of its inaccessibility. 
It is the habitat of several endangered mammals, 
especially the snow leopard, Himalayan musk 
deer and bharal (Thorsell & Hamilton 2002). 
Indian Himalayan region supports 18,440 
species of plants (Singh & Hajra 1996; Samant et 
al. 1998) of which 25.3% are endemic to the 
Himalaya, 1748 medicinal plants (Samant et al. 
1998), 675 wild edibles (Samant & Dhar 1997), 
279 fodder species (Samant et al. 1998), 155 
sacred plants (Samant & Pant 2003), 118 
essential oil plants with medicinal values 
(Samant & Palni 2000). 
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Indo-Burma 
 
Indo-Burma is a newly designated biodiversity 
hotspot (Figure 5) by Conservation 
International, which extends from eastern India 
and southern China across Southeast Asia. The 
hotspot includes portions of eastern India 
(including the Andaman and Nicobar Islands), 
southernmost China, most of Myanmar 
(excluding the northern tip), most of Thailand 
(excluding the southern tip), and all of 
Cambodia, Laos, and Vietnam, Encompassing 
more than 2 million km² of tropical Asia east of 
the Ganges-Brahmaputra lowlands. The hotspot 
encompasses 33 terrestrial ecoregions, which 
include tropical and subtropical moist broadleaf 
forests, tropical and subtropical dry broadleaf 
forests, tropical and subtropical coniferous 
forests, temperate broadleaf and mixed forests, 
and mangroves. The Indo-Burma Hotspot, with 
its unique assemblages of plant and animal 
communities and threatened and endemic 
species, and high levels of threat, is a global 
priority for conservation.  There are also 
patches of shrublands and woodlands on karst 

limestone outcrops and, in some coastal areas, 
scattered heath forests. In addition, a wide 
variety of distinctive localized vegetation 
formations occur in Indo-Burma, including 
lowland floodplain swamps, mangroves, and 
seasonally inundated grasslands. This Hotspot 
ranks in the top 10 hotspots for irreplaceability 
and in the top five for threat, with only 5 percent 
of its natural habitat remaining and holding 
more people than any other hotspot. Indochina 
encompasses all or part of seven Endemic Bird 
Areas defined by BirdLife International 
(Stattersfield et al. 1998), 12 of the Global 200 
Ecoregions defined by WWF (Olson et al. 2000) 
and 24 Centers of Plant Diversity defined by the 
World Conservation Union (IUCN) (Davis et al. 
1995). A total of 492 globally threatened species 
occur in Indochina, comprising 60 mammal 
species, 73 bird species, 33 reptile species, 46 
amphibian species, 32 fish species and 248 plant 
species (Tordoff et al. 2007). Total number of 
floral and faunal species present in this hotspot 
is given in Table 1. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Taxonomic 
Group 

Species Endemic 
Species 

Percent 
Endemism 

Plants 13,500 7,000 51.9 
Mammals 433 73 16.9 
Birds 1,266 64 5.1 
Reptiles 522 204 39.1 
Amphibians 286 154 53.8 
Freshwater 
Fishes 

1,262 553 43.8 

Figure 4. Map of Himalaya (Source: Conservation 
International) 

Figure 5. Map of Indo-Burma biodiversity 
hotspot (Source: Conservation International) 

Table 1. Total number of floral and faunal species occurring 
in Indo-Burma hotspot (After, Conservation International) 
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Mangroves of India 
 
India has a total area of 4,871 km2 under 
mangroves (Forest Survey of India 1999). About 
59 per cent are found along the east coast (Bay 
of Bengal), 23 per cent on the west coast 
(Arabian sea) and the remaining 18 per cent on 
the Bay Islands (Andaman & Nicobar Islands in 
Bay of Bengal) (Kathiresan 2004). Sunderbans, 
in the coastal area of West Bengal is well known 

for having its interesting and extensive highest 
biodiversity of mangrove habitat flora and 
fauna. Within this region, a total of 5,804 
mangrove and mangrove associate plants have 
been recorded, which are belonging to 16 
families, 20 genera and 30 species (Brahma et al. 
2008). Total number of floral and faunal species 
present in mangrove forests of India is given in 
Table 2. 

 
Future Prospective 
 
Over the past 100 years human activity has 
significantly altered the ecosystems in India. All 
of the threats to India’s biodiversity are mainly 
due to the activities of human beings: habitat 
destruction and over-exploitation are 
accompanied by introduction of exotic species 
leading to habitat change and soil degradation. 
Various developmental activities are cause for 
greatest loss of biodiversity in India. The causes 
are in the name of urbanization, 
industrialization, hydro-electric power 
generation projects, exploitation of economic 
plants and deforestation (Gaur 2007). There are 
several conservation initiatives have been taken 
to avert the biodiversity loss in India. But still 
India is going to face several important crises in 
terms of basic needs for a better life. The India’s 
natural systems provide living space for plants 
and animals which characterize its exuberant 
biodiversity, including genetic diversity. The 
different kinds of vegetation cover provide 
suitable shelters and other ecological resources 
to support a diversity of animal life. The 
heterogeneity of life forms is essential for 
maintaining all other ecosystem functions and 
services, as a result of millions of years of 

biological evolution. Vegetation cover prevents 
soil erosion and sediment control. It also works 
on fixation of solar energy and biomass 
production. 

Food/Water crisis 
 
The global food, oil and financial crisis have 
affected India also although the impact is much 
lower than some of the other countries 
(CENTAD 2008; Dev 2008). We have already 
forgotten and neglected foods like millets, yams, 
leafy green vegetables and other underutilized 
crops into cultivation and onto the market. Most 
of these were developed as famine foods by 
rural and tribal communities to tide them over 
bad weather conditions when other crops fail. A 

water crisis is a situation where the available 
potable, unpolluted water within a region is less 
than that region's demand. Nearly 80% of the 
world's population — 4.8 billion people as 
calculated in 2000 — live in areas experiencing 
a high level of threats to human water security 
or biodiversity (Gilbert 2010). Anthropogenic 
influence is worse in the biodiversity hotspots 
especially the Western Ghats of India and Sri 
Lanka is one of the highest human population 
density recorded biodiversity hotspot (Cincotta 
et al. 2000). 

 
 
 
 
 
 

Floral group Total no. of 
species 

Mangroves 69 
Salt-marsh vegetation 12 
Seagrass vegetation 11 
Marine algae 
(phytoplankton+seaweeds) 

559 

Bacteria 69 
Fungi 104 
Actinomycetes 23 
Lichens 32 
Faunal group  
Prawns 55 
Crabs 139 
Insects 711 
Molluscs 311 
Other invertebrates 749 
Fish parasites 7 
Fin fish 546 
Amphibians 13 
Reptiles 85 
Birds 435 
Mammals 71 

Table 2. Total number of floral and faunal species occurring 
in mangroves of India (After, Kathiresen, 2004) 
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The above figure (Figure 6) illustrates: the grey 
areas with few threats to biodiversity also have 
relatively few water security problems. The red 
regions face biodiversity and water security 
problems; the richer areas face a loss of 
biodiversity but are able to address the 
symptoms of water security problems with 
massive investments. Recent best estimates 
suggest that there are approximately 1,280 
million hectares (1.2 million square km) of 
wetland in the world (although this is 
considered to be an underestimate). There used 
to be many more; in parts of North America, 
Europe, Australia, and New Zealand more than 
50% of wetlands were lost during the twentieth 

century. Globally habitats associated with 65% 
of continental freshwater discharge are 
moderately to highly threatened (Vörösmarty et 
al. 2010). Thousands of species rely on water-
rich areas and healthy water flows for their 
survival. If these species are to survive it is 
essential to preserve these areas. It has been 
projected that by 2080, the 40 poorest 
countries, located predominantly in tropical 
Africa and Latin America, could lose between 10 
and 20 percent of their grain growing capacity 
due to drought (Kotschi 2007). The biggest 
problem for food security will be the predicted 
increase in extreme weather events, such as 
droughts and floods (Morton 2007). 

 
Protected Areas and Biodiversity 
 
In the name of development, we destroy our 
natural ecosystem. After CBD adopted in 1992, 
every nation wants to reduce the current rate of 
biodiversity loss. In order to achieve this, a key 
measure of establishing a global network of 
terrestrial and marine protected areas was 
established.  India has 89 National Parks, with 
an area of 37,530.76 km2, or 1.14% of the 
country’s geographical area. 489 Wildlife 
Sanctuaries, with an area of 117,042.04 km2 or 
3.56%. This gives a total of 578 Protected Areas, 
with an area of 154,572.80 km2 or 4.70% of the 
country’s geographical area (Rodgers et al. 
2000). 
 
India has the following kinds of protected areas, 
in the sense of the word designated by IUCN: 
• National Park 
• Animal Sanctuary 
• Biosphere Reserve 
• Reserved Forest and Protected Forest 
• Conservation Reserve and Community 

Reserve 
• Village Forest and Panchayat Forest 

• Private protected areas 
• Conservation areas 
 
The protected areas which was set up, in part, to 
act as reservoirs for our Earth's stunning 
biodiversity which will not thrive elsewhere 
(Kramer et al. 1997; Bruner et al. 2001; Vanclay 
2001.) but it is not doing so. However, Laurance 
et al. (2012) finds that wildlife in many of the 
world's rainforest parks remains imperiled by 
human pressures both inside and outside the 
reserves, threatening to undercut global 
conservation efforts. Looking at a representative 
60 protected areas across 36 tropical nations, 
the scientists found that about half the parks 
suffered an "erosion of biodiversity" over the 
last 20-30 years. This study found that 80 
percent of the reserves had some loss in 
biodiversity, with around half showing serious 
decline. Inside protected areas the largest 
indicators of biodiversity loss was declining 
forest cover as well as an increase in logging, 
hunting, or harvesting of non-timber products. 
Most reserves were helping to protect their 
forests, about half were struggling to sustain 
their original biodiversity, including old-growth 

Figure 6. Threat to human water security and biodiversity 
 



Stephan et al., International Journal of Environment and Natural Sciences, Vol.7, 13-28 (2015) 
 

Review Paper 21 

 

trees, big predators and other large-bodied 
animals, many primates, stream-dwelling fish 
and amphibians, and other wildlife. It is found 
that reserves that were suffering most were 
those that were poorly protected and suffered 
encroachment from illegal colonists, hunters, 
and loggers (Laurance et al. 2012). 

Similarly, the conservation network in 
the Western Ghats covers around 26,000 km2 or 
~14% of land in 20 national parks and 68 
wildlife sanctuaries (Conservation International 
2012), a high demand for agricultural land has 
been responsible for fragmentation of this 
pristine forests (Giriraj et al. 2010). An area of 
high fragmentations occurs due to the historical 
changes in the land cover heterogeneity 
prevalent in the form of reeds and semi-
evergreen orchards within the evergreen 
systems (Giriraj et al. 2009). So, any 
management plan should be take in to account 
both natural succession and also the disturbance 
regime of that particular vegetation (Ramesh 
2008). Several biodiversity rich habitats are 
degraded due to lack of appropriate policy as 
well as institutional and operational 
infrastructure (Giriraj et al. 2008). There is also 
an immediate need to know the past vegetation 
cover of Indian region because the 
underestimation of ancient deforestation will 

lead to false estimation of total carbon 
emissions (Bourgeon et al. 2012). 

A study commissioned by the IUCN in 
1999 determined that less than 25% of 
protected areas in 10 developing countries were 
adequately managed and that over 10% of 
protected areas were already thoroughly 
degraded (Dudley & Stolton 1999a; 1999b). 
Though, the primary objective of CBD and 
Indian Biodiversity Act, 2002, which opens with 
the words that it, is meant to “provide for the 
conservation of biological diversity.” That is also 
the primary objective of the CBD and concern of 
local communities whose lives and livelihoods 
depend on it (Bhutani & Kohli 2012). However, 
National Biodiversity Authority (NBA) formed 
because of Biodiversity Act, 2002, is just 
advisory in nature and central government is 
not bound by its recommendations. 

The major threats within forest 
biosphere reserves by means of a global survey 
of experts from the field of biosphere reserve 
management provides evidence that a clear 
differentiation can be observed depending on 
country income. In high-income countries, the 
major threat according to the experts is global 
climate change (25 per cent), whereas in non-
high-income countries, illegal activities (44 
percent) are most frequently mentioned 
(Mehring & Stoll-Kleemann 2008). 

 
The Millennium Ecosystem 
Assessment: taking a global 
perspective 
 
The Millennium Ecosystem Assessment is a 
global project to provide information about the 
consequences of ecosystem changes on human 
well-being, and options for responding to those 
changes. The Millennium Ecosystem Assessment 
was launched by U.N. Secretary- General Kofi 
Annan in June 2001 and completed in March 
2005.  

It focuses on ecosystem services (the 
functions of ecosystems that provide benefits to 
people), and it addresses:  
• how changes in ecosystem services have 

affected human well-being 
• how ecosystem changes may affect people in 

future decades 
• what response options might be adopted at 

local, national, or global scales to improve 
ecosystem management and contribute to 
human well-being and poverty alleviation. 

 
The Millennium Ecosystem Assessment is an 
instrument to identify priorities for action. The 
Assessment  

• provides tools for planning and management  
• provides foresight about the consequences of 

decisions affecting ecosystems 
• helps identify response options for achieving 

human development and sustainability goals 
• has helped build individual and institutional 

capacity for undertaking integrated 
ecosystem assessments and for acting on 
their findings. 

 
While the Millennium Ecosystem Assessment 
findings identify significant problems in 
ecosystems management, it views these 
problems in context: that the changes people 
have made to ecosystems have provided 
benefits for human well-being and economic 
development. The problems identified in the in 
the Assessment are serious, and could grow 
more serious in the coming decades. The 
problems include  
• growing costs from degradation of 

ecosystem services 
• increased risks of catastrophic disruptions in 

climate or hydrologic cycles  
• the exacerbation of poverty for some groups 

of people. 
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The Millennium Ecosystem Assessment concludes 
with this bottom line:  
 
We are spending Earth’s natural capital, putting 
such strain on the natural functions of Earth that 
the ability of the planet’s ecosystems to sustain 
future generations can no longer be taken for 
granted. At the same time, the assessment 
shows that the future really is in our hands. We 
can reverse the degradation of many ecosystem 
services over the next 50 years, but the changes 
in policy and practice required are substantial 
and not currently underway. Since the 
Millennium Ecosystem Assessment (2005) there 
is a growing interest on the links between 
biodiversity and the other ecosystem services 
that are increasingly being impacted by human 
activities (Anderson et al. 2009; Eigenbrod et al. 
2009). However, habitats have been, and are 
still under heavy threat, with an average 
deforestation rate of 0.44%yr-1 corresponding to 
29 km2 per year in the Western Ghats region (Lo 
Seen et al. 2010). 
 
IURMAN (2005) examined the Indian urban 
resource millennium assessment. It clearly says 
that the following lessons were learned: 
• Cities must not encroach on food, fuel and 

water resources of villages but secure their 
future as well to avoid future inequity and 
violence; 

• Technology and economic growth should 
need prior long-term environmental and 

cultural impact assessment and periodic 
reappraisal; 

• Science needs to be promoted as a logical 
thinking habit for all people. Merely blindly 
adopting technology and gadgets in daily life 
and social planning will not help. 

 
There are two futures seem to be laid out in 
front of us. In one—a future taken by some 
other regions of the country—unmanaged 
growth, sprawl, dependence on the car and the 
highway have defined a reality in which daily 
congestion, frustration, and the loss of green and 
open space leave people looking for a better 
place to live. In the other future—one clearly 
still available in the remote sides of India—our 
streams, beaches, and estuaries are restored, 
functional, and accessible to all. Our farms, 
ranchlands, forests, and orchards are conserved 
and working, with their owners fairly 
compensated for taking care of them. Our urban 
neighborhoods and communities are lively, full 
of people, diverse, and within walking distance 
of jobs, stores, spectacular parks and trails. It is 
a tall order to create a plan and strategies for the 
long term that are flexible enough to adapt to 
the rapid pace of change, yet focused enough to 
not lose sight of the vision. We believe we have 
done that. We know that without a plan to 
systematically and strategically save what we 
value, it will surely diminish or even disappear 
(WBCS 2007).  
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