CHAPTER 2: Biodiversity focus

2.1. Biodiversity and ecosystem services: market and non market services
The relationship of biodiversity and ecosystem services is complex and its complexity multiplies when they are subjected to economic valuation and accounting. Variety and variability of life forms help ecosystems in carrying its services. However, biodiversity usually at species level is treated as one of the services of healthy and well functioning ecosystem. Ecosystems and biodiversity provide a wide range of services through its bio-geo-chemical processes that are critical for sustenance of humans. Ecosystem which is a dynamic complex of plant, animal and microorganism communities and other nonliving environment interacting as a functional unit, provides services which sustain, strengthen and enrich various constituents of human well being. Human well being here refers to a wholesome set of basic material for a good life, freedom to act and make choices, good social relations and security.  There are various types of ecosystems that are mentioned and discussed in the literature of conservation and development. Recently completed Millennium Ecosystems Assessment (MA) classifies the ecosystems into ten major categories (MA, 2003, 2005). The services rendered by those ecosystems have been categorized into provisioning, regulating, cultural and supporting. They are mentioned in the following table against each major ecosystem:

Table 1: Main ecosystem types and their Services

	


	Ecosystem
Service
	Cultivated
	Dryland
	Forest
	Urban
	Inland

Water
	Coastal
	Marine
	Polar
	Mountain
	Island

	Fresh Water
	
	
	.
	
	.
	.
	
	.
	.
	

	Food
	.
	.
	.
	.
	.
	.
	
	.
	.
	.

	Timber, Fuel, and Fiber
	.
	
	.
	
	.
	
	
	
	
	

	Novel products
	.
	.
	.
	
	.
	
	.
	
	
	

	Biodiversity regulation
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	Nutrient cycling
	.
	.
	.
	
	.
	.
	.
	
	
	

	Air quality and climate
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	Human health
	
	.
	.
	.
	.
	.
	.
	
	
	

	Detoxification
	
	.
	.
	.
	.
	.
	.
	
	
	

	Natural hazard regulation
	
	
	.
	
	.
	.
	
	
	.
	

	Cultural and amenity
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.


(Source: Millennium Ecosystem Assessment, Conceptual Framework, 2003).
MA took the approach of ecosystem services since its focus was management of ecosystem for enhancing human well being and poverty reduction. Biodiversity usually does not appear to the people unless it is at species level which can very well be treated as part of provisioning services of cultivated ecosystem, forest ecosystem, marine ecosystem or any other ecosystem suggested above. In a situation when only 10 percent of the global land surface is protected  for the seascape, it is much lesser, it is clear that measured in abundance terms rather than simply number of species occurs outside of protected areas and utilitarian value of biodiversity is crucial for its conservation (Scholes and Biggs, 2005). Ecosystem services approach would prove quite helpful in doing so.
2.2. Measurement of key biodiversity-dependant ES

The complexity of the relationship between ecosystem services and biodiversity should be seen in the larger canvass of forces of ecosystem dynamics and its responses to human pressure, biodiversity and its thresholds, economic, technical and institutional factors interplaying among themselves and ever evolving. Some of the recent research has attempted to shed some light on some aspect of this complexity (Hooper et al, 2005; Spehn et al, 2005 and Dirzo and Loreau, 2005). The picture at least to economist and decision makers attempting valuation and accounting for effective response strategy remains unclear though.  Kinzig, Scholes and Perrings (2007) go a step further and show the importance of species in maintaining ecosystem services and final benefits. Table 2 shows the details:
Fig1: The importance (symbol size), number of species involved (black, white) and degree of redundancy (cell shade) of species or ecosystems involved in supplying provisioning services
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Dots both black and white shows the importance of biodiversity. Black dots suggest that all the species in the indicated categories are required while white dots show some redundancy among the species for the services described. The background shows current state of knowledge among scientists. Dark grey indicates high proportion of all species within this category should be conserved mid grey shows some redundancy and white shows high level of redundancy.

Therefore considering the complexity of understanding on the issue, it would be safe to follow the route of valuation of ecosystem services towards the goal of integrated account of ecosystem services and conventional economic sectors. From accounting perspective, valuation of provisioning, cultural and regulating services entering into consumption and production spheres would be appropriate and would also avoid double counting. That in no way reduces the importance of “supporting services” which are primary inputs to all other services but avoids double counting. 
The unique feature of most of the services emanating from ecosystems is that they although acknowledged by people, are unaccounted, unpriced and therefore remain outside the domain of the market. In conventional parlance, such problems are treated as externalities where market fails, and decision makers try to correct the market failure by creating market like situation. Subsequently they obtain the value of services through various valuation techniques based on stated preference of the people. In case of regulating services of ecosystem like climate regulation, waste treatment capacity, nutrient management and various watershed functions, classic situations of market failure appears (Bator, 1954). The missing market for the ecosystem services adds to the problem because most of the vulnerable section of society primarily in the developing countries depends upon those services directly or indirectly for their livelihood. Therefore, any decision proves to be inefficient and infeasible from social perspective causing problem for sustainability and human well-being. In recent years, there have been added focus on creating a situation where market can be created and a desired outcome can be achieved in terms of implications of different decisions culminating through the impact on ecosystems and in turn human well being (Costanza et al, 1995). Valuation of ecosystem service is not meant to show the importance of ecosystem to the society but it enables the decision makers to evaluate alternate course of action and straighten up their dilemma of conflicting choices. Valuation of ecosystem services helps the decision making process in the following ways:
i. Market and non market valuation methods for valuation of ecosystem services can capture some of the ‘out of market’ services.
ii. Valuation help the decision makers in a situation of trade off and alternate course of action
iii. Valuation has the potential to clear the clouds of conflicting goals in terms of political, social and economic feasibility of the policies but it might not be the last word.
iv. Valuation  enables Extended CBA

v. It enables   green accounting as per SEEA2003 (UNSD)

vi. In the context of sectoral and project policies, valuation of ecosystem services would clearly strengthen the environmental impact assessment and the make the appraisal criteria more acceptable, transparent and credible. 
There have been some concerted in recent years to value the ecosystem services. Some attempts have been targeted towards terrestrial ecosystem services ( Daily et al 1997), a few has been focussing on marine ecosystem (Duarte, 2000). A few of the studies has tried to capture the value of all types of ecosystem and services at the global scale (Costanza et al, 1997; Limburg and Folke, 1999; Woodward and Wui, 2001). These studies have drawn the attention of not only researchers but practitioners and conservation managers as well. The studies have not been free from criticism especially on the basis of uncertainty (Winkler), revelations of preference (Allen and Loomis). One of the serious criticisms has arisen with the way these studies have used the benefit transfer method and replacement costs approach. As is known the replacement costs approach should only be used if

a. Human engineered system (HES) provide the same quantity and quality of services

b. HES is the least cost option and 

c. Aggregates of individuals would be willing to incur those costs (Freeman1998). 
If any of the above conditioned are not met, we might land up with estimates which might not be convincing for the decision makers and it would also not offer any help to robust economic analysis. The value may be less credible ($2.928Tr by Pimentel for the US biodiversity alone, Bioscience, 1997: $53Tr of World’s Ecosystem Services by Costanza et al..1997, Nature). 
Valuation of ecosystem requires consistent and logical steps of identification of services, bio physical data, monetization and aggregation as shown in the fig below

[image: image2]
2.3. Valuation of biodiversity-dependant ES: principles and examples  
One of the main reasons the scientists and decision makers are worried about the loss of ecosystems is that ecosystems provide valuable services and there are strong indications that these services have been degraded considerably in last 50-60 years (MA, 2005). For example, more land was converted to cropland since 1945 than in the 18th and 19th centuries combined, 25% of the world’s coral reefs were badly degraded or destroyed in the last several decades and 35% of mangrove area has been lost in this time (MA, 2005).
 The subsequent question then arises: how valuable are these services? We need to be able to answer this question to inform the choices we make in how to manage ecosystems. Economic valuation attempts to answer these questions. Valuation provides insight into the losses (or gains) across different stakeholders, arising out of perturbations in ecosystems and subsequent services. They enable the choice better informed by assessing looses and gains which are very important for public policies. It is based on the fact that human beings derive benefit (or “utility”) from the use of ecosystem services either directly or indirectly, whether currently or in the future. Several aspects of this paradigm need to be stressed:

· The utility that an individual human being derives from a given ecosystem service depends on that individual’s preferences. The utilitarian approach, therefore, bases its notion of value on attempts to measure the specific utility that individual members of society derive from a given service, and then aggregates across all individuals, weighting them all equally. 

· Utility cannot be measured directly. In order to provide a common metric in which to express the benefits of the very diverse variety of services provided by ecosystems, the utilitarian approach usually attempts to measure all services in monetary terms. This is purely a matter of convenience, in that it uses units that are widely recognized, saves the effort of having to convert values already expressed in monetary terms into some other unit, and facilitates comparison with other activities that also contribute to societal well being. It explicitly does not mean that only services that generate monetary benefits are taken into consideration in the valuation process. On the contrary, the essence of practically all work on valuation of environment and ecosystems has been to find ways to measure benefits which do not enter markets and so have no directly observable monetary benefits.

Valuation of ecosystem services for costs benefit analysis or integrated ecosystem accounting under SEEA calls for an interdisciplinary effort from economist and ecologist. While the production and asset boundary should be carefully defined and an eye should be on intermediate and final output of ecosystem, initial condition of ecosystem and the beneficiary’s preference must also be clearly identified. Some of the popular valuation methods, its approach and applications have been provided below:
Table2:  Application of Main Economic Valuation Techniques 
	Methodology 
	Approach 
	Applications 

	Change in productivity 
	Trace impact of change in environmental services on produced goods 
	Any impact that affects produced goods (e.g. declines in soil quality affecting agricultural production) 

	Cost of illness, human capital 
	Trace impact of change in environmental services on morbidity and mortality 
	Any impact that affects health (e.g. air or water pollution) 

	Replacement cost 
	Use cost of replacing the lost good or service 
	Any loss of goods or services (e.g. previously clean water that now has to be purified in a plant) 

	Travel cost method 
	Derive demand curve from data on actual travel costs 
	Recreation, tourism 

	Hedonic prices 
	Extract effect of environmental factors on price of goods that include those factors 
	Air quality, scenic beauty, cultural benefits (e.g. the higher market value of waterfront property, or houses next to green spaces) 

	Contingent valuation 
	Ask respondents directly their willingness to pay for a specified service 
	Any service (e.g. willingness to pay to keep a local forest intact) 

	Choice modelling 
	Ask respondents to choose their preferred option from a set of alternatives with particular attributes 
	Any service 

	Benefits transfer 
	Use results obtained in one context in a different context 
	Any service for which suitable comparison studies are available 


Studies on valuation of ecosystem services also suggest that there needs to be an integrated effort for this. Some of the emerging lessons on valuation are:

a) Valuing ecosystem services requires integrating ecology and economics (partnership)

b) Ecology:  generation of ecosystem services

c) Economics:  valuation tools to establish relative worth (market and non-market valuation techniques)

d) Joint effort necessary: studies of ecologists and economists need to link together to get estimates of value of ecosystem services  
What quantity (quality) of services is produced under various possible states of the ecosystem? As human actions, deliberate or unintended, change ecosystems, how is the production of ecosystem services changed?
e) Valuation of ecosystem services has to be context specific, ecosystem specific and guided by the perception of beneficiaries
f) Total valuation evaluates the whole catchment, landscape, mapping unit while marginality valuation evaluates the incremental changes in ecosystem services as a consequent of  measured pressure on  the ecosystem in consideration
g) More and more focus should be on the valuation of marginal changes of ecosystem rather the value of ‘total’ ecosystem
h) Initial condition and state of the ecosystem is important in valuation of ecosystems
i) Valuation should be done for ecosystem services assuming they are independent of each other 

j) Establishing property rights for the ecosystem is critically important for valuation
k) While doing valuation, issues of irreversibility and resilience must be kept in mind
l) Clear cut Bio physical linkages and relationships   would not only facilitate the valuation exercise but would ensure its credibility in the public policy 
m) Uncertainty is one of the key challenges in valuation of ecosystem services and therefore a sensitivity analysis would be liked by the decision makers. 
n) Participatory  exercises such as representativeness of the sample, ensuring participation, and embedding outcomes in the institutional processes would enable the valuation more authentic and acceptable to the decision makers
o) Valuation has the potential to clear the clouds of conflicting goals in terms of political, social and economic feasibility of the policies but it might not be the last word.
While ecosystem valuation is certainly difficult, one choice we do not have is whether or not to do it. The valuations are simply the relative weights we give to the various aspects of the decision-making problem. When we value the services of ecosystem and decision-makers take these values into account when making policies that affect these, a framework for distinguishing and grouping these values is also required. The context of valuation of ecosystem services, its purpose and appropriateness of methodology are the key considerations. Pagiola et al. (2004) summarize the approach, rationale and methodological framework for exercise in the way given in the table below:

Table2: Valuation of Ecosystem Services-When, Why and How

	Approach
	Why do we do it?
	How do we do it?



	Determining the total value of the current flow of benefits from an ecosystem.
	To understand the contribution that ecosystems make to society.
	Identify all mutually compatible services provided: measure the quantity of each service provided; multiply by the value of each service.

	Determining the net benefits of an intervention that alters ecosystem conditions
	To assess whether the intervention is economically worthwhile.
	Measure how the quantity of each service would change as a result of the intervention, as compared to their quantity without the intervention; multiply by the marginal value of each service.

	Examining how the costs and benefits of an ecosystem (or an intervention) are distributed
	To identify winners and losers, for ethical and practical reasons.
	Identify relevant stakeholder groups; determine which specific services they use and the value of those services to that group (or changes in values resulting from an intervention).

	Identifying potential financing sources for conservation 
	To help make ecosystem conservation financially self-sustaining.
	Identify groups that receive large benefit flows, from which funds could be extracted using various mechanisms.


(Source: Pagiola, 2004)

Several issues pertinent to valuation of ecosystem services and application to decision making have emerged especially with a better understanding of the mechanisms of ecosystem functioning. The relevance of state of ecosystem functioning has not been given adequate emphasis in derivation of ecosystem values, thereby rendering the values derived, of little worth, when one is examining especially issues related to sustainability.       

In order to provide true and meaningful scarcity indicator of ecosystem values and functions, economic valuation should account for the state of ecosystem. Though, ecosystems can recuperate through several shocks and disturbances through an inherent property of resilience, there are several circumstances when the ecosystem shifts to an entirely new state of equilibrium (Holling, 2001). Standard economic theory based concepts deriving ecosystem values based on marginal analytic methods are limited to situations when ecosystems are relatively intact and functioning in normal bounds far away from any bifurcation (Limburg et al, 2002).    This is of particular significance to developing countries, wherein significant tradeoffs exist between conservation and economic development, and decisions often favor the latter. Therefore, decisions made based on “snapshot” ecosystem values can provide false policy directives.

The second issue primarily deals with aggregation of individual values to arrive at larger values, viz. “societal values”.  Ecosystem goods and services, by definition, are public in nature, meaning thereby that several benefits accrue to society as a whole, apart from the benefits provided to the individuals (Daily, 1997; Wilson and Howarth, 2002). The theoretical fundamentals of development of economic valuation methodology rest on the axiomatic approaches of individual preferences and individual utility maximization, which does not justify the public good characteristic of ecosystem services. Valuation methodologies, viz contingent valuation utilize individual preferences as basis of deriving values subsequently used for resource allocation of goods largely public by character. A considerable body of recent literature therefore favors adoption of a discourse-based valuation (Wilson and Howarth, 2002). The primary focus of discourse-based valuation approach is to come up with a consensus societal value of scarcity indicator, derived through a participatory process, to be used for allocation of ecological services, largely falling into the public domain.  

Application of conventional fundamentals of economic valuation becomes further constrained when sustainability and social equity are also included as goals along with economic efficiency for ecosystem management (Costanza and Folke, 1997). While the methodologies for deriving values with economic efficiency as goals is comparatively well developed, integrating equity and sustainability requires a better understanding of functional relationships between various parameters and phenomenon responsible for provisioning of the services in the first place and the social processes governing the mechanism of value formation (discourse-based valuation being one such approach). 
As discussed earlier, most of the ecosystem services are biodiversity supported. A representative list of services is given below:
Table 3: List of ecosystem services (based upon Ehrlich and Ehrlich, 1981; Costanza et al., 1997; De Groot et al., 2002; Millennium Ecosystem Assessment, 2003)
	Category 
	Definition 
	Examples of goods and services provided 

	Production services 
	Production services reflect goods and services produced in the ecosystem.
	Provision of: 

	
	
	–Food –Fodder (including grass from pastures) –Fuel (including wood and dung) 

	
	
	–Timber, fibers and other raw materials 

	
	
	–Biochemical and medicinal resources 

	
	
	–Genetic resources 

	
	
	–Ornamentals 

	Regulation services 
	Regulation services result from the capacity of 
	–Carbon sequestration 

	
	ecosystems to regulate climate, hydrological and 
	–Climate regulation through regulation of albedo, 

	
	bio-chemical cycles, earth surface processes, and a 
	temperature and rainfall patterns 

	
	variety of biological processes. 
	–Regulation of the timing and volume of river and ground water flows –Protection against floods by coastal or riparian systems –Regulation of erosion and sedimentation –Regulation of species reproduction (nursery function) 

	
	
	–Breakdown of excess nutrients and pollution –Pollination 

	
	
	–Regulation of pests and pathogens –Protection against storms –Protection against noise and dust –Biological nitrogen fixation (BNF) 

	Cultural services 
	Cultural services relate to the benefits people obtain from ecosystems through recreation, cognitive development, relaxation, and spiritual reflection.
	–Nature and biodiversity (provision of a habitat for wild plant and animal species)

	
	
	–Provision of cultural, historical and religious heritage (e.g., a historical landscape or a sacred forests) 

	
	
	–Provision of scientific and educational information 

	
	
	–Provision of opportunities for recreation and tourism 

	
	
	–Provision of attractive landscape features enhancing housing and living conditions (amenity service) 

–Provision of other information (e.g., cultural or artistic inspiration) 


These services can be observed to be flowing at different spatial scales ranging from micro watershed to biomes level. The variation in scale at which these services and subsequent benefits are arising could pose a problem in accounting and valuation. The ecological scale usually does not match the scales of decision making unit in accounting and valuation is executed. This mismatch of scale along with other epistemological gap remains a challenge to scientists (Reid et al..2006). The provisioning services and in most of the cases cultural services are related to tangible outputs so the producers or consumers are known and hence the scale are identified and clear. But regulating services occur at different spatial scale as given below:
Table 4: Most relevant ecological scales for the regulation services—note that some services may be relevant at more than one scale
	Ecological scale 
	Dimensions (km2) 
	Regulation services 

	Global 
	N1,000,000 
	Carbon sequestration 

	
	
	Climate regulation through regulation of albedo, temperature and rainfall patterns 

	Biome–landscape 
	10,000–1000,000 
	Regulation of the timing and volume of river and ground water flows 

	
	
	Protection against floods by coastal or riparian ecosystems 

	
	
	Regulation of erosion and sedimentation 

	
	
	Regulation of species reproduction (nursery service) 

	Ecosystem 
	1–10,000 
	Breakdown of excess nutrients and pollution 

	
	
	Pollination (for most plants) 

	
	
	Regulation of pests and pathogens 

	
	
	Protection against storms 

	Plot–plant 
	b1 
	Protection against noise and dust 

	
	
	Control of run-off 

	
	
	Biological nitrogen fixation (BNF) 


(Source: Hein et al. 2006)
This mismatch of scale and actors basically gainers and losers have provided additional rationale for accounting of costs of restoration of biodiversity and management of ecosystem services by internalising the conventional’ ‘externality’
2.4. Biodiversity and international trade: Hidden costs in imports; Additional maintenance and restoration costs necessary for maintaining biodiversity in origin countries

 Trade is a major driver of change in ecosystem services and biodiversity. This macroeconomic driver causes the loss in one part of the world while the real action (import and consumption) keep happening somewhere else.  Deforestation in Amazonia due to cattle ranching owing to the demand for Brazilian Beef in north America and Europe, trading in virtual water especially from semi arid parts of the world and loss of mangrove forest in Sundarbans due to the growing demand for tiger prawn from Japan and America are some of the well known examples. While the foreign exchange earned in the national economies of India or Bangladesh reflect in its net income from abroad, the costs of biodiversity loss or coastal water pollution are not recorded violating the double book keeping principle of accounting. 

Chopra, Kapuria and Kumar (2008, forthcoming) have documented the impact of aquaculture export from Sundarban mangroves and its impact on human well being including the costs of biodiversity loss in the region. Modern form of aquaculture done in intensive and semi intensive ways with considerably high stocking density is known to have profound impacts on coastal ecosystems. One of the major impacts happens to be the conversion of precious agricultural land and mangrove land for aquaculture farmland. Usually there is conversion of agricultural field and land adjoining the mangroves. Mangroves are ecologically fragile. One of the serious lacunas of modern aquaculture is that it is driven by current revenue maximization and hardly pays any attention to long-term ecological balance (Folke et al, 1998, Gunawardena and Rowan, 2005).  Internalizing these ecological costs into the pricing structure would be a possible policy response. Accounting of the costs would be absolute necessity.  Internalization of these ecological costs into mainstream national accounts would reveal the costs society (the consumers in the industrial countries)  should pay for its consumption and preferences and which are presently transferred de facto to the suppliers (invariably poor people in the aquaculture exporting country). Ecological costs if embedded into the pricing, would also pave the path for sustainable development.
Activities like aquaculture, has serious ecological implications which impact society and the human well-being. Aquaculture having an impact on the state of ecosystem impairs the ability of the ecosystem to perform their functions and deliver a wide range of other services which have beneficial value for the society. Modern aquaculture seems to emerge as one such activity especially in coastal areas and vicinity of mangroves. This can be better understood with the help of the concept of ecological footprint. Rees and Wackernagel (1994) explain ecological footprint as the land area necessary to sustain current levels of resource consumption and waste discharge by a human population. They were the first to introduce this concept but the spirit of the concept goes back to Bogstrom’s  ‘ghost acreage’ reflecting areas of agricultural land required for fuel consumption and Odum’s (1989) ‘energy’ showing the amount of energy consumed per unit of area per year. Rees and Wackernagel estimated that the Fraser Valley, Vancouver depends on an area 19 times larger that contained within its boundaries, for food, forestry products, carbon dioxide assimilation and energy. They go further and suggest that it would not be possible to sustain the present human population of more than 6 billion people at the same material standard that of the US without having at least resources of two additional planets (Rees and Wackenagel, 1996).  In this context, sometimes, another concept-‘carrying capacity’ is also used and it is defined as the maximum rate of resource consumption and waste discharge that can be sustained indefinitely without progressively impairing the functional integrity and productivity of ecosystems. 

Some commentators maintain ecological footprint by all means is a static concept. Ecosystems are dynamic and are characterized by a complex nature with presence of nonlinearity, thresholds and discontinuity (Costanza et al, 1993). Ecological footprint may not be able to capture the dynamic aspect of ecosystems and ever changing equilibria but it does shed some light on the precise requirement of human activity like modern aquaculture.

Ever expanding aquaculture is projected as saviour of growth and prosperity in developing countries but monoculture dominated aquaculture uses ecosystems services for the purposes of the culturing. It uses ecosystem for all its inputs requirements – feed, seed, water, waste treatment etc.  Folke et al (1998) have estimated the ecological footprint of seafood production.

For shrimp pond farming, the requirement is 34-187 hectares per hectares of the farming area. Waste assimilation also needs 2-22 ha /ha of farming. Folke et al go on to suggest that that the implication of the size of the supporting mangrove nursery area becomes clearer when shrimp farming is analyzed at a national and regional level where usually the mangrove nursery area for post larvae extends far beyond the physical location of the shrimp farms.

Table : The Ecological Footprint of Seafood Production

(Values are area of footprint per area of activity, ha/ha)

	Activity


	Resource Production Support
	Waste Assimilation Support

	Salmon cage-farming, Sweden
	40,000-50,000
	…….

	Tilpia cage farming, Zimbabwe
	10,000
	115-275

	Fish tank system, Chile
	…….
	16-180

	Shrimp pond farming, Columbia
	34-187
	……

	Shrimp pond farming Asia
	……
	2-22

	Mussel rearing, Sweden
	20
	…..

	Tilpia pond farming, Zimbabwe
	0
	0

	Cities in the Baltic Sea Drainage basin
	133
	…..


(Source: adapted from Folke et al, 1998)

Thus, the numbers are contrary to the idea of sustainable practice of aquaculture farming. In Sundarbans, the way the prawn seeds are collected by the locals causes serious damage to the wild fish and other coastal organisms.  Aquaculture in the region remains largely dependent upon wild caught seed. This will have serious consequence for the coastal biodiversity.

Shrimp along with salmon constitutes the major share in aquaculture in terms of value and volume of global trade. Aquaculture as a whole has experienced an added momentum in production and trade all over the world in last three decades (1975-2005). The growth has primarily been in the developing countries during 1985-2005. Aquaculture is farming of aquatic organisms like fish, shrimps, crustaceans, and many other species for food and ornamental purposes (e.g. pearl). The most distinctive feature of aquaculture is its controlled production with greater precision in inputs. The FAO defines aquaculture as “the farming of aquatic organisms in inland and coastal areas involving interactions in the rearing process to enhance production and the individual or corporate ownership of the stock being cultivated”. The International Standard Industrial Classification of All Economic Activities recognizes aquaculture as separate activity.  Although for recent years only the data on aquaculture is provided separately from the data on fisheries. 

Traditionally farmers in tropical climate located near the fresh and marine water have been growing shrimp and other species for subsistence consumption. Since 1980’s the production has picked up and trade has accelerated. The average rate of growth of aquaculture has been more than 10% per annum since 1980’s it reached 259.4 million   tones with the values of 70.3 billion in 2004.

Table: Volume and Value of Aquaculture Production at a Glance

	
	
Quantity
	
Value
	

	Country
	M tonnes
	%
	$ million
	%
	$’000 / tonne

	China
	30.6
	67.3
	30.870
	48.7
	1.01

	India
	2.5
	5.4
	2,936
	4.6
	1.19

	Vietnam
	1.2
	2.6
	2,444
	3.9
	2.04

	Thailand
	1.2
	2.6
	1,587
	2.5
	1.35

	Indonesia
	1.0
	2.3
	1,993
	3.1
	1.91

	Bangladesh
	0.9
	2.0
	1,363
	2.2
	1.49

	Japan
	0.8
	1.7
	3,205
	5.1
	4.13

	Chile
	0.7
	1.5
	2,801
	4.4
	4.15

	Norway
	0.6
	1.4
	1,688
	2.
	2.65

	USA
	0.6
	1.3
	907
	1.4
	1.50


Source: The World Bank, 2006.

It is also noteworthy that capture fisheries have grown hardly at the rate of 2% per annum for the same period. Although the aquaculture has obtained the status of global industry, the share of developing countries is more than 90%. Out of this Asian countries contribute to 89% of aquatic production (80% in value terms) (WB, 2006). China has a lion share at 67% and 49% in volume and value terms respectively among Asian nations followed by India. Following the principle of accounting and the spirit of sustainable development, the costs of biodiversity loss due to this export must be accounted and adjusted but the national account does not seem to be doing that.
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Figure 2: The Ecosystem valuation framework. The solid arrows represent the most important links between the elements of the framework. The Dashed arrows indicate the four principle steps in the valuation o Ecosystem services (Hein et al..2006)
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