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Abstract

We carried out an assessment and evaluation of a coastal aquaculture in the Ndian watershed of south western Cameroon from April to June of 2008. Our objective was to assess and estimate the current economic value of the possible ecological services it provides based on our knowledge of their use values and methods published peer-reviewed articles. On the whole, five possible ecological services were investigated. Interestingly, we found that the watershed has the potential of contributing a total of about 73.42×106$ha-1yr-1 (equivalently 512×103 $km-2.yr-1) worth of ecological services. Food provision contributes most (50.45% ) to this total value while regulating and other services contribute 48.71%.Of all the sources of provision, the kelp have the most potential (2.15×107 ha-1yr-1) while the phytoplankton have the least(9.68×105 ha-1yr-1). Our work, which is the first approximation of the relative magnitude of the Ndian ecosystem services serves as a framework for their further analysis and stimulates additional research and debate. The estimated economic values elucidated in this research allow for recommendations in future ecosystem valuations design including: increasing the width of the study area to optimize estimations of the other services and functions such as oil and timber, conducting marginal analysis in order to optimize the current methodology .
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1 Introduction
Ecosystem services are many but because these services are not fully ‘captured’ in commercial markets or adequately quantified in terms comparable with economic services and manufactured capital, they are often given too little weight in policy decisions. Prices are warranted because ecosystems contribute to economic well being in ways that extend well beyond aesthetic amenities (Millennium Ecosystem Assessment, 2005; Imhoff et al., 2004). Contributions include the production of natural resources, the dilution and detoxification of wastes, the provision of a hospitable climate (air and water regulation) and biodiversity.

Ecosystem services consist of flows of materials, energy, and information from natural capital stocks which combine with manufactured and human capital services to produce human welfare. Ecosystems have value because they maintain life on Earth and the services needed to satisfy human material and nonmaterial needs. In addition, many people ascribe ecological, socio-cultural, or intrinsic values to the existence of ecosystems and species. Identifying ecosystem services can help appropriately reduce the complexity of an ecosystem to those components and fluxes that are directly and indirectly related to societal sustainability (Costanza et al., 1997; Palmer et al., 2005). Their table of services is extremely similar to that of De Groot et al. (2002), except that what Costanza et al. call services de Groot et al. call functions. 
Identifying ecosystem services can help appropriately reduce the complexity of an ecosystem to those components and fluxes that are directly and indirectly related to societal sustainability (Daily et al., 1997). To understand the relationships between the consumption and production of ecosystem services two prominent approaches, ecosystem service valuation (Costanza et al., 1997) and ecological footprints (Wackernagel and Rees, 1996), have been developed. While these two approaches are generally used independently (although see Sutton, 2003), they both provide information relevant for the sustainable acquisition of ecosystem services. This paper focuses on ecosystem service valuation. Valuation assigns a monetary value to an ecosystem based on the supply of market and non-market ecosystem services by identifying the total cost of the service using a readily comparable metric (Wilson and Carpenter, 1999; Farber et al., 2002). Valuation has been suggested as an approach that can aid decision making to promote sustainable human–ecological interactions (Costanza, 2000). 

Apart from Costanza et al. (1997), Hannon, B. (2001) attempts to combine ecological and economic systems into single input/output matrix framework. He assumed that a system is static, linear, and requires a system equilibrium assumption. His three novel elements – defines metabolism as net input of the ecosystem, uses economic techniques to evaluate metabolic costs, and adds lost capital to the net output definition to determine the system efficiency. However, his methodology did not address the computation of biological costs (process of contingent valuation is crucial).

Farber, S., and Griner, B. (2000) used conjoint analysis to evaluate ecosystem services to watershed quality study .The method is appropriate for ecosystem valuation because it allows the valuation of “complex multi-attribute values to people. Also permits valuation in cases of high correlation. “…it offers the opportunity to explicitly determine tradeoffs in environmental conditions through its emphasis on discovering preference structures and not just monetary valuation. However, its disadvantage is the difficulty of administration and ease of understanding.

The purpose of this study was therefore, to apply knowledge from field investigations and the “Costanza method” to assess and evaluate the value of coastal aquaculture services in Ndian division of south western Cameroon. Coastal aquaculture is an important activity along the coast and near-shore in Cameroon.
2. Materials and Methods

Study area
The study area is located in Ndian Division, southwestern Cameroon, between latitudes 4° 54′ and 5° 28′ north; and longitudes 8° 42′ and 9° 16′ east of the equator, at the Cameroon-Nigerian. Mean annual rainfall is in excess of 5,000mm per year (Zimmermann, 2000). A mean annual maximum temperature of 340C, and a mean minimum temperature of 23.80C have been calculated. 74.40 km coastline, average depth 7.5 m water area 143.20 km2 . Ecosystem types range from tropical forest to mountains coastal and marine systems. These provide a number of services ranging from Regulating (watershed); Regulating (carbon and climate), Provisioning (Production and extraction, others), supporting (habitat and biodiversity), cultural (Tourism and recreation), cultural (Other). 
2.1 Data sources
We have estimated the current economic value of five ecosystem services and functions for Ndian watershed based on field investigations, published peer-reviewed articles and a few original calculations. Primary data included:

1. Environmental and ecological data that were obtained from onsite survey; 

2. Production data that were obtained from our investigations with local authorities & commercial companies.
For each ecosystem service, information on the amount/quantity/yield (tons), the price (estimated) per ton ($ha-1year-1), and the surface area covered was collected.

2.2 Valuation method
Our valuation method follows that of Costanza et al. (1997). We estimated the unit value per unit area of five possible ecosystem services (Table 1). 
TABLE 1 HERE
To estimate this ‘unit value’ we used (in order of preference) either: (1) the sum of consumer and producer surplus; or (2) the net rent (or producer surplus); or (3) price times quantity as a proxy for the economic value of the service, assuming that many ecosystem services are only substitutable up to a point. In this case, the demand approaches infinity as the quantity available approaches zero (or some minimum necessary level of services), and the consumer surplus (as well as the total economic value) approaches infinity Figure1).

FIGURE 1 HERE
The ‘producer surplus’ or ‘net rent’ for a resource is the area between the market price and the supply curve, pbcq. The ‘consumer surplus’ or the amount of welfare the consumer receives over and above the price paid in the market is the area between the demand curve and the market price. The total economic value of the resource is the sum of the producer and consumer surplus (excluding the cost of production). 

To the extent that ecosystem services cannot be increased or decreased by actions of the economic system, their supply curves are more nearly vertical, as shown in the figure.
3 Results

Food provision

We identified two main sources of food provision services: marine fishing and coastal aquaculture species. The value of food provision services in Ndian area are as reported in table 2

TABLE 2 HERE

The sea cucumbers, kelps, and hard clam and bloody clam have very high market values. They contribute high values of food provision services in Ndian area in general.
Raw material provision
Three sources of raw material provision services were industrial use of kelp, shell and seedlings (table 3)

TABLE 3 HERE.
The fish fry, the kelp are the main sources of raw material provisioning services in the Ndian area.
Sources of climate regulating services
Phytoplankton, microbes, benthic algae, macro seaweeds, shellfish and others species(table 4) are the main sources of climate regulating services in the area. Like in the previous cases, the kelp plays a dominating role in climate regulation.
TABLE 4 HERE
Air quality regulating
Phytoplankton contribute 21.143 gC/m 2 (table5) primary productions per annum as value for air quality regulation.

TABLE 5 HERE
As far as water quality is concerned (table 6), the kelp and phytoplanktons, but also the shrimps significantly play a great role.
TABLE 6 HERE
A recapitulation of the values of ecological services (table 7) show that the of the Ndian area contribute about 73.42 million US dollars worth of ecological services in terms of coastal aquaculture.
TABLE 7 HERE
In terms of relative contribution per ecological service (figure 2), food provision (50.45%) is the main ecological function of coastal aquaculture in the Ndian area. 

Tourism contributes half as much as food provision while climate regulation is about one-third as much as tourism and entertainment.
4 Discussions
What this study makes abundantly clear is that ecosystem services provide an important portion of the total contribution to human welfare on this planet. We must begin to give the natural capital stock that produces these services adequate weight in the decision-making process, otherwise current and continued future human welfare may drastically suffer. We estimate in this study that the annual value of these services are 73.42×106 $ (equivalently 512×103$ per unit area).Food provision is the main function, which occupied 50.45% of total value of ecological services. Regulating and cultural services are also important (48.71%). Kelp gives the greatest contribution (2.15×107$ha-1yr-1), then followed by abalone and sea cucumber. Phytoplankton only provides a small proportion (9.68×105 $ha-1yr-1).
Although we acknowledge that there are many conceptual and empirical problems inherent in producing such an estimate, we think this exercise is essential in order to: make the range of potential values of the services of ecosystems more apparent; establish at least a first approximation of the relative magnitude of the regional  ecosystem services; set up a framework for their further analysis; point out those areas most in need of additional research; and stimulate additional research and debate. 
5 Conclusion
This work is only the beginning of the development of appropriate methodology for valuation of ecological services in Cameroon and the developing countries at large. We demonstrated that the Costanza method is indeed an outstanding methodology for ecosystem valuation but that the values seem to be overstated. This could be due to measurement or estimation errors. The measurement error cannot be quantified and hence its influence on the observed spatial distribution is unknown.  
Based on the knowledge Human societies face important choices in how they manage ecosystems, affecting their conditions and the services they provide and thus ultimately human well-being. How decisions are made will depend on the systems of value endorsed in each society, the conceptual tools and methods at their disposal, and the information available. Making the appropriate choices requires, among other things, reliable information on actual conditions and trends of ecosystems and on the economic, political, social, and cultural consequences of alternative courses of action.
Future directions include determining of whether Costanza could be very suitable for developing countries like Cameroon. Conducting marginal analysis might also give more weight to this model
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Table 1: Ecological services used investigated and their sources of data
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Table 2 The value of food provision services in Ndian area
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VES=Value of ecosystem service; VES (x103 $) = Yield (t)*[Price ($/t)-Cost ($/t)]

Table 3 sources of raw material provision services
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Table 4. Value of climate regulating services in Ndian area
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Table 5 The value of air quality regulating services in the Ndian area
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Table 6 . Value of water quality regulating services in Ndian area
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Table 7:Recapitulation of the results 
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Figure 1 Demand and supply curves, showing the definitions of cost, net rent and consumer surplus for some essential ecosystem services (adopted from Costanza et al., 1997)
[image: image9.png][r—

omig
T
N vy

o .

ek
aamnime. [ Mok oo
e e
o

o





Figure 2 Relative contributions by function of coastal aquaculture of ecological services in the Ndian area
APPENDIX
Ecological Attributions of Fish Species Jointly Exploited By the Artisanal and Industrial Fleets of Cameroon
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