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Abstract

This paper describes a model for the structured evaluation of coastal zone sites in support of decision making by multiple users on the potential of marine sites for aquaculture as well as other activities including commercial fisheries, polyculture, and as reserves for natural resources. This project comes about as a result of the expansionary economic innovation of aquaculture in a social environment that was previously based on the presence of exploitable natural resources in the marine ecosystem, and in a changing political environment that requires more integrated management of oceans ecosystems affecting local decisions. The fundamental change of approach has engendered conflict among competing social and commercial activities and therefore requires an inclusive governance structure to enable conflicts among traditional and innovative users to be clearly enunciated and explicitly addressed. The recently funded AquaNet research project presented here provides a framework for a responsible, multi-participant governance structure. This is carried out by interpreting the valuation of marine sites in a multicriteria decision formulation that includes ecosystem effects and social impacts, as well as the conflicts that may arise between alternative uses. The decision support model compares alternative evaluations of selected areas among diverse users and provides a group decision evaluation procedure to assist responsible coastal zonal governance including decisions such as the awarding of fish farm site applications, or the coexistence of commercial fisheries with fish farms. The decision support model is currently focused on the coastal zone of Grand Manan Island, New Brunswick situated in the Bay of Fundy.

Integrated Systems Analysis for Marine Site Evaluations and 
Multicriteria Decision Support for Coastal Aquaculture
1. Introduction
Traditional fisheries are based on wild and spatially uncontrolled stocks living in coastal and marine environments. Aquaculture assumes that the supply of products from the sea can be more controlled and managed, and is growing more rapidly than all other animal food producing sectors (Allen et al 1992, Fletcher and Neyrey 2003). However, aquaculture has been challenged by complex interactions between resources, ecosystems and multiple resource users but with no simple analyses to examine those challenges. A more integrated approach is needed to promote sustainable development in the coastal zone and to find good solutions to the potentially negative impacts (Nath et al 2000). 
While the benefits of coastal aquaculture have been widely recognized (CAIA 2003), Brag (1992) noted “…aquaculture may increasingly be subject to a range of environmental, resource and market constraints. Aquaculture is competing for land and water resources, which in some cases resulted in conflicts with other resource users. Also, there is growing concern about the environmental implications of aquaculture development, comprising the adverse effects of aquaculture operations on the environment as well as the consequences of increasing aquatic pollution affecting feasibility and sustainable development of aquaculture”. Similarly, Brindley (1991) pointed out the necessity to evaluate coastal aquaculture from different points of view and that a multi-disciplinary team, including specialists involved in decision making, should consider the economic, social, cultural and environmental aspects to assess all possible impacts of coastal aquaculture development (Lane and Stephenson 1998). At the Department of Fisheries and Oceans, the Oceans Action Plan together with the coordinated efforts of the maritime provinces have acknowledged that the development of improved integration of marine impacts is an important matter. 
This discussion paper concentrates on coastal aquaculture developments around Grand Manan Island, New Brunswick, in the Bay of Fundy region of Atlantic Canada. The objective of the paper is to consider the multiple and integrated ecosystem and the socioeconomic impacts of alternative uses of the coastal zone for aquaculture as well as more traditional uses. Overall, the research project from which this discussion arises seeks to develop an integrated, multicriteria decision support system for the evaluation of marine sites by multiple participants in support of governance and decision-making processes in the coastal zone.
2. Methodology

There are three methodological structures used in the prototype model development exercise. These are depicted in Figure 1 as: 
1. Marine site components - describes the geophysical state of the ecosystem using spatial and temporal GIS indicators; 
2. Selected site specific valuation - assigns an areal value to the resource inventories present in selected marine sites; and 
3. Site comparison and multicriteria group ranking – uses tradeoff information about ecosystem resources (including fish farms) for the various participants in the aquaculture governance system to rank alternative marine sites according to their site evaluations.  

Figure 1. Main Methodological Components for the Coastal Aquaculture Problem.
1. Marine Site Components



3. Multicriteria Analysis (AHP Model Form)
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2. Selected Site Valuation

2.1 Marine Site Components. The Grand Manan Island ecosystem is described by four key components: 
(1) Biological - the dynamic spatial distributions of natural resources of several select species, e.g., herring schools staging areas and inshore feeding areas distributions, lobster molting area and feeding area distributions, scallops and urchins population area distributions; 
(2) Habitat – the spatial distributions of natural habitats of the area, e.g., rockweed, salt marshes, benthic community and bathymetry descriptions, and dynamic current flow;

(3) Toxicology - the pollution of specific chemicals attributed to fish farm sites; and
(4) Activity – the areal distribution of human commercial activities, e.g., traditional herring weirs, lobster traps, scallop and urchin dragging gear,  as well as more recent fish farms. 

GIS data compiled for the Grand Manan sources above inventoried the status of marine and coastal sites around the Island. Figure 2 illustrates the overlapping subcomponents for this study area. 

Figure 2. MapInfo Overlay information for the whole study region of Grand Manan Island.
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2.2 Selected Site Specific Valuation. For each of the components of the natural ecosystem a unit area value denoting “yield” is assigned.  Full valuation of a selected marine site takes into account the presence of singular and overlapping layers of resource, habitat, toxicology and activities. If there is no overlap, the Yield values are a simple function of the area of the non-overlapping layer and the unit area Yield values input for each Grand Manan subcomponent.  For overlapping subcomponents, “overlap rules” are determined to deal with these more complex valuation cases (Table 1). Yields from total subcomponent items including overlapped and non-overlapped areas for a selected site are attributed to the decision making participants characterized in the next section below. 
Table 1. Summary of Rules for Single and Multiple Overlapping Layers in Pairs.
	
	Yield Affecting Components

	Yield Affected Components
	Resources
	Habitat
	Toxicology
	Activities

	Resources
	+
	+
	-
	-

	Habitat
	+
	+
	-
	-

	Toxicology
	+
	+
	+
	+

	Activities
	+
	+
	-
	-


Note: Plus signs (+) denote that the overlapping effect on yields for the layer indicated at the left hand side is positive; minus signs (-) denote negative yields. Also, this is not a symmetric matrix. For example, the overlapping effect of Resources and Activities is negative for Resources, but is positive for Activities. 

2.3 Site Comparison and Multicriteria Group Decision Ranking. A comprehensive evaluation of ecosystem components are provided from the attributions of importance to different participants in the decision making problem. The Analytical Hierarchy Process (AHP) is adopted to evaluate different participants’ perspectives on ecosystem components in a common hierarchy model built for all participants (Saaty 1980). The hierarchy specifies the Goal, Components, and Subcomponents of the Grand Manan ecosystem as presented in Figure 3 below. 
Figure 3. The hierarchical model for the aquaculture problem; weight values (in parentheses) are attributed to the Local Communities group. 
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Source: Output of problem formulation from Expert Choice 2000.
Weights are assigned to each level of the hierarchy from pairwise comparisons feedback from decision makers. Participant organizations are represented by five groups in this prototype: (1) Local Communities; (2) Federal Scientists; (3) Industrial organizations; (4) Non Governmental Organizations; and (5) Provincial Governments. The attributed weights to the four integrated ecosystem components by the five participating groups are provided in Table 2. For example, Local Communities attribute importance to Toxicology from fish farms (0.435) and Habitat (0.302) components, with less weight applied to Activities and Resources. Scientists, however, place Resources at the highest weighted position (0.546) and Activities (exploitation) at the lowest (0.075) consistent with the scientific mandate for conservation of natural resources. Industrial Organizations attach most importance to traditional commercial Activities (0.538) and lower weighting to Habitat (0.124) and Toxicology (0.082) components. For NGOs, Toxicology from Fish Farms is regarded as the most important (negative) component in the system (0.439). The Provincial Government evaluates components in close comparison to the Industrial Organizations except their opposing differences with respect to the ranking of the Toxicology and the Habitat components.

Table 2. Attributed AHP Weights of the 5 Participants to the Co and Sub components. 

	Components and Subcomponents
	Local Communities 
	Federal

Scientists 
	Industrial Organizations
	Non-Governmental

Organizations
	Provincial Governments

	Resources

Herring Day

Herring Night

Lobster

Scallops

Urchins
	0.147

0.200

0.200

0.200

0.200

0.200
	0.546

         0.200

0.200

0.200

0.200

0.200
	0.256

               0.079

0.079

0.276

0.523

0.043
	0.235

                 0.200

0.200

0.200

0.200

0.200
	0.226
              0.096

0.096

0.330

0.330

0.148

	Habitat

Rockweed

Salt Marshes

Current Flow

Bottom Structure
	0.302

       0.292

            0.479

            0.132

            0.098
	0.217                   0.250

0.250

0.250

0.250
	0.124

               0.375

0.125

0.125

0.375
	0.235

                 0.375

0.375

0.125

0.125
	0.075

              0.301

0.410

0.171

0.118

	Toxicology

Chemical A

Chemical B

Chemical C
	0.435

          0.691

            0.218

            0.191
	0.163

         0.691

0.218

0.191
	0.082

               0.691

0.218

0.191
	0.439
                 0.691

0.218

0.191
	0.185                             0.691

0.218

0.191

	Activities

Weirs

Fish Farms

Lobster Traps

Scallops Drags

Urchin Drags
	0.116

           0.141

            0.141

            0.307

            0.281

            0.130
	0.075

         0.380

0.156

0.326

0.095

0.044
	0.538

               0.087

0.147

0.264

0.462

0.039
	0.083

                0.200

0.200

0.200

0.200

0.200
	0.514

              0.057

0.358

0.158

0.158

0.269


3. Application and Results

In order to test the significance of different attributions to the presence of the ecosystem inventories, specific experiments of selected marine areas around Grand Manan were chosen for evaluation and comparison. These selected areas included a number of different options:  (1) total Grand Manan study area, (2) comparison of one area to an “ideal” area, (3) comparison of two areas, and (4) comparison of areas with and without fish farms. For illustration purposes, the discussion below presents the comparisons results for two similar sized selected areas.
The status quo position of two selected eastern Grand Manan areas, denoted T2 and T3, of approximately equal size were compared directly in absolute valuation terms. The attributed results provided in Figure 4 demonstrate that the Provincial Government, NGOs, Industrial Organizations and Local Communities attribute more value to Site T2 (light) than Site T3 (dark) although differences vary among groups and with NGOs being indifferent between these two sites. Federal Scientists evaluate Site T2 as less valuable compared to Site T3. Generally speaking, Site T2 is closer to mainland Grand Manan than Site T3 and therefore, Site T2 is an area in which there is easier access and more beneficial layers of Resources and Habitat that overlap. If pollution and overexploitation activities are avoided, T2 is expected to be a more profitable site than site T3 thereby enhancing the value of Site T2 for these groups. Federal Scientists, however, by virtue of their attributed weights, are prone to consider the future value of Site T3 over the current value of Site T2 in their evaluations. This divergence on the value ranking of the two sites can cause some conflicts among participating decision makers. It is important to note this ranking divergence and to balance the interests of each of the different related groups accordingly. 
Figure 4. Evaluation summary of the different rankings among 5 Participating Groups in comparing two selected coastal sites around Grand Manan of equal area.
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4. Discussion
Attributed pairwise comparison trade-offs are obtained for the various participants in a structured decision framework used to develop priority rankings of selected Grand Manan ecosystem sites. Marine site valuation analysis assigns relative values to the multiple, integrated components of the ecosystem. These values are designed to be comparable using a yield-value framework, however, it is recognized that alterative valuation schemes are also plausible as a support for decision making in this model. 
The model provides a means of evaluating integrated marine activity – including or excluding aquaculture fish farms or any other marine activity. As such, it can be used to evaluate participants’ rankings of sites under various conditions of status quo or under altered conditions for comparison. This procedure permits the comparison of traditional activities, e.g., commercial herring weirs with or without fish farms present, compared to other activities. Results from this approach are not categorical, but are meant to capture and reflect the positions of all participants in the decision making process. This includes for example, a comparison of the economic benefits attributable to successful aquaculture activity together with the potential negative impacts of community tourist reduction from site pollution in the coastal zone.  

Ultimately, the tradeoffs by different participants need to be (1) identified, and (2) analysed with regard to negotiated and by nature, more acceptable positions to all parties in the governance structure.  The rich governance environment of the marine coastal zone provides the opportunity to decision makers to understand and explore these perceptions and resulting positions. It is the perspective of this study that these differences are legitimate and need to be accepted, understood and tolerated. Moreover, the multicriteria analysis described briefly here offers a framework for the sensitivity analysis of the differing positions, and the opportunity therefore to develop positions that provide credence to participants’ differing rankings and alternative positions designed to identify options that would be generally construed to be acceptable to all parties. 

It is through the proposed structured decision framework, and only by recognition of legitimate differing opinions that solid alternatives can be developed and implemented. It is the objective of this work to offer the decision framework as a basis for frank and open discussions among all participants toward arriving at mutually acceptable decisions for the sustainable use of the coastal zone.
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Site Options: GIS Evaluations (participant independent)


Expert Choice Data Grid from GIS Inventory
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