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Abstract

This paper presents a model for the evaluation of coastal zone sites in conjunction with supporting decision making on the use of potential sites for aquaculture as well as other site activities including commercial fisheries, and as reserves for natural resources. The decision support model captures site specific data in the form of a geographical information system that overlays selected geographical regions with natural resource dynamics, habitat, commercial activities including aquaculture, and influence plumes from toxicology. Descriptive data for selected regions including system overlays and interactions are then evaluated to provide input to a multicriteria analysis that positions decision makers with respect to the relative importance of resources, habitat, commercial activities, and influence plumes. The model compares alternative evaluations of selected regions among the diverse users, as well as providing a group decision evaluation procedure to assist in coastal zonal governance decision makers such as the awarding of fish farm site applications. The model is applied to the coastal zone of Grand Manan Island, New Brunswick situated in the Bay of Fundy.

Integrated Systems Analysis for Coastal Aquaculture
1. Introduction
Aquaculture is now an important food product producer and employment provider. New Brunswick and British Columbia accounted for 83.2% of all Canadian aquaculture revenues in 2000. Total 2000 aquaculture gross output including sales, subsidies and growth in inventories was $722.47 million, up $25.1 million from 1999 (CAIA 2003). The benefits of coastal aquaculture have been widely recognized and include increased income, employment, foreign exchange earnings and improved nutrition (Pullin 1989). However, as 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 that more is not always better. He noted 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). 
This 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 develop a prototype multicriteria decision support system for the evaluation of marine sites by multiple participants in decision-making processes involving coastal  aquaculture.
Traditional fisheries are based on wild and spatially uncontrolled stocks living in the coastal and marine environments. Aquaculture is becoming more and more important in the supply of products from the sea that 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 applicable models 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, Hambrey and Southall 2002). This integration requires combining the multiple components of the ecosystem together with the human intervention through a spatial representation of the system (e.g., geographical information systems (GIS), ESRI 2004, MapInfo 2004) coupled with a structured formulation of the multicriteria decision problem confronting the various participants (Lane 1988, Saaty 1980).  Finally, an ease-to-use computer interface is required to integrate the GIS, and decision problem in a single supporting software, e.g., using Microsoft’s Visual Studio.Net (Microsoft 2004). 

Spatial information needs for decision-makers who evaluate biophysical and socio-economic characteristics as part of aquaculture planning efforts are illustrated by Kapetsky and Travaglia (1995). Osleeb and Kahn (1988) noted that these decision support needs cannot be effectively addressed without the use of GIS such as ArcInfo or MapInfo. GIS is already being used effectively for aquaculture site selection and evaluation (Carswell 1998; LUCO 1998; Ross 1998), e.g., the British Columbia Aquaculture System (BCAS) has been developed to evaluate the Site Capability Index (SCI) for shellfish (Cross 1993). 

2. Methodology

There are three methodological structures used in this modeling 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 decision ranking – uses tradeoff information about ecosystem resources (including fish farms) for the various participants in the aquaculture governance system to rank alternative marine sites.  

2.1 Marine Site Components. The Grand Manan Island (Figure 2) ecosystem is described by the 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 description, and dynamic current flow;

(3) Toxicology - the pollution of specific chemicals attributed to fish farm sites;

(4) Activity – the areal distribution of human commercial activities, e.g., herring weirs, fish farms, lobster traps, scallop and urchin dragging gear. 

All information on the Grand Manan ecosystem components are organized into tables constituting either a map or a database file (MapInfo 2004).  Data are geocoded graphic objects with longitude and latitude coordinates. Data for Grand Manan include: 

(1) Fish Farm Activity Sites - multiple years of fish farm site productivity data around Grand Manan from 1998 to 2002. Stationary Fish Farms sites are assigned a buffer size based on (disguised) harvest productivity data. (Actual productivity of the fish farms has been altered for reasons of data propriety.) 

(2) Urchin Resource Sites - Urchin resource locations and total estimated biomass data are recorded. Urchin distributions are concentrated along the east, south and north shores of Grand Manan. Sedentary urchin resources are assigned larger buffers denoting location. Smaller buffers denote urchin harvesting activity. 

(3) Herring Weir Activity Sites – Stationary herring weirs sites are located along the east and northeast shores of Grand Manan Island. Small buffers (0.5 km) of influence are added to weir sites.  The harvest of herring by weirs in 2002 around Grand Manan is estimated as 5379 kg. 

(4) Herring Resources Distribution - Schools of herring move daily aggregating in offshore waters from Grand Manan Island during the day. In the night they return in aggregations to feed closer to shore. The herring resource is partitioned into these offshore “staging areas”, and aggregations in the inshore feeding areas. The inshore and offshore herring aggregations denoted here are based on estimated data from scientific research that is subject to continual review. 

(5) Habitat Distribution - Habitat data are provided for Rockweed and Salt Marshes only. Rockweed grows along and almost covers the coastline of the Island. The tiny representation of Salt Marshes are located along the mid-western shore of Grand Manan and occupy only 0.46km2. 
(6) Toxicology Distribution - Data on toxicology are associated with the location and productivity of Fish Farm activity. Spatial information on toxicological impacts was forthcoming from scientists’ models of surface drift analysis for a subset of Grand Manan fish farms.  

GIS data compiled for the Grand Manan sources above inventoried the status of marine and coastal sites around the Island. Figure 3 illustrates the overlapping subcomponents for the study area. 

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 (Table 1).  For overlapping subcomponents, “overlap rules” are determined to deal with these more complex valuation cases. The yield rules applied to layer overlapping are:

(a) Yield Determination - overlapping area yield may increase or decrease compared with the original component yields, e.g., if a layer of a Resources subcomponent overlaps another Resource or a Habitat subcomponent, the effect will be a positive increase on the overall Resource Yield or the Habitat Yield of the selected area that includes overlap; if, on the other hand, the second overlapping subcomponent belongs to an Activity layer, the effect will be negative on the overall Resource yield of the selected area. Similarly, if a Toxicology layer overlaps with any other component layer, the yield of that layer will decrease by the same yield amount as is produced by the layer in the overlapped area; 

(b) Average Unit Area Yield - if area AB represents the overlap of layer A and layer B then, Y(A) and Y(B) represent the corresponding yields, and the overlapping effect per unit area of the overlap is expressed by the average unit area yield [Y(A) + Y(B)]/2; 
(c) Multiple Overlapping Layers - for more than two overlapping layers, pairwise overlaps are computed, e.g., a triple overlapping area ABC will be considered as an overlap of the paired areas: AB, AC and BC. Similarly, the yield determination is made based on the impacts of each layer by pairs. Table 2 summarizes the overlap yields rules.
Yields from total subcomponent items including overlapped and non-overlapped areas for a selected site are provided in Table 3 for named site T1 (see also Figure 5). 
2.3 Site Comparison and Multicriteria Group Decision Ranking. A comprehensive evaluation of ecosystem components are provided from interpretations of different participants in the decision making problem. The Analytical Hierarchy Process (AHP) is adopted to evaluate different participants’ perspectives on ecosystem components. First, a common hierarchy model is built for all participants that specifies the Goal, Components, and Subcomponents of the Grand Manan ecosystem. The following items are explicitly identified as the common AHP hierarchy model (Figure 1, item 3) and illustrated in Figure 4 for the numbered weighted attributes of the Local Communities participant group:

(1) Goal: The goal of the multicriteria problem is ultimately to rank selected marine sites given their respective yield valuations and each participant’s importance weights assigned from pairwise trade-offs to the components and subcomponents of the ecosystem. 

(2) Components: Representation of the components of the aquaculture system around Grand Manan, namely, Resources, Habitat, Toxicology, and Activities. 

(3) Subcomponents: Representation of the elements of the components, namely, Resources subcomponents: Herring Staging Area, Herring Inshore Feeding Area, Lobster, Scallops, and Urchins; Habitats: Rockweed, Salt Marshes, Current Flow, and Bottom Structure; Toxicology subcomponents: Chemicals A, B, and C; and Activity subcomponents: Herring Weirs, Fish Farms, Lobster Traps, Scallop Drags, Scallop Drags, Urchin Drags. 

To complete the common AHP hierarchy model, weights are assigned to each level of the hierarchy from pairwise comparisons feedback from decision makers. Participant organizations are represented by five groups: (1) Local Communities; (2) Federal Scientists; (3) Industrial organizations; (4) Non Governmental Organizations; and (5) Provincial Governments. The Attributed weights by each of these participating groups on the four components are provided in Table 4. Local Communities are attribute importance to the Toxicology (0.435) and Habitat (0.302) components, and apply less weight to Activities and Resources. Scientists however put 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 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 excepting their opposing differences with respect to the ranking of the Toxicology and the Habitat components.

Participants generally equate the importance of the resources subcomponents, HerringDay, HerringNight, Lobster, Scallops and Urchins (0.200) although, Industrial Organizations and the Provincial Government evaluate Lobster and Scallops as more important resources due to their higher commercial value. All groups attribute to Rockweed relative importance (>0.250) as a Habitat subcomponent, although Local Communities assign Salt Marshes as the most important Habitat subcomponent (0.479). Industrial Organizations place more weight on Rockweed (0.375) related to the consideration that Rockweed and Bottom Structure are more important for supporting commercial activities. Scientists do not distinguish between different types of Habitats, while NGOs equate the pairs Rockweed and Salt Marshes, and Current Flow and Bottom Structure.  NGOs do not differentiate among Activities subcomponents (all 0.200). Local Communities attribute more importance to Lobster Traps and Scallop Drags (>0.280) than to Herring Weirs, Fish Farms and Urchin Drags (<0.150). Scientists prefer the noninvasive, passive exploitation of Herring Weirs (0.380) judging them to be less destructive to the environment. However, draggers for scallops and urchins are suggested to cause serious affects on the environment and their weights are ranked relatively low by Scientists (>0.100). Lobster Traps have higher weights than Fish Farms due to market valuations. For Industrial Organizations, their evaluations imply market values such that Scallop Drags weight (.462) exceeds Lobster Traps, Fish Farm, Herring Weirs and Urchin Drags (0.264 to 0.039). Fish Farms are given high consideration for Provincial Government (0.358) related to the greater provincial jurisdiction in this activity as an employer. 

3. Application and Results

Specific experiments of selected marine areas around Grand Manan are chosen to be evaluated. These areas include:  (1) the total study area, (2) comparison of one area to the “ideal”, (3) comparison of two areas, and (4) comparison of a group areas with and without fish farms.
(1) Total Study Area. The whole area around Grand Manan Island comprises a total area of 1295.8 km2. Yield valuations for 11 different areas were analysed from the whole study area analyses (Figure 5). There are 110 total different designations for the whole study area. The maximum and minimum values from the 11 sites over the total study area are derived for each of the nine subcomponents for which data for Grand Manan are available (Table 1).  The maximum and minimum yield values are taken as the “ideal” standards for all selected areas.
(2) Comparison of One Selected Area to the “Ideal”. By comparing the selected area T2 (Figure 5) with the “Ideal” maximums from the total study area, the relative ranking position for the selected area can be determined. NGO and Local Communities groups excepted, other groups evaluate site T2 as not as important as half of the “Ideal”. The simple average ranking of site T2 across all participating groups is 24.3% versus the average ideal weight of 75.7% (Figure 6) or one-third the valuation of an “ideal” marine site. 

(3) Comparison of Two Selected Areas. When two selected areas are of approximately equal size by area, they can be compared directly in absolute terms, e.g., rectangular areas T2 and T3 (Figure 5). The results (Figure 7) demonstrate that the Provincial Government, NGOs, Industrial Organizations and Local Communities attribute more value to Site T2 than Site T3 although differences vary among groups. 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; Site T2 is an area in which more beneficial layers of Resources and Habitat can 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 interested coastal groups. However, the Federal Scientists, by virtue of their attributed weights are prone to consider the future value of Site T3 over the current value of Site T2. This divergence on the value ranking of T2 versus T3 will 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. 
When two sites to be compared are unequal in size areas, the yields per unit area in each site are comparable. In this experiment, Site T2 is compared with the smaller site denoted as Site TSmall located on the island coastline half way down the eastern side of the Island (Figure 5). Site TSmall is an area of extensive beaches, mud flats, and shores including an area of salt marshes (the only such area documented in the data for Grand Manan) near the shallower marine area known as Dutch Ledge on the mainland side of Long Island. The participant comparative results for these sites are markedly different. The smaller Site TSmall is evaluated as being more important due to its coastal location than the larger Site T2 based on the attributed weights of the Provincial Government, NGOs, Industrial Organizations and Local Communities. Only Federal Scientists conclude an opposing ranking of note. 
(4) Site Evaluation for a Group of Candidates. Four same size sites, denoted as Tg1, Tg2, Tg3 and Tg4 in Figure 5, are concentrated in the vicinity of Great Duck Island. The results of the participants’ ranking of these sites (Figure 8) shows that lower relative ranking is attributed to Site Tg3 by every participating group. It is noted that Site Tg3 overlaps with the toxicology subcomponent Chemical A plume that decreases its overall value relative to the other candidate sites. Site Tg2 is also not considered a “best” candidate site since it does not occupy a “first place” ranking by any of the participating groups and is generally dominated by Tg1. Four of five participating groups attributed the highest score to Site Tg1. Only one group, Federal Scientists, evaluated Tg4 ahead of Tg1. On the other hand, Tg1 is covered largely by Urchin Drags and received a low Federal Scientists’ weight of 0.04. From a long-term perspective, Tg4 seems better than Tg1; but combining current interests, Tg1 can be considered as the preferred marine site. 
If a fish farm is established somewhere in a specific area, it will affect the original yields evaluations in the existing area. At the same time, new harvesting through the fish farm activity may complement the expected decrease in other layer yields in the same area. Therefore the combined total effect for such changes may be positive or negative for the area and requires careful evaluation. The affect of operating a fish farm is evaluated by comparing data obtained before and after the fish farm. For the four areas Tg1, Tg2, Tg3 and Tg4, the original data already contain the influence of fish farm sites as captured above. Thus, the areas are compared by removing the existing fish farms of influence. 

It is noted that the Industrial Organizations and Federal Scientists attribute more importance to Site Tg4 with fish farms removed. A significant flip occurs for the Provincial Government that ranks Site Tg2 as the most important site without fish farms to replace the original preferred Site Tg1 selection with fish farms (Figure 8). If a fish farm is added to Site Tg1, its total yield as evaluated by the participating groups is generally not smaller than without the fish farm. For this case, only Federal Scientists evaluate the site without fish farm higher than that with a fish farm. Otherwise, fish farm valuation for Tg1 is basically not opposed from a valuation perspective by the participants. 
4. Conclusions

Attributed pairwise comparison trade-offs to develop priority rankings of the Grand Manan ecosystem are obtained for the various participants to establish a stable interpretation of Grand Manan marine site inclusion valuation. All selected sites experiments show that the modelling process is defensible as a prototype of a potentially more exhaustive decision support analysis that might include more data subcomponents and specific sites. Marine site valuation analysis assigns relative values to the multiple components of the system. These values are designed to be comparable using a yield-value framework, however, alterative valuation schemes are being investigated as a key element of the decision support model. 
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Table  1. Unit Area Yield Values for the Grand Manan Subcomponents
	Component
	Subcomponent
	ID
	Total Area
	Unit Area Yield
	Total Yield

	Resources
	HerringDay*
	1
	200.0
	750.0
	150000

	
	HerringNight*
	2
	99.3
	1511.0
	150000

	
	Lobster
	3
	N/A
	N/A
	N/A

	
	Scallops
	4
	N/A
	N/A
	N/A

	
	Urchins*
	5
	258.0
	988.0
	254897

	Habitat
	Rockweed*
	1
	22.6
	350.0
	7895

	
	SaltMarshes*
	2
	0.5
	550.0
	253

	
	CurrentFlow
	3
	N/A
	N/A
	N/A

	
	BottomStructure
	4
	N/A
	N/A
	N/A

	Toxicology
	ChemicalA*
	1
	38.4
	1501.0
	57654

	
	ChemicalB
	2
	N/A
	N/A
	N/A

	
	ChemicalC
	3
	N/A
	N/A
	N/A

	Activities
	HerringWeirs*
	1
	9.6
	1121.0
	10758

	
	FishFarms*
	2
	54.2
	26.0
	1427

	
	LobsterTraps
	3
	N/A
	N/A
	N/A

	
	ScallopDrags
	4
	N/A
	N/A
	N/A

	
	UrchinDrags*
	5
	116.4
	249.0
	29000


* denotes Grand Manan subcomponent for which data are applied. 
Note: All area values are in units of km2.
Table 2. 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. Please also note: this is not a symmetric matrix. For example, the overlapping effect of Resources and Activities is negative for Resources, but is positive for Activities. 

Table 3. Extracted information of reported overlapping layers from the selected area T1 (see also Figure 6)
	
	(1)
	(2)
	(3)

	Area

No.
	ID

Resources
	ID

Habitat
	ID

Toxicology
	ID

Activities
	Yield

Resources
	Yield

Habitat
	Yield

Toxicology
	Yield

Activities
	Area
(km2)

	1
	0
	0
	0
	0
	0.0
	0.0
	0.0
	0.0
	35.9

	2
	0
	0
	0
	5
	0.0
	0.0
	0.0
	748.9
	3.0

	3
	0
	0
	0
	1
	0.0
	0.0
	0.0
	330.1
	0.3

	4
	0
	1
	0
	0
	0.0
	42.0
	0.0
	0.0
	0.1

	5
	0
	1
	0
	1
	0.0
	34.6
	0.0
	110.8
	0.1

	6
	5
	0
	0
	0
	12669.9
	0.0
	0.0
	0.0
	12.8

	7
	5
	0
	0
	5
	2969.0
	0.0
	0.0
	748.9
	3.0

	8
	2
	0
	0
	0
	8700.4
	0.0
	0.0
	0.0
	5.8

	9
	2
	0
	0
	5
	6.9
	0.0
	0.0
	1.1
	0.0

	10
	52
	0
	0
	0
	4316.6
	0.0
	0.0
	0.0
	1.7

	11
	52
	0
	0
	5
	11.5
	0.0
	0.0
	1.1
	0.0

	12
	1
	0
	0
	0
	9781.9
	0.0
	0.0
	0.0
	13.0

	13
	1
	0
	0
	5
	1202.9
	0.0
	0.0
	399.8
	1.6

	14
	51
	0
	0
	0
	9619.2
	0.0
	0.0
	0.0
	5.5

	15
	51
	0
	0
	5
	2787.8
	0.0
	0.0
	399.8
	1.6

	16
	21
	0
	0
	0
	4228.6
	0.0
	0.0
	0.0
	1.9

	17
	521
	0
	0
	0
	3054.6
	0.0
	0.0
	0.0
	0.9


The ID value definitions denote the following subcomponents: 

0 – Component not present in the current area;  1 – 5  - Subcomponents present in the current area 
Table 4. Attributed AHP Weights of the 5 Participants to the Components and Subcomponents 

	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


Table 5. Unit Area Yield Results for Grand Manan Subcomponents over 11 Selected Sites
	Selected Site* 
	YR

Herring

Day
	YR

Herring

Night
	YR

Urchins


	YH

Rockweed


	YH

Salt

Marshes
	YT

Chemical

A
	YA

Herring

Weirs
	YA

Fish

Farms
	YA

Urchin

Drags

	T1
	442.9
	361.1
	495.1
	-2.0
	0.0
	0.0
	11.2
	0.0
	95.0

	T2
	7.4
	440.2
	538.4
	4.4
	0.0
	0.0
	51.5
	26.7
	338.7

	T3
	360.2
	372.1
	540.4
	3.3
	0.0
	0.0
	9.4
	1.8
	156.0

	T4
	107.0
	247.4
	388.6
	-0.9
	0.0
	0.0
	0.0
	1.3
	77.9

	T5
	0.0
	536.2
	739.0
	21.8
	0.0
	0.0
	0.0
	278.9
	506.8

	T6
	37.2
	448.3
	708.4
	14.9
	0.0
	0.0
	0.0
	3.4
	452.9

	TSmall
	0.0
	0.0
	704.2
	101.7
	147.8
	0.0
	0.0
	193.3
	101.7

	Tg1
	0.0
	28.3
	391.2
	49.2
	0.0
	5.0
	0.0
	194.3
	668.0

	Tg2
	0.0
	945.1
	1156.1
	0.6
	0.0
	0.0
	0.0
	0.0
	965.0

	Tg3
	0.0
	-1.6
	-516.2
	22.8
	0.0
	1513.5
	0.0
	412.0
	516.8

	Tg4
	0.0
	1593.7
	1389.2
	13.8
	0.0
	682.1
	335.2
	168.2
	463.2

	Total
	126.5
	222.3
	248.6
	7.8
	0.4
	173.6
	26.7
	36.0
	147.5

	

	Maximum
	442.9
	1593.7
	1389.2
	101.7
	147.8
	1513.5
	335.2
	412.0
	965.0

	Minimum
	0.0
	-1.6
	-516.2
	-2.0
	0.0
	0.0
	0.0
	0.0
	77.9


*Selected sites are identified in Figure 5. 

Figure Captions

Figure 1. Methodology for the Coastal Aquaculture Problem identifying the 3 main structures
Figure 2. Map of Grand Manan Island 35km off the south coast of New Brunswick in the Bay of Fundy off Canada’s Atlantic Coast 
Figure 3. MapInfo Overlay information for the whole study region of Grand Manan Island
Figure 4. The hierarchical model for the aquaculture problem; weight values are attributed to the Local Communities group Source: (Output of problem formulation from Expert Choice 2000)
Figure 5. Map showing Grand Manan overlaps and the 11 sites selected for analysis 
Figure 6. Evaluation summary of the Participating Groups in comparing the site T2 and the “Ideal” 
Figure 7. Evaluation summary of the Participating Groups in comparing the equal area sites T2 and T3

Figure 8. Evaluation summary of the Participating Groups in comparing the four selected areas Tg1, Tg2, Tg3, Tg4 concentrated in the vicinity of Great Duck Island Sound 
Figure 1

1. Marine Site Components



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

VB.NET presents the model GUI and controls the links among software 

Figure 2
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Figure 3
[image: image3.png]xE

o

™
[

& TG1fig,...,u2002buffer20 Map




Figure 4
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Figure 5

Figure 6
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Site Options: GIS Evaluations (participant independent)
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