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1. Introduction

One of the most effective mechanisms, recognized both nationally and internationally, for protecting

biodiversity while enabling the sustainable use of natural resources is the establishment of marine protected

areas (MPAs; Mutton, 1996). There is a hierarchy of environmental management philosophies and

government initiatives which determine the establishment and management of MPAs. These include the

broad framework for Ecological Sustainable Development, the National Programme for MPAs, and the

State Marine Reserve Implementation Programme. An understanding of these philosophies and initiatives is

important to the implementation of marine reserves in Western Australia.

Ecological Sustainable Development (ESD) is defined as a pattern of development that improves the total

quality of life, both now and in the future, in a way that maintains the ecological processes on which life

depends (State of the Environment Advisory Council, 1996). The principle of ESD was adopted by

Australian governments as a major national strategy in 1992. This strategy recognizes global obligations

which are outlined in the Australia State of the Environment Report (State of the Environment Advisory

Council, 1996). The three core objectives in this national strategy are:

• to protect biological diversity and maintain essential ecological processes and life support systems

(maintenance of ecological integrity);

• to provide for equity within and between generations (maintenance of intra-generational equity);

• to enhance individual and community well-being and welfare by following a path of economic

development that safeguards the welfare of future generations (maintenance of inter-generational

equity) (State of the Environment Advisory Council, 1996; CALM, 1996).

It is recognized in the Australia State of the Environment Report (State of the Environment Advisory

Council, 1996) that ecologically sustainable development requires the maintenance of four key components

of the environment: biodiversity; ecological integrity; natural capital; and social integrity (Figure 1). The

principles of ESD provide a framework for managing the environment including marine areas. In the

marine environment the establishment of MPAs provides an approach for ensuring ESD. The main function

of MPAs is to separate elements of biodiversity from ecologically threatening processes (Pressey and

McNeill, 1996).

The Ocean Rescue 2000 program is part of the National Strategy for ESD initiated by the Commonwealth in

1991, and has commitments under the Intergovernmental Agreement on the Environment and National

Strategy for the Conservation of Australia’s Biological Diversity (Lewis, 1996; Mutton, 1996). It aims to

establish a National Representative System of Marine Protected Areas (NRSMPA) around Australia that

will provide for the conservation of representative ecosystems within biogeographical regions (Thackway,

1996a). Despite international commitments for ensuring ecological representativeness it has recently been

established that 21 out of the 32 biogeographic regions around Australia lack any significant protected areas

(Ivanovici, 1993). Although approximately 5% of Australia’s waters had been reserved by 1995, about 99.5

% of this area occurs in tropical waters, principally within the Great Barrier Reef Marine Park (Edyvane,
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1996). This highlights the importance of ensuring adequate representation of biogeographic regions in a

marine reserve system.

A principal goal of the Draft Western Australian State Conservation Strategy is the establishment of a

conservation reserves system, representative of the State’s flora, fauna and habitats (CALM, 1994). In June

1994, the Marine Parks and Reserves Selection Working Group released a report on A Representative

Marine Reserve System for Western Australia. The report identified over 70 areas as worthy of

consideration for reservation. This proposed system of marine reserves forms part of the broader NRSMPA

for Australia. In November 1994, the State Government released the New Horizons in Marine Management

that outlines policy initiatives and legislative changes necessary for the establishment of a representative

system of marine reserves in Western Australia.

The New Horizons document embraces a commitment to a high level of public participation in determining

future marine reserve areas in Western Australia (Government of Western Australia, 1994). This

commitment is reflected in the State Governments proposed amendments to the Conservation and Land

Management Act (1984), which will establish a statutory requirement for a formal marine reserve public

planning process. The Government also considers multiple-use management of marine reserves as a central

concept to the State’s marine reserves programme and this will be achieved through the development of

management zones which separate incompatible uses either spatially or temporally. The requirement for a

public planning process combined with the development of management zones within a marine reserve

highlight the need for a tool which facilitates community involvement.

The Department of Conservation and Land Management has identified the need to develop a generic spatial

decision support system to assist with the Departments Marine Reserve Implementation Programme

(MRIP). This report outlines a conceptual model for establishing the boundaries and management zones of

marine reserves, reviews existing approaches for the establishment and zoning of conservation reserves,

examines the potential for incorporating existing decision support software to facilitate model development

and provides recommendations for future direction.

A process for the establishment of marine reserves in Western Australia has been described in this report.

This process is consistent with the key steps in the Strategic Framework of the MRIP which addresses the

legislative amendment to the Conservation and Land Management Act 1984 (WA). There are three phases

to the programme: preliminary consultation and liaison; resource assessment; and public planning. The

conceptual marine reserve zoning model is designed to facilitate the Resource Assessment and Public

Planning Processes. It is critical that the model provides techniques which are transparent and have a

participatory focus. An open and transparent process that clearly enunciates the technical rationale

supporting a draft marine reserve management plan is fundamental to the long-term success of a

management plan. Furthermore by developing simple techniques for zoning marine reserves provides

greater opportunities for community involvement during the planning process giving the plan more

acceptability and ‘ownership’ by the local community.
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1.1 Objectives

The marine reserve zoning model will provide a tool for assisting CALM’s Marine Reserve Implementation

Programme. The objectives of this tool are to:

• provide a simple and transparent approach to establishing marine reserve boundaries and management

zones;

• quantify the implications of zoning options through the use of technical and scientific data;

• facilitate public involvement in the planning process;

• enable decision makers and the public to better understand the rationale and process for establishing

marine reserves.

1.2 The Zoning Scheme

In accordance with the New Horizons document four zones will be created under the Marine Parks system:

Sanctuary Zones; Recreation Zones; General Use Zones and Special Purpose Zones. The adopted techniques

and data sets in the marine reserve zoning model reflect CALM’s broad objective of marine reserve

planning and the functions of different zone types.

Sanctuary Zones are “look but don’t touch” areas managed solely for nature conservation and low-impact

tourism (Government of Western Australia, 1994). The main roles of Sanctuary Zones are to provide

refugia, sources of replenishment and scientific reference areas. To ensure this Sanctuary Zones should be

representative of major marine habitats in the reserve particularly areas of high biodiversity and primary

productivity and outside the ‘zone of influence’ of potential threatening uses. Allocation of Sanctuary Zones

requires data on major habitat types in the reserve and the spatial distribution of potentially threatening

human activities.

Recreation, General Purpose and Special Purpose Zones provide for a variety of different uses within a

marine reserve however these must be consistent with the environmental values of the reserves. Recreation

Zones provide for recreational use. These zones need to be established in high use areas for activities which

are generally compatible with other recreation activities. General Purpose Zones provide for recreational

and commercial uses such as commercial fishing and petroleum exploration and production within

sustainable limits.

Areas in which marine planning objectives can not be met by Sanctuary Zone, Recreation Zone or General

Use Zone status, Special Purpose Zones can be assigned. Special Purpose Zones are managed for a

particular priority use or issue, for example habitat protection, seasonal events (whale-watching) or a

particular type of commercial fishing (Government of Western Australia, 1994). These zones allow uses

that are consistent with the stated purpose of the zone which may also include commercial and recreational

activities. Protection of areas of cultural significance such as shipwrecks and Aboriginal sites may require

Special Purpose Zone status.
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1.3 Summary of Model Structure

A summarized description of the model structure and process is presented to demonstrate the conceptual

framework which provides the basis for techniques developed in later sections (Figure 2). The marine

reserve zoning model is divided into three major components which represent distinct phases of the Marine

Reserves Implementation Programme:

1. Site Selection Process

2. Resource Assessment Process

3. Public Planning Process

The flow diagram outlines the procedures involved in preparing a draft zoning map. In the Resource

Assessment and Public Planning Processes the procedures which require modeling using GIS based decision

support software are presented as six major steps. Each step has a specific outcome which is highlighted in

the flow diagram as a bold box. Components of the model which require external input from managers and

planners, government ministers or the reserve users are shaded. During the Conflict Resolution Stage and

Public Planning Process this involves interactive querying.

2 Site Selection Process

The initial phase in the model is to determine the boundaries of proposed marine reserves. This procedure is

designed to ensure a system of representative reserves which conforms with the principles and objectives

agreed to by State and Commonwealth Governments (Section 1). Reserve boundaries are based on proposed

marine reserve areas identified in the A Representative Marine Reserve System for Western Australia report

(CALM, 1994). The Site Selection Process is not a reserve selection procedure however reserve selection

concepts and algorithms (Cocks and Baird, 1989; Scott et al., 1993; Pressey et al., 1995; Pressey and

McNeill, 1996) can be applied. Once the proposed boundaries are established they will provide a spatial

basis for the collection of data sets required for the Resource Assessment Process (Figure 2).

The representativeness of the proposed marine reserve system will be assessed at the ecosystem and

community levels and measured as the proportion of each bioregion within State Waters covered by marine

reserve areas, and the proportion of major habitat types within the marine reserve respectively. Bioregions

are defined in the Interim Marine Bioregionalisation for Australia report (CSIRO Division of Fisheries and

CSIRO Division of Oceanography, 1996). A bioregional representativeness value, of say 10 %, provides a

standard for ensuring adequate protection of each bioregion. For example, if the area of marine reserves

proposed for the South Western Zootone, along Western Australia’s Central West Coast, were implemented

the bioregional representativeness value would be 14 %. Linking of the proposed Jurien and Beagle Islands

marine reserves would increase the value for that bioregion to almost 20 %. Interactive identification of

marine reserve boundaries through the use of spatial decision support facilities will quantify the

implications for community representativeness of different boundary alternatives.
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2.1 Objectives

• Determine the boundaries of proposed marine reserves. This will provide reserve location and size.

• Ensure the marine reserves are representative of the major habitat types within the bioregion and

together with the area of other marine reserves covers an ‘adequate’ proportion of the bioregion.

2.2 Method

The following steps are proposed to achieve the above objectives:

1. Identify the main purpose of the marine reserve. The purpose of a reserve area will influence size and

location The primary value of a marine reserve will vary between nature conservation and recreational

usage.

2. Evaluate the ecosystem representativeness of a proposed marine reserve.

3. Collate regional biological and human-use data sets. The regional area of proposed reserves will be

defined by the oceanographic processes which influence biological connectivity.

4. Overlay regional biological and human-use data sets.

5. Interactively select marine reserve boundaries based on the purpose of the reserve.

6. Determine the community representativeness of the proposed marine reserve.

7. Through an iterative process derive a marine reserve boundary which maximizes the representation of

major habitat types and ensures an acceptable bioregional representation value.

8. Confirm proposed boundary and calculate the total area of the reserve.

The outcome of the site selection process is an Indicative Marine Boundaries map which is used to identify

the study area for the subsequent Resource Assessment Process.

3 Resource Assessment Process

The Resource Assessment component of the model provides both strategic direction for CALM’s Marine

Reserve Implementation Programme and a base zoning map from which areas of conflict can be identified.

This component of the model will be generic for application to different proposed marine reserves in

Western Australia. The Resource Assessment Process can be undertaken for marine reserves which will be

implemented within the next five years or a larger time frame for data sets which do not require significant

updating (i.e. temporally stable). Results of the assessment will provide an indication of the level of resource

conflict and the opportunity, through the provision of more detailed information, to resolve these conflicts.

Furthermore, this will indicate the complexity of reserve implementation within each reserve area. The

establishment of different marine reserves along the Western Australian coastline can then be prioritized

according to the time predicted for implementation based on the degree of conflict.

As outlined in the New Horizons, before the Minister for the Environment creates any marine reserve or

management zone within a reserve that would preclude mining or commercial fishing activities, consent
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must first be obtained from the Ministers for Mines and Fisheries. This requires areas in which Sanctuary

Zone, Recreation Zone and Special Purpose Zone overlap with important mining and commercial fishing

areas to be identified in the Resource Assessment Process.

The initial procedure is to locate proposed Sanctuary, Recreation and Special Purpose Zones. These zones

can then be compared with areas of important mining or commercial fishing operations to identify the

spatial extent of potential conflicts. During this process proposed zone boundaries are modified to reduce

the level of conflict.

3.1 Objectives
The Resource Assessment Process is separated into three stages, each with a main objective, these include:

Stage 1: Preliminary Zone Delineation

• Broadscale identification of the distribution and nature of major resource conflicts, for example

Recreation Zones proposed within commercial trawling grounds. Identification of use conflict requires:

(1) the identification of possible Sanctuary, Recreation and Special Purpose Zones; (2) the comparison

of these areas with important mining or commercial fishing areas.

Stage 2: Conflict Resolution

• Broadscale resolution of major resource conflicts.

• Preparation of an indicative zone map for each marine reserve area which can be used in the public

planning process (Section 3).

Stage 3: Government Consultation

• Prepare a Resource Assessment Report detailing the results of Stages 1 and 2 to be presented

Government. This review process will determine the ‘acceptability’ of the indicative zone plan insofar as

it is compatible with the Governments strategic interests.

3.2 Method

3.2.1 Step 1: Allocation of Possible Sanctuary Zones

The objective of this analysis module is to identify areas suitable for sanctuary zones based on the role of

Sanctuary Zones outlined in Section 1.2. The main factors for determining their location include:

representativeness of major habitat types; the distribution of threatening human processes; biological

diversity; and presence of rare or endangered marine flora or fauna. These factors direct the following main

procedures of Step 1:

• Map major benthic habitat types and important biological resources.

• Map broadscale water circulation patterns.

• Identification of existing or future threatening processes (Human-Use Pressure map)
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Several data sets are required to generate the Human Use Pressure map. Mining, commercial fishing

operations, industrial development, shipping operations, coastal infrastructure (e.g. marinas) and

recreational activities etc can have a direct and indirect impact on the marine environment. Determining the

zone of influence of these activities requires an understanding of general water circulation patterns within

the marine reserve.

• Delineation of Possible Sanctuary Zones

The above data sets are combined to identify suitable areas for Sanctuary Zones. Sanctuary Zones should be:

(1) outside areas highlighted in the human use pressure map; (2) within each biophysical subregion; (3)

representative of major marine habitats; (4) within areas of high biological diversity and (5) protect rare and

endangered wildlife. To delineate Sanctuary Zones based on these five criteria the following steps are

proposed:

• Overlay the biophysical subregions, marine habitat, biological diversity and wildlife sensitive areas and

mask out all areas identified in the human use pressure map. This highlights areas for the selection of

Sanctuary Zones.

• Delineate possible Sanctuary Zones.

The outcome of Step 1 is a map showing possible Sanctuary Zone areas.

3.2.2 Step 2: Allocation of Possible Recreation Zones

CALM is required to manage Recreation Zones in an equitable and ecologically sustainable (Section 1). The

following steps are designed to ensure that these objectives are met in the delineation of proposed

Recreation Zones:

• Identify the main recreational activities within the marine reserve.

• Map the distribution and intensity of each activity to provide a series of data layers.

• Select priority areas for each recreational activity, these may be based on intensity of use or the relative

importance of an area to the users. For each recreation activity all areas in which it occurs would be

assigned a value indicating level of use. Areas above a set use level would then be selected as priority

use. In subsequent conflict resolution modeling, the priority recreation areas of different activities may

be in competition for Recreation Zone status. To ensure equitable representation of priority areas for

each activity the size of priority areas should be determined relative to the area covered by that activity.

• Priority areas for each activity are then combined into one data set (Recreation Use). This ensures all

activities are represented in the initial allocation of Recreation Zones.

• These combined areas are then assigned to possible Recreation Zones.

In marine reserve management plans some recreational activities will not be permitted within Recreation

Zones, for example motorised water sport. To identify incompatible recreational activities a table of

allowable uses within each zone type is required. A standard table of permitted uses could be established for
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application to all marine reserves along the Western Australian coast. Alternatively permitted uses within

zones may be identified as specific to each reserve area. Recognition of incompatible recreation activities in

a use table will enable these activities to be prevented from being assigned Recreation Zone status. If this

information is not available areas of incompatible recreational use will be included in the proposed

Recreation Zone. Separating incompatible uses at a later stage will involve either preventing these activities

in their high use areas or changing the area to General Use status. This increases the error associated with

the proposed Recreation Zone and reduces the level of equity with which recreation uses are considered in

the zone plan. Therefore it is advantageous to define the uses permitted within different zones prior to this

stage.

Information required for Step 2 should be collected through visitor use surveys. Surveys could be used to

identify the main recreation activities, determine the distribution and intensity of these activities and

establish areas of aesthetic importance.

3.2.3 Step 3: Allocation of Possible Special Purpose Zones

Areas of recognized cultural significance such as ethnographic and archaeological Aboriginal sites, historic

European sites and shipwrecks can be protected under Special Purpose or Sanctuary Zoning. In this model

procedure, cultural areas are recognized and assigned possible Special Purpose Zoning with the potential for

Sanctuary Zoning depending on compatibility with other uses.

Data sets containing information on cultural sites are combined to create a cultural data set (Cultural Use).

Areas identified in this data set are then zoned as possible Special Purpose Zone areas.

3.2.4 Steps 4 and 5: Identification of Conflict Areas

Areas of conflict between different uses within the marine reserve are identified by overlaying the possible

zone data sets generated in Steps 1, 2 and 3 with important mining and commercial fishing activities

(Figure 2). This enables the possible impact of the establishment of Sanctuary, Recreation and Special

Purpose Zones on existing and potential mining and commercial fishing operations to be identified. In

determining the implications of zoning on mining and commercial fishing the need to modify zones can be

recognized and the acceptability of proposed plans can be demonstrated.

Step 4 requires two extra data sets: the distribution of important commercial fishing areas and mining

operations. The distribution and economic value of each commercial fishing industry should be mapped as

individual data layers. Areas of high commercial fishing priority for each fishery is then identified as a new

data layer and these priority areas are then combined to provide an important commercial fishing area data

set. A value is assigned to commercial fishing areas for each fisheries according to current or potential

economic importance. These values should be determined relative to the regional area of the fisheries and

not in relation to areas within the reserve. This will prevent areas within the reserve which have low

fisheries value on a regional scale being assigned high priority within a reserve area. Areas above a defined

value set by the Fisheries Department are selected as high priority. This technique ensures that all fisheries

are adequately represented in the identification of resource conflict areas.
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Mining operations both existing and potential provide the second data set which may provide a possible

constraint to zoning. All mineral and petroleum exploration and production areas should be identified and

the importance of these areas ranked. This information will be provided by the Department of Minerals and

Energy and will determine the areas in conflict with the proposed zones.

The data sets generated in Step 1, 2 and 3 are combined with the important commercial fishing and mining

data set to generate a resource conflict map. Areas of overlap between these operations and proposed zones

become identified areas of conflict which require resolution. The impacts of proposed management zones to

commercial fishing and mining activities can be calculated through spatial analysis. Initial resolution of

these conflicts is conducted through an iterative ‘what if’ scenario querying process in which the

conservation, recreation and economic implications of altering the proposed zones are quantified. More

detailed resource data may be required in specific areas to assist in conflict resolution.

The main outcome of Step 4 is a resource conflict map. This map will contain the area and type of use

conflict requiring resolution for a proposed zoning. Areas which are not zoned Sanctuary, Recreation or

Special Purpose are assigned General Use status. Following a review stage (Step 5) in which zone

alternatives are trialed and assessed using an interactive decision support system a proposed zone plan is

produced. In this plan major conflicts have been attempted to be removed.

A resource assessment report is then prepared from the proposed plan in which areas of remaining conflict

are highlighted. This is then presented to the Minister for Environment who must seek approval from the

Ministers for Fisheries and Mines for the indicative zone plan to proceed. Approval will be based on the

level of use conflict resolution. There are three possible outcomes of the Government Consultation Stage:

(1) unacceptable level of conflict in which there is no resolution; (2) a proposed zoning map with acceptable

levels of conflict; and (3) a proposed zoning map with no areas of conflict (Figure 2). If the first outcome

occurs CALM’s Marine Reserve Implementation Process does not proceed. However, if the proposed plan

has been approved either with acceptable levels of conflict or no conflict it proceeds to the public planning

phase.

4 Public Planning Process

Community involvement in the establishment of draft marine reserve management plans is a critical

component of the Governments reserve implementation programme. The allocation of management zones

in the Resource Assessment phase of the model is to identify conflicts between the implementation of a

marine reserve and the State’s other strategic interests. The Public Consultation Process of the Marine

Reserve Implementation Programme enables finalisation of a draft marine reserve management plan During

this process the community and users of the marine reserve identify areas of concern and provide input on

the delineation of management zones.

4.1 Objectives

• Enable community consultation and involvement in the delineation of marine reserve management

zones.
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• Establish a draft zone map which provides greatest satisfaction to marine reserve users whilst achieving

the environmental values of the reserve.

4.2 METHOD

The proposed Sanctuary, Recreation and Special Purpose Zones identified and resolved in the Resource

Assessment Process are shown in the use conflict map. Areas outside these zones are assigned General

Purpose status. Following the conflict resolution process of Step 5 minor acceptable levels of remaining

conflict are resolved through the public planning process.

The zone structure in the use conflict map provides a base zone plan which can be presented to a

community forum. Areas of conflict identified during this process include possible minor areas of conflict

not resolved in Step 5 and concerns raised by the reserve users. Conflict areas identified by the community

provide a focus for scenario modeling and negotiation between reserve users.

Incompatible recreational uses which were excluded from Recreation Zones, for example recreational

fishing charters, should be identified. The area in which they are permitted within the proposed zone plan

can then be quantified in relation to priority areas for these activities. This analysis will enable the level to

which the demands of these uses are met. Comparison of these values with the satisfaction levels of other

recreational users will facilitate decisions on the location of Recreation Zones.

During this forum, alternatives to the proposed plan structure generated to meet different use interests are

interactively trialed using spatial analysis tools. These spatial analysis tools are designed to support zone

allocation decisions by enabling ‘what if’ scenario modeling. The implications of changes to zone

boundaries on individual uses and environmental values can be quantitatively determined. By providing

immediate feedback interactive trialing of zone changes enables users to view the consequences of suggested

alternatives.

5 Spatial Data Sets

Although physical, biological and human use data sets are required for the Site Selection, Resource

Assessment and Public Planning Processes data sets described in this section relate to the later two

processes. Regional biophysical and human use data needed for the Site Selection Process will vary

according to the reserve area.

The quality of data incorporated in the Resource Assessment Process will determine the level of conflict and

alteration of the proposed zone plan during the Public Planning Process. If data sets used to determine

major commercial use areas do not provide sufficient level of detail, conflict areas may not be adequately

identified in the Conflict Resolution Stage (Stage 2). If these conflicts are not recognized until the Public

Planning Process dissatisfaction of the zone plan by the users could cause a second government review. This

would reduce the efficiency of the Marine Reserve Implementation Programme and may effect public

opinion of the planning process. Data reliability will be the responsibility of the agency providing the source

information.
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A series of data sets have been identified however this list is not exhaustive and may be updated and

modified with further development of the proposed model.

5.1 Physical
Oceanographic data - provides information on general water circulation patterns which can be used to

determine the area of influence of different threatening human use activities (e.g. the dispersal of nutrients

from aquaculture sites). Includes data such as water depth and sea surface temperature.

5.2 Biological
Habitat Mapping - this categorical information identifies major habitat types which must be represented in

the selection of Sanctuary Zones.

Biological Diversity - contains values of biodiversity measured within a set range to provide a continuous

data set. This surrogate data can be used to identify areas of high biodiversity for selection of Sanctuary

Zones.

Wildlife Sensitive Areas - areas of important wildlife distributions (e.g. Australian Sea Lion colonies) or

breeding sites (e.g. seabird nesting sites) are mapped to ensure protection of sensitive areas and high

biological diversity.

5.3 Human Use
Cultural Sites - location of archaeological and ethnographic Aboriginal sites, historic European sites (e.g.

Pearling Camps) and shipwrecks. This information can be used to identify areas of cultural significance for

protection in the selection of Sanctuary and Special Purpose Zones.

Commercial Use - This information is critical for determining high priority commercial fishing areas and

mining interests necessary for identifying areas of conflict in the selection of Sanctuary and Recreation

Zones. The potential threatening processes to the marine environment caused by extractive industry can also

be identified using this data. Commercial Use data is divided into several data sets.

Mining - Operations Data: contains the areas of current and potential mining operations.

Pressure Data: spatial distribution of existing potential threats caused by mining activities.

Fisheries - Economic Value Data: representation of major fisheries (e.g. Rock Lobster, Trawling and Wet-

lining) as individual data layers with economic values provided for each grid cell. These values

must be relative to the respective fishery on a regional scale. A distinction needs to be made

between site specific fisheries (e.g. aquaculture) and fisheries which operate at different intensities

across a broad area. Economic values assigned to each fishery will enable the identification of

priority fishing areas for individual fisheries and quantify the importance of fishing areas selected

for possible Sanctuary Zone status.
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Pressure Data: spatial distribution of existing potential threats caused by commercial fishing

activities.

Infrastructure - location and description of coastal and marine infrastructure development (marinas, waste

outfalls and drains), this information will also show the distribution of possible associated threats

to the marine environment.

Industrial Development - location and description of industrial sites along the coast and predicted

distribution of potential impact on the marine environment.

Restricted Waters - areas of exclusion and predicted pressure on the marine environment. These areas may

include shipping channels, Naval waters, Military areas and Port Authority waters.

Recreational Use - provides information on the level and type of recreational use (Recreation Data) across

the reserve which can be used to identify potential threats (Recreational Pressure Data) to the marine

environment and select Recreation Zones. Recreation activities (e.g. sightseeing, diving, fishing and

windsurfing) present within the marine reserve are represented as separate data layers in which their

importance is indicated spatially through ranging values derived from intensity of use and significance to

the users. This information requires visitor survey data which should be conducted to determine the location

and intensity of use for each recreational activity.

6 Review of Existing Approaches to Zoning

CALM recognizes the need for a GIS based decision support system for facilitating the planning of marine

reserves and enabling effective public participation. The major advantage of systematic interactive

computer-based analysis is that it provides flexibility for testing and comparing different design scenarios or

options and their associated costs and benefits (Thackway, 1996b). These functions are required within

different components of CALM’s Marine Reserve Implementation Programme.

A review was conducted of both conceptual and automated approaches to zoning in conservation reserves to

identify potential techniques for incorporation in the model. Researchers and managers involved in the

application of Decision Support Systems (DSS) to marine zoning were contacted and a request for

information was sent to the SEA-GIS user group on the network. This was to determine whether similar

applications had been trialed in other states of Australia and overseas. A summary of the response to the

internet search and the people contacted is provided in Appendix 2.

A tabular summary of approaches to zoning which have been applied in terrestrial and marine areas is

provided in Table 1. For each approach the broad objectives, brief outline of techniques, associated

references and the applicability to the marine reserve zoning model is outlined. Several of these approaches

have been automated through the use of DSS which have associated software packages, these are

summarized in Table 2. Information provided in this review was obtained through discussions with

researchers and managers currently developing or trialing these systems and documentation which outlines
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the systems methodology, capabilities and applications. As these systems have not been trialed this provides

a preliminary review in which the potential for use in the model can be identified however further

investigation is required to determine the method and feasibility of application.

Based on the preliminary findings of this review Conservation Tool (Pressey et al., 1995; Pressey and

McNeill, 1996) was identified as having the potential for meeting objectives of the conflict resolution and

public planning components of the model. Like other reserve selection algorithms Conservation Tool

facilitates the selection of reserve areas based on a set of conservation targets, for example percentage of

threatened species. However, it differs in that the importance of other areas is considered during the

selection of reserves through the quantification of irreplaceability. By using irreplaceability, numbers can be

provided for the obvious fact that there are no alternative options for reserving some environmental values,

for example an offshore island supporting a major Australian Sea Lion colony, but many options for

reserving other values, such as seagrass meadows (Pressey and McNeill, 1996). Conservation Tool has been

developed over the last few years during which many complex conservation issues have been identified and

addressed. Therefore by integrating Conservation Tool as a component of the marine reserve zoning model

a high level of resource planning expertise will be incorporated. Capabilities available in Conservation Tool

for providing detailed data on the implications of different planning scenarios to the users is also a major

advantage to the marine reserve zoning model.

However, Conservation Tool has a few limitations and for this reason it is recommended that if it is to be

applied to the marine reserve zoning model it should be modified to meet specific objectives. Conservation

Tool focuses on the environmental implications of reserve planning options rather than socio-economic

aspects. The next development phase will examine the potential for incorporating socio-economic data sets

however, methods for achieving this have not yet been determined. Until now Conservation Tool has been

linked with WinERM an in-house GIS package developed by the NSW National Parks and Wildlife Service

(NPWS). It is anticipated that it will be linked with ArcView GIS by late 1997. This will greatly facilitate

its use but there may be greater spatial analysis capabilities available through Arc/Info GIS. Until

Conservation Tool software is trialed its full potential for application to the marine reserve zoning model

can not be assessed.



14

7 Recommendations

A conceptual model for marine reserve zoning has been developed to facilitate the establishment of

boundaries and management zones for proposed marine reserves established under the CALM Act (1984) in

Western Australia. The principles of ecologically sustainable development, and National and State

Government objectives for the establishment of MPAs provide the framework for the model (Section 1).

Based on these principles and objectives the model is designed to provide for multiple use management and

public involvement in the planning process. The application of Geographic Information Systems (GIS) and

decision support software will greatly support these model objectives. Spatial analysis techniques and

available software packages which can be used for developing the model need to be identified. Several

approaches to conservation reserve zoning in both terrestrial and marine environments were reviewed to

provide an indication of possible options for model implementation. This review forms the basis for

recommendations for a decision support model for CALM’s Marine Reserve Implementation Programme.

GIS provides an analytical environment which can be used to automate the procedures outlined in the

conceptual model (Figure 2). However, the conflict resolution components of the marine reserve zoning

model may extend beyond the capabilities of current GIS software. These components can be addressed

through the integration of existing environmental management Decision Support Systems (DSS) within the

GIS environment which provide a higher level of mathematical modeling and a user interface.

Recommendation 1

The proposed marine reserve zoning model should be established within a GIS environment.

Procedures of the Site Selection Process and Stage 1 of the Resource Assessment Process (Figure 2) can be

automated within a GIS using customizing facilities such as Arc/Info Arc Marco Language (AML). It is

critical that the GIS software adopted is capable of high level spatial modeling, has facilities for

customizing analysis procedures and has the flexibility to handle complex high resolution data sets. The

current arrangement of GIS facilities at the Marine Conservation Branch will meet both the hardware and

software requirements for this recommendation. The GIS facilities include Arc/View software and access to

Arc/Info software on a Unix platform. Priority access to Arc/Info software should be obtained to undertake

the complex level of spatial modeling needed in the model.

Recommendation 2

Investigate the potential for existing Decision Support Software (DSS) to perform the conflict resolution

modeling components (Resource Assessment Stage 2 and the Public Planning Process) of the model.

A DSS integrated within the GIS environment will facilitate the quantification of zoning implications and

provide a user interface which will enable interactive involvement in zone allocation during the Public

Planning Process. The existing reserve zone planning DSS which should be reviewed include Conservation

Tool, Facet Decision System and Calyx. Although these systems may not meet all the requirements for the
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conflict resolution procedures of the model they have the capacity to be modified and customized for specific

objectives.
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Figure 1. Strategic framework for CALM’s Marine Reserve Implementation Programme.

Framework Agreements
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Social Integrity: resilience of social and
cultural systems.
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