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Introduction 
There is currently a global momentum towards the establishment of marine protected area (MPA) networks with countries 

that are signatories to the Convention on the Conservation of Biodiversity (Biodiversity Convention), including Australia, 

committed to establishing networks of MPAs by 2012. 

Australia is in a unique position to protect a significant amount of the earth’s marine biodiversity. The tropical waters of 

North Australia are part of the Indo-Malay biogeographic region, a major hot spot for global marine biodiversity. With 

much of the Indo-Malay region under high threat and heavily impacted, Australia’s northern waters could provide a much 

needed refugia for the survival of tropical species that are likely to become extinct elsewhere. In the temperate waters of 

Australia’s south our marine life is characterized by extraordinarily high levels of endemism, with approximately 80% of 

all species occurring nowhere else on earth. Australia’s marine domain, or Exclusive Economic Zone (EEZ), covers some 

11 million square km and is the third largest in the world. Comparatively Australia’s fishing industry is very small, only 

the worlds 59th largest, and while it is economically important to many communities, it plays a very small role in 

Australia’s diverse economy. The creation and subsequent rezoning of the Great Barrier Reef Marine Park, established 

Australia as a world leader in marine protected area design and implementation and provided an example of large scale 

conservation planning, underpinned by a systematic conservation planning approach that many countries and 

management agencies have subsequently emulated. With globally significant levels of marine biodiversity, world-leading 

conservation and marine science institutions, and a global reputation for innovation in conservation and sustainable 

natural resource management, Australia’s commitment to delivering a national representative network of commonwealth 

marine protected areas within the context of marine bioregional planning, again offers the opportunity to set a global 

standards and best practice benchmarks in MPA network development.  

Australia has been working towards the creation of a national network of marine protected areas for many years. In 1998 

Australia’s governments, Commonwealth, state and territory, published the Guidelines for Establishing the National 

Representative System of Marine Protected Areas (Guidelines) which outlines the policy framework for the 

implementation of the network. In order to implement this policy the Commonwealth divided Australia’s EEZ into five 

broad planning regions (Figure 1). To date, the Commonwealth has completed planning for the South East planning 

region and plans to complete the other four regions by June 2010. 
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Figure 1: Marine planning regions. 

The reserve network established in the South East (http://www.environment.gov.au/coasts/mpa/southeast/index.html) 

exposes a clear discrepancy between the intent of the largely science-based 1998 policy and the resultant application of 

that policy to a planning region with established fishing and petroleum interests (Edgar, 2006).  

WWF-Australia is a science based organization that aims to provide practical, science-based advice on best practice for 

conservation, and contributes constructively to efforts to develop a national MPA network.  This document provides a 

summary of the tools and materials that have been developed to date.  

The major outcome to date has been the development and testing of a proof of concept to determine if it would be 

possible to apply a systematic conservation planning approach using available datasets. This involved the development of 

biophysical operating principles to drive MPA selection, collecting and developing datasets that represent good surrogates 

for Australia’s marine biodiversity, constructing a national Marxan database to provide network design decision support, 

and developing a performance assessment methodology.  

These products are intended to assist the scientific and conservation planning communities, as well as other stakeholders, 

and to assist in the development and testing of options for future reserve network configurations. These products are also 

intended to inform the broader Australian community, as well as individuals or institutions with an interest in the 

conservation of Australia’s marine biodiversity, or with an interest in a systematic conservation planning approaches. 
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Biophysical Operating Principles 

The biophysical operating principles (BOPs) being developed by WWF are broadly based on the 1998 Guidelines and 

provide operational interpretation of the key concepts of bioregional planning, comprehensiveness, adequacy and 

representativeness. A draft set is included for feedback and comment. 

Key Ecological Datasets 

WWF is basing its approach to systematic conservation planning on three types of ecological datasets: 

1. Marine ecosystems. 

2. Unique or biologically significant areas.  

3. Habitat models for threatened, or concern, or indicator species, communities, or assemblages. 

WWF’s national benthic, pelagic, and estuarine geographical information system (GIS) ecosystem datasets (version 1.0), 

and a brief report on their development, are included with this report. The anticipated next step is to produce a national 

database of unique or biologically significant areas and a limited set of habitat models. 

Marxan 

Marxan is a decision support software package commonly used globally for systematic conservation planning. WWF-

Australia has been using Marxan at a national level to examine options for MPA network development in the different 

parts of the Australian marine environment. This synthesis report includes a brief report on the first iteration of Marxan 

runs by WWF, the raw Marxan input files, and a GIS dataset of WWF’s planning units. 

Performance Analysis 

The establishment of the MPA network for the south east was not accompanied by quantitative data on how well the 

network met its conservation goals and targets of a comprehensive, adequate or representative network. With MPA 

planning continuing across Australia it is timely to attempt to establish a systematic and efficient way of testing whether 

or not established or proposed MPA networks meet the conservation objectives of the National Representative System of 

Marine Protected Areas (NRSMPA). WWF has been exploring the development of a rapid performance assessment 

methodology by conducting an assessment of the MPA network in the south east planning region. The intention is to 

develop criteria that are capable of delivering a robust, repeatable and quick gauge of conservation performance. That is, a 

simple diagnostic, not an exhaustive review. A review for the South East planning region has been written and is currently 

subject to the peer review process.  

Submissions 

WWF has provided a series of written inputs and public submissions on the products delivered to date, as part of the 

Commonwealth MPA planning process and as part of other relevant state and territory processes that are underway. 

Given these may be of interest to a broader community of stakeholders and scientists, copies of relevant submissions are 

included.  
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Biophysical Operating Principles 
This is the first draft of the biophysical operating principles being developed for WWF-Australia’s systematic 

conservation planning process. 

Review Of Commonwealth Government Policy 

Government policy on the establishment of the National Representative System of Marine Protected Areas (NRSMPA) is 

set out in the Guidelines for Establishing the National Representative System of Marine Protected Areas (the Guidelines) 

and the Strategic Plan of Action for the National Representative System of Marine Protected Areas: A Guide for Action 

(Strategic Plan). Two reports have been produced by the federal government on interpreting comprehensiveness, 

adequacy and representativeness for Australia’s marine environment: Understanding and applying the principles of 

comprehensiveness, adequacy and representativeness for the NRSMPA, Version 3.1 (TFMPA, 1999) and Guidance on 

Achieving Comprehensiveness, Adequacy, and Representativeness in the Commonwealth waters component of the 

National Representative System of Marine Protected Areas (SPRP, 2006). 

The Guidelines state that:  

“The primary goal of the NRSMPA is to establish and manage a comprehensive, adequate and representative system 

of MPAs to contribute to the long-term ecological viability of marine and estuarine systems, to maintain ecological 

processes and systems, and to protect Australia’s biological diversity at all levels.” (ANZECC TFMPA, 1998) 

The guidelines also establish nine principles and seven secondary goals for the establishment of the national 

reserve network (Table 1). The discussion in this document is limited to the first six principles. In the ten 

years since the guidelines were produced there has been a wealth of scientific literature on systematic 

conservation planning for the marine environment. In this review we comment on some of the differences 

between government policy and scientific literature, and make some recommendations as to the principles and 

goals WWF should look at adopting for its systematic conservation planning process. 
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Table 1: Principles and secondary goals expressed in the Guidelines (ANZECC TFMPA, 1998). 

Principles Secondary Goals 

 

1. Regional framework 

2. Comprehensiveness 

3. Adequacy 

4. Representativeness 

5. Highly protected areas 

6. Precautionary principle 

7. Public consultation 

8. Indigenous involvement 

9. Equitable decision making 

 

1. To promote the development of MPAs within the framework 

of integrated ecosystem management. 

2. To provide a formal management framework for a broad 

spectrum of human activities, including recreation, tourism, 

shipping and the use or extraction of resources, the impacts 

of which are compatible with the primary goal.  

3. To provide scientific reference sites. 

4. To provide for the special needs of rare, threatened or 

depleted species and threatened ecological communities.  

5. To provide for the conservation of special groups of 

organisms, eg species with complex habitat requirements or 

mobile or migratory species, or species vulnerable to 

disturbance which may depend on reservation for their 

conservation.  

6. To protect areas of high conservation value including those 

containing high species diversity, natural refugia for flora and 

fauna and centres of endemism.  

7. To provide for the recreational, aesthetic and cultural needs 

of indigenous and non-indigenous people.  

 

A Bioregional Framework 

The first of nine principles underpinning the creation of the NRSMPA is using a regional framework. A 

bioregionalisation represents a hierarchical system to describe the spatial patterns of marine biodiversity. The assumption 

underlying the development of a bioregional framework is that habitats, communities, and physical features will be more 

similar within a single bioregion, than they will be between bioregions (Day et al, 2003). The definition of regions of 

similarity allows the separation of biological units and facilitates the assessment of representativeness. Similar habitats 

and ecosystems will tend to contain different assemblages in different bioregions and connectivity will tend to be greater 

within, than across bioregions. A good bioregionalisation provides a framework within which planning for a national 

network of MPAs can take place, in a way that attempts to ensure that all biodiversity will be represented. The guidelines 

for the establishment of networks of highly protected marine and coastal protected areas under the biodiversity 

convention states that the first principle is that: “All biogeographic regions should be represented. Within each region, all 

major habitats should be represented.” (Secretariat of the Convention on Biological Diversity, 2004). 
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The scientific peer review panel’s (SPRP) 2006 report on the achievement of the CAR reserve system shifted the focus of 

regional planning from bioregions to provinces. This is reasonable for the off-shelf areas where data does not exist at a 

fine enough scale for the delineation of bioregions. However the use of provinces instead of bioregions as the base unit 

for conservation planning on the shelf effectively coarsens the spatial framework and as such, increases the risk that major 

aspects of Australia’s marine biodiversity will not be represented in the reserve system. 

Up until the South East regional planning process, all government policy was focused on the use of bioregions, not 

provinces, as the basal unit of the regional planning process. The Guidelines state that the regional planning framework is 

provided by The Interim Marine and Coastal Regionalisation for Australia (IMCRA) (ANZECC TFMPA, 1998). That the 

intent is to use bioregions, and not provinces, is clarified in the Task Force on Marine Protected Areas (TFMPA) 1999 

report which states that: “For the NRSMPA comprehensiveness and adequacy are understood and applied at the scales of 

bioregions, ecosystems and habitats. Representativeness is applied at the finer scales of communities and 

individuals/species.” 

The bioregional planning process is at the heart of the NRSMPA. It underpins the entire conceptual framework, and is 

referred to continuously in all NRSMPA publications. In the national marine benthic bioregionalisation (Heap et al, 2005) 

a new term, “provincial bioregion”, is introduced. This term appears to have been adopted to resolve the tension in the 

differences in approach between the bioregionalisation of the shelf and the bioregionalisation of the slope, abyssal plain 

and other non shelf areas of Australia’s exclusive economic zone (EEZ). The shelf bioregionalisation identified provinces, 

the largest-scale biogeographical unit, and meso-scale bioregions. The off-shelf bioregionalisation only identified 

provinces but it labeled them “provincial bioregions”. 

Following the completion of the off-shelf bioregionalisation, there has been a shift in the terminology and focus for 

planning processes from advocating the use of bioregions to advocating the use of provinces as the underlying spatial 

framework. In the absence of bioregions the use of provinces, or “provincial bioregions”, as the basis for conservation 

planning in off shelf areas is acceptable and necessary. However, this does not mean that it is then also appropriate to 

abandon the use of bioregions on the shelf where they do exist. It is clear that the original intention of the bioregional 

planning process was that the meso-scale bioregions, not the provinces, should be used as the basis for conservation 

planning: “The meso-scale regionalisation is a single biogeographic regionalisation which provides an ecosystem-based 

framework appropriate for integrated resource management, including planning the development of the NRSMPA.” 

(IMCRA, 1998) 

In light of the Great Barrier Reef rezoning process, it is more likely that the existing bioregionalisations are too coarse 

rather than too fine. In the rezoning of the Great Barrier Reef, scientists defined 70 bioregions. Overlapping this area are 

10 shelf bioregions, 3 shelf provinces and 4 off-shelf provinces (see Figure 2). 

Recommendations For The WWF Systematic Conservation Planning Process: 

Proposed Principle – Bioregional Planning: Bioregions (shelf) and provincial bioregions (non-

shelf) form the basic planning units for the establishment of the NRSMPA. 

Proposed Goal – Bioregional Planning: A network of marine protected areas will be created for 

each bioregion (shelf) and provincial bioregion (non-shelf). 
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Figure 2: Bioregions and provinces mapped within the Great Barrier Reef Marine Park.
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Comprehensiveness 

The Guidelines for Establishing the National Representative System of Marine Protected Areas defines comprehensiveness in 

the following way: “The NRSMPA will include the full range of ecosystems recognised at an appropriate scale within and 

across each bioregion.” (ANZECC TFMPA, 1998) 

This definition is not completely consistent with the definition of comprehensiveness within the systematic conservation 

planning literature where comprehensiveness often refers to a requirement to capture all known elements of biodiversity 

within highly protected areas (Possingham et al, 2005; Day et al, 2002). The NRSMPA includes intermediate and poorly 

protected areas (IUCN III to VI) as well as highly protected areas (IUCN I or II), while known elements of biodiversity are 

likely to extend well beyond ecosystems (e.g. habitats, communities, populations and species).  

In order to meet the Commonwealth definition it is necessary to map the marine ecosystems within each bioregion, and to 

define the meaning of “include.” That is, to establish where the ecosystems are, as well as the amount of an ecosystem that 

needs to be within MPAs in order for the ecosystem to be considered to be “included”. 

In regards to the mapping of ecosystems the Scientific Peer Review Panel (SPRP) (2006) states: 

“Our assessment of whether the full range of ecosystems within and across provinces has been included will be derived 

from the degree to which it has been demonstrated that the best available biophysical information and surrogates have 

been used in the design phase of the MPAs.” (SPRP, 2006) 

The commonwealth task force on marine protected areas (TFMPA) uses the term ecosystem to: “describe the scale of 

mapping below the level of the IMCRA bioregionalisations (meso-scale).” (ANZECC TFMPA, 2000).  

A conceptual framework for the identification of marine ecosystems in Australia was developed by CSIRO for the North 

West Shelf study (CSIRO and DoEP, 2002). They stress that in developing ecosystem classifications it is essential to work 

within a hierarchical framework to account for the multiple scales at which the marine environment functions. 

Recommendations For The WWF Systematic Conservation Planning Process: 

• Develop a rule of thumb for the interpretation of ‘include’. 

• Develop a marine ecosystems dataset for each bioregion. 

Proposed Principle – Comprehensiveness: The NRSMPA needs to include, within highly protected 

areas, the full range of biological diversity, recognised at an appropriate scale (i.e. ecosystem, habitat, 

community, population, species and genetic diversity) within and across each bioregion. 
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Proposed Goal – Comprehensiveness: The highly protected area network for each bioregion (shelf) 

and provincial bioregion (non-shelf) will include the full range of biological diversity (i.e. ecosystems, 

habitats, communities, populations, species and genetic diversity) identified for the bioregion. 

Adequacy 

Adequacy refers to a network’s ability to play a leading role in the long term protection of biodiversity within a given 

bioregion. Adequacy is related to network and reserve size, configuration, replication, and level of protection, and refers to 

the ability of the network to ensure ecological viability, allow sufficient levels of connectivity between populations, species 

and habitats, and to safeguard the integrity of ecological processes (Possingham et al, 2005; Day et al, 2002). The Guidelines 

for Establishing the National Representative System of Marine Protected Areas defines adequacy in the following way: “The 

NRSMPA will have the required level of reservation to ensure the ecological viability and integrity of populations, species 

and communities.” 

Level Of Reservation 

In interpreting the CAR principles for the NRSMPA, TFMPA (1999) state that in order to design an adequate reserve system 

it is essential to determine: “how much of each ecosystem should be included in a protected area system in order to provide 

ecological viability and integrity of population, communities and species.” 

In 2006 the SPRP stated that it would require justification for any conservation feature to have less than 10%, or more than 

50% of its bioregional distribution within reserves. They also stated that targets should vary with the degree of ongoing 

disturbance and modification of the ecosystem and the scale and/or magnitude of the threats. 

In 2001 a scientific review of literature on the adequacy of targets was conducted for the Channel Islands National 

Marine Sanctuary off the United States Pacific Coast (MRWG Science Advisory Panel, 2001; Secretariat of the 

Convention on Biological Diversity, 2004). It found that for areas like Australia where there is some off-reserve 

management, the central tendency in the scientific literature was to recommend that 30-50% of each habitat or 

ecosystem should be protected in each bioregion (MRWG Science Advisory Panel, 2001). Particular features, for 

example turtle nesting beaches, may require much higher targets, up to and including 100% 

Reserve Size 

As a general rule, reserves designed for the conservation of biodiversity should be as large as possible (Hastings and Botsford, 

2003). The minimum size for individual fully protected marine reserves is related to the neighborhood size and larval 

dispersal distance of the species they are designed to protect (Botsford et al, 2003; Palumbi, 2003; Shanks et al, 2003; Kaplan 

et al, 2006). Palumbi (2004) suggests that rather than attempting to determine the neighborhood size and larval dispersal 

distance for all species, the best results will be obtained by focusing on species that are under pressure from fishing, or are 

reliant on such species for shelter or food, or have significantly higher densities within reserves. Unfortunately there is very 
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little such data available for Australian species (pers. comm. Jeff Leis, Australian Museum). Kaplan et al (2006) predict that 

the width of a single isolated reserve needs to be more than 1.1 times the dispersal distance of the species it aims to protect. 

Combining this estimate with estimates of neighbourhood size for different types of organism (Table 2) will give an indication 

of what types of organisms a proposed reserve or reserve network is likely to be successful in protecting. 

In comparison with terrestrial reserves, the prevalence of pelagic dispersal by marine organisms means that reserves for the 

marine environment need to be larger than their terrestrial equivalents (Carr et al, 2003).  The biophysical operating 

principles for the rezoning of the great Barrier Reef Marine Park stated that no highly protected areas should be less than 

20km across their smallest diameter (with the exception of some coastal and estuarine areas) (GBRMPA, 2001). Dispersal 

distances increase with distance from the equator and reserves in temperate waters will need to be larger than those for 

tropical waters (Laurel and Bradbury, 2006). 

Table 2: Adult and Larval neighbourhood sizes, reproduced from Palumbi (2004). 

 

Scale (km) 

 

Adult 

 

Larval 

 

>1000s 

 

Large migratory species 

 

Intermittent gene flow, many species 

 

100s -1000s Large pelagic fish Some fish 

 

10s – 100s Most benthic fish 

Smaller pelagic fish 

Most fish 

Most invertebrates 

 

1 – 10s Small benthic fish 

Many benthic invertebrates 

Algal spores 

Planktonic direct developers 

 

<1 Sessile species 

Species with highly specialized habitat 
needs 

Benthic direct developers 

Reserve Configuration 

Most identifiable physical features are relatively integral biological units with a high level of connectivity amongst their 

constituent habitats. Where practicable, a reserve should include the whole of the feature it aims to protect (i.e. reef, 

threatened species aggregation site, spawning site, upwelling zone, canyon, etc) (SPRP, 2006).  

In determining reserve boundaries it is also important to minimize edge effects and to maximise the ease of compliance and 

enforcement. Individual reserves should seek to minimize their boundary to area ratio and have easily identifiable boundaries. 
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Network Configuration 

Connectivity between individual reserves in a network is reliant on network configuration. The ideal configuration of 

reservations is dependent on the degree of adult and larval movement of the species it is designed to protect. Where this is 

known reserves should be spaced at intervals equivalent to the mean dispersal distance of the species they are trying to 

protect (Gerber et al, 2003; Kaplan, 2006). Where this is unknown, the developing consensus is to place reserves between 20 

and 200km apart, and to consider the question of optimal spacing as one of risk management. That is, a larger distance 

between reserves represents a greater risk that they will be unconnected, and if reserves are spaced too far apart they may be 

unable to prevent the fishing of a species to ecological extinction (Halpern et al, 2006; Gerber et al, 2003). This risk can be 

spread by having reserves spaced at a range of distances, so that regardless of its dispersal distance each species has an 

equitable chance of survival (Kaplan, 2006; Roberts et al, 2003). 

Where currents are stronger, larval movement is increased, and modelling shows that a number of smaller reserves will be 

more effective at ensuring adequate larval recruitment than a single reserve of the same size (Gaines et al, 2003). Reserve 

spacing and design also needs to reflect the different patterns of dispersal found in different habitats (Grantham et al, 2003). 

Configuration should lessen the likelihood that a single catastrophe, or series of catastrophes, can undermine the ability of the 

network to protect biodiversity. Where the likely size of the catastrophe is less than or equal to a species dispersal distance, 

there exists an optimum reserve spacing to avoid catastrophic impacts (Wagner et al, 2007).  

Replication 

Networks can be designed to hedge against uncertainty, whether related to unpredictable natural events (such as hurricanes or 

current oscillations) or accidental human impacts (such as oil spills), by ensuring that more than one example of each feature 

is protected, and ensuring that these sites are spatially separate. This is referred to as replication, a design criterion that is 

recommended as a precautionary strategy for resilient networks. Where replication is not possible, for example, because only 

one example of a habitat type exists, other design criteria such as size, shape, and level of protection may need to be 

reconsidered to guard against catastrophe (WCPA/IUCN, 2006). Replication is one of the key features for assessing the 

adequacy of a reserve system (SPRP, 2006). 

Network Size 

Network size is a product of what is necessary to satisfy all other criteria and should not be set a priori. 

Ecological Processes 

Ecosystem functioning is sustained by a wide range of ecological processes that link ecosystems. The maintenance of these 

processes is essential to ensure the viability of ecosystems within, and external to, MPA networks.  Ecosystem linkages can 

be defined as: “the flow, or prevention of flow, of materials from one system to another that allows, modifies, or modulates 

the functioning of a given marine and coastal area.” (Roberts et al, 2003a).  
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There are many types of ecological flows and processes to be considered when designing reserves. Trophic flows are 

particularly important as the health of an ecosystem is most closely linked to the performance of its food web. The 

incorporation of protection of ecological processes into MPA design assists to maximise the ecological integrity of MPAs and 

MPA networks, and minimises the risk of failing to include unknown functional relationships that may be important in 

maintaining on and off-reserve biodiversity.  

Recommendations For The WWF Systematic Conservation Planning Process: 

• Hedge against the uncertainty around targets by producing analytical results for a variety of base targets, e.g. 10%, 

20%, 30%, 40% and 50%. 

• Develop a framework for varying the base target according to a feature’s vulnerability, rareness, heterogeneity, 

sensitivity, resilience, naturalness, diversity, level of threat, historical extent, and global or regional significance. 

• Develop a framework for determining whether an MPA network contains replication. 

• Develop a database outlining the spatial extents of ecological processes that require protection within MPAs. 

Proposed Principle – Level of Reservation (Adequacy): Enough of each conservation feature 

needs to be included in the NRSMPA such as to provide ecological viability and integrity for the 

ecosystems, habitats, populations, communities, or species that are reliant upon it. 

Proposed Goal – Level of Reservation (Adequacy): Targets for protection will be set according to 

a feature’s vulnerability, rareness, heterogeneity, sensitivity, resilience, naturalness, diversity, level of 

threat, historical extent and global or regional significance. In general targets are expected to be between 

10 and 50%, but may range as high as 100% for particular features, such as turtle nesting beaches. 

Proposed Principle – Reserve Size and Configuration (Adequacy): Fewer, larger MPAs are 

more effective than many, smaller MPAs, due to (a) the minimisation of edge effects and the influence of 

'off-reserve' impacts, (b) the minimisation of the risk of failing to include unknown aspects of 

biodiversity, and (c) provision of more practical and feasible management arrangements. Each bioregion 

should include MPAs of a size and shape that are ecologically robust in terms of protecting what is 

known about the conservation values of the region. 

Proposed Goal – Reserve Size and Configuration (Adequacy): Reserves will be greater than 

20km across at their smallest diameter. Reserves should avoid dissecting conservation features, be 

compact and have easily identifiable boundaries.  

Proposed Principle – Network Configuration (Adequacy): Building ecological connectivity into 

MPA design assists to maximise the ecological integrity of MPAs and MPA networks and minimises the 

risk of failing to include unknown functional relationships that may be important in maintaining on and 
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off-reserve biodiversity.  Between and within bioregions, highly protected areas should be chosen to 

maintain the connectivity of habitats and species along known ecological gradients and boundaries, 

adopting a risk minimisation and precautionary approach. 

Proposed Goal – Network Configuration (Adequacy): MPAs will be established so as to 

maximise the connectivity between them. Reserves will be placed at the mean dispersal distance of the 

species for which connectivity is required, or, where this unknown, less than 200km apart. 

Proposed Principle – Replication (Adequacy): Achieving ecological robustness is likely to require 

‘replication’ of features within MPAs across the bioregion to provide insurance against human or natural 

impacts at single locations, and to sample gradients within bioregion-level conservation features. 

Proposed Goal – Replication (Adequacy): All conservation features should be replicated within the 

MPA network across their full geographic range (where possible at least three occurrences). 

Proposed Principle – Ecological Processes (Adequacy): The incorporation of protection of 

ecological processes into MPA design will assist to maximise the ecological integrity of MPAs and MPA 

networks, and minimise the risk of failing to include unknown functional relationships that may be 

important in maintaining 'on-and-off reserve' biodiversity. 

Proposed Goal – Ecological Processes (Adequacy): MPAs will be designed to provide protection 

for ecological processes that sustain ecosystem function.  

Representativeness 

The Guidelines for Establishing the National Representative System of Marine Protected Areas defines representativeness in 

the following way: “Those marine areas that are selected for inclusion in MPAs should reasonably reflect the biotic diversity 

of the marine ecosystems from which they derive.” 

In interpreting the CAR principles for NRSMPA, TFMPA (1999) state that in order to design a representative reserve system 

it is essential to: “Include examples of the variety of marine biodiversity at all levels within ecosystems…” 

While, for many areas, the variety of marine biodiversity is somewhat unknown, we do know that, in general, areas of the 

same ecosystem or habitat are often quite different from each other, usually in ways that are either unknown or too expensive 

to discover. Representativeness recognises that this heterogeneity is inherent in most ecological systems, and is concerned 

with finding ways to ensure that the areas that are included in the NRSMPA are a good sample of the full ecological range. 

There are a variety of factors to be considered when addressing representativeness, these include; physical variables, reserve 

size, proportionality, and the inclusion of areas that are unique, special, or important for rare or threatened species.  
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Approximating Heterogeneity Using Physical Variables 

The JANIS (1997) criteria for establishing a CAR reserve system for Australia’s forests provides a conceptual framework for 

resolving the question of representativeness in the face of unknown biological heterogeneity by using physical variables as a 

surrogate for biological variability: 

“To ensure representativeness, the reserve system should, as far as possible, sample the full range of biological 

variation within each forest ecosystem, by sampling the range of environmental variation typical of its geographic 

range… 

…ecosystems are often distributed across a variety of physical environments, and their species composition can vary 

along environmental gradients and between the microenvironments within the ecosystem. This approach will 

maximise the likelihood that the samples included in the reserve system will protect the full range of genetic 

variability and successional stages associated with each species, and particularly those species with restricted or 

disjunct distributions.” 

Reserve Size 

Larger areas are more likely to capture unknown elements of biological variation than areas designed exclusively around 

known features. Studies suggest that the species-area relationship in the marine environment is described by a power function 

with a relatively low exponent, indicating that very large areas need to be protected in order to adequately represent 

biodiversity (Neigel, 2003).  

Proportionality 

The scientific peer review panel has, as its starting point for the assessment of representativeness, stated that ecosystems and 

habitats be represented in the reserve system in proportion to the levels at which they occur within the bioregion (SPRP, 

2006). 

Atypical Areas 

An alternative approach to representativeness is to focus on the protection of rare or threatened ecological communities, 

populations and species and/or atypical areas such as feeding, spawning, or breeding aggregation sites (TFMPA, 1999). This 

is recognition that these places are particularly distinctive or important, without the inclusion of which, representativeness 

cannot be achieved. 

Distinctive areas may be places where important oceanographic processes or unique geomorphic features (physically 

distinctive areas) occur, or they may be areas known to be important for growth, reproduction, or survival of focal species, 

groups of species, or species at risk (biologically distinctive areas) (Roff and Evans 2002). Goals and objectives for 

conservation of distinctive areas will be specific to the planning area in question, but may address the following: 
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• Rare, endangered, or threatened species and their critical habitats. 

• Migratory species and their habitats, and sites of importance. 

• Important areas for fishery and aquatic resources and their habitats, such as spawning sites or rare habitats. 

• Other focal species that may be chosen for protection. 

• Areas of high biological diversity or productivity. 

• Particularly sensitive habitats requiring protection from physical disturbance. 

• Unusual or distinctive geomorphic features which may also provide unique habitat types. 

Recommendations For The WWF Systematic Conservation Planning Process: 

• Develop habitat models for communities/species/populations of concern. 

• Identify and map distinctive, unique, or ecologically significant areas. 

Proposed Principle – Heterogeneity (Representativeness): Marine environments have a tendency towards 

heterogeneity at all scales, and usually vary to an extent greater than is currently able to be mapped. Sampling the full 

range of physical environmental variation and the creation of larger reserves will more likely lead to the full range of 

biological variation being included within the NRSMPA. 

Proposed Goal – Heterogeneity (Representativeness): The MPA network should include the full range of 

environmental variation that occurs across a feature. 

Proposed Principle – Proportionality (Representativeness): MPA networks are most often placed 

over areas of known high biodiversity and/or areas that are unwanted for exploitation. The full range of 

diversity within each habitat is more likely to be represented if ecosystems and habitats are represented in 

proportion to the levels at which they occur within the bioregion.  

Proposed Goal – Proportionality (Representativeness): Ecosystems and habitats should be 

represented in proportion to the levels at which they occur in the bioregion.  

Proposed Principle – Unique or Special Areas (Representativeness): Representativeness cannot 

be achieved without including those places that are particularly distinctive or important. Unique and special 

areas include areas where important oceanographic processes or unique geomorphic features occur, or areas 

that may be known to be important for growth, reproduction or survival of a focal species, groups of species 

or species at risk. 
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Proposed Goal – Unique or Special Areas (Representativeness): Unique or special areas, such as 

known spawning, nursery, or breeding grounds, or places where unique physical or oceanographic features 

occur, will be included within the MPA network. 

Proposed Principle – Rare or Threatened Species, Populations, or Communities 

(Representativeness): Species, populations, or communities that are in decline or under threat require 

particular conservation strategies to ensure their survival. 

Proposed Goal – Rare or Threatened Species, Populations, or Communities 

(Representativeness): For each bioregion the extent/habitat of rare, threatened and endangered 

communities and species should be mapped and appropriately represented within the MPA network. 

Highly Protected Areas 

Many of the benefits of marine protected areas can only be provided by highly protected areas (IUCN categories I and II, 

Table 3) (Secretariat of the Convention on Biological Diversity, 2004). Reserve type is an essential component of adequacy, 

as a reserve may have excellent design but if it does not mitigate threatening processes then it will not be adequate.  

Table 3: IUCN Reserve Categories. 

IUCN 
Category 

Name Description 

IA Strict nature reserve Managed mainly for science 

IB Wilderness area Large area managed for wilderness protection 

II National park Area managed for conservation and recreation 

III Natural monument Area managed for conservation of specific natural features 

IV Habitat/species 
management area 

Area managed mainly for conservation through management intervention 

V Protected seascape Area managed to maintain the traditional interaction between people and 
nature. 

VI Managed resource 
protected area 

Area managed mainly for the sustainable use of natural ecosystems 

 

The Guidelines are typical of marine protected area policies in Australia in that they have their foundation in the science 

around the design of highly protected area networks, but allow the designation of a range of IUCN categories in order to 

satisfy most of the criteria. This has led to the majority of Australia’s MPAs being designated as IUCN category VI. These 

areas are often subjected to significant use by commercial fishing and/or mining interests, which will affect the degree to 

which they represent effective protection for marine biodiversity. 

The Guidelines state that: “The NRSMPA will aim to include some highly protected areas (IUCN Categories I and II) in each 

bioregion.”  
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This is a departure from the scientific literature which centres on the design and implementation of highly protected areas. 

The provision for levels of protection below those commonly referred to as entirely ‘no-take’ is of concern, particularly 

where an area has been selected for protection based on various surrogates for biodiversity (e.g. mapping of ecosystems, 

habitats, or physical features). These surrogates are designed to represent largely unknown patterns in biodiversity.  The only 

way to be certain that this unknown biodiversity is not adversely impacted by exploitative activities is for the area to be 

highly protected. There is a very large body of literature on the ability of highly protected areas to play a key role in the 

protection of biodiversity. There is considerably less literature on areas that are not highly protected. For example, in the 

monitoring program for the Great Barrier Reef Marine Park, one of the world’s preeminent sites for the study of marine 

conservation, highly protected areas are compared to areas of IUCN VI but neither zone is compared to sites outside the Great 

Barrier Reef Marine Park.  

Avoiding the problem of shifting baselines is one of the key roles for highly protected areas. The ability to monitor and assess 

the performance and adequacy of the network of MPAs across each bioregion, and the MPA network as a whole, will rely on 

the maintenance of appropriate reference areas in the most undisturbed condition possible (IUCN IA). 

Recommendations For The WWF Systematic Conservation Planning Process: 

Proposed Principle – Reserve Type (Highly Protected Areas): A reserve that is otherwise 

perfectly designed will fail to protect biodiversity if its reserve type is incapable of mitigating the 

processes that threaten the biodiversity it is designed to protect. 

Proposed Goal – Reserve Type (Highly Protected Areas): MPAs will be of IUCN category I or 

II, except where a higher IUCN category is considered to be adequate for the conservation features that 

the MPA is intended to protect. 

Proposed Principle – Scientific Reference Sites (Highly Protected Areas): The ability to 

monitor and assess the performance and adequacy of the network of MPAs across each bioregion, and the 

MPA network as a whole, will rely on the maintenance of appropriate reference areas in the most 

undisturbed condition possible (IUCN IA). 

Proposed Goal – Scientific Reference Sites (Highly Protected Areas): The NRSMPA will 

include samples of each conservation feature within highly protected areas in order to be able to monitor 

MPA performance. Sites dedicated as scientific reference sites should maximise the potential or existing 

values for scientific research or monitoring.  

Precautionary Principle 

The Australian government defines the precautionary principle in the following way: “If there are threats of serious or 

irreversible environmental damage, lack of full scientific certainty should not be used as a reason for postponing measures to 
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prevent environmental degradation.” (http://www.environment.gov.au/about/publications/annual-report/04-05/managing-

impacts.html) 

Knowledge of the marine environment is characterized by a large degree of uncertainty. For many areas there is little 

geophysical data other than depth and derived geomorphic characteristics, and even for areas where there is a comparative 

wealth of geophysical data, usually few biological datasets exist or are available. Almost all of the available datasets 

represent surrogates for biodiversity and probably only address larger scale patterns. This introduces a higher degree of 

uncertainty about the optimal location of protected areas.  

While it is imperative to make decisions based on the best available data, where there is an environment of data paucity, a 

large element of uncertainty is introduced to the decision making process. Even if the proposed reserve system satisfies all the 

criteria, it will not be possible to be certain that the reserve system will be capable of achieving its goals. Indeed it is probably 

true to say that in this regard certainty cannot be achieved, only approached. 

However, existing reserves show that even very poorly designed or opportunistically placed reserves may still have a 

significant positive effect (Roberts, 2000). It is true to say that the more information that can be brought to the design process, 

the greater the chance that the reserve network will be able to achieve its goals. Sala et al (2002) found that a random 

selection of reserves would have only a 7% chance of meeting conservation targets compared to the optimal reserve 

placement of the same area, with key features such as spawning aggregations and nurseries likely to be poorly protected. If 

data is minimal, or of poor quality, the resulting reserve system becomes closer to a random selection. 

Alternatively, if individuals and organizations who are engaged in exploitation of marine resources are successful in having 

large areas excluded from consideration, the resultant reserve system is likely to perform even more poorly than a random 

placement. 

In regards to the precautionary principle the scientific peer review panel (2006) states:  

“…while there may be only scant or very uncertain information about the ecological features in an area, this should not 

be used to justify the delay or obstruction of MPA selection, or as justification for ‘minimising’ the size or number of 

MPAs. For biodiversity conservation objectives it will be prudent to err in the direction of larger rather than smaller 

MPAs where ecological information is scarce.” (SPRP, 2006) 

Recommendations For The WWF Systematic Conservation Planning Process: 

Proposed Principle – Knowledge Gaps (Precautionary Principle): While there may be only scant 

or uncertain information about the ecological features of an area, this should not be used to justify the delay 

or obstruction of MPA selection, or as justification for ‘minimising’ the size or number of MPAs. For 

biodiversity conservation objectives it will be prudent to err in the direction of larger rather than smaller 

MPAs where ecological information is scarce. 
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Proposed Goal – Knowledge Gaps (Precautionary Principle): MPAs should be larger in areas 

where information is scarce. 

Draft 1 - Proposed Biophysical Operating Principles For WWF’s 
Systematic Conservation Planning Process 
Table 4: Proposed biophysical operating principles for Australian marine protected area planning. 

Principle Criteria Guidelines 

Regional planning Bioregional 
framework 

Principle: Bioregions (shelf) and provincial bioregions (non-shelf) form the 
basic planning units for the establishment of the NRSMPA. 

Goal: A network of marine protected areas will be created for each 
bioregion (shelf) and provincial bioregion (non-shelf). 

Comprehensiveness Inclusion Principle: The NRSMPA needs to include, within highly protected areas, 
the full range of biological diversity, recognised at an appropriate scale 
(i.e. ecosystem, habitat, community, population, species and genetic 
diversity) within and across each bioregion. 

Goal: The highly protected area network for each bioregion (shelf) and 
provincial bioregion (non-shelf) will include the full range of biological 
diversity (i.e. ecosystems, habitats, communities, populations, species and 
genetic diversity) identified for the bioregion. 

Level of reservation Principle: Enough of each conservation feature needs to be included in 
the NRSMPA such as to provide ecological viability and integrity for the 
ecosystems, habitats, populations, communities, or species that are reliant 
upon it. 

Goal: Targets for protection will be set according to a feature’s 
vulnerability, rareness, heterogeneity, sensitivity, resilience, naturalness, 
diversity, level of threat, historical extent and global or regional 
significance. In general, targets are expected to be between 10 and 50%, 
but may range as high as 100% for particular features, such as turtle 
nesting beaches. 

Adequacy 

Reserve size and 
configuration 

Principle: Fewer, larger MPAs are more effective than many, smaller 
MPAs, due to (a) the minimisation of edge effects and the influence of 'off-
reserve' impacts, (b) the minimisation of the risk of failing to include 
unknown aspects of biodiversity, and (c) provision of more practical and 
feasible management arrangements. Each bioregion should include MPAs 
of a size and shape that are ecologically robust in terms of protecting what 
is known about the conservation values of the region.  

Goal: Reserves will be greater than 20km across at their smallest 
diameter. Reserves should avoid dissecting conservation features, be 
compact and have easily identifiable boundaries. 
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Network 
configuration 

Principle: Building ecological connectivity into MPA design assists in 
maximising the ecological integrity of MPAs and MPA networks, and 
minimises the risk of failing to include unknown functional relationships 
that may be important in maintaining on and off-reserve biodiversity.  
Between and within bioregions, highly protected areas should be chosen 
to maintain the connectivity of habitats and species along known 
ecological gradients and boundaries, adopting a risk minimisation and 
precautionary approach. 

Goal: MPAs will be established so as to maximise the connectivity 
between them. MPAs will be placed at the mean dispersal distance of the 
species for which connectivity is required, or, where this is unknown, less 
than 200km apart. 

Replication Principle: Achieving ecological robustness is likely to require ‘replication’ 
of features within MPAs across the bioregion to provide insurance against 
human or natural impacts at single locations, and to sample gradients 
within bioregion-level conservation features.  

Goal: All conservation features should be replicated within the MPA 
network across their full geographic range (where possible at least three 
occurrences). 

Ecological 
processes 

Principle: The incorporation of protection of ecological processes into 
MPA design will assist to maximise the ecological integrity of MPAs and 
MPA networks, and minimise the risk of failing to include unknown 
functional relationships that may be important in maintaining on and off-
reserve biodiversity.  

Goal: MPAs will be designed to provide protection for ecological 
processes that sustain ecosystem function.  

Heterogeneity Principle: Marine environments have a tendency towards heterogeneity 
at all scales, and usually vary to an extent greater than is currently able to 
be mapped. Sampling the full range of physical environmental variation 
and the creation of larger reserves will more likely lead to the full range of 
biological variation being included within the NRSMPA.  

Goal: The MPA network should include the full range of environmental 
variation that occurs across a feature. 

Proportionality Principle: MPA networks are most often placed over areas of known high 
biodiversity and/or areas that are unwanted for resource exploitation. The 
full range of diversity within each habitat is more likely to be represented if 
ecosystems and habitats are represented in proportion to the levels at 
which they occur within the bioregion. 

Goal: Ecosystems and habitats should be represented in proportion to the 
levels at which they occur in the bioregion.  

Representativeness 

Unique or special 
areas 

Principle: Representativeness cannot be achieved without including 
those places that are particularly distinctive or important. Unique and 
special areas include areas where important oceanographic processes or 
unique geomorphic features occur, or areas that may be known to be 
important for growth, reproduction or survival of a focal species, groups of 
species or species at risk.  

Goal: Unique or special areas, such as known spawning, nursery, or 
breeding grounds, or where unique physical or oceanographic features 
occur, will be included within the MPA network. 



 

Page - 24/63 

Rare or threatened 
species, 
populations, or 
communities 

Principle: Species, populations, or communities that are in decline or 
under threat require particular conservation strategies to ensure their 
survival.  

Goal: For each bioregion the extent/habitat of rare, threatened and 
endangered communities and species should be mapped and 
appropriately represented within the MPA network. 

Reserve Type Principle: A reserve that is otherwise perfectly designed will fail to protect 
biodiversity if its reserve type is incapable of mitigating the processes that 
threaten the biodiversity it is designed to protect. 

Goal: MPAs will be of IUCN category I or II except where a higher IUCN 
category is considered to be adequate for the conservation features that 
the MPA is intended to protect. 

Highly Protected 
Areas 

Scientific 
Reference Sites 

 

Principle: The ability to monitor and assess the performance and 
adequacy of the network of MPAs across each bioregion, and the MPA 
network as a whole, will rely on the maintenance of appropriate reference 
areas in the most undisturbed condition possible (IUCN IA).  

Goal:  The NRSMPA will include samples of each conservation feature 
within highly protected areas in order to be able to monitor MPA 
performance. Sites dedicated as scientific reference sites should 
maximise the potential or existing values for scientific research or 
monitoring.  

Precautionary 
Principle 

Knowledge Gaps Principle: While there may be only scant or uncertain information about 
the ecological features of an area, this should not be used to justify the 
delay or obstruction of MPA selection, or as justification for ‘minimising’ 
the size or number of MPAs. For biodiversity conservation objectives it will 
be prudent to err in the direction of larger rather than smaller MPAs where 
ecological information is scarce. 

Goal: MPAs should be larger in areas where information is scarce. 
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Developing GIS Datasets For Marine Ecosystems Across The 
Australian EEZ 

Abstract 

The development of Australia’s national marine reserve network requires the production of a national marine ecosystems 

dataset. In order to test a ‘proof of concept’ that a systematic conservation planning approach can be conducted for the 

commonwealth marine area, this project undertook to construct national benthic, pelagic, and estuarine ecosystems datasets 

by populating hierarchical frameworks with publicly available datasets and easily derived syntheses and classifications. 

Introduction 

Identifying the different types of marine ecosystems or habitats and their locations is an important step to ensuring their 

conservation. The establishment of networks of marine reserves that contain representative samples of all marine ecosystems 

is one of the major goals of marine biodiversity conservation (Secretariat of the Convention on Biological Diversity, 2004; 

Blundell, 2004). The absence of appropriate ecosystem mapping removes one of the fundamental prerequisites for the 

determination of the location and size of marine reserves and makes it difficult to identify representative or distinctive 

habitats and assess their conservation status (Roff and Taylor, 2000). This report describes the results of an exercise to 

develop a national marine ecosystems dataset for Australia.  

The first step towards mapping marine ecosystems and habitats is to establish a framework for identification. The convention 

on biological diversity defines ecosystems as: “a dynamic complex of plant, animal and micro-organism communities and 

their non-living environment interacting as a functional unit.”  

Habitats are defined as: “the place or type of site where an organism or population naturally occurs.” (UNEP, 1992).  

Identification of ecosystems and habitats relies on an understanding of biological features and species and their relationship 

with physical features and processes. Physical features tend to control the distribution of organisms at larger scales, while at 

smaller scales biological relationships may become dominant (Roff and Taylor, 2000). Expressing the multi-scale nature of 

the function and structure of marine ecological processes requires a hierarchical approach to the identification of marine 

ecosystems (NOO, 2002; CMR and DEP, 2002).  

A hierarchical framework for the identification of Australian marine ecosystems and habitats was developed in 2002 by 

CSIRO Marine Research (CMR and DEP, 2002). The classification contains seven levels, from provinces to micro-

communities. Although the framework was published in 2002, a national marine ecosystems dataset is yet to be developed.  
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The production of a national ecosystems dataset was a key action of the Strategic Plan of Action for the National 

Representative System of Marine Protected Areas (ANZECC TFMPA, 1999). The deadline for substantial progress on the 

completion of this dataset was the end of 2001.  

The policy framework for the creation of the NRSMPA was initially set out in the Guidelines for establishing the National 

Representative System of Marine Protected Areas (the Guidelines) (ANZECC TFMPA, 1998). The Guidelines set out the 

primary goal of the NRSMPA as follows: 

“The primary goal of the NRSMPA is to establish and manage a comprehensive, adequate and representative system of 

MPAs to contribute to the long-term ecological viability of marine and estuarine systems, to maintain ecological 

processes and systems, and to protect Australia’s biological diversity at all levels.” 

The concepts of comprehensiveness, adequacy, and representativeness (CAR) are central to the policy framework adopted in 

the guidelines. These concepts provide benchmarks and criteria by which additions to, and gaps in, the NRSMPA can be 

evaluated. The Guidelines defined comprehensiveness specifically in relation to marine ecosystems: “The NRSMPA will 

include the full range of ecosystems recognised at an appropriate scale within and across each bioregion.” 

In 1999 the commonwealth’s Task Force on Marine Protected Areas (TFMPA) produced a report to define, in greater detail, 

the application of the CAR criteria to the marine realm. In the section on understanding and applying comprehensiveness the 

report focuses on the need to: “define and map the type, extent and location of marine ecosystems, habitats and communites”  

In the absence of a national marine ecosystems dataset it will be almost impossible to determine whether a reserve network is, 

or is not, comprehensive. 

In 2006, the Scientific Peer Review Panel (SPRP) for the NRSMPA revisited the CAR criteria and revised the assessment of 

comprehensiveness to the: “best available biophysical information and surrogates”.  

A subsequent revision of the goals and principles of the marine bioregional planning process removed reference to 

comprehensiveness, adequacy or representativeness as explicit goals or targets (CoA, 2007).  

It is important to note that both comprehensiveness and representativeness are included in the Biodiversity Convention target 

1.1, against which all parties are required to report their progress in delivery of national systems of protected areas, including 

marine protected areas.  The production of a national ecosystems dataset therefore remains to be important for reporting 

progress to the Biodiversity Convention, and in allowing a critical evaluation of the performance of proposed MPA networks 

against CAR criteria.  

A national ecosystems dataset is therefore still critical to enable the scientific and conservation community to assess the 

commonwealth’s proposals against CAR criteria. 

The release of datasets informing the national marine bioregionalisation process in 2005 means that it is now possible to use 

publicly available datasets to construct a national marine ecosystems dataset using a hierarchical framework, for most of 

Australia’s marine domain (Figure 3). 
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Figure 3: The study area: Australia’s marine domain, excluding Heard and McDonald Islands. 

Methods 

Common geographical information system (GIS) and remote sensing techniques were used with existing publicly available 

datasets to construct a national marine ecosystems dataset using a hierarchical framework.  

Hierarchical Frameworks 

The hierarchical frameworks are loosely based on the benthic ecosystem/habitat mapping framework developed by the 

CSIRO (CMR and DEP, 2002).  
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Figure 4: Hierarchical classifications for the development of a national marine ecosystems dataset 

Benthic Marine Domain 

Level 1 – Provinces1 

Provinces are the top level of the hierarchy and reflect broad trends in evolutionary biogeography deduced from the presence 

of regions of endemism. Australia’s marine provinces were mapped in two stages, with a different process for shelf and non-
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shelf areas. The shelf mapping was completed in 1998 (IMCRA, 1998), with non-shelf areas following in 2005 (Lyne and 

Hayes, 2005; Heap et al, 2005).  

Level 2 – Bioregions1 

Bioregions describe the meso-scale sub-structure of ecosystem change within provinces. Bioregions have so far only been 

described for Australia’s shelf provinces (IMCRA, 1998). 

Level 3 – Biomes 

Biomes describe the large bathymetric units of the abyssal plain/deep ocean floor, continental rise, continental shelf and 

continental slope. 

Level 4 - Geomorphic Units 

Geomorphic unit mapping aims to identify large physical features like seamounts, canyons, sand banks, etc. which typically 

contain distinct biotas. Mapping of geomorphic features by Harris et al (2005) provides coverage for the entire EEZ of 21 

geomorphic features. 

The geomorphic features mapped by Harris et al (2005) contain significant within feature variation. In 2005, Rowden et al, in 

their classification of New Zealand seamounts concluded that depth at base, depth at top, elevation and distance from the 

shelf were the most significant physical factors driving between seamount differences. A cluster analysis using depth at base, 

depth at top, elevation and size were used to sub-classify seamounts/guyots, pinnacles, knolls/abyssal 

hills/hills/mountains/peaks, ridges and deeps/holes/valleys. A separate sub-classification was developed for each feature type 

within each biome. Canyons were sub-classified by size, whether or not they commence on the shelf, whether or not they are 

branched, and whether or not they are associated with a terrestrial drainage network (Hayes et al, 2005). Sub classifications 

were not developed for the remaining geomorphic features, either because they were relatively rare, no obvious or easily 

applied sub-classification could be developed, or within feature, rather than between feature, variations are likely to be more 

important (e.g. very large features like plateaus, continental shelf, slope, or rise, or abyssal plain). 

                                                 
1 The provinces and bioregions used in this project are based on, but are not identical to those in IMCRA 4.0. For more information see the brief report on 

WWF’s development of a bioregionalisation for conservation planning. 
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Table 5: Geomorphic features mapped by Harris et al (2005). 

No. Name Definition 

1 Shelf Zone adjacent to a continent (or around an island) and extending from the low water line to a depth at 
which there is usually a marked increase of slope towards oceanic depths. 

2 Slope Slope seaward from the shelf edge to the upper edge of a continental rise or the point where there is a 
general reduction in slope. 

3 Rise Gentle slope rising from the oceanic depths towards the foot of a continental slope. 

4 Abyssal 
Plain Extensive, flat, gently sloping or nearly level region at abyssal depths. 

5 
Bank 

Shoal 

Elevation over which the depth of water is relatively shallow but normally sufficient for safe surface 
navigation.  

Offshore hazard to surface navigation that is composed of unconsolidated material. 

6 

Deep 

Hole 

Valley 

In oceanography, an obsolete term which was generally restricted to depths greater than 6,000 m.  

Local depression, often steep sided, of the sea floor.  

Relatively shallow, wide depression, the bottom of which usually has a continuous gradient. This term is 
generally not used for features that have canyon-like characteristics for a significant portion of their 
extent. 

7 
Trench 

Trough 

Long narrow, characteristically very deep and  asymmetrical depression of the sea floor, with relatively 
steep sides.  

Long depression of the sea floor characteristically flat bottomed and steep sided and normally 
shallower than a trench. 

8 Basin Depression, characteristically in the deep sea floor, more or less equidimensional in plan and of 
variable extent. 

9 Reef Rock lying at or near the sea surface that may constitute a hazard to surface navigation. 

10 Canyon A relatively narrow, deep depression with steep sides, the bottom of which generally has a continuous 
slope, developed characteristically on some continental slopes. 

11 

Knoll 

Abyssal 
Hills 

 

Hill 

 

Mountain 

Peak 

Relatively small isolated elevation of a rounded shape.  

 

Tract, on occasion extensive, of low (100-500 m) elevations on the deep sea floor 

 

Small isolated elevation.  

 

Large and complex grouping of ridges and seamounts.  

Prominent elevation either pointed or of a very limited extent across the summit. 

12 Ridge (a) Long, narrow elevation with steep sides. (b) Long, narrow elevation often separating ocean basins. 
(c) Linked major mid-oceanic mountain systems of global extent. 

13 
Seamount 

Guyot 

Large isolated elevation, greater than 1000 m in relief above the sea floor, characteristically of conical 
form.  

Seamount having a comparatively smooth flat top. 

14 Pinnacle High tower or spire-shaped pillar of rock or coral, alone or cresting a summit. It may extend above the 
surface of the water. It may or may not be a hazard to surface navigation. 
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No. Name Definition 

15 Plateau Flat or nearly flat area of considerable extent, dropping off abruptly on one or more sides. 

16 Saddle 
Broad pass, resembling in shape a riding saddle, in a ridge or between contiguous  

seamounts. 

17 
Apron 

Fan 

Gently dipping featureless surface, underlain primarily by  sediment, at the base of any steeper slope.  

Relatively smooth, fan-like, depositional feature normally sloping away from the outer termination of a 
canyon or canyon system. 

18 Escarpment Elongated and comparatively steep slope separating or gently sloping areas. 

19 Sill Sea floor barrier of relatively shallow depth restricting water movement between basins. 

20 Terrace Relatively flat horizontal or gently inclined surface, sometimes long and narrow, which is bounded by a 
steeper ascending slope on one side and by a steeper descending slope on the opposite side. 

21 
Sandwave 

Sandbank 

Wave-like bed form made of sand on the sea floor.  

Submerged bank of sand in a sea or river that may be exposed at low tide. 

 

Level 5 – Sub-Biomes 

The sub-biomes reflect the changes in the distribution of organisms relating to depth. The shelf contains at least three sub-

biomes with distinct collections of organisms occurring in the coastal zone and the mid and outer shelf (CMR and DEP, 2002; 

Ward and Blaber, 1994; Last et al, 2005). Work on demersal fish on the Australian continental slope has identified four 

biomes (Table 6) (Last et al, 2005). Work on the mid-Atlantic ridge has identified similar biomes operating on the deeper 

parts of the slope, and in the absence of Australian data these sub-biomes have been assumed to occur here also (King et al, 

2006). No studies were found on depth zonation below 3,500m, with likely sub-biomes below this depth being determined 

statistically (Table 6). 
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Table 6: Australian sub-biomes. 

Sub-biome Approx. depth range (m) Source 

Coastal 0-30 CMR and DEP, 2002; Ward and Blaber, 1994 

Mid shelf 30-110 Ward and Blaber, 1994; Last et al, 2005 

Outer shelf 110-200 

Shelf break 200-275 

Upper slope 275-500 

Upper slope transition 500-630 

Upper mid slope 630-775 

Upper mid slope transition 775-870 

Mid slope 870-1100 

Last et al, 2005 

Mid slope transition 1100-1570 

Lower slope 1570-2355 

Deep bathyal 2355-2870 

Upper abyssal plain 2870-3420 

King et al, 2006 

Upper mid abyssal plain 3420-3990 

Mid abyssal plain 3990-4545 

Lower abyssal plain 4545-5150 

Hadal 5150-7386 

Unsupervised classification 

Level 6 – Primary Biotypes 

Primary biotypes recognise the different biotas associated with soft, hard and mixed sediment types under different 

hydrological conditions. An Australian sediment character dataset is currently being compiled but the first outputs are yet to 

be released. The hydrological conditions of the shelf, as they relate to disturbance of the sea floor, were classified into six 

categories based on magnitude and frequency of disturbance in 2006 (Hemer, 2006). No equivalent dataset exists for off shelf 

areas. 

Level 7 – Secondary Biotypes 

Secondary biotypes aim to identify substructural elements of the primary biotypes based on the biological, or physical 

characteristics of the substrate, e.g. calcareous, igneous, sands, muds, gravels, presence/absence of seagrass, sponges, 

macrophytes, etc. 

In 2007 Geoscience Australia (GA) produced a new biophysical surrogate called seascapes. The seascapes surrogate was 

developed using unsupervised classification of some synoptic physical datasets for four of Australia’s broad marine planning 

regions (Table 7). Seascapes are a non-hierarchical classification that is based on statistically significant differences in the 
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source datasets. This approach assumes that areas that are significantly different to each other physically will support 

different biotas. 

The seascapes analysis mostly includes datasets compatible with a classification of secondary biotypes (Table 7). The 

exceptions are; bathymetry, which is the basis of the sub-biome classification, and seabed disturbance, which is used at the 

level of primary biotypes. As such, the use of seascapes as the classification for secondary biotypes would undermine the 

hierarchy of the classification. 

Two other issues emerge with the inclusion of bathymetry and seabed disturbance in the seascapes analysis: i) whether, 

considering our knowledge of the biological relationships associated with depth, a supervised classification would more 

accurately depict those relationships than one based purely on statistics, and ii) whether frequency as well as magnitude of 

seabed disturbance is important? This project has used the seascapes methodology (see Whiteway, 2007) to produce a 

secondary biotypes dataset based on similar datasets (but excluding depth and disturbance) (Table 8). The secondary biotype 

analysis was undertaken for each large geomorphic feature type in each bioregion within the commonwealth’s south west 

planning region. 

Table 7: Datasets used in the Geoscience Australia Seascapes analysis. 

North West and East South West Gulf of Carpentaria 

bathymetry 

% carbonate 

% gravel 

% mud 

log sea floor temperature 

log slope 

log primary production 

log effective disturbance 

bathymetry 

sea floor temperature 

log slope 

log primary production 

log effective disturbance 

bathymetry 

% gravel 

% mud 

mean grain size 

sea floor temperature 

log slope 

primary production 

log effective disturbance 
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Table 8: Datasets used for the development of secondary biotypes 

Dataset Extent Source / derived from: 

Slope EEZ Bathymetry [Webster and Petkovic (2005)] 

Complexity EEZ Andron (2002) / Bathymetry [Webster and Petkovic (2005)] 

Primary productivity EEZ* Hayes et al (2005) / MODIS imagery 

% carbonate 

% mud 

% gravel 

% sand 

Mean grain size�

Parts of the 
shelf and upper 
slope 

Passlow et al (2005) / Geoscience Australia MARS database 

Sea floor temperature 

Sea floor oxygen  

Sea floor nitrate 

Sea floor silicate 

Sea floor phosphate 

Sea floor salinity�

Shelf and upper 
slope Hayes et al (2005) / CSIRO Atlas of Regional Seas. 

*Does not cover the southern half of the area surrounding Macquarie Island. 

Pelagic Marine Domain 

Level 1 – Oceans 

Oceans are characterised by oceanographic features occurring at a global scale. Three oceans intersect with the Australian 

EEZ, the Pacific, Southern and Indian Oceans. 

Level 2 - Seas 

The seasonal cycle of physical, chemical and biological properties of the ocean can be used to describe broad regions of 

similarity. A regionalisation of this nature has been produced for the mixed layer of the Australian EEZ (Condie and Dunn, 

2006). This regionalisation has been used as a seas classification for the epi-pelagic biome. Equivalent datasets for the other 

biomes do not appear to exist at present. 

Level 3 - Waterbody Presence 

As part of the national pelagic regionalisation, 25 large waterbodies were identified using seasonal maps of temperature, 

salinity, dissolved oxygen, nitrate, phosphate and silicate, across 56 depth intervals (Lyne and Hayes, 2005). Waterbody 

presence records the presence or absence of these 25 waterbodies across the depth intervals that intersect with the biome 

being considered. 
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Level 4 - Waterbody Structure  

Waterbody structure has not been included at this stage. It should be possible, by observing the number of changes in 

waterbody structure over a particular neighbourhood size, to identify regions of homogeneity and heterogeneousness (i.e. 

mixing zones between major systems). 

Level 5 - Energy 

As part of the national pelagic regionalisation, a dataset was developed to describe the energetics of the ocean. Regions of 

higher energetics can be expected to be more productive and support a broader diversity of flora and fauna (Lyne and Hayes, 

2005). This dataset was divided into areas of low, medium, high and very high energetics using an unsupervised 

classification. 

Estuarine Marine Domain  

Level 1 – Province 

As for the benthic domain. 

Level 2 – Bioregion 

As for the benthic domain. 

Level 3 - Estuary Type 

Ecological patterns within estuaries are dominated by salinity, with substrate and vegetation also important factors (Hodgkin, 

1994). The type of connection an estuary has with the ocean is a major determinant of its salinity regime and this is a primary 

driver of estuary type. The national water resources audit recorded four estuary types: river dominated, tide dominated, wave 

dominated, and other. 

Level 4 - Estuary Sub-Type 

The national water resources audit also recorded various estuary subtypes: strandplains, tidal flats/creeks, tide dominated 

deltas, tide dominated estuaries, wave dominated deltas, wave dominated estuaries, and other. 

Level 5 - Salinity  

Salinity is the primary driver of within estuary patterns of biodiversity. Unfortunately data on within estuary salinity is not 

available for the majority of Australian estuaries. 
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Level 6 - Substrate 

The oz estuaries project mapped geomorphic features and estuary vegetation within Australian estuaries. Each part of the 

estuary was mapped as either: barrier / back barrier, bedrock, central basin, channel, coral, flood and ebb tide delta, fluvial 

(bay-head) delta, intertidal flats, mangrove, rocky reef, saltmarsh / saltflat, tidal sand banks, or unassigned 

Results 

The results are currently available as a series of GIS datasets which can be obtained from WWF. 

Benthic Ecosystems 

Geomorphic Feature Subclasses 

Table 9: Benthic geomorphic feature subclasses 

Geomorphic feature Biome Class 
Number of 
features Description 

1 10 Mid depth, mid height & smaller 

2 4 Mid depth, taller & smaller 

3 9 Mid depth, mid height & mid sized 

4 7 Mid depth, taller & larger 

5 36 Mid depth & shorter 

6 3 Mid depth, much taller, & larger 

7 18 Deeper, taller & larger 

8 7 Deeper, shorter & smaller 

9 5 Much deeper, shorter & smaller 

10 1 Very large mountain range (Diamantina Fracture Zone) 

11 2 Much shallower (guyot peaks) 

abyssal 
plains/deep 
ocean floor 

12 4 Much shallower & shorter (guyot peaks) 

1 2 Deeper, taller & mid sized 

2 50 Deeper, shorter & smaller 

3 4 Shallower, shorter & smaller 

4 1 Deeper, very tall & mid sized 

5 1 Deeper & larger 

knolls/abyssal 
hills/hill/mountains/peaks 

slope 

6 1 Deeper, taller & larger 

1 1 Deeper, taller & smaller Pinnacles abyssal 
plains/deep 

2 7 Deeper, shorter & smaller 
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Geomorphic feature Biome Class 
Number of 
features Description 

3 10 Mid depth, shorter & smaller 

4 2 Mid depth, mid height & much smaller 

5 2 Deeper, taller & much smaller 

6 1 Deeper, shorter & mid sized 

7 1 Deeper, much taller & mid sized 

8 2 Mid depth, mid height & larger 

9 3 Mid depth, shorter & larger 

10 22 Shallower, shorter & smaller 

ocean floor 

11 5 Shallower, mid height & smaller 

1 54 Shallower, much shorter & much smaller 

2 1 Much deeper, much taller & much smaller 

3 16 Shallower, much shorter & smaller 

4 114 Deeper, much shorter & much smaller 

5 1 Mid depth, taller & much smaller 

6 1 Much deeper, much taller & much smaller 

7 2 Deeper, mid height, larger 

8 2 Deeper, mid height, larger 

9 21 Deeper, much shorter & smaller 

10 1 Mid depth, shorter & larger 

11 1 Deeper, shorter & much larger 

12 1 Shallower, much shorter & larger 

13 1 Shallower, much shorter & much smaller 

14 2 Deeper, taller & larger 

shelf 

15 1 Deeper, taller & smaller 

1 35 Mid depth, taller & smaller 

2 2 Deeper, taller & smaller 

3 19 Mid depth, shorter & much smaller 

4 29 Shallower, taller & smaller 

5 2 Mid depth, much taller & smaller 

6 1 Shallower, much taller & larger 

7 2 Much deeper, shorter & smaller 

8 3 Much deeper, much shorter & much smaller 

9 69 Much shallower, much shorter & much smaller 

slope 

10 3 Deeper, shorter & smaller 
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Geomorphic feature Biome Class 
Number of 
features Description 

11 8 Shallower, much shorter & smaller 

12 1 Mid depth, shorter & larger 

13 2 Mid depth, taller & larger 

14 1 Deeper, taller & larger 

15 1 Mid depth, much taller & much larger 

16 1 Deeper, much taller & larger 

17 1 Deeper, tallest & larger 

18 2 Much shallower, much shorter & larger 

19 2 Much shallower, much taller & larger 

20 1 Much shallower, shorter & larger 

1 3 Shallower, lower, smaller 

2 43 Deeper, lower, smaller 

3 4 Deeper, higher, larger 

4 1 Deeper, much higher, larger 

5 1 Deeper, much higher, smaller 

6 2 Deeper, much lower, smaller 

7 3 Deeper, higher, smaller 

abyssal 
plains/deep 
ocean floor 

8 1 Deeper, higher, larger 

1 7 Deeper, higher & larger 

2 16 Deeper, shorter & smaller 

3 2 Much deeper, higher & larger 

4 2 Much deeper, much higher & larger 

5 3 Shallower, lower & larger 

Ridges 

slope 

6 1 Deeper, much higher & smaller 

1 35 Taller & smaller 

2 3 Much taller & larger 

3 2 Much taller & smaller 

4 19 Shorter & smaller 

5 4 Deeper, shorter & smaller 

6 1 Much taller & much larger 

7 9 Shallower & shorter 

8 10 Deeper, taller & smaller 

9 2 Taller & larger 

abyssal 
plains/deep 
ocean floor 

10 1 Shallower, taller & smaller 

seamounts/guyots 

slope 1 19 Deeper, shorter & smaller 
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Geomorphic feature Biome Class 
Number of 
features Description 

2 7 Taller & larger 

3 4 Deeper, much shorter & smaller 

4 4 Shallower, much shorter & smaller 

5 15 Shorter & smaller 

6 3 Shallower, shorter & smaller 

7 1 Deeper, much taller & larger 

8 1 Deeper, much taller & larger 

9 1 Deeper, much shorter & smaller 

10 1 Deeper, much taller & smaller 

1 40 Small and very shallow, in deeper shelf waters 

2 1 Very large and moderately deep, in deeper shelf waters 

3 1 
Large, wide, deep valley, in deeper shelf waters (feeds into 
Bass Canyon) 

4 1 
Large, deep valley, in deeper shelf waters (associated with 
historical mouth of the Murray River) 

5 125 Small and very shallow, in shallower shelf waters 

6 1 
Large, shallow valley in deeper shelf waters (Capricorn 
Channel) 

7 13 Small and very shallow, in coastal shelf waters 

8 2 Very small and moderately deep, in coastal shelf waters 

9 1 Very small and moderately deep, in coastal shelf waters 

10 1 
Very large, shallow valley, in deeper shelf waters (Rowley 
Depression) 

11 3 Very small and moderately deep, in coastal shelf waters 

Shelf 

13 1 
Large and moderately deep in shallow shelf waters (network 
of channels, through Van Diemens Rise) 

1 8 Smaller & shallower, in deeper slope waters 

2 7 Smaller & shallower, in shallower slope waters 

3 4 Larger & deeper, in deeper slope waters 

4 1 
Very large, deep valley in shallower and deeper slope 
waters (Montebello Trough) 

deeps/holes/valleys 

Slope 

5 2 
Very large, shallow valley, in shallower slope waters 
(Browse Depression) 
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Secondary Biotypes 

Table 10: Datasets used to derive benthic secondary biotypes. 

Classification Classes Datasets 

Abrolhos Islands Shelf 10 9 – slope, productivity, complexity, temperature, silicate, salinity, 
phosphate, oxygen, nitrate 

Abrolhos Islands Slope 3 9 – slope, productivity, complexity, temperature, silicate, salinity, 
phosphate, oxygen, nitrate 

Central West Abyss 4 3 – slope, productivity, complexity 

Central West Rise 2 2 – slope, productivity 

Central West Slope 4 3 – slope, productivity, complexity 

Central West Terrace 4 5 – slope, productivity, complexity, salinity, nitrate 

Central West Coast Shelf 3 9 – slope, productivity, complexity, temperature, silicate, salinity, 
phosphate, oxygen, nitrate 

Central West Coast Slope 5 9 – slope, productivity, complexity, temperature, silicate, salinity, 
phosphate, oxygen, nitrate 

Eucla Shelf 4 7 – productivity, temperature, silicate, salinity, phosphate, oxygen, nitrate 

Eucla Terrace 5 8 – slope, productivity, temperature, silicate, salinity, phosphate, oxygen, 
nitrate 

Eyre Shelf 10 8 – slope, productivity, temperature, silicate, salinity, phosphate, oxygen, 
nitrate 

Leeuwin Naturalista Shelf 4 9 – slope, productivity, complexity, temperature, silicate, salinity, 
phosphate, oxygen, nitrate 

Leeuwin Naturalista Slope 2 9 – slope, productivity, complexity, temperature, silicate, salinity, 
phosphate, oxygen, nitrate 

Leeuwin Naturalista Terrace 2 9 – slope, productivity, complexity, temperature, silicate, salinity, 
phosphate, oxygen, nitrate 

Murat Shelf 4 8 – slope, productivity, temperature, silicate, salinity, phosphate, oxygen, 
nitrate 

Southern Abyss 4 3 – slope, productivity, complexity 

Southern Slope 4 3 – slope, productivity, complexity 

Southern Terrace 4 3 – slope, productivity, complexity 

South West Transition Plateau 4 3 – slope, productivity, complexity 

South West Transition Slope 4 3 – slope, productivity, complexity 

South West Transition Terrace 4 3 – slope, productivity, complexity 

South West Transition Trench 4 4 – slope, productivity, complexity, phosphate 

WA South Coast Shelf 5 8 – slope, productivity, temperature, silicate, salinity, phosphate, oxygen, 
nitrate 
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Table 11: Benthic secondary biotypes, descriptions. 

Bioregion 

Geomorphic 

Feature Class Description 

10 Productive, warmer, higher silicate, with lower nitrate and oxygen 

11 More complex 

12 More complex, productive, warmer, with lower salinity 

3 Cooler, with higher silicate and phosphate and lower oxygen 

4 Simpler 

5 Simpler and cooler, with lower silicate and higher salinity and phosphate 

6 Productive 

7 Moderate for all factors 

8 Lower silicate 

Shelf 

9 Cooler, with lower silicate and higher salinity and phosphate 

1 Less steep and less complex 

2 Warmer, with higher silicate and lower salinity and nitrate 

Abrolhos 
Islands 

Slope 

3 Steeper and cooler, with higher phosphate and oxygen 

1 Lower productivity and complexity 

3 Lower productivity, higher complexity 

4 Higher productivity, lower complexity 

Abyssal plain 

5 Higher productivity and lower complexity 

1 Less productive Continental 
rise 

2 More productive 

1 Steeper, less productive, less complex 

2 More productive, less complex 

3 Steeper, less productive, more complex 

Slope 

4 Most productive and complex 

1 Lower complexity 

2 Higher complexity 

3 Moderate complexity, high nitrate 

Central 
West 
Province 

Terrace 

4 Steeper, more productive, most complex, higher salinity, lower nitrate 

1 Productive and cooler, with lower silicate and higher salinity and oxygen 

2 Higher phosphate and nitrate 

Shelf 

3 Warmer, with higher silicate 

1 Lower nitrate 

2 Cooler and less productive 

Central 
West Coast 

Slope 

3 Lower oxygen 
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Bioregion 

Geomorphic 

Feature Class Description 

4 More complex, with lower oxygen 

5 Cooler, less productive and more complex, with higher phosphate 

2 Warmer, with lower productivity and phosphate 

3 Cooler, with lower salinity and higher nitrate 

4 Warmer, with higher productivity and lower phosphate 

Shelf 

5 Higher productivity, with higher salinity and phosphate and lower oxygen 

2 Lower silicate and phosphate, higher oxygen 

3 Lower salinity, phosphate and nitrate 

4 Less productive 

5 Less productive, higher salinity 

Eucla 

Terrace 

6 Cooler, higher silicate, salinity, phosphate and nitrate and lower oxygen 

10 Warmer with lower silicate and phosphate 

11 Much more productive, with much higher oxygen 

2 Much less productive, with lower salinity and higher oxygen 

3 
Much warmer, with lower silicate, oxygen and nitrate, much lower phosphate, and 
higher salinity 

4 Less productive, with much lower oxygen 

5 Less productive, with lower salinity and oxygen 

6 Less productive with lower salinity and higher oxygen 

7 Moderate for all factors 

8 Cooler and less productive, with much lower salinity and much higher oxygen 

Eyre Shelf 

9 More productive 

1 Warmer and more productive, with lower salinity and nitrate 

2 Less productive with lower nitrate 

3 Less productive, with higher silicate and nitrate and lower phosphate and oxygen 

Shelf 

4 Cooler and much more productive, with higher salinity, phosphate and oxygen 

1 Warmer, with higher silicate and lower phosphate, oxygen and nitrate Slope 

2 Cooler, with lower silicate and higher phosphate, oxygen and nitrate 

1 Cooler, with lower silicate and salinity, and higher nitrate 

Leeuwin 
Naturalista 

Terrace 

2 Warmer, with higher silicate and salinity, and lower nitrate 

2 Warmer, less productive, lower oxygen 

3 Cooler, less productive, lower salinity, higher nitrate 

4 Higher salinity and phosphate 

Murat Shelf 

5 Much more productive, lower silicate and nitrate, and higher oxygen 

Southern Abyssal plain 1 Less productive, less complex 
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Bioregion 

Geomorphic 

Feature Class Description 

2 Less productive, more complex 

3 More productive, less complex 

4 More productive, more complex 

1 Less productive, less complex 

2 More productive, less complex 

3 Less productive, more complex 

Slope 

4 More productive, more complex 

1 Less productive, less complex 

2 Less productive, more complex 

3 More productive, less complex 

Province 

Terrace 

4 More productive, more complex 

1 Less productive, less complex 

2 More productive, less complex 

3 More productive, more complex 

Plateau 

4 Less productive, more complex 

1 Less productive, less complex 

2 Less productive, more complex 

3 More productive, less complex 

Slope 

4 More productive, more complex 

1 Less productive, less complex 

2 Less productive, more complex 

3 More productive, less complex 

Terrace 

4 More productive, more complex 

1 Less complex, lower phosphate 

2 More productive, less complex, higher phosphate 

3 Less productive, more complex, lower phosphate 

South West 
Transition 

Trench/trough 

4 More productive, more complex, higher phosphate 

1 Lower oxygen 

2 Less productive 

3 Higher salinity, lower phosphate and nitrate 

4 More productive 

WA South 
Coast 

Shelf 

5 Cooler, more productive, lower salinity, and higher oxygen and nitrate 
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WWF-Australia’s National Marxan Analysis: Proof Of Concept 
Marxan is a commonly used decision support tool for systematic conservation planning. It requires the user to divide the 

landscape up into sites, or planning units, which can then be chosen to be in, or out, of any proposed system of land or sea 

management.  

The area of the Australian EEZ for which marine protected area planning is proceeding (broadly the area encompassed by the 

IMCRA 4.0 bioregionalisation, excluding the Great Barrier Reef Marine Park) was divided into 166,558 planning units. The 

following rules were used to construct the planning units: 

1. A planning unit cannot occur in more than one bioregion. 

2. IUCN category I or II areas greater than 5km2 are planning units. 

3. Geomorphic features between 15 and 400km2 are planning units. 

4. All other planning units are based around 20km2 hexagons for on shelf areas and 80km2 hexagons for off shelf areas 

Planning units are at a finer scale on the shelf than in off-shelf areas as finer scale data exists in many on-shelf areas. Where 

possible, geomorphic features are used as planning units, this enables the selection of a physical feature in its entirety. 

Existing IUCN category I and II areas are classified as planning units, so that existing reserves can be locked into selection. 

All planning units occur in only one bioregion (the bioregionalisation used is WWF’s adaptation of IMCRA 4.0, see the brief 

report on bioregions for more information) so that the Marxan input files are easily reducible. This means that instead of 

looking at the whole EEZ the input files can be quickly reduced to examine an individual bioregion, or planning region. 

In order to use Marxan it is necessary to; calculate how much of each conservation feature is found within each planning unit, 

set targets for each conservation feature, and establish the cost of including a planning unit in the reserve network. More 

information on Marxan, including a user manual and the program itself, can be found at http://www.uq.edu.au/marxan/.  

Area calculations were complicated by the fact that the Australian EEZ’s range in latitude is greater than 35 degrees, breaking 

the guidelines of the Albers equal area projection which is commonly used to calculate area in Australia. See the brief report 

on projections for more information. 

For the first iteration of the national Marxan analysis WWF’s national marine ecosystems dataset version 1.0 was used as the 

primary set of conservation features, augmented by a very limited number of unique areas: the Coral Sea, Diamantina 

Fracture Zone, Swan Canyon, Naturalista Plateau and Abrolhos Islands. The analysis was run with base targets of 10%, 20%, 

30%, 40% and 50% of each feature. In each scenario the base target was altered to reflect a GIS analysis of a feature’s 

rareness. For the first iteration the area of each planning unit was used as the cost. 

Marxan aims to design numerous good reserve networks (as opposed to trying to answer the question of what is the best 

possible network). One of Marxan’s basic outputs is to calculate the number of times a planning unit is selected as being in or 
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out of the proposed reserve network. This measure can be considered to give an indication of a planning unit’s 

irreplaceability. Figure 1 shows the iteration 1 results for this measure for a 20% target. 

In the second iteration of the national Marxan analysis WWF is aiming to include the contents of the national unique areas 

database and to incorporate fishing and oil and gas industry values into the cost model. 



 

Page - 46/63 
 

 
Figure 5: Percentage of times a planning unit was selected in iteration 1 of WWF’s national Marxan analysis for a 50% target 
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Performance Assessment 
The performance assessment of the South-east marine planning region is currently subject to a peer review 
process and will be publicly available shortly. 
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Submissions 

Summary Statement On The “Goals And Principles For Establishment Of 

The National Representative System Of Mpas (NRSMPA)” 02/05/2008 

i) WWF-Australia welcomes the continued recognition of the overarching goals of the National Representative System of 

Marine Protected Areas (NRSMPA),   

“The primary goal of the NRSMPA is to establish and manage a comprehensive, adequate and representative system of 

MPAs to contribute to the long-term ecological viability of marine and estuarine systems, to maintain ecological processes 

and systems, and to protect Australia’s biological diversity at all levels”.  

ii) WWF welcomes the current recognition and affirmation on the Department’s web-site that the policy basis for the 

establishment of a National Representative System of Marine Protected Areas (NRSMPA) is the 1998 policy and Principles 

for the Establishment of the National Representative System of MPAs (NRSMPAs) in Commonwealth waters (ANZECC 

TFMPA 1998), as agreed by all the State and Commonwealth governments 

http://www.environment.gov.au/coasts/mpa/nrsmpa/#guidelines. WWF believes that with clear elaboration, these principles 

would provide a strong foundation for delivery, and would provide practical benchmarks for comprehensiveness, adequacy, 

and representativeness. 

iii) WWF is extremely concerned that the recently posted December 17th 2007  “Goals and Principles for the Establishment 

of the National Representative System of MPAs in Commonwealth waters”, 

http://www.environment.gov.au/coasts/mbp/publications/general/goals-nrsmpa.html, omits and/or fundamentally changes the 

principles (see Table 1) that were agreed to be applied in the establishment of the NRSMPA. It is WWF’s view that the 2007 

document substantially departs from the letter and intent of the ANZECC TFMPA 1998 principles, and if adopted broadly, 

would compromise the delivery of the National Representative System of Marine Protected Areas.  

iv) WWF is extremely concerned that the process by which the 2007 version of the Goals and Principles have been derived is 

that “the Department has worked with other Government Agencies to develop a single document that provides a clear 

approach to MPA development”. WWF believes that this does not constitute a fully transparent and consultative approach. 

WWF also believes that scientific advice should be sought regarding best available science and that key stakeholders be 

consulted before any changes to the agreed 1998 principles are tabled.  
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A Way Forward 

WWF proposes that the Department revert to using the agreed and extensively consulted 1998 Goals and Principles (Table 1) 

as the basis for the establishment of the NRSMPA. WWF also proposes that a consultation be carried out to further interpret 

these principles to ensure that they provide effective benchmarks against which to measure delivery. WWF would support 

tasking a group of recognised conservation scientists to assist with such an elaboration, and seeking input from concerned 

groups, recognizing that the task is to elaborate previously agreed principles, such that they provide operational guidance to 

the process.  WWF believes that such a measure would put the process back on track to potentially deliver world-class 

outcomes for marine conservation.  

WWF believes that the 2007 goals fail to provide an effective operational framework relating to the overall primary goal of 

establishing a comprehensive, adequate and representative system of MPAs. Given that they have not been broadly consulted 

outside Commonwealth Government, they should be set aside and the focus redirected on the 1998 goals described in the 

table below. 

Table 12: Policy framework for developing the National Representative System of Marine Protected Areas (NRSMPA), agreed to by the 
Commonwealth and the State governments in 1998 (ANZECC TFMPA, 1998) 

Principle Definition 

Regional framework: The Interim Marine and Coastal Regionalisation for Australia 
(IMCRA) provides the national and regional planning framework 
for developing the NRSMPA, with ecosystems used as the basis 
for determining representativeness. 

Comprehensiveness: The NRSMPA will include the full range of ecosystems 
recognised at an appropriate scale within and across each 
bioregion. 

Adequacy: The NRSMPA will have the required level of reservation to 
ensure the ecological viability and integrity of populations, 
species and communities. 

Representativeness: Those marine areas that are selected for inclusion in MPAs 
should reasonably reflect the biotic diversity of the marine 
ecosystems from which they derive. 

Highly protected areas: The NRSMPA will aim to include some highly protected areas 
(IUCN Categories I and II) in each bioregion. 

Precautionary principle: The absence of scientific certainty should not be a reason for 
postponing measures to establish marine protected areas to 
protect representative ecosystems. If an activity is assessed as 
having a low risk of causing serious or irreversible adverse 
impacts, or if there is insufficient information with which to 
assess fully and with certainty the magnitude and nature of 
impacts, decision making should proceed in a conservative and 
cautious manner. 

Consultation: The processes of identification and selection of marine 
protected areas will include effective and high quality public 
consultation with appropriate community and interest groups, to 
address current and future social, economic and cultural issues. 
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Indigenous involvement: The interests of Australia's indigenous people should be 
recognised and incorporated in decision making. 

Decision making: Decision making processes should effectively integrate both 
long term and short term environmental, economic, social and 
equity considerations. 

 

Specific Comments On Proposed Changes To The First Four Agreed Goals And 

Principles (ANZECC TFMPA, 1998); Regional Framework, Comprehensiveness, 

Adequacy, Representativeness.  

1) Regional Framework 

The bioregional planning process is at the heart of the NRSMPA. It underpins the entire conceptual framework and is referred 

to continuously in all NRSMPA publications. The agreed definition of the principle of applying a Regional Framework, as 

stated in the ANZECC TFMPA 1998, is as follows.  

“The Interim Marine and Coastal Regionalisation for Australia (IMCRA) provides the national and regional 

planning framework for developing the NRSMPA, with ecosystems used as the basis for determining 

representativeness.” 

In developing goals and principles related to comprehensiveness, adequacy and representativeness TFMPA (1999) explicitly 

states that: 

“For the NRSMPA comprehensiveness and adequacy are understood and applied at the scales of bioregions, ecosystems 

and habitats. Representativeness is applied at the finer scales of communities and individuals/species.” 

The Interim Marine and Coastal Regionalisation of Australia (IMCRA) clearly states that the bioregionalisation of the shelf 

was constructed such that bioregions, not provinces would form the basis of the development of the NRSMPA. 

“The meso-scale regionalisation is a single biogeographic regionalisation which provides an ecosystem-based 

framework appropriate for integrated resource management, including planning the development of the NRSMPA.” 

(IMCRA, 1998) 

In the 2007 version of the Goals and Principles, none of the proposed operational goals aim to guide the establishment of 

MPAs within bioregions and variously appear to refer instead to the larger spatial scales of provinces, planning regions and 

the entire Australian Exclusive Economic Zone (EEZ) (Table 2).  
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Table 13: Apparent scale of application of 2007 goals. 

 Apparent intent of scale for application of 2007goals  

 Bioregion Province Planning Region EEZ 

Goal 1  X   

Goal 2   X  

Goal 3   X  

Goal 4    X 

 

WWF believes the use of provinces as the planning framework is acceptable for the off-shelf environment, where the benthic 

bioregionalisation did not succeed in identifying bioregions. However, for shelf areas, “bioregions”  remain the appropriate 

spatial unit for establishing the regional planning framework, for application of subsequent principles and for assessing 

progress towards meeting the overall goal of the NRSMPA.  WWF believes that relabelling “provinces” as “provincial 

bioregions”, and proposing the use of “provincial bioregion” as the shelf planning unit (2007 Goals and Principles), is an 

unacceptable alteration of the one of the core principles of the planning process. WWF proposes that the original regional 

framework be retained with ‘bioregions” used as the shelf planning unit. 

2) Comprehensiveness  

The agreed definition of the principle of Comprehensiveness, as stated in the ANZECC TFMPA 1998, is as follows.  

“The NRSMPA will include the full range of ecosystems recognised at an appropriate scale within and across each 

bioregion.”  

Comprehensiveness is usually defined as the need for all ecosystems, habitats, communities, populations, species and genetic 

diversity to be included in highly protected areas.  

In the proposed 2007 document, Goals 2-4 appear to bear some relationship to the principle of comprehensiveness. However 

the 2007 document fails to adequately capture the requirement of comprehensiveness as intended in the 1998 document on 

several counts - by being applied at too large a spatial scale (see concerns under the point on regional framework); not being 

articulated as an overarching principle, and being restricted to particular physical variables, or benthic/demersal communities 

and features. 

3) Adequacy 

The agreed statement of the principle of Adequacy, as stated in the ANZECC TFMPA 1998, is as follows:  

“The NRSMPA will have the required level of reservation to ensure the ecological viability and integrity of 

populations, species and communities.” 
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In interpreting the CAR principles for NRSMPA, TFMPA (1999) state that in order to design an adequate reserve system it is 

essential to determine: “how much of each ecosystem should be included in a protected area system in order to provide 

ecological viability and integrity of population, communities and species.” 

In the proposed 2007 document, there is no discussion of the need for consideration of issues of Adequacy and this is seen as 

a fundamental omission. In order to address adequacy, WWF believes it must be included as a core Goal or Principle, as is 

the case in the 1998 Goals and Principles. To provide guidance on the application of Adequacy, it is advised that targets be 

set that indicate the proportion of each conservation feature to be reserved, or how this will be determined. It is also important 

to note that level of reservation is not the only consideration with regard to adequacy. It is also necessary to set goals in 

regard to reserve type, size, shape, spacing, and replication (TFMPA, 1999; Gerber et al, 2003; Shanks et al, 2003; Palumbi et 

al, 2003). 

4) Representativeness 

The agreed statement of the principle of Representativeness, as stated in the ANZECC TFMPA 1998, is as follows.  

“Those marine areas that are selected for inclusion in MPAs should reasonably reflect the biotic diversity 

of the marine ecosystems from which they derive.” 

In the proposed 2007 document, there is no detailed discussion of the need for consideration of issues of 

representativeness and none of the goals make any attempt to address the principle of representativeness. WWF 

believes a consideration of representativeness as essential to ensuring that a system of Marine Protected Areas will 

meet its overarching goal, as representativeness recognises the heterogeneity inherent in ecological systems and the 

need to protect areas that encompass the full variety of each ecosystem or habitat. 

The difficulty surrounding quantifying biodiversity and species distributions means that representativeness is most 

commonly assessed by determining whether or not a system or network captures the known biophysical gradients 

within each ecosystem and the extent to which areas that are known to be biologically unique or significant are 

contained within the system or network.  
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Bioregionalisation Of Australia 
Defining the best possible set of bioregional boundaries is a critical step in minimising the uncertainty surrounding the 

comprehensiveness, adequateness and representativeness of the NRSMPA. The most recent national marine 

bioregionalisation datasets are contained in IMCRA 4.0 (Commonwealth of Australia, 2006) which combines the meso scale 

bioregionalisation of the shelf contained in IMCRA 3.3 with the provincial scale benthic bioregionalisation of the off shelf 

areas. There are overlaps and gaps between IMCRA 3.3 and the benthic bioregionalisation because they define the shelf break 

differently. IMCRA 3.3 and 4.0 define the shelf break as occurring at the 200m isobath, while the benthic bioregionalisation 

defines the shelf break as according to the geomorphic features dataset developed for the national marine bioregionalisation. 

IMCRA 4.0 uses a 1:100,000 scale mapping of the Australian coastline (IMCRA 3.3: 1:250,000). Unfortunately the 

1:100,000 coastline crosses the shelf break (a physical impossibility) at Ningaloo in Western Australia. For this reason 

IMCRA 4.0 retained the older definition of the shelf break as occurring at the 200m isobath. For most of the rest of Australia 

where the differences between the 200m isobath and the mapped shelf break are minimal, the retention of the boundary at the 

200m isobath will cause unfortunate artifacts in the systematic planning process. That in some locations very small areas of 

slope ecosystems will be mapped in shelf bioregions and very small areas of shelf ecosystems will be mapped in off shelf 

bioregions. These artifacts complicate the use of IMCRA 4.0 for systematic bioregional planning. 

To resolve these difficulties a new dataset specifically designed for systematic planning for the NRSMPA has been produced 

by WWF-Australia. The new dataset has the following qualities: 

• Uses the IMCRA 4.0 boundaries for the coastline, EEZ and west coast bioregions and provinces. 

• Uses the national marine bioregionalisation definition of the shelf break to determine the boundary between the shelf 

bioregions and the off shelf provinces for all other areas. 

• Areas overlapped by the GBR bioregionalisation are excluded. 
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Figure 6: Areas of slope identified within IMCRA 4.0 shelf bioregions. Red lines are the proposed bioregional boundaries; blue denotes the areas of slope 
mapped within IMCRA 4.0 shelf bioregions. 

 
Figure 7: Areas of shelf identified within IMCRA 4.0 off shelf provinces. Red lines are the proposed bioregional boundaries; dark green denotes the areas of 
shelf mapped in off shelf provinces in IMCRA 4.0. 
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Equal Area Projections 
Equal area projections retain area information, but distort distance and angles (and hence shape). Different projections 

produce different distortion patterns. Understanding the scope and magnitude of these patterns is critical to being able to 

choose the projection which best depicts a study area. 

While a standard equal area projection has been established for the Australian landmass 

(http://www.nlwra.gov.au/toolkit/concise_guide/cg9.html) an equivalent for the Australian EEZ does not appear to exist. In 

choosing an equal area projection for WWF’s marine reserves project the following factors are considered important: 

1. Using the same projection as other people working on the NRSMPA process to avoid “distortion” conflicts. 

2. Using a projection which has less than 5% distortion for all areas of the EEZ. 

3. Using a projection which produces the least overall distortion. 

4. Using a projection which is supported within ArcGIS. 

Of the equal area projections supported by ArcGIS the majority are suitable only for world maps (Table 1). There are three 

equal area projections suitable for continental sized areas: i) the Albers equal area conic projection (Albers), ii) the Lambert 

azimuthal equal area projection (Lamberts) and iii) the Sinusoidal projection. The Albers equal area conic projection is 

preferred for the Australian landmass (http://www.nlwra.gov.au/toolkit/concise_guide/cg9.html). However while the 

Australian landmass just slips under the maximum allowable north to south range of 35 degrees, the EEZ, at approx 50 

degrees, is well over. The Albers projection designed for the Australian landmass works quite well for most of the EEZ, 

except for Macquarie Island (where distortion exceeds 20%) and south of Tasmania (where distortion exceeds 5%) (Fig. 1). If 

Macquarie Island marine bioregion was excluded from the analysis the Albers projection could probably be adapted to work 

quite well for the rest of the EEZ. If the Albers projection is modified to encompass Macquarie Island, then the maximum 

distortion is reduced (7%) but areas of medium distortion (2-5%) are more widespread. (Fig. 2). 

A Sinusoidal projection works well for most of the EEZ, with only Macquarie Island having greater than 5% distortion (max 

10%) (Fig. 3). 

The Lamberts projection also works well for most of the EEZ, with the regions of greatest distortion (max 5%) being the 

Cocos Islands and Norfolk Island (Fig. 4). 
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Conclusions 

The Lamberts projection has the lowest maximum distortion. Unfortunately it is difficult to calculate which projection has the 

least overall distortion using ArcGIS. It is proposed that the Lamberts projection be used and that this paper be adapted to 

propose the use of the Lamberts projection to other people producing analytical products for the NRSMPA. 

Table 14: Equal area projections supported by ArcGIS. 

Projection Comments 

Albers equal area conic Best results for regions predominantly east–west in 

orientation and located in the middle latitudes. Total range 

in latitude from north to south should not exceed 30–35 degrees. 

Behrmann equal area cylindrical Useful for world maps only 

Bonne Replaced 

with the Lambert Azimuthal Equal Area projection for 

continental mapping by Rand McNally & Co. and 

Hammond, Inc. 

Craster Parabolic Useful only as a world map. 

Cylindrical equal area Recommended for narrow areas extending along the 

central line. Severe distortion of shape and scale near the 

poles. 

Eckert II Useful only as a novelty. 

Eckert IV Useful only as a world map. 

Eckert VI Useful only as a world map. 

Hammer – Aitoff Useful only as a world map. 

Lambert azimuthal equal area The data must be less than a hemisphere in extent.  

McBryde – Thomas flat-polar quartic Useful only as a world map. 

Mollweide Useful only as a world map. 

Quartic authalic Useful only as a world map. 

Sinusoidal Used for continental maps of South America, Africa, and 

occasionally other land masses, where each has its own 

central meridian. 

 

Notes On Interpretion Of Figures: 

Each figure below shows Tissot indicatrices drawn over the Australian EEZ (generally 12nm to 200nm from the coast). A 

Tissot indicatrices is a circle which has been deformed to show the distortion at that point on the map. The colour scheme for 

the indicatrices is on a log scale for distortion with light green being virtually no distortion and light pink being large 
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distortions. Distortion is calculated for a 10m line in the horizontal and vertical directions and the colour is shown for the line 

with the greatest distortion.  

 
Figure 8: Albers equal area projection used for Australian mainland. 

 
Figure 9: Albers equal area projection, parameterized for EEZ. 



 

Page - 58/63 
 

 
Figure 10: Sinusoidal equal area projection. 

 
Figure 11: Lamberts azimuthal equal area projection. 

Table 15: Parameters for each projection 

Parameters Albers - Australian 
Landmass 

Albers – EEZ Lamberts Sinusoidal 

Central Meridian 134.0 132.8 132.6067 132.8 

Standard Parallel 1 -36.0 -50.1667 na na 

Standard Parallel 2 -18.0 -16.8333 na na 

Latitude of Origin na na -33.46077 na 
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Day, J, Fernandes, L, Lewis, A, De àth, G, Slegers, S, Barnett, B, Kerrigan, B, Breen, D, Innes, J, Oliver, J, Ward, T, and D 

Lowe. 2002. The Representative Areas Program for Protecting Biodiversity in the Great Barrier Reef World Heritage Area. 

Proceedings of the Ninth International Coral Reef Symposium, Bali, Indonesia, 2000. 

Day, J, Fernandes, L, Lewis, A. and J Innes. 2003. RAP an ecosystem level approach to biodiversity protection planning, 

GBRMPA, Commonwealth Government, Australia, viewed 28/4/2007, 

<http://kurrawa.gbrmpa.gov.au/corp_site/info_services/library/resources/staff_papers/showallinfo.html?id=2599> 

DFO (Fisheries and Oceans Canada). 2004. Identification of Ecologically and Biologically Significant Areas. DFO Canadian 

Scientific Advisory Secretariat Ecosystem Status Report. 2004/006. 

Edgar, G. 2006. Proposed C’wealth Reserves SE Marine Region, Australian Marine Sciences Association < 

http://www.amsa.asn.au/ > email list. g.edgar@utas.edu.au 

Ferrier, S, and Watson, G. 1997. An evaluation of the effectiveness of environmental surrogates and modelling techniques in 

predicting the distribution of biological diversity. Environment Australia, Canberra, Australia. 

Gaines, S D, Gaylord, B and J L Largier. 2003. Avoiding current oversights in marine reserve design. Ecological 

Applications 13(S): S32-S46 

Gerber, L R, Botsford, L W, Hastings, A, Possingham, H P, Gaines, S D, Palumbi, S R and S Andelman. 2003. Population 

models for marine reserve design: A retrospective and prospective synthesis. Ecological Applications 13(S): S47-S64 

GBRMPA, 2001, Biophysical Operational Principles as recommended by the Scientific Steering Committee, Great Barrier 

Reef Marine Park Authority, Townsville. 

Grantham, B A, Eckert, G L and A L Shanks. 2003. Dispersal potential of marine invertebrates in diverse habitats. Ecological 

Applications 13(S): S108-S116 

Halpern, B S, Regan, H M, Possingham, H P and M A McCarthy. 2006. Accounting for uncertainty in marine reserve design. 

Ecology Letters 9: 2-11 

Harris, P, Heap, A, Passlow, V, Sbaffi, L, Fellows, M, Porter-Smith, R, Buchanan, C, & J Daniell. 2005. Geomorphic 

Features of the Continental Margin of Australia. Geoscience Australia, Record 2003/30, 142pp.  

Harris, T. 2006. Spectral mapping tools from the earth sciences applied to spectral microscopy data, Cytometry Part A Vol 

69A: 872-879 



 

Page - 61/63 
 

Hastings, A and Botsford, LW, 2003. Comparing designs of marine reserves for fisheries and for biodiversity. Ecological 

Applications 13(S): S65-S70. 

Hayes, D, Furlani, D, Condie, S, Althaus, F and A Butler. 2005. Data layers and metadata to assist in the selection of 

candidate marine protected areas in the South-east Marine Region, CSIRO Marine Research, Hobart, Tasmania. 

Heap, A D, Harris, P T, Hinde, A and M Woods. 2005. Benthic marine bioregionalisation of Australia’s exclusive economic 

zone, Department of Environment and Heritage, Canberra, Australia. 

Hemer, M A. 2006. The magnitude and frequency of combined flow bed shear stress as a measure of expolsure on the 

Australian continental shelf. Continental Shelf Research 26: 1258 - 1280 

IMCRA (Interim Marine and Coastal Regionalisation for Australia Technical Group). 1998. Interim Marine and Coastal 

Regionalisation for Australia: an ecosystem- based classification for marine and coastal environments. Version 3.3. 

Environment Australia, Commonwealth Department of the Environment. Canberra.  

JANIS 1997. Nationally agreed criteria for the establishment of a comprehensive, adequate and representative reserve 

system for forests in Australia, Commonwealth of Australia. 

Kaplan D M. 2006. Alongshore advection and marine reserves: consequences for modeling and management. Marine 

Ecology Progress Series. 309: p. 11-24. 

Kaplan D M, Botsford L and S Jorgensen. 2006. Dispersal per recruit: An efficient method for assessing sustainability in 

marine reserve networks. Ecological Applications 16 (6): p. 2248-2263 

King, N J, Bagley, P M, and I G Priede. 2006, Depth zonation and latitudinal distribution of deep-sea scavenging demersal 

fishes of the Mid-Atlantic Ridge, 42 to 53  N, Marine Ecology Progress Series, 319: 263-274. 

Last, ., Lyne, V, Yearsley, G, Gledhill, D, Gomon, M, Rees, T, and W White. 2005. Validation of national demersal fish 

datasets for the regionalization of the Australian continental slope and outer shelf (>40m depth) National Oceans Office, 

Department of Environment and Heritage, Canberra. 

Laurel, B J. and Bradbury, I R. 2006. “Big” concerns with high latitude marine protected areas (MPAs): trends in 

connectivity and MPA size. Canadian Journal of Fisheries and Aquatic Science, 63: p. 2603-2607. 

Lubchenco, J, Palumbi, S R, Gaines, S D and S Andelman. 2003. Plugging a hole in the ocean: the emerging science of 

marine reserves. Ecological Applications 13(S): S3-S7 

Lyne, V, and Hayes, D. 2005. Pelagic Regionalisation: National Marine Bioregionalisation Integration Project. National 

Oceans Office, Department of Environment and Heritage, Canberra. 

MRWG Science Advisory Panel, 2001. How large should marine reserves be? < 

http://channelislands.noaa.gov/marineres/SPpdfs/questions1A.pdf> 

Neigel J E, 2003. Species-area relationships and marine conservation. Ecological Applications. 13(S): S138-S145 



 

Page - 62/63 
 

NOO (National Oceans Office). 2002. Ecosystems – Nature’s diversity. The South-east Regional Marine Plan Assessment 

Reports, National Oceans Office, Hobart, Tasmania. 

Palumbi, S R, 2003. Population genetics, demographic connectivity, and the design of marine reserves. Ecological 

Applications 13(S): S146-S158. 

Palumbi, S R, 2004. Marine reserves and ocean neighbourhoods: The spatial scale of marine populations and their 

management. Annual Review of Environment and Resources 29: 31-68 

Passlow, V, Rogis, J, Hancock, A, Hemer, M, Glenn, K, and A Habib. 2005. Final Report, National Marine Sediments 

Database and Seafloor Characteristics Project. Geoscience Australia, Record 2005/08.  

Possingham, H P, Franklin, J, Wilson, K A, and T. J. Regan. 2005. The roles of spatial heterogeneity and ecological 

processes in conservation planning. Pages 389-406 in G. M. Lovett, C. G. Jones, M. G. Turner and K. C. Weathers, editors. 

Ecosystem Function in Heterogeneous Landscapes. Springer, New York  

Roberts, C M. 2000. Selecting marine reserve locations: optimality versus opportunism. Bulletin of Marine Science 66(3): 

581-592 

Roberts, C M, Andelman, S, Branch, G, Bustamante, R H, Castilla, J C, Dugan, J, Halpern, B S, Lafferty, K D, Leslie, H, 

Lubchenco, J, McArdle, D, Possingham, H P, Ruckelshaus, M and R R Warner. 2003. Ecological criteria for evaluating 

candidate sites for marine reserves. Ecological Applications. 13(S): S199-214. 

Roberts, C M, Branch, G, Bustamante, G, Castilla, J C, Dugan, J, Halpern, K D, Lafferty, H, Leslie, J, Lubchenco, D, 

McArdle, M, Ruckleshaus, M, and R R Warner. 2003. Application of ecological criteria in selecting marine reserve networks. 

Ecological Applications.13(1), pp. 215-228. 

Roff, J C and Taylor, M E. 2000. National frameworks for marine conservation – a hierarchical geophysical approach. 

Aquatic Conservation Marine and Freshwater Ecosystems 10: 209-223. 

Roff, J C and Evans, S M J. 2002. Frameworks for marine conservation — nonhierarchical approaches and distinctive 

habitats. Aquatic Conservation: Marine and Freshwater Ecosystems 12:6. 

Sala, E, Aburto-Oropeza, O, Paredes, G, Parra, I, Barrera, J C, and PK Dayton. 2002. A general model for designing 

networks of marine reserves. Science 298: 1991-1993 

Secretariat of the Convention on Biological Diversity (2004). Technical advice on the establishment and management of a 

national system of marine and coastal protected areas, Biodiversity Convention, 40 pages (BIODIVERSITY 

CONVENTION Technical Series no. 13). 

Shanks, A L, Grantham, B A and MH Carr. 2003. Propagule dispersal distance and the size and spacing of marine reserves. 

Ecological Applications 13(S): S159-S169 



 

Page - 63/63 
 

SPRP. 2006. Guidance on Achieving Comprehensiveness, Adequacy, and Representativeness in the Commonwealth waters 

component of the National Representative System of Marine Protected Areas, Scientific Peer Review Panel for the National 

Representative System of Marine Protected Areas. 

TFMPA (1999). Understanding and applying the principles of comprehensiveness, adequacy and representativeness for the 

NRSMPA, Version 3.1. Report prepared by the Action Team for the ANZECC Task Force on Marine Protected Areas. Marine 

Group, Environment Australia, Canberra.  

Wagner, L D, Ross, J V and H P Possingham. 2007. Catastrophe management and inter-reserve distance for marine reserve 

networks. Ecological Modelling 201: 82-88. 

Ward, T J, and S J M Blaber. 1994. Continental shelves and slopes. In Hammond, LS and Synnot, RN Marine Biology. 

Longman Cheshire, Melbourne, Australia. pp. 333–44. 

WCPA (World Commission on Protected Areas)/IUCN (International Union for the Conservation of Nature and Natural 

Resources). 2006. Establishing Networks of Marine Protected Areas: A Guide for Developing Capacity for Building MPA 

Networks. In press. 

Webster, M A and Petkovic, P. 2005. Australian Bathymetry and Topography Grid, June 2005. Record 2005/12. 

Whiteway, T, Heap, A D, Lucieer, V, Hinde, A, Ruddick, R. and P T Harris. 2007. Seascapes of the Australia Margin and 

Adjacent Sea Floor: Methodology and Results. Geoscience Australia, Record 2007/11, 133pp. 

UNEP (United Nations Environment Program) 1994. Convention on Biological Diversity –Text and Annexes, Switzerland. 

 



�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

 
 
WWF’s mission is to stop the degradation of the planet’s natural environment and to build a    
future in which humans live in harmony with nature, by: 
• conserving the world’s biological diversity; 
• ensuring that the use of renewable resources is sustainable; an 
• promoting the reduction of pollution and wasteful consumption. 

 

WWF-Australia is working to protect our marine environment by reducing the impacts of      
coastal development, damaging fishing practices, poor land management and pollution.      
Together with Australian communities, we are aiming to expand our marine protected areas        
and ensure the responsible use of our marine environment. 
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Purpose of this document

This document presents a set of criteria and

associated guidance that can be used to help

answer the following questions:

• How can we design an ecologically sound

marine protected area (MPA) network?

• How can we measure whether an MPA

network is ecologically sound?

As such, it provides a benchmark that will permit

WWF-Canada and others to rigorously and

consistently measure progress toward sound MPA

networks, and to assess the soundness of draft

network designs that may emerge from planning

processes. We also hope that this document will

be of use in formulating ecological network design

principles at the outset of the design process.

The criteria are most relevant to regional-scale

networks such as those under development in

Canada’s five priority Large Ocean Management

Areas (LOMAs) and other large marine regions. Our

focus in this document is on the design of sound,

effective MPA networks that can function within

broader marine planning approaches, such as

marine spatial planning and integrated

management. 

The first part of this document sets out these

criteria, drawing on scientific guidance developed

by experts in the field and agreed upon through

international bodies, in particular the Convention

on Biological Diversity (CBD). It reflects up-to-date

scientific advice, global best practice, and

commitments under international customary law.

For each criterion, additional suggestions are

made with regard to implementation in the

Canadian context. 

Well-thought-out scientific criteria will be moot

without a plan to put MPA networks in place on the

water. The second part of this document makes

suggestions for the policy and operational aspects

of implementing sound networks of MPAs that

embody these criteria in Canada. 

The document has three appendices, intended as

tools to support application of the criteria:  

Appendix I is an example of a set of ecological

design principles that can be used at the outset of

an MPA network planning process to guide design

of an ecologically sound (also referred to in the

international literature as “ecologically coherent”)

MPA network. These design principles can be

adapted to each region. Appendix II is a tool, in

the form of a checklist, to facilitate evaluation of

existing or evolving MPA networks. Appendix III

contains the guidance on criteria for ecological

coherence as adopted by the CBD in early 2008.

This document was precipitated in part by, and

draws upon, a workshop hosted jointly by WWF-

Canada and Fisheries and Oceans Canada (DFO)

in January 2008. The workshop report will be

available at www.wwf.ca/MPAworkshop

A note about terminology

In this document, the term marine protected area

(MPA) is used in a generic sense – not to refer to

any one specific legislative or regulatory

mechanism – unless otherwise noted. We use the

IUCN definition of an MPA, which focuses on

intent and result: 

A clearly defined geographical space,

recognised, dedicated and managed,

through legal or other effective means, to

achieve the long-term conservation of

nature with associated ecosystem services

and cultural values.

The term Ecologically and Biologically

Significant Area (EBSA) is defined differently in

the CBD guidance than it is by DFO Science. The

CBD definition, and accompanying criteria for

consideration of a site as an EBSA, can be found

in Appendix III. In this document, we use the term

EBSA in the CBD sense unless specifically

referring to the DFO approach. See section 1.1 for

more detail.
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In May 2008 the 9th Conference of the Parties

(COP) of the Convention on Biological Diversity

(CBD) adopted a package of guidance commis-

sioned from an experts’ working group (contained

in Appendix III). The CBD criteria represent a 

consolidation of guidance from other sources and 

a consensus of expert advice. Canada, through 

Fisheries and Oceans Canada, was closely in-

volved in the drafting and adoption of this guidance.

The CBD commitment is to establish

comprehensive, effectively managed, and

ecologically representative national and regional

networks of protected areas. An MPA network 

can be defined as:

A collection of individual marine protected

areas operating cooperatively and

synergistically, at various spatial scales, and

with a range of protection levels, in order to

fulfill ecological aims more effectively and

comprehensively than individual sites could

alone1.

Behind this definition is the concept that a network

is more than simply a set of sites, but rather that

the constituent MPAs maintain a relationship to

one another and to the surrounding environment.

This core concept has been labeled “ecological

coherence.” In Europe, the OSPAR (Northeast

Atlantic) and HELCOM (Baltic) Commissions have

both agreed that an ecologically coherent network

should:  

• Interact with and support the wider

environment;

• Maintain the processes, functions, and

structures of the intended protected features

across their natural range; and

• Function synergistically as a whole, such that

the individual protected sites benefit from

each other to achieve the two objectives

above.

• Additionally, it may also be designed to be

resilient to changing conditions2.

The above concept of ecological coherence fed

into the development a five-point package of

scientific guidance for selecting areas to establish

a representative network of MPAs, including in

open ocean waters and deep-sea habitats,

adopted at CBD COP 9 in May 2008. There it was

agreed that MPA networks should possess the

following five properties: 

• Ecologically or biologically significant areas

• Representativity

• Connectivity

• Replicated ecological features

• Adequate and viable sites

This document has been structured around these

five properties. For each, the CBD definition is

provided, followed by additional scientific guidance

with special relevance in the Canadian context.

1.1
Ecologically or biologically
significant areas3

Scientific guidance

Geographically or oceanographically

discrete areas that provide important

services to one or more species/

populations of an ecosystem or to the

ecosystem as a whole, compared to other

surrounding areas or areas of similar
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1 Science-based criteria for sound
MPA networks

1 WCPA/IUCN. 2007.
Establishing networks of
marine protected areas: A
guide for developing national
and regional capacity for
building MPA networks. Non-
technical summary report. 

2 OSPAR. 2007. Background
Document to Support the
Assessment of Whether the
OSPAR Network of Marine
Protected Areas is Ecologically
Coherent. OSPAR 
Biodiversity Series, 319. This
definition is based on previous
guidance from OSPAR and on
Laffoley, D. d’A., S.
Brockington, and P.M. Gilliland.
2006. Developing the concepts
of Good Environmental Status
and Marine Ecosystem
Objectives: some important
considerations. English Nature
Research Report,
Peterborough. 29 pp.

3 The development of the CBD
EBSA criteria was led by
Canada and based on earlier
work by DFO. However, the
detail of what emerged from
the CBD is somewhat different
from the criteria developed
earlier in Canada. To avoid
confusion, we use the acronym
EBSA here in the broader
sense, as per the CBD
guidance, unless expressly
referring to the specific DFO
methodology.



ecological characteristics, or otherwise

meet the criteria as identified in annex II.4

• “Significant,” “distinctive” or “special” areas

have traditionally been the focus of

conservation efforts. While representation of

the full range of biodiversity has become the

foundation for a comprehensive protected

areas network, there will always be

outstanding sites which serve a special

function in a regional ecosystem and merit

protection.

• The CBD guidance provides a list of seven

criteria for the selection of EBSAs: 

- Uniqueness or rarity

- Special importance for life history stages

- Importance for threatened, endangered

or declining species and/or habitats

- Vulnerability, fragility, sensitivity or slow

recovery

- Biological productivity

- Biological diversity

- Naturalness

The presence of any one of these seven

criteria is considered sufficient to warrant an

area’s consideration for protection. Full

descriptions can be found in Appendix III 

EBSAs in Canada

• Canada, led by DFO, has already made much

progress with a federal approach to identifying

EBSAs in the form of scientific guidance and

draft maps for each of the five priority LOMAs.

• The notion of EBSAs is of course not a new

one, and some provincial, territorial and First

Nations governments have independently

made efforts to identify equivalent sets of

areas. For instance in BC there has been a

provincial effort to identify Valued Marine

Environments and Features (VMEFs).5

• As outlined below, there may be areas of

significance, according to the CBD guidance,

which would not be identified via the

Canadian approach – such areas should be

considered to supplement existing inventories

of EBSAs and other areas of conservation

value.

• To ensure that the inventory of EBSAs used for

MPA network planning is comprehensive, the

planning process will need to be informed by

both the formalized DFO EBSAs and by other

sites that may be of particular ecological

significance but do not meet the highly specific

approach outlined in the DFO status report6. 
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Uniqueness or rarity

Special importance for life-history

stages of species

Importance for threatened, endangered

or declining species and/or habitats

Vulnerability, fragility, sensitivity, or

slow recovery

Biological productivity

Biological diversity

Naturalness

Primary > Uniqueness

> Aggregation

> Fitness  

Consequences

Secondary < Resilience

> Naturalness

Directly comparable

Related concepts

FIGURE 1. 

Relationship between the Canadian and CBD EBSA criteria

DFO EBSA Criteria CBD EBSA Criteria
4 Passages in italics are drawn
from the CBD guidance. For
context and further detail on
each property, see Appendix III

5 Dale, N.G. 1997. An overview
and strategic assessment of
key conservation, recreation
and cultural heritage values in
British Columbia’s marine
environment. Prepared by
ESSA Technologies Ltd.,
Vancouver, BC for BC
Corporate Information
Services, Victoria, BC. 

6 DFO. Identification of
Ecologically and Biologically
Significant Areas. Ecosystem
Status Report 2004/06.
http://www.dfo-
mpo.gc.ca/csas/Csas/status/20
04/ ESR2004_006_E.pdf



DFO’s approach to identifying EBSAs is founded

on placing areas or features on a continuum for

each of three primary dimensions and two

secondary dimensions. The placement of a site on

these continua, taken individually and collectively,

is a guide to its significance. The CBD approach is

more direct, simply listing a number of criteria

which, if present, indicate significance. Both

approaches provide a helpful framework for

thinking about the significance of a given site or

feature, and both are likely to be useful for MPA

network planning. We suggest that the CBD

guidance be used to check for gaps in the existing

EBSA inventories early in any regional network

planning process. 

Based on figure 1, some particular kinds of

significant areas that may not be identified through

the Canadian federal approach, but which should

be considered, include areas of Special

importance for life-history stages of species,

Importance for threatened, endangered or

declining species and/or habitats, Biological

productivity, and Biological diversity. Some of

these may be addressed through other processes,

such as the identification of critical habitat under

SARA, the identification of “degraded sites,”

and/or other initiatives carried out by implementing

agencies of other levels of government (e.g. BC

VMEFs). However a comprehensive inventory of

likely EBSAs as a single information product

would be most valuable as a starting point for

MPA network planning, as per the first step

recommended by the CBD (see appendix III).

Suggestions for implementation

• Once a comprehensive regional inventory of

EBSAs has been created at the outset of a

planning process, the course of action for

implementing protection for EBSAS will be

influenced by: 

- The degree to which it meets the EBSA

criteria

- The characteristics of the EBSA, such as

sensitivity or risk, that may indicate a

higher level of protection

- The importance of the particular EBSA to

the comprehensiveness and coherence

of the network. 

• As discrete places in the marine environment,

EBSAs will usually require a place-based

management response. This may be an MPA

or an other form of spatial management. 

• Regardless of the management response

chosen, the onus rests with the competent

authority to demonstrate that the chosen tool

and/or regulation will adequately protect the

characteristics that led to the identification of

the site as an EBSA. DFO’s EBSA framework

suggests that EBSAs are areas where

management should be more risk-adverse

than in surrounding waters: explicit steps

should be detailed toward putting these

management measures in place or integrating

heightened precaution directly into ongoing

decision making, such as the expansion of

new fisheries or granting of exploration

licenses.

• Alternatively, if it is decided that an EBSA will

not be protected, the competent authority

should be transparent and accountable for the

reasoning behind that decision

• If an EBSA is chosen as a part of an MPA

network, the mandates, policies and

capacities of different levels of government

and individual agencies will necessarily act as

a guide to the appropriate MPA designation

tool. 

• There should be no new or significantly

expanded development or extractive activities

in EBSAs before the selection process is

complete and MPA network plans are

established, and interim protection measures

will often be an appropriate precautionary

response. 

The scope of management measures for EBSAs

should extend beyond just MPA networks. For

example, an EBSA chosen for its importance to an

at-risk cetacean species may be adequately

conserved by restrictions on forage species and

entanglement-causing gear, and/or by appropriate

shipping lanes and speed restrictions. An EBSA
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chosen for its unique and sensitive ecosystem

might be best served by an MPA with a no-take

core. Other factors might include expected

seasonal or long-term changes in the presence of

the species or process that makes it an EBSA.

The second factor in whether an EBSA should be

designated an MPA (and what level of protection is

warranted) is the role it would play in the network.

An EBSA with a significant influence on the

regional ecosystem, or that acts as a critical link in

the network spatially or from a connectivity

perspective, may be vital to the functioning of the

network in the long-term. 

Once the decision has been made to include an

EBSA in an MPA network, the question becomes

which legislative tool is most appropriate from the

perspective of mandates, program priorities, and

regulatory powers. It should, however, be kept in

mind that one MPA may encompass more than

one EBSA, and may also contribute toward

representativity, so this will rarely be a one-to-one

relationship. 

Although the DFO method for identifying EBSAs

has been applied in the five priority LOMAs,

decisions continue to be made that influence their

management and expose them to impacts – and

large areas of Canada’s oceans fall outside the

priority LOMAs. A systematic MPA network

planning process, particularly if nested within a

larger marine spatial planning process, will take

time and there is potential for ongoing or new

activities to erode the ecological values of an

EBSA before conservation decisions are made. It

is therefore important that EBSAs be integrated

into the range of oceans management decisions

immediately, including fisheries management, and

be addressed through Integrated Management and

other marine use plans. There should be no new

or significantly expanded development or

extractive activities in EBSAs before the selection

process is complete and MPA network plans are

established. In some EBSAs, interim measures

restricting existing activities may need to be put in

place.

1.2
Representativity

Scientific guidance

Representativity is captured in a network

when it consists of areas representing the

different biogeographical subdivisions of

the global oceans and regional seas that

reasonably reflect the full range of

ecosystems, including the biotic and

habitat diversity of those marine

ecosystems7.

• The CBD guidance is built on the scientific

consensus that representative areas are a

critical compliment to EBSAs, and are

necessary for a truly comprehensive network

that will provide a foundation for sustainable

development.

• In order to plan for and report on

representativity, it is necessary to develop or

choose a biogeographic, habitat, and/or

community classification system that matches

the scale of the planning process (as

prescribed in the CBD guidance on initial

steps toward MPA network planning). 

• Classifications will vary from one region to

another, but some key ecosystem gradients

across which regional-scale representation

should be sought include: Benthic and pelagic

habitat types (physical characteristics), cross-

shelf (from inshore to offshore), and

along-shelf (in cases where different

conditions and ecosystems are found along

the coast). 

• A large body of literature on biogeographic

classification exists, however the key lesson

learned from many successful MPA network

initiatives has been the importance of

pragmatism in selecting a workable, intuitive

and widely-accepted classification for which

data are readily available.

• While representativity targets offer can often be

achieved with many different network designs

– allowing significant scope for trade-offs – site 
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selection should be guided by a preference for

relatively intact examples that exhibit a higher

degree of naturalness. 

• In the case of rare or widely degraded

habitats, the selection strategy will instead

have to focus on what areas remain and/or

their potential for restoration.

Representativity in Canada

• Canada has a framework for achieving

representativity of 29 large Natural Regions

through the Parks Canada mandate. However,

it is currently unclear how representativity will

be achieved below this coarse national scale.

Although approaches to regional-scale

representation are being explored by different

entities in different regions (eg. The NMCA

program in the Pacific), a clear statement of

policy intent has yet to be made by any

government or agency with regard to

achieving representativity at the regional scale.

While representation of biogeographical

subdivisions can be considered at scales ranging

from global to site-level, the scientifically-accepted

definition of a representative protected area

network implies that all of these scales are taken

into account. In Canada, the Parks Canada

Agency leads a well-defined program to achieve

representation of 29 large “Natural Regions” that

reflect the diversity of oceans and Great Lakes at

a national scale. The Natural Regions are large,

however, and a single NMCA will likely still not

represent the “full range of ecosystems” within

each region. In addition, Parks Canada has

expressed their intent to choose only areas

adjacent to land, in keeping with their mandate to

provide for public enjoyment. Representativity

must therefore also be adopted as a design

principle for regional network plans to ensure that

the full range of diversity is captured within

LOMAs, Parks Canada Natural Regions, and

other planning regions of generally similar scale. 

Suggestions for implementation

• In line with Canada’s CBD commitments,

representativity should be seen as an

overarching objective for MPA networks in

Canada, and can be accomplished without

overstepping or detracting from the individual

mandates of MPA-legislated authorities. It

should be seen as a collective responsibility to

which each agency contributes. 

• Coordination and a systematic approach to

planning are the most important mechanisms

for achieving representation. Representative

MPA networks in the Canadian context can be

achieved by:

- Setting representativity as a design

criterion in regional MPA network

planning

- Developing or choosing a biogeographic

habitat and/or community classification

system appropriate to the region. 

- Iteratively identifying sites to include in a

network, seeking to achieve conservation

of EBSAs, representativity, connectivity

and replication. In many cases,

representativity targets will be achieved

in the course of protecting EBSAs,

particularly when decision-support tools

are used to help identify efficient design

options.

- Developing an implementation plan that

makes the most of individual agency

mandates and the legislative scope of

each MPA tool.

• Representative areas should include significant

highly-protected (“no-take”) core zones.

Since representativity is a well-recognised best

practice and a Canadian commitment through the

CBD, it should be seen as a fundamental

consideration for achieving ecosystem-based

management (EBM) and a legitimate outcome of

Integrated Management planning. However, it is

currently unclear whether DFO is willing to

oversee and ensure implementation of

representative networks. Given its stated role to
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lead and coordinate integrated management and

MPA networks, we would argue that DFO, on

behalf of the Government of Canada, should be

charged with this responsibility, but that all MPA-

responsible agencies and levels of government

should consider representative networks a

collective commitment and work in a coordinated

fashion to plan and implement them. 

The selection of the appropriate MPA tool for

protection of specific representative areas is a

separate question. Parks Canada is the agency

with the most explicit mandate to protect areas for

their value in contributing to representation,

however the one NMCA planned for each Natural

Region is unlikely to achieve representation

targets at all scales alone, and other aspects of

the Parks mandate, such as accessibility for public

enjoyment, may restrict the contributions of the

Agency to representation of offshore ecosystems.

The Oceans Act specifies that, in addition to

places and species considered threatened,

unique, biodiversity or highly productive, the

Minister may designate MPAs for “the

conservation and protection of any other marine

resource or habitat as is necessary to fulfill the

mandate of the Minister.” This clause would

appear to provide for the use of an Oceans Act

MPA in the event that a site must be selected and

justified solely for its role in contributing to

representativity, and cannot be addressed by

Parks Canada. Other agencies and levels of

government, including the Provinces, may also

have this latitude.

In order to ensure their intactness and integrity,

representative areas will often require a high level of

protection, the regulation of fishing activities. In this

light, DFO will often need to be involved no matter

which authority the MPA designation falls under.

1.3
Connectivity

Scientific guidance

Connectivity in the design of a network

allows for linkages whereby protected sites

benefit from larval and/or species

exchanges, and functional linkages from

other network sites. In a connected network

individual sites benefit one another.8

• While connectivity is an important

characteristic for MPA networks, there is not

yet a single definitive approach or model for

assessing the connectivity of an MPA network

(although many are in development)9. 

• There are, however, a number of practical

guidelines that can be used to incorporate

connectivity into the design of MPA networks.

These include “rules of thumb” about areas of

importance to connectivity and about the

spacing and distribution of sites.

• A network that embodies representativity and

replication will inherently bring us much of the

way toward achieving connectivity.

Suggestions for implementation

• A systematic planning approach and a view of

the network as a system are needed to make

best choices and realize benefits regarding

connectivity.

• Achieving the connectivity criterion should be

seen as a collective responsibility to which

each agency and level of government

contributes.

• Sites important to connectivity will frequently

also be identified as EBSAs, i.e. if they are

areas of high aggregation in bottlenecks, high-

productivity sites that act as source areas, etc.

• In other cases, connectivity could be a driving

factor within network layout. Agencies should be

aware of the “big picture” when considering their

selection of candidate areas and of how these

could link to other areas, including areas that

have been designated by another authority.
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8 Annexes to CBD Decision
IX/20: recommendations as
adopted at COP 9. See
Appendix III.

9 For example, see Robinson,
C.L., J. Morrison and M.G.G.
Foreman. 2005. Oceanographic
connectivity among marine
protected areas on the north
coast of British Columbia,
Canada. Canadian Journal of
Fisheries and Aquatic Sciences.
62(6):1350-1362(13) and
Laurel, B.J. and I.R. Bradbury.
2006. “Big” concerns with high
latitude marine protected areas
(MPAs): trends in connectivity
and MPA size. Canadian
Journal of Fisheries and
Aquatic Sciences. 63(12):
2603-2607



1.4
Replicated ecological features

Scientific guidance

Replication of ecological features means that

more than one site shall contain examples of a

given feature in the given biogeographic area.

The term “features” means “species, habitats

and ecological processes” that naturally occur

in the given biogeographic area10.

• Unless they are unique, all conservation

features (habitat types, EBSAs and other

features targeted for conservation) within a

region should be captured more than once in

discrete locations throughout the network. This

provides a degree of insurance against the loss

of that feature sample via human or natural

impacts and helps to ensure that natural

variation in the feature (such as genetic

variation) is captured.

• Replication is also being recognized as a

measure to build resilience and adaptive

capacity for the persistence of features

represented within MPA networks in the face

of uncertain conditions, such as those

resulting from climate change (see Box 2 at

the end of this section).

• Replication is particularly important for

representative features and for those habitats

that are most vulnerable such as seamounts

or low-resilience ecosystems.

• Some types of EBSAs are inherently unique

and replication will not be possible, while

some (eg. spawning areas for wide-spread

species) may occur several times in a region,

but merit replication due to their significance

and vulnerability.
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BOX 1

Practical “rules of thumb” for maximizing connectivity

While complete models of connectivity in marine ecosystems are rarely available, scientific

guidance has been developed to maximize connectivity of MPA networks based on best

available information and practical ‘rules of thumb.’ Some readily-adopted guidelines that have

relevance in Canada’s temperate and arctic marine ecosystems include:

• Capturing areas of known importance to regional flow of biota, including source areas, and

migration bottlenecks. Some of these sites may already be considered EBSAs, as they are also

likely to feature aggregations of individuals and have fitness consequences and/or high

productivity.

• Designing sites to accommodate movement of maturing individuals from nursery or spawning

grounds to adult habitats, for instance, by designing continuous sites or complexes of sites that

extend from the intertidal zone to deep waters offshore.

• Designing networks such that sites are well distributed across the region and including a range

of site sizes and distances between sites. In some ecosystems, specific distances have been

suggested for both long-shelf and cross-shelf distances. For example, 50-100 kms between

long-shelf sites was suggested by the science advisory team for the California Marine Life

Protection Act initiative. For cross-shelf sites, the advisory team recommended spacing of

between 10 and 20 kms. The following have been proposed in the OSPAR region as maximum

between-site distances above which the MPA network is clearly not ecologically coherent:

nearshore ~250 km (shoreline-distance); offshore ~ 200 000 km2 (~500km diameter circle); high

seas ~ 1 000 000 km2 (square with ~1000 km sides).

10 Annexes to CBD Decision
IX/20: recommendations 
as adopted at COP 9. See 
Appendix III



Replication in Canada

Replication, particularly for representative and/or

vulnerable features, is an important design

element for ensuring that the network will remain

comprehensive into the future. In addition to

natural disturbance events and direct damage by

humans (such as accidental or illegal discharges,

Illegal, Unregulated or Unreported (IUU) fishing

activity, or management failures), marine

ecosystems are increasingly facing stresses and

change induced by macro-scale impacts like

climate change, depleted oxygen ‘dead zones’

and ocean acidification. 

Suggestions for implementation

• Multiple agencies and levels of government

can contribute to achieving replication by

employing their respective designations for

protection of features in a coordinated way.

• Decision-support tools such as Marxan that

help to quickly generate and explore efficient

options will be helpful in achieving replication

in a practical and pragmatic way. Like

representativity, replication will in many cases

be an automatic byproduct of the other design

criteria. 

• Replication can also be achieved within larger

MPAs, such as National Marine Conservation

Areas (NMCAs) which contain multiple high-

protection zones. The NMCA Science advisory

committee in BC recommended a minimum of

two geographically separated replicates for

each habitat type within each NMCA.

1.5
Adequate and viable sites

Scientific guidance

Adequate and viable sites indicate that all

sites within a network should have size and

protection sufficient to ensure the

ecological viability and integrity of the

feature(s) for which they were selected11.

• Adequacy and viability of sites within a

network hinges on two design elements:

size/shape and protection level. 

• Size/shape is a factor of the feature, the

conservation target and ecological integrity

considerations:

- Features should generally not be

bisected. 

- For representativity, conservation targets

of 20-30% of the total area of each

habitat are recommended. 

- Additional ecological information can

inform what constitutes an adequate and

viable size, and zoning can help to

minimize edge effects.

• Protection levels are informed by the purpose

and conservation goals of the site and of the

network as a whole:

- For representative areas, the conservation

goal is recovery and/or preservation of

integrity, structure and function: protection

levels should therefore be high. 

• Adequacy can also be considered a property

of the network as a whole: the set of MPAs is
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BOX 2

Practical guidance for replication

• During the process of setting network

design targets, each conservation feature

should be examined to see if it is one that

can/should be replicated.  If so, the target

should ideally be to include multiple

samples of the feature in spatially separate

MPAs or zones within a large MPA. The

California Marine Life Protection Act

Science Advisory Committee called for the

following: “Ideally at least five replicates

(but a minimum of three) containing

sufficient representation of each habitat

type should be placed in the MPA network

within each biogeographical region…”

• Replicates should ideally be selected to

span gradients, such as cross-shelf or

along-shore.

11 Annexes to CBD Decision
IX/20: Recommendations as
adopted at COP 9. 
See Appendix III.



adequate when it collectively achieves the

goals of the entire network and contributes

significantly to the health of the regional

ecosystem.

Size/shape

Ecological considerations for optimal size will

include a) the scale and extent of the feature to be

protected, b) the overall target proportion of the

feature to be protected, c) other considerations to

ensure ecological integrity and long-term

persistence of the conservation features.

a] For distinct physical or ecological features,

often EBSAs, the MPA should usually be

designed to encompass, not bisect the

feature. For example, protecting only one

slope of a canyon and allowing intensive use

on another may mean that conservation

goals are undermined for species that range

between both areas.

b] The conservation target, or proportion of

each feature or habitat type to be protected,

will also influence the size of sites in the

network. Science advice and global

experience with regard to MPA planning

suggests that 10-50% (unweighted mean

recommendation: 30%)12 of a region should

be contained in protected areas, and in

representative networks that proportion

translates into a similar conservation target

for each biogeographic subdivision. For

some habitat types, such as those that are

particularly sensitive or smaller, a higher

minimum conservation target may be

warranted. 

c] There may be other factors, based on

ecological theory or knowledge of the feature

and biota, that will influence decisions about

how to maximize the integrity of a site. In

general, guidance indicates that it is best to

tend toward fewer but larger sites rather than

several smaller ones, particularly for

representative areas, though a variety of sizes

throughout a given network will be inevitable

and necessary. In some cases, information

may be available to indicate a certain size

required to achieve conservation goals, such

as allowing for recovery of a population or

encompassing the range of an endangered

species. Tools such as population viability

analysis and models such as Ecopath with

Ecosim can help further define these design

considerations by defining size requirements

for recovery and conservation goals.

Adequate zoning, including significant buffer

zones, is likely to help ensure the viability of

smaller, vulnerable core zones from edge

effects and user infractions.

Because of variation in these three factors, there

is no specific minimum size or required optimum

shape in all cases. However, a bias in the size

distribution or absence of a certain size class may

be a sign that the network is not fully adequate13. 

Protection levels

The technical guidance adopted by COP 9 flowed

from an earlier decision (VII/5)14, which specifies

that the integrated networks of marine and coastal

protected areas to which CBD signatories

committed should consist of protected areas

where, at minimum, 

“threats are managed for the purpose of

biodiversity conservation and/or

sustainable use and where extractive uses

may be allowed.”  

This management intent and level of protection is

a starting point for MPAs in an ecologically

coherent network. The IUCN protected area

management categories15 are a global framework,

recognized by the CBD, for describing and

categorizing the full spectrum of protected area

management types, and the new Guidelines for

applying these categories provides specific

guidance on their use in marine environments.

However, sites chosen for their role in achieving

representativity should be highly protected, and
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12 Ardron 2008. Based on:
Ballantine, 1991, 1997; Carr
and Reed, 1993; Roberts and
Hawkins, 2000; Rodwell and
Roberts, 2004; GACGC, 2006;
OSPAR, 2008c, Annex II

13 For more on size/shape 
considerations, see Anders-
son, A. and A-S. Liman.
2008. Towards an Assess-
ment of Ecological Coherence
of the Marine Protected Areas
Network in the Baltic Sea 
Region. BALANCE Interim
Report No.1. 

14 Decision VII/5, Marine and
coastal biological diversity
(Paragraph 21)
http://www.cbd.int/
decisions/?m=
COP-07&id=7742&lg=0

15 Dudley, N. (Editor). 2008.
Guidelines for Applying the
IUCN System of Protected
Areas Management 
Categories. Gland, 
Switzerland: IUCN. 86 pp.
http://www.iucn.org/about/
union/commissions/wcpa/
index.cfm?uNewsID=1794



include a significant no-take zone. Their role is to

conserve the integrity of intact, functioning and

relatively natural examples of each ecosystem:

According to the CBD, integrated networks of

Marine and Coastal Protected Areas (MCPAs)

should include 

“representative MCPAs where extractive

uses are excluded and other significant

human pressures are removed or

minimized to enable the integrity, structure,

and functioning of ecosystems to be

maintained or recovered.”  

There is a strong scientific consensus on the need

for – and effectiveness of – highly protected MPAs16. 

Suggestions for implementation

• Canada must be clear with agencies,

stakeholders and the public: an ecologically

coherent network plan will yield a number of

significantly-sized sites with highly-protected

zones. A concerted policy commitment and

public communication strategy will be needed

to achieve this criterion. Sound, specific

rationale for the selection of each site, based

on the criteria described in this document, will

support this communications effort. 

• Questions are likely to be raised about what

designations and management options

constitute adequate protection within an MPA

network. The re-worked IUCN definition of an

MPA may be a useful guide:

A clearly defined geographical space,

recognised, dedicated and managed,

through legal or other effective means, to

achieve the long-term conservation of

nature with associated ecosystem services

and cultural values.

Breaking down this definition17, sites should

meet the following tests:

- Be clearly defined in space (coordinates

and/or GIS files available)

- Be recognized on charts, in legislation, in

management plans, and by users of the

marine environment

- Be dedicated to conservation as their

primary purpose

- Be managed (i.e. have management

plans or active management with the

goal of conservation foremost)

- Meet the above requirements through

legal or other effective means, indicating

that regulatory and voluntary measures

may meet the standard

- Be seen as long-term, if not permanent

- Have achievement of the conservation of

nature (with associated ecosystem

services and cultural values) as their

primary purpose

• The IUCN protected area management

categories are likely to be a useful tool for

differentiating between MPAs that meet this

minimum definition. Being able to place

Canada’s different MPAs within the IUCN

categories will also be important for reporting

on international commitments. The new

Guidelines for their application include a

characterization of the types of MPAs to be

found within each category. 

• It is WWF-Canada’s position that, for a

network to be considered ‘adequate and

viable,’ it should capture at least 20-30% of 

the total area of the planning region in MPAs

(or zones within MPAs) that fall within IUCN

Protected Area Categories I-III. A

comprehensive network will include a range of

protection levels, and should work in concert

with broader marine spatial planning. Sites

and zones of categories IV-VI (for example,

sustainable use zones within Oceans Act

MPAs or NMCAs, or, in some cases, fisheries

closures that meet the above IUCN definition

of a protected area), will often be appropriate

and beneficial, and may also be useful as

tools for interim protection. However, it is our

view that to ‘count’ toward Canada’s MPA

network commitments, sites/zones must a)

meet the IUCN definition of a protected area,
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16http://www.nceas.ucsb.edu/
Consensus/consensus.pdf,
http://www.piscoweb.org/
outreach/pubs/reserves

17For a more detailed decon-
struction of this definition, see
the IUCN guidelines referred to
on the previous page



and b) fall within categories I-III. This is

consistent with terrestrial reporting standards

adopted by the Canadian Council for

Ecological Areas (CCEA) and the Federal-

Provincial-Territorial Canadian Parks Council

(CPC).

• Zoning will be important to achieving

adequacy and viability for many sites – at least

two of the tools (NMCAs, Oceans Act MPAs)

have the flexibility to implement sophisticated

and responsive zoning approaches. Tools may

also be used in combination in some cases to

achieve the benefits of zoned management.18
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BOX 3

Cross-cutting consideration: “Climate-smart” MPA networks18

Comprehensive, ecologically coherent protected area networks are the foundational tool helping

build resilience in ecosystems, particularly in the face of climate change. Representative habitats

and replication provide refugia for the range of biodiversity, even as ecosystems change and

shift; connectivity allows for migration; and adequate and viable sites buffer against impacts.

Networks consistent with the criteria discussed above will inherently provide this function,

however it is also possible to consider additional cross-cutting design principles that will

maximize the degree to which a network is “climate-smart,” i.e. to develop a network that

enhances ecosystem resiliency to environmental change/climate change. Some such principles

include:

• Achieving adequate representation in transition zones between and across regions

• Replication of habitats across environmental and climatic gradients

• Selecting areas that show resistance to environmental and climate change

• Including temperature refugia in the selection of EBSAs and placement of sites

• Reducing non-climate stressors around protected sites

18 From Hoffman, J., 2003. 
Designing Reserves to Sustain
Temperate Marine Ecosystems
in the Face of Global Climate
Change. In Hansen, L.J., J.
Biringer and J.R. Hoffman
(eds). 2003. Buying Time: 
A User’s Manual for Building
Resistance and Resilience to
Climate Change in Natural
Systems. WWF, Gland. 
Posted online at
http://www.panda.org/news
_facts/publications/index.cfm?
uNewsID=8678



BOX 4

Steps in systematic conservation planning21

1. Identify and involve stakeholders. Effective conservation planning requires the involvement of

stakeholders from the onset of the planning process. Engaging stakeholders encourages

information exchange, enables collaborative decision-making, fosters buy-in by increasing

stakeholders’ understanding of decisions made, and increases the accountability of those leading

the planning process. Potential stakeholders include departments and different levels of

government, industry, traditional owners, land holders and concerned community members. 

2. Identify goals and objectives. The definition of clear goals and objectives for a
comprehensive network distinguishes systematic conservation planning from other

approaches. Conservation goals articulate priorities for the protection and restoration of

biodiversity, whereas socio-economic goals seek to protect and enhance the social and

economic interests of the region and the people living in it. For example, the establishment of

the Great Barrier Reef Marine Park, Australia involved a balance between protecting the

ecological integrity of the park while minimising the cost to industries, such as fisheries and

tourism, which are dependant on the reef. 
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Implementing sound networks2

This section sets out three overarching

considerations for achieving ecologically coherent

MPA networks in the Canadian context. Recalling

the properties of an ecologically coherent network

discussed in section 1, the following are

suggestions for key ingredients to overall

implementation:

2.1
A systematic approach

An ecologically coherent network is unlikely to

emerge from an ad hoc or site-by-site

implementation process. A systematic approach

allows for setting and realizing up-front

commitments to the criteria that will lead to an

ecologically coherent network that is greater than

the sum of its parts. The CBD guidance suggests

four initial steps to be considered in the

development of MPA networks:

1. Scientific identification of an initial set of

ecologically or biologically significant areas

2. Develop/choose a biogeographic, habitat,

and/or community classification system

3. Drawing upon steps 1 and 2 above, iteratively

use qualitative and/or quantitative techniques

to identify sites to include in a network.

4. Assess the adequacy and viability of the

selected sites.

These steps provide a general framework for a

systematic approach. More detailed guidance on

systematic protected area network planning was

elucidated by Margulies and Pressey 200019, and

adapted for application in planning MPA networks

in Canada by Smith et al. 200620. 

19 Margules, C.R., and R.L.
Pressey. 2000. Systematic
conservation planning. 
Nature 405:243-253.

20 Smith, J.L., K. Lewis and
J. Laughren. 2006. A Policy
and Planning Framework for
Marine Protected Area
Networks in Canada’s
Oceans. WWF-Canada: 
Halifax.105 pp.

21 Excerpted from Ardron,
J.A., Possingham, H.P., and
Klein, C.J. (eds) 2008.
Marxan Good Practices
Handbook. External review
version; 17 May, 2008. 
Pacific Marine Analysis and
Research Association, 
Vancouver, BC, Canada. 155
pages. www.pacmara.org. 



3. Compile Data. In order to design a network that embodies these goals and objectives it is

necessary to understand and map the conservation features (features to be conserved in the

network). In addition it may be useful to map human uses, threats and land tenure. Assembling the

best available ecological, socio-economic and cultural data will require evaluating existing data,

identifying gaps, and may involve the collection of new data to fill these gaps. Conservation

features may be areas of importance to certain species, classifications that describe the different

habitat types of a region, or physical proxies for the distribution of biodiversity; maps of human

uses may depict places of high value for fishing, mining or forestry; threats may include highly

developed areas or point sources of pollution; and tenure could include lands held in fee-simple

(free-hold), licenses (leasehold) and claims for resource extraction, and traditional ownership or

stewardship by indigenous people. 

4. Establish conservation targets and design principles. Conservation targets specify how
much of each conservation feature (such as species and habitat types) to protect within the

network. Design principles exert influence over the geographic configuration of the network,

addressing factors such as size, shape, number and connectivity of sites, with the goal of ensuring

persistence and ecological integrity in a truly cohesive network. Conservation targets may be

statements such as “protect 20% of each bioregion” or “at least 10 turtle nesting sites;” design

principles may include “design a network with sites no smaller than 20 km2,” “select between 7

and 12 sites,” or “keep the edge to area ration of the network low.” 

5. Review existing protected areas and identify network gaps.Most protected area networks do

not begin with a “blank slate:” typically, there will be existing protected areas to build on. Once

features are mapped and targets set, it becomes possible to review existing protected areas to

determine the extent to which they already encompass conservation features, meet conservation

targets, and provide meaningful protection toward network goals. In some cases, existing

protected areas can contribute to goals and targets with enhanced management. 

6. Select new protected areas. This step addresses the task of filling in the gaps identified in the
previous step. Alternate designs are generated for complete network configurations, laying out

options for a cohesive network that meets conservation targets and the design criteria. From the

range of possible network configurations, new sites will be selected for protection. It is in this step

that decision-support tools like Marxan are most helpful. 

7. Implement conservation action. The implementation of conservation measures involves

decisions on fine-scale boundaries, appropriate management measures, and other site-specific

considerations. In cases where all sites in the network cannot be protected at once it may be

necessary to implement interim protection and set priorities for sequencing of implementation. 

8. Maintain and monitor the protected area network. Once a network is in place, the original
goals and objectives will inform management and monitoring necessary to evaluate whether

management is effectively preserving ecological integrity, and whether the site makes a meaningful

contribution to the network. 
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2.2
Coordinated planning and 
implementation

Achieving an ecologically coherent network and

undertaking a systematic approach in the

Canadian context will require coordinated planning

and implementation amongst MPA-legislated

authorities and, in some cases, other agencies,

organizations and levels of government. Achieving

the ecological coherence criteria described in part

1 should be seen as a collective responsibility –

and a Canadian commitment – to which all

agencies and levels of government contribute. At

the regional level, this means: 

1. establishing mechanisms for planning together,

adapted to the particular circumstances of the

region; 

2. jointly agreeing to overarching network goals,

objectives, and design criteria, and protection

standards (and recognizing these as a

collective responsibility, even if individual

agencies may be directly responsible only for

certain elements of it); 

3. jointly agreeing to a single overall regional

network plan;

4. putting in place interim protection measures;

5. creating a joint strategy for advancing and

designating sites using the most appropriate

legislative tool; and

6. periodically assessing progress toward

achieving a network that embodies the goals

and design criteria.

Such a collaborative and coordinated approach

should be seen as one that simplifies and enables

individual agencies and governments to better

meet their own specific MPA mandates while

contributing to the overarching goal toward

developing ecologically sound MPA networks.

2.3
MPA networks in context:
Ecosystem-based management, integrated
management, and marine spatial planning

More than simply modifying existing plans, the

adoption of EBM signifies a paradigm shift. 

MPA networks are a powerful tool for realizing

ecosystem-based management. There are,

however, other tools that must be employed. The

long-term contributions of MPAs will also depend on

forward-looking management throughout each

region. This is consistent with the recommendations

of the CBD Expert Working Group that:

• effective protection of biological diversity…will

require enhanced management throughout 

the marine environment; and

• marine protected areas are a necessary

component of such enhanced management,

but the implementation of other management

measures is also required.

MPA networks in Canada will proceed in a context

of established and emerging management

regimes for target species, species at risk,

habitats, and other aspects of the marine

environment. MPAs and MPA networks should be

understood as an element of marine spatial

planning or zoning, albeit a foundational one.

Networks should therefore be nested in a larger,

more strategic spatial approach to marine use and

conservation. This will require coordination with

other, non-MPA-legislated governments, agencies

and sections, notably the Fisheries and

Aquaculture Management division of DFO, the

shipping governance agencies including Transport

Canada, regional energy boards and others. 

By undertaking MPA networks in the context of

broader ocean use planning, we have an

opportunity to create plans that reflect social,

economic and cultural aspirations compatible with,

and complimentary to, the ecological ones

outlined in this document. Such planning is the

basis for truly sustainable development.
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Appendix I
Sample ecological design principles for regional 
MPA network planning

These design principles, drawn from the CBD guidance and building on previous work by OSPAR,

HELCOM and WCPA-Marine, may be adapted and used as a starting point for regional MPA network

planning. They are intended to ensure that all five ecological coherence criteria are considered at the

outset of network planning. These principles address only ecological considerations – parallel principles

addressing socioeconomic, cultural, or practical design considerations will lead to better, more feasible

MPA network designs.
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Ecologically or Biologically Significant Areas

1. Protect areas of ecological or biological significance, in spatially 
separate replicates where appropriate.

Representativity

2. Protect at least two significant examples (e.g. at least 20-30%) of 
each habitat or community type in the region in highly protected zones.

Connectivity

3. Protect areas of known or suspected importance to connectivity.
4. Ensure that selected sites are well-distributed across the region, 

with a range of distances between sites.

Replicated ecological features

Addressed in 1 and 2. 

Adequate and viable sites

5. Protect entire features where possible.
6. Choose a mix of site sizes and shapes, but tend toward larger 

and more compact sites.



Appendix II
A checklist for evaluating ecological coherence in 
regional MPA networks

Gap analysis is a telling and rapidly-deployed tool for assessing comprehensiveness in protected area

networks. However, a simple gap analysis may not convey the degree to which an evolving network

achieves each of the five criteria for ecological coherence. The following questions can form a starting

point for an “enhanced gap analysis.” They are questions that can feasibly be answered given the data

and resources available in the Canadian context.22
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Does the network capture a significant
example of each major habitat or
community type in the region? 

What proportion of each habitat or
community type is protected:
In highly-protected areas?
• In areas meeting the IUCN definition

of an MPA?
Or:
How many habitat classes or community
types fall into each category.

For example, Anderson and Liman (2008)
suggest the following categories:
• <10% protection of a habitat or

community type = badly represented
• 10-20% = poor
• 20-30% = moderate
• 30-60% = good
• >60% = high

Ecologically or biologically significant areas

Yes/no question
Are all areas that meet the CBD EBSA
criteria sufficiently protected to conserve
their ecological values?

Scale/per cent question
What proportion of each EBSA is
protected?

Representativity

22 These questions were de-
veloped through a synthesis
of the work of the WCPA-
Marine, Ardron 2008, Anders-
son and Liman 2008, and 
others. See also Korpinen, 
S. and H. Piekäinen. 2006.
Literatiure review on ecologi-
cal coherence of a network of
marine protected areas
(MPAs) – Suggestions for
practical criteria to evaluate 
ecological coherence of the
Baltic Sea MPA Network.
http://sea.helcom.fi:15037/
dps/docs/documents/Na-
ture%20Protection%20and%
20Biodiversity%20Group
%20 (HABITAT)/BALANCE-
HELCOM%20Workshop%20o
n%20Ecological%20Coher-
ence%202006/Literature%20r
eview.pdf



17CRITERIA AND TOOLS FOR DESIGNING ECOLOGICALLY SOUND PROTECTED AREA NETWORKS IN CANADA’S MARINE REGIONS

Connectivity

Are areas of known or suspected
importance to connectivity protected?

Are sites well-distributed across the
region/ are there any major gaps between
sites?

What proportion of each area of known
importance to connectivity is protected?

How many gaps exist that exceed the
scientifically recommended maximum. 
For example, the following minimum
guidelines were suggested for the OSPAR
region (NE Atlantic) as indicators of
ecological coherence:
<~250km (shoreline distance) between
nearshore sites?
<~200 000 km2 (500 km diameter circle)
between offshore sites?
<~1 000 000 km2 (square with 1000 km
sides) on the high seas?

Replicated ecological features

Are all representative features replicated
in spatially separated sites of at least x
hectares?

Are all EBSAs (for which more than one
example exists) replicated in spatially
separated sites?

What proportion of habitat or community
types are protected in two or more
spatially separated sites of at least x
hectares?

What proportion of EBSAs (for which
more than one example exists) are
replicated in spatially separated sites? 

Is the number of replicates for each
habitat and the spatial separation
adequate for the size of the bio-
geographic region
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Do all sites meet the aspects of adequacy
and viability?
• Are any features bisected by

boundaries between
protected/unprotected areas?

• Is at least 20-30% of the planning
region captured in IUCN Category 
I-III protection?

• Is at least 20-30% of each
representative feature protected?

• Are edge effects minimized through
site design and zoning?

• Are significant examples of
representative features captured in
highly-protected zones?

• Are there obvious biases in the
network toward larger or smaller
sites?

What proportion of sites meet the
aspects of adequacy and viability?
AND/OR taken individually:
• What proportion of features are

bisected by boundaries between
protected/unprotected areas?

• What proportion of the planning
region is captured within IUCN
Category I-III protection?

• What proportion of each
representative feature protected?
(this is addressed through the 
gap analysis).

• In what proportion of sites are edge
effects minimized through site design
and zoning?

• What proportion of each
representative feature is captured in
highly-protected zones? (this is
addressed through the gap analysis)

• What is the size distribution of sites in
the network?

Adequate and viable sites



Appendix III 
Annexes to CBD Decision IX/20: 
Recommendations as adopted at COP 9
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Annex II 

SCIENTIFIC GUIDANCE FOR SELECTING AREAS TO ESTABLISH A REPRESENTATIVE 
NETWORK OF MARINE PROTECTED AREAS, INCLUDING IN OPEN OCEAN WATERS 

AND DEEP-SEA HABITATS 42/ 

Required 
network 

properties and 
components 

Definition 
Applicable site specific considerations 

(inter alia) 

Ecologically and 
biologically 
significant areas 

Ecologically and biologically significant areas 
are geographically or oceanographically discrete 
areas that provide important services to one or 
more species/populations of an ecosystem or to 
the ecosystem as a whole, compared to other 
surrounding areas or areas of similar ecological 
characteristics, or otherwise meet the criteria as 
identified in annex I to decision IX/20.  

• Uniqueness or rarity 
• Special importance for life history 

stages of species 
• Importance for threatened, endangered 

or declining species and/or habitats  
• Vulnerability, fragility, sensitivity or 

slow recovery 
• Biological productivity 
• Biological diversity 
• Naturalness 

Representativity Representativity is captured in a network when 
it consists of areas representing the different 
biogeographical subdivisions of the global 
oceans and regional seas that reasonably reflect 
the full range of ecosystems, including the 
biotic and habitat diversity of those marine 
ecosystems.  

A full range of examples across a 
biogeographic habitat, or community 
classification; relative health of species and 
communities; relative intactness of 
habitat(s); naturalness 

Connectivity Connectivity in the design of a network allows 
for linkages whereby protected sites benefit 
from larval and/or species exchanges, and 
functional linkages from other network sites. In 
a connected network individual sites benefit one 
another.  

Currents; gyres; physical bottlenecks; 
migration routes; species dispersal; detritus; 
functional linkages. Isolated sites, such as 
isolated seamount communities, may also 
be included.  

Replicated 
ecological 
features 

Replication of ecological features means that 
more than one site shall contain examples of a 
given feature in the given biogeographic area. 
The term “features” means “species, habitats 
and ecological processes” that naturally occur in 
the given biogeographic area.  

Accounting for uncertainty, natural 
variation and the possibility of catastrophic 
events. Features that exhibit less natural 
variation or are precisely defined may 
require less replication than features that are 
inherently highly variable or are only very 
generally defined. 

Adequate and 
viable sites 

Adequate and viable sites indicate that all sites 
within a network should have size and 
protection sufficient to ensure the ecological 
viability and integrity of the feature(s) for which 
they were selected. 

Adequacy and viability will depend on size; 
shape; buffers; persistence of features; 
threats; surrounding environment (context); 
physical constraints; scale of 
features/processes; spillover/compactness. 

                                                      
42/ Referred to in paragraph 3 of annex II of decision VIII/24 
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Annex III 
FOUR INITIAL STEPS TO BE CONSIDERED IN THE DEVELOPMENT OF 

REPRESENTATIVE NETWORKS OF MARINE PROTECTED AREAS: 

1.  Scientific identification of an initial set of ecologically or biologically significant areas. The 
criteria in annex I to decision IX/20 should be used, considering the best scientific information available, 
and applying the precautionary approach. This identification should focus on developing an initial set of 
sites already recognized for their ecological values, with the understanding that other sites could be added 
as more information becomes available. 

2.  Develop/choose a biogeographic, habitat, and/or community classification system. This system 
should reflect the scale of the application and address the key ecological features within the area. This 
step will entail a separation of at least two realms–pelagic and benthic. 

3. Drawing upon steps 1 and 2 above, iteratively use qualitative and/or quantitative techniques to 
identify sites to include in a network. Their selection for consideration of enhanced management should 
reflect their recognised ecological importance or vulnerability, and address the requirements of ecological 
coherence through representativity, connectivity, and replication.  

4.  Assess the adequacy and viability of the selected sites.  Consideration should be given to their 
size, shape, boundaries, buffering, and appropriateness of the site-management regime. 
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