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1. Introduction 

The Ecological Character Description (ECD) describes ecological character at the time of listing (1982). It 

reflects data and information available to 2020 and does not include updates that have occurred since that 

time. For a more up to date description of the ecological character at the site refer to the most recent Ramsar 

Information Sheet (RIS) for Port Phillip Bay (Western Shoreline) and Bellarine Peninsula. 

1.1 Site details 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is located in Port Philip Bay in 

southern Victoria. It was nominated as a “Wetland of International Importance” under the Ramsar Convention 

in 1982. The site details are summarised in Table 1.  

Table 1: Site details for the PPB Ramsar site. 

Site Name Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar site 

Location in coordinates Latitude:  37° 53' S to 38° 18' S 

Longitude:  144° 24' E to 144° 48' E 

General location of the site The site is located on the Western Shoreline of Port Phillip Bay between the major 

cities of Melbourne and Geelong and on the Bellarine Peninsula. The site comprises 

six distinct areas that include Point Cook/Cheetham, Werribee/Avalon, Point 

Wilson/Limeburners Bay, Swan Bay, Mud Islands, and the Lake Connewarre 

complex. 

Area 22,650 hectares 

Date of Ramsar site 

designation 

15 December 1982 

Ramsar criteria met by 

wetland 

2, 4, 5, 6, 8 

Management authority for 

the site 

The site comprises a large number of tenure types and management agencies. Much 

of the area is Crown Land Reserve under the management of Parks Victoria. 

Unreserved Crown Land is administered by the Department of Environment, Land, 

Water and Planning (DELWP), with recreational function managed by Parks Victoria. 

The Western Treatment Plant is freehold and managed by Melbourne Water. Avalon 

Airfield is Commonwealth Land managed by Avalon Airport Australia. The Department 

of Defence manages areas of declared naval waters and the Point Wilson Explosives 

area. 

Date the ECD applies 1982 

Status of Description This represents the first ECD for the site. 

Date of Compilation February 2019 

Name(s) of compiler(s) Jennifer Hale on behalf of DELWP. All enquires to Rob Bone, Corangamite 

Catchment Management Authority, 64 Dennis Street, Colac, Victoria, Australia, 3250. 

(Tel: +61 1 800 002 262; Fax: +61 3 5232 2759) 

References to the Ramsar 

Information Sheet (RIS) 

Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Information 

Sheet complied 1990. 

References to 

Management Plan(s) 

Department of Environment, Land, Water and Planning (2018). Port Phillip Bay 

(Western Shoreline) and Bellarine Peninsula Ramsar Site Management Plan. 

Department of Environment, Land, Water and Planning, East Melbourne. 

 

1.2  Statement of purpose 

The act of designating a wetland as a Ramsar site carries with it certain responsibilities, including managing 

the site to retain its ‘ecological character’ and to have procedures in place to detect if any threatening 

processes are likely to, or have altered the ‘ecological character’. Understanding and describing the 
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‘ecological character’ of a Ramsar site is a fundamental management tool for signatories and local site 

managers. It should form the benchmark for management planning and action and include site monitoring to 

detect any change in ecological character.  

The Ramsar Convention has defined “ecological character” and “change in ecological character” as (Ramsar 

Convention 2005a): 

“Ecological character is the combination of the ecosystem components, processes and benefits/services 

that characterise the wetlands at a given point in time” 

and 

“…change in ecological character is the human induced adverse alteration of any ecosystem component, 

process and or ecosystem benefit/service.” 

In order to detect change it is necessary to establish a benchmark for management and planning purposes. 

Ecological character descriptions (ECD) form the foundation on which a site management plan and 

associated monitoring and evaluation activities are based. The legal framework for ensuring the ecological 

character of all Australian Ramsar sites is maintained is the Environment Protection and Biodiversity 

Conservation Act 1999 (the EPBC Act) (Figure 1). A Ramsar Information Sheet (RIS) is prepared at the time 

of designation. Whilst there is some link between the data used for listing a site (based on the various 

criteria. The information in a RIS, however, does not provide sufficient detail on the interactions between 

ecological components, processes and functions to constitute a comprehensive description of ecological 

character. In response to the short fall, the Australian and state/territory governments have developed the 

National Framework and Guidance for Describing the Ecological Character of Australia’s Ramsar Wetlands. 

Module 2 of the National Guidelines for Ramsar Wetlands – Implementing the Ramsar Convention in 

Australia (Department of the Environment, Water, Heritage and the Arts 2008). 

 

Figure 1: The ecological character description in the context of other requirements for the management of Ramsar sites 

(adapted from Department of the Environment, Water, Heritage and the Arts 2008). 

 

The National framework emphasises the importance of describing and quantifying the ecosystem 

components, processes and benefits/services of the wetland and the relationship between them. It is also 

important that information is provided on ecologically significant Limits of Acceptable Change that would 

indicate when the ecological character has or is likely to change. McGrath (2006) detailed the general aims 

of an ECD as follows: 
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1. To assist in implementing Australia’s responsibilities under the Ramsar Convention, as stated in 

Schedule 6 (Managing wetlands of international importance) of the Environment Protection and 

Biodiversity Conservation Regulations 2000 (Commonwealth): 

a. To describe and maintain the ecological character of listed Ramsar wetlands in Australia; and 

b. To formulate and implement planning that promotes: 

i. Conservation of the wetland; and 

ii. Wise and sustainable use of the wetland for the benefit of humanity in a way that is 

compatible with maintenance of the natural properties of the ecosystem. 

2. To assist in fulfilling Australia’s obligation under the Ramsar Convention to arrange to be informed at 

the earliest possible time if the ecological character of any wetland in its territory and included in the 

Ramsar List has changed, is changing or is likely to change as the result of technological 

developments, pollution or other human interference. 

3. To supplement the description of the ecological character contained in the RIS submitted under the 

Ramsar Convention for each listed wetland and, collectively, form an official record of the ecological 

character of the site. 

4. To assist the administration of the EPBC Act, particularly: 

a. To determine whether an action has, will have or is likely to have a significant impact on a listed 

Ramsar wetland in contravention of sections 16 and 17B of the EPBC Act; or 

b. To assess the impacts that actions referred to the Minister under Part 7 of the EPBC Act have 

had, will have or are likely to have on a listed Ramsar wetland. 

5. To assist any person considering taking an action that may impact on a listed Ramsar wetland 

whether to refer the action to the Minister under Part 7 of the EPBC Act for assessment and 

approval. 

6. To inform members of the public who are interested generally in listed Ramsar wetlands to 

understand and value the wetlands. 

1.3 Relevant treaties, legislation and regulations 

The following provides a brief listing of the legislation and policy that is relevant to the description of the 

ecological character of the Ramsar site. 

International 

• Ramsar Convention. The Convention on Wetlands of International Importance especially as Waterfowl 

Habitat, otherwise known as the Ramsar Convention, was signed in Ramsar Iran in 1971 and came 

into force in 1975. It provides the framework for local, regional and national actions, and international 

cooperation, for the conservation and wise use of wetlands.  

• Migratory bird bilateral agreements and conventions. Australia is party to a number of bilateral 

agreements, initiatives and conventions for the conservation of migratory birds, which are relevant to 

the Ramsar site as various migratory bird species covered in these agreements utilise the site. The 

bilateral agreements are: 

 JAMBA (Japan Australia Migratory Bird Agreement)  

 CAMBA (China Australia Migratory Bird Agreement)  

 ROKAMBA (Republic of Korea Australia Migratory Bird Agreement)  

 The Bonn Convention on Migratory Species (CMS)  

National 

• Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act): regulates actions that will 

have or are likely to have a significant impact on any matter of national environmental significance, 

which includes the ecological character of a Ramsar wetland (EPBC Act s16(1)). 

• EPBC Regulations (2000): Australian Ramsar Management Principles. 
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Victorian legislation and policy 

• Environment Protection Act 1970 establishes the Environment Protection Authority and makes 

provision for the Authority's powers related to improving the air, land and water environments. 

• Wildlife Act 1975 ensures procedures are in place to protect and conserve Victoria's wildlife and 

prevent any taxa of wildlife from becoming extinct.  

• Crown Land (Reserves) Act 1978 provides the framework for the administration and management of 

Crown land reserves including nature conservation reserves.  

• Water Act 1989 establishes rights and obligations in relation to water resources and provides 

mechanisms for the allocation of water resources.  

• Flora and Fauna Guarantee Act 1988 is the legislative and administrative framework for the 

conservation of biodiversity in Victoria.  

• Catchment and Land Protection Act 1994 establishes a framework for the integrated management and 

protection of catchments.  

• Environment Effects Act 1978 establishes the processes for assessment of proposed projects (works) 

that are capable of having a significant effect on the environment. 

• Planning and Environment Act 1987 sets out procedures for preparing and amending the Victoria 

Planning Provisions and planning schemes, obtaining permits under schemes, settling disputes, 

enforcing compliance with planning schemes, and other administrative procedures. 

• Fisheries Act 1995 provides a framework for the regulation, management and conservation of 

Victorian fisheries.  

• Aboriginal Heritage Act 2006 provides for the protection and management of Victoria’s Aboriginal 

heritage.  

Victorian and regional strategies 

• Victorian Waterway Management Strategy (VWMS) (2013). The VWMS provides the policy for 

nominating new Ramsar sites in Victoria. The VWMS also sets out the ongoing policies and actions for 

managing Victoria’s Ramsar sites. These are to (DEPI 2014): 

 adhere to the national Australian Ramsar Management Principles and national Ramsar site 

guidance for describing the ecological character of Ramsar sites, mapping site boundaries, 

notifying change in ecological character and preparing Ramsar site management plans; 

 monitor and report on the ecological character of Ramsar sites, including any change in ecological 

character at individual sites every three years; and  

 maintain up-to-date documentation for Ramsar sites, including Ramsar information sheets, 

ecological character descriptions, management plans, site descriptions and maps. 

• Corangamite Waterway Strategy (2013-2019) provides a framework and regional work program for the 

Corangamite Catchment Management Authority (CMA), in partnership with other agencies, industry 

and community groups to maintain or improve the condition of rivers, estuaries and wetlands of the 

Corangamite region, including the Lake Connewarre complex, Swan Bay and parts of the Western 

Shoreline. 

• Healthy Waterways Strategy (2018-2028) provides strategic direction towards a regional vision for the 

health of rivers, estuaries and wetlands in the Port Phillip and Westernport region for Melbourne 

Water. 

• Port Phillip Bay Environmental Management Plan (2017-2027) provides a framework for government, 

industry and community groups to work together in managing the Bay and its catchment. The plan 

covers portions of the Ramsar site including Swan Bay, Mud Islands and the Western Shoreline. 
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1.4 Preparing the ECD 

This ECD for the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is based on the 

twelve-step approach provided in the National Framework and Guidance for Describing the Ecological 

Character of Australia’s Ramsar Wetlands (DEWHA 2008) illustrated in Figure 2.  

This ECD was developed primarily through a desktop assessment and review of unpublished data, grey 

literature and peer reviewed publications. Technical advice and local expertise contributed to the 

development of the ECD. 

 

Figure 2: Twelve step process for developing an ECD (adapted from Department of the Environment, Water, Heritage and the 

Arts 2008). 
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2. General Description of the PPB Ramsar Site 

2.1 Locations 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is located on the western 

shoreline of Port Phillip Bay between the major cities of Melbourne and Geelong and on the Bellarine 

Peninsula (Figure 3). The site covers 22,652 hectares and comprises six distinct areas that include Point 

Cook/Cheetham, Werribee/Avalon, Point Wilson/Limeburners Bay, Swan Bay, Mud Islands, and the Lake 

Connewarre complex. The site includes freshwater wetlands, estuaries, intertidal shorelines, sub-tidal beds, 

inland saline wetlands and a wastewater treatment facility. Extensive areas of coastal saltmarsh and 

seagrass occur within the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site, with 

smaller areas of freshwater vegetation within the Lake Connewarre complex. 

 

 

Figure 3: Map of the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site.  

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is comprised of six separate 

areas as follows (note that the names provided for each of these areas have been adopted throughout this 

ECD): 

1. Point Cook1 / Cheetham – the northern most area in the Ramsar site, covering approximately 420 

hectares. Extends from Skeleton Creek to Point Cooke and includes parts of the Cheetham Wetlands, the 

coastal areas and marine waters to the two metre depth contour.  

2. Werribee/Avalon – the largest area in the Ramsar site, covering approximately 14,592 hectares. 

Comprises the Western Treatment Plant, Avalon Airfield, coastal areas including The Spit, adjacent marine 

waters to the two metre depth contour. The site also includes some adjoining farmland. 

 
1 Point Cooke, named after First Mate John Cooke , was originally spelt with an “e”. Although the “e” has been dropped for the Coastal park, the geographic 

feature and the Marine sanctuary retain the original spelling (Parks Victoria 2007). The spelling adopted for the Coastal Park is retained in this ECD.  



 

Port Phillip Bay (Western Shoreline) & Bellarine Peninsula Ramsar Site 

Ecological Character Description 

7 

OFFICIAL 

3. Point Wilson / Limeburners Bay– coastal areas from Point Wilson and Limeburners Bay, covering 

approximately 942 hectares. Includes the coastal areas between Point Wilson and Limeburners Bay Estuary 

but excludes Avalon Saltworks. 

4. Swan Bay – Shallow embayment near the town of Queenscliff covering approximately 2660 hectares. 

Ramsar boundary includes a very narrow strip of intertidal zone and the shallow marine waters. Excludes 

Swan Island, and other smaller islands within the Bay. 

5. Mud Islands – located approximately 10 kilometres inside Port Phillip Heads to the east of Swan Bay, 

covering approximately 625 hectares. Includes the entire group of islands and surrounding water to the 

two metre depth contour. 

6. Lake Connewarre Complex – inland wetland area, covering approximately 3412 hectares. Includes Reedy 

Lake, Lake Connewarre, Hospital Swamp, Salt Swamp, Lake Murtnaghurk, the Barwon River downstream of 

Reedy Lake and the Barwon River Estuary. The terrestrial areas of Pacey Island are excluded from the 

Ramsar boundary as are the marine areas surrounding Barwon Heads. 

2.2 Land tenure 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is composed of six areas that 

are managed primarily by DELWP, Parks Victoria, Melbourne Water and the Department of Defence (Table 

2).  

Table 2: Land tenure within the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site and the associated 

land managers. 

Area Land tenure Legal status Management 

Point Cooke / Cheetham    

Eastern Point Cook Coastal Park 

including the south-eastern 

Cheetham Wetlands 

Crown Land Reserves Crown Land (Reserves) 

Act 1978 

Parks Victoria 

Port Phillip Bay nearshore waters Point Cooke Marine 

Sanctuary 

National Parks Act 1975 Parks Victoria 

Port Phillip Bay nearshore waters Unreserved Crown Land Land Act 1958  DELWP  

Werribee / Avalon    

Werribee – land near Farm Road Freehold Private land Private residential 

Western Treatment Plant Freehold Private land Melbourne Water 

Port Phillip Bay foreshore adjacent 

to Western Treatment Plant north of 

Little River 

Port Phillip Bay Coastal 

Reserve 

Crown Land (Reserves) 

Act 1978 

Melbourne Water 

Port Phillip Bay nearshore waters Unreserved Crown Land Land Act 1958  DELWP  

Port Phillip Bay foreshore adjacent 

to Western Treatment Plant south of 

Little River 

Port Phillip Bay Coastal 

Reserve 

Crown Land (Reserves) 

Act 1978 

Parks Victoria 

Werribee River Regional Park Nature Conservation 

Reserve 

Crown Land (Reserves) 

Act 1978 and Wildlife Act 

1975  

Parks Victoria 

The Spit Nature Conservation 

Reserve 

Nature Conservation 

Reserve – Wildlife 

Reserve 

Crown Land (Reserves) 

Act 1978 and Wildlife Act 

1975 

Parks Victoria 

Avalon Airfield Commonwealth Land Airports Act 1996 Avalon Airport  

Point Wilson / Limeburners Bay    

Point Wilson Explosives Area Commonwealth Land Defence Act 1903, and 

Explosives Act 1961 

Dept of Defence 
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Area Land tenure Legal status Management 

Foreshore adjacent to Avalon 

Saltworks 

Public Purposes Reserve  Crown Land (Reserves) 

Act 1978 

DELWP 

Port Phillip Bay nearshore waters Unreserved Crown Land Land Act 1958  DELWP  

Avalon Beach to Limeburners Bay Port Phillip Bay Coastal 

Reserve 

Crown Land (Reserves) 

Act 1978 

Parks Victoria 

City of Greater 

Geelong 

Limeburners Lagoon (Hovells 

Creek) 

Nature Conservation 

Reserve 

Crown Land (Reserves) 

Act 1978 and Wildlife Act 

1975 

Parks Victoria 

City of Greater 

Geelong 

Swan Bay    

Swan Bay component of the 

Port Phillip Heads Marine National 

Park 

Marine National Park National Parks Act 1975 Parks Victoria 

Stingaree Bight  Declared Naval Waters Control of Naval Waters 

Act 1918 

Dept of Defence 

Mud Islands    

Mud Islands component of the 

Port Phillip Heads Marine National 

Park 

Marine National Park National Parks Act 1975 Parks Victoria 

Lake Connewarre and Reedy Lake 

Lake Connewarre State Game 

Reserve 

Natural Features 

Reserve – Wildlife 

Reserve 

Crown Land (Reserves) 

Act 1978 and Wildlife Act 

1975 

Parks Victoria 

Portion of land on eastern and 

southern side of Lake Connewarre 

Nature Conservation 

Reserve – Wildlife 

Reserve 

Crown Land (Reserves) 

Act 1978 and Wildlife Act 

1975 

Parks Victoria 

2.3 Wetland types  

Classification of wetlands into discrete types is a difficult exercise and an inexact science. Clear boundaries 

are difficult to define or delineate and multiple wetland types could be considered to apply to the same 

wetland. For example, Type A (permanent shallow marine waters) and Type B (marine sub-tidal beds) both 

apply to Swan Bay and the marine waters around Mud Islands. For this reason, while a list and a description 

of wetland types can be provided, there is uncertainty over the extent of each wetland type. Wetland types in 

likely order of dominance are presented in Table 3. 

Table 3: Wetland types within the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site (in 
descending order of dominance, estimated from multiple lines of evidence, Victorian wetland mapping, ecological 
vegetation class mapping). 

Ramsar 

type 

Description Locations within the site 

A Permanent shallow marine waters. The Ramsar Site seaward boundary was defined as the 

greater of “2 metre depth contour”. This provides significant 

sub-tidal areas of permanent inundation within the Ramsar 

site. 

B Marine subtidal aquatic beds; includes kelp 

beds, sea-grass beds, tropical marine 

meadows. 

There are extensive areas of seagrass in Swan Bay and 

surrounding Mud Islands, and some areas of kelp / macro-

algal beds off the coast of the Werribee sector (Figure 4). 

H Intertidal marshes; includes salt marshes, 

salt meadows, saltings, raised salt marshes; 

includes tidal brackish and freshwater 

marshes. 

There are extensive areas of intertidal saltmarsh around 

the site including Lake Connewarre, Hospital Swamp, 

Swan Bay, Mud Islands, Point Wilson and the shorelines 

along the Werribee and Pointe Cooke sections (Figure 5). 

8 Wastewater treatment areas Western Treatment Plant (Figure 6). 
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Ramsar 

type 

Description Locations within the site 

5 Salt exploitation sites Cheetham wetlands (no longer used to harvest salt; Figure 

7). 

G Intertidal mud, sand or salt flats. Unvegetated intertidal areas around Mud Islands and Swan 

Bay.  

Ts Seasonal/intermittent freshwater 

marshes/pools on inorganic soils. 

Reedy Lake, Ryan’s Swamp (Figure 8). 

I Intertidal forested wetlands Small areas of mangrove along Limeburners Bay and the 

Barwon Estuary. 

E Sand, shingle or pebble shores. Beach areas along the Werribee shoreline, Swan Bay and 

around Mud Islands. 

F Estuarine waters. Barwon Estuary and Limeburners Bay. 

M Permanent rivers, streams and creeks. Barwon River, Little River. 

D Rocky marine shores. There are small areas of rocky shoreline near Point Wilson 

and Point Cooke. 

 

Figure 4: Southern fiddler ray (Trygonorrhina dumerilii) in seagrass beds (Ramsar wetland type B: marine subtidal aquatic 

beds) Mud Islands (photo: Damian Cook, Rakali Consulting). 
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Figure 5: Saltmarsh (Ramsar wetland type H: intertidal marshes) Swan Bay (photo: Damian Cook, Rakali Consulting). 

 

Figure 6: Western Treatment Plant Lagoons (Ramsar wetland type 8: wastewater treatment areas) (photo: Phoebe Macak, 

Arthur Rylah Institute). 
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Figure 7: Cheetham wetlands (Ramsar wetland type 5: salt exploitation sites) (photo: Parks Victoria). 

 

Figure 8: Reedy Lake (Ramsar wetland type Ts: intermittent freshwater marshes) (photo: Maias). 

2.4 Ramsar criteria 

2.4.1 Criteria under which the site was designated 

At the time that the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site was first 

nominated as a Wetland of International Importance (1982), the criteria for identifying wetlands of 

international importance were the “Cagliari criteria”, adopted at the first conference of contracting parties in 
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Cagliari in 1980. The original nomination documentation for the PPB Ramsar Site considered that the site 

met four of these criteria as shown in (Table 4). However, no specific justification for these criteria was 

provided. 

Table 4: Criteria for Identifying Wetlands of International Importance as at listing date, 1982. Criteria for which the PPB Ramsar 

Site has been listed are shaded. 

Basis Number Description 

Criteria for 

waterfowl 

1a it regularly supports 10,000 ducks, geese and swans; or 10,000 coots or 20,000 

waders 

1b it regularly supports 1% of the individuals in a population of one species or 

subspecies of waterfowl 

1c it regularly supports 1% of the breeding pairs in a population of one species or 

subspecies of waterfowl 

Criteria based on 

plants and 

animals 

2a it supports an appreciable number of rare, vulnerable or endangered species or 

subspecies of plant or animal 

2b it is of special value for maintaining the genetic and ecological diversity of a 

region because of the quality and peculiarities of its flora and fauna 

2c it is of special value as the habitat of plants or animals at a critical stage of their 

biological cycle 

2d it is of special value for one or more endemic plant or animal species or 

communities. 

Criterion based 

on representative 

wetlands 

3 it is a particularly good example of a specific type of wetland characteristic of its 

region. 

 

2.4.2 Assessment based on current information and Ramsar criteria 

There have been a number of developments in the past two decades that influence the application of the 

Ramsar criteria to wetland sites including: 

• Refinements and revisions of the Ramsar criteria. the criteria were re-numbered and two additional criteria 

(seven and eight) were adopted by the Ramsar Convention in Brisbane in 1996 and a ninth criterion was 

added at the 9th Ramsar Conference in Uganda in 2005.  

• Revision of population estimates for waterbirds (Wetlands International 2006; Bamford et al. 2008), which 

influences the application of criterion six. 

• A decision with respect to the appropriate bioregionalisation for aquatic systems in Australia, which for 

inland systems are now based on drainage divisions and for marine systems the interim marine 

classification and regionalisation for Australia (IMCRA). This affects the application of criteria one and 

three. 

• Updating of threatened species listings, which affects criterion two. 

• Changes to waterbird population estimates, which affects criterion 6. 

• Additional data have been collected for the site, which could potentially influence the application of all 

criteria. 

An assessment against the current criteria indicates that the Port Phillip Bay (Western Shoreline) and 

Bellarine Peninsula Ramsar Site would have met six of the nine criteria at the time of listing and continues to 

do so (Table 5). 
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Table 5: Ramsar listing criteria with those met at the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar 

shaded. 

Number Basis Description 

Group A. Sites containing representative, rare or unique wetland types 

Criterion 1  A wetland should be considered internationally important if it contains a 

representative, rare, or unique example of a natural or near-natural wetland 

type found within the appropriate biogeographic region. 

Group B. Sites of international importance for conserving biological diversity 

Criterion 2 Species and 

ecological 

communities 

A wetland should be considered internationally important if it supports 

vulnerable, endangered, or critically endangered species or threatened 

ecological communities 

Criterion 3 Species and 

ecological 

communities 

A wetland should be considered internationally important if it supports 

populations of plant and/or animal species important for maintaining the 

biological diversity of a particular biogeographic region. 

Criterion 4 Species and 

ecological 

communities 

A wetland should be considered internationally important if it supports plant 

and/or animal species at a critical stage in their life cycles, or provides 

refuge during adverse conditions. 

Criterion 5 Waterbirds A wetland should be considered internationally important if it regularly 

supports 20,000 or more waterbirds.  

Criterion 6 Waterbirds A wetland should be considered internationally important if it regularly 

supports 1% of the individuals in a population of one species or subspecies 

of waterbird. 

Criterion 7 Fish A wetland should be considered internationally important if it supports a 

significant proportion of indigenous fish subspecies, species or families, life-

history stages, species interactions and/or populations that are 

representative of wetland benefits and/or values and thereby contributes to 

global biological diversity. 

Criterion 8 Fish A wetland should be considered internationally important if it is an important 

source of food for fishes, spawning ground, nursery and/or migration path 

on which fish stocks, either within the wetland or elsewhere, depend 

Criterion 9 Other taxa A wetland should be considered internationally important if it regularly 

supports 1% of the individuals in a population of one species or subspecies 

of wetland-dependent non-avian animal species 

Criterion 1 

A wetland should be considered internationally important if it contains a representative, rare, or unique 

example of a natural or near-natural wetland type found within the appropriate biogeographic region. 

The application of this criterion must be considered in the context of the bioregion within which the site is 

located. The South East Coast (Victoria) Drainage Division extends from the New South Wales – Victorian 

border along the coast to the Millicent basin in South Australia. The Ramsar guidance for this criterion 

indicates that the justification should be based on wetland type and hydrology. There is no comprehensive 

wetland inventory for this bioregion. As such the application of the terms “representative” and “rare” are 

difficult. In terms of “representative” advice from the Convention (Ramsar 2009) is that contracting parties 

should select the “best examples” of each wetland type within a bioregion. 

The majority of the wetland types within the Ramsar site cannot be considered unique within the bioregion, 

as there are many inland, marine and artificial wetlands across the bioregion and even in nearby 

environments. In addition, there are numbers of other wetlands nearby that provide comparable values to 

parts of the Ramsar site (e.g. Westernport Bay, Corner Inlet, Gippsland Lakes). 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site Ramsar Site did not meet this 

criterion at the time of listing, nor does it currently meet it. 
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Criterion 2 

A wetland should be considered internationally important if it supports vulnerable, endangered, or critically 

endangered species or threatened ecological communities. 

In the Australian context, it is recommended that this criterion should only be applied to nationally threatened 

wetland dependent species and communities, listed under the EPBC Act 1999 or the International Union for 

Conservation of Nature (IUCN 2012) Red List. The site regularly supports one threatened ecological 

community and 13 threatened fauna species: 

• Subtropical and Temperate Coastal Saltmarsh – vulnerable ecological community (EPBC) 

• Australasian bittern (Botaurus poiciloptilus) – Endangered (EPBC and IUCN) 

• Australian fairy tern (Sternula nereis nereis) – Vulnerable (EPBC and IUCN) 

• Bar-tailed godwit (Limosa lapponica baueri) – Vulnerable (EPBC2)  

• Curlew sandpiper (Calidris ferruginea) – Critically endangered (EPBC) 

• Eastern curlew (Numenius madagascariensis) – Critically endangered (EPBC); endangered (IUCN) 

• Great knot (Calidris tenuirostris) – Critically endangered (EPBC); endangered (IUCN) 

• Greater sand plover (Charadrius leschenaultia) – vulnerable (EPBC)  

• Hooded plover (Thinornis rubricollis rubricollis) – Vulnerable (EPBC and IUCN) 

• Lesser sand plover (Charadrius mongolus) – Endangered (EPBC) 

• Red knot (Calidris canutus) – Endangered (EPBC) 

• Orange-bellied parrot (Neophema chrysogaster) – Critically endangered (EPBC and IUCN) 

• Australian grayling (Prototroctes maraena) – Vulnerable (EPBC) 

• Growling grass frog (Litoria raniformis) – Vulnerable (EPBC), endangered (IUCN). 

There are a small number of records of two pelagic seabirds listed as vulnerable under the EPBC Act 

(Northern giant petrel, Macronectes halli and shay albatross, Thalassarche cauta), but this is insufficient to 

indicate that the site regularly supports these species In addition, there are historic records of Australian 

painted snipe (Rostratula australis) from Lake Connewarre complex (single birds observed in 1978, 1981, 

1990) and more recently (2011, 2012 and 2013) from the Western Treatment Plant. While this is insufficient 

to indicate that the site regularly supports this species, it warrants consideration in the next update of the 

RIS.  

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site met this criterion at the time of 

listing and continues to meet it on the basis of supporting 13 threatened species and one threatened 

ecological community. 

Criterion 3 

A wetland should be considered internationally important if it supports populations of plant and/or animal 

species important for maintaining the biological diversity of a particular biogeographic region. 

Guidance from the Convention indicates that this criterion should be applied to “hotspots” of biological 

diversity and centres of endemism within a biogeographically region. As with criterion 1, the relevant 

bioregion is the South East Coast (Victoria) Drainage Division.  

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site supports a high diversity of 

waterbirds, most likely related to the diversity of habitats provided by the site (permanent shallow marine 

waters, marine subtidal aquatic beds, rocky marine shores, sandy shores, intertidal forested wetlands, 

intertidal mud, sand or salt flats, intertidal marshes, estuarine waters, seasonal and permanent saline 

wetlands, permanent and intermittent freshwater marshes and pools, wastewater treatment areas and former 

saltworks). A total of 130 species of waterbird have been recorded within the site (excluding 24 species that 

are outside their range or could be considered vagrant). The Port Phillip Bay (Western Shoreline) and 

Bellarine Peninsula Ramsar Site represents the most species rich Ramsar site in the South East Coast 

 
2 Note that the Bar-tailed godwit subspecies Limosa lapponica menzbieri is listed as critically endangered. While it is possible that this species may occur in 

the Ramsar site, the sub species baueri is more prevalent on the east coast of Australia and likely to comprise the majority of records in Victorian 

Ramsar sites (Dan Weller, BirdLife personal communication). 
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(Victoria) Drainage Division with respect to waterbirds when compared to other large marine and costal 

wetland systems in the bioregion. For example: 

• Western Port supports 102 waterbird species (Hansen et al. 2011) 

• Corner Inlet supports 95 waterbird species (BMT WBM 2011) 

• Glenelg Estuary and Discovery Bay Wetland Complex supports 95 waterbird species (Butcher et al. 2017) 

• Gippsland Lakes supports 86 waterbird species (Hale 2016). 

Biodiversity is not just measured in terms of species richness, but encompasses some aspects of variability 

between species represented (DeLong 1996). Therefore, a site may be considered more diverse if it 

contained the same number of species, but these species were from a larger range of families or groups. 

The waterbirds in the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site supports 

waterbird species across all defined functional groups (ducks, herbivores, large wading birds, piscivores, 

shorebirds, terns, petrels and shearwaters); representing a higher diversity than sites that support species 

from only one or two functional groups. 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site met this criterion at the time of 

listing and continues to meet it on the basis of a high diversity of waterbirds. 

Criterion 4 

A wetland should be considered internationally important if it supports plant and/or animal species at a 

critical stage in their life cycles, or provides refuge during adverse conditions. 

The basic description of this criterion implies a number of common functions/roles that wetlands provide 

including supporting fauna during migration, providing drought refuge, supporting breeding and moulting in 

waterfowl. The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site provides all of 

these functions and roles as described below and clearly meets this criterion. 

The critical life stage of migration 

All areas within the site support migratory shorebirds, with over 30 species of international migratory 

shorebirds recorded in the site. Of, these the site regularly supports 22 species (Table 6), most of which 

utilise the site during the summer non-breeding months. A number of juvenile birds, however, as well as the 

southern breeding double-banded plover (Charadrius bicinctus) utilise the site during winter. 

In addition, the Barwon River Estuary provides a migratory corridor for a number of native diadromous fish 

species including the Australian grayling and the short-finned eel (Anguilla australis) (Ryan et al. 2010, 

Schmidt et al. 2011). 

The critical life stage of drought refuge 

The majority of inland, freshwater wetlands in southern Victoria are temporary systems, either filling annually 

during winter / spring or intermittently during years of above average rainfall. The permanent freshwaters of 

Reedy Lake and the Western Treatment Plant lagoons provide valuable habitat for waterfowl and other 

native species when these other wetlands are dry (Loyn et al. 2014).  

The critical life stage of breeding 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar site supports breeding of at least 

49 species of waterbird (Hale 2010) this includes large breeding colonies of several species on Mud Islands 

(Menkhorst 2010). The seagrass areas of Swan Bay are known to be important breeding and nursery areas 

for marine fish (Hamer et al. 2011a, Jenkins et al. 2011). In addition, the Western Treatment Plant supports 

breeding of native frogs including the growling grass frog (Renowden 2006, Smith et al. 2008). 

The critical life stage of moulting 

The lagoons of the Western Treatment Plant annually support large numbers of moulting waterfowl, most 

notably, Australian Shelduck (Loyn et al. 2014). Over 30,000 birds have been recorded in primary moult at 

this site (Bob Swindley pers. com.). 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site met this criterion at the time of 

listing and continues to meet it. 
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Table 6: Palaearctic migratory waders recorded in the Ramsar site and their frequency of occurrence (percentage). The 22 

species that the site is considered to regularly support are shaded. Frequency of occurrence marked as “–“ indicates an 

isolated record in the Victorian biodiversity atlas. Frequency of occurrence is the percentage of years the species has been 

recorded (1983 to 2019). 

Common name 
Species name JAMBA CAMBA ROKAMBA 

Frequency of 

occurrence 

Bar-tailed godwit Limosa lapponica X X X 100 

Black-tailed godwit Limosa limosa X X X 100 

Broad-billed sandpiper Limicola falcinellus X X X 32 

Common greenshank Tringa nebularia X X X 100 

Common sandpiper Actitis hypoleucos X X X 90 

Curlew sandpiper Calidris ferruginea X X X 100 

Eastern curlew Numenius madagascariensis X X X 100 

Great knot Calidris tenuirostris X X X 97 

Greater sand plover Charadrius leschenaultii X X X 66 

Grey plover Pluvialis squatarola X X X 100 

Grey-tailed tattler Tringa brevipes X X X 82 

Hudsonian godwit Limosa haemastica    5 

Latham's snipe Gallinago hardwickii X X X 84 

Lesser sand plover Charadrius mongolus X X X 82 

Little curlew Numenius minutus X X X 3 

Little stint Calidris minuta    18 

Long-toed stint Calidris subminuta X X X 54 

Marsh sandpiper Tringa stagnatilis X X X 100 

Oriental plover Charadrius veredus X X X 3 

Oriental pratincole Glareola maldivarum X X X 16 

Pacific golden plover Pluvialis fulva X X X 100 

Pectoral sandpiper Calidris melanotos X X X 76 

Red knot Calidris canutus X X X 100 

Red-necked phalarope Phalaropus lobatus X X X 21 

Red-necked stint Calidris ruficollis X X X 100 

Ruff Philomachus pugnax X X X 84 

Ruddy turnstone Arenaria interpres X X X 100 

Sanderling Calidris alba X X X 47 

Sharp-tailed sandpiper Calidris acuminata X X X 100 

Stilt sandpiper Calidris himantopus    8 

Terek sandpiper Xenus cinereus X X X 47 

Wandering tattler Tringa incana X X X 8 

Whimbrel Numenius phaeopus X X X 76 

Wood sandpiper Tringa glareola X X X 76 
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Text box 1: Definition of regularly supports (Ramsar 2009, 2012). 

Criterion 5 

A wetland should be considered internationally important if it regularly supports 20,000 or more waterbirds. 

Waterbird counts across the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar site are 

very high (mostly due to the large numbers of birds supported by the Western Treatment Plant). Waterbird 

counts are inconsistent and monitoring effort has increased in recent years, but a sum of maximum annual 

abundance indicates that the site has supported > 20,000 waterbirds every year since 1981 with a maximum 

of over 300,000 in 1993 (Figure 9). This is a conservative estimate derived by summing the annual maximum 

abundance of each species across the site. To avoid double counting totals from separate areas in the 

Ramsar site are only included if they were recorded on the same day (as happens with the annual shorebird 

counts). Therefore, the total waterbird abundance is likely greater than shown here. 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site met this criterion at the time of 

listing and clearly continues to meet it. 

 
Figure 9: Total maximum waterbird abundance (1981 – 2019; data from BirdLife Australia, Atlas of Living Australia and DELWP 

Annual Summer Waterfowl Counts). 
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Regularly (Criteria 5 and 6) - as in supports regularly - a wetland regularly supports a population of a given size if: 

i. the requisite number of birds is known to have occurred in two thirds of the seasons for which adequate 

data are available, the total number of seasons being not less than three; or 

ii. the mean of the maxima of those seasons in which the site is internationally important, taken over at least 

five years, amounts to the required level (means based on three or four years may be quoted in provisional 

assessments only). 

In establishing long-term 'use' of a site by birds, natural variability in population levels should be considered 

especially in relation to the ecological needs of the populations present. Thus, in some situations (e.g., sites of 

importance as drought or cold weather refuges or temporary wetlands in semi-arid or arid areas - which may be 

quite variable in extent between years), the simple arithmetical average number of birds using a site over several 

years may not adequately reflect the true ecological importance of the site. In these instances, a site may be of 

crucial importance at certain times ('ecological bottlenecks'), but hold lesser numbers at other times. In such 

situations, there is a need for interpretation of data from an appropriate time period in order to ensure that the 

importance of sites is accurately assessed. 

In some instances, however, for species occurring in very remote areas or which are particularly rare, or where 

there are particular constraints on national capacity to undertake surveys, areas may be considered suitable on the 

basis of fewer counts. For some countries or sites where there is very little information, single counts can help 

establish the relative importance of the site for a species. 

The International Waterbird Census data collated by Wetlands International is the key reference source. 
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Criterion 6 

A wetland should be considered internationally important if it regularly supports one per cent of the 

individuals in a population of one species or subspecies of waterbird. 

Assessment of this criterion must be made using the most relevant official population estimates (Wetlands 

International 2012, Hansen et al. 2016) and an application of the definition of “regularly supports” Text box 1. 

Data provided by BirdLife Australia and from the DELWP Annual Summer Waterfowl Counts, indicate that at 

the time of listing 13 species met this criterion (Table 7). On the basis of more recent records (2000 to 2019) 

the site supports > 1 % of the population of 15 species, with some have been some minor changes. Silver 

gulls have dropped below the 1% population threshold, but this is likely to do with infrequent counts at Mud 

Islands in recent years, while the addition of red-necked avocet and Australian shelduck to the list may 

represent more comprehensive counts in the Western Treatment Plant portion of the site. 

In addition, there is evidence from around that time of listing that the site supported between 10 and 40 % of 

the population of orange-bellied parrot. The population estimate until around 2000 was around 150 birds 

(Department of Environment, Land, Water and Planning 2016). The average number of birds in the Ramsar 

site from 1981 to 1995 was 48, representing a third of the population. The species is in decline and the 

current wild bird population is estimated at less than 50. Between three and nine birds have been recorded in 

the Ramsar site each year in the past decade, suggesting that the site continues to support > 1% of the 

population of this species. 

Table 7: Species for which the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site regularly supports 

> 1% of the population (average counts 1981 to 1995 representing the time of listing and 2000 to 2019, current conditions). 

Data from Atlas of Living Australia, BirdLife Australia and Annual Summer Waterfowl Counts). 

Common name 

Species name 

Mean 

maximum 

count (1981-

1995) 

% of 

population 

(time of 

listing) 

Mean 

maximum 

count 

(2000-2019) 

% of 

population 

(current) 

Australasian shoveler Anas rhynchotis 5000 5.0 7000 7.0 

Australian fairy tern Sternula nereis nereis 75 1.2 110 7.3 

Australian pied oyster 

catcher 

Haematopus longirostris 133 1.1 200 1.9 

Australian shelduck Tadorna tadornoides 6200 < 1 17,700 1.7 

Blue-billed duck Oxyura australis 1300 13 5900 59 

Chestnut teal Anas castanea 3900 3.9 9950 9.9 

Curlew sandpiper Calidris ferruginea 8417 3.4 3800 4.2 

Double-banded plover Charadrius bicinctus 640 2.1 590 3.1 

Hoary-headed grebe Poliocephalus 

poliocephalus 

11,500 1.1 18,200 1.8 

Musk duck Biziura lobata 850 3.2 1200 4.8 

Pink-eared duck Malacorhynchus 

membranaceus 

12,600 1.3 26,000 2.6 

Red-necked stint Calidris ruficollis 11,300 2.4 14,421 3.0 

Red-necked avocet Recurvirostra 

novaehollandiae 

670 < 1 1700 1.7 

Sharp-tailed sandpiper Calidris acuminata 5500 3.2 5000 5.9 

Silver gull Chroicocephalus 

novaehollandiae 

82,000 4.0 9600 < 1 

Straw-necked ibis Threskiornis spinicollis 21,000 2.1 10,000 1.0 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site met this criterion at the time of 

listing and continues to meet it. 
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Criterion 7 

A wetland should be considered internationally important if it supports a significant proportion of indigenous 

fish subspecies, species or families, life-history stages, species interactions and/or populations that are 

representative of wetland benefits and/or values and thereby contributes to global biological diversity. 

Guidance from the Ramsar Convention (Ramsar Convention 2009) indicates that in order to meet this 

criterion, a site should have a high degree of endemism or biodisparity in fish communities. While the Port 

Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site supports a wide variety of marine, 

estuarine and freshwater fish species, there is no evidence to suggest that these species are unique to the 

Ramsar site. In addition, there is no indication of high biodisparity in fish communities within any of the 

locations. Therefore, this criterion was not likely to be met at the time of listing and is not currently met. 

Criterion 8 

A wetland should be considered internationally important if it is an important source of food for fishes, 

spawning ground, nursery and/or migration path on which fish stocks, either within the wetland or elsewhere, 

depend. 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site provides important habitats, 

feeding areas, dispersal and migratory pathways, and spawning sites for numerous fish species of direct and 

indirect fisheries significance. These fish have important fisheries resource values both within and external to 

the site. 

The seagrass beds in Swan Bay in particular are known to be important feeding and nursery areas for a 

number of fish species, including the commercially important King George Whiting (Jenkins and Kent 2011, 

Jenkins et al. 2011). Over 50 species have been recorded in Swan Bay, including estuarine and marine 

species. Of particular note is the importance of areas such as Swan Bay as nursery habitat for species such 

as snapper (Chrysophrys auratus) for coastal Victorian waters (Hamer et al. 2011b). 

Reedy Lake, Lake Connewarre and the Barwon River Estuary are also important areas for native fish and 

over twenty species have been recorded in these areas (Dahlhaus et al. 2007a). In addition, the Barwon 

River Estuary is an important migratory route for native fish that travel between fresh and marine waters to 

spawn. These include short-finned eels, common galaxias (Galaxias maculatus), broad-finned galaxias 

(Galaxias brevipinnis), Australian grayling and pouched lamprey (Geotria australis) (Ryan et al. 2010). 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site met this criterion at the time of 

listing and continues to meet it. 

Criterion 9 

A wetland should be considered internationally important if it regularly supports one percent of the 

individuals in a population of one species or subspecies of wetland-dependent non-avian animal species. 

The application of this criterion relies on estimates of the total population of non-bird species. In the case of 

the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site this would require estimates of 

amphibians, fish and / or invertebrates. This criterion cannot be assessed based on current information. 
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3. Components, processes, services and benefits 

In general, the baseline for ecological character, against which changes are assessed, is the time of listing 

(Department of the Environment, Water, Heritage and the Arts 2008), which for the Port Phillip Bay (Western 

Shoreline) and Bellarine Peninsula Ramsar Site, is 1982. There has been an attempt to capture natural 

variability, rather than a single year or point in time. Data availability, However, plays an important role and in 

some instances more recent data is all that is available and so is presented here. Changes since listing are 

described in Section 7 

3.1 Definitions 

In the context of this ECD the following definitions are adopted. 

Ecosystem components include the physical, chemical and biological parts of a wetland (from large scale 

to very small scale, e.g. habitat, species and genes) (Ramsar Convention 2005, Resolution IX.1 Annex A).  

Ecosystem processes are changes or reactions which occur naturally within wetland ecosystems. They 

may be physical, chemical or biological. In laymen’s terms, this equates to process such as carbon cycling, 

denitrification, acidification, sedimentation, migration, breeding, reproduction, etc. (from Ramsar Convention, 

Resolution V1.1). 

Ecosystem benefits and services are "the benefits that people receive from ecosystems (Ramsar 

Convention 2005, Resolution IX.1 Annex A). This includes benefits that directly affect people such as the 

provision of food or water resources as well as indirect ecological benefits. The Millennium Ecosystem 

Assessment (Millennium Ecosystem Assessment 2005) defines four main categories of ecosystem services: 

1. Provisioning services - the products obtained from the ecosystem such as food, fuel and fresh water; 

2. Regulating services – the benefits obtained from the regulation of ecosystem processes such as 

climate regulation, water regulation and natural hazard regulation; 

3. Supporting services – the services necessary for the production of all other ecosystem services such 

as water cycling, nutrient cycling and habitat for biota. These services will generally have an indirect 

benefit to humans or a direct benefit over a long period of time; and 

4. Cultural services – the benefits people obtain through spiritual enrichment, recreation, education and 

aesthetics. 

3.2 Identifying critical components and processes 

The basis of an ECD is the identification, description and where possible, quantification of the critical 

components, processes, benefits and services of the site. Wetlands are complex ecological systems and the 

complete list of physical, chemical and biological components and processes for even the simplest of 

wetlands would be extensive and difficult to conceptualise. It is not possible, or in fact desirable, to identify 

and characterise every organism and all the associated abiotic attributes that are affected by, or cause effect 

to, that organism to describe the ecological character of a system. This would result in volumes of data and 

theory but bring us no closer to understanding the system and how to best manage it. What is required is to 

identify the key components, the initial state of the systems, and the basic rules that link the key components 

and cause changes in state (Holland 1998). Thus, we need to identify and characterise the key or critical 

components, processes, benefits and services that determine the character of the site. These are the 

aspects of the ecology of the wetland, which, if they were to be significantly altered, would result in a 

significant change in the system. 

DEWHA (2008) suggest the minimum components, processes, benefits and services, which should be 

included in an ECD are those: 

1. that are important determinants of the sites unique character; 

2. that are important for supporting the Ramsar criteria under which the site was listed; 

3. for which change is reasonably likely to occur over short to medium time scales (less than 100 

years); and / or 

4. that will cause significant negative consequences if change occurs. 
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A simple conceptual model for Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site 

was developed (Figure 10) to illustrate the components, processes and services that are critical to the 

ecological character of the site, and those which are important in supporting the critical components, 

processes and services the site provides. 

 

Figure 10: Simple conceptual model showing the key relationships between components and processes; benefits and services 

(CPS) and the reasons for the site being listed as a Wetland of International Importance. 

The critical components, processes and services of the site are: 

Components:  

• Hydrology 

• Waterbird abundance 

• Freshwater vegetation 

• Seagrass 

• Saltmarsh 

• Mangroves 

• Native fish 

• Waterbird abundance 

Process: 

• Waterbird breeding 

Services: 

• Supports threatened species 

• Provides physical habitat for waterbirds 

• Provides physical habitat for fish 

• Ecological connectivity 

 

3.3 Supporting components and processes 

Three components and processes have been identified as being important in supporting the critical CPS. 

These supporting components and processes are important in managing the site to maintain ecological 

character and some may provide early warning indicators of change. As such, this ECD includes a 

description of the following components and processes that are important in supporting the ecological 

character of the site (Table 8): 

• Climate 

• Geomorphic setting 

• Water quality 

Supporting 
components 

and processes

Critical 
components 

and processes

Critical 
benefits and 

services

Ramsar listing 
criteria

Climate
Geomorphic 

setting

Water qualityHydrology

Native fish
Waterbird
breeding

Saltmarsh
Waterbird

abundance

Threatened 
species & 

communities

Physical 
habitat for 
waterbirds

Ecological
connectivity

Criterion 2 Criterion 3 Criterion 4 Criterion 5 Criterion 8Criterion 6

Mangroves Seagrass
Freshwater 
vegetation

Physical 
habitat for 

fish
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Table 8: Summary of the supporting components and processes within the Port Phillip Bay (Western Shoreline) and Bellarine 

Peninsula Ramsar Site. 

Component / process Description 

Climate Rainfall occurs year-round and the annual average is in the order of 500 mm per year. 

Evaporation exceeds rainfall year-round. 

Geomorphic setting Port Phillip Bay is a large circular embayment with a narrow connection to the Southern 

Ocean through the heads. All of the marine portions of the Ramsar site are in the shallow 

(< 2m) depth contour. There are six sites of geomorphic significance in the Ramsar Site 

including Mud Islands, the Spit and Edwards Point. 

Water quality – salinity, 

nutrients, water clarity 

Salinity ranges from predominantly fresh at the Western Treatment Plant and parts of the 

Lake Connewarre Complex (Reedy Lake) to hypersaline at Cheetham Wetlands. Water 

clarity in the shallow marine areas is sufficient for light to reach the sea floor supporting 

productivity. Nutrients are high at the areas within and surrounding the Western Treatment 

Plant and driver high productivity.  

3.3.1 Climate 

Climate plays an important role in wetland ecology; primarily through its effects on hydrology and the 

hydrological cycle. Attributes of climate which are most important are temperature and rainfall. Temperature 

determines the rate of biological processes such as decomposition, respiration and photosynthesis; the 

amount and timing of rainfall determines whether surface water will accumulate (Mitsch and Gosselink 2007). 

Temperatures affect evaporation and transpiration; rainfall has a direct influence and solar radiation and day 

length affect the biological components of wetland systems. 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is situated within the 

temperate (moderately dry winter, warm summer) climate zone of south-eastern Australia (Bureau of 

Meteorology 2011, http://www.bom.gov.au/jsp/ncc/climate_averages/climate-

classifications/IDCclimclasgrids.jsp).  

Average annual rainfall at Laverton is in the order of 500mm a year, with no strong seasonal rainfall pattern 

(Figure 11). There is some degree of variability in annual rainfall (ranging from < 300mm to > 800mm in 40 

years of records from this site; Figure 12) 

Temperatures range from cool to warm with average summer maximum temperatures around 22C and 

average minimum temperatures between 12 and 14C (Figure 13). During winter average maximum 

temperatures are considerably cooler (12 – 13C) as are average minimum temperatures (7 – 9 C).  

Relative humidity ranges from 75 – 85% year round. This combined with the mild to warm temperatures and 

low rainfall results in evaporation exceeding rainfall year round, more markedly in summer (Figure 14). 

 

Figure 11: Median, 10th and 90th percentile monthly rainfall at Laverton (1943 – 2019; Bureau of Meteorology). 
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Figure 12: Average annual rainfall at Laverton (1943 – 2019; Bureau of Meteorology). Note horizontal line shows long term 

average. Data for 1999 is missing. 

 

Figure 13: Average monthly maximum and minimum temperatures at Laverton (1943 – 2019; Bureau of Meteorology). 

 

Figure 14: Average monthly rainfall and evaporation at Laverton (1943 – 2019; Bureau of Meteorology). 
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3.3.2 Geomorphic setting 

Geomorphic setting is another key driver of wetland ecology. Geomorphology (formation and configuration of 

landforms) exerts a strong influence on surface and groundwater connections in aquatic and adjacent 

terrestrial ecosystems. Geomorphic setting influences wetland morphology and soils and characteristics of 

the hydrological regime such as flooding depth as well as frequency and duration of inundation. 

Port Phillip Bay is a circular embayment on the southern coast of Victoria. It is approximately 32 km wide and 

50 km long and has a narrow (3.2 km wide) connection to Bass Strait at its southern end. The bathymetry of 

the Bay is relatively simple in the north with a deeper central basin, grading to shallow at the coast. In the 

south of the Bay there is an extensive sand bank known as the “Great Sands”. This results in extensive 

areas of shallow water (< 5 m at lowest astronomical tide) through which a shipping channel has been 

dredged (Figure 15). All of the marine and coastal areas within the Ramsar site are within shallow water 

(<2m at lowest astronomical tide) and Mud Islands is a feature within the Great Sands. 

 

 
Figure 15: Bathymetry of Port Phillip Bay (adapted from Holdgate et al. 2001). 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site contains five sites of State 

geomorphological significance as identified by Rosengren (1988): 

• Mud Islands Ridges and Lagoons–This is an uncommon type of island in Victoria in terms of 

development and form. It is the only known location within Port Phillip Bay where consolidated rock occurs 

above the high-water mark. The islands have been compared to coral atolls and formation processes are 

similar to those promoting the growth of sand and shingle spits and ridges on coral platforms.  

• Edwards Point Spit Complex – This is an extensive and complex spit system created by depositional 

processes at the northern end of Swan Bay. It is comprised of sand, shell and ironstone gravel from 

eroding coastlines to the north.   

• Limeburners Bay Estuary – This is considered an excellent example of a complex estuary containing 

many features of larger estuarine systems. Its form and proximity to Melbourne make it an ideal 

demonstration site for the study of estuarine systems. 

• Point Wilson Prograding Shell Ridges – Adjacent to the Point Wilson jetty is a series of low, shelly 

ridges lying parallel to the coast composed of whole and fragmented bivalves. They are approximately 1 m 

high and set at 8 – 10 m spacings. They are considered to be a rare example of active prograding ridges.  

• Sand Hummocks - Barrier Spits – The Spit is a barrier system composed of sand, shell and basalt 

located approximately 300m offshore and extending for 500m parallel to the coastline. It partially encloses 

a tidal lagoon between it and the shoreline. 
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In addition, the Reverse Delta (Lake Connewarre Complex) has also been identified as a geomorphic 

feature of “high scientific value” and State significance (Barwon Heads Association 2009, page 6). 

3.3.3 Water quality 

The supporting components associated with water quality include salinity, nutrients and water clarity. Water 

quality is important for supporting ecological character for several reasons. It is a source of nutrients, driving 

primary production, and variables such as salinity and water clarity have a strong influence over the 

presence and distribution of aquatic species. 

Salinity 

The coastal areas within the Ramsar site are influenced by the salinity within Port Phillip Bay. Although there 

was little available data from the time of listing, data from the mid-1990s indicates that salinity in the Bay 

varies seasonally. Typically, salinity in summer is approximately 35.5 ppt near (or greater than) seawater and 

33.5 ppt in winter (EPA unpublished data). However, there are few monitoring points in coastal areas and 

none from within the Ramsar site and as such this can only be considered indicative.  

Other locations in the Ramsar site range from fresh (e.g. the Western Treatment Plant) to hypersaline 

(Cheetham wetlands) and highly variable (spatially and temporally) in the Lake Connewarre complex. Data 

are limited, but can be summarised as follows: 

• Cheetham wetlands – largely hypersaline, with salinity controlled by the pumping and circulation of marine 

waters from the mouth of Skeleton Creek (Parks Victoria 1996). 

• Coastal zones, Swan Bay, water around Mud Island – largely marine salinity in the order of 33 to 36 ppt. 

• Western Treatment Plant – largely fresh with salinity between 1 and 1.5 ppt (Loyn et al. 2006). 

• Lake Connewarre Complex – a gradient of salinity from fresher conditions at Reedy Lake (salinity was < 3 

ppt year-round 1986 – 1987) to estuarine / saline in the Barwon Estuary. Hospital Swamp is fresh when 

filled from diverted Barwon River water, but salinity increases as the wetland dries. Salt Swamp is 

predominantly saline as is Lake Connewarre due to tidal connections. However, salinity does vary 

seasonally in Lake Connewarre (higher in summer and lower in winter) ranging from a low of 9 ppt to a 

high of 28 ppt over the twelve month period March 1986 to March 1987 (Dahlhaus et al. 2007b). 

Water clarity 

Water clarity is important for maintaining ecological character for the role it plays in providing light to benthic 

plants. Data are limited from the Ramsar site at the time of listing, but in the shallow marine waters between 

40 and 50 % of surface irradiance reaches the sea floor (Longmore et al. 2002). 

Nutrients 

Nitrogen is considered to be a significant nutrient in Port Phillip Bay, and is thought to be the limiting nutrient 

with respect to phytoplankton growth in the Bay (Longmore and Hale 2006). Around the time of listing, 

approximately 6 – 9000 tonnes of nitrogen enter the waters of Port Phillip Bay annually (Parslow et al. 1999). 

The major sources are the Western Treatment Plant and the Yarra River, with smaller amounts entering from 

other rivers, streams and drains and the atmosphere (Figure 16). Concentrations of nitrogen in the water 

column vary with distance from major sources and although data from coastal areas are few, there is 

evidence that the waters within the Ramsar site adjacent to the Western Treatment Plant typically are higher 

in nitrogen than sites more distant from these two sources. 

Long-term water quality monitoring from Long Reef (one km offshore from the Werribee/Avalon Ramsar 

boundary) indicate high concentrations of total nitrogen ranging from 150 – 250 g/L during winter to over 

300 g/L (and up to 3000 g/L) during summer. During winter, concentrations of ammonium and nitrate-

nitrite were also higher than during summer months. Seasonal variation in nitrogen concentrations at this site 

(and in the rest of the Bay) is attributed to higher discharges from the Western Treatment Plant and rivers 

during winter months (Longmore 2007). 
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Figure 16: Nitrogen inputs into Port Phillip Bay (Longmore 2007). 

The only other coastal location within the Ramsar site for which nutrient data are available is Swan Bay. 

Nitrogen concentrations from within Swan Bay measured in 2000 – 2001 were substantially lower than those 

recorded near the Werribee / Avalon portion of the Ramsar site. Fabris et al. (2001) reported median total 

nitrogen in Swan Bay of 190 g/L, ammonium of 8 g/L and nitrate-nitrate of < 1 g/L. 

The wetland areas within the Western Treatment Plant at the time of listing were involved in wastewater 

treatment and were all highly nutrient enriched. The ponds and permanent waterbodies had high levels of 

both nitrate-nitrite and ammonium, but ammonium was the dominant dissolved inorganic form of nitrogen. 

Over the period 1990 to 1996 nitrate-nitrite concentrations across a number of lagoons was 750  40 g/L 

(mean  standard error) and ammonium was 19550  580 g/L (data from Loyn et al. 2002). Although all 

ponds tested had high concentrations of dissolved inorganic nitrogen, there was variability between ponds, 

dependent on where in the wastewater treatment process they were located. For example, Lake Borrie, 

which received sewage from which solids had been removed in settlement ponds, had an average nitrate-

nitrite concentration (1990 to 1996) of 710 g/L and ammonium of 16000 g/L. While lagoon 115E, which 

received raw sewage, had higher dissolved inorganic nitrogen concentrations with a mean of 1080 g/L 

nitrate-nitrite and 27900 g/L ammonium. 

Nutrient concentrations from the Lake Connewarre Complex from around the time of listing indicate that both 

Reedy Lake and Lake Connewarre could be considered eutrophic. The following summarise the nutrient 

concentrations within the complex in 1986 / 87 (Dahlhaus et al. 2007b): 

• Reedy Lake – average total phosphorus concentration of 94 g/L and high concentrations of oxidised 

nitrogen and total nitrogen (up to 1500 g/L). Considered to be phosphorus limited. 

• Lake Connewarre – maximum total phosphorus of 670 g/L, oxidised nitrogen generally < 15 g/L and 

total nitrogen of 130 g/L. Considered to be nitrogen limited. 

The importance of nutrients lies in their effect on primary production. Productivity in the Port Phillip Bay 

(Western Shoreline) and Bellarine Peninsula Ramsar Site is particularly important as it is the primary reason 

the site supports such a large number of waterbirds (Rogers et al. 2007, Parry et al. 2013). Phytoplankton 

and microphytobenthos are the dominant primary producers in Port Phillip Bay and this is likely to also be 

reflected within a number of the coastal areas of the Ramsar site. Estimates by Beardall and Light (1997) 

indicate that microphytobenthos biomass is twice that of phytoplankton. However, gross and net production 

(as indicated by production of organic carbon) is four times higher in phytoplankton. Phytoplankton in Port 

Phillip Bay, therefore, although not high in biomass (particularly on global scales) is, arguably, the most 

significant primary producer. It forms the basis of the food chain for the Bay and there is evidence that 

zooplankton grazing maintains the balance of phytoplankton biomass, preventing frequent algal blooms 

Western

Treatment

Plant

Hobsons Bay

Great Sands

0 15 km
Bass Strait

15 m 20 m

20 m

46%

13%

17%

24% Yarra/Maribyrnong  R.

Atmosphere

Other rivers

and streams



 

 

28 Port Phillip Bay (Western Shoreline) & Bellarine Peninsula Ramsar Site 

Ecological Character Description 

(Beattie et al. 1997). Therefore, maintaining phytoplankton productivity at levels sufficient to sustain the food 

chain within the coastal areas of the Ramsar site is important for maintaining ecological character. 

The role of non-phytoplankton organic carbon may also be important, particularly in areas under the 

influence of the Western Treatment Plant. The wastewater treatment process results in significant loads of 

particulate organic carbon, which can enter the food chain directly through bacteria and detritivores. 

Investigations in the nearshore environment adjacent to the Western Treatment Plant have indicated that 

concentrations of organic carbon are correlated with benthic invertebrate diversity and abundance  (GHD 

2008). It has been suggested that particulate organic carbon is a major food source for invertebrate fauna in 

both the intertidal areas and within the treatment lagoons. 

3.4 Critical components and processes 

The attributes and characteristics of each of the identified critical components of Port Phillip Bay (Western 

Shoreline) and Bellarine Peninsula Ramsar Site are described below (sections 3.4.1 to 3.4.5). Where 

possible, quantitative information is included. A summary of the critical components within the Port Phillip 

Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is provided in Table 9.  

Table 9: Summary of the critical components and processes within the Port Phillip Bay (Western Shoreline) and Bellarine 

Peninsula Ramsar Site. 

Component / process Description 

Hydrology Two aspects of hydrology are considered critical to the ecological character: 

• Interaction between freshwater inflows and tidal exchange in the Lake Connewarre 

Complex. 

• Artificial water regimes that maintain the highly productive lagoons of Cheetham 

Wetlands and the Western Treatment Plant. 

Vegetation Seagrass – seagrass is present at three locations: Mud Islands, Swan Bay and the coastal 

areas adjacent to Point Wilson / Limeburners Bay. It is dominated by two species of 

Zostera, with smaller areas of Halophilla ovalis. Extent and density are highly variable. 

Saltmarsh – seven community types are present, dominated largely by succulent shrubs of 

the genera Tecticornia and Sarcocornia.  

Mangroves – there are small areas of mangroves in the Barwon Estuary. 

Freshwater wetland vegetation – tall marsh dominated by common reed occurs at Reedy 

Lake. An unusual salt tolerant lignum shrubland also occurs at this location. A variety of 

common emergent, submerged and floating aquatic species occur in parts of the Western 

Treatment Plant. 

Native fish The site supports a diversity of fish with different life histories. Freshwater fish are 

supported in the Little River, Western Treatment Plant and Lake Connewarre Complex. The 

site also supports a number of diadromous fish (i.e. those that regularly migrate between 

fresh and saltwater. The nationally vulnerable Australian grayling has been recorded in the 

Lake Connewarre Complex. 

Large number of marine and estuarine fish occur in the subtidal and intertidal habitats. 

Swan Bay supports a high diversity of species and is an important nursery for King George 

whiting. Mud Islands habitats support marine species including a number of sharks and 

rays. 

Waterbird diversity and 

abundance 

The site supports more than 120 species of wetland dependent bird, including 22 species 

of migratory shorebirds that are regularly recorded within the site. At the time of listing 

annual maximum abundance was around 180,000 birds. Large numbers of waterfowl use 

the Western Treatment Plant and fish-eating species such as gulls and terns are supported 

by Mud Islands.  

Waterbird breeding Breeding has been recorded for at least 49 species of wetland dependent birds. Beach 

nesting species (red-capped plover, Australian pied oyster catchers) breed at Cheetham 

Wetlands and on Mud Islands. A number of waterfowl and an established colonial nesting 

colony dominated by pied cormorants are supported at the Western Treatment Plant. Mud 

Islands also supports very large numbers of colonial nesting species with combined totals 

of > 100,000 nests. 
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3.4.1 Hydrology 

There are two aspects to the hydrology in the Ramsar site that are considered critical to ecological character: 

the interactions between freshwater flows and tidal exchange in the Lake Connewarre Complex and the 

artificial water regimes of the Western Treatment Plant and the Cheetham Wetlands. The hydrology of the 

shallow, coastal marine areas within the Ramsar site are influenced largely by the broader hydrology of Port 

Phillip Bay and tidal regimes, which although important in supporting ecological character do not meet the 

requirement for a critical CPS “for which change is reasonably likely to occur over short to medium time 

scales”. 

Lake Connewarre complex 

Freshwater flows down the Barwon River are the major source of water for Reedy Lake and Hospital 

Swamp. Naturally these systems would have been intermittent and would have only filled after flood flows 

occurred in the Barwon River. Reedy Lake was flooded in winter and spring and then dried out over summer 

and autumn. When the capacity of Reedy Lake was exceeded, water overflowed to Lake Connewarre. 

During high spring tides, saline estuarine water entered Reedy Lake from the south.  

 

Information on the water regime from Reedy Lake around the time of listing has been compiled on 

documentary and anecdotal evidence rather than water level monitoring and is subject to some uncertainty. 

Ecological Associates (2006, 2011) and Lloyd Environmental, Fluvial Systems and Ecological Associates 

(2006) outline the changes to the hydrology of Reedy Lake since European settlement. Since 1898, changes 

were made to the lower Barwon River to prevent saline estuary water incursions upstream. The lower 

breakwater (built in 1898) raised the river level adjacent to Reedy Lake which resulted in more permanent 

freshwater inundation. The lower breakwater was replaced by a floating gate structure in the 1950s which 

lowered the river level. An inlet to the lake was constructed and, during the 1967-68 drought, the bank at the 

outlet to Lake Connewarre was raised. Around 1970 the outlet to Lake Connewarre was regulated to prevent 

saline estuary water from entering the wetland. Lloyd et al. (2012), based on review of the previous work and 

further advice from Field and Game Australia, indicates that the water regime from the early 1980's to 1995 

was as follows: full in winter/spring (0.7m AHD); drying to an average of 0.4m AHD by late summer; and 

refilling in response to autumn breaks, usually in April/May. 

In 1983 (one year after listing), a regulator was installed at Hospital Swamp to increase the duration of 

inundation at this wetland. The water management cycle for Hospital Swamps around the time of listing (but 

post 1983) comprised filling in spring, drawdown in January to around 0.3 m AHD and then complete drying 

by the end of summer (Lloyd et al. 2012):  

The hydrology of Lake Connewarre is a product of tidal exchange and freshwater inflows. Lake Connewarre 

receives freshwater flows from the Barwon River through Reedy Lake when flows over-top the low bund 

between the two wetlands. As a consequence, freshwater flows into Connewarre are generally restricted to 

winter / spring when river discharge is highest. While there is a tidal influence in Lake Connewarre, it is small 

and likely in the order of only a few centimetres (Lee 1993). 

Salt Swamp only receives freshwater following high (flood) flows in the Barwon River. As a consequence, 

this wetland is intermittent and mostly saline. Murtnaghurt Swamp would have once received freshwater 

flows from the Barwon and been influenced by tides in the Barwon Estuary. However, it had become 

hydrologically isolated before Ramsar listing (Lee 1993). 

Artificial water regimes 

The Western Treatment Plant and Cheetham Wetlands are maintained predominantly by artificial means. At 

the time of listing, the Western Treatment Plant had a water regime that was based on treating wastewater 

via lagoon treatment, land filtration (in summer) and grass filtration (in winter). Lagoons cover an area of over 

1800 hectares and are operated in a series of ponds, with effluent moving from one to the other until the 

water quality reaches the required standard before it enters one of four drains to Port Phillip Bay (Brett Lane 

and Associates 2003). These ponds vary in depth from 0.5 m (parts of Lake Borrie) to over eight metres but 

are predominantly permanent in nature.  

At the time of listing, grass filtration paddocks covered over 1400 hectares at the Western Treatment Plant 

and comprised wide irrigation bays separated by check banks. They were irrigated with de-sludged effluent 

during winter and remained flooded with shallow surface water for a number of months before drying over 

summer. Land filtration paddocks were irrigated over the summer months to saturated soil, but no surface 

water was present.  
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Cheetham wetlands are maintained by pumping water into the former salt evaporation pans to create 

permanent inundation. The system utilises the drains, gates and circulation patterns of the former saltworks. 

The main pump is located on the north bank of Skeleton Creek and water is extracted from the creek and 

discharged into a small pond designed to reduce the force of the water entering the salt evaporation ponds. 

Water is circulated through the lagoons and the water regime is manipulated to maintain permanent 

inundation (Parks Victoria 1996). 

3.4.2 Vegetation 

There are four broad vegetation types that are critical to the ecological character of the Port Phillip Bay 

(Western Shoreline) and Bellarine Peninsula Ramsar Site: seagrass, saltmarsh, mangroves and freshwater 

wetland vegetation.  

Seagrass 

Around the time of listing there was approximately 2500 hectares of seagrass in Port Phillip Bay (Western 

Shoreline) and Bellarine Peninsula Ramsar Site spread over three locations: Point Wilson / Limeburners 

Bay; Swan Bay and Mud Islands. The coastal areas within the Werribee / Avalon and Point Cooke areas are 

dominated by bare substrate or macroalgae rather than seagrass, with drift algae a distinctive feature of the 

Werribee / Avalon coastline (Light and Woelkerling 1992).  

 

There are eight species of seagrass in Port Phillip Bay of which three are a feature within the Ramsar site 

(Blake and Ball 2001):   

• Zostera nigricaulis (formerly Heterozostera tasmanica) – occurs only in subtidal areas where exposure to 

the air is limited. Prefers sand and mud sediments. The dominant seagrass in all three areas of the 

Ramsar site; 

• Zostera muelleri – generally occurs in the intertidal zone, requiring periods of exposure to maintain health 

and growth; and 

• Halophila ovalis – occurs on in subtidal areas and generally in deeper water than H. nigricaulis. Within the 

Ramsar site the only significant patches are within the Point Wilson area. 

The most comprehensive mapping of seagrass distribution within the Ramsar site is from 2000 (Blake and 

Ball 2001). This remote sensing of seagrass communities could not distinguish between the two species of 

Zostera due to their similar morphologies and so these are mapped as one unit, although at three different 

densities. The mapping also distinguished seagrass from a mix of seagrass and filamentous algae, which is 

mostly epiphytic on the seagrass leaves. 

 

 

Figure 17: Seagrass (with juvenile King George Whiting) in Swan Bay (Peter Macreadie). 
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The results of this mapping indicate that the Point Wilson area within the Ramsar site contains a mix of 

medium and sparse cover of Zostera spp. with filamentous algae. There is also a stand of Halophila ovalis 

with filamentous algae along the eastern Avalon shoreline in deeper water (Figure 18). 

 

 
 

Figure 18: Seagrass in the Point Wilson area of the PPB Ramsar Site (Blake and Ball 2001).  

Swan Bay has an extensive cover of sparse to medium density seagrass with some areas in the south and 

centre covered in macroalgae. Zostera spp., with a cover of filamentous algae, extends over much of the 

south and centre of the Bay. However, in the north there are large patches of seagrass without significant 

amounts of filamentous algae (Figure 19). Mud Islands has the greatest percentage of dense Zostera spp. of 

any of the Ramsar site locations. In addition, unlike Point Wilson and Swan Bay, seagrass at Mud Islands is 

mostly devoid of filamentous algae (Figure 20), reflecting the lower nutrient concentrations further from shore 

and potentially increased circulation of water.  

 
Figure 19: Seagrass cover in Swan Bay (Blake and Ball 2001). See Error! Reference source not found. for location of Swan Bay 

within the Ramsar site. 
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Figure 20: Seagrass cover at Mud Islands (Blake and Ball 2001). See source document for a full description of the categories 

and Error! Reference source not found. for location of Swan Bay within the Ramsar site. 

 

Community composition and density of seagrass communities varies seasonally. Studies from around the 

time of listing in Swan Bay indicate that seagrass biomass and shoot density had a bimodal distribution, with 

peaks in spring and autumn and lows in winter and summer (Bulthuis and Woelkerling 1983). There is also 

evidence that seagrass cover may change significantly over annual timeframes. Studies from Port Phillip Bay 

(but outside the Ramsar site boundaries) indicate that seagrass cover fluctuated by up to 80% between 1975 

and 2000. Rates of decline and recovery were also high with changes of up to 50% in cover in a single year 

(Blake and Ball 2001). There is evidence that this is also true for Swan Bay, with extreme changes in cover 

recorded from a single monitoring station from 2005 to 2008 (Figure 21).  During this period cover changed 

from 100% to 10% from April 2006 to April 2007, with a recovery to > 50% cover by October 2008 (Hirst et 

al. 2012). Although the data are from more recent studies (rather than at the time of listing) they are reflective 

of the magnitude of changes that can be observed and go to informing the degree of “natural” variability in 

seagrass communities. 

 

 
Figure 21: Mean ( standard error) seagrass cover for Zostera spp. in Swan Bay 2005 – 2008 (Hirst et al. 2012). 

Saltmarsh 

Approximately 1225 hectares of saltmarsh was mapped in the Port Phillip Bay (Western Shoreline) and 

Bellarine Peninsula Ramsar Site in 2010 (Boon et al. 2011b). While this is a more recent assessment, 

estimations of saltmarsh loss since 1750 indicate that 90% saltmarsh in the Lake Connewarre and Mud 

Islands sections has been retained and the losses of saltmarsh in the Werribee Avalon and Point Wilson / 

Limeburners Bay areas occurred through the construction of the Western Treatment Plant and Cheetham 

Wetlands, well before the time of listing (Sinclair and Boon 2012). The 2010 mapped extent can therefore be 

considered indicative of saltmarsh extent at the time of listing. 
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The greatest proportion of saltmarsh occurs in the Lake Connewarre complex (68%). Twenty-six per cent 

occurs in the Werribee/Avalon and Point Wilson/Limeburners Bay complex, while Point Cooke and Mud 

Islands each support 3%. It should be noted that there are extensive areas of coastal saltmarsh along the 

shoreline of Swan Bay. The Ramsar site boundary in this location, however, is very low in elevation and 

follows the mudflat / seagrass community boundary and effectively excludes the saltmarsh communities 

which occur at higher elevations.  

Saltmarsh across most of the Ramsar site is dominated by succulent shrubs of the genera Tecticornia and 

Sarcocornia. A community of salt tolerant grasses and herbs bound this on the landward edge (Saintilan 

2009). Boon et al. (2011) provide a detailed classification of saltmarsh communities, with seven distinct 

saltmarsh vegetation types occurring in the Ramsar site (Table 10). 

Condition of saltmarsh communities was assessed over four years (2008 – 2011) at two locations within the 

Ramsar site, Mud Islands and The Spit (in the Werribee / Avalon portion of the Ramsar site). Whether the 

results represent the time of listing is not known, but they provide the only available information on condition 

of this vegetation community. Species richness was low at both locations, with nine specie recorded, which is 

typical of saltmarsh communities. Saltmarsh communities were high variable both spatially and temporally, 

but largely 60 – 70 percent of communities were assessed as “healthy” or “near stressed” at both locations 

(Hale 2011). 

Table 10: Saltmarsh communities of the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site, in 

descending order of extent (Sinclair 2010). 

Vegetation 

community 

Description Locations in the 

Ramsar site 

Wet saltmarsh 

herbland 

A low herbland (<30cm) dominated by succulent to semi-succulent 

halophytes. It occupies low-lying, poorly-drained areas of coastal 

saltmarsh, mostly subject to regular tidal inundation. It is often very 

species-poor, most frequently dominated by beaded glasswort 

(Sarcocornia quinqueflora). 

Common in all areas 

Coastal 

tussock 

saltmarsh 

Dominated by robust tussocks such as chaffy saw-sedge (Gahnia filum) or 

prickly spear-grass (Austrostipa stipoides), growing in less-frequently 

inundated zones of coastal saltmarshes, generally on well-drained soils.  

Extensive areas in 

the Lake Connewarre 

complex 

Wet saltmarsh 

shrubland 

A shrubland (0.3-3m) most often dominated by shrubby glasswort 

(Tecticornia arbuscular), but occasionally by Austral seablite (Suaeda 

australis). 

Common in all areas 

Coastal saline 

grassland 

Dominated by rhizomatous grasses, occurring in the less-saline zones of 

coastal saltmarsh. It may be a low turf (<10cm), or, at best development it 

may form dense mounds or hummocks to 1.5 m high. It is frequently very 

species poor and almost always dominated by Australian salt-grass 

(Distichlis distichophylla). 

Most common 

community at Point 

Cooke 

Coastal dry 

saltmarsh 

Herbland or low shrubland (<30cm tall) of upper saltmarsh, subject to 

relatively infrequent tidal inundation. It supports a rich annual herbaceous 

flora and is variously dominated by thick-head glasswort (Sarcocornia 

blackiana), southern sea-heath (Frankenia pauciflora) or rounded noon-

flower (Disphyma crassifolium). 

Lake Connewarre 

complex 

Coastal 

hypersaline 

saltmarsh 

A low shrubland (mostly <1m) dominated by succulent chenopods, 

occurring on heavy soils in highly-hypersaline habitat above the zone of 

regular tides. In the Ramsar Site it is dominated by blackseed glasswort 

(Tecticornia pergranulata), or, in more hypersaline sites, grey glasswort 

T. halocnemoides). 

Lake Connewarre 

complex 

Mangrove 

Only a single species of mangrove occurs in Victoria; grey mangrove (Avicennia marina subsp. australasica), 

which has a relatively wide distribution in warmer parts of the continent. Within the Ramsar site there are 

around 52 hectares of mangrove shrubland in the Barwon Estuary within the Lake Connewarre Complex 

(Boon et al. 2011). Mangrove shrubland occurs adjacent to the Ramsar site in Limeburners Bay and at Point 

Cooke. 
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Within the Ramsar site, as with all examples in this climatic zone, the mangroves are stunted occurring as 

shrubs or small trees to 2.4 m (Ross 2000). They usually occur at the seaward extension of saltmarsh or in a 

mixed vegetation association with saltmarsh. 

 

Figure 22: Mangroves along the Barwon River (Andrew McKinnon, Parks Victoria). 

Freshwater wetland vegetation 

Freshwater wetland vegetation is a critical component of the ecological character of the Port Phillip Bay 

(Western Shoreline) and Bellarine Peninsula Ramsar Site within parts of the Lake Connewarre complex 

(mainly Reedy Lake) and at the lagoons and wetlands of the Western Treatment Plant. 

A detailed vegetation survey in 1983 by Yugovic (1985) found that Reedy Lake supported extensive 

freshwater aquatic vegetation with approximately 50 species of freshwater aquatic and semi-aquatic native 

vascular plants species recorded. Yugovic (1985) mapped the vegetation of Reedy Lake in 1983 and  

Ecological Associates (2011) digitised the Yugovic’s vegetation mapping in 2010 (Figure 23). In 1983, Reedy 

Lake contained a mosaic of habitats with 40% open water and 40 % emergent freshwater vegetation 

dominated by common reed (Phragmites australis). 

The Lake Connewarre Complex contains around 150 hectares of lignum (Duma florulenta) shrubland. This 

community is highly unusual in that it is located in brackish (rather than freshwater) and the lignum has an 

understorey of Australian salt-grass (Distichlis distichophylla). Sinclair (2010) suggested that the community 

was possibly unique.  

The lagoons at the Western Treatment Plant are predominantly open water, with narrow bands of emergent 

vegetation (club-sedge Bolboschoenus caldwellii, waterbuttons Cotula coronopifolia and water couch 

Paspalum distichum) in the littoral zones (Organ 2003). Lake Borrie contains areas of standing dead trees 

and a riparian fringe of native emergent vegetation (Typha sp. and club-sedge). Less than 1 % of the total 

area of Lake Borrie, however, is vegetated (Organ 2002). There are patches of river red gum communities 

within the Western Treatment Plant, most notably in the riparian area of the Little River (SKM 2008). The 

drains within the site are lined with emergent vegetation (water couch and club-sedge) with a covering of 

floating vegetation such as duck weed (Organ 2002). 

Vegetation within Ryans Swamp (a small natural wetland within the Western Treatment Plant) has been 

surveyed and characterised (Carr 2002). This swamp has extensive emergent vegetation with a 20 – 50% 

cover of common spike-sedge (Eleocharis acuta) and a variety of other aquatic plant species such as nardoo 

(Marsilea drummondii), creeping knotweed (Persicaria prostrata) and hollow sedge (Carex tereticaulis). 
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Figure 23: Vegetation mapping at Reedy Lake in 1983. The data are derived from a digitised geospatial layer created by 

Ecological Associates (2011) based on mapping by Yugovic (1985). See Error! Reference source not found. for location of Reedy 

Lake within the Ramsar site. 

 

Figure 24: Freshwater emergent vegetation within the Lake Connewarre Complex (Tara McIlroy, VEWH). 
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Sinclair (2010) mapped three freshwater ecological vegetation classes in the Werribee / Avalon section of 

the Ramsar site. Whether this is representative of the time of listing is not known: 

• Cane grass wetland – 16 hectares 

• Lignum swamp – 23 hectares 

• Plains sedgy wetland – 22 hectares 

• Tall marsh – 41 hectares. 

Sinclair (2010) also undertook condition assessments of many of the freshwater wetland vegetation 

communities within the Ramsar site. All scored poorly and were largely characterised by high weed cover 

and poor native species diversity. 

3.4.3 Native fish 

Freshwater fish 

A total of twelve native species of fish have been recorded within the freshwater reaches of the Lake 

Connewarre complex (Billows and Gwyther 2007). These include: short-finned eel (Anguilla australis), 

tupong (Pseudaphritis urvillii), Australian smelt (Retropinna semoni), flat-headed gudgeon (Philypnodon 

grandiceps), Tamar River goby (Afurcagobius tamarensis), lagoon goby (Tasmanogobius lasti), small-

mouthed hardyhead (Atherinosoma microstoma), climbing / broadfin galaxias (Galaxias brevipinnis), spotted 

galaxias (Galaxias truttaceus), common galaxias (Galaxias maculatus) and the pouched lamprey (Geotria 

australis). In addition, the nationally vulnerable Australian grayling (Prototroctes maraena) has been 

recorded in Reedy Lake and the freshwater reaches of the Barwon River (Dahlhaus et al. 2007).  

Although there is no information about freshwater fish from other locations within the Ramsar site at the time 

of listing, in 2008, three native fish were recorded within the freshwater ponds: short-finned eel, spotted 

galaxias, and the common galaxias (McGuckin 2008). In addition, short-finned eel, common galaxias, 

spotted galaxias and flat-headed gudgeon have been recorded in the freshwater reaches of the Little River 

(GHD 2007). 

Marine and estuarine fish 

Estuarine and marine fish occur within intertidal habitats as well as the shallow sub-tidal areas within the 

Ramsar site. Tasmanian blenny (Parablennius tasmanianus), and common weedfish (HeterocIinus adelaide) 

are common in the rocky intertidal habitats of Point Cooke (Plummer et al. 2003) and are likely to also occur 

in the similar habitats in the Point Wilson area of the Ramsar site. 

Surveys of the Little River Estuary within the Western Treatment Plant (Werribee / Avalon) have recorded a 

number of species including: Swan River goby (Pseudogobius olorum), anchovy (Engraulis australis), small-

mouthed hardyhead, black bream (Acanthopagrus butcheri) and sandy sprat (Hyperlophus vittatus) (GHD 

2007). 

There is a range of fish that inhabit the intertidal saltmarsh within the Ramsar site. Ten species (mostly 

juveniles) were recorded from saltmarsh at Swan Bay (Crinall and Hindell 2004), with other areas of intertidal 

saltmarsh within the Ramsar site likely to support similar species. Small-mouthed hardyhead and long-fined 

goby (Favonigobius lateralis) were the most abundant, accounting for 80 % and 10% of the total catch 

respectively. The fish community included juveniles of the important recreational and commercial fish 

species King George whiting (SilIaginoges punctata). 

Seagrass beds within the Ramsar site support significant fish communities in terms of species richness and 

abundance. Again, data is predominantly from Swan Bay, but other areas of seagrass within the Ramsar site 

are likely to support similar species. Over 55 species of fish have been recorded in Swan Bay (Appendix D). 

The seagrass areas are home to a large number of pipefish (which are listed as marine under the EPBC Act) 

the most common of which is the spotted pipefish (Stigmatopora argus). Other species include bridled 

leather jacket (Acanthaluteres spilomelanurus), the spot-shoulder weed fish (Heteroclinus perspicillatus) and 

the cobbler (Gymnapistes marmoratus). Swan Bay is also considered to be a significant nursery for King 

George whiting (Jenkins et al. 1993, 1997). 

Mangrove intertidal habitat within the Ramsar site supports at least 14 species of fish, with the silver fish 

(Leptatherina presbyteroides) the most abundant comprising 80% of the catch in a study conducted on the 

Barwon Estuary (Baumgartner 1998). Yellow-eye mullet (Aldrichetta forsteri) and Tamar River goby were 

also common in this study. 
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The unvegetated sediments of Swan Bay comprise a similar suite of species as those found in seagrass 

(Jenkins et al.1993; Jenkins et al. 1997). In addition, banjo ray (Trygonorrhina fasciata) is commonly 

observed in Swan Bay and gummy sharks (Mustelus antarcticus), black bream and rock flathead 

(Platycephalus laevigatus) are also common (Plummer et al. 2003). 

Data on fish at Mud Islands are all from recent studies (rather than the time of listing). A total of 17 species 

were recorded in the shallow habitats around Mud Islands between 2008 and 2009. The most common 

species were banjo rays, followed by smooth toadfish (Tetractenos glaber), globefish (Diodon nicthemerus) 

and bridled leather jackets (Smith et al. 2012). Greenback flounder (Rhomhosolea tapirina) are also known 

to be abundant in the shallow sandy areas (Plummer et al. 2003). There is anecdotal evidence of basking 

and pupping of a number of species of sharks and rays including the bronze whaler shark (Carcharhinus 

brachyurus) but this remains unconfirmed. 

Over 17 species of estuarine native fish were recorded from Lake Connewarre at the time of listing. Of the 

larger species yellow-eye mullet, short-finned eel and black bream were the most abundant and smaller fish 

such as common galaxias, small-mouthed hardyhead and flat-headed gudgeon were also common 

(Dahlhaus et al. 2007). In total 32 species of native fish have been recorded from the estuarine sections of 

the Lake Connewarre Complex, which includes the Barwon Estuary (Lloyd et al. 2005) (Appendix D). This list 

includes a population of estuary perch (Macquaria colonorum), which based on their size, were ranked as 

the third most significant population of this species in Victoria (McCarraher and McKenzie 1986). 

3.4.4 Waterbird diversity and abundance 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site supports a high diversity and 

abundance of waterbirds. A total of 154 species of wetland bird have been recorded within the site (Appendix 

B), but this number includes 24 species which are either vagrant or for which there is only a single record 

(e.g. the solitary tufted duck (Aythya fuligula) which was a visitor to the Western Treatment Plant in 2019 

representing the only sighting of this species in Australia); or are vagrant. These species are not considered 

critical to the ecological character of the Ramsar site and are not considered further. Resident and common 

visitors to the site are listed in Table 11 and include 44 species listed under international migratory 

agreements Bonn Convention (32), CAMBA (36), JAMBA (37) and ROKAMBA (34) as well as an additional 

42 Australian species that are listed as marine under the Environmental Biodiversity and Conservation Act 

1999 (EPBC Act). 

Table 11: Number of wetland dependent bird species in the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula 

Ramsar site. 

Functional 

groups 

Description 
Number of species 

Ducks and 

small grebes 

Ducks and small grebes that typically are omnivorous and shallow or open 

water foragers. 

16 

Herbivores Black swans, hens and coots that have a vegetation diet. 8 

Fish eating 

species 

Gulls, terns, cormorants, petrels, shearwaters and grebes with a diet 

mainly of fish. 

32 

Australian 

shorebirds 

Australian resident shorebird species that feed in shallow inland waters or 

mud and sand flats mainly on invertebrates. 

14 

International 

shorebirds 

Palaearctic shorebird species that breed in the northern hemisphere and 

migrate to the southern hemisphere to feed. 

33 

Large wading 

birds 

Long-legged wading birds with large bills, feeding mainly in shallow water 

and mudflats. 

17 

Other Other birds that are wetland dependent such as birds of prey (white-bellied 

sea eagle, swamp harrier), reed warblers and the orange-bellied parrot 

10 

Total  130 

 

Comprehensive counts of waterbirds across the site began sometime after the time of listing. Total waterbird 

abundance (1981 to 1995; Figure 25) illustrates variability in counting effort as much as actual variability in 

waterbird abundance. Despite some years of very low monitoring effort, more than 20,000 waterbirds were 
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counted in every year, with an average annual maximum abundance (1981 – 1995) of over 180,000 

waterbirds. 

In terms of abundance, the site supports very large numbers of fish-eating species, waterfowl and 

international shorebirds. While all sections of the Ramsar site support a diversity of wetland dependent birds 

(species richness ranges from 73 at Mud Islands to 119 in the Werribee / Avalon section), the abundance of 

different guilds supported at each location is different. At the time of listing, Mud Islands, supported very 

large numbers of fish-eating waterbirds, comprised mainly of petrels and gulls. The Werribee Avalon section 

supported very large numbers of ducks (mostly at the Western Treatment Plant), while shorebirds dominated 

at other locations (Figure 26). 

 

Figure 25: Maximum annual abundance of waterbirds across the Ramsar site from 1981 to 1995 (data from Atlas of Living 

Australia, BirdLife Australia and Annual Summer Waterfowl Counts). Note that gulls have been separated out from other fish-

eating species due to the very large numbers of silver gulls at Mud Islands. 

 

Figure 26: Total wetland dependent bird species richness (left) and maximum annual abundance of waterbirds from 1981 to 

1995 (data from Atlas of Living Australia, BirdLife Australia and Annual Summer Waterfowl Counts). Note that there was 

insufficient data available from the Point Wilson / Limeburners Bay segment to include it in this analysis. 

There is evidence from around the time of listing that the Ramsar site supported greater than one percent of 

the population of 13 species of waterbird (Figure 27). More recent data indicates that the site currently 

supports greater than one percent of the population of a further two species: Australian shelduck and red-

necked avocet (Figure 27). It is not known if there was an increase in abundance of these species post 2001 

or if waterbird survey effort increased at the Western Treatment Plant after this time. 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site supports eleven threatened 

species of wetland dependent bird. These are described in section 3.6 below. 
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Figure 27: Maximum annual abundance of waterbirds for which the site supported > 1% of the population at the time of listing  

(data from Atlas of Living Australia, BirdLife Australia and Annual Summer Waterfowl Counts). Data shown for “around the 

time of listing for 11 species (blue) and more recently for Australian shelduck and hoary-headed grebe (purple). 
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Curlew sandpiper
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Double-banded plover
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3.4.5 Waterbird breeding 

Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is also significant for supporting 

breeding of at least 49 species of waterbird (Appendix B). Cheetham wetlands is an important breeding site 

for the resident Australian shorebird, red-capped plover with around 100 pairs breeding annually (Tan et al. 

2015). 

Several species of waterbird breed in and around the Western Treatment Plant including black swans, pacific 

black ducks and chestnut teal (Hamilton et al. 2002). Four colonial nesting fish-eating species breed in the 

Western Treatment Plant: pied cormorant, little pied cormorant, great cormorant, little black cormorant and 

Australasian darter (Loyn et al. 2014). The breeding colony is overwhelmingly dominated by pied 

cormorants, who comprise between 80 and 100 % of nests. Data from 2003 to 2012 indicates an average of 

680 nests annually (Figure 28); noting that this data was collected after the time of listing, but was the only 

information available. 

 

Figure 28: Number of active pied cormorant nests at the Western Treatment Plant (Loyn et al. 2014). 

Mud Islands is regarded as the most important site for waterbird breeding within the Ramsar site. Menkhorst 

(2010) summarised the existing data and personal records of waterbird breeding on Mud Islands. He noted 

that these indicate that there has been a notable succession of colonially-breeding waterbird species on the 

Islands since the 1950s (Table 12). The establishment of regular ibis breeding in large numbers appears to 

have reduced the habitat available for nesting gulls, terns and petrels. Mud Islands also supports breeding of 

beach nesting species such as pied oystercatcher and red-capped plovers (Menkhorst 2010). 

Table 12: Breeding of colonially-nesting waterbirds at Mud Islands, around the time of listing as indicated by data from the 

1970s and 1980s (Menkhorst 2010). 

Species Colony size Timing  Comments 

White-faced 

storm-petrel 

1000 pairs Sept-Feb Known to have bred at Mud Islands since 1882. Numbers 

steadily declined through the twentieth century.  

Australian pelican 700 pairs May-Feb Breed most years. 

Pied cormorant 50-100 pairs July-Nov Breeds most years with up to 250 nests. 

Straw-necked ibis 55,000 pairs Jul-Jan Not recorded before December 1991. Now nests annually with 

numbers increasing to 57,000 nests in 2009. 

Australian white 

ibis 

7000 pairs Jul-Dec Began breeding in 1990 (100 nests). Now nests annually with an 

estimate of 7,600 nests in Oct 2009.  

Royal spoonbill 30 Sept-Jan A distinct breeding colony of 31 nests was recorded in 2009. 

Caspian tern 19 Nov-Dec First recorded breeding in 1987. 

Crested tern 1500 Nov-Dec First recorded breeding in 1966.  

Silver gull 30,000 July-Feb First recorded breeding 1959 (8 nests). There were 250 pairs in 

1962, 1000 pairs in 1970, tens of thousands in 1978, stabilising 

at perhaps 50,000 nests through the 1980s. Numbers may have 

then fallen through competition with ibis colonies for breeding 

habitat with 30,000 nests recorded in the 2008-2010 period. 
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Reedy Lake within the Lake Connewarre Complex is an important breeding site for the colonial nesting 

species such as Australian white ibis, straw-necked ibis and royal spoonbills. Although breeding can be 

highly irregular, there are reports of large numbers of breeding birds including 10,000 birds in 1977; 19,000 

in 1978 and 10,000 young in 1996 (Mackenzie et al. 2005). 

3.5 Cultural services 

3.5.1 Recreation, education and tourism 

The Lake Connewarre Complex is a State Game Reserve and is partially managed for the purposes of 

hunting. In most, but not all years, hunting of ducks is permitted during a declared open season between 

March and June. Areas are closed to hunting to protect flora and fauna (including the orange-bellied parrot) 

and in recent years hunting has only been permitted in the freshwater areas of Reedy Lake. Although 

numbers of visitors are not routinely recorded for this site, it is a popular hunting destination due to its close 

proximity to Geelong and Melbourne and the permanent water regime providing duck hunting opportunities 

during the duck season, when many other wetlands in Victoria where hunting is permitted may be dry. 

The Western Treatment Plant and the Cheetham Wetlands have restricted visitor access to minimise 

disturbance to waterbirds as well as for safety and security reasons. Despite this, they are still popular 

destinations for recreational activities. Permits can be obtained for both fishing and bird watching at the 

Western Treatment Plant, and tours are regularly conducted for interested parties. Between 2001 and 2007 

nearly 60,000 visitors were conducted on tours at the Western Treatment Plant. 

The Marine and Freshwater Discovery Centre provides education services that create awareness about the 

importance of commercial and recreational fishing and the marine and freshwater environments. The centre 

provides curriculum-based education for early childhood, school and tertiary groups as well as specialised 

programs and programs for the general community. 

3.5.2 Aboriginal cultural values 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is important to at least two 

indigenous language groups, Mud Islands and the area of the coast to the east of the Werribee River is part 

of Country of the Boonwurrung and the remainder of the site is part of Country of the Wathaurong. 

“Connewarre” is the local indigenous word for Black Swan and the Lake Connewarre Complex is a significant 

site for the Wathaurong. There are numbers of important sites within the area including middens and 

artefacts. The oldest midden in the area is dated at least 5000 years old and is evidence of the long 

association of traditional owners with this wetland system. The lake would have provided abundant fish, 

shellfish, waterfowl and plants (DCNR 1995). 

There are burial sites, middens and artefacts along the coastal areas within the Ramsar site that are 

significant to both the Boonwurrung and Wathaurong.  

3.5.3 Scientific research 

The proximity of the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site to large cities 

and infrastructure provides opportunities for research within the Bay in general, and within the Ramsar site. 

The Victorian Fisheries Authority has a Fisheries Research Facility on the shores of Swan Bay and 

considerable research has been undertaken on fish and seagrass communities within this portion of the 

Ramsar site. Melbourne Water coordinates and funds a large amount of research on the Western Treatment 

Plant and the surrounding shoreline with monitoring and research activities spanning more than 25 years. 

They also have a study permit system which provides funding and encourages independent university 

research.  

The Australasian Waders Studies Group conducts monitoring of shorebirds at a number of key locations 

within the Ramsar site twice a year and has done so for over 30 years. In addition, the Victorian Waders 

Studies Group conducts monitoring and banding of shorebirds and terns at locations in the Ramsar site 

including Mud Islands. 
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3.6 Critical benefits and services 

Table 13: Summary of the critical benefits and services within the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula 

Ramsar Site. 

Benefits / services Description 

Provides physical 

habitat (for waterbirds) 

The site provides a network of habitats for waterbird feeding, roosting, moulting and 

breeding. Species that are supported by the site represent a wide range of functional 

groups (e.g. shorebirds, ducks, fish-eaters, large-bodied waders) each with different habitat 

requirements. 

Provides nursery 

habitat for native fish 

Saltmarsh and seagrass communities in Swan Bay are significant nursery habitats for 

juvenile fish. In particular, the larval stages of some fish species, such as King George 

whiting, blue rock whiting, leatherjackets and pipefish settle directly on sub-tidal seagrass 

beds and then the structural habitat of seagrass and saltmarsh provide protected waters for 

young fish. 

Threatened wetland 

species and 

ecosystems 

The site provides important habitat for 13 species of threatened fauna, including: seven 

international migratory shorebirds (bar-tailed godwit, eastern curlew, curlew sandpiper, 

great knot, red knot, lesser sand plover and greater sand plover), Australasian bittern, 

Australian fairy tern, hooded plover, orange-bellied parrot, growling grass frog and 

Australian grayling. The nationally vulnerable Subtropical and Temperate Coastal 

Saltmarsh community is also present within the site. 

Ecological connectivity The Ramsar site has a range of distinct wetland types which are ecologically connected. 

The connection between the marine, estuarine and freshwater components is significant for 

fish migration and reproduction. The site also supports significant numbers of international 

migratory shorebird species. 

 

3.6.1 Provides physical habitat for waterbirds 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site provides a high diversity of 

habitats for waterbirds across the different areas. The mobile nature of birds means that individuals use 

different parts of the site for different needs. For example, many of the ibis that breed on Mud Islands utilise 

the irrigated pastures at the Western Treatment Plant for foraging (Loyn et al. 2014) and several species of 

shorebirds return from foraging grounds in Swan Bay to roost at Mud Islands (Rogers et al. 2010). The 

Ramsar Site provides important habitat for foraging, roosting, moulting and breeding of wetland dependent 

birds. 

Moulting 

Waterfowl undergo an annual moult of their primary flight feathers, during which individuals are flightless for 

a period of two to five weeks, which makes them more vulnerable to predators. In addition, protein comprises 

> 80% of flight feathers and during moult birds have a high requirement for protein in their diets. This 

includes green fodder for herbivores and invertebrates for carnivorous waterfowl (Ringelman 1990). 

The permanent lagoons of the Western Treatment Plant annually support tens of thousands of waterfowl 

during primary moult. Flocks of Australian shelduck, Australasian shoveler and freckled duck arrive in early 

November and depart in late summer. Birds undergoing moult favour the deeper old lagoons where there is 

little fringing vegetation and visibility for approaching predators is good (Bob Swindley, pers. comm.). The 

combination of reliable permanent open water and high productivity supplying adequate food resources 

provides ideal habitat for moulting waterfowl.  

Foraging and roosting 

There is a large body of evidence that indicates a correlation between high abundances of waterbirds in the 

Ramsar site with high productivity (Bunce 2000, Dann 2007, Parry et al. 2013, Rogers et al. 2013). A large 

number of the waterbirds in the site either feed directly in the Western Treatment Plant or in areas that are 

influenced by the discharge of treated wastewater from the site. For example, shorebirds are known to utilise 

a network of locations in the Ramsar site at different times. Many species that forage in productive coastal or 

inland wetlands utilise other habitats for roosting. Shorebirds have particular water depth requirements for 

feeding and so move between habitats around the tidal cycle, using shallow inland wetlands at high tide and 

coastal habitat at low tide (Figure 29).  
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Similarly, high productivity of coastal waters along the Western Shoreline may be responsible for the high 

number of fish-eating species that are supported. While up to 100,000 gulls, terns and shearwaters use Mud 

Islands and surrounding areas for breeding, the abundance of small filter-feeding fish such as anchovies or 

pilchards, that many utilise as prey may be driven by nutrient dynamics from the Western Treatment Plant 

(Bunce 2000). 

 
Figure 29: Simplified illustration of roosting and foraging habitats for shorebirds in the Port Phillip Bay (Western Shoreline) 

and Bellarine Peninsula Ramsar Site. 

The foraging and roosting habitat requirements of waterbirds can be considered in terms of functional 

groups, with these different groups using different habitats in the Ramsar site (and beyond). The habitat 

requirements of select species known to occur within the Ramsar site are described in Table 14. 

Table 14: Foraging requirements of select waterbird species from the Port Phillip Bay (Western Shoreline) and Bellarine 

Peninsula Ramsar Site. 

Function 

group 

Example 

species 

Habitat characteristics 

Fish eating 

waterbirds 

Pied 

cormorant 

Mainly marine in eastern Australia, but also on inland wetlands. 

Roost in trees near water or on cliffs, offshore rocks. 

Diet consists mainly of fish, which they catch by pursuit diving. 

Crested tern Mainly coastal on beaches, bays, estuaries and lagoons. 

Roost on bare flat sand areas  

Diet mainly fish caught from the surface to or shallow waters mainly in inshore areas. 

Australasian 

gannet 

Pelagic, spending the majority of the year at sea and using land only for breeding. 

Diet consists mainly of fish, which are caught by plunge diving.  

Ducks  Blue-billed 

duck 

Prefer deep, large permanent open water. 

Roost – nocturnally usually on open water. 

Diet – seeds and leaves of aquatic plants and invertebrates (chironomids, caddis flies, 

dragonflies). 

Foraging – Deep diving. 

Freckled 

duck 

Shallow productive inland wetlands. 

Roost – by day on banks. 
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Function 

group 

Example 

species 

Habitat characteristics 

Diet – plants and animals. 

Foraging – filter feed at night in soft mud or shallow water. 

Herbivores Black swan Inland and estuarine shallow waters where floating, submerged or emergent vegetation 

is plentiful. 

Roost – mostly over water, but occasionally on shore. 

Diet – herbivorous feeding on the shoots and leaves of aquatic plants including 

filamentous algae and seagrass. 

Foraging – grazers. 

Shorebirds Red-necked 

stint 

 

Prefer very shallow waters for feeding and often found feeding in saltmarsh. 

Diet – seeds, molluscs, aquatic insects and crustaceans. 

Foraging – wade in shallow water forage with a rather hunched posture, picking 

constantly and rapidly at the muddy surface. 

Pied oyster 

catcher 

Prefer coastal environments with soft sediments. 

Diet – predominantly bivalve molluscs for which their bill is specifically adapted. 

Foraging – predominantly for surface prey (by sight), but also probing mudflats. 

Red-capped 

plover 

Prefer saline and brackish wetlands. 

Diet – mainly molluscs and small crustaceans, but also vegetation. 

Foraging – wading in shallow water / wet mud and saltmarsh. 

Large 

bodied 

waders 

White-faced 

heron 

Very diverse array of habitats from arid inland to temperate coasts. 

Feeds on a diversity of prey including aquatic insects, molluscs, crustaceans, frogs and 

fish. 

Foraging – variety of techniques, wading and disturbing prey, ambush hunting and 

probing crevices and mud. 

 

Breeding 

The species recorded breeding at the site utilise a range of different habitats within the system (Table 15). 

The most significant breeding of waterbirds (in terms of numbers) occurs at Mud Islands where large 

colonies of Australian ibis, straw-necked ibis, white-faced storm-petrels, crested tern and silver gulls’ nest 

annually. Other notable breeding records include regular breeding of magpie goose and brolga at Reedy 

Lake (MacKenzie et al. 2005) and pied cormorant at Mud Islands and the Western Treatment Plant. In 

addition, at the time of listing fairy tern regularly nested within the Ramsar site at Point Wilson, Swan Bay 

and Mud Islands. 

Table 15: Breeding habitat requirements of some of the waterbird species from the Port Phillip Bay (Western Shoreline) and 

Bellarine Peninsula Ramsar Site. 

Function 

group 

Example 

species 

Habitat characteristics 

Fish eating 

waterbirds 

Pied 

cormorant 

Nests in horizontal branches and forks of trees (live or dead) in or over water. At 

Western Treatment Plant nested on standing dead trees or artificial platforms 

constructed for this purpose. At Mud Islands breeds in saltmarsh. 

Colonial nester with multiple nests in single trees / shrubs. 

Requires water to remain until nestlings are independent. 

Hatchlings leave nest after 4 weeks, first flight at approximately 8 weeks. 

Australian 

pelican 

Colonial breeder with nests usually on islands with little or no vegetation. Within the 

Ramsar site a large colony (450 nests) is at Mud Islands. 

Adults can obtain food for their dependent young locally or from distant wetlands. 

Young leave nests to form crèche at about 3 – 4 weeks. 

First flight at 3 months. 
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Function 

group 

Example 

species 

Habitat characteristics 

Crested tern Breed on islands in coastal areas. Within the Ramsar site large breeding colony at Mud 

Islands. 

Nests in scrape on the ground. 

Young leave nest after two days but cared for in crèches. 

Fledge at 5 weeks, but dependent on parents for 4 months. 

Ducks  Chestnut 

teal 

Commonly nest in a tree hollow. At Western Treatment Plant nests in artificial nesting 

boxes. 

Ducklings leave the nest soon after hatching by dropping to the ground or water. 

First flight at approximately 8 weeks. 

Magpie 

goose 

Nests in emergent sedge or reed vegetation over water. Within the Ramsar site in 

Typha beds at Reedy Lake. 

Breeds in loose colonies or as dispersed pairs. 

Goslings fledge in approximately 10 weeks. 

Herbivores Black swan Nest mound built in open water, on an island, or in swamp vegetation. Within the 

Ramsar site breeds in seagrass at Swan Bay, submerged vegetation at Reedy Lake 

and at Lake Borrie in the Western Treatment Plant. 

Requires minimum water depth of 30 – 50 cm until cygnets are independent. 

First flight 20 – 25 weeks. 

Shorebirds Red-capped 

plover  

Nest in a shallow scrape on sand or stony ground close to water. 

Incubation for 30 days mainly by mother, young flee the nest soon after hatching. 

Pied oyster 

catcher 

Nesting takes place on sand, shell grit or shingle just above high water mark on 

beaches, sandbars. 

Young remain with parents for 2 – 3 months. 

Large 

bodied 

waders 

Straw-

necked ibis 

Commonly breed in mixed colonies with other ibis, egrets and herons. Nest in shrubs, 

reeds or trees over water, or on ground on islands. At Reedy Lake breeding occurs in 

reed beds at Mud Islands on the ground or in saltmarsh.  

Fledge four weeks after hatching, fed for two weeks by parents after leaving nest. 

3.6.2 Provides nursery habitat for fish 

Studies indicate that saltmarsh and seagrass communities in Swan Bay are significant nursery habitats for 

juvenile fish (Jenkins et al. 1993, Crinall and Hindell 2004). In particular, the larval stages of some fish 

species, such as King George whiting, blue rock whiting, leatherjackets and pipefish settle directly on sub-

tidal Zostera beds (Jenkins et al. 1997). Similarly, inundated saltmarsh communities were found to provide 

habitat for juveniles of King George whiting, yellow-eye mullet and greenback flounder (Crindall and Hindell 

2004). 

It has been suggested that a number of factors contribute to the value of these inundated vegetated habitats 

such as seagrass communities including protection from predation, abundance of food resources, protection 

from exposure to currents, sunlight and changes in salinity and temperature (Australian Marine Ecology 

2006).  

King George whiting spawn along the west coast of Victoria and larvae are passively carried into Port Phillip 

Bay on currents. Jenkins et al. (1997) indicated that not all seagrass beds may be equally important as fish 

nurseries with currents determining post larval dispersal and ultimately determining where fish larvae settle. 

A predictive model of larval dispersal in the Bay indicated that the south of the Bay was more important for 

this species than the north and within the Ramsar site Mud Islands and Swan Bay could be considered to be 

moderately important sites for this species (Jenkins and McKinnon 2006).  

Jenkins and McKinnon (2006) emphasised the importance of maintaining seagrass communities for 

maintaining fish stock in Port Phillip Bay. The principal factors controlling seagrass extent and health are 

water clarity (which is influenced by sediments and phytoplankton in the water column), tidal regime and 

epiphytic growth (influenced by nutrient concentrations in the water column; Figure 30). 
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Figure 30: Simple conceptual model of major factors affecting seagrass as fish nursery habitat. 

3.6.3 Supports threatened species 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar site supports 13 listed species: six 

international migratory shorebirds, Australasian bittern, Australian fairy tern, hooded plover, orange-bellied 

parrot, growling grass frog and Australian grayling. 

Migratory shorebirds 

The Ramsar site regularly supports six threatened species from the East Asian-Australasian Flyway: 

• Bar-tailed godwit (Limosa lapponica baueri) – Vulnerable  

• Curlew sandpiper (Calidris ferruginea) – Critically endangered 

• Eastern curlew (Numenius madagascariensis) – Critically endangered 

• Great knot (Calidris tenuirostris) – Critically endangered 

• Greater sand plover (Charadrius leschenaultia) – Vulnerable (EPBC)  

• Lesser sand plover (Charadrius mongolus) – Vulnerable 

• Red knot (Calidris canutus) – Endangered 

These international migratory species spend the non-breeding season in the southern hemisphere. They 

arrive in late spring, spend the summer feeding on invertebrates in intertidal mudflats and depart for the 

northern hemisphere in February to March. Juveniles of all species who arrive in the Ramsar site spend their 

first one or two winters before heading to the northern hemisphere to breed. Although the species have 

similar life histories, they are physically very different. The eastern curlew is the largest of the shorebirds with 

a wingspan of over one metre and a weight of nearly one kilogram. The red knot and bar-tailed godwits are 

smaller, but still large shorebirds. In contrast the curlew sandpiper is a small bird, with a weight of just 60 

grams (Higgins and Davies 1996). 

Australasian bittern (Botaurus poiciloptilus) 

This cryptic species of waterbird has been recorded in the Lake Connewarre Complex and the Western 

Treatment Plant. Australasian bitterns are not easily spotted by the casual bird observer or during waterbird 

counts for other species and as such data on the population and usage of the site is lacking. Records 

indicate that it has been recorded in at least one location in the Ramsar site each year since 1988. The 

species prefers freshwater wetlands with emergent vegetation such as reeds and sedges and feeds on a 

variety of fish, crustaceans and frogs. In the Western Treatment Plant the primary food source was found to 

be growling grass frog (Menkhorst 2012). 

Hooded plover (Thinornis rubricollis)  

The hooded plover is a small, Australian resident, invertebrate eating bird species. The majority of the 

important nesting sites for Hooded Plover are outside the Ramsar site boundary (Maguire et al. 2014), 

however, there are regular observations from Swan Bay, where the species forages. Count data are 

inconsistent but indicate regular occurrence (Figure 31). 
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Figure 31: Annual maximum counts of hooded plover in the Ramsar site from 1981 to 1995 (data from BirdLife Australia). 

Australian fairy tern (Sternula nereis nereis)  

The Australian fairy tern is a small bird that feeds on small fish and occasionally invertebrates (Higgins and 

Davis 1996). The Ramsar site supports greater than one percent of the population of this species and while 

they have been recorded at all locations, they are in the greatest abundance at Swan Bay, Mud Islands and 

the Werribee / Avalon sections of the Ramsar site. Quantitative data for around the time of listing is provided 

in Figure 27. Menkhorst (2010) states that Australian fairy tern bred annually at Mud Islands till the late 

1980s. Breeding colonies were also recorded at The Spit and Swan Bay (Lane unpublished) although the 

latter may have been outside the Ramsar site. The last recorded breeding event was in 1997 at Mud Islands.  

Orange-bellied parrot (Neophema chrysogaster) 

The orange-bellied parrot is endemic to south-eastern Australia, breeding in south-western Tasmania in a 

narrow section of coast. The birds then migrate to the coasts of Victoria and South Australia for the non-

breeding period of April-October. Orange-bellied parrots eat seeds and fruits of chenopods, grasses, sedges 

and herbs by foraging on the ground (Commonwealth of Australia 2005).  

The most important sites for orange-bellied parrot in Victoria were considered to be along the coast between 

the Werribee River mouth and Point Wilson (including coastal parts of the Western Treatment Plant and The 

Spit Nature Conservation Reserve), the Lake Connewarre Complex and the western shore of Swan Island. 

Total annual maximum abundance around the time of listing ranged from 15 to 72 birds (Figure 32). Note 

that to avoid counting the same individual more than once, this is the annual maximum at any one location in 

the Ramsar site and so total numbers could be expected to be higher. 

 
Figure 32: Annual maximum counts of orange-bellied parrot in the Ramsar site 1981 to 1995 (data from Atlas of Living 

Australia). 
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Growling grass frog (Litoria raniformis) 

The growling grass frog (also called southern bell frog, green and golden frog and warty swamp frog) is 

usually found amongst emergent vegetation such as rushes and sedges within or at the edges of still or 

slow-flowing waterbodies (Clemann and Gillespie 2012). Within the Ramsar site it is found in the slow 

moving waterways and decommissioned lagoon ponds at the Western Treatment Plants (Organ 2002) and 

the margins of Reedy Lake (Dahlhaus 2007). 

Quantitative data for the growling grass frog are only available post 2001 for a select number of locations 

within the Western Treatment Plants, and this shows the significance of the site as habitat both for adults 

and for breeding (Figure 33). These data may reflect populations at the time of listing but given the 

widespread decline in this species throughout the region, populations may have been once higher than 

current (Brett Lane and Associates 2003). 

 

 
Figure 33: Total numbers of growling grass frogs (adults and juveniles) recorded at the Western Treatment Plant from 2001 to 

2008 (data from Ecology Partners 2008). Noting that while this data was collected decades after listing, it represents the only 

data for this species in the site. 

Australian grayling (Prototroctes maraena) 

There is very limited data on this vulnerable freshwater fish from the Ramsar site. They are known to reside 

in the Barwon River upstream of the Ramsar site (Hall 1989). This diadromous species migrates to and from 

marine environments as part of its lifecycle (Crook et al. 2006, Schmidt et al. 2011). It is likely that larvae of 

the Australian grayling drift downstream through the Barwon River estuary into the Southern Ocean, with 

return upstream migration in spring of juveniles (Jenkins 2011). 

3.6.4 Ecological connectivity 

Ecological connectivity can relate to water mediated movement of biota, energy and materials through the 

landscape and is a well-established principle in the maintenance of spatially structured populations. Aspects 

of ecological connectivity considered critical to the character of the Port Phillip Bay (Western Shoreline) and 

Bellarine Peninsula Ramsar Site include pathways for migratory fish, particularly for diadromous fish, and 

interconnected habitat for waterbirds. 

Waterbirds 

The Ramsar site is important for migratory shorebirds in the East Asian-Australasian Flyway. The majority of 

birds in the East Asian-Australasian Flyway migrate from breeding grounds in NE Asia and Alaska to non-

breeding grounds in Australia and New Zealand, covering the journey of 10,000 km twice in a single year 

(Figure 34). The lifecycle of most international migratory shorebirds involves (Bamford et al. 2008): 

• breeding in May to August (northern hemisphere);  

• southward migration to the southern hemisphere (August to November);   

• feeding and foraging in the southern hemisphere (August to April); and 

• northward migration to breeding grounds (March to May). 
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Figure 34: East Asian-Australasian Flyway (adapted from Bamford et al. 2008). 

 

During both northward and southward migration, birds may stop at areas on route to rest and feed. These 

stopovers are referred to as “staging” areas and are important for the bird’s survival. In addition, birds on 

their first southward migration which have not yet reached breeding maturity and may remain in Australia 

over the southern winter period. The exception to this lifecycle pattern is the double-banded plover, which is 

the only migratory species in the East Asian-Australasian Flyway that breeds in the southern hemisphere. 

This species breeds in New Zealand from September to December and then spends the winter in Australia 

(May to August).  

Migratory shorebirds have been recorded in all areas of the Ramsar site, but the most significant numbers 

are found within the Werribee / Avalon area (predominantly in intertidal habitats but also at the inland 

wetlands in the Western Treatment Plant), Lake Connewarre Complex and Swan Bay. Point Cooke and 

Point Wilson are, however, significant winter sites and support large numbers of Double-banded Plovers. 

Native fish 

The PPB Ramsar Site connects the Bay with a number of inland freshwater environments acting as a 

migratory route for a number of diadromous species. Most migrations are for feeding or breeding with fish 

being classified in the following groups (Figure 35): 

• diadromous fish which migrate between salt and freshwater;  

• anadromous fish live in the sea mostly, but migrate to breed in freshwater;  

• catadromous fish live in freshwater, migrate to breed in the sea;  

• amphidromous fish migrate between fresh and salt water during some part of life cycle, but not for 

breeding;  

• potamodromous fish migrate within freshwater only; and  

• oceanodromous fish migrate within salt water only.  
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Figure 35: Fish use of the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site (adapted from Hale and 

Butcher 2008a, Potter et al. 2015). 

 

The fish for which the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site provides a 

migratory route include: short-finned eel, common galaxias, spotted galaxias, tupong, Australian grayling and 

the pouched lamprey (Geotria australis) (Lloyd Environmental et al. 2006)  Although these species have only 

been studied within the Lake Connewarre Complex, it is likely that some if not all) are also present in other 

riverine / estuarine environments within the Ramsar site such as Limeburners Bay and the Little River 

Estuary (Werribee / Avalon). For example, it has been suggested that the Little River could provide habitat 

and a migratory route for lamprey, tupong and climbing galaxias (McGuckin 2008). Key lifecycle 

characteristics and habitats for these fish are described in Table 16. 
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Table 16: Lifecycles of some migratory fish supported by the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula 

Ramsar Site (information from Native Fish Australia unless otherwise specified). 

Species Lifecycle 

Climbing galaxias Lifecycle not well known. Breeding occurs in autumn and winter in 

freshwater environments and larvae are swept down-stream to the sea 

where they live for around 6 months. During the spring they return to 

freshwater as juveniles and migrate upstream to find suitable habitat to 

grow and feed. 

Common jollytail Spawns amongst fringing wetland vegetation around river estuaries when 

under water. The eggs remain out of water for two weeks or more until a 

later group of spring tides occurs. Most adults die after spawning. When the 

eggs are re-inundated they hatch and the larvae, which are about 7 mm 

long, migrate to sea. The young spend the winter there and return to 

freshwater after about 5 to 6 months. The returning young fish are around 

45-50 mm long, transparent and enter the rivers in huge shoals on the rising 

tide. 

Pouched lamprey Adults inhabit the sea for an undetermined period and are parasitic on other 

fishes. They migrate upstream which may last for 16 months and spawn in 

freshwater. Migration mostly takes place on rainy nights when water levels 

are rising, with temperatures between 12-14.5°C and when there is 

extensive cloud cover or during the dark phase of the moon. Sometimes 

they exit the water by wriggling up the bank to bypass obstacles to 

migration. Adults stop feeding while in freshwater and die shortly after 

spawning. Larvae live in mud burrows in upper reaches of coastal streams 

for the first four years of life until metamorphosis and subsequent 

downstream migration to the sea (Fishbase). 

Short-finned eel Mature adults migrate from freshwater to the sea in order to spawn in the 

South Coral Sea, after which it is believed they die. The eel larvae are 

carried south by the East Australian Current from their spawning grounds 

until they reach the continental shelf. At around this time they 

metamorphose into glass eels and subsequently remain at sea for 1 – 3 

years. After this they begin the long migration to freshwater reaching 

Western Victoria by mid spring. Glass eels remain in estuarine waters to 

develop into elvers and adjust to freshwater. Upstream migration from the 

estuary to freshwaters occurs at night and can overcome barriers to 

connectivity by travelling across damp grasslands at night. 

Eels are long lived and are unlikely to breed until 10 – 35 years old. 
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4. Limits of Acceptable Change 

4.1 Process for setting Limits of Acceptable Change 

Limits of Acceptable Change (LAC) are defined as the variation that is considered acceptable in a particular 

component or process, without indicating change in ecological character that may lead to a reduction or loss 

of the criteria for which the site was Ramsar listed (modified from definition adopted by Phillips 2006).  

Natural variability needs to be considered when setting LAC, but this is rarely a simple process. For example, 

change from natural variability can occur in a number of ways, not just exceeding maximum and minimum 

values (Figure 36). The pattern of change and degree of change should both be considered when setting 

limits that indicate a distinct shift from natural variability. This could include accounting for changes in the 

frequency and magnitude of extreme events, changes in the temporal or seasonal patterns and changes in 

spatial variability as well as changes in the mean or median conditions (Hale and Butcher 2008). In reality 

however, patterns of natural variability are rarely fully understood and even with long time series data it can 

be difficult to resolve whether shifts in patterns of variability are natural cycles occurring over longer time 

scales than the data available, natural shifts between different stable states, or change in response to some 

external pressure (Ramsar Convention Secretariat 2011). Defining LAC is therefore rarely a purely statistical 

procedure, and commonly they are arrived at by consensus of experts in a workshop, informed by available 

data sets and current statistical interpretation. 

 

Figure 36: Issue of setting LAC only on upper and lower limit of natural variability. A) represents upper and lower limit of 

natural variation and b) which shows a changed temporal pattern as well as a declining trend, which would not be detected as 

it would not trigger the LAC.  
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The following should be considered when developing and assessing LAC: 

• Limits of Acceptable Change are a tool by which ecological change can be measured. However, Ecological 

Character Descriptions are not management plans and LAC do not constitute a management regime for 

the Ramsar site. 

• Exceeding or not meeting LAC does not necessarily indicate that there has been a change in ecological 

character within the meaning of the Ramsar Convention. However, exceeding or not meeting LAC may 

require investigation to determine whether there has been a change in ecological character.  

• While the best available information has been used to prepare this Ecological Character Description and 

define LAC for the site, a comprehensive understanding of site character may not be possible as in many 

cases only limited information and data is available for these purposes. The LAC may not accurately 

represent the variability of the critical components, processes, benefits or services under the management 

regime and natural conditions that prevailed at the time the site was listed as a Ramsar wetland.  

• Users should exercise their own skill and care with respect to their use of the information in this Ecological 

Character Description and carefully evaluate the suitability of the information for their own purposes. 

• LAC can be updated as new information becomes available to ensure they more accurately reflect the 

natural variability (or normal range for artificial sites) of critical components, processes, benefits or services 

of the Ramsar wetland. 

4.2 Limits of Acceptable Change for the Port Phillip Bay (Western Shoreline) and 
Bellarine Peninsula Ramsar Site 

LAC have been set for the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site to 

represent conditions at the time of listing. Where possible, site specific information has been used to 

statistically determine LAC, however, there is relatively little data on which to set quantitative LAC. In the 

absence of sufficient site-specific data, LAC are based on recognised standards or information in the 

scientific literature that is relevant to the site. In all cases, the source of the information upon which the LAC 

has been determined is provided. 

The level of confidence for each LAC is also provided, and has been assigned as follows: 

• High – Quantitative site-specific data; good understanding linking the indicator to the ecological character 

of the site; LAC is objectively measurable. 

• Medium – Some site-specific data or strong evidence for similar systems elsewhere derived from the 

scientific literature; or informed expert opinion; LAC is objectively measurable. 

• Low – no site-specific data or reliable evidence from the scientific literature or expert opinion, LAC may not 

be objectively measurable and/or the importance of the indicator to the ecological character of the site is 

unknown 
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Table 17: Limits of Acceptable Change for the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site. 

Critical CPS Baseline / supporting evidence Limit of Acceptable Change Confidence 

Hydrology Reedy Lake was a naturally intermittent wetland with cycles of wet and dry (prior to 

listing as part of the Ramsar site). The near permanent water regime that was in 

place at the time of listing disrupted the ecological system, contributing to (among 

other impacts) excessive reed bed growth (Lloyd Environmental et al. 2006, 

Ecological Associates 2014). A more natural inundation regime that allows for wet 

and dry cycles has now ben instigated and forms the baseline against which the 

LAC is established. 

The artificial wetlands at Cheetham and the Western Treatment Plant are important 

for supporting ecological character, specifically large numbers of waterbirds. 

Reedy Lake will not be continuously wet 

for more than 10 continuous years, or 

continuously dry for more than five. 

At least 75% of aerobic treatment lagoons 

at the Western Treatment Plant will 

contain permanent water 

At least 75% of the lagoons at Cheetham 

will contain permanent water. 

Medium 

Vegetation: 

seagrass 

GIS layers indicate that in 1981 there was approximately 2500 hectares of seagrass 

within the Ramsar site boundary. Seagrass can be highly variable over short 

timeframes (Ball et al. 2014), so a LAC that accounts for longer cycles is proposed. 

Seagrass extent will not fall below 1500 

hectares for a period of greater than 20 

continuous years. 

High 

Vegetation: 

saltmarsh 

Boon et al. (2011) completed mapping of saltmarsh and mangrove communities 

across Victoria, with 1225 hectares of saltmarsh within the Ramsar site boundary. 

As natural variability of saltmarsh extent is low and the recovery of saltmarsh from 

disturbance is known to be slow (Saintilan 2009), the LAC is based on the 2011 

extent. 

The LAC has been set to be consistent with that for other Victorian Ramsar sites 

supporting saltmarsh – a 25% decline from the time of listing. LAC for condition of 

saltmarsh is also desirable and Boon et al. (2011) suggested EVC benchmarks for 

the community. However, there is no benchmark of condition against which change 

could be assessed. 

Total saltmarsh extent will not fall below 

900 hectares.  

 

High 

Vegetation: 

mangroves 

Boon et al. (2011) completed mapping of saltmarsh and mangrove communities 

across Victoria, with 52 hectares of mangroves within the Ramsar site boundary. 

As assessment against this LAC is likely to be via remote sensing, the LAC must be 

set at a level that can be detected reliably. A LAC of a 25% decline, from the time of 

listing, was considered to adequately represent a potential change in character. 

Total mangrove extent will not fall below 

40 hectares. 

Moderate 

Vegetation: 

freshwater aquatic 

vegetation 

Management of Reedy Lake is designed to maintain a habitat mosaic of open 

water, emergent freshwater vegetation (reed and sedge beds), submerged 

vegetation (e.g. Myriophyllum spp.) and lignum shrubland (Ecological Associates 

2014, Corangamite CMA 2015). The LAC is based on maintaining this habitat 

mosaic. 

A habitat mosaic will be maintained at 

Reedy Lake that comprises open water, 

emergent native vegetation (sedges, 

rushes and reeds) and lignum shrubland 

with no habitat comprising more than 70 

percent of the total wetland area for more 

than five successive years. 

Moderate 



 

 

 

Port Phillip Bay (Western Shoreline) & Bellarine Peninsula Ramsar Site 

Ecological Character Description 

55 

OFFICIAL 

Critical CPS Baseline / supporting evidence Limit of Acceptable Change Confidence 

Fish The Corangamite CMA commissioned a review to develop a LAC for fish in Swan 

Bay (Jenkins 2020). The study indicated the following: “raw data from studies 

conducted from 1989 to 1992, and 1996/97 were analysed in relation to the 

temporal change in fish abundance, species richness and diversity. Species 

Richness was found to be a suitable candidate for LAC because seasonal variation 

is predictable and interannual variation is low. Moreover, there was relative 

consistency in minimum values across habitats. Fish abundance showed 

considerable interannual variability in addition to seasonal variability, but again was 

potentially suitable for LAC due to relative consistency in minimum values across 

habitats. In contrast, fish diversity was found not to be a suitable candidate for LAC 

through difficultly in interpreting the biological basis of low values. Finally, although 

the abundance of King George Whiting post-larvae showed high interannual 

variability in Swan Bay, the fact that there has been an ongoing monitoring program 

for post-larvae in Port Phillip Bay means that this species can also be a suitable 

candidate for LAC. “   

A minimum of 3 fish species per standard 

haul of a 10 m seine net from three 

replicate hauls in subtidal habitats of 

Swan Bay; 

A minimum abundance of 5 fish per 

standard haul of a 10 m seine net from 

three replicate hauls in subtidal or 

intertidal habitats of Swan Bay; 

 

Low 

Waterbird 

abundance 

Average annual maximum counts3 from 1981 to 1995, a 15 year period that should 

reflect conditions at the time of listing are as follows (mean ± standard deviation): 

• Total waterbirds – 185,000 ± 80,000 

• Australasian waders – 3000 ± 2000 

• Ducks – 60,000 ± 24,000 

• Fish eating species – 4500 ± 3100 

• Herbivores – 11,000 ± 9000  

To account for changes in populations of migratory waders from elsewhere in the 

flyway, three indicator species were selected: double-banded plover (trans-Tasman 

migratory wader), red-necked stint (EAAF, population has increased since the time 

of listing) and sharp-tailed sandpiper (EAAF population has declined since the time 

of listing). The LAC has been established based on the proportion of the population 

supported at the time of listing (based on waterbird population estimates WPE2 

(1977 to 1991). Average annual maximum counts for these species (1981 to 1995) 

were: 

• Double banded plover – 2.1% 

• Red-necked stint – 2.4% 

• Sharp-tailed sandpiper – 3.2% 

There is a high degree of variability in waterbird abundance as evidenced by the 

high standard deviations in the list above. To account for this variability, a sustained 

change of approximately 50% has been set as the LAC.  

Abundance of waterbirds will not decline 

below the following (calculated as a 

rolling five-year average of maximum 

annual count): 

• Total waterbirds – 100,000 

• Australasian waders – 1500  

• Ducks – 30,000 

• Fish eating species – 2250  

• Herbivores – 6000 

• Double-banded plover – 1 % 

• Red-necked stint – 1 % 

• Sharp-tailed sandpiper – 1.5 % 

High 

 
3 Note that years for which incomplete data sets are available for a given species, group or location have been omitted from the calculations, rather than been recorded as “0”. 
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Critical CPS Baseline / supporting evidence Limit of Acceptable Change Confidence 

There are several groups of waterbirds, for which annual maximum counts are too 

variable to derive quantitative LAC. For the gulls and large bodied wader groups 

this is due to variability (either actual or in terms of survey effort) of a small number 

of species that breed in large numbers at Mud Island (e.g. up to 50,000 pairs of 

silver gulls and ibis). These groups have therefore been considered under the 

critical process of “waterbird breeding”. 

In addition, waterbird counts rarely include wetland birds of prey and passerine reed 

inhabiting birds in a consistent manner, making the data difficult to interpret. These 

species have therefore been included in terms of total waterbird abundance and in 

the LAC for diversity. 

Waterbird diversity A total of 130 species of wetland dependent bird have been recorded at the site 

(excluding vagrant observations). The average number of species within each guild 

is relatively stable and does not show the degree of variability of waterbird 

abundance at the site. The LAC for species richness has also been established for 

functional groups based on the following averages (1981 to 1995); and a sustained 

decline of greater than one standard deviation: 

• Total waterbirds – 76 ± 5 

• Migratory waders – 23 ± 3 

• Australasian waders – 11 ± 1 

• Ducks – 12 ± 1 

• Fish eating species – 13 ± 1 

• Herbivores – 4 ± 2  

• Gulls – 2 ± 0 

• Large bodied waders – 9 ± 2 

• Other – 3 ± 1 
 

Diversity of waterbirds will not decline 

below the following (calculated as a 

rolling five-year average of number of 

species): 

• Total waterbirds – 70 

• Migratory waders – 20 

• Australasian waders – 10 

• Ducks – 10 

• Fish eating species – 12 

• Herbivores – 2  

• Gulls – 2  

• Large bodied waders – 7 

• Other – 2 

 

Waterbird breeding While breeding records from most locations are insufficient to establish a 

quantitative LAC, there is good data for pied cormorants nesting in the Western 

Treatment Plant, with an average of 680 nests between 2002 and 2012 (Loyn et al. 

2014). Similarly, the importance of Mud Islands to waterbird breeding is well 

established; but historical data indicate a succession of different colonial nesting 

species since the 1940s (Menkhorst 2010). Whether this succession is due to 

altered habitat conditions or other factors, remains unknown, but commenced 

before the time of listing. The LAC for waterbird breeding at Mud Islands is based, 

therefore on supporting colonial nesting birds, with species known to regularly 

breed at this locations listed as presence only. 

Annual breeding at Mud Islands of 

colonial nesting species of at least 25,000 

pairs / nests. Presence of all of the 

following species breeding in at least 

three in every five years: Australian 

pelican, Australian pied oystercatcher, 

Australian white ibis, crested tern, little 

pied cormorant, pied cormorant, silver 

gull, straw-necked ibis and white-faced 

storm petrel. 

Annual breeding at Western Treatment 

Plant of > 300 pairs of pied cormorant. 

Medium 
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Critical CPS Baseline / supporting evidence Limit of Acceptable Change Confidence 

Supports threatened 

species: waterbirds 

The site regularly supports nine threatened waterbird species.  

Counts of Australasian bittern, Australian fairy tern, bar-tailed godwit, eastern 

curlew, great knot, hooded plover, lesser sand plover and red knot indicate 

moderate to low, but persistent numbers within the site. LAC is based on continued 

presence for these species. 

At the time of listing, the site regularly supported > 1 % of the population of two 

threatened waterbird species: 

• Australian fairy tern – 1.2 %  

• Curlew sandpiper – 3.4 %  

A quantitative LAC based on population estimates is established for these species. 

 

Australasian bittern, bar-tailed godwit, 

eastern curlew, great knot, hooded 

plover, lesser sand plover and red knot 

recorded within the site in three out of five 

seasons. 

Abundance of waterbirds will not decline 

below the following (calculated as a 

rolling five year average of maximum 

annual count; percentages calculated 

based on Hansen et al. (2016) for 

migratory shorebird species and the latest 

Wetlands International Waterbird 

Population for other species): 

• Australian fairy tern – 0.6 % 

• Curlew sandpiper – 1.7 % 

 

Threatened species: 

orange-bellied 

parrot 

Numbers of orange-bellied parrots on mainland Australia have declined in recent 

years. This decline is not related to factors within the Ramsar site. The LAC for 

orange bellied parrot is therefore related to maintaining suitable habitat and covered 

by the LAC for saltmarsh. 

See LAC for saltmarsh. Low 

Threatened species: 

Australian grayling 

The Australian grayling passes through the Ramsar site as part of its lifecycle but is 

unlikely to be easily detectable within the Ramsar site during these brief periods of 

migration. 

Australian grayling continues to be 

supported in the Barwon River system. 

Medium 

Threatened species: 

Growling grass frog 

This threatened species has been monitored at the Western Treatment Plant for 

five years. The average total frog count was 337 ± 123 (mean ± standard deviation; 

Ecology Partners 2008). In an attempt to incorporate the level of variability, limits 

are proposed based on mean ±1 standard deviation. 

Data from the Lake Connewarre Complex are more limited and so a LAC based on 

presence has been established.  

At Western Treatment Plant > 200 

growling grass frogs in 3 out of 5 years. 

Presence of growling grass frog in the 

Lake Connewarre complex in 3 out of 5 

years. 

High 

Physical habitat for 

waterbirds 

This critical service is covered by the LAC for waterbirds. See LAC for waterbird abundance.  

Physical habitat for 

native fish 

This critical service is largely related to the nursery habitat for native fish provided 

by the seagrass and saltmarsh in Swan Bay.  

See LAC for seagrass and saltmarsh. Moderate 

Ecological 

connectivity 

Keeping the connection between the ocean and freshwater areas is important for 

migratory fish and the water quality of estuarine systems. The fish supported by the 

site use these migratory routes autumn to spring (Lloyd et al. 2006). 

Connectivity between the Barwon River 

and the Southern Ocean is not impeded 

between March and November for more 

than two consecutive years. 

High 
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5. Threats to ecological character 

Wetlands are complex systems and an understanding of components and processes and the interactions or 

linkages between them is necessary to describe ecological character. Similarly, threats to ecological 

character need to be described not just in terms of their potential direct effects, but also in terms of their 

interactions. One mechanism for exploring these relationships is the use of stressor models (Gross 2003); 

the use of stressor models in ecological character descriptions has been suggested by a number of authors 

to describe ecological character (Hale and Butcher 2008b) and to aid in the determination of limits of 

acceptable change (Davis and Brock 2008). 

Stressors are defined as (Barrett et al. 1976): 

“physical, chemical, or biological perturbations to a system that are either (a) foreign to that system or 

(b) natural to the system but applied at an excessive [or deficient] level” 

When assessing or managing threats, it is useful to separate the threatening process or activity from the 

stressor(s) through which the threats affect critical CPS that underpin a site’s ecological character. In this 

manner, the cause(s) of impacts to natural assets are made clear, and decisions can then be made as to 

whether a response is required to address the threat or mitigate its impact.  

There are a number of potential and actual threats that may impact on the ecological character of the 

Ramsar site, as illustrated in Figure 37. These threats have been identified through a rigorous risk 

assessment process in the development of the most recent management plan for the site.  The priority 

threats identified and described through that process are summarised here and actions to address these 

threats are detailed in the Ramsar Site Management Plan (Department of Environment, Land, Water and 

Planning 2018). 

 

Figure 37: Stressor model illustrating the major linkages between high priority threats (pressures and stressors) and high 

priority values. 
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5.1 Climate change 

Climate change risks were informed by the most recent climate projections for the Southern Slopes (Victoria 

West) using statistical downscaling models (Timbal et al. 2016). In general, the climate in Australia has 

exhibited the following trends (CSIRO and Bureau of Meteorology 2017): 

• a 30 % increase in carbon dioxide concentrations since 1956 (316 ppm to 408 ppm) 

• an increase in mean surface temperature of around 1 C since 1910 

• an increase in the duration, frequency and intensity of extreme heat events 

• a decline in winter rainfall in south eastern Australia of around 19 % since 1970, and 

• an increase in sea levels exacerbated by high tides and storm surges.  

The future climate in the Port Phillip Bay region is predicted to be hotter, drier and with more frequent and 

intense storms. Three stressors related to climate change were identified as priority threats to the ecological 

character of the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site as described 

below. 

5.1.1 Stressor: Sea level rise 

There is very high confidence in continued increased sea level. Sea levels have risen around the Australian 

coastline at an average rate of 3.4 mm/year from 1992 to 2019. Predictions of sea level rise are highly 

dependent on the modelled scenario (based on human response to climate change), but are likely to be 

between 0.4 and 0.6 m higher (from 1950 baseline) by 2090 and if a collapse in the marine based sectors of 

the Antarctic ice sheet were initiated, these projections could be several tenths of a metre higher by late in 

the century (Timbal et al. 2016). 

Sea level rise was considered to be a high priority threat across all sectors of the Ramsar site with the 

greatest impacts to saltmarsh, intertidal habitats and waterbirds. Saltmarsh and mangrove community 

composition and extent is largely determined by the frequency and depth of tidal inundation (Boon et al. 

2011). Sea level rise in areas such as Port Phillip Bay that has significant barriers to landward migration 

(roads, walls, etc.) has the capacity to have severe impacts on the EPBC listed ecological community of 

temperate coastal saltmarsh (Saintilan and Rogers 2013). A 30 cm rise in sea level would see most of the 

saltmarsh in Port Phillip Bay permanently inundated and there is already evidence of mangrove 

encroachment into saltmarsh communities (Boon, in prep.). Waders and beach nesting birds are particularly 

vulnerable to sea level rise (Robinson et al. 2009) and any loss in intertidal habitat (mudflats, saltmarsh) 

would affect waterbird diversity and abundance within the site. This may include loss of intertidal feeding 

habitat and supratidal habitat needed for roosting and nesting. 

5.1.2 Stressor: Increased temperature 

There is very high confidence in substantial increases for daily mean, maximum and minimum temperature 

across Victoria. Within the Southern Slopes (Vic West) region, average maximum temperatures are 

predicted to increase 0.6 to 1.4 °C in winter and 0.5 to 1.1 °C in summer by 2030 (Timbal et al. 2016). In 

addition, the frequency of extreme warm days is expected to increase dramatically. While direct effects on 

biota are predicted for the long-term, the risk assessment identified an increased risk of avian disease such 

as avian botulism under warmer conditions (Traill et al. 2009). There have been increased incidences of 

avian disease recorded at the Western Treatment Plant, but the exact causal factors are unknown. For this 

reason, avian disease has also been identified as a knowledge gap (see section 3.4). 

5.1.3 Stressor: Increased frequency and intensity of storms 

There is a high confidence of an increase in the frequency and intensity of storms. In addition to mean sea 

level rise, impact studies need to consider that extreme coastal sea levels are exacerbated by rising sea 

levels and are caused by a combination of factors including astronomical tides, storm surges and wind-

waves (Timbal et al. 2016).  

Within the Ramsar site this was considered to be the greatest threat to areas that are already experiencing 

erosion, such as the eastern shoreline of the Cheetham wetlands segment. 

5.2 Urban development 

The population of Greater Melbourne is predicted to increase from 4.3 million in 2013 to 7.8 million in 2051 

(Department of Transport, Planning and Local Infrastructure 2016).This is adding pressure to many areas of 
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the Ramsar site, particularly around the Cheetham Wetlands, Western Treatment Plant and Lake 

Connewarre complex, where significant urban development continues. While stressors related to increased 

recreation and stormwater are described below, there is also pressure related to a loss of wetland buffers as 

urban encroachment moves, in some places, to the boundary of the Ramsar site (Figure 38). 

  

Figure 38: Cheetham wetlands (Ramsar boundary in pink) in 2003 (left) and 2017 (right) showing increased urban 

development. 

5.3 Wastewater, stormwater and catchment inflows 

5.3.1 Western Treatment Plant 

There were two identified high risks from the Western Treatment Plant. The first relates to a potential 

reduction in nutrients and particulate carbon from the licenced outlets to the intertidal zone. In 2007/08 the 

total nitrogen discharge reached its lowest discharge of 1239 tonnes / annum, which is significantly lower 

than the preferred operating range of 2000 – 3000 tonnes /annum. While it may seem counter intuitive to 

suggest that a reduction in treated wastewater discharge is a threat to ecological character, there has been 

significant scientific research on the importance of the productivity driven by discharges from the Western 

Treatment Plant on shorebird diversity and abundance (Rogers et al. 2007, Loyn et al. 2014, Parry 2015).  

The second pathway relates to chemicals of emerging concern. Monitoring in PPB off the shore of the 

Western Treatment Plant, indicates that concentrations of heavy metals are mostly within State Environment 

Protection Policy (SEPP) water quality objectives, and that they pose a low risk to Port Phillip Bay (GHD 

2011, Parry 2015). However, studies from elsewhere indicate that urban treated sewage contains a range of 

chemicals such as steroid hormones that could pose a risk to the marine environment (Ying et al. 2002). 

Studies in fish indicate effects on immune systems and reproduction (Milla et al. 2011) and reproduction 

(Goksøyr 2006). The issue of chemicals of emerging concern in the Western Treatment Plant is also 

identified as a knowledge gap both with respect to the concentration of chemicals and their potential effects 

on biota. 

5.3.2 Stormwater and catchment inflows 

Stormwater and catchment inflows are considered together in the risk assessment as often the source of 

sediments, nutrients or toxicants discharging into the Ramsar site are from both sources (or stormwater 

flowing into a river, which then discharges into the Ramsar site). There are over 300 stormwater drains that 

flow directly into Port Phillip Bay, several within the Ramsar site boundary, particularly in the Point Wilson / 

Limeburner’s Bay segment.  
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The greatest risk, however, was to the Lake Connewarre complex from urban stormwater discharge. The 

Armstrong Creek Urban Growth Area has a plan for 22,000 homes on 2500 ha of previous farm land in an 

area immediately adjacent to the Ramsar Site. A storm water management strategy for the Armstrong Creek 

Urban Growth Zone recommends construction of retention wetlands to address this threat. The City of 

Greater Geelong has drafted Planning Scheme Amendment C357 (http://planning-

schemes.delwp.vic.gov.au/updates-and-amendments/amendment?id=EDC97ED2A6FEF14ECA25804B000DE019) to 

facilitate the construction of the wetlands. The Amendment proposes to apply a Public Acquisition Overlay 

across approximately 523 hectares of flood prone land to facilitate the construction and commissioning of 

stormwater management infrastructure. The land to be acquired is referred to as the Sparrovale Regional 

Wetlands. Funding arrangements are detailed in the amendment. The diversion of storm water from the 

Armstrong Creek system into the Sparrovale Regional Wetlands is expected to reduce the volumes of storm 

water being discharged into the Connewarre complex portion of the Ramsar site mitigating potential 

environmental impacts to ecological character. Upon approval of the amendment, Council will be responsible 

for commencing negotiations with the current landholders regarding the timing of acquisition. 

Concerns were raised during stakeholder consultation about the potential effect of stormwater and 

catchment inflows on the ecological character of Swan Bay. This has been identified as a knowledge gap. 

Litter was identified as a significant risk at Mud Islands as this section of the Ramsar site seems to act as a 

natural litter trap in the Bay (Corangamite CMA, personal communication). Recent surveys of the Lower 

Yarra and Maribyrnong rivers indicated a large amount of litter and micro-plastics on beaches of Port Phillip 

Bay (Blake and Charko 2014). This is consistent with an Australia wide study of micro-plastics in oceanic 

waters, which found levels in Australia similar to those in the Caribbean, but lower than in the Mediterranean 

(Reisser et al. 2013). Micro-plastics are of particular concern as ingestion by biota (directly or through the 

food chain) is recognised as a significant problem for a range of aquatic biota, particularly birds. Ingestion not 

only interferes with food consumption (having a gut full of indigestible plastic results in diminished feeding 

and eventual starvation), but also from the release of toxicants in the digestive system from the small plastic 

particles. The potential effect of micro-plastics on biota within the Ramsar site is not known, but the 

importance of this sector for waterbird breeding increases the risk.  

5.4 Recreational activities 

The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is close to the cities of 

Melbourne and Greater Geelong, making it a popular destination for recreational activities. As mentioned 

above, the population in urban areas is predicted to increase. This is likely to increase recreational pressure 

on beaches and coastal areas. There are several identified priority threats related to recreational activities in 

the Ramsar Site. 

5.4.1 Disturbance of shorebirds and beach nesting birds 

Increased noise from shore based or nearshore boating activities (including jet skis, kite surfing, kayaking 

and other water-based activities) and the presence of domestic dogs on beaches have all been identified as 

high risks to waterbirds both in the Ramsar site and elsewhere. There is growing evidence that disturbance 

of waterbirds by human activities (walking, boating, vehicles) can have significant negative impacts on both 

feeding behaviour and habitat use. A database collated from a large number of scientific studies of flight 

initiation distances (FID, the distance between the activity and the bird taking flight) indicates that nesting 

birds can be disturbed by human activities at very short distances (e.g. mean FID for nesting pelicans was 

only 21 m and for ducks 32 m from pedestrians) (Livezey et al. 2016). FIDs for non-nesting species were 

typically greater (e.g. 60 metres for ducks from pedestrians). Birds are disturbed at closer distances by dogs 

and watercraft as opposed to pedestrians, but interestingly, non-motorised watercraft such as canoes and 

paddleboards had equal or smaller FIDs compared to motorised vessels (Glover et al. 2015, Livezey et al. 

2016). The consequences for individuals and populations can be significant, with decreased time spent 

feeding, increased energy spent in flying away from disturbances, nest abandonment and ultimately 

population declines all cited as potential effects (Glover et al. 2011, Martín et al. 2015). 

5.4.2 Vehicles in the intertidal zone:  

Vehicle damage to coastal saltmarsh communities has been reported from many areas in Port Phillip Bay 

(Boon et al. 2011c). Saltmarsh communities are slow to recover from disturbance and damage can be subtle 

(stem breakage) to long lasting and severe (e.g. wheel ruts). While the extent of vehicle access to intertidal 

areas has been addressed by Parks Victoria actions, there is access and damage to the high value 

saltmarsh communities in the Lake Connewarre complex. 

http://planning-schemes.delwp.vic.gov.au/updates-and-amendments/amendment?id=EDC97ED2A6FEF14ECA25804B000DE019
http://planning-schemes.delwp.vic.gov.au/updates-and-amendments/amendment?id=EDC97ED2A6FEF14ECA25804B000DE019


 

Port Phillip Bay (Western Shoreline) & Bellarine Peninsula Ramsar Site 

Ecological Character Description 

63 

OFFICIAL 

5.5 Biological resource use: duck hunting 

Hunting is permitted in parts of the Ramsar site, including the areas of the Lake Connewarre complex that 

are designated as a Game Reserve and the foreshore reserves along the shoreline near Werribee, Avalon 

and Point Wilson / Limeburner’s Bay. Duck hunting is permitted during the season (March to June), which 

overlaps with the presence of both orange-bellied parrots and migratory shorebirds. Duck hunting is 

regulated under the Wildlife (Game) Regulations 2012 which sets daily bag limits, these may be varied under 

the Wildlife Act 1975 in response to conditions. The regulatory framework is overseen by the Game 

Management Authority and aims to ensure that duck hunting is undertaken sustainably in Victoria. Of 

concern are the potential impacts to non-target species including both orange-bellied parrots and shorebirds. 

In the 2016 season, there were reports of some waders injured through shooting at game reserves outside 

the Ramsar site (Menkhorst and Purdey 2016). Disturbance of feeding shorebirds, particularly in priority 

locations such as the shoreline near Werribee / Avalon, was identified by stakeholders as a potential issue.  

5.6 Invasive species 

Four different groups of invasive species have been identified as a high priority threat to the ecological 

character of the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site. 

5.6.1 Salt-tolerant weeds 

There are a number of salt tolerant weed species that have been recorded in Port Phillip Bay or have the 

potential to invade. Of most concern are tall wheat grass (Thinopyrum ponticum), cord-grass (Spartina spp.) 

and sea lavender (Limonium hyblaeum). There are examples from Western Port where tall wheat grass has 

severely impacted saltmarsh and bird habitat, with control proving very difficult (Hirst and Boon 2016) similar 

impacts could be realised in the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site.  

The impacts of these weeds are not just to saltmarsh communities, but also the biota that use saltmarsh and 

intertidal flats as habitat. Elsewhere, the increase of dense emergent vegetation such as the invasive species 

Spartina, into saltmarsh has rendered habitat completely unsuitable for feeding, roosting and nesting by 

waterbirds. Were this to occur in the Ramsar site, the abundance and diversity of waders would be reduced 

and a loss of breeding by beach nesting species such as red-capped plover and fairy terns would occur. 

5.6.2 Foxes and cats 

The Port Phillip and Westernport CMA Invasive Plants and Animals Strategy (Port Phillip and Westernport 

CMA 2011) identifies predation by foxes and cats as a significant threat to shorebirds and beach nesting 

birds, with foxes remaining widespread throughout the Ramsar site. There is also evidence that black rats 

and ravens are a significant threat to nesting birds, with predation on eggs. The areas at greatest risk were in 

the Lake Connewarre complex.  

5.6.3 Grazing animals (rabbits, deer)  

Rabbits are widespread through the coastal areas of Port Phillip Bay and damage native vegetation by 

grazing and digging. Grazing risks were greatest, however, from the impact of deer in the Lake Connewarre 

complex where the feral animals are numerous and can cause extensive damage to saltmarsh and habitats. 

5.6.4 Silver gulls and ibis at Mud Islands  

Silver gulls (Larus novaehollandiae), Australian white (Threskiornis molucca) and straw-necked (T. 

spinicollis) ibis are native species and nest in substantial numbers at Mud Islands (Menkhorst 2010). While 

this may contribute to the ecological character of the Ramsar site, they are also having an impact on other 

nesting birds, particularly white-faced storm petrel (Pelagodroma marina). Silver gulls predate on eggs and 

chicks of other species and are known to steal food from many other waterbirds, including migratory waders 

(Smith 1992). In terms of ibis, there is evidence that they arrive at Mud Islands earlier than white-faced storm 

petrels, which are then left with fewer and less optimal nest locations (Underwood and Bunce 2004, 2005). 

5.7 Summary of threats 

The Ramsar site management plan (Department of Environment, Land, Water and Planning 2018) identified 

the highest priority threats associated with each location, these are summarised in Table 18.  
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Table 18: Priority threats at each location in the Ramsar site (those shaded are identified as the greatest risk to ecological character). 

Threats Location 

Cheetham Werribee Pt 

Wilson 

Swan 

Bay 

Mud 

Is. 

Lake 

Conn. 

Climate change: sea level rise impacting on intertidal vegetation and waterbird habitat X X X X X X 

Climate change: increased temperature increases the frequency and severity of avian disease X X   X  

Climate Change: increased intensity of storms resulting in erosion of shoreline habitats X X  X X  

Changed operations at the Western Treatment Plant decreasing nutrients and carbon X X X    

Toxicants from catchment inflows and stormwater X X X X  X 

Emerging contaminates of concern from the Western Treatment Plant X X X    

Stormwater results in decreased salinity and altered water regimes      X 

Urban development: direct habitat removal and loss of buffer  X X X X  X 

Litter (including micro-plastics) effects biota X X X  X  

Invasive species: foxes and cats predating on waterbirds X X X X  X 

Invasive species: salt tolerant weeds impacting saltmarsh and waterbird habitat X X X X X X 

Invasive species: non-native grazing animals (rabbits and deer) impacting vegetation and habitat  X X   X 

Invasive species: silver gulls and ibis impacting breeding of other bird species (terns and petrels)     X  

Recreation: boats, jets skis, kite surfers disturbing waterbird feeding, breeding and roosting X X X X X X 

Recreation: walkers, horse-riding disturbing waterbird feeding, breeding and roosting X X X X X X 

Recreation: vehicles damaging saltmarsh   X   X 

Duck hunting impacts to non-target species  X X   X 
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6. Current ecological character and 
changes since listing 

It has been over 35 years since the Port Phillip Bay (Western Shoreline) and Bellarine 

Peninsula Ramsar Site was designated as a wetland of international importance. As such, 

changes to the system are to be expected. For example, at the time of listing the population 

of Greater Melbourne was around 2.8 million people and by 2019 it has increased to over 5 

million people. This has changed not only recreational pressures on the Ramsar site, but also 

resulted in increased urban encroachment, with a dramatic increase in the built environment 

between 1988 (Figure 39) and 2017 (Figure 40); particularly around Point Cook and the Lake 

Connewarre complex. There has, however, also been an increase in land reserved for 

conservation purposes at Point Cook, Swan Bay and the area around Mud Islands. 

There have also been changes to operations at the Western Treatment Plant. Between 2003 

and 2005, Melbourne Water undertook a major upgrade of the sewage treatment systems to 

comply with Victorian EPA licence conditions. These upgrades were declared a controlled 

action under the EPNBC Act and were allowed to proceed only under agreed conditions to 

maintain the ecological character of the Ramsar site. The major changes included a phase 

out of the grass filtration system, which irrigated pastures of grassland with partly treated 

sewage, and an overall reduction in nutrient discharge to Port Phillip Bay. Intensive studies 

concluded that these changes in operation did not result in significant impacts to waterbirds at 

the site (Loyn et al. 2014). 

 

 

Figure 39. Land use in 1988 (from Sinclair et al. 2012) 



 

 

 

 

66 Port Phillip Bay (Western Shoreline) & Bellarine Peninsula Ramsar Site 

Ecological Character Description 

 

Figure 40. Land use in 2017 from the Victorian land Use Information System (VLUIS). 
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Table 19: Summary of assessment against LAC for the Port Phillip (Western Shoreline) and Bellarine Peninsula Ramsar Site. 

Critical CPS Limit of Acceptable Change 2016 Assessment 

Ecological 

connectivity 

 

Connectivity between the Barwon River and the Southern Ocean 

is not impeded between March and November for more than two 

consecutive years. 

Connectivity has been maintained through operational fishways. 

LAC is met. 

Hydrology Reedy Lake will not be continuously wet for more than 10 

continuous years, or continuously dry for more than five. 

At least 75% of aerobic treatment lagoons at the Western 

Treatment Plant will contain permanent water. 

At least 75% of the lagoons at Cheetham will contain permanent 

water. 

Wetlands at the Western Treatment Plant and Cheetham Wetlands have remained 

inundated and managed according to management plans. 

Reedy Lake had a wet-dry seasonal cycle in 2005-6 and 2006-7, inundated 

continuously for 9 years from 2001-8 to 2015-16, then successful wet-dry cycles in 

2016-17 and 2017-18 (Corangamite CMA 2018). 

LAC is met. 

Seagrass 

 

Seagrass extent will not fall below 1500 hectares for a period of 

greater than 20 continuous years. 

Mapping from 2000 indicate a total of 2900 hectares of seagrass within the Ramsar 

site boundary in 2000. A recent assessment indicated that seagrass cover in Swan 

Bay had changed little from 2008 to 2012 (Ball et al. 2014). LAC is met. 

Saltmarsh  Total saltmarsh extent will not fall below 900 hectares.  

 

The most recent assessment of saltmarsh extent in the Ramsar site (Boon et al. 

2011) indicates 1225 hectares. There is no evidence of a significant decline in 

saltmarsh extent. LAC is met. 

Mangrove Total mangrove extent will not fall below 40 hectares. The most recent assessment of mangrove extent in the Ramsar site indicates 52 

hectares. LAC is met. 

Freshwater 

vegetation 

A habitat mosaic will be maintained at Reedy Lake that comprises 

open water, emergent native vegetation (sedges, rushes and 

reeds) and lignum shrubland with no habitat comprising more than 

70 percent of the total wetland area for more than five successive 

years. 

Assessments of vegetation in 2014, indicated 63% emergent vegetation (sedges 

and reeds); 21% open water; 12% lignum shrubland and 4% other communities 

(Ecological Associates 2014). More recent assessments (that did not include 

mapping) indicate that the habitat mosaic remains and there have been 

improvements in some vegetation communities (GHD 2018). LAC is met. 

Fish A minimum of 3 fish species per standard haul of a 10 m seine net 

from three replicate hauls in subtidal habitats of Swan Bay. 

A minimum abundance of 5 fish per standard haul of a 10 m seine 

net from three replicate hauls in subtidal or intertidal habitats of 

Swan Bay. 

There are no recent assessments of fish from Swan Bay. Insufficient data to 

assess the LAC. 
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Critical CPS Limit of Acceptable Change 2016 Assessment 

Waterbird 

abundance 

Abundance of waterbirds will not decline below the following 

(calculated as a rolling five-year average of maximum annual 

count): 

• Total waterbirds – 100,000 

• Australasian waders – 1500  

• Ducks – 30,000 

• Fish eating species – 2250  

• Herbivores – 6000 

• Double-banded plover – 1 % 

• Red-necked stint – 1 % 

• Sharp-tailed sandpiper – 1.5 % 

Data from BirdLife Australia (shorebirds) and DELWP (non-shorebirds) indicates the 

following average annual maximum counts (2015 – 2019): 

Total waterbirds – 228,000 

Migratory waders – 22,800  

Australasian waders – 6900  

Ducks – 132,000 

Fish eating species – 9400  

Herbivores – 26,000 

• Double-banded plover – 2.8 % 

• Red-necked stint – 1.7 % 

• Sharp-tailed sandpiper – 4.9 %  

LAC is met. 

Waterbird 

diversity 

Diversity of waterbirds will not decline below the following 

(calculated as a rolling five-year average of number of species): 

• Total waterbirds – 70 

• Migratory waders – 20 

• Australasian waders – 10 

• Ducks – 10 

• Fish eating species – 12 

• Herbivores – 2  

• Gulls – 2  

• Large bodied waders – 7 

• Other – 2 

Data from Birdife Australia (shorebirds) and DELWP (non-shorebirds) indicates the 

following annual average number of species (2015 – 2019): 

• Total waterbirds – 105 

• Migratory waders – 23 

• Australasian waders – 12 

• Ducks – 17 

• Fish eating species – 19 

• Herbivores – 7  

• Gulls – 2  

• Large bodied waders – 15 

• Other – 5 
LAC is met. 

Waterbird 

breeding 

Annual breeding at Mud Islands of colonial nesting species of at 

least 25,000 pairs / nests. Presence of all of the following species 

breeding in at least three in every five years: Australian pelican, 

Australian pied oystercatcher, Australian white ibis, crested tern, 

little pied cormorant, pied cormorant, silver gull, straw-necked ibis 

and white-faced storm petrel. 

There has been no dedicated or comprehensive survey of breeding waterbirds at 

Mud Islands since 2009. Records from the Atlas of Living Australia indicate 

significant breeding at Mud Islands in 2016 with the following individuals recorded 

(although numbers of nests are unknown): pied cormorant 250; straw-necked ibis 

50,000; Australian white ibis 5000; crested tern 2500; silver gull 30,000  

Nesting pied cormorants increased at the Western Treatment Plant to approximately 

1000 nests in 2010-2012 (Loyn et al. 2014).  
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Critical CPS Limit of Acceptable Change 2016 Assessment 

Annual breeding at Western Treatment Plant of > 300 pairs of pied 

cormorant. 

 

LAC is met, but with a low degree of confidence. 

Threatened 

species: 

shorebirds 

Australasian bittern, bar-tailed godwit, eastern curlew, great knot, 

hooded plover, lesser sand plover and red knot recorded within 

the site in three out of five seasons. 

Abundance of waterbirds will not decline below the following 

(calculated as a rolling five year average of maximum annual 

count; percentages calculated based on Hansen et al. (2016) for 

migratory shorebird species and the latest Wetlands International 

Waterbird Population for other species): 

• Australian fairy tern – 1 % 

• Curlew sandpiper – 1.7 % 

 

Data from 2015 – 2019 indicate presence of the seven species (BirdLife Australia; 

DELWP, Atlas of Living Australia): 

Australasian bittern – five years 

Bar-tailed godwit – five years  

Eastern curlew – five years 

Great knot – four years 

Hooded plover – five years 

Lesser sand plover – zero years 

Red knot – five years. 

Average annual maximum abundance (2015 to 2019): 

Australian fairy tern – 11 % (171 individuals) 

Curlew sandpiper – 3 % (2864 individuals) 

LAC is met for all species except lesser sand plover. 

Threatened 

species: orange-

bellied parrot 

See LAC for saltmarsh Although the LAC for saltmarsh is met, the decline in orange-bellied parrot is 

summarised in section 6.2 below. 

Threatened 

species: 

Australian 

grayling 

Australian grayling continues to be supported in the Barwon River 

system. 

Australian grayling continues to be recorded in the Barwon River System annual 

including in 2019  (O’Connor et al. 2019). 

LAC is met. 

Threatened 

species: Growling 

grass frog 

At Western Treatment Plant > 200 growling grass frogs in 3 out of 

5 years. 

Presence of growling grass frog in the Lake Connewarre complex 

in 3 out of 5 years. 

While there was < 200 growling grass frogs recorded at the Western Treatment 

Plant in 2011/12 and 2014/15; there have been well in excess of 200 individuals 

recorded each year from 2015/16 to 2018/19. This includes > 1000 frogs in 2015/16 

(Melbourne Water unpublished). There are records of growling grass frog from the 

Lake Connewarre Complex in 2016, 2017, 2018 and 2019 (Atlas of Living Australia).  

LAC is met. 
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6.1 Water regimes and vegetation at Reedy Lake 

The water regime at Reedy Lake at the time of listing was one of artificially maintained 

inundation, with some level of seasonal fluctuation. This resulted in several ecological 

impacts, the most significant of which was the increase in emergent vegetation, dominated by 

common reed (Phragmites australis). It is estimated that the area of common reed vegetation 

increased from around 180 hectares in 1983 to 466 hectares (73% of the wetland) in 2010 

(Sinclair 2010; Ecological Associates 2011).  

A revised water regime is being implemented at the site, with inundation in winter/spring and 

then lowering water levels over summer until the Barwon River level increases in autumn, to 

reduce emergent reed beds and restore the wetlands ecology. There is some evidence of 

improved ecological character with recruitment of endangered hypersaline coastal saltmarsh 

and increases in the abundance of brackish aquatic herbland (GHD 2018). 

6.2 Waterbird abundance 

Despite the variability in survey effort, there has been little change in total waterbird 

abundance in the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site 

since listing (Figure 41). There was a decline in total waterbirds during 2010 and 2011, which 

was largely due to a movement of waterfowl from the Western Treatment Plant to other 

recently inundated and highly productive wetlands in the State (and beyond) at the end of the 

Millennium drought (Loyn et al. 2014).  

 

 

Figure 41: Annual maximum abundance and rolling five year average of total waterbirds in the Port Phillip 

Bay (Western Shoreline) and Bellarine Peninsula Ramsar site (data from BirdLife Australia, DELWP and Atlas 

of Living Australia). 

The relative stability of total abundance does, however, mask trends in some functional 

groups. There has been a decline in the number of migratory waders using the site which is 

mirrored by the recent declines in abundance of the three indicator species; double banded 

plover (Figure 42), red-necked stint (Figure 43) and sharp-tailed sandpiper (Figure 44).  The 

changes in migratory wader abundance are largely linked to factors outside the Ramsar site 

in other locations in the East-Asian Australasian Flyway (see section 7.4 below). The 

assertion that the decline in international migratory waders in the site is unrelated to altered 

habitat conditions in the site is supported by an increase in Australian waders (Figure 45) 

which use the same habitat. 

There has been an increase in the numbers of ducks (Figure 46) which may be related to 

improved survey effort at the Western Treatment Plant since the early 2000s. The increase in 

herbivores is due to a surge in the numbers of Eurasian coots, also at the Western Treatment 

Plant (Figure 47). This does not seem to be related to survey effort, but rather a genuine 

increase in the numbers of this species observed at the site, the cause of which is unknown. 
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There also appears to have been a sustained increase in the numbers of Australian fairy tern 

in the site (Figure 48). This is a result of increased abundance at a number of locations 

including Mud Islands, Swan Bay and the Werribee / Avalon section of the Ramsar site.  

 

Figure 42: Annual maximum abundance and rolling five year average of double-banded plover in the Port 

Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site (data from BirdLife Australia, DELWP 

and Atlas of Living Australia). LAC is based on supporting 1% of the population and is met. 

 

Figure 43: Annual maximum abundance and rolling five year average of red-necked stint in the Port Phillip 

Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site (data from BirdLife Australia, DELWP and 

Atlas of Living Australia). LAC is based on supporting 1% of the population and is met. 

 

Figure 44: Annual maximum abundance and rolling five year average of sharp-tailed sandpiper in the Port 

Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site (data from BirdLife Australia, DELWP 

and Atlas of Living Australia). LAC is based on supporting 1.5% of the population and is met. 
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Figure 45: Annual maximum abundance and rolling five year average of Australian shorebirds in the Port 

Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site (data from BirdLife Australia, DELWP 

and Atlas of Living Australia). 

 

 

Figure 46: Annual maximum abundance and rolling five year average of ducks in the Port Phillip Bay 

(Western Shoreline) and Bellarine Peninsula Ramsar Site (data from BirdLife Australia, DELWP and Atlas of 

Living Australia). 

 

Figure 47: Annual maximum abundance and rolling five year average of herbivores in the Port Phillip Bay 

(Western Shoreline) and Bellarine Peninsula Ramsar site (data from BirdLife Australia, DELWP and Atlas of 

Living Australia). 
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Figure 48: Annual maximum abundance and rolling five year average of Australian fairy terns in the Port 

Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site (data from BirdLife Australia, DELWP 

and Atlas of Living Australia). LAC is based on supporting 0.6 % of the population and is met. 

6.3 Waterbird breeding 

Data on breeding of waterbirds in the site is limited. There is some evidence of a decline in 

the numbers of silver gulls at Mud Islands (Figure 49) but whether this represents a change in 

survey effort, or a true decline is not known.  

 

Figure 49: Annual maximum abundance and rolling five year average of gulls in the Port Phillip Bay (Western 

Shoreline) and Bellarine Peninsula Ramsar Site (data from BirdLife Australia, DELWP and Atlas of Living 

Australia). 

Menkhorst (2010) indicates a decline in white faced storm petrel nests, which possibly began 

in the early 1900s. It is certain, however, that there have been successional changes with the 

increase in ibis nesting, which started in about 1990 and reached a peak of over 50,000 nests 

in 2009. There have been no dedicated surveys of breeding at the Island since 2009. Given 

the importance of Mud Islands to nesting birds, repeat monitoring must be considered a 

priority. 

6.4 Supports threatened species: migratory waders 

The Ramsar site regularly supports six threatened species from the East Asian-Australasian 

Flyway: 

• Bar-tailed godwit (Limosa lapponica baueri) – Vulnerable  

• Curlew sandpiper (Calidris ferruginea) – Critically endangered 

• Eastern curlew (Numenius madagascariensis) – Critically endangered 
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• Great knot (Calidris tenuirostris) – Critically endangered 

• Lesser sand plover (Charadrius mongolus) – Vulnerable 

• Red knot (Calidris canutus) – Endangered 

All six species are listed as threatened under the EPBC Act due to declines in their global 

populations. Maximum annual counts (1981 to 2019) of all species indicate a decline in recent 

years (BirdLife Australia unpublished data). The population estimates for the curlew 

sandpiper have declined from 250,000 (2500 1% threshold) in WPE2 (Wetlands International) 

to just 90,000 (900 1% threshold) in currently (Hansen et al 2016). So, while numbers have 

decline, the site still supports > 1% of the population of this species and the LAC of 

supporting at least 1.7% is met (Figure 50). The LAC for the lesser sand plover, however, has 

been exceeded as the species has not been recorded in the site since 2012 (Figure 51).  

  

Figure 50: Annual maximum abundance and rolling five year average of curlew sandpiper in the Port Phillip 

Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site (data from BirdLife Australia and Atlas of 

Living Australia). LAC is based on supporting 1.7 % of the population and is met. 

 

Figure 51: Annual maximum abundance of lesser sand plover in the Port Phillip Bay (Western Shoreline) and 

Bellarine Peninsula Ramsar Site (data from BirdLife Australia and Atlas of Living Australia). 

The reasons for the decline in these species are beyond the boundaries of the Ramsar site. 

There have been a large number of investigations into the decline of shorebirds in the East 

Asian-Australasian Flyway, with habitat declines particularly at staging areas in the Yellow 

Sea recognized as the most significant impact factors (MacKinnon et al. 2012, Murray et al. 

2015, Hua et al. 2015). 

Populations of shorebirds that use staging areas in the Yellow sea on the journeys to and 

from Australia are known to be in decline (MacKinnon et al. 2012, Murray et al. 2015, Hua et 

al. 2015). The long term trend on the populations of the curlew sandpiper and lesser sand 

plover in the flyway, indicate substantive declines (Figure 52). There has been a similar trend 

in total shorebird numbers in Corner Inlet and to a lesser extent, Western Port, suggesting 

0

4000

8000

12000

16000

20000

1981
1983

1985
1987

1989
1991

1993
1995

1997
1999

2001
2003

2005
2007

2009
2011

2013
2015

2017
2019

W
a
te

rb
ir

d
 a

b
u

n
d

a
n

c
e

Curlew sandpiper
Annual maximum abundance

Five year average

1% threshold (1977-1991)

1% threshold (current)

0

20

40

60

80

100

120

1981
1983

1985
1987

1989
1991

1993
1995

1997
1999

2001
2003

2005
2007

2009
2011

2013
2015

2017
2019

W
a

te
rb

ir
d

 a
b

u
n

d
a
n

c
e

Lesser sand plover



 

 

 

Port Phillip Bay (Western Shoreline) & Bellarine Peninsula Ramsar Site 

Ecological Character Description 

75 

OFFICIAL 

that this reduction in numbers is not due to conditions within the site and therefore not 

indicative of a potential change in character. 

  

Figure 52: Total abundance of curlew sandpiper (left) and lesser sand plover (right) in the East Asian-

Australasian Flyway (Studds et al. 2017). 

6.5 Supports threatened species: orange-bellied parrot 

The orange-bellied parrot is a migratory species moving between the south east mainland 

and its summer breeding grounds in south west Tasmania. The Ramsar site is recognised as 

providing important over-wintering habitat for the species. While the Ramsar site provides 

important over-wintering habitat for the species and adequate management of those habitat 

values is important to the species' conservation, the trajectory of the population is considered 

to be influenced by factors outside the Ramsar site, due to the species migratory nature. 

Therefore, a change in ecological character in relation to orange-bellied parrot within the 

Ramsar site needs to be considered in the context of the total population. 

There has been a dramatic decline in the wild population of the critically endangered orange-

bellied parrot which appears to have commenced in the mid-2000s, with a 12% annual 

decline in adult birds observed each year at the main population breeding area at Melaleuca, 

Tasmania between 2000 and 2008 (DELWP 2016). The numbers recorded in winter 

censuses within the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar site 

have also declined (Figure 53). Although, the Ramsar site and the adjacent habitat in Swan 

Bay have continued to support a proportion of the declining orange-bellied parrot population.  

  

Figure 53: Annual maximum abundance of orange-bellied parrot in the Port Phillip Bay (Western Shoreline) 

and Bellarine Peninsula Ramsar site (data from BirdLife Australia and Atlas of Living Australia). 
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7. Knowledge gaps 

Throughout the ECD for the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula 

Ramsar Site, mention has been made of knowledge gaps and data deficiencies for the site. 

Scientists and natural resource managers have requirements for knowledge and a desire to 

fully understand complex wetland systems. There is much still to be learned about the 

interactions between components and processes in this and other wetlands. While it is 

tempting to produce an infinite list of research and monitoring needs for this wetland system, 

it is important to focus on the purpose of an ecological character description and identify and 

prioritise knowledge gaps that are important for describing and maintaining the ecological 

character of the system. Overall, the Port Phillip Bay (Western Shoreline) and Bellarine 

Peninsula Ramsar Site is a well-studied and documented location with substantial research 

and monitoring data available for a variety of components and processes. As such knowledge 

gaps that are required to fully describe the ecological character of this site and enable 

rigorous and defensible limits of acceptable change to be met are relatively few and listed in 

Table 20. 

Table 20: Summary of knowledge gaps and recommended actions. 

Component / 

process 

Knowledge Gap Recommended Action/ 

Justification 

Vegetation The most recent large-scale mapping of 

seagrass in Port Phillip Bay was in 2000. 

Smaller scale studies have provided 

indications on seagrass health and likely 

changes in extent and density (Ball et al. 

2014, Jenkins et al. 2015), but changes in 

total seagrass area are inferred only. 

Mapping of seagrass in Swan Bay 

and Mud Islands. 

The most recent mapping of saltmarsh and 

mangroves was in 2011 (Boon et al. 2011).  

Mapping of saltmarsh extent.  

Fish There are periodic scientific research papers 

on the fish in Swan Bay and Mud Islands 

(Jenkins et al. 2011, Smith et al. 2012), but 

insufficient data to characterise the fish 

communities of the Ramsar site. 

Inventory and assessment of fishes 

in Swan Bay and Mud Islands. 

Waterbirds By and large, waterbird abundance and 

diversity are well documented for the site. 

There is, however, a lack of temporal 

information on breeding in all locations (with 

the exception of the Western Treatment 

Plant). Given the importance of Mud Islands 

to breeding waterbirds, this must be 

considered a priority. 

Regular breeding surveys of 

colonial nesting species at Mud 

Islands. Noting that this process 

has commenced with the first 

survey scheduled for 2020. 
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8. Monitoring needs 

As a signatory to the Ramsar Convention, Australia has made a commitment to protect the 

ecological character of its Wetlands of International Importance. Under Part 3 of the EPBC 

Act a person must not take an action that has, will have or is likely to have a significant impact 

on the ecological character of a declared Ramsar wetland. While there is no explicit 

requirement for monitoring the site, in order to ascertain if the ecological character of the 

wetland site is being protected a monitoring program is required.   

A comprehensive monitoring program is beyond the scope of an ECD. What is provided is an 

identification of monitoring needs required to both set baselines for critical components and 

processes and to assess against limits of acceptable change. It should be noted that the 

focus of the monitoring recommended in an ECD is an assessment against LAC and 

determination of changes in ecological character. This monitoring is not designed as an early 

warning system whereby trends in data are assessed to detect changes in components and 

processes prior to a change in ecological character of the site, monitoring for this purpose is 

included in the management plan for the site. 

The recommended monitoring to meet the obligations under Ramsar and the EPBC Act 

(1999) with respect to the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula 

Ramsar Site are provided in Table 21. 
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Table 21: Monitoring requirements for the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site. 

Program Indicators and method Frequency Responsibility Linkages to existing 

programs / activities 

Locations 

Seagrass  Extent mapping and condition consistent with 

Ball et al. (2014).  

 

Mapping every five years. 

Condition every two years 

Parks Victoria 

DELWP 

Ball et al. (2014) 

mapped seagrass 

communities at Swan 

Bay and Mud Islands 

Swan Bay, Mud 

Islands, Pt Wilson 

Saltmarsh and 

mangrove 

Extent of saltmarsh and mangroves (as per 

(Boon et al. 2011a). 

Condition against EVC benchmarks 

Mapping every 10 years. 

Condition every five years 

DELWP 

Parks Victoria 

CMAs 

Boon et al. (2011) 

mapped saltmarsh 

communities.  

All 

Freshwater aquatic 

vegetation 

Extent and community composition Every two years CCMA Seasonal Watering 

Proposals 

Lake Connewarre 

complex 

Waterbird abundance Bi-annual counts; BirdLife Australia standard 

methods, DELWP annual summer waterfowl 

count methods. 

Twice yearly DELWP 

Parks Victoria 

 

Current: Shorebirds 

2020 

Annual summer 

waterfowl 

All 

Waterbird breeding Annual surveys of nest numbers and 

breeding success (i.e. fledgling)  

Annual DELWP 

Parks Victoria 

 

 Werribee  

Mud Islands 

Threatened bird species: 

Orange-bellied parrot 

Annual surveys (as per orange-bellied parrot 

recovery plan) 

Annual DELWP  Werribee 

Lake Connewarre 

complex 

Threatened bird species: 

Australasian bittern 

BirdLife Australia standard methods Annual DELWP Threatened species 

recovery programs 

Werribee 

Threatened species: 

Growling grass frog 

Melbourne Water standard methods Annual Melbourne Water Melbourne Water 

EPBC compliance 

Werribee 

Native fish: abundance 

and trends 

Abundance and diversity  Annual CCMA 

Parks Victoria 

Parks Victoria Marine 

National Parks 

Monitoring Program 

Swan Bay 

Lake Connewarre 
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9. Communication and education messages 

Under the Ramsar Convention a Program of Communication, Education, Participation and Awareness 2003-

2008 was established to help raise awareness of wetland values and functions. The program calls for 

coordinated international and national wetland education, public awareness and communication. In response 

to this, Australia has established the Wetland Communication, Education, Participation and Awareness 

(CEPA) National Action Plan 2016-2018. Australia's National Action Plan provides an umbrella for 

coordinated activities across Australia. It is an evolving plan that will document and provide guidance 

towards the collaboration of effectively delivered CEPA activities. 

There are numbers of programs currently in place, which focus on communication, and education of wetland 

values in the Ramsar Site. Key CEPA messages for the Port Phillip Bay (Western Shoreline) and Bellarine 

Peninsula Ramsar Site arising from this ECD, which should be promoted through these programs, include: 

• The Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar Site is listed as a wetland of 

international importance and meets six of the nine criteria.  

• This Ramsar Site is important as part of a network of spatially disconnected wetlands, that together provide 

habitat for shorebirds and waterfowl to meet different needs in their lifecycles. 

• This site is significant for international migratory birds; which journey through the East Asian-Australasian 

Flyway, using feeding and roosting habitats in intertidal zones. There are significant consequences to the 

health and survival of these birds from disturbance from walking, boating, vehicles and domestic pets. 

• Mud Islands is of very high value and supports large numbers of colonial nesting waterbirds. 

• The Western Treatment Plant provides a very good example of the Ramsar principle of “wise use”. 

• Maintaining hydrological connectivity between freshwater inland areas and the Bay is important for native 

fish. 

• Water quality in inland wetlands and the Bay is important, particularly the need to maintain a balance 

between minimising pollution and maintaining adequate levels of productivity. 

• Introduced marine pests can have significant impacts on marine values in the Ramsar site. 

• Controlling pest plants and animals such as salt tolerant weds, foxes and domestic cats is important for 

maintain the biodiversity values of the Ramsar site. 

• Climate change is a serious threat to the benefits and services of the Ramsar site and adaption strategies 

are required, particularly for inland aquatic and coastal environments. 

• There is a need for cooperative and coordinated management across this complex site which has a large 

number of stakeholders and bodies responsible for management. 
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Fish of Swan Bay 

Common Name  Species Name 

Australian Herring Arripis georgianus  

Barred Toadfish Contusus richei  

Black Bream Acanthopagrus butcheri  

Blue Sprat Spratelloides robustus  

Bridled Leatherjacket Acanthaluteres spilomelanurus  

Clingfish Family Eobiesocidae  

Common Weedfish Clinus perspicillatus  

Crested Weedfish Cristiceps australis  

Flatheads Platycephalus spp.  

Common Galaxias  Galaxias maculatus  

Garfish Hyporamphus melanochir  

Goby Arenigobius frenatus  

Goby Nesogobius sp.  

Goby Nesogobius sp.A.  

Goby Nesogobius sp.B.  

Goby Pseudogobius olorum  

Goby Tosmanogobius sp. nova  

Green-back Flounder Rhombosolea tapirina  

Hairy Pipefish Urocampus carcinirostris  

King George Whiting Sillaginodes puncratus  

Long-finned Goby Favonigobius lateralis  

Long-finned Pike Dinolestes lewini  

Luderick Girelia tricuspidata  

Oldwife Enoplosus armatus  

Pigmy Leatherjacket Brachaluteres jacksonianus  

Pike-headed Hardyhead Atherinason esox  

Port Phillip Pipefish Syngnathus phillipi  

Prickly Toadfish Contusus brevicaudus  

Rough Leatherjacket Scobinichthus granulatus  

Sea Moth Acanthopegasus lucifer  

Sea-Mullet Mugil cephalus  

Short-headed Worm Eel Muraenichthys breviceps  

Silver Fish Atherinosoma presbyteroides  

Six-spined Leatherjacket Meuschenia freucineti  

Small mouthed Hardyhead Atherinosoma microstoma  

Appendix A Fish species list 
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Common Name  Species Name 

Smooth Toadfish Torquigener giaber  

South Australian Cobbler Gymnapistes marmoratus  

Spiky Toadfish Allomecterus pilatus  

Spotted Pipefish Stigmatophora argus  

Tailor Pomatomus saltatrix  

Trevalley Pseudocaranx dentex  

Tupong Pseudophritis urvillii  

Weed Whiting Haletta semfasciata  

White's Seahorse Hippocampus whitei  

Wide-bodied Pipefish Stigmatophora nigra  

Woods Siphon Fish Siphamia cephalotes  

Yellow-eye Mullet Aidrichetta forsteri  

Eagle Ray Myliobatis australis  

Fiddler Ray Trygonorrhina fasciata  

Melbourne Skate Raja whitleyi  

Stingarees Urolophus spp.  

Varied Catshark Parascyllium variolatum  

Australian Herring Arripis georgianus  

Barred Toadfish Contusus richei  

 

Native fish of Lake Connewarre Complex (Lloyd 2005). 

Common Name  Species Name 

Common Galaxias  Galaxias maculatus 

Spotted Galaxias Galaxias truttaceus 

Broad-finned Galaxias Galaxias brevipinnis 

Big-headed Gudgeon Philypnodon grandiceps 

Blue Spot Goby Pseudogobius olorum 

Congolli/Tupong Pseudaphrits urvilli 

Short Finned Eel Anguilla australis 

Pouched Lamprey Geotria australiis 

Short-headed Lamprey Mordacia mordax 

Australian Smelt Retropinna semoni 

Australian Grayling Prototroctes maraena 

Small-mouthed Hardyhead Atherinosoma microstoma 

Black Bream Acanthopagrus butcheri 

Yellow-eyed Mullet Aldrechetta forsteri 

Flat-tailed Mullet Liza argentea 

Bridled Goby Arenigobius bifrenatus 

Lagoon Goby Tasmanogobius lasti 
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Common Name  Species Name 

Tamar Goby Afurcagobius tamarensis 

Sea Mullet Mugil cephalus 

Greenback Flounder Rhombosolea tapirina 

Estuary Perch Macquaria colonorum 

Longsnout Flounder Ammotretis rostratus 

Kingfish Argyrosomus japonicus 

Australian Ruff Arripis georgianus 

Australian Salmon Arripis trutta 

Luderick Girella tricuspidata 

Cobbler Gymnapistes marmoratus 

Sandy Sprat Hyperlophus vittatus 

Bluefish Pomatomus saltatrix 

King George Whiting Sillaginodes punctata 

Smooth Toadfish Tetractenos glaber 
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Location: PC = Pont Cooke/Cheetham; WA= Werribee/Avalon; PW = Point Wilson / Limeburners Bay; SB = Swan Bay; 

MI = Mud Islands; LC = Lake Connewarre Complex  

X = present; B = breeding 

Species listing: M = Listed as migratory or marine under the EPBC Act; J = JAMBA; C= CAMBA; R = ROKAMBA; B = 

Bonn; V = Vulnerable; E = Endangered  

Functional group: I. wader = international migratory wader; A. wader = Australian wader; LBW = Large bodied wader; 

Fish = fish eating species  

Species list compiled from Atlas of Living Australia, BirdLife Australia, DELWP Waterfowl Surveys and Menkhorst 2010. 

 

Common name 
Scientific name 

Listing Functional 

Group 

Location 

PC WA PW SB MI LC 

Arctic skua Stercorarius parasiticus M, C, J, R Fish X X   X X   

Australasian bittern Botaurus poiciloptilus E (IUCN) LBW X X       X 

Australasian darter Anhinga novaehollandiae  Fish X B  X X   X 

Australasian gannet Morus serrator  Fish X X B  X X X 

Australasian grebe Tachybaptus 

novaehollandiae 

 Fish X X  B X   X 

Australasian shoveler Anas rhynchotis M Duck X X   X X X 

Australian fairy tern Sternula nereis nereis V(EPBC) A. wader X B  X B X X 

Australian little bittern Ixobrychus dubius  LBW   X       X 

Australian painted 

snipe 

Rostratula australis E(EPBC) A. wader   B       X 

Australian pelican Pelecanus conspicillatus M Fish X X  X X B X 

Australian pied 

oystercatcher 

Haematopus longirostris  A. wader X B  X B B X 

Australian pratincole Stiltia isabella M A. wader   X         

Australian reed 

warbler 

Acrocephalus australis  Other X B  X   X B 

Australian shelduck Tadorna tadornoides M Duck X X X  X X X 

Australian spotted 

crake 

Porzana fluminea M LBW X X X  X X B 

Australian white ibis Threskiornis molucca M LBW X X X  X B B 

Australian wood duck Chenonetta jubata M Duck X X   X   X 

Baillon's crake Porzana pusilla M Herbivore X X       B 

Banded lapwing Vanellus tricolor  A. wader X B B X   B 

Banded stilt Cladorhynchus 

leucocephalus 

 A. wader X X X  X X X 

Bar-tailed godwit Limosa lapponica M, B, C, J, R I. wader X X X  X X X 

Black swan Cygnus atratus M Herbivore X B X  B B X 

Black-browed 

albatross 

Thalassarche melanophris M, B Fish         X X 

Appendix B Wetland dependent birds 
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Common name 
Scientific name 

Listing Functional 

Group 

Location 

PC WA PW SB MI LC 

Black-faced 

cormorant 

Phalacrocorax fuscescens M Fish X X  X X X X 

Black-fronted dotterel Elseyornis melanops  A. wader X X B  B   B 

Black-tailed godwit Limosa limosa M, B, C, J, R I. wader X X   X X X 

Black-tailed native-

hen 

Tribonyx ventralis  Herbivore X X   X   B 

Black-winged stilt Himantopus himantopus M A. wader X B X  B X X 

Blue-billed duck Oxyura australis M Duck X X   X   X 

Broad-billed 

sandpiper 

Calidris falcinellus M, B, C, J, R I. wader X X   X X X 

Brolga Grus rubicunda  LBW X X   X   X 

Buff-banded rail Gallirallus philippensis  Duck X X   B B   

Cape barren goose Cereopsis novaehollandiae  Duck   B   X   X 

Caspian tern Hydroprogne caspia M, J Fish X X X  B B X 

Cattle egret Ardea ibis M LBW X X   X   X 

Chestnut teal Anas castanea M Duck X B X  B X B 

Common diving 

petrel 

Pelecanoides urinatrix M Fish           X 

Common greenshank Tringa nebularia M, B, C, J, R I. wader X X X  X X X 

Common sandpiper Actitis hypoleucos M, B, C, J, R I. wader X X   X X X 

Common tern Sterna hirundo M, C, J, R Fish X X   X X   

Crested tern Thalasseus bergii M Fish X X X  X B X 

Curlew sandpiper Calidris ferruginea CE(EPBC), 

M, B, C, J, R 

I. wader X X  X X X X 

Double-banded 

plover 

Charadrius bicinctus B I. wader X X  X X X X 

Dusky moorhen Gallinula tenebrosa  Herbivore X B  X     X 

Eastern curlew Numenius 

madagascariensis 

CE(EPBC), 

M, B, C, J, R 

I. wader X X  X X X X 

Eastern great egret Ardea modesta M LBW X X  X X X X 

Eurasian coot Fulica atra  Herbivore X X X  X   X 

Fluttering shearwater Puffinus gavia M Fish X X     X   

Freckled duck Stictonetta naevosa M Duck   X       X 

Glossy ibis Plegadis falcinellus M, B, C LBW X X   X   B 

Golden-headed 

cisticola 

Cisticola exilis  Other X X  X   B X 

Great cormorant Phalacrocorax carbo  Fish X B X  X X B 

Great crested grebe Podiceps cristatus  Fish X X X      X 

Great knot Calidris tenuirostris M, B, C, J, R I. wader X X X  X X X 

Greater sand plover Charadrius leschenaultii M, B, C, J, R I. wader   X   X X   

Grey plover Pluvialis squatarola M, B, C, J, R I. wader X X  X X X X 
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Common name 
Scientific name 

Listing Functional 

Group 

Location 

PC WA PW SB MI LC 

Grey teal Anas gracilis M Duck X B   X X B 

Grey-tailed Tattler Tringa brevipes M, B, C, J, R I. wader X X X  X X X 

Gull-billed Tern Gelochelidon nilotica M, C  Fish X X       X 

Hardhead Aythya australis M Duck X X   X   X 

Hoary-headed grebe Poliocephalus poliocephalus  Duck X X X  B X X 

Hooded plover Thinornis rubricollis  V(EPBC) A. wader       B   X 

Hudsonian godwit Limosa haemastica  I. wader X X     X   

Hutton's shearwater Puffinus huttoni  Fish X X         

Intermediate egret Ardea intermedia M LBW X X   B   X 

Kelp gull Larus dominicanus M Duck   X   X X   

Latham's snipe Gallinago hardwickii M, J, R I. wader X X  X X   X 

Lesser sand plover Charadrius mongolus M, B, C, J, R I. wader X X   X X X 

Lewin's rail Lewinia pectoralis  Duck X X   B X   

Little black cormorant Phalacrocorax sulcirostris  Fish X X  X X X X 

Little egret Egretta garzetta M LBW X X  X   B X 

Little grassbird Megalurus gramineus  Other   X  X   B  X 

Little penguin Eudyptula minor M Other X X   X B X 

Little pied cormorant Microcarbo melanoleucos  Fish X X X  X X X 

Little stint Calidris minuta M I. wader X X         

Little tern Sternula albifrons sinensis M, B, C, J, R Fish X X   X X X 

Long-toed stint Calidris subminuta M, B, C, J, R I. wader X X       X 

Magpie goose Anseranas semipalmata M Herbivore   X   X   B 

Marsh sandpiper Tringa stagnatilis M, B, C, J, R I. wader X X X  X X X 

Masked lapwing Vanellus miles  A. wader X B X  B X B 

Musk duck Biziura lobata M Duck X B X  X   B 

Nankeen night-heron Nycticorax caledonicus  LBW   X X  X X X 

Northern giant petrel Macronectes halli V(EPBC), M, 

B 

LBW           X 

Northern shoveler Anas clypeata  I. wader   X         

Orange-bellied parrot Neophema chrysogaster CE(EPBC)  Other X X  X X X X 

Oriental pratincole Glareola maldivarum M, C, J, R I. wader   X         

Osprey Pandion cristatus M Prey   X         

Pacific black duck Anas superciliosa M Duck X B X  X X B 

Pacific golden plover Pluvialis fulva M, B, C, J, R I. wader X X  X X X X 

Pacific gull Larus pacificus M Gull X X X  X X X 

Pectoral sandpiper Calidris melanotos M, B, J, R I. wader X X     X X 

Pied cormorant Phalacrocorax varius  Fish X B  X B B X 

Pink-eared duck Malacorhynchus 

membranaceus 

M Duck X X X      X 
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Common name 
Scientific name 

Listing Functional 

Group 

Location 

PC WA PW SB MI LC 

Plumed whistling 

duck 

Dendrocygna eytoni  Herbivore   X         

Pomarine jaeger Stercorarius pomarinus M, C, J Fish   X     X   

Purple swamphen Porphyrio porphyrio  Herbivore X B X  X   B 

Red knot Calidris canutus M, B, C, J, R I. wader X X X  X X X 

Red-capped plover Charadrius ruficapillus M A. wader X B X  B B X 

Red-kneed dotterel Erythrogonys cinctus  A. wader X B X  X   B 

Red-necked avocet Recurvirostra 

novaehollandiae 

M A. wader X B X  X   X 

Red-necked 

phalarope 

Phalaropus lobatus M, B, C, J, R I. wader X X       X 

Red-necked stint Calidris ruficollis M, B, C, J, R I. wader X X X  X X X 

Royal spoonbill Platalea regia  LBW X X X  X B B 

Ruddy turnstone Arenaria interpres M, B, C, J, R I. wader X X X  X X X 

Ruff Philomachus pugnax M, B, C, J, R I. wader X X       X 

Sacred kingfisher Todiramphus sanctus  Prey X         X 

Sanderling Calidris alba M, B, C, J, R I. wader X X   X X X 

Sharp-tailed 

sandpiper 

Calidris acuminata M, B, C, J, R I. wader X X  X X X X 

Short-tailed 

shearwater 

Ardenna tenuirostris M, C, J, R Fish   X     X   

Shy albatross Thalassarche cauta V(EPBC), M, 

B 

Fish           X 

Silver gull Chroicocephalus 

novaehollandiae 

M Gull X X B  X B X 

Sooty oystercatcher Haematopus fuliginosus M A. wader X X   X B X 

Sooty shearwater Ardenna tenuirostris M, C, J, R Fish X X   X X   

Spotless crake Porzana tabuensis M Duck X X   X X X 

Stilt sandpiper Calidris himantopus   I. wader   X         

Straw-necked Ibis Threskiornis spinicollis M LBW X X X  X B B 

Swamp harrier Circus approximans M Prey X X  X    B B 

Terek sandpiper Xenus cinereus M, B, C, J, R I. wader X X  X   X X 

Whimbrel Numenius phaeopus M, B, C, J, R I. wader X X X  X X X 

Whiskered tern Chlidonias hybrida M Fish X X X  X X X 

White-bellied sea 

eagle 

Haliaeetus leucogaster M, C Prey   X   B   X 

White-faced heron Egretta novaehollandiae  LBW X X X  B X X 

White-faced storm 

petrel 

Pelagodroma marina M Fish   X     B   

White-fronted chat Epthianura albifrons  Other X B   X    X 

White-fronted tern Sterna striata M Fish   X   X X   
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PC WA PW SB MI LC 

White-necked heron Ardea pacifica  LBW X X  X X   X 

White-winged black 

tern 

Chlidonias leucopterus M, C, J, R Fish X X X    X X 

Wilson's storm-petrel Oceanites oceanicus M, J Fish           X 

Wood sandpiper Tringa glareola M, B, C, J, R I. wader X X X      X 

Yellow-billed 

Spoonbill 

Platalea flavipes  LBW X X X  X   X 
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