
Key findings

•  Monitoring of the condition of Western 
Australia’s marine environment is 
extremely limited. 

•  Cockburn Sound has received the most 
management attention and there 
has been no significant change in its 
condition since 2000.

•  There are growing pressures on the 
marine environment from increased 
shipping, ports, coastal developments, 
runoff and associated contaminants.

Theme 6



The marine environment includes both coastal waters (under 
the jurisdiction of the Western Australian Government) 
and deeper marine waters to the edge of the Exclusive 
Economic Zone (under the jurisdiction of the Commonwealth 
Government). WA’s coastal waters cover an area of 117 887 
km2, and extends three nautical miles (or 5.5 km) seaward from 
the high tide mark on the shore. An additional 2 188 647 km2 
of marine area is included from the limit of State waters into 
the Commonwealth administered Exclusive Economic Zone. The 
State’s mainland shoreline stretches 12 889 km from the Timor 
Sea in the north to the Great Australian Bight in the south. WA 
has 3747 islands (and an additional 7892 km of coastline around 
those islands) that also form part of the coastal environment. 

Most of WA’s marine ecosystems are typified by clear and low 
nutrient waters, low productivity, and tides that vary between 1 
m in the south to over 10 m in the north. Inshore waters along 
the Mid West, Pilbara and Kimberley generally contain higher 
sediment levels and are more turbid. The Leeuwin Current 
flows south along the coast, maintaining relatively high marine 
temperatures along the west coast, and presents favourable 
conditions for tropical species in temperature waters. As a 
result, WA has an exceptionally rich marine biodiversity that is 
ranked second in the world in terms of its species richness and 
endemism. Unique marine ecosystems range from extensive 
mangrove communities in arid Pilbara areas; a coral reef 270 km 
long and less than six kilometres offshore (Ningaloo Reef); an 
inverse-estuary with 20 000 km2 of seagrass meadows (Shark 
Bay); a high latitude coral reef (Abrolhos Islands); and nutrient 
poor coastal embayments with highly diverse seagrass (central 
west and south coasts). 

While West Australians value marine resources and enjoy 
living close to the sea, very little about the ecology and 
biodiversity of the marine environment is well-understood or 
researched (see ’Biodiversity’). People are generally familiar 
with large fauna such as whales, dolphins, turtles and fish, 
and habitats such as coral reefs and seagrasses. However, 
events such as the collapse and closure of some fisheries (see 

‘Fisheries’), industrial development, oil spills, coral bleaching, 
increased ecotourism, increased coastal populations, 
dredging, international poaching, and instances of coastal 
waters and seafood contamination have brought a greater 
awareness of the vulnerability of WA’s marine environment. 

Objectives
 To protect and conserve the marine environment by: 

•  Defining and protecting environmental values in order 
to protect and improve the condition of the marine 
environment; 

•  Reducing and eliminating (where practical) the major 
environmental issues that degrade, or threaten to degrade, 
the marine environment and it’s associated values;

•  Conserving the marine environment and associated values 
identified as most important; and

•  Managing and using the marine resources in a sustainable 
manner and rehabilitate degraded marine areas where 
practical.

Headline indicators

Indicator M1: Proportion of the marine environment 
having defined values.

Environmental values reflect community views and aspirations 
for the marine environment. They are the particular values 
or uses of the environment that are important for a healthy 
ecosystem or for public benefit, welfare, safety or health, and 
which require protection from the effects of pollution, waste 
discharges and deposits (ANZECC & ARMCANZ, 1994). Some 
examples of environmental values include fishing, recreation, 
conservation, and commercial operations. WA uses the State 
Water Quality Management Strategy No. 6 to formally assign 
environmental values and enhance policy and management 
outcomes (Government of Western Australia, 2002).  

Environmental values have been formally ascribed to Pilbara 
marine waters (for State waters between Exmouth and Cape 
Keraudren east of Port Hedland) and to Perth Coastal Waters 
and Cockburn Sound around Perth (Figure M0.1). The State 
Government is implementing a marine protected area system 
that also establishes ecological and recreational values via 
the New Horizons Policy (Government of Western Australia, 
1998b) (Figure M0.1). When these two methods of defining 
environmental values are added together, about 33% of 
State coastal waters have some defined environmental values. 
However this figure drops to 1.7% if the Exclusive Economic 
Zone (Table M0.1) is included.
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Table M0.1: Areas of marine environment with defined values.

Area (ha) Per cent of State  
coastal waters area

Per cent of State coastal 
waters and Exclusive 
Economic Zone area

Areas with defined values

All areas for which environmental values have been defined. 3 829 780 33% 1.675%

Cockburn Sound 10 667 0.1% 0.005%

Perth Coastal Waters 16 995 0.15% 0.007%

Pilbara coastal waters 2 465 703 20.9% 1.126%

Marine protected areas 1 753 209 a 11.7% b 0.536% a

Areas without defined values

Area for which no values have been defined or proposed 226 423 868 a 67.3% b 98.325 % a

Other statistics

Total area State coastal waters 11 788 699 — —

Total area WA coast to Exclusive Economic Zone 218 864 748 — —

Data source: Environmental Protection Authority (2000) - Perth Coastal Waters; Department of Environment (2006) - Pilbara Coastal Waters as endorsed by the EPA in 2006; 
Department of Conservation and Land Management [ver. 2006] - CALM gazetted marine areas and Commonwealth protected areas. Analysis: EPA. Notes: (a) Includes CALM 
gazetted marine areas and Commonwealth protected areas. (b) Includes CALM gazetted marine areas only, as Commonwealth protected areas occur outside State waters.

Indicator M2: Proportion of the marine environment 
actively monitored for compliance with environmental 
values.

Cockburn Sound is the only area in WA that has both 
defined environmental values and is regularly monitored for 
compliance (0.1% of State waters). Monitoring of Cockburn 
Sound is undertaken to determine if environmental values are 
being protected. The Cockburn Sound Management Council 
publicly reports the findings each year (Cockburn Sound 
Management Council, 2006) and has prepared State of 
Cockburn Sound reports in 2005 and 2006 (Cockburn Sound 
Management Council, 2005; Cockburn Sound Management 
Council, 2006b). 

Monitoring associated with environmental values set by 
the EPA also occurs at several locations associated with 
development proposals put through the environmental impact 
assessment process. Environmental monitoring for some 
parameters also occurs in marine protected areas; however, 
monitoring data are not collated or publicly available.

Overall condition
Monitoring of the condition of the marine environment in 
near-shore marine waters in WA is extremely limited, and is 
mostly of Cockburn Sound and Warnbro Sound (Shoalwater 
Islands Marine Park). Overall there appears to have been 
no significant change in the overall health of Cockburn 
Sound since monitoring programs began in 2000 (Cockburn 
Sound Management Council, 2005). However, recent data 
(2004–06) indicates that further investigation and action is 
required in several areas (seagrass shoot density in Mangles 
Bay; chlorophyll  , light attenuation and tributyltin in Jervoise 
Bay; bacterial contamination at several beaches; Table M2.1). 
Management action is also required to address elevated 
summer levels of faecal contamination at Rockingham Beach 
(Cockburn Sound Management Council, 2006). 

Monitoring data elsewhere are extremely limited. In some 
places, seagrass monitoring is used as a sensitive measure of 
changes occurring in the marine environment. Posidonia sp. 
seagrasses are extremely sensitive to changes in environmental 
conditions and represent a major component of sheltered, 
lagoonal marine ecosystems in the South West. Seagrass 
health condition has been monitored in Cockburn Sound since 
the 1960s, with a severe decline in meadow area occurring in 
recent decades (See ‘Degradation of marine environments’). 

In more open near-shore marine ecosystems of the South 
West, Amphibolis sp. seagrasses are dominant and used 
as indicators of a reduction in water clarity (e.g. due to 
sediments or nutrient enrichment) or sedimentation. Edith 
Cowan University, CSIRO and the Geraldton Port Authority 
have been conducting studies of Amphibolis sp. seagrass 
health condition in the Jurien Bay area, a relatively ‘pristine’ 
marine area, to measure the response of these plants to 
experimentally imposed stress, identify indicators of health 
condition and to investigate indicators of resilience and 
recovery. Similar studies have also been conducted in the 
Geraldton area – an area with a history of environmental 
stress (sedimentation and light deprivation) due to dredging.

Monitoring data collected by the Water Corporation on 
percentage cover of various algal types in the Marmion 
Lagoon show some promise in terms of developing indicators 
of algal-dominated reef condition, but further development is 
required for these indicators to be robust.

There are far greater gaps in our knowledge of tropical 
marine communities, their response to stress, and indicators 
of their health condition than is the case for temperate 
marine communities. Industry in Dampier has conducted 
some basic coral condition studies in assessing coral condition 
and recovery.

Effectiveness
Eighteen actions were identified for the ‘Marine’ theme 
in response to the 1998 State of the Environment report 
(Government of Western Australia, 1998a). Of these, 78% 
remain incomplete, 11% have been completed but not 
evaluated, and 11% have been completed and evaluated. 
The large number of incomplete actions reflects the lack of 
attention to the marine environment. Confounding factors 
include the sheer size of the State’s marine environment, 
its remoteness from major settlements, and the high costs 
of research and monitoring. It is also extremely difficult to 
evaluate the effectiveness of completed actions when there is 
a lack of adequate data. Initiatives of the National Action Plan 
for Salinity and Water Quality, and the Natural Heritage Trust 
programs may help improve our understanding of the marine 
environment.
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suggested responses

6.1  Implement the State Water Quality 
Management Strategy No. 6: for Perth coastal 
waters, the Pilbara, Mid West and Kimberley 
near shore waters as a matter of priority 
within the next five years.

6.2  Establish a baseline of condition of the 
marine environment and develop a consistent 
monitoring network in the priority areas. 

6.3  Improve the recognition, understanding 
and management of cumulative impacts 
on the environment and modify planning, 
environmental impact assessment and 
development processes where appropriate.

Shark Bay

Ningaloo
(State)

Hamelin Pool

Jurien Bay

Barrow Island

Muiron Islands

Montebello Islands

Marmion

Rowley Shoals

Shoalwater Islands
Rottnest Island Perth Coastal Waters

Ningaloo 
(Commonwealth)

Mermaid Reef

Ashmore Reef
Cartier Island

Cockburn Sound

Legend
EPA defined values
CALM defined values
Commonwealth defined values
State Waters
Commonwealth Waters

Figure M0.1: Areas for which values have been defined in Western Australia.
Data source: Environmental Protection Authority (2000) - Perth Coastal Waters; Department of Environment (2006) - Pilbara Coastal Waters as endorsed by the EPA in 2006; 
Department of Conservation and Land Management [ver. 2006] - CALM gazetted marine areas and Commonwealth protected areas. Analysis: EPA. Presentation: EPA.
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Description
Degradation of the marine environment refers to damage 
caused to marine ecosystems and species. Direct effects of 
humans on marine habitats and biota includes dredging and 
dumping (reclamation), removal of biota (through fishing), 
and construction of marinas, port facilities or breakwaters. 
Indirect effects include introduction of foreign diseases or 
species, and discharge of nutrients (accelerating the growth 
of some organisms) and other pollutants that can adversely 
affect marine biota and habitats (see ‘Introduced marine 
species’ and ‘Marine contamination’). 

Direct impacts are caused by a variety of pressures, mainly 
due to an increasing population, urbanisation and industry 
and tourism development. Dredging refers to excavation of 
sediments from the sea bed to make the water deeper, or 
as a part of an extractive process. Dumping (or reclamation) 
refers to the deposition of sediments in the marine 
environment to create new land. Both of these processes 
(whether they are conducted during extractive operations, 
construction of pipeline trenches, port expansions, shipping 
activities, or construction of marinas and canals) are 
destructive to many marine ecosystems. Introducing soil 
and mud into the water column increases turbidity and 
sedimentation, leading to smothering and shading of benthic 
flora and fauna. Reclamation results in complete physical loss 
of the natural environment. 

Over-fishing and some fishing activities (e.g. trawling, 
aquaculture) can have severe impacts on species and degrade 
marine habitat (see ‘Fisheries’). Over-fishing of a target 
species removes predator or prey animals and affects the 
ecological food chain. Trawling (the dragging of a weighted 
net behind a boat) can include catch of non-target species, 
such as seals, dolphins, sharks, sea snakes, fish, turtles, 
crocodiles, birds and invertebrates (known collectively as by-
catch), and has the potential to devastate benthic habitats. 
Recently, poaching has been recognised as a significant 
problem in the North West and has the potential to negatively 
affect sensitive ecosystems and species. Aquaculture (farming 
of marine flora and fauna) can contribute to degradation of 
habitat (for ponds, access and infrastructure) and change 
the ecology of an area by contributing nutrient waste, and 
potentially transmitting disease or reducing genetic variability. 

Objectives
To protect the marine environment and ensure there is no 
significant further loss and degradation of marine habitats, 
biota and functionality by:

• Defining and protecting environmental values in order 
to protect and improve the condition of the marine 
environment; 

•  Reducing and eliminating (where practical) the major 
environmental pressures that degrade, or threaten to 
degrade, the marine environment and it’s associated 
values;

•  Conserving the marine environment and associated values 
identified as most important; and

•  Managing and using marine resources in a sustainable 
manner and rehabilitating degraded marine areas where 
practical.

Condition
Marine habitats vary enormously throughout the State due 
to the varied nature of the geology, coastal energy, currents 
and species. Protecting marine environments depends on 
understanding their type and processes. Marine habitat 
mapping generally falls into one of two categories – relatively 
detailed for a small area, or very large scale and course for 
large areas. 

Ten of WA’s 16 marine bioregions have had some benthic 
habitat mapping done. This is limited to areas of high 
conservation value (e.g. Pilbara coast, Dampier Archipelago, 

Key findings

•  Knowledge of the marine environment  
is limited.

•  Degradation of the marine environment due 
to human activities is likely to be increasing 
due to increased shipping, ports, marinas, 
coastal housing and coastal development.

•  In some parts of Cockburn Sound, the area 
covered by seagrass has declined by up to 
80% since the 1960s.

•  Trawling is having significant ecological 
impacts in some areas such as Shark Bay and 
the Pilbara coast.

indicative extent of iSSue

6.1

priority  
rating: 2



Ningaloo Reef, Jurien Marine Park, Mandurah to Geographe 
Bay and the Recherche Archipelago), areas important for 
the fishing industry (such as nursery areas), areas subject 
to oil and gas exploration or development proposals, areas 
containing species which have been used as biological 
indicators (e.g. seagrasses), and. Surveys of marine 
biodiversity, including some habitats, have been published 
for Albany, Rottnest Island, the Houtman Abrolhos Islands, 
Dampier and Esperance to date (eds Wells et al., 1991; eds 
Wells et al., 1993; ed. Wells, 1997; eds Walker & Wells, 
1999; eds Wells, Walker & Jones, 2003; eds Wells, Walker & 
Kendrick, 2005). While there may be information available 
about other marine habitats, accessing and interpreting 
this information is difficult. Survey data may be owned by 
different organisations, subject to commercial in confidence 
considerations or otherwise not be publicly available.

Indicator M3: Areas and locations of marine habitat which 
have been lost or seriously degraded by human activities.

It is not possible to report the total area of loss or serious 
degradation of marine habitats as it is not recorded in any 
central database. Some local areas of marine and coastal 
habitat loss have been quantified. 

The EPA has established guidelines for development 
proponents to protect benthic primary producer habitats 
from direct and indirect impacts of development 
proposals (Environmental Protection Authority, 2004). 
Six categories have been established for ecological 
protection, each with different allowable ‘cumulative 
loss thresholds’ (ranging from 0–10%) depending on 
the ecological and conservation significance of the 
area (Environmental Protection Authority, 2004).

An example of cumulative mangrove habitat loss can be 
seen in Port Hedland (Figure M1.1). The development of 
port and salt industries in Port Hedland began in the 1960s, 
and there has been progressive and considerable loss since 
that time of habitat areas that were occupied by dense 
stands of mangroves. If recently approved port projects 
proceed as planned, the cumulative loss of closed canopy 
mangrove habitat would be about 342 ha representing 
about 13% loss of the total extent of that habitat type 
(Figure M1.1). This would exceed the EPA’s habitat loss 
threshold for this habitat type. 

While environmental impact assessments are conducted for 
individual project proposals, data are not routinely validated to 

check that the areas of habitat loss arising from approved (and 
implemented) projects are consistent with losses predicted 
by proponents (unless specific environmental conditions are 
set). However, it is known that most marine habitat loss and 
degradation has been concentrated around port facilities and 
areas of major urban and industrial development. 
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Figure M1.1: Estimates of areas of mangrove loss in the Port 
Hedland Management Unit.
Data source: Environmental Protection Authority (2005); Townley & Associates 
Pty Ltd (2005). Analysis: EPA. Note: The red line represents 10% of the estimated 
spatial extent of mangrove habitat present within the management unit prior to the 
commencement of development activities (about 267 ha).

Cockburn Sound is another example of a benthic primary 
producer habitat that has exceeded the EPA’s cumulative 
loss threshold – in this case for seagrasses (Figures M1.2 and 
M1.3). The loss of seagrass in Cockburn Sound has been 
well-documented and is an example of severe decline  in 
seagrass-dominated habitat. The ecological condition of 
Cockburn Sound was considered to have been at its lowest 
in the 1970s, with poor water quality, high chlorophyll 
a levels and the loss of extensive areas of seagrass from 
the eastern margin of Cockburn Sound (Environmental 
Protection Authority, 2006a). The coverage of seagrasses 
has declined from 2930 ha (80% coverage) in 1967 to 660 
ha (18% coverage) in 1999 (DAL Science and Engineering, 
2002). Decline was most significant in the Eastern Shoals 
(James Point to Woodman Point) (Figure M1.3). It was 
also significant in the Southern Flats, east of the Garden 
Island Causeway, but that area is showing signs of a slow 
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Seagrass monitoring near Woodman Point (PL. Horn) Pink snapper (Department of Fisheries)



recovery. It is important to recognise that substantial time 
and resources have been invested by the Government, 
industry and the community to improve the environmental 
quality in Cockburn Sound since the 1970s (Environmental 
Protection Authority, 2006). During the mid to late 1980s 
and early 1990s, chlorophyll a concentrations and water 
clarity improved and have generally stabilised since then (see 
‘Marine Contamination’). 

Anecdotal evidence indicates significant loss of marine habitat 
has also occurred around WA, particularly around the large 
port facilities of Perth, Shark Bay, Geraldton, Albany, Exmouth 
and Esperance. However, very few places currently have data 
available to show changes over time.

Southern Flats 
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Figure M1.2: Change in areas of bare sand and seagrass 
extent over time at the Southern Flats location in 
Cockburn Sound. 
Data source: DAL Science and Engineering (2002).
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Figure M1.3: Change in areas of bare sand and seagrass 
extent over time at the Eastern Shoals in Cockburn Sound.
Data source: DAL Science and Engineering (2002).

Pressures
Major shipping corridors result in direct damage to the marine 
environment by anchor drag and the need for dredging 
activities to maintain shipping channels. Activities at larger 
ports present a risk of introduction of species, accidental 
spills, potential contamination, and habitat destruction 
(Figures M1.4 and M1.5). Dampier has the highest number 
of vessel visits (Figure M1.4) and both Port Headland and 
Dampier had the highest tonnage transport move through 
the port in 2006 (Figure M1.5). Dampier, Port Hedland and 
Geraldton have had an increase in the number of vessel visits 
since 2001-02, but the number of visits to other ports has 
remained stable. The amount of cargo moving through ports 
has also been stable at most ports, but significant increases 

have occurred at Dampier and Port Hedland due to the export 
of iron ore during the resources boom (Figure M1.5). Pressure 
from ports, other marine facilities and related infrastructure 
is expected to increase. However, other coastal development 
(including housing, marinas, and industrial areas) can also 
have a negative impact on the marine environment. 
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Figure M1.4: Vessel visits to ports in Western Australia.
Data source: Department for Planning and Infrastructure.
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Figure M1.5: Total tonnages moving through Western 
Australian ports.
Data source: Department for Planning and Infrastructure, Government of Western 
Australia (2006). 

Dredging can be a one-off project (e.g. for installation of 
new infrastructure, known as ‘capital dredging’) or repeated 
from time to (e.g. to remove accumulated sediments from 
shipping channels or harbour basins, known as ‘maintenance 
dredging’) (Figure M1.6). Government managed dredging 
occurs at many of the maritime facilities for which it has direct 
management responsibility. In 2003 and 2004 the locations 
where the largest volumes of this type of dredging occurred 
were Mandurah–Dawesville, Kalbarri, Denham, Esperance, 
Onslow and Carnarvon (Brodie-Hall & Barr, 2004). Other 
regional ports are managed by separate semi-autonomous 
Port Authorities (Esperance, Albany, Bunbury, Fremantle, 
Geraldton, Dampier, Port Hedland, and Broome) and privately 
operated shipping facilities (e.g. Cape Cuvier, Cape Lambert) 
and are generally large facilities which cater for import and 
export trade. Maintenance and capital dredging data at these 
facilities is collected as part of the environmental impact 
assessment process, but it is not possible to provide the total 
dredge volume at present. 

Offshore petroleum extraction and onshore industry (Figure 
M1.6) can place pressure on marine habitats and biota by 
releasing toxic compounds and nutrients, through physical 
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disturbance and by light and noise pollution. Future increases 
in pressure are forecast because of expansion of the oil and 
gas industries, the Gorgon Venture on Barrow Island, and 
developments in Exmouth and areas south of Shark Bay. 
Pipelines that connect offshore industry to mainland transport 
infrastructure can impact the marine environment, especially 
during the construction period. 

Areas where people live and stay along the coast are also 
often subject to degradation of the marine environment. 
The construction of coastal housing can impact or destroy 
coastal ecosystems, but also the marine environment by 
discharges of treated waste water to the marine environment 
(see ‘Marine contamination’). In addition, people need 
infrastructure to access and use the marine environment, 

such as jetties, wharves, groynes, sea walls, marinas and 
moorings (Figure M1.6). 

Fishing has a variety of environmental impacts, including 
targeting of particular species and size classes and potential 
to impact other species as either by-catch, prey or predator 
species. Even though the managed fisheries are relatively 
well managed and moving toward a whole-of-ecosystem 
based approach, significant pressure remains from increased 
recreational fishing, some non-compliance and illegal fishing. 
Trawling is a method of fishing that has been singled out 
as having a high environmental impact. Aquaculture can 
contribute to marine degradation from the release of waste, 
accidental release of introduced species, altered water 
regimes, and clearing of coastal native vegetation to support 
infrastructure (Figure M1.7). 
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DERBY 
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BROOME 
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DAMPIER 
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ESPERANCE 

CARNARVON 

PORT HEDLAND 

Figure M1.6: Locations of major infrastructure and human activities in the marine environment. 
Data source: National Oceans Office – ports [ver. 2003]; Department of Planning and Infrastructure – oil and gas facilities [ver. 2002]; Australian Maritime Safety Authority 
– shipping lanes [ver. 2004]; Department of Planning and Infrastructure – dredge locations [ver. 2004]; Department of Planning and Infrastructure – coastal infrastructure [ver. 
2004]; Department of Industry and Resources – petroleum pipelines [ver. 2004]; Department of Planning and Infrastructure –  mooring controlled areas [ver. 2004].  Analysis: 
EPA. Data presentation: EPA.



Indicator M4: Areas impacted by trawler activity.

Trawling is known to cause extensive loss of species (e.g. 
algae, seagrass and sponges) and degradation of marine 
environments. Trawling can be done with or without 
disturbance of sea floor by using equipment that either 
scrapes the sea floor or is suspended in the water column 
(depending on the type of marine animal targeted). Bottom 
trawling has an effect similar to that of clearing native 
vegetation on land, as it involves the removal of areas of 
marine habitat. Trawling (and especially frequent trawling) 
can alter the species balance and modify conditions to favour 
some species, while disadvantaging other species. 

There are several marine environments open to trawling 
along the WA coastline, including the Kimberley, Pilbara (off-
shore and on-shore), Shark Bay, the Abrolhos Islands and the 

South Coast. Management actions are in place to maintain 
sustainable fisheries, so trawling occurs in a defined season 
with a limited number of boat operators holding licences, and 
the area trawled in any one year is a small proportion of the 
total trawl ground. There are often permanent or temporary 
closures of common trawling areas, so the actual areas being 
trawled in any one year represent at most 54% of total 
gazetted trawled areas (Figure M1.8). In general, trawled 
areas in 2005 represented a decrease from previous years. 
Some species show natural variations in population levels so 
catch sizes and trawl areas are adjusted in response. There is 
a greater focus of effort in some trawl areas due to variation 
in the abundance of animals being fished, ease of operation 
of equipment and proximity to ports. Significant changes to 
marine biota are likely in these areas compared with those 
that are trawled infrequently. 
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Figure M1.7: Locations of major trawling, fishing and aquaculture activities in the marine environment. 
Data source: Department of Fisheries – all areas trawled [ver. 2005]; Department of Fisheries – aquaculture licence areas [ver. 2006]; Department of Fisheries – selected fisheries 
areas [ver. 2006]. Presentation: EPA. Note: only the top six commercial fisheries (economic value) are shown. Pearl diving and aquaculture licence areas were excluded as they are 
high economic value fisheries with little environmental impact.  
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Figure M1.8: Areas trawled in Western Australian and 
Commonwealth waters by location, 2002–05.
Data source: Department of Fisheries.

Indicator M5: Trend over time in environmental impacts of 
trawling.

The impacts of trawling on the marine environment depend 
on the type of fishery (Table M1.1) and the annual impact 
of trawling on by-catch, protected species, food chain, and 
habitat for each fishery. The Shark Bay prawn fishery is of 
most concern for its amount of by-catch and increasing 
impacts on shallow sandy habitats (Table M1.1). Studies of 
the Pilbara dermersal finfish fishery have shown a high level 
of non-target fish catch in nets as well a significant shark 
by-catch (Table M1.1). In addition the fishery is known to 
capture threatened species (namely dolphins, turtles, sea 
snakes, pipefish and seahorses), some of which are dead by 
the time they reach the fishing boat. Turtle exclusion devices 
have been useful in preventing turtle death and injury in 
trawling equipment; however smaller animals such as crabs, 
crustaceans and fish are still caught as by-catch (non-target 
species). Further work to reduce the by-catch of threatened 
species is being undertaken. The Pilbara demersal finfish 
fishery also dislodges significant amounts of sessile benthic 
fauna (e.g. sponges). Concern has also been raised about 
impacts of the Abrolhos Islands scallop trawl. 
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Table M1.1: Trends in various environmental impacts of trawl fisheries over time.

Area By-catch Protected species Food chain Habitat effect

9 
9 
/ 
0 
0

0 
0  
/  
0 
1

0 
1 
/ 
0 
2

0 
2  
/  
0 
3

0 
3 
/ 
0 
4

0 
4 
/ 
0 
5

0 
5 
/ 
0 
6

9 
9 
/ 
0 
0

0 
0  
/  
0 
1

0 
1 
/ 
0 
2

0 
2  
/  
0 
3

0 
3 
/ 
0 
4

0 
4 
/ 
0 
5

0 
5 
/ 
0 
6

9 
9 
/ 
0 
0

0 
0  
/  
0 
1

0 
1 
/ 
0 
2

0 
2  
/  
0 
3

0 
3 
/ 
0 
4

0 
4 
/ 
0 
5

0 
5 
/ 
0 
6

9 
9 
/ 
0 
0

0 
0  
/  
0 
1

0 
1 
/ 
0 
2

0 
2  
/  
0 
3

0 
3 
/ 
0 
4

0 
4 
/ 
0 
5

0 
5 
/ 
0 
6

Scallops

Abrolhos Islands and Mid 
West trawl managed fishery

South West managed 
fishery

South Coast trawl fishery

Shark Bay scallop managed 
fishery

Prawns

Shark Bay prawn managed 
fishery

Exmouth Gulf prawn 
managed fishery

Onslow prawn managed 
fishery

Nickol Bay prawn managed 
fishery

Broome prawn managed 
fishery

Kimberley prawn managed 
fishery

Fish

Shark Bay beach seine and 
mesh net managed fishery

Pilbara demersal finfish 
fisheries

Data source: Fisheries WA (1999); Fisheries Western Australia (2000 & 2001); Department of Fisheries (2002, 2003 & 2005); eds Penn, Fletcher & Head, (2005a, 2005b); eds 
Fletcher & Head (2006).

Key State of the Fisheries assessment

No information available

Negligible environmental effect

Low environmental effect

Medium environmental effect



The Biodiversity Trawl Project has compared conservation 
areas with areas of low, medium and high fishing effort in 
Shark Bay. Preliminary results suggest that the overall species 
richness and abundance of fish and larger invertebrates 
in trawled and untrawled sites were not significantly 
different. However, some individual species were present 
in higher numbers in untrawled areas, indicating they may 
be vulnerable to trawling. Some species were found in 
higher numbers on trawl grounds, indicating a preference 
for conditions in these areas (Department of Fisheries, 
unpublished data).

Indicator M6: Areas impacted by over-fishing.

There are some areas that are of particular concern due to 
over-fishing (see ‘Fisheries’). The Shark Bay pink snapper 
fishery has experienced very high fishing pressure in the 
past, and following a review of the inner gulf pink snapper 
fishery in 2002, total allowable catch-based management 
was introduced. This allocated approximately 75% for the 
commercial sector and 25% for the recreational sector 
for each pink snapper stock/fishery area (Fletcher & Head, 
2006). The Eastern Gulf of Shark Bay was completely closed 
to recreational fishing between 2000 and 2003, and had 
short seasons in the next three year period between 2003 
and 2005 (Fletcher & Head, 2006). The population of pink 
snapper has not recovered as expected and it is thought that 
wider environmental factors are playing a significant role 
(e.g. ocean currents affecting young fish, and perhaps water 
temperature). Bag limits for recreational fishers were further 
reduced in 2006. 

The northern shark fishery is under significant pressure due 
to illegal fishing by international vessels that are not subject 
to catch and size restrictions imposed on local licensees. 
There was a 58% decline was recorded in the population of 
mature sandbar sharks in the area between northern Shark 
Bay and Eighty Mile Beach (south of Broome) from 2002 to 
2005. In addition, a lack of juveniles indicates that there will 
be declining recruitment and breeding stock over the next 
decade (Fletcher and Head, 2006). The breeding stocks of 
dusky whaler and sandbar sharks on the south and west 
coast of WA have also been declining. While there may 
be some overlap of northern and southern populations of 
sharks (and thus some effect from illegal fishing), there has 
been over-fishing due to lower breeding and recruitment 
levels than anticipated, and also significant deaths from 
entanglement in plastic waste. 

The south coast crustacean fisheries (especially for southern 
rock lobsters) have experienced significant catch declines 
over the last few years. There is relatively little known about 
the basic biology of southern rock lobsters, and recruitment 
may be dependant of ocean currents from South Australia. 
There may be significant fishing of small lobsters, leading 
to relatively few surviving to adulthood. The recreational 
crab fishery was closed in Cockburn Sound in 2006 due to 
concerns about depleted breeding stocks. Similar concerns 
have resulted in the reduction of bag limits for crabs in the 
Peel-Harvey Estuary and a two-month closure in 2007. 

Current responses
Environmental impact assessment: is undertaken by 
developers with projects that are likely to significantly impact 
the environment (including the marine environment). EPA 
Guidance Statement 29 outlines measures proponents can take 
to prevent the cumulative loss of benthic primary producer 
habitats (Environmental Protection Authority, 2004). Impacts 
have to be considered collectively, such as dredging, nutrient 
enrichment and the input of contaminants, and cumulatively 
where impacts from multiple developments contribute to 
significant, cumulative loss or disturbance of habitats. 

Marine and coastal habitat mapping: There are many 
projects underway by the Coastal Cooperative Research 
Centre, environmental consultants, government departments 
and individual companies to map marine and coastal habitats. 
Examples include seagrass mapping in Cockburn Sound; 
marine habitat surveys in the vicinity of Dampier, Esperance 
and Geraldton ports; in fish habitat and nurseries at the 
Recherche Archipelago and Abrolhos Islands; and in high 
conservation areas. The capacity for mapping the sea floor 
has been enhanced dramatically by improved hydro-acoustic 
techniques. The Natural Heritage Trust has recently provided 
funding for marine habitat mapping in the South West, and 
hydro-acoustic surveys and underwater video footage has 
been used to generate state-of-the-art maps of the marine 
environment from Kalbarri to Eucla. As of December 2006, 
900 km2 of sea floor mapping had been completed in the 
Cape Naturaliste, Geographe Bay, Rottnest Island, Jurien Bay 
and the Abrolhos Islands. 

Regional marine planning: The State government is 
preparing a framework for regional marine planning in WA 
and simultaneously is developing a regional marine strategic 
plan for State waters of the South Coast (Cape Leeuwin 
to the South Australian border). This aims to integrate the 
planning and management of the South Coast Marine 
environment across all sectors.  

Western Australian mangrove assessment project: A 
project is being undertaken by Murdoch University to identify, 
document and assess information about mangroves, in order 
to assist in their management and conservation.
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Coral at Ningaloo Reef (Tourism WA)



Recherche Archipelago project: The Fisheries Research and 
Development Corporation, in partnership with universities, 
government departments, industries, the CRC Reef Research 
Centre and the Australian Institute of Marine Science, 
is undertaking a project to describe the habitats of the 
Recherche Archipelago. The project will identify, classify and 
map benthic habitats in the Recherche Archipelago; provide 
detailed ecological information to ensure the responsible 
management of aquaculture and fisheries in the region; 
and increase community awareness of fish habitats through 
community involvement with monitoring programs.

Strategic Research Fund for the Marine Environment: is 
a joint venture between the Government of WA and CSIRO 
that aims to enhance marine science capacity in WA, to 
facilitate strong collaboration among marine researchers 
from government, universities and the private sector, and to 
provide strategic marine research outcomes to inform the 
State’s management of its marine environment.

Western Australian Marine Science Institution: was 
established in 2005 through the State Government’s 
Major Research Facility Program. The institution will deliver 
scientific research to underpin sustainable utilisation of 
the State’s marine natural resources and includes over 12 
major collaborating partners. The Ningaloo Coast Research 
Program, which was established by the Premier’s Office of 
Science and Innovation in 2003, will be incorporated into the 
Western Australian Marine Science Institution.

By-catch action plans: The Department of Fisheries requires 
implementation of by-catch action plans for ten WA fisheries; 
including the Shark Bay prawn and scallop trawl fisheries. 

Biodiversity Trawl Project: aims to gain an understanding of 
the impacts of trawling on the marine environment, especially 
with reference to long-term ecological changes. The report 
from this project will be released in 2007. 

Implications
There are major implications for the marine environment if 
degradation pressures are allowed to continue unabated. 
Marine ecosystems will become more fragmented and less 
equipped to adapt to changing conditions, such as the effects 
of climate change. Natural embayments along WA’s extensive 
coastline make ideal locations for human settlements, ports 
and marinas; but this places pressure on shallow water marine 
habitats that need to be dredged or modified. Trawling 
and overfishing are also impacting on marine ecosystems in 
some areas and many of the ecological or species changes 
associated with these issues have not yet been scientifically 
addressed. Future challenges for protecting the marine 
environment will hinge on addressing collective pressures and 
cumulative impacts.

suggested responses

6.4  Implement the State Water Quality 
Management Strategy No. 6: for Perth coastal 
waters, the Pilbara, Mid West and Kimberley 
near shore waters as a matter of priority 
within the next five years.

6.5  Establish a baseline condition of the marine 
environment and develop a consistent 
monitoring network in priority areas. 

6.6  Update and implement environmentally  
sound industry codes of practice and 
guidelines for trawling. 

6.7  Enhance marine research, planning and 
conservation in WA.
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Prawn trawler (Department of Fisheries)



Marine contaMination
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Description
Contamination of the marine environment occurs when 
nutrients, toxic chemicals and pathogens enter the 
environment and are present at levels greater than found 
naturally, or result in adverse effects on the marine 
environment. Toxic compounds include agricultural and 
industrial chemicals (e.g. heavy metals, pesticides and 
herbicides), runoff from acid sulphate soils, oil spills, 
produced formation water (water extracted during oil 
recovery), drilling muds (lubricants used in drilling for oil 
and gas), and chemicals released as a result of day-to-day 
port operations (e.g. tributyltin (or TBT), an ingredient 
in antifouling paints used on the hulls of ships). These 
substances can persist for long periods of time, and may 
accumulate in biota causing serious health impacts to animal 
or human health at very low concentrations. 

Nutrients (including nitrogen and phosphorus) are one of 
the most widespread threats to the marine environment 
and can change ecosystems by stimulating the growth 
of marine primary producers such as phytoplankton and 
algae, often to the detriment of other species. Nutrients 
are discharged to the marine environment through treated 
wastewater outfalls, industrial and aquaculture discharges, 
stormwater runoff, and from waterways or groundwater 
discharge. Pathogens include bacteria, viruses and toxic 
algae are typically found in stagnant waters with elevated 
nutrient levels. Pathogens also pose health risks to humans 
and animals that come into contact with, or eat seafood 
from, affected areas. They can enter the marine environment 
through a number of sources such as wastewater outfalls, 
stormwater, boat sullage and groundwater. 

Other contaminants of the marine environment include 
stressors that alter the marine environment. Excess sediment 
deposition can result in the smothering of marine flora 
and fauna and increased turbidity in the water column (see 
‘Degradation of marine environments’). Hypersaline water 
or discharges of hot or cold waste water (from industrial 
sources) can detrimentally affect local marine ecosystems, 
particularly when these are beyond the limits of natural 
variation. Non-biodegradable litter dumped into the marine 
environment is also a threat to marine animals through 
entanglement or ingestion. 

Objectives
To protect our marine environment by ensuring that levels of 
marine contaminants meet relevant standards by:

•  Defining and protecting environmental values in order 
to protect and improve the condition of the marine 
environment; 

•  Reducing and eliminating (where practical) the sources of 
contamination of the marine environment;

•  Conserving the marine environment and associated values 
identified as most important; and

•  Managing and using marine resources in a sustainable 
manner and rehabilitate areas affected by marine 
contamination where practical.

Condition

Indicator M7: Levels of nutrients, toxicants and pathogens 
compared to guidelines and standards.

Cockburn Sound is currently the only area of the State’s 
marine environment where the environmental quality 
management framework is being given effect through the 
State Environmental Protection (Cockburn Sound) Policy 
2005 (Government of Western Australia, 2005). Water and 
sediment quality targets that are set out in contemporary 
management plans for marine conservation reserves are a 
non-binding form of environmental quality framework. 

Each year, the Cockburn Sound Management Council 
produces a series of report cards on the health of Cockburn 
Sound (Table M2.1). In 2005, the moderate ecological 
protection area of Cockburn Sound was divided into areas 
within Jervoise Bay harbours, and all areas outside Jervoise 
Bay harbours (Table M2.1). Prior to this date no distinction 
was made between the two areas. Environmental quality 
standards for chlorophyll a and tributyltin have not been 
met within the Jervoise Bay Harbours (a moderate ecological 

Key findings

•  Long-term monitoring of contaminants is 
limited to Cockburn Sound, aquaculture 
facilities and treated wastewater outfalls.

•  Cockburn Sound has high levels of TBT 
(tributyltin) and has recorded several incidences 
of faecal pathogen contamination at beaches.

•  Heavy metal contamination is generally low in 
Perth metropolitan waters, Jurien Bay and the 
Pilbara coast.

indicative extent of iSSue

6.2

priority  
rating: 4



protection area) over a number of years (Cockburn Sound 
Management Council, 2006b).

Tributyltin levels in sediment have historically exceeded 
environmental criteria within the moderate ecological 
protection areas (especially for harbours and jetties) and this 
has been a long term issue for the Sound. However, changes 
to international regulations banning tributyltin paint are being 
implemented and are believed to be reducing tributyltin 
levels in sediments. The environmental quality standard for 
tributyltin was not met for the high ecological protection area 
in 2006 because marine snails at Woodman Point showed 
signs of imposex affecting females (Table M2.1).

Nutrient enrichment commonly results in increased 
abundance of algae in the water column (i.e. phytoplankton) 
and attached to the seabed and organisms that live there (i.e. 
epiphytes). The proliferation of phytoplankton and attached 
algae can reduce water quality and the health of benthic 
communities such as seagrasses meadows, and lead to 
changes in marine ecology. This is important in WA because 
our marine environment is naturally low in nutrients, so any 
enrichment that occurs is likely to alter natural ecology.

Generally, there are no contaminant issues of concern in 
Cockburn Sound, especially in the high ecological protection 
areas (Table M2.1). Chlorophyll a (used as an indicator of 
algal growth) levels have improved in the high ecological 
protection areas, but remain a problem in the moderate 
ecological protection areas within Jervoise Bay Harbours. 
Light attenuation (reduction of light passing through the 
water column) was thought to be improving in the high 
ecological protection areas of Cockburn Sound, but recent 
results are again of concern. Light attenuation continues to 
be a problem in the moderate protection area. Phytoplankton 
blooms (due to elevated nutrient levels) have been historically 
noted in the moderate level of protection areas and remain a 
concern within the Jervoise Bay Harbours (Table M2.1). 

There are ongoing issues with seagrass shoot density in 
the high ecological protection area as plants are further 
apart than those in healthy ecosystems. This is consistent 
with research that shows that seagrasses in Mangles Bay 
(Rockingham) and on the eastern side of Garden Island are 
highly stressed with low shoot density, height and biomass, 
and dead rhizomes in the sediment (Lavery & Westra, 2004).
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Table M2.1: Environmental quality indicators for ecosystem health in Cockburn Sound, 2001-06.

Ecosystem health High ecological protection areasa Moderate ecological protection areasa

01 02 03 04 05 06 01 02 03 04 05b 06 05b 06

Environmental quality indicators Jervoise Bay 
Harbour

Jervoise Bay 
Harbour

Outside 
Jervoise Bay

Outside 
Jervoise Bay

Physical and 
chemical 
measures

Chlorophyll a

Light attenuation

Dissolved oxygen

Temperature

Salinity Not  
measured

Not 
measured

pH Not  
measured

Not  
measured

Indirect biological 
measures

Algal growth potential  

Periphyton Measurement discontinued Measurement discontinued

Direct biological 
measures

Phytoplankton blooms

Chlorophyll a

Seagrass

Shoot density One-off 
study 
only, not 
measured 
annually

One-off 
study 
only, not 
measured 
annually

One-off 
study 
only, not 
measured 
annually

One-off 
study 
only, not 
measured 
annually

Depth limits

Toxicants in water Metals and metalloids c

Toxicants in 
sediments

Metals and metalloids

Organometallics (e.g. 
tributyltin)

en
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Organics

 
Data source: Cockburn Sound Management Council (2006). Notes: (a) Low protection areas are not listed due to limited monitoring data, and report cards have not been prepared. (b) 
The method of data display does not allow the distinction between Jervoise Bay and outside Jervoise Bay prior to 2005. (c) Non-metallic inorganics, organics, pesticides, herbicides and 
fungicides, surfactants, hydrocarbons, and miscellaneous/others were also measured but were consistently found to be below detection limits.

Key: Management response

Monitor – Below guideline; continue monitoring

Investigate – Above guideline; investigate where necessary, take precautionary action. 

Action required – Above Standard; initiate management response. 

No action required – Below normal laboratory detection limits. 

Research – Additional information required to establish state of the Sound and/or criteria. 
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Table M2.2: Environmental quality indicators for seafood safe for eating, protecting the health of aquaculture, and clean waters for 
swimming and boating in Cockburn Sound, 2001-2006.

Environmental quality indicators a 2001 2002 2003 2004 2005 2006

Safe seafood for eating

Biological 
contaminants

Thermotolerant faecal 
coliforms in water

Thermotolerant faecal 
coliforms in seafood flesh

Algal biotoxins

Chemical contaminants 
in seafood flesh

Metals

Organic chemicals

Protecting the health of aquaculture

Physical-chemical 
stressors

Dissolved oxygen

pH

Salinity Not measured Not measured

Suspended solids Not measured Not measured

Toxicants in water Non-metallic inorganic compounds

Metals and metalloids

Organic chemicals

Pesticides

Clean waters for swimming and boating

Biological measures Faecal pathogens (swimming)

Faecal pathogens (boating)

Toxic algae

Physical measures pH

Water clarity

Radiological measures Gross alpha and beta activity

Toxicants in water Inorganic chemicals

Organic chemicals

Pesticides

Data source: Cockburn Sound Management Council (2006). Note: (a) Environmental quality indicators for industrial water supply were not reported. Note: key is the same as for 
Table M2.1

Indicator M8: Number of marine algal blooms.

Anecdotally, there are very few problems with algal blooms in 
marine waters except for the Jervoise Bay northern harbour 
in Cockburn Sound, where phytoplankton biomass criteria 
are being exceeded (R. Masini, Department of Environment 
and Conservation, pers. comm.). The Strategic Research Fund 
for the Marine Environment undertook monthly monitoring 
between 2002 and 2004 off the coast of Perth from 100 to 
1000 m depth. The study found that more phytoplankton 
is present during summer and this is probably related to 
the intensification of the Leeuwin Current, possibly as a 
result of high nutrients levels and temperature in surface 
waters. Monitoring data around major ocean discharges of 
treated domestic wastewater suggests the effects of nutrient 
discharges can be detected (Thompson & Waite, 2003; 
Cosgrove et al., 2004). In the absence of a management 
framework it is not possible to assess whether or not these 
changes are acceptable or not. 

Indicator M9: Mollusc and sediment levels of heavy metals 
and tributyltin. 

Imposex (females developing male sexual organs) in shellfish 
is an indicator of marine tributyltin contamination over time, 
as it interferes with hormone production and causes higher 
testosterone levels. Cockburn Sound sites have consistently 
failed to meet environmental quality objectives for tributyltin 
in sediments in the moderate protection area (Table M2.1). 
Previous studies in Perth coastal waters (Reitsema, Field 
& Spickett 2003; K Sylva, M Gagnon & T Reitsema, Curtin 
University, pers. comm.) showed a general decrease in the 
incidence of imposex in whelks (Thais orbita) between 1993 
and 2005 in areas frequented by small recreational craft 
including Hillarys, Cottesloe, Carnac and Penguin islands, 
and all Rottnest Island sites (Figure M2.1). The decrease may 
be attributable to a ban on the use of tributyltin paints on 
vessels less than 25 metres. However, areas visited by larger 
vessels (including Arthur Head, Fishing Boat Harbour, North 
and South Jervoise Bay, Challenger Beach and Colpoys 
Point) remain high and generally did not show a decrease in 
imposex rates (Figure M2.1). 

Environmental quality indicators for seafood consumption, 
aquaculture and recreational water quality (i.e. for boating 
and swimming; Table M2.2) indicate that most criteria 
have been met over time, with the exception of faecal 
contamination at Rockingham Beach in the summer of 
2005 and 2006. Management actions have been initiated 
by the State and local governments to identify the sources 
of contamination and upgrade stormwater outfall drains 
to affected beaches. Faecal bacteria have been detected 

in water (but not in seafood flesh) at three sites around 
Rockingham and further investigation is required. The 
presence of potentially toxic algae was detected at several 
sites in Cockburn Sound however further testing revealed 
no further problems for two of the sites. Cockburn Sound 
Management Council recommends that the public are aware 
of the risk of eating seafood collected recreationally from 
Jervoise Bay harbours. 
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Figure M2.1: Percentage of female whelks displaying 
imposex condition in Perth coastal waters over time, in 
larger port and harbour facilities and areas frequented by 
small recreational vessels.
Data source: Reitsema, Field & Spickett (2003); K Sylva, M Gagnon & T Reitsema, Curtin 
University, pers. comm. Analysis: EPA. Presentation: EPA. Note: The 2005 collection 
points for Rous Head, Arthur Head and North Jervoise Bay are not exactly the same 
as previous years. Sampling at Rous Head was conducted on the outside of the Mole 
(technically North Mole), and this might have resulted in the decrease from 100% to 
86%. The same collection technique was used for the Arthur Head and South Mole 
2005 data, but no decrease in imposex was observed at these sites. The 2005 sampling 
at North Jervoise Bay was closer to Woodman Point than in previous years.

A North West study showed that molluscs at Dampier had a 
lower incidence of female imposex (0% to 54%) than Perth 
(Reitsema & Spickett, 1999), despite having the highest 
tonnage of any port in WA and Australia. It is believed that 
tributyltin may break down or disperse more quickly in 
northern waters due to increased sunlight and water circulation 
(Reitsema & Spickett, 1999). The replacement of tributyltin 
with other antifouling products needs to be approached with 
caution, as alternative biocides are also likely to have ecosystem 
effects. However, the fouling of ships’ hulls in the absence 
of tributyltin or other biocide has serious implications for the 
transportation of introduced marine species around the world 
(see ‘Introduced marine species’). 

Surveys for background concentrations of selected heavy 
metals and organic compounds in water and sediments off 
Perth, Jurien Bay Marine Park, the North West Shelf and the 
Pilbara all revealed very low levels. Concentrations of metals 
were low by world standards and toxic organic compounds 
were not detected in any of the samples from Perth or 
Jurien Bay (McAlpine et al., 2005a & 2005b). There was no 
evidence of heavy metal contamination in sediments near 
treated wastewater outfalls in Perth’s metropolitan waters at 
Sepia Depression, Swanbourne and Trigg (DAL Science and 
Engineering, 2004).

North West Shelf waters generally have very low 
concentration of metals, with localised elevations of some 
metals adjacent to industrial centres and ports. Metal 
concentrations met the environmental quality guidelines 
for a very high level of ecological protection (99% species 
protection) throughout the sampled area, with the exception 
of the inner harbour at Port Hedland (Wenziker et.al., 2006). 
The inner harbour had copper and zinc levels elevated above 
background concentrations, but below the 95% species 
protection guidelines (representing a high level of ecological 
protection). No organic chemicals were detected in any of the 
samples from the North West Shelf (Wenziker et.al., 2006). 

Pilbara marine sediments contained higher concentrations of 
some metals and organic compounds, thought to be naturally 
higher due to local geology (Department of Environment and 

Conservation, 2006). At most sites, compounds were below 
normal detection limits, but the sediments of the Ashburton 
River had very high levels of aluminium and iron. Arsenic 
concentrations were generally high across all of the sampled 
sites (except Dampier Archipelago) and natural background 
concentrations were close to, or above, the recommended 
interim sediment quality guideline. Slightly elevated levels 
of arsenic and zinc were detected in sediments of Dampier 
Port. However, the concentrations were well below the 
recommended national interim sediment quality guidelines. 

A number of water and sediment surveys have also been 
undertaken in the vicinity of industrial areas and ports around 
WA for environmental impact assessment purposes. Although 
the results suggest that localised high concentrations of some 
toxic compounds do occur, the data cannot be interpreted 
with confidence, given the various methods used.

Indicator M10: Number of aquaculture and beach water 
closures due to detection of pathogens.

The lack of coordinated and consistent monitoring of the 
marine environment means that it is difficult to quantify 
marine contamination, or to establish trends over time 
(with the exception of Cockburn Sound). Areas prone to 
contamination are generally those that are close to human 
settlements with limited water exchange between bays 
and the open ocean (e.g. Cockburn Sound, Princess Royal 
Harbour, Shark Bay, Exmouth Gulf, Mermaid Sound and all 
ports and marinas).

The Department of Health and local councils undertake some 
sampling of water quality at Perth metropolitan beaches, 
although the results are not publicly available or reported. 

Sampling of water and seafood quality is undertaken in 
areas of aquaculture operations (Cockburn Sound and 
Oyster Harbour) to ensure that health regulations relating 
to domestic consumption and export of seafood are met. 
Between 1997 and 2005 faecal pathogen contamination in 
Cockburn Sound was detected seven times and short-term 
actions were taken (such as suspension of harvest for one to 
two days). There was one incidence of discharge of arsenic 
into Cockburn Sound (approximately 900 kg over 6 weeks) 
resulting in the temporary closure of fisheries as a precaution. 
There were nine incidences of petrochemical spills around 
Kwinana Grain Terminal and only one resulted in a fishery 
closure (due to persistent algal blooms). The aquaculture 
fisheries in Oyster Harbour estuary also experienced 
contamination between 1997 and 2005, mostly due to 
faecal pathogen contamination, which resulted in harvest 
suspension or fishery closure for up to three weeks. 

Pressures
Sources of marine contaminants include ocean discharges 
of industrial wastes and treated domestic wastewater, 
stormwater runoff, groundwater and waterway discharge, 
commercial shipping, port developments, recreational 
boating, harbours and marinas, and the atmosphere. Of these 
sources of marine contamination, only treated wastewater is 
reliably measured.

Indicator M11: Nutrients entering the marine 
environment.

Wastewater treatment outfalls are the most significant nutrient 
sources to the marine environment. Wastewater treatment 
plants in Beenyup, Woodman Point and Subiaco have outfall 
pipes in Perth coastal waters at Ocean Reef (Beenyup), 
Sepia Depression and Swanbourne respectively. These plants 
are operated by the Water Corporation under licence and 
Ministerial conditions regulated under the Environmental 
Protection Act 1986. A total of 320 million litres of treated 
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wastewater is discharged each day, composed of 99.97% 
water; the remainder is dissolved and suspended matter (Water 
Corporation, 2005b). Nitrogen and phosphorus loads for the 
three wastewater treatment plants have consistently been 
within licence limits (Figures M2.2, M2.3 and M2.4). 
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Figure M2.2: Average output loads of phosphorus and 
nitrogen from Beenyup Wastewater Treatment Plant to 
ocean outfall pipe, 1995–2006.
Data source: Water Corporation [ver. 2007]. Presentation: EPA. 
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Figure M2.3: Average output loads of phosphorus and 
nitrogen from Woodman Point Wastewater Treatment 
Plant to outfall, 1995–2006.
Data source:  Water Corporation [ver. 2007]. Presentation: EPA.
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Figure M2.4: Average output loads of phosphorus and 
nitrogen from Subiaco Wastewater Treatment Plant to 
outfall, 2002–06. 
Data source:  Water Corporation [ver. 2007]. Presentation: EPA.

Monitoring of all metropolitan outfalls shows no evidence 
of detrimental environmental effects (Water Corporation, 
2003). Perth’s Long Term Ocean Outlet Monitoring program 
involves regular monitoring of seawater quality, treated 
wastewater quality, phytoplankton, periphyton and benthic 
habitats. In 2002, the Woodman Point Wastewater Treatment 
Plant underwent significant process upgrades from primary 
treatment to secondary treatment (where nitrogen is removed 
from the wastewater using a biological agent) and increased 
capacity. Increasing coastal populations across the South 
West are likely to result in increasing volumes of wastewater 
being discharged from Perth, Mandurah, Bunbury and 
Busselton (Figure M2.5).

Groundwater is also a significant source of nutrients to the 
marine environment, and there has been a concerted effort 
by industry to reduce nitrogen inputs from groundwater 
sources to Cockburn Sound. Studies in Cockburn Sound 
have shown that the nutrient inputs from human activities 
have declined from an estimated 2000 tonnes per year in 
1978 to about 300 tonnes per year in 2000, about 70% of 
which is from groundwater (Department of Environment, 
2005). Altered circulation and flushing movements of 
water in the Sound also has a significant impact on nutrient 
concentrations (D.A. Lord and Associates, 2001). 
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Figure M2.5: Total inflows of wastewater to all Water 
Corporation treatment plants, 1995–2006.
Data source: Water Corporation [ver. 2007]. Analysis: Water Corporation. 
Presentation: Water Corporation

Indicator M12: Toxic compounds entering the marine 
environment.

Oil and other hydrocarbon products can spill from rigs, 
storage facilities or transport vessels. These pollutants can 
spread, oxidise and emulsify (dissipate through the water 
column) quickly and poison biota, as well as create a viscous 
physical coating on marine habitats and biota. The risk of 
contamination from oil and chemical spills is significant in 
WA, with an extensive coastline, large transport vessels and 
major shipping routes. There were 92 reports of oil pollution 
between February 2003 (when ports began to report to 
a central database) and December 2006 (Department for 
Planning and Infrastructure, unpublished data). Small spills 
and reports of sheens in harbours, marinas and ports made 
up the majority, with only 6 reports for spills over 100 litres. 
Responses to these spills varied according to type of oil, 
location and environmental resources at risk. The typical 
response to larger spills involves attempts to contain and 
recover the oil, while for smaller spills recovery may be 
attempted and the oil monitored for natural dispersion. Five 
instances of tarballs washed up on beaches were reported in 
this period. Geochemical analyses of tarballs collected from 
beaches around Margaret River suggest they originated from 
natural seeps in Indonesia and had not been processed into 
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fuel oil. While no areas appear to be directly under threat at 
present, there is potential for a large spill or one that affects 
a sensitive marine area to occur. However, good management 
practices aim to minimise risk of environmental damage due 
from oil spills. The Environmental Protection Authority has 
defined a number of areas it considers particularly sensitive, 
especially to oil spills (Figure M2.6; Environmental Protection 
Authority, 1993).

Marine environments can also become contaminated by 
terrestrial sites (see ‘Land contamination’). The Contaminated 
Sites Register lists 140 reported sites within 50 m of the WA 
coastline (Department of Environment and Conservation, 
unpublished data April 2007). Of these, 11 have been verified 
as being contaminated and needing remediation, and one has 
been remediated for restricted use. However, the presence of a 
contaminated site near the coast does not infer contamination 
of the marine environment. Often the release of contaminants 
only occurs when earthmoving work is conducted which 
disturbs land or sediments. Some areas of concern for release 

of toxic compounds into the marine environment include 
Coogee (south of Fremantle) and Geraldton. 

Studies of the groundwater movement into Cockburn Sound 
have shown that there is still considerable groundwater 
contamination under industrial sites due to metals and 
organic compounds. For example, as a result of past 
practices, a plume of groundwater pollution containing high 
concentrations of phenols and two herbicides exists within 
the Kwinana Industrial Area (D.A. Lord and Associates, 2001). 

The EPA has defined a number of areas it considers 
particularly sensitive, especially to oil spills (Figure 
M2.6). There are different criteria for sensitivity, such as 
environments of international and national ecological or 
conservation significance, environments where biological 
resources are of major economic significance (eg. fishery 
and aquaculture areas), environments of major cultural 
significance and environments of major scientific and 
educational significance. 

Figure M2.6: Sensitive marine environments in Western Australia, as defined by the EPA.
Data source: Environmental Protection Authority (1993). Presentation: EPA. 
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Indicator M13: Pathogens entering the marine 
environment.

Bacteria and viruses can enter the marine environment in 
treated domestic wastewater, sullage from boats or ships and 
stormwater runoff, particularly from areas where animals live 
or are active (e.g. bird colonies and exercise areas for dogs and 
horses). All stormwater outfalls and treated wastewater outfalls 
are sources of pathogens. A study of wastewater overflows in 
the Perth metropolitan area between 1991 and 2003 showed 
that wastewater spills into the marine environment are far less 
frequent (4% of overflows by frequency or 2% by volume) 
than into the Swan–Canning River System, drains and basins 
(Water Corporation, 2004). With the exception of small areas 
around metropolitan domestic treated wastewater outfalls, 
the values for primary contact recreation (e.g. swimming) 
and seafood safety for human consumption (e.g. fishing) are 
generally achieved throughout the State’s coastal waters.

Indicator M14: Other physical and chemical stressors as 
pollution in the marine environment.

Other important physical and chemical parameters in 
the marine environment include sedimentation and 
turbidity (the effects of which have been discussed in 
detail elsewhere), salinity level, dissolved oxygen, water 
temperature, light and sound. 

Concerns about the effects of changes in salinity level and 
potential stratification of Cockburn Sound have been raised 
with the construction of a desalination plant in Kwinana to 
supply drinking water to Perth. The plant was completed 
in late 2006 but there are no current monitoring results to 
report. Models found the desalination plant was expected 
to increase the salinity of Cockburn sound by less than 1% 
and have minimal impact due to tidal movements (Water 
Corporation, 2005a). However, Spiegel et al. (2005) found 
that this assessment was simplified and the monitoring 
results over one year were not predictive of future results. 
CSIRO found that previous reports on modelling work failed 
to convey the seriousness and reality of effects of release of 
hypersaline water into the Sound, e.g. reduced oxygen levels 
in water and sediment, sustained algal blooms, reduced 
benthic biodiversity, production of hydrogen sulphide and 
increase in bacteria (Craig & Wild-Allen, 2005). 

Some marine species rely on the moon for navigation and can 
be adversely impacted by light pollution (e.g. many turtles 
and birds), especially from coastal industry and port facilities. 
Whales and dolphins are also known to be sensitive to 
acoustic pollution (especially as sound waves are transmitted 
differently in water and air). 

Current responses
State Environmental (Cockburn Sound) Policy: establishes 
an environmental quality management framework for 
Cockburn Sound (Government of Western Australia, 2005). 
The policy empowers the Cockburn Sound Management 
Council to facilitate and coordinate sustainable management 
of the Sound through an environmental management plan 
and to report publicly on the plan’s implementation.

Licensing: of all significant contaminant emissions to the 
environment is regulated by the Department of Environment 
and Conservation. 

Monitoring: The Perth Long Term Ocean Outlet Monitoring 
program monitors wastewater discharges on the marine 
environment. Individual port authorities conduct monitoring 
for spills and pollution. Monitoring data is collected in a 
central database for ports managed by the Department for 
Planning and Infrastructure, to improve emergency response 
and planning. Monitoring of Perth Metropolitan beaches is 
undertaken by the Department of Health. 

Research: Scientific programs are underway in Perth, Jurien 
Bay Marine Park and the Pilbara to collect baseline data 
to help develop environmental quality criteria for future 
management. 

Pilbara Environmental Quality Management Framework: 
The marine and coastal waters of the Pilbara have been 
identified as a priority region for the implementation 
of an environmental quality management framework, 
similar to that undertaken for Cockburn Sound. The 
Department of Environment and Conservation is conducting 
a community consultation program to define the marine 
environmental values and objectives that will underpin the 
environmental quality management framework for Pilbara 
marine and coastal waters. The framework will be used to 
guide environmental impact assessment, regulation and 
environmental quality management.

Oil spill response: The WestPlan Marine Oil Pollution (MOP) 
has been developed to prevent, prepare for and respond 
to oil spills, and to assist in the recovery of an area in State 
waters after an incident. WestPlan is WA’s implementation 
of the National Plan, and the Department for Planning and 
Infrastructure is the Hazard Management Agency. Other 
agencies such as the Departments of Industry and Resources, 
Environment and Conservation and Fisheries are also involved 
in contingency and response on a state level. 

Kwinana Water Recycling Project: is resulting in the 
diversion of some industrial wastewater streams from 
Cockburn Sound to the Sepia Depression outfall at Cape 
Peron. It is anticipated that this will reduce the load of 
contaminants entering Cockburn Sound via industrial 
discharges. The project will change the characteristics 
of wastewater currently discharged through the Water 
Corporation’s pipeline, as the water will be a mixture of 
treated wastewater and industrial effluent. 

Implications
Environmental implications of marine contaminants vary 
significantly. Contaminants may be short-lived or persistent, 
depending on the nature of the pollutant and the extent of 
its spread through the environment. Persistent chemicals 
such as heavy metals and antifouling agents (e.g. TBT) pose 
the greatest risk to people (through eating seafood) and 
for marine biodiversity. The environmental repercussions of 
marine contamination are extremely serious and may vary 
from subtle ecological changes to widespread death of 
marine species. Marine contamination is usually a localised 
problem, but the rapid expansion of WA’s economy is likely to 
result in increased demand for more and busier port facilities 
and industrial areas, along with further contamination 
pressures from other sources. The increased pressures 
of a growing population are likely to result in increased 
wastewater discharges and potentially increased hypersaline 
discharges (should desalinisation become a more popular 
water supply option). 

 
suggested responses

6.8  Develop a baseline of the extent of marine 
contamination for developed areas,  
including ports.    
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Description
Introduced marine species are those that have moved 
from their natural environment to an area where they can 
potentially threaten human health, economic values or the 
environment. Introduced species are a global problem, and 
second only to habitat change and loss in reducing global 
biodiversity (Millennium Ecosystem Assessment, 2005). Most 
introduced marine species are benign, causing no known 
adverse effects. However some species become invasive in a 
new environment (see ‘Introduced animals’).

The introduction of new species can be deliberate or 
accidental. There have been very few deliberate introductions 
to the marine environment in WA. Accidental introductions are 
primarily due to vessel movements and transport activities. In 
the past, the use of ballast water has allowed many introduced 
species to be transported around the world and released into 
new environments. Quarantine measures for ballast water 
are now in place to prevent incursions. Introduced species 
also arrive naturally via marine debris and ocean currents. 
Hull fouling or biofouling (the growth of organisms such as 
barnacles, mussels, marine worms or seaweeds) is another 
way in which marine species can be transported around the 
world. The potential for international commercial ships to act 
as vectors for spreading marine species is well recognised, 
but other vessels or equipment can also transport marine 
species, including dredges, oil rigs, aquaculture gear, illegal 
fishing boats, recreational vessels and international yachts. 
Tributyltin (or TBT) paint has been widely used to prevent 
organisms adhering to hulls, but the compound is highly toxic 
to many marine species. Tributyltin paints are currently banned 
internationally for vessels under 25 m in length, and plans are 
in place to phase it out on larger vessels. 

The impacts of introduced marine species can include 
predation on native and farmed species, prolific colonisation, 
increased competition for habitat and food, altered nutrient 
cycles, and a loss of diversity in native species. In addition 
to environmental consequences, some introduced marine 
species have the potential to harm human health (e.g. 
cholera, paralytic shellfish poisoning), affect commercial 
fish and seafood species and increase fuel consumption of 
ships (hull fouling organisms). Aquarium species can become 
invasive if released into the marine environment and may act 
as vectors for spread of diseases.

Objectives
•  To conserve WA’s marine environment by managing and 

reducing the impacts of introduced marine species and by 
preventing further introductions and spread.

Condition

Indicator M15: Number of introduced marine species.

Over 250 species are likely to have been introduced to 
Australian marine waters (CRC Reef Research Centre, n.d.). 
The exact number is unknown due to inadequate survey and 
taxonomic work. 

The Department of Fisheries records 92 species being present 
in WA (some are presented in Table M3.1) (Department 
of Fisheries, 2005). CSIRO has recorded 43 introduced 
marine species using the National Introduced Marine Pest 
Information System (Centre for Research on Introduced 
Marine Pests, 2002). There are many gaps in knowledge and 
the information is not current. Irrespective of which data 
source is used, the number for introduced marine species in 
WA represents a significant increase from the 26 reported in 
1998 (Government of Western Australia, 1998a). Detection 
procedures have significantly improved over the period. 

None of the introduced marine species known to currently 
be in WA appear on the Global Invasive Species Database of 
the worst invasive species from across the world; however 
two species on the list have previously been recorded (Global 
Invasive Species Database, 2007). The green crab (Carcinus 
maenas) was discovered in WA in 1965 at Blackwall Reach 
in the Swan River (Table M3.2), but it has not been found 
in recent years. In addition, the blue mussel (Mytilus edulis) 
is found in WA waters but there is current debate about 
whether or not it is the same as the European species of 
the same name (which is known as an invasive species). 
While it is possible the species occurs naturally in Australia, 

Key findings

•  Ninety-two introduced species have been 
recorded in WA’s marine environment. 

•  Up to 14 introduced marine species have been 
found in individual ports, and up to 27 in 
other locations. 

•  Ballast water and organisms attached to 
the hull of boats are the main sources of 
introduced marine species.

3

introduced Marine species
6.3
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Table M3.1: Examples of introduced marine species currently found in WA.

Common name Description Identified by CSIRO as national 
priority pests

Aeolid nudibranch  
(Godiva quadricolor)

A native to South Africa, it was first recorded in WA in 1984. It is 
thought to be currently restricted to Cockburn Sound and Fremantle 
areas. Its impacts on native species and aquaculture are unknown but 
are considered to be small.

Asian mussel  
(Musculista senhousia)

It was first identified in the Swan Estuary in 1983 and has since been 
found in the Canning River and the Fremantle area. Changes to local 
habitats include an increase in the biomass of benthic macroorganisms 
and a change of sediment from sand to fine mud.

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

European fan worm  
(Sabella spallanzanii)

It was first reported in Albany Harbour in 1965, but positive 
identification did not occur for some time. It has since been found in 
Esperance, Bunbury, Fremantle and Cockburn Sound. It is likely that 
the worm was originally transported from the Mediterranean. In WA, 
there is no evidence to suggest that it is having a direct impact on any 
native species or fishery.

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Japanese goby  
(Tridentiger  
trigonocephalus)

It was first found in Cockburn Sound and the Swan River in 1977. 
It has the potential to compete with native fish species for habitat 
and spawning sites and is capable of spawning more often and over 
longer time periods than native species.

3 low priority – has low impact 
potential and a low invasion 
potential 

Bryozoan  
(Watersipora arcuata)

It is a common fouling organism in its native range of the west coast 
of Central and North America. It attaches to rocks, vessel hulls, 
seaweed and artificial structures and is resistant to antifouling paint.

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Data source: Department of Fisheries (2005a; 2005b); Hayes et al. (2005).  

it is also possible that it arrived with European settlers. It is 
farmed in Western Australia but isn’t known to invade native 
ecosystems in the same way as the European species.

An attempt to introduce the Pacific oyster (Crassostrea gigas) 
to Oyster Harbour Albany was made in 1947, in an attempt 
to establish a new commercial industry. This introduction was 
unsuccessful – a good thing for WA because the oyster is 
established in the wild elsewhere in Australia, and is able to 
outcompete native oyster species. 

Limited studies have found introduced marine species at 
various locations around WA (Table M3.2). Wide scale 
surveys for the State are lacking and ongoing monitoring is 
not generally undertaken (except for biosecurity monitoring 
by quarantine services). Environmental approvals for 
maritime facilities sometimes have requirements for baseline 
and ongoing surveys for introduced marine species. The 
Department of Fisheries is currently collating the information 
known about introduced marine species in Western Australia, 
but this information is not yet available. Some port facilities 
have not yet been surveyed for introduced marine species 
(notably Dampier) and the distribution of many introduced 
species remains unknown. Poor baseline data also means it 
is sometimes difficult to distinguish introduced from native 
species (these species are known as cryptogenic). 

Recent incursions into WA marine waters include the thaid 
snails into the port of Geraldton and black striped mussels in 
Broome (Mytilopsis sallei). In both cases, early detection and 
removal of the animals prevented the establishment of these 
potential pests. Once a species becomes established in the 
marine environment, it is almost impossible to eradicate. 

Pressures
The risks posed by introduced marine species depend on various 
factors, including the impact of the introduced species on 
native organisms and commercial activities; proven invasiveness 
of the organism; ecological conditions to which the organism 
is adapted; volume and source of ballast water transported; 
survivorship of organisms during a voyage; and effectiveness or 
otherwise of detection and prevention programs. 

Indicator M16: Potential invasive marine species for WA.

There are many species that have the potential to be 
introduced to WA and become invasive (Table M3.3). National 
and state agencies are very aware of the potential problems 
posed by these animals and emergency action plans can 
invoked if they are found in WA waters. Several introduced 
species already found in WA (Table M3.1) have been assessed 
by CSIRO as medium priority ranked species (ie. has a 
reasonably high impact and/or invasive potential). The highest 
priority ranked species are not currently found in WA (Table 
M3.3), but they do have potential to spread widely if they 
become established. The analysis considered the movements 
of international and interstate commercial shipping only and 
did not include the movements of small recreational and 
commercial vessels (Hayes et al., 2005). The inclusion of hull 
fouling potential (coupled with the large number) of these 
vessels would undoubtedly have an influence on the relative 
ranking of potential domestic target species.

Indicator M17: Compliance of shipping with ballast water 
requirements.

Approximately 98 million tonnes of ballast water were 
discharged in WA waters during the 5812 commercial vessel 
visits in 2003–04 (A Morley, Australian Quarantine Inspection 
Service, pers. comm.). The Central West Coast marine region 
includes the ports of Fremantle and Geraldton. This region 
records the most ballast discharged in WA (519 860 tonnes), 
but is somewhat biased because only large commercial ships 
with the last port of call in Australia were included (Hayes 
et al., 2005). The ballast water discharged by smaller craft is 
largely unknown, but when considered cumulatively is likely 
to be significant. 

The amount of ballast water discharged is not necessarily 
a large risk factor now that improved and more rigorous 
customs procedures apply. Australian Quarantine Inspection 
Service mandatory ballast water reporting requirements apply 
to all ships arriving in Australian ports from overseas. This 
means that all vessels intending to discharge at Australian 
ports are required to exchange their ballast water at sea, prior 
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Table M3.2: Number of introduced marine species found at various locations in WA

Area Number of introduced 
species

Reasons for introductions or vector Study reference

Western Australia 25 introduced marine species 
known in 1992

Human vector transport: 
• 13 by shipping, mainly as fouling organisms and in  
    ballast water.

Jones (1992a)

Fremantle port and 
Cockburn Sound

11 known introduced marine 
species in 2000. 

Natural range extension and human vector transport: 
• international and domestic trade shipping; and  
• recreational and fishing craft with extensive hull fouling.

Hewitt et.al (2000)

Albany port 11 known introduced and 1 
cryptogenic marine species 
in 1997. 

Human vector transport: 
• recreational and fishing craft with extensive hull fouling; 
• international and domestic trade shipping; and 
• possibly dredging activity.

CSIRO Marine 
Research (1997a)

Bunbury port 14 known introduced and 3 
cryptogenic marine species 
in 1997. 

Human vector transport: 
• recreational and fishing craft with extensive hull fouling; 
• international and domestic trade shipping; and 
• possibly dredging activity.

CSIRO Marine 
Research (1997b)

Geraldton port 8 known introduced and 24 
cryptogenic marine species 
in 2003.

Human vector transport: 
• international and domestic trade shipping; and  
• recreational and fishing craft with extensive hull fouling.

Campbell (2003)

Port Hedland port 7 known introduced and 1 
cryptogenic marine species 
in 1999. 

Human vector transport: 
• international and domestic trade shipping; and  
• recreational and fishing craft with extensive hull fouling.

CSIRO Marine 
Research (1999)

Esperance port 8 known introduced and 15 
cryptogenic marine species 
in 2002, 

Not stated Geraldton 
Port Authority, 
unpublished 
report, 2002

Swan River / 
Cockburn Sound 

27 known introduced species 
identified in 1999. 

Human vector transport: 
• likely international and domestic trade shipping; and  
• recreational and fishing craft with extensive hull fouling.

Hass & Jones 
(1999)

Shark Bay 1 known introduced barnacle 
species in 1990

Not stated Jones (1990)

Carnarvon and  
Shark Bay

At least 10 known introduced 
marine fouling species 
(not including barnacles) 
identified in 2005. 

Human vector transport: 
• recreational and fishing craft with extensive hull fouling.

Wyatt et al.(2005)

Muiron Islands 2 known introduced barnacle 
species in 1996

Not stated Jones & Hewitt 
(1996)

Montebello Islands 1 known introduced barnacle 
species in 2000

Not stated Jones & Berry 
(2000)

Dampier  
Archipelago  
(not port)

6 known introduced barnacle 
species in 2002. 

Human vector transport: 
• likely international and domestic trade shipping; and  
• recreational and fishing craft with   extensive hull fouling.

Jones (2004)

Kimberley region 2 known introduced barnacle 
species in 1992

Not stated Jones (1992b)

Ashmore Reef 1 known introduced barnacle 
species in 2002

Human vector transport: 
• fishing craft with hull fouling.

Jones (2002)

to entering Australian waters. However, potential gaps exist 
including incomplete exchange of ballast water at sea and 
vessels traveling from other Australian ports that currently do 
not have to report. Inspections for introduced marine species 
is lacking outside major ports (especially pleasure craft or 
illegal boats). 

Current responses
International Convention for the Control and 
Management of Ships’ Ballast Water and Sediments: 
begun in 2004 with the intent to prevent, minimise and 
ultimately eliminate the transfer of harmful aquatic organisms 
and pathogens through the control and management of ship’s 
ballast water and sediments. Australia signed the convention 
in 2005, and it will be ratified once it is signed by 30 countries 
representing 35% of world merchant shipping. 

Australian Quarantine and Inspection Services: has a 
compulsory risk assessment procedure which must be 
undertaken by every vessel entering Australian waters before 
ballast discharge can occur. Vessels must keep accurate 
records of ports visited, size of ballast tanks, source of ballast 
water, location at beginning and end of ballast exchange 
and Australian ports to be visited. Australian Quarantine and 
Inspection Services officers conduct ballast water verification 
inspections on-board vessels to ensure compliance with 
Australia’s ballast water management requirements. 
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Table M3.3: Examples of invasive marine species that have potential to enter WA waters. 

Common name Description Appears 
on ’100 of 
the World’s 
Worst’ 
invasive 
species list

Identified by CSIRO as 
national priority pests

Black striped mussel 
(Mytilopsis sallei)

The mussel quickly colonises hard surfaces and spread over 
ship hulls and port infrastructure. It competes with and 
smothers native shellfish and alters ecosystem balance. It 
was introduced to Darwin Harbour in 1999 (possibly from 
Indonesia) and was successfully eradicated using chemical 
means. The mussel has not been recorded in WA waters 
(although it has been detected on Indonesian fishing boats 
apprehended in WA waters). 

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Northern Pacific 
seastar  
(Asterias amurensis)

A seastar that can form large populations quickly and 
feeds on native marine fauna including mussels, scallops, 
clams, gastropods, crabs and barnacles. It is currently 
found in other Australian states.  

3 3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

New Zealand  
screw shell 
(Maoricolpus roseus)

This gastropod can rapidly reproduce forming large 
colonies and can outcompete native species. It is currently 
found in other Australian states. 

Chinese clam 
(Potamocorbula 
amurensis)

This small clam can rapidly reproduce and completely 
dominate the seabed in a variety of conditions. 

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Japanese seaweed 
(Undaria pinnatifida)

Currently found in Victoria and Tasmania and can form 
dense forests that overgrow native flora. 

3 3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Killer algae  
(Caulerpa taxifolia)

A native marine cosmopolitan seaweed that can hybridise 
with aquarium species and become extremely invasive and 
destructive to local habitats.

3

Toxic dinoflagellate 
(Gymnodinium 
catenatum)

This phytoplankton species can produce toxins causing 
paralytic shellfish poisoning. 

3 high priority species - has 
reasonably high invasion 
potential and impact potential 
is the highest of all the potential 
domestic target species

Toxic dinoflagellate 
(Alexandrium 
minutum)

This phytoplankton species can produce toxins causing 
paralytic shellfish poisoning. 

3 high priority species - has 
reasonably high invasion 
potential and impact potential 
is the highest of all the potential 
domestic target species

Green lipped mussel 
/Asian green mussel 
(Perna viridis)

This mussel can rapidly reproduce forming large colonies 
and can outcompete native species. 

3 highest risk species found in 
international waters, with a high 
probability of introduction to the 
Central / Mid West region.

Data source: Department of Fisheries (2005a); Hayes et al. (2005); Global Invasive Species Database (2007).

Northern Pacific seastar (C. Astbury) European shore crab (C. Astbury) Killer algae (C. Astbury)
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The Australian Quarantine and Inspection Service is currently 
developing a legislative framework for managing the 
biofouling risk of all international vessels arriving in Australia. 
Currently, only voluntary protocols are in place for the 
management of biofouling on international vessels less than 
25 m in length and vessels of any length apprehended for 
illegal activities or rescued.

Centre for Research on Introduced Marine Pests: CSIRO has 
previously operated a specialised marine pest section, that 
was focused on bio-fouling and ballast water. The Centre set 
up the National Introduced Marine Pest Information System 
(NIMPIS) database, which was last updated in 2005. The 
Centre has now been closed. 

The National Introduced Marine Pests Coordinating 
Group: is responsible for developing the National System 
for the Prevention and Management of Marine Pest 
Incursions and has coordinated the development of an 
intergovernmental agreement between the Commonwealth 
and the states. It includes representatives from State 
and Territory agencies, marine industries, scientists and 
conservation groups. The group is currently developing policy 
instructions for the proposed Biosecurity and Agriculture 
Management Bill and provides the basis for drafting 
instructions to give effect to the Ballast Water Management 
Arrangements. 

The Intergovernmental Agreement (IGA) on a National 
System for the Prevention and Management of Marine 
Pest Incursions: was signed by WA in 200 5 and sets out 
a framework to address all marine pest risks and includes 
governance and infrastructure arrangements, measures for 
prevention (focused on ballast water and biofouling risks), 
emergency response, ongoing management and control, and 
supporting arrangements for monitoring, communications, 
research and development, and evaluation and review. Under 
the agreement, WA is required to implement legislation that 
will allow the State to introduce management arrangements 
that are complimentary to the International Convention for 
the Control and Management of Ships Ballast Water and 
Sediments, as well as to the National System. 

Actions to implement and complement the National 
System for the Prevention and Management of Introduced 
Marine Pests in Western Australia: are underway, 
coordinated by the Department of Fisheries, to initiate a 
Statewide program to determine the extent of the existing 
introduced marine pest problem and develop strategies that 
can minimise further introductions. 

Australian Marine Pest Monitoring Guidelines: sets out 
guidelines for conducting marine pest monitoring programs in 
Australia, but is not yet underway. 

Introduced marine pest management: In WA, the 
Department of Fisheries, the Department for Planning and 
Infrastructure, and individual port authorities have the 
responsibility and jurisdiction to manage marine pests. 
Within Western Australia, the Department of Fisheries 
has been appointed as the lead Agency to develop and 
implement the necessary management arrangements and 
biosecurity control activities to, where possible, restrict the 
introduction and translocation of introduced in relation to 
fish and the aquatic environment.

Legislation: A Biosecurity and Agriculture Management Bill has 
been drafted to provide effective biosecurity and agriculture 
management for Western Australia. It seeks to prevent serious 
pests, weeds and diseases that impact primary production, the 
environment or public amenity from entering the State, and to 

minimise the spread and impact of any that are already present. 
There will be regulations under the Act developed in relation 
to minimising the risk of translocating marine pests through 
ballast water management and vessel biofouling (a requirement 
under the intergovernmental agreement). The bill was passed 
by the Lower House of Parliament in 2006 and has been 
introduced to the Upper House. 

The Australian Quarantine and Inspection Service is currently 
preparing to introduce a legislative framework for the 
management of the biofouling. The National Introduced 
Marine Pests Coordinating Group is developing guidelines, 
voluntary protocols or regulations for managing the marine 
pest risks from biofouling for aquaculture, commercial fishing, 
commercial shipping and non-trading commercial vessels, 
recreational vessels, marine facilities (such as ports, marinas, 
slipways, shipyards and dry docks) and the petroleum industry. 

Research: The CRC Reef Research Centre in Townsville 
conducted a pilot study to test a variety of methods of 
sterilising ballast water, including filtration, ultraviolet light, 
chlorine dioxide dosing and high velocity sonic or shear 
disintegrator. They have published data on the positive and 
negative aspects of various treatment methods and on 
unsuitable treatment methods (Hillman, Hoedt & Schneider, 
2004). CSIRO has projects in place to support the updates to 
the National System for the Prevention and Management of 
Marine Pest Incursions, conduct ballast water risk assessment, 
and genetic work on introduced marine algae. The Defence 
Science and Technology Organisation conducts research on 
antifouling compounds for use in paints for vessel hulls to 
replace tributyltin.

Implications
Failure to control introduced marine species is likely to result 
in the loss of biodiversity and decline or extinction of native 
marine species. The potential economic cost of introduced 
marine species is enormous, and includes costs of control 
measures, loss of biodiversity, and damage to fisheries and 
shipping industries in addition to potential effects on public 
health and recreational amenity. With further population 
growth and associated travel, transport and trade, the risk 
of introducing new species is likely to increase (Convention 
on Biological Diversity, 2005). Hull fouling needs to be 
prevented but many of the suggested replacements for 
tributyltin are also likely to be toxic to native marine species. 
Current Commonwealth and State legislation does not deal 
adequately with the threat of introduced marine species 
as a result of hull fouling on international vessels, or the 
management of quarantine risks associated with domestic 
vessel movements. The proposed Biosecurity and Agriculture 
Management Act should strengthen Western Australia’s 
capacity to act in these areas. Illegal fishing vessels may 
represent a significant future risk for introduced marine 
species into Australian waters. 

suggested responses

6.9  Establish baseline survey data to distinguish 
native from introduced marine species. 

6.10  Clarify and strengthen governance 
arrangements for responding to incursions 
of introduced marine species and their 
elimination.



eMerging issue –  
Marine debris  

Marine debris is classed as an emerging issue due to its 
potential to cause significant impacts to marine wildlife, but 
there is currently inadequate information to report on this as 
an issue. 

‘Marine debris’ is produced from many different sources, 
such as litter thrown overboard from boats, litter that gets 
carried into the marine environment from land or beaches, 
fishing equipment, and items dumped in other parts of the 
world that is circulated by currents. Detrimental effects of 
marine debris include death or injury for wildlife, reduction 
in aesthetic value and pollution of marine and beach 
environments. Marine animals often become tangled in 
discarded fishing gear, plastics and other lost items, which 
can lead to decreased mobility, infection, amputation and 
drowning (Department of the Environment and Heritage, 
2003). Turtles, whales and seabirds are especially at risk of 
entanglement. Debris is often mistaken as prey by some 
marine species and if ingested, it may lead to internal injuries, 
digestive tract blockages and infections (Jones, 1995). Ocean 
debris can have negative economic impacts on tourism and 
fisheries (Wace, 1995), cause injury to beachgoers and divers, 
and degrade aesthetic values (Whiting, 1998).

Plastics are the most common type of debris found in our 
oceans and the most destructive to the environment and 

wildlife (Wace, 1995). Beach debris can take many forms and 
is usually concentrated around major settlements. Fishing 
equipment is often the major source of marine debris in more 
isolated parts of the coastline (Jones, 1995). Throughout 
Australia, beach surveys have been completed to determine 
the debris washing up on our shores and to estimate its 
origin. Nearly 500 kg of marine debris (a total of 11 395 
items) was collected from South West beaches between 
Yallingup and Augusta over a ten-month period in 2005, and 
included cigarette butts, shopping bags, bait straps, rope and 
other items (Tangaroa Blue, 2005). However, in WA a very 
limited number of surveys have been completed and there is a 
general lack of quantitative data about marine debris.

Garbage from ships is subject to controls under the 
International Convention for Prevention of Marine Pollution 
from Ships 1973 (amended in 1978). This convention is 
enforced through the Protection of the Sea (Prevention 
of Pollution from Ships) Act 1983 (Commonwealth) in 
Australia, and prohibits all discarding of plastics overboard. 
The Australian Seafood Industry Council has developed 
a voluntary Code of Conduct for a Responsible Seafood 
industry. This code aims to minimise waste from fishing 
industry activities and to ensure all lost fishing gear is 
recorded and reported.

Environmental management authorities, non-government 
organisations such as WWF and Planet Ark, and statutory 
authorities such as the Rottnest Island Authority have 
completed small surveys or clean-up programs to reduce the 
amount of debris in the marine environment. Educational 
programs such as Clean Up Australia Day and Keep Australia 
Beautiful aim to raise the community’s awareness of damage 
caused by marine debris, especially discarded plastics. 
Ongoing public campaigns are required because marine 
debris is still being dumped or discarded and impacting the 
marine environment. 
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The green turtle is one species at risk from marine debris (Tourism WA)
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