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Executive Summary

Western Australia has a long (14,000 km) and varied coastline with high environmental values. 
With a relatively small population, marine pollution issues in WA are concentrated near Perth and 
in the major nodes of human activity in other parts of the State. However, even with the current 
resources boom, much of the Western Australian marine environment is relatively pristine.

Introduced marine pests are regarded as one of the critical environmental issues worldwide 
which can damage the marine environment, including that of Western Australia. Most 
introduced species cause no apparent harm. A small minority of introduced species become 
pests, but these few can cause substantial economic and ecological damage.

Despite the potentially serious nature of introduced marine pests, little is known about the 
status of introduced marine species, including marine pest species, in Western Australia. To 
help overcome this problem, in 2006 the Natural Heritage Trust program funded the WA 
Department of Fisheries to undertake a major examination of introduced marine species in 
Western Australia. The study was intended to provide information for use by environmental 
managers, including the various natural resource management groups in Western Australia, and 
to assist with the development of the National System got management of marine pest issues 
by the National Introduced Marine Pests Coordination Group (NIMPCG).

A number of projects were undertaken during the study. These were divided into two broad 
groupings: technical studies that developed scientific information on the status of introduced 
marine species, including marine pests, in Western Australia, and strategies to communicate the 
results to as broad an audience as possible.

As the first step, all available literature, unpublished reports, and anecdotal information was 
obtained and evaluated to develop a list marine species that have reported as being introduced 
into Western Australia. Records of 102 species were examined:

�� ������	
�������	
��
�������
�����������
���
��	������
�����������	�
�
����
�	���
���������
on the list of Australian declared marine pests;
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are not presently considered to be living in Western Australia;
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The distribution of the 60 introduced species shows that most (37) are temperate species that 
occur from Geraldton south; only 6 are tropical species that occur from Shark Bay north; 
17 introduced species occur in both the southern and northern halves of Western Australia. 
Because most of the introduced species are temperate species, southern marine areas have 
more introduced marine species than northern areas. The greatest concentration is in the 
southwest corner: 46 in Fremantle, Cockburn Sound and the lower Swan River; 25 in Albany 
and 24 in Bunbury. On the north coast, the largest number of introduced species is in Port 
Hedland (10 species).

As part of the study, the eastern Australian scallop Scaeochlamys livida is recorded from 
Cockburn Sound and Fremantle Harbour, Western Australia. It was first recorded in Cockburn 
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Fremantle Harbour and Cockburn Sound. This is only the second eastern Australian species to 
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be introduced into Western Australia (the other is the snail Velacumantus australis). The other 
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One of the major components of the project was to trial the new national system for monitoring 
for introduced marine pests in a Western Australian port. Albany was chosen for the survey 
because of its diverse marine environment, range of possible vectors for introductions of 
marine species, and long history of interaction with European vessels. A wide variety of 
sampling methods were all used in two seasons (winter and spring): surface scrapes, grabs, 
visual census, small cores, large cores, traps, settlement plates, and plankton nets. A total of 
&�'���
��������������������������	
���	���#�$�������������
������
���"
����*
�
�
	���
����
and scanned for individuals that could possibly be one of the 52 target species; only possible 
target pest species were identified to species. 

The only species recorded from Albany that were on the NIMPCG target list were the polychaete 
Sabella spallanzanii and the marine alga Codium fragile ssp. tomentosoides (now C. fragile 
ssp. fragile). Sabella spallanzanii was previously known from the area, but the single specimen 
of C. fragile ssp. fragile was a new record. Following the finding of C. fragile ssp. fragile in 
Princess Royal Harbour, an extensive survey specifically targeting this species was conducted 
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collected thirteen additional individuals outside the initial survey area and their identity was 
confirmed as C. fragile ssp. fragile. In addition, two species (the marine algae Grateloupia 
imbricata and Ulva fasciata) were new records for the Albany marine area, bringing the total 
number of introduced species known from this region to 27. An evaluation of the monitoring 
manual was prepared and submitted to NIMPCG.

Dampier was the only major port not to have had a baseline survey, and NIMPCG had 
recommended that one be undertaken. The results of a four-year marine biodiversity survey 
of the Dampier Archipelago undertaken by a partnership of the Western Australian Museum 
and Woodside Energy Ltd were collated, and it was concluded that knowledge of the marine 
biodiversity of the Dampier area is better than any other area in Western Australia. The continuing 
work of environmental consultants in this area provides added comfort that there have been no 
introductions of pest species since the partnership results were published. A recommendation 
was made to NIMPCG that the extensive information from the Western Australian Museum/
Woodside partnership provides an outstanding baseline of marine biodiversity information and 
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recommendation was accepted by NIMPCG.

In October 2002 the dredge Leonardo da Vinci arrived in Geraldton for a major port 
enhancement program. It had sailed from Jamaica, West Indies, through warm seas during 
the entire voyage. An arrival inspection in Geraldton demonstrated the vessel stern and sea 
chests were fouled with a variety of non-indigenous marine species that could potentially be 
introduced to Geraldton, including pest species. The vessel was cleaned in water in Geraldton, 
with several steps taken to minimize the possibility of species being introduced. Surveys of key 
species of molluscs and crustaceans were undertaken in October 2003 and 2007. To date, none 
of these potential pest species have been found, except for Amphibalanus reticulatus, which 
had already been recorded north and south of Geraldton.

For some years, many of the illegal Indonesian fishing vessels apprehended off the north 
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to determine whether two invasive mussel species (Mytiliopsis sallei and Perna viridis) have 
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inadvertently been introduced into the creek by the impounded vessels. Neither species was 
found. Three species of barnacles were collected during the survey, including the cryptogenic 
Amphibalanus cirratus and the introduced Megabalanus occator, both of which have 
previously been recorded in WA. Vessels held at Willie Creek have been Type 1 or Type 2, 
which are considered to be low risk for the introduction of marine pests. There is no apparent 
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Fifteen ports in Western Australia were assessed on the potential for non-indigenous marine 
species to become introduced through ballast water and biofouling. The overall vessel-
mediated incursion risk to Western Australian ports was calculated by summing the relative 
incursion threat posed by visits to each port (using 2006 port data). The relative threat value of 
these visits was determined by a set of uniformly applied criteria. These comprised:
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Using the criteria outlined above the three ports at most risk of non-indigenous marine species 
introductions are:
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The rankings of each port in this study are consistent with an earlier study by NIMPCG; there 
have been no changes in the relative port risk profiles resulting from the current resources 
boom in Western Australia.

Commercial fisheries vessels are generally regarded as being high risk in introducing or 
translocating marine pest species. This segment analyses risks in WA managed fisheries 
introducing marine pests to the State or translocating them from one location to another within 
WA. A document outlining the issues was prepared and evaluated by an independent technical 
panel. This section provides the explanatory document and the assessment by the technical 
panel. The panel concluded there is little chance of commercial fishing boats introducing 
species into WA because few operate outside WA. However, if a species is introduced into WA 
through another mechanism, there is a significant chance of commercial fishing boats moving 
the species about within WA.
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should be expanded to include marine parks and fish habitat protection areas. The panel 
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The other major component of the marine pests project has been communicating the results to 
as wide a range of interested groups as possible. The key component here has been to write 
a handbook on introduced marine pests in Western Australia. The booklet Introduced Marine 
Species in Western Australia has been published. It is intended for a popular audience of NRM 
groups, marine managers, environmental groups, scientists, etc. The booklet outlines the issue 
of marine pests, the situation in Western Australia, and what we can do about it. It is illustrated 
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with photographs that show a variety of species already found in WA and some of those that 
may be introduced through careless practices. 

As part of the project a symposium on introduced marine pests was organised at the annual 
conference of the Australian Marine Sciences Association held in Melbourne in July 2007. This 
section presents the abstracts of the 25 papers presented in the symposium. Also presented are 
reports sent to a stakeholders group of more than 100 people and copies of articles published 
on the project.

The present report provides a solid basis of understanding of the current status of the marine 
pest issue in Western Australia and a platform on which mechanisms for preventing the arrival 
of additional marine pest species can be built.
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Introduction

Western Australia has a long and varied coastline of some 14,000 km spread over three major 
biogeographical regions. The north coast, from North West Cape to the Northern Territory border, 
is part of the vast Indo-West Pacific region that extends across the tropical Indian and Western 
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coast of WA are widely distributed in the Indo-Pacific. The range of some extends from the east 
coast of South Africa to Hawaii. In Australia the many of the species reach the southern part of 
the Great Barrier Reef. The south coast of Western Australia, from Cape Leeuwin to the South 
Australian border, is part of the Southern Australian Warm Temperate Region. Most species have 
a wide distribution along the south coast to New South Wales or even southern Queensland. The 
marine biota of the north and south coasts of Western Australia is almost entirely separate; there 
are very few species that live in both areas. The west coast of WA, between Cape Leeuwin and 
North West Cape, is an area of biogeographical overlap, where the tropical and temperate biotas 
overlap. Clearly tropical species dominate in the northern parts of this range and temperate species 
in the south. There are also a small proportion (about 10%) of the shallow water benthic plants and 
animals that are endemic to Western Australia, meaning they only occur here. While these species 
can live in any part of the State, most are concentrated in the west coast overlap zone.

Not only does WA have a long coastline, but also its environmental values are high. The human 
population of Western Australia is relatively small, about 2.1 million people, two thirds of 
whom live in the Perth metropolitan area. Most of the remainder live in the southwest corner 
of the State. Issues of marine pollution are therefore concentrated near Perth and in the major 
nodes of human activity in other parts of the State. However, even with the current resources 
boom, much of the Western Australian marine environment is relatively pristine. WA waters 
have an abundant and diverse marine biota. While fisheries are small in terms of tonnage, they 
are distributed across the State and are economically valuable. At an average annual value of $ 
300 million to the fishermen, the western rock lobster fishery is both the largest single species 
fishery in Australia and the largest rock lobster fishery in the world.

Introduced marine species are regarded as one of the critical environmental issues worldwide 
which can damage the marine environment (Padilla et al#� %���Z�� 
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Most introduced species cause no apparent harm in marine ecosystems and, as far as we know, 
simply become additional species in the local environment. It is a minority of the species that 
become pests, but these few can cause substantial economic and ecological damage (Brenchley 
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2005). The damage can include:
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For example, some species of dinoflagellates produce toxins. During blooms when the 
dinoflagellates are consumed by shellfish, the toxins accumulate to a point where they can 
cause serious illness or even death to humans (Hallegraeff et al. %�&&��@��������%��`��?�������
%���Z#�9���	
����*������
�������
��
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���������YDreissena polymorpha) 
introduced into the Great Lakes of North America, which has now spread to 20 American states 
and Canadian provinces. It is estimated that this species alone will cost $ 5 billion over the next 
decade (Great Lakes Commission 2007). So while a minority of introduced species become 
pests, the damage done by those few pests can be very substantial.
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Marine Pests (CRIMP) conducted marine pest surveys of many of the harbours in Australia. 
The information is summarised on the National Introduced Marine Pest Information System 
website (NIMPIS 2002). The CRIMP and other surveys have provided the basis for the 
developing Australia-wide national system for marine managing marine pest issues. The 
system is being developed by the National Introduced Marine Pest Coordination Group. 
NIMPCG (2006a; 2006b) developed a detailed strategy for monitoring for marine pests. 

In mid 2006, the Natural Heritage Trust program funded the WA Department of Fisheries to 
undertake a major examination of introduced marine species in Western Australia. The study 
was intended to provide information for use by environmental managers, including the various 
natural resource management groups in Western Australia, and to assist with the development 
of the National System by NIMPCG. This is the final report of the project. 

A number of projects were undertaken during the study. These were divided into two broad 
groupings: technical studies that developed scientific information on the status of introduced 
marine species, including marine pests, in Western Australia, and strategies to communicate 
the results to as broad an audience as possible. The following sections present the results of 
both of these major components. Each section is presented as it was developed and is available 
separately as a computerised pdf file. This results in some duplication in the report but has the 
advantage of providing the full context for each component.
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Part 1 Technical studies

This section was published as: Huisman, J.M., Jones, D.S., Wells, F.E., and Burton, T. 
2008. Marine introductions into Western Australian waters. Records of the Western 
Australian Museum 25: 1-44.

Introduced marine biota in Western Australian waters
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Abstract

The eastern Australian scallop Scaeochlamys livida Y_����	K�� %&%�Z� 
�� ��	
����� ��
��
Cockburn Sound and Fremantle Harbour, Western Australia. It was first recorded in Cockburn 
$
���� 
�� ���� %�&��� ���� ���� �
�� ��	
��� �� ���������� ����� 
�� ���� �
����	��� ������ 
�� �
���
Fremantle Harbour and Cockburn Sound.

Introduction

Worldwide, the introduction of exotic species is one of the major threats to biodiversity 
Y@����
�� ���� ������� %��QZ#� ��� ���� ���
��� ���
�
������ ������ ���� ������ ��
����� ��	���
����
by which species introductions have occurred: through the discharge of ballast water into 
ports or the arrival of fouling species on the hulls of ships (both of which are inadvertent) or 
���
�������
���
��	�

������	��������
�����!��	�������Y@����
��%�&'Z#�_
K��
��������	���
������
world, many exotic species have been introduced into Western Australia (NIMPIS 2002), a 
number of which are molluscs. The Pacific oyster, Crassostrea gigas Y/���������%��QZ, was 

���
��	����
���!��	�������
��{������^���
����9�������
��%�`�������
���
������
��#�^
������
�������	
�������
����
��/�����
��Y/�
��
���%�'���%�'�Z����������
�	����������
�-���$
����
Wales, Victoria and South Australia in southeastern Australia (Hewitt et al. 2004). The black 
mussel is raised commercially at Albany and in Cockburn Sound as Mytilus edulis Linnaeus, 
%�'&������������*
�
�
	������������
�
�
���
����
�����	
���������	����
�#���������	����������M. 
galloprovincialis Y_����	K�� %&%�Z#� 9�
����� �������� Musculista senhousia YU���
��� %&`�Z��
has established large populations in Cockburn Sound and the Swan River estuary (Slack-
$�
�������U��������%�&�Z#�Theora fragilis Y9#�9������%&'�Z�������������
�����
������$����
River (Chalmer et al#�%���Z#�/��������	
���
�����
����	�����������
��������	
������Godiva 
quadricolor YU��������%���Z�
��@
	K�����$
����Y?
�����%�&�Z��Polycera hedgpethi (Marcus, 
%��`Z����9����������9�������Y?
���������@
������%�&`��?���������U��	��%��QZ�����Okenia 
pellucida U�����%�������V���������Y?
���������@
������%�&`Z#�/������������	
�������������
introduced from very different sources. Godiva quadricolor is a South African species that 
�������
������
���
��	����
�$������Y?
�����%�&�Z#�Polycera hedgpethi was thought to be an 
introduction from California, where it was originally described. However, the natural range is 
obscure and it has also invaded a several other Australian ports (Wilson 2006). Similarly, the 
natural range of O. pellucida is unknown; it was described from Sydney (Rudman 2004). The 
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European oyster Ostrea edulis Y_
�������� %�'&Z� ���� ��	������ ��	
����� ��
��9������ ������
on analyses of genotypes (Morton et al. 2003). Beechey and Willan (2007) have reported the 
Asian columbellid snail Mitrella bicincta Y�
�����%&��Z���
��@
�����
���������������
��-���
South Wales. 

All of the above introductions into Western Australia have been from outside Australia. There is 
a growing awareness that species can also be moved from one part of Australia to another. We 
report such an introduction here, establishment of the eastern Australian scallop Scaeochlamys 
livida Y_����	K��%&%�Z�
��
�V���������^���
�������@
	K�����$
�����?�������9������
�#

Materials and Methods

Staff of the Western Australian Museum (WAM) identified voucher specimens for the CRIMP 
(2000) survey for introduced species in Cockburn Sound. As part of this exercise, one of us (HM) 
identified a species of scallop as Scaeochlamys livida. WAM reference collections were searched 
for additional specimens. Contact was also made with long-term members of the Western 
Australian Shell Club to obtain further information regarding records of S. livida from Cockburn 
Sound or other areas in south Western Australia. Shells only were examined in this study.

Results 

Previous surveys of the area

V�
��%�'&��
�%������������
�����
���
������?�������9������
���-������
�����@����	
���	������
detailed survey of marine benthic invertebrates of Cockburn Sound (Wilson et al.�%��&Z���
���
�����
������
����
�
����
��
�%�&������������
���!�����#�$��������������K�����
������	������
of each block by diving, dredging or shore collecting. Incidental collecting was undertaken 
������%���#�Mimachlamys asperrima Y_����	K��%&%�Z�������	
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	K��
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initial mollusc collection in the Western Australian Museum. Surveys of the molluscs of the 
$���� �
���� ����� �������K��� 
�� ���� ����� %����� ���� ������ %����� Y@������� et al.� %���Z�� ����
?����� Y%�&`Z� 	
������� ?9|� 
��
����

�� 
�� �
����	�� 
�� �
�����������9������
��� ������
����

�	���
�������$���#�9���
������������
��������?���������U��	��Y%�&�Z���
�����M. asperrima, but 
Scaeochlamys livida (Figure 1a; b) was never collected in any of the above studies.

_������������?�
�������Y%���Z��
�������������
��S. livida as from northern Western Australia 
to central New South Wales. Raines and Poppe (2006) also show S. livida in north Western 
Australia. However, there are no records from northern Western Australia in the WAM 
collections; the only records in WAM are from New South Wales and Queensland. Northwestern 
Australian specimens in WAM previously attributed to S. livida are currently being described 
as a new species (H. Dijkstra, pers. comm. to HM). 

Western Australian material of Scaeochlamys livida examined 
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(WAM S33043); BHP Jetty, southern Cockburn Sound, 11 Feb 2007 (WAM S33045).

Comparison of Scaeochlamys livida with Mimachlamys asperrima  

Scaeochlamys livida lives in essentially the same habitat as M. asperrima, attached to rocks 
and jetty pilings in shallow waters in areas such as Fremantle Harbour and Cockburn Sound. 
Both species are commonly overgrown with a bright red sponge. The CRIMP (2000) report 
listed S. livida as occurring at four stations, and M. asperrima as being at four different stations 
(Figure 2). The CRIMP report also listed another unidentified species of Chlamys. However, 
the identifications of M. asperrima and the unidentified Chlamys were done by students at 
Murdoch University and cannot be verified as the material has been discarded; no M. asperrima 
were present in the material identified at WAM. This emphasises the need for maintaining 
voucher specimens against which identifications can be checked by future researchers. There 
are no other scallops in the local area with which S. livida and M. asperrima could be confused. 
For these reasons, the two species are compared here.
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yellow, or white), internal colours lighter but similar; 10-12 very strong, low, flattened radial 
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4 mm wide. Interstices between ribs each with 4-5 fine radial lines. Right valve with 20-25 ribs, 
but lower than on left valve. 

Scaeochlamys squamata Y����
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southern Japan to Indonesia (Raines and Poppe 2006). Scaeochlamys squamata (Figure 1c) 
differs from S. livida in it has fewer primary ribs (five to seven instead of 10-12), with smaller, 
narrower scales which are confined to the centre of the ribs.

Mimachlamys asperrima (Figure 1 d) 
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colour patterns, often brown or purple. The key differences between this species and S. livida 
are the ribs, which are fewer, larger and stronger in S. livida, and have much more pronounced 
scales. The radial ribs of M. asperrima are much lower and are not as distinct; they tend to 
occur as a series of three ribs close together with the central rib largest and all three having 
fine scales less than 1 mm high.

Discussion

Data from the WAM collections and anecdotal sources indicate that S. livida was first recorded 
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then indicate that it is now a permanent resident in Cockburn Sound and Fremantle Harbour.

There is an active movement of ships between the eastern states, particularly between Sydney, 
and Fremantle, suggesting the invasion of S. livida into the Cockburn Sound was due to 
shipping, with the scallop either attached to the hull or as veligers in ballast water. It is likely 
that scallops can be transported through either medium. In normal weather conditions a vessel 
can move from Sydney to Fremantle in five days (G. Valenti, Fremantle Port Authority, pers. 
comm.). In the early years most introductions resulted from species fouling on the hulls of 
ships. The post World War II change in ballasting from dry to wet increased introductions 
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Thus S. livida may have been able to reach Cockburn in ballast water with veligers settling from 
the discharged ballast water settling on suitable habitat and establishing a viable population. 
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Figure 1.  Exterior view of right valves. A. Scaeochlamys livida (Lamarck, 1819) Fremantle Harbour, 
Western Australia (WAM S 14964); B. S. livida, Stradbroke Island, Queensland (Hugh 
Morrison Collection); C. S. squamata (Gmelin, 1791) Minabe, Wakyama, Japan (Hugh 
Morrison Collection); and D. Mimachlamys asperrima (Lamarck, 1819) Woodmans Point, 
Cockburn Sound, Western Australia (WAM S 14965).
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Results of a 2007 survey of the Swan River 
region for four introduced marine species

Justin I. McDonald and Fred E. Wells

Executive summary

A survey of the Swan River region for four non-indigenous marine species was conducted in 
2007: the European shore crab Carcinus maenas, the Asian bag mussel Musculista senhousia, 
the European fan worm Sabella spallanzanii, and the scallop Scaeochlamys livida. The first 
three of these species are global in their distribution and on the ‘top-ten world’s worst invaders 
listing; the last species is introduced from the eastern states of Australia. 

In this survey divers on SCUBA examined 43 sites for each of the listed species. Despite 
previous records of Carcinus maenas and Musculista senhousia in this region the diver visual 
surveys found no evidence of either species. The European fan worm, despite anecdotal reports 
that it had died out in the Swan region, has actually increased its geographic spread, though 
the densities of this species in the more open waters of Cockburn Sound are much reduced 
from those reported in the early 1990’s. The scallop Scaeochlamys livida has well-established 
populations in Cockburn Sound and the Swan River. There is some speculation that this species 
may have displaced the ‘native scallop’ Mimachlamys asperrimus.

There are currently 46 known non-indigenous species in the Cockburn Sound and Fremantle 
Harbour area. These species have the capacity to be translocated within the Swan River region 
quite easily; furthermore they have the capacity to be translocated to iconic areas such as Rottnest 
Island. As such, a study into the potential of these species to be translocated is needed.
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1.0 Introduction

Non-indigenous species (NIS) are a global problem, and are ranked second only to habitat 
change and habitat loss in reducing global biodiversity (Crooks and Soulé 1999; Millennium 
Ecosystem Assessment 2005). However not all non-indigenous marine species (NIMS) become 
marine pests. Possibly the most widely known examples of non-indigenous marine species 
becoming pests are the black striped mussel (Mytilopsis sallei) in Darwin Harbour, Australia, 
the comb jellyfish (Mnemiopsis leidyi) invasion of the Azov and Black Seas (Minchin 1996), 
and the rapid spread of Caulerpa taxifolia in the Mediterranean (Ribera and Boudouresque 
1995; Ruiz et al. 1997). 

In a ‘natural’ state, for a non-indigenous species to become established in a new community 
(with little ‘empty niche’ space), let alone outcompete a native species, it would have to have 
conditions comparable to its home range or be so competitively dominant over the native 
species that environmental differences are inconsequential (Tyrrell and Byers, 2007). However 
there is another state that accounts for most incursions. A non-indigenous species may enter 
a disturbed environment that has been altered by anthropogenic disturbance. These disturbed 
habitats can create a ‘mismatch between native species and the environmental conditions to 
which they have become adapted (Byers 2002). 

Like other places in the world, non-indigenous species have been introduced into Western 
Australia, with 60 species having been introduced and currently surviving in the State (Huisman 
et al. 2008). Most of the introductions that have been reported have generally remained 
innocuous, or have been largely restricted to disturbed environments such as harbours. This 
parallels the situation in other Australian areas. 

The National Introduced Marine Pests Coordination Group (NIMPCG) is currently developing 
a National System for the Prevention and Management of Marine Pest Incursions. The National 
System is designed to comprehensively address all marine pest risks. This system 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. Eighteen major ports nationwide are in the national monitoring system, including three 
Western Australian ports: Dampier, Port Hedland and Fremantle (NIMPCG 2006).

In October 2006, the Western Australian Department of Fisheries initiated a Natural Heritage 
Trust funded project on introduced marine pests in Western Australia. The main focus of this 
research was a trial of the National Marine Pest Monitoring Methodology in Albany. Another 
complementary component of this research was a survey of the Cockburn/Fremantle and Swan 
River region (hereafter referred to as Swan region – Figure 2) for the following four species of 
non-indigenous species (Figure 1):

�� /���Asian�bag��������Musculista senhousia, 

�� /������
�������
���crab Carcinus maenas, 
�� /������
�����fan�worm�Sabella spallanzanii, and 

�� /���East�9������
����	���
��Scaeochlamys livida. 

Cockburn Sound and Fremantle Harbour, with 46 known non-indigenous species, have the 
greatest number of non-indigenous species in Western Australia (Huisman et al., 2008). The 
four species surveyed here were chosen for two main reasons. The first three species are 
listed pest species with the Consultative Committee for Introduced Marine Pest Emergencies 
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(CCIMPE) and have documented distributions within the target region (Zeidler 1978; Slack-
Smith and Brearley 1987; Clapin and Evans 1995). For these species the purpose was to 
document the extent of existing populations and to collect samples of Musculista senhousia for 
DNA analysis (a separate research project). 

The remaining species, Scaeochlamys livida, is a non-indigenous species from the east coast of 
Australia. This species is a relatively new incursion (Morrison and Wells 2008) and is believed 
to have displaced the native scallop species. As such this study aimed to document the spatial 
extent of this species. 

2.0 Materials and methods

2.1 Study sites

In September and October 2007 a series of visual surveys were conducted by two divers on 
SCUBA at 43 locations throughout the Swan Region (Figure 2, Table 1). These sites are based 
upon sites where the target species have been reported previously or would most likely occur. 

Within the broader Swan Region there are two major vector nodes for introduction of non-
indigenous species: Fremantle Harbour (including the anchorage areas of Gage Roads) and 
the southern and eastern parts of Cockburn Sound (Figure 3). The major potential source 
of introductions is through international shipping. The Fremantle inner harbour area is the 
main shipping port for this part of Western Australia. In 2006 there were 1722 ship visits to 
Fremantle Port. Of these, 937 were international and 785 were domestic. A total of 8,532,086 
tonnes of ballast water was discharged, with 4,655,172 tonnes being from international sources 
and 3,876,914 being domestic (McDonald 2008). 

Immediately adjacent to the harbour is the small, artificial Rous Head. There are a variety of 
marine industries in Rous Head, including a terminal for ferries and other service industries. 
Immediately to the south of Fremantle inner harbour are several small boat harbours, with the 
southernmost being the South Fremantle Yacht Club. Offshore, Gage Roads is the anchorage 
area for the Port of Fremantle. Upstream of Fremantle harbour area is the Swan Canning River 
system. There are scattered yacht and boat clubs throughout this area. However most tend to 
be concentrated in the lower Swan region.

Cockburn Sound is a large marine embayment in the southern part of the survey area. Within 
this broader region is Kwinana, which is the major heavy industry area of Western Australia, 
and includes all of the industrial area south of the actual port. The Royal Australian Navy also 
operates out of this region. 

2.2 Diver visual surveys

Visual surveys by divers on SCUBA are one of the most widely used methods due to the low 
costs and high efficacy of the method, and are one of the accepted methodologies of the NIMPCG 
(2006) survey methodology. Divers entered the water together and descended to the seafloor where 
they would space themselves approximately 1-2 m apart, depending upon visibility, and available 
space. Divers would proceed along the seafloor searching for the four target non-indigenous 
species identified. The length of each survey varied according to the area being examined.
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2.3  Abundances and collections

For Scaeochlamys livida estimates of mean abundance (number 0.5 m2) were derived from 
three randomly placed square quadrats measuring 0.5 x 0.5 m. Four levels of relative abundance 
were utilised in the survey: absent, sparse, medium, and dense. These estimates are based on 
those of Clapin and Evans (1995), where sparse equates to < 1 individual per m-2, medium 1-50 
individuals per m-2; and dense 50+ individuals per m-2.

Length frequency data on Scaeochlamys livida was derived from a random sample of the 
population collected from numerous sites by each diver. 

Samples of Sabella spallanzanii and Scaeochlamys livida were collected and identified in 
the laboratory to verify field-based identifications. All collected material was preserved in 
70% ethanol.

Figure 1.  The four introduced marine species examined in this study: From top left to bottom 
right) Asian bag mussel Musculista senhousia, European shore crab Carcinus maenas, 
European fan worm Sabella spallanzanii, and East Australian scallop Scaeochlamys livida. 
(Photo credits: Helen Cribb; Karen Gowlett-Holmes; Justin McDonald and Clay Bryce).
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Table 1.  Sites targeted in 2007 survey. Includes site number (for reference to subsequent 
figures), survey location name and indicates the presence (X) or absence (blank) of each 
non-indigenous marine species targeted. 

Site  
# Sub-region Location

S
. 
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id

a

S
. 

sp
al

la
n
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n

ii

C
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m
ae

n
as

M
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se
n

h
o
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si

a

1 WarnbroSound Saxon Ranger X
2 Cockburn Sound (CS) Calista channel, port marker F X X
3 CS Challenger Passage lead marker 2 X
4 CS Garden Island Armaments Jetty X X
5 CS Garden Island, Navy Boats Harbour X X
6 CS Kwinana Bulk Jetty Jetty front X X
7 CS Kwinana Bulk Jetty shallow part X X
8 CS Kwinana Bulk Terminal 2 X X
9 CS North Mole wreck X

10 CS Northern Lead S & P channel X
11 CS Old submarine netting X
12 CS Rockingham L jetty X
13 CS Rockingham middle jetty X X
14 CS Rockingham wreck front dive store X
15 CS Rous harbour Barge X
16 CS Southern flats 1
17 CS Southern flats 2
18 CS Southern flats 3
19 CS Southern flats 4
20 CS Southern flats 5 X
21 CS Stirling channel marker 1 X
22 CS Success channel marker 2 X X
23 CS Success channel marker B X X
24 CS Success Channel marker F X
25 CS Wreck of the D9 X
26 Inner Harbour Fremantle (IH) Fremantle Berth 2 X
27 IH Fremantle Berth 4 X X
28 IH Fremantle Berth 5 X
29 IH Fremantle traffic Bridge (north side) X X
30 Lower Swan River (LSR) Blackwall Reach X
31 LSR Chidley Point X
32 LSR Keanes Jetty X
33 LSR Matilda Bay X
34 LSR Rocky Bay Channel X
35 LSR Royal Freshwater Bay Yacht Club X
36 Canning River (CR) Canning Bridge (SW Side)
37 CR Deepwater Point X
38 CR Shelley Bridge
39 Perth Waters (PW) Sir James Mitchell Park (South Perth)
40 Upper Swan River (USR) Clarkson Reserve (Maylands)
41 USR Fish Market Reserve (Guildford)
42 USR Garrett Rd Bridge (AP Hinds Reserve)
43 USR Trinity College Foreshore   

Total number of sites with NIS 27 16 0 0
Percentage of sites with NIS 62.8 37.2 0 0
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3.0  Results

Despite previously published evidence to the contrary, there was no evidence of either Carcinus 
maenas or Musculista senhousia in the 43 sites examined in the Swan region. 

Non-indigenous marine species were recorded in 74.4% (32) of the sites examined. The 
European fan worm Sabella spallanzanii was recorded at 37% (16) of the sites surveyed 
(Figure 4). Unfortunately no density estimates were made for this species, therefore data are 
presence/absence only.

The east Australian scallop Scaeochlamys livida was recorded at approximately 63% (23) 
of the sites surveyed (Figure 5). Scallops were recorded in all locations with the exception 
of the upper Swan region. Densities of S. livida were greatest in Cockburn Sound and the 
Inner Harbour area (Table 2). Mean size was 56.2 mm  13.7 mm SD (minimum size 12 mm; 
maximum size 92 mm)(Figure 6). While scallops from Warnbro Sound had a smaller mean size 
(48.2 mm  18.2 mm SD; minimum size 24 mm; maximum size 65 mm) than those at other 
locations sampled, the mean size of S. livida did not differ significantly across locations within 
the survey area (p > 0.05). 

Sabella spallanzanii and Scaeochlamys livida co-occurred at 11 (25.6%) of the 43 sites 
surveyed. However when we remove sites where no introduced species were found and 
examine infested sites only (32 sites), then these species co-occurred in 34.4% of infested sites. 
These co-occurring sites are located in the inner harbour of Fremantle port and scattered along 
the coastal region of Cockburn Sound (Figure 7). 

Table 2.  Estimates of Saeochlamys livida density within each sub-region examined. 

Sub-region  
(number of sites examined)

Number of sites in each density category
Absent Sparse (< 1 m-2) Medium (1-50 m-2) Dense (> 50 m-2)

Warnbro Sound (1) 1
Cockburn Sound (24) 7 7 7 3
Fremantle inner harbour (4) 1 1 2
Lower Swan River (6) 3 2 1
Canning River (3) 2 1
Perth Waters (1) 1
Upper Swan River (4) 4
Totals 17 8 12 6
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Figure 2.  Sites surveyed within the Swan region (see Table 1 for site name details).
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Figure 3.  Map of entrance to Swan Region showing two major nodes of vessel activity Fremantle 
harbour and Cockburn Sound. 
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Figure 4.  Distribution of Sabella spallanzanii within the Swan region.
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Figure 5.  Distribution of Scaeochlayms livida within the Swan region.
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Figure 6.  Mean size (mm ± SD) of Scaeochlayms livida across locations within the greater Swan 
region surveyed (sites where no scallops were recorded are not shown).
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Figure 7. Sites showing co-occurrence of non-indigenous species.
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4.0 Discussion

Three of the four species targeted in this study are on the Consultative Committee for Introduced 
Marine Pest Emergencies (CCIMPE) introduced marine pest target species list. Furthermore 
all three are regarded to be among the worst invasive marine species in the world (Hayes et al. 
2005). As such it is important to know if they are established in the Swan region and if so what 
is their geographic distribution.

4.1 Musculista senhousia – Asian date mussel

The Asian date (or bag) mussel, Musculista senhousia, is native to the western Pacific coasts from 
Siberia and south to Singapore with the type locality in China (Slack-Smith and Brearley 1987). 
Once settled on soft substrata, the mussel will form a protective cocoon, and at high densities 
(>1500 m2) the individual byssal cocoons coalesce to form a continuous mat or carpet on the 
sediment surface. The presence of these mats dramatically alters the natural benthic habitat, 
changing both the local physical environment and the resident macro invertebrate assemblage. 

In Western Australia this mussel was first recognised in the Swan River in 1983, was 
subsequently found to be abundant in the middle and upper regions of that river, and also as far 
upstream as Canning Bridge in the Canning River (Slack-Smith and Brearley 1987). Densities 
of this species are recorded as high as 2500m2 (Slack-Smith and Brearley 1987), well above 
the base density for mat forming. A smaller number of M. senhousia were also recorded in the 
upper reaches of the Swan River in 2005 by Wildsmith (2007).

In the 2007 survey, there was no evidence of Musculista senhousia living in any of the sites 
examined. Slack-Smith and Brearley (1987) note that M. senhousia populations in the Swan 
River exhibited high mortality. They postulate that this could be due to decreasing salinity, 
as with Mytilus edulis planulatus, or be post-reproductive, as in Musculista glaberrima 
(Wilson and Hodgkin 1967). This high mortality is further supported by Summers (1994) who 
documents significant declines associated with winter in populations monitored at Chidley 
Point (also the population used initially to identify this species). Summers (1994) states that 
populations declined by as much as 97% over autumn/winter.

We propose that an uncharacteristic summer rainfall event in 2000 (139 mm, compared to a 
mean of only 17.6 mm) (Bureau of Meteorology, 2008), coupled with the natural variability 
of the Swan populations may have been contributing factors to the apparent death of most 
Musculista senhousia populations in this system (McDonald and Wells in prep). A small 
number of M. senhousia were collected in 2005 in the upper reaches of the Swan (Wildsmith 
2007), however there was no evidence of any M. senhousia at these sites in this study. The 
high-post reproductive mortality associated with this species seems the most likely cause of 
this upper Swan populations decline.

4.2 Carcinus maenas – European shore crab

The European shore crab Carcinus maenas is native to Europe but is a problem pest in several 
countries (Australia, Japan, South Africa and North America) (Cohen et al. 1995; Grosholz and 
Ruiz 1995). It is a tough, voracious, generalist predator of other crustaceans, bivalves and other 
benthic invertebrates, and thought to have a significant impact on invaded systems (e.g. Cohen 
et al. 1995; Thresher 1997 and papers therein; Grosholz et al. 2000). It was first recorded in 



�& Fisheries Research Report [Western Australia] No. 207, 2010

14 Fisheries Research Report [Western Australia] No. 189, 2009

Australian waters in 1900 at Port Phillip Bay, Victoria and has a current range on the east coast 
of Australia that extends from eastern Tasmania in the south to Port Jackson in central New 
South Wales (Ahyong 2005). 

The 2007 study did not find any evidence of this species at any of the 43 sites examined. The 
presence in this region of Carcinus maenas was based on a single mature male collected from 
Blackwall Reach in the Swan River in 1965 (Zeidler, 1978), this record was subsequently cited 
by Furlani (1996), Hass and Jones (1999), Pollard and Hutchings (1990) and Ahyong (2005). 
It is not known what became of any remaining animals. 

4.3 Sabella spallanzanii – European fan worm

The European fan worm, Sabella spallanzanii, is a major introduction that occurred about 
the same time in eastern Australia. This species probably came on the hull of a ship (Carey 
and Watson 1992). It was found in Albany, Western Australia, as early as the mid 1960s 
and in Cockburn Sound in 1994 (Clapin and Evans 1995). It has since been found in other 
southwestern Australian harbours (Huisman et al. 2008) from Fremantle to Esperance. 

Sabella spallanzanii is generally found in shallow subtidal areas between 1-30m depth, preferring 
harbours and embayments sheltered from direct wave action. It colonises both hard and soft 
substrata, often anchored to hard surfaces within the soft sediments. In Australia, the worm is 
usually found in harbours where it readily colonises man-made hard surfaces such as wharf piles 
and facings, channel markers, marina piles and pontoons, and submerged wrecks. It can also be 
found in extensive beds at densities greater than 300 individuals m-2 (Parry et al. 1996). 

Sabella spallanzanii is not known to be predated by native fish due to high arsenic and/
or vanadium content (Notti et al. 2007) and if attacked has a high tolerance to wounding 
(Clapin and Evans 1995; Furlani 1996), to the extent of being capable of regenerating from 
fragments (Hewitt et al. 2002). In Port Phillip Bay, Victoria, S. spallanzanii has been observed 
to overgrow seagrass beds (Hewitt et al. 2002) and is regarded as significant pest species and 
a threat to the local scallop fishery. Holloway and Keough (2002a) found that the presence 
of a canopy of S. spallanzanii feeding fronds resulted in substantial short-term differences in 
the establishment of an underlying sessile community but no apparent changes in established 
systems. Epifaunal growth and survival were affected although responses lacked consistency 
(Holloway and Keough 2002b). 

In the 1990’s this species had very high densities in the Swan region (Clapin and Evans 1995). 
Surveys conducted in early 2000’s speculated that the populations of S. spallanzanii in Cockburn 
Sound had died out and it became accepted locally that this species was no longer present in the 
region (Anonymous). Results from this study prove conclusively that not only is S. spallanzanii 
present in many of the original sites, but also has spread to sites further up the Swan River. The 
impacts of S. spallanzanii in Western Australian marine systems are unknown and require further 
investigation, particularly given the geographic spread of this species over recent time. 

4.4 Scaeochlamys livida – Eastern Australian scallop

The introduction and the apparent successful colonisation of the eastern Australian scallop 
Saeochlamys livida in Cockburn Sound is an example of how introductions occur, not only 
between countries, but also between different regions of the same country, i.e. from the east 
to west coasts of Australia (Morrison and Wells 2008). Saeochlamys livida was likely to have 



Fisheries Research Report [Western Australia] No. 207, 2010� ��

Fisheries Research Report [Western Australia] No. 189, 2009 15

been first introduced into temperate waters in Western Australia between the late 1970’s and 
early 1980’s and the first confirmed specimen was collected in south-western Cockburn Sound 
in 1989 (Morrison and Wells 2008). In 2000, the CSIRO Centre for Research into Introduced 
Marine Pests (CRIMP 2000) surveyed Fremantle Harbour, including Cockburn Sound, for 
introduced pest species. Specimens of Saeochlamys livida were recorded from four different 
stations in Fremantle Harbour and the lower Swan River. 

The native scallop Mimachlamys asperrimus previously occupied much of the range now 
occupied by populations of Scaeochlamys livida. It has been speculated as to whether the 
populations of M. asperrimus declined independently at about the same time as S. livida 
bloomed, or whether S. livida out competed M. asperrimus. The two species are taxonomically 
related, feed and reproduce in the same way, and live in similar habitats. The mechanism by 
which S. livida would out compete M. asperrimus is not known. The impacts of S. livida in 
Western Australian marine systems are uncertain and requires further investigation, this is 
particularly so given the apparent spread of this species, and the possible displacement of local 
species.  

5.0 Conclusions

The results from the investigations through the Cockburn/Swan region were from both ends 
of the spectrum. There was no evidence of Musculista senhousia or Carcinus maenas at any 
of the sites examined. At the other extreme there was an increase in the geographic spread of 
Sabella spallanzanii and Scaeochlamys livida. 

The distributions of Sabella spallanzanii and Scaeochlamys livida were not surprisingly all 
closely linked to the main commercial port of Fremantle and the Kwinana industrial area, 
both highly modified habitats. Furthermore the densities of the scallop Scaeochlamys livida 
were greatest in these regions. There is a significant body of knowledge that demonstrates that 
non-indigenous species (NIS) are more likely to occur in disturbed habitats. Anthropogenic 
disturbances can change community dynamics and facilitate the establishment of non-
indigenous species through a variety of mechanisms. The most common is through increased 
resource availability, either by the introduction of new resources or by decreasing resource-
use by resident species (Davis et al. 2000). Anthropogenic disturbance can play a very 
important role in the creation of available open space within an affected assemblage (Johnston 
and Keough 2002). Anthropogenic disturbance may also facilitate invasion by decreasing 
diversity in native recipient communities. Species richness may be negatively related to the 
invasibility of a system (Naeem et al. 2000; Kennedy et al. 2002). Furthermore specific types 
of anthropogenic disturbance, often associated with harbours have been demonstrated to 
increase the invasion potential of exposed systems by complimenting inherent characteristics 
of NIS. For example, it has been shown that certain species and/or populations of NIS have a 
greater tolerance to heavy metal pollution relative to closely related native species (Piola and 
Johnston 2006a, 2006b; 2008). Such NIS may experience a competitive advantage over native 
species at recipient locations subject to transient or persistent metal pollution. Metal pollution 
in particular has been shown to greatly decrease the diversity of sessile and benthic fauna 
(Medina et al. 2005). 

Both Sabella spallanzanii and Scaeochlamys livida were concentrated in areas that may be 
regarded as anthropogenically ‘disturbed’ habitats. There were no S. livida and only one  
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S. spallanzanii associated with the more ‘natural’ southern flats area. The impacts of both 
species need to be investigated, as it seems illogical to assume these species are having no 
effect. Furthermore both of these species have the capacity to be translocated within the Swan 
River region quite easily and they have the capacity to be translocated to iconic areas such 
as Rottnest Island or further afield. As such a study into the potential of these species to be 
translocated and the new translocation ‘hot-spots’ is recommended.

It seems likely that in addition to human-caused modifications in the local environment, climate 
change, in particular, will interact with species arrivals in new areas to modify ecosystem 
functions and biological diversity. Changes in the environment (both of origin and recipient 
environments) will alter species availability for transport and the degree of susceptibility to 
invasions, such that they are expected to continue to occur at unprecedented rates in nearly all 
ecosystems on earth (e.g., Vitousek et al. 1997; Janzen 1998). 
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Results of the 2007 survey of the Albany 
marine area for introduced marine species

J.I. McDonald, F.E. Wells and M.J. Travers 

Executive summary
A survey of the Albany marine area (King George Sound, Princess Royal Harbour and 
Oyster Harbour) for introduced marine pest species was conducted in 2007. This survey was 
trialling the new system of monitoring for introduced marine pests developed by the National 
Introduced Marine Pests Coordination Group (NIMPCG). This study represents one of the 
first trials of this system (the first trial commenced in South Australia is still ongoing). In 
this survey fifty-two of the fifty-five potential pest species were targeted. Three species were 
excluded on the basis of salinity and/or temperature tolerances being exceeded. A wide variety 
of sampling methods were all used in two seasons (winter and spring): surface scrapes, grabs, 
visual census, small cores, large cores, traps, and plankton nets. A total of 875 flora and fauna 
samples were collected from 39 locations within the Albany marine area. Samples were sorted 
to major taxonomic groups and scanned for individuals that could possibly be one of the 52 
target species; only possible target pest species were identified to species. In addition, 108 
settlement plates were installed in the Albany marine area in October 2007 and collected in 
February 2008. 

The only species recorded from Albany that were on the target list was the polychaete Sabella 
spallanzanii and the marine alga Codium fragile ssp. tomentosoides (now C. fragile ssp. 
fragile). Sabella spallanzanii was previously known from the area, but the single specimen 
of C. fragile ssp. fragile was a new record. Following the finding of C. fragile ssp. fragile in 
Princess Royal Harbour, an extensive survey specifically targeting this species was conducted 
in June 2008. No further specimens were found during the survey. The Port of Albany later 
collected thirteen additional individuals outside the initial survey area and their identity was 
confirmed as C. fragile ssp. fragile.

Six introduced species not on the NIMPCG target list were also recorded during the present 
study. Two (the marine algae Grateloupia imbricata and Ulva fasciata) are new records for the 
Albany marine area, bringing the total number of introduced species known from this region to 
27. It emphasises the fact that additional surveys in any given area of Western Australia have 
a high probability of detecting more species 
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1.0 Introduction

Introduced marine species are organisms that have moved from their native environment 
to another area of the world’s oceans. In their new region, introduced marine species can 
potentially threaten human health, economic values, or the environment, thereby becoming 
introduced marine pests. This is a global problem, second only to habitat change and loss in 
reducing global biodiversity (Millennium Ecosystem Assessment 2005). Many introduced 
marine species remain inconspicuous, but one in six to ten becomes a pest (Anonymous 2002). 
Most introductions are accidental due to vessels moving from country to country, with the 
pests being transported in ballast water, on hulls, or in internal seawater pipes. There have 
been no successful deliberate introductions for aquaculture, aquaria or recreational fishing to 
the WA marine environment (Huisman et al. 2008). Introduced marine species may also arrive 
naturally via marine debris and ocean currents (Wells and Kilburn 1986).

Over 250 introduced marine species are known in Australia (NIMPIS 2002); Port Phillip Bay, 
Victoria has the greatest known number of introductions, at 99 species (Hewitt et al. 2004). 
Sixty marine species have been introduced to Western Australia and are currently established 
here (Huisman et al. 2008). Most (37) are temperate species that occur from Geraldton south; 
only 6 are tropical species that occur from Shark Bay north; 17 occur in both the southern and 
northern halves of Western Australia. Because of the prevalence of temperate species, southern 
marine areas have more introduced marine species than northern areas: the Fremantle marine area 
(including Cockburn Sound and the lower Swan River) has 46 introduced species. Fremantle is 
the largest port in temperate WA by vessel movements. Albany (25 introduced species), Bunbury 
(24 introduced species) and Esperance (15 introduced species) are all smaller ports than Fremantle 
and consequently have fewer numbers of introduced marine species (Huisman et al. 2008). 

Once a species becomes established in the marine environment, it is almost impossible to 
eradicate. Introduced marine pests in Australia and overseas have caused many millions of 
dollars of damage to local economies and can require the expenditure of many more millions 
of dollars annually in control and remediation efforts. There has only been one successful 
eradication of an introduced marine species in Australia, the black striped mussel that was 
found in Darwin Harbour in 1999 (Willan et al. 2000). 

During the 1990s and earlier in this decade, the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) Centre for Research into Introduced Marine Pests (CRIMP) 
undertook extensive baseline surveys of most major Australian ports for introduced marine 
species. The goal was to establish a national database of the distribution of introduced species 
present as a first step in addressing the problem. The underlying objective was that to understand 
if a species is introduced, there must first be a thorough understanding of what species occur 
naturally in an area. Hayes and Sliwa (2003) and Hayes et al. (2005) analysed the CSIRO 
results and conducted an extensive search of the international literature on introduced marine 
species and their effects. Information was developed on 1582 species reported worldwide as 
having being introduced. A comprehensive risk assessment then developed a list of 55 species 
that have been shown to be invasive and to cause problems in Australia or overseas. The 
National Introduced Marine Pests Coordination Group (NIMPCG) used this information to 
develop a new national introduced marine pest monitoring strategy (NIMPCG 2006a; 2006b) 
to target these 55 species. The strategy has at its core a set of minimum requirements for marine 
pest monitoring and the collection of monitoring data from marine environments. The primary 
monitoring objectives of the strategy are:

�� �/
� detect� new� 
�	���

��� 
�� established� target� species� in� ���

��� habitats� in� a� given�
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location, i.e. those species already established in Australia or New Zealand but have not 
been previously recorded at that location.

�� /
�detect�target�species��
������

�������	
�����in�9������
��
��New���������that�are�K�
���
to be pests elsewhere.

The secondary monitoring objective is:

�� /
�detect�species�that�appear��
�have�	�����impacts�
��invasive�characteristics.”

The second monitoring objective recognises that there may be species that invade an area but 
are not on the target list.

It should be noted that the NIMPCG methodology is based on presence or absence; it is not 
quantitative. If even a single individual of a target species is located, other mechanisms will 
then be used to determine the required response.

The present survey was undertaken to trial the NIMPCG manual in a Western Australian 
marine area. A separate report (Wells et al. 2008) has been submitted to NIMPCG detailing 
any problems associated with the NIMPCG methodology when put into practice. This report 
presents the survey results. The statistical methodology used in Albany was based on a 95% 
probability of detecting the presence of a species on the target list; to reduce costs and sampling 
efforts NIMPCG has since reduced the level to 80%.

The National Monitoring System includes 18 marine areas around Australia, the areas were 
chosen as representing 80% of the risk of introducing marine pests in to Australia and to 
ensure a broad geographic coverage (NIMPCG 2006a; 2006b). Three marine areas in Western 
Australia are on the national system: Dampier, Port Hedland and Fremantle. Albany was chosen 
for the WA trial for a number of reasons. Albany has a long history of European interaction, 
including the original wooden sailing vessels that first explored Australia. Albany is not part of 
the 18 marine areas proposed in the National Monitoring System, as such a survey in Albany 
will provide additional information on introduced species in Western Australia. Furthermore 
Albany was the location of the first settlement in Western Australia in 1827, two years before 
Perth. The Albany marine area has the widest habitat diversity on the south coast (Wells 1990), 
but the area is still small enough to be sampled readily. In this region there are a wide variety 
of potential sources of introduced marine species, including aquaculture, fishing, a yacht club, 
and the commercial trading port. The whaling industry operated out of Albany until the late 
1970s, and the town jetty has been used by a wide variety of vessels. Deliberately wrecked 
vessels (Cheynes III and HMAS Perth) also present opportunities for introduced species.

There is already considerable information on introduced species in the Albany marine area. 
Wells and Bryce (1993) recorded the introduced nudibranch species Polycera hedgepethi in 
Princess Royal Harbour. CRIMP (1997) recorded eight introductions: the polychaete Sabella 
spallanzanii, the dinoflagellate Gymnodium catenatum, the oyster Crassostrea gigas, and the 
ascidians Ascidiella aspersa, Ciona intestinalis, Botrylloides leachi, Styela clava and S. plicata. 
In addition three cryptogenic species were detected: the ascidian and the bryozoans Cryptosula 
pallasiana, Bugula neritina, and Bugula flabellata. The blue mussel (Mytilus edulis), a major 
aquaculture species, is believed to be introduced (Huisman et al. 2008), and the European 
oyster (Ostrea edulis) was recently found at Albany (Morton et al. 2003). The Pacific oyster 
(Crassostrea gigas) was transported to Albany for aquaculture, but the shipment was in poor 
condition and failed to survive (Thomson 1959). Overall, 25 introduced marine species are 
known from the Albany marine area (Huisman et al. 2008).
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2.0 Methods

The sampling methods used in this survey were those outlined in the Australian Marine Pest 
Monitoring Guidelines: Version 1 (NIMPCG 2006). The sampling strategy for the trial of the 
Albany marine area was submitted by Travers (2007) to NIMPCG and approved prior to the 
survey commencing.

The NIMPCG (2006a; 2006b) methodology provides an Excel spreadsheet to use in 
determining sample sizes. Published information on the temperature and salinity tolerances of 
41 of the 55 target species (Table 1) is incorporated into the Excel spreadsheet (for 14 species 
there is no published information). Water temperatures in both Princess Royal and Oyster 
Harbour range from about 14º C in June to 21º C in February to April. Princess Royal Harbour 
generally remains at about full strength seawater (35‰) throughout the year, as there is no 
riverine input. Salinities in Oyster Harbour are similar during summer, but during winter there 
is considerable freshwater input from the King and Kalgan Rivers and salinity throughout the 
harbour can reach very low levels, e.g. 5‰ in 2005 (G. Bastyan, pers. comm.). Incorporation 
of these temperature and salinity data into the spreadsheet eliminated three species that could 
not survive in the Albany marine area: the bivalve mollusc Limnoperna fortunei, and the fishes 
Tridentiger barbatus and T. bifasciatus. 

2.1 General sampling

Maps of the area were used to categorise marine habitats in each of the three harbours: Oyster 
Harbour, Princess Royal Harbour and King George Sound (Figure 1). The seafloor of King 
George Sound consists mainly of sand, seagrasses, rocky areas, and artificial hard structures, 
such as shipwrecks and navigational markers. Oyster Harbour has large areas of sand and 
seagrass, smaller areas of rocks, and numerous artificial hard structures within the boating 
marina and navigational markers. Princess Royal Harbour contains large areas of shallow 
sandflats, seagrass, several shipwrecks, rocks, jetties, mud, and artificial hard surfaces within 
the Princess Royal Sailing Club, navigational markers, and the Port of Albany. The area of each 
of the habitats in each harbour was calculated using the NIMPCG habitat classifications: hard 
substrate horizontal or vertical; soft substrate epifauna; soft substrate infauna; and plankton 
volume. The spreadsheet then determined for each species the number of samples required 
to obtain the 95% confidence level of detecting a species if it is present. As suggested in the 
monitoring manual, the adult stage of each species was targeted where possible. 

Once this total number of samples was derived, sampling sites within each habitat type within 
each region were assigned using a systematic, rather than random method, as described in the 
manual. To define the location of sampling sites, for each habitat type within each region a grid 
of an appropriate scale was overlain on the habitat map. Where a grid point intersected with 
the habitat type to be sampled, the latitude and longitude of that position were recorded until 
the total number of samples for that habitat in that region was reached. Locations in which any 
marine pests were previously recorded were also incorporated into this design, e.g. channel 
markers on which Sabella spallanzanii was recorded. 

Seasonality is an important consideration when designing species-specific sampling designs. 
The monitoring manual states that the monitoring should be targeted towards the time of year 
when target species are at their predicted maximum abundance or in a particular life stage that 
is relatively easy and cost-efficient to detect, or both. As the adult stage of many species is 
likely to be found throughout the year, it is the detection of the juvenile stage that is the most 



Fisheries Research Report [Western Australia] No. 207, 2010� &Q

Fisheries Research Report [Western Australia] No. 188, 2009 5

important consideration when planning sampling times. From an analysis of the conservative 
estimates of the planktonic period for certain target species, the monitoring was planned for 
May/June and October/ November.

Several problems during the actual sampling caused modifications to the field program. Grab 
samples proved ineffective during the June field trip and were abandoned. The sediment was 
either too hard or the large corer could only be used in areas where grabs were originally 
intended. In other areas the sediment contained a deep layer of dead macroalgae that prevented 
a grab sample being taken. Beam trawls were initially used in Princess Royal Harbour but the 
cod-end quickly filled with dead macroalgae, making it impossible and dangerous to bring the 
beam trawl back to the surface. As the algal layer over trawl bottom in Oyster Harbour was 
similar to that in Princess Royal Harbour, beam trawls were abandoned there also. Fish were 
sampled from crab traps and seine nets. As the two target species were gobies, these were 
sampled with hand nets when conducting an underwater visual census. The plankton nets were 
built specifically for the sampling programme. Delays in their construction prevented their use 
in June. However, they were used during the October/ November sampling. 

Despite these problems, extensive sampling was undertaken. Tables 2-4 show the details of the 
sampling program and Figures 2-4 show the sample locations. After collection samples were 
preserved in 70% ethanol. They were initially sorted into broad taxonomic groups (e.g. ascidians, 
barnacles, sponges etc.) prior to more detailed taxonomic examination for species on the NIMPCG 
(2006a; 2006b) list. Only specimens that could be target species were fully identified. 

2.2 Settlement plates

Settlement plates were installed at 11 locations (Figures 5 and 6). Locations were selected 
to monitor a broad spatial range and also areas where vectors such as shipping, commercial 
fishing operations and open water sailing vessels are present, i.e. port operations, commercial 
harbours and sailing clubs. Twenty-seven settlement plate systems were deployed, with a total 
of 108 individual plates. They were similar to those used in CRIMP surveys and also by the 
Northern Territory Department of Primary Industry, Fisheries and Mines as part of long term 
monitoring for introduced marine species in Darwin Harbour. The system consists of 20 mm 
sections of PVC pipe on which two 10 x 10 cm plates are fixed in a horizontal position and two 
are fixed in a vertical position (Figure 7); thus each array contains four plates. Arrays also have 
rope collectors which act as a different type of habitat for settlement. Settlement plates were 
deployed in the middle of August 2007 and were collected in early February 2008. Twelve of 
the 108 plate arrays were missing due to storm activity in the area; four each from sites along 
the Albany wharf, Albany town jetty and Emu Point. 

2.3 Codium survey

A single algal specimen collected at the Town Jetty, Princess Royal Harbour, was identified 
as the target species Codium fragile tomentosoides (now considered to be C. fragile fragile 
[Trowbridge 1996]). Following discussions with the Consultative Committee on Introduced 
Marine Pest Emergencies (CCIMPE), a detailed survey was conducted in June 2008 to 
determine whether there were additional individuals in the area.

Divers visual inspections on SCUBA were conducted at the Town Jetty, the Main Wharf area, 
Camp Quaranup Jetty, the Quarantine Jetty, and Princess Royal Harbour Sailing Club (Table 
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6, Figure 8). Inspections included examination of artificial structures such as pylons, mooring 
buoys, debris, and adjacent substratum. Intertidal surveys immediately surrounding these key 
sites were also conducted where practical. Table 6 provides details of all sites examined, the 
method(s) used and any extra information regarding the sampling undertaken at each site. 
Subtidal inspections always involved at least three divers or snorkellers. Divers entered the 
water together and descended to the seafloor where they would space themselves approximately 
1-2 m apart, depending upon visibility, and available space. Divers would proceed along the 
seafloor until pylons or other structures were encountered. They would then inspect the entire 
structure for the presence of C. fragile fragile. This method ensured that all structures and 
benthic substratum were inspected in a methodical and thorough manner.

Intertidal and beach surveys were also undertaken by three people. In such cases, individuals 
traversed an area examining rocks, structures, beach, and shallows for the presence of the 
target species. Wrack, debris and rock walls were examined in detail to determine if any 
detached individuals were present, which would provide an indicator that it is or was present 
in the vicinity.
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3.0 Results

The purpose of this survey was to identify if there were any NIMPCG listed introduced species 
present in the Albany marine area. As such only those specimens displaying characteristics 
similar to listed species were identified to lowest taxonomic unit. Identification of this material 
did not progress to species level if the material was found to differ from the characteristics of 
the listed species. The majority of the collected material were classed as indigenous and not 
identified beyond morpho-species (e.g. solitary ascidian 1). 

3.1 General survey

A total of 875 flora and fauna samples were collected from 39 locations within the Albany 
marine area. In summary, 93% of the samples were animal material and 7% plant material. Of 
all samples collected 96% were identified as native species. 

Algal samples were dominated by members of the Rhodophyta (Table 7). Eight phyla of 
animals from 22 classes were represented in the Albany samples. Crustaceans, molluscs and 
annelids made up the vast majority of the samples collected (37%, 25% and 21% respectively)
(Figure 10). Within the crustaceans the malacostraca (amphipods) dominated the samples 
(Table 7). 

The dominant dinoflagellate cysts encountered were Gymnodinium microreticulatum and 
protoperidinioids, including Diplopelta parva and Protoperidinium avellana. 

Eight introduced marine species were identified in this study:

� polychaete: Sabella spallanzanii
� bryozoans: Bugula flabellata

Bugula neritina

� solitary ascidians: Ciona intestinalis 
Styela plicata

� algae: Grateloupia imbricata
Ulva fasciata
Codium fragile fragile

The Centre for Research into Introduced Marine Pests (CRIMP) also recorded the four animal 
species listed above in their 1996 survey of the Albany region (CRIMP 1997). Neither of the 
two algal species was recorded. Both algal species are listed by Huisman et al. (2008) in their 
review of non-indigenous species in Western Australia. 

The red alga Grateloupia imbricata is native to Japan and the Mediterranean. Within Western 
Australia it has only previously been recorded from a rocky groyne in Cottesloe (Huisman et al. 
2008). The green alga Ulva fasciata is regarded as widespread in tropical to temperate regions 
and has been recorded in the Swan River Estuary. It is, however, regarded as cryptogenic on 
the lower west coast of WA (NIMPIS 2002) and has not been recorded in Albany.



&� Fisheries Research Report [Western Australia] No. 207, 2010

8 Fisheries Research Report [Western Australia] No. 188, 2009

3.2 Settlement plates

Five introduced species were identified from the settlement plate arrays: the bryozoans 
Bugula flabellata and Bugula neritina; the ascidians Ciona intestinalis and Styela plicata; 
and the European fanworm Sabella spallanzanii. Sabella spallanzanii is the only NIMPCG 
listed pest species.

3.3 Codium survey

Codium fragile ssp. fragile has an undifferentiated juvenile vaucherioid (mat-forming) stage 
that can persist for months or even years. As this stage is extremely difficult, if not impossible, 
to detect in the field all information pertaining to the absence of C. fragile ssp. fragile relate to 
the adult erect thalli stage, but no thalli were found during the survey.
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4.0 Discussion

At the commencement of this study there were three known introduced species listed on the 
NIMCPG (2006) target list present in Western Australia (Huisman et al. 2008):

�� �
*
	��
�
�����������Alexandrium minutum;

�� ���
���������
���Sabella spallanzanii; and 

�� 9�
���������������Musculista senhousia

This survey recorded two of the 52 listed pest species identified as having the potential to 
inhabit the Albany marine area. The first was the polychaete worm Sabella spallanzanii. 
Sabella spallanzanii was recorded in very high densities on piles, rocks and debris and on the 
substrate in 48% of sites surveyed and as a species represented 4% of all samples collected. 
It is highly probable that the European fanworm (Sabella spallanzanii) is translocated within 
Australia by domestic hull fouling. It is not possible to determine the origin of Sabella 
spallanzanii in the Port of Albany on the basis of existing information; genetic evaluation is 
required. Sabella spallanzanii was first introduced into Western Australia (Albany) in 1965. 
Since then this species has also been detected in Bunbury and Fremantle ports, as well as ports 
of the eastern seaboard (Clapin and Evans 1995; Huisman et al. 2008). 

The second NIMPCG listed pest species recorded in this study is the invasive macro-algae 
Codium fragile ssp. fragile. This is the first record of this pest species in Western Australia. 
A single individual of the alga Codium fragile ssp. fragile was collected from the Albany 
Town Jetty. Codium fragile ssp. fragile is identified by Hayes et al. (2005) as one of the ten 
most damaging potential domestic target species based on overall impact potential (economic 
and environmental). A hazard ranking of potential domestic target species, based on invasion 
potential from infected to uninfected bioregions, identifies C. fragile ssp. fragile as a ‘medium 
priority species’ - these species have a reasonably high impact/or invasion potential. This 
species is listed on the Consultative Committee on Introduced Marine Pest Emergencies 
Y@@�|8�Z� /�
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presence of C. fragile ssp. fragile initiated a CCIMPE response and a survey for the species 
was conducted in June 2008. No individuals were found in the June investigation. However, in 
July 2008 thirteen specimens were collected outside the initial June survey area by the Albany 
Port Authority and their identity confirmed by Dr John Huisman.

An interesting finding of the June 2008 survey was that many of the algal species collected 
during the initial June 2007 trial in Albany were not present. Since a mature, reproductively 
active specimen of this species was collected in June 2007 (southern hemisphere winter) it was 
expected that if Codium fragile ssp. fragile were in Princess Royal Harbour it would be present 
at this time of year. The absence of Codium fragile ssp. fragile and other algal species, collected 
during the previous monitoring suggests that there may be significant temporal variability in algal 
community structure in this region. Trowbridge (1996) reported that Codium fragile ssp. fragile 
dies back during winter months in the northern hemisphere. Information from New Zealand, 
support this and indicates that the thalli of Codium fragile ssp. fragile dieback in autumn, with the 
visible thalli growing in spring and summer. It is therefore proposed that the same sites targeted 
in this June 2008 field survey, be re-surveyed in the spring/summer period of 2008/2009. 

CRIMP (1997) recorded two species on the NIMPCG (2006a; 2006b) list that were not 
collected in this current study: the dinoflagellate Gymnodinium catenatum and the oyster 
Crassostrea gigas. 
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The original identification to CRIMP was: “Gymnodinium catenatum – like cysts” (Prof 
Gustaaf Hallegraeff, 2007, pers. comm. to Dr John Huisman, including emphasis). This taxon 
was subsequently described as a new, non-toxic species Gymnodinium microreticulatum 
(Bolch et al., 1999). Gymnodinium catenatum has never been seen in WA waters (Hallegraeff, 
2007, pers. comm. to Dr John Huisman). 

Thomson (1952; 1959) reported that the Pacific oyster, Crassostrea gigas was introduced into 
Oyster Harbour, Albany and Tasmania after World War II for aquaculture. As the broodstock 
was shipped by sea and was in poor condition when it arrived in Australia, the species did not 
survive in either area. In 1949 a second shipment was sent by air to Tasmania and survived. 
Furlani’s (1996) distribution maps (by biogeographical regions) showed C. gigas as occurring 
in Western Australia from the South Australian border to North West Cape. However these 
distributions are based on a single record from Albany and a single dead shell recorded from 
Cockburn Sound (west coast). The survey of Albany by CRIMP (1997) listed C. gigas. The 
NIMPIS (2002) website used these records. However, C. gigas was not recorded by a WA 
Museum survey of molluscs of the Albany area (Roberts and Wells 1980), nor was it collected 
by any of the mollusc experts at the 1988 Albany international marine biological workshop 
(Wells et al. 1990; 1991). Extant, properly labelled material from CRIMP surveys in WA has 
been accessed into the collections of the WA Museum, but there was no material of C. gigas 
from Albany. Following representations by one of the authors (F.W.), C. gigas was removed 
from the NIMPIS database. The species does not occur in WA (Huisman et al. 2008).

In addition, six introduced species not on the NIMPCG (2006a; 2006b) list were recorded during 
the present study: the bryozoans Bugula flabellata and B. neritina; the solitary ascidians Ciona 
intestinalis and Styela plicata; and the marine algae Grateloupia imbricata and Ulva fasciata. 
The four species of bryozoans have all been previously recorded from Albany (CRIMP 1997; 
Huisman et al. 2008). Grateloupia imbricata (Cottesloe) and Ulva fasciata (Swan River) have 
previously been recorded in WA only from the Perth metropolitan area (Huisman et al. 2008). 
The addition of these two species brings the total number of introduced species known from 
the Albany marine area to 27. It emphasises the fact that additional surveys in any given area 
of Western Australia have a high probability of detecting more introduced marine species.
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7.0 Tables and figures

7.1 Tables
Table 1.  Target species of introduced and potentially introduced marine species on the national 

monitoring program (NIMCPG 2006).

Group Species Group Species
Ballast Water
Dinoflagellates Alexandrium catenella Diatoms Chaetoceros convolutus

Alexandrium minutum Chaetoceros concavicornis
Alexandrium monilatum Pseudo-nitzschia seriata
Alexandrium tamarense Ctenophorans Beroe ovata
Dinophysis norvegica Mnemiopsis leidyi 
Gymnodinium catenatum Copepods Acartia tonsa
Pfiesteria piscicida Pseudodiaptomus marinus

Tortanus dextrilobatus
Hull Fouling
Algae Bonnemaisonia hamifera Cnidarians Blackfordia virginica

Caulerpa racemosa Polychaetes Sabella spallanzanii 
Caulerpa taxifolia Hydroides dianthus
Codium fragile spp. Marenzelleria spp.
Grateloupia turuturu Barnacles Balanus eburneus
Sargassum muticum Balanus improvisus
Undaria pinnatifida Crabs  Callinectes sapidus
Womersleyella setacea Carcinus maenus

Bivalves Corbula amurensis Charybdis japonica
Ensis directus Eriocheir spp.
Limnoperna fortunei Hemigrapsus sanguineus
Mya arenaria Hemigrapsus takanoi

 Varicorbula gibba Rhithropanopeus harrisii
Musculista senhousia Ascidians Didemnum spp.
Mytilopsis sallei Seastar Asterias amurensis
Perna perna Fish Neogobius melanostomus
Perna viridis Siganus luridus
Crassostrea gigas Siganus rivulatus

Gastropods Crepidula fornicata Tridentiger barbatus
Rapana venosa Tridentiger bifasciatus
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Table 2.  Key to regions sampled, the map reference number and site name. 

Region Map reference # Site
King George Sound 1 Anchorage B

2 Channel Marker 4
3 Channel Marker 5
4 Channel Marker 6
5 Cheynes 3
6 Frenchmans Bay
7 HMAS Perth
8 Middleton Beach
9 Mossie Marker

10 Vancouver Beach (beach walk)
11 West of Mossie Marker

Oyster harbour 1 Emu Point Marina jetty 1
2 Emu Point Marina jetty 2
3 Emu Point Marina jetty 3
4 Emu Point Marina jetty 5
5 Kalgan River Bridge
6 King River Bridge
7 Marker 4
8 Mid harbour
9 Starboard marker 5

10 Starboard marker N/W Green Island
Princess Royal harbour 1 Camp Quaranup Rocks

2 Cheynes II wreck
3 Kingfisher wreck
4 Marker 16
5 Navigation marker ISO 8S4
6 Princess Royal Harbour Yacht Club - pylon 1
7 Princess Royal Harbour Yacht Club – pylon 2
8 Princess Royal Harbour Yacht Club – pylon 3
9 Princess Royal Harbour Yacht Club – pylon 4

10 Princess Royal Harbour Yacht Club – pylon 5
11 Camp Quaranup Jetty
12 Sarah Burnett Wreck
13 South east Pile
14 South east of Princess Royal Harbour Yacht Club
15 South spit
16 Town Jetty 1
17 Town Jetty 2 
18 Town Jetty 3
19 Tug boat harbour
20 West of Princess Royal Harbour Yacht Club
21 Wharf 1 – pylon 1
22 Wharf 1 – pylon 2
23 Wharf 1 – pylon 3
24 Wharf 3 – pylon 1
25 Wharf 3 – pylon 2
26 Wharf 3 – pylon 3
27 Wharf 6 – pylon 1
28 Wharf 6 – pylon 2
29 Wharf 6 – pylon 3
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Table 3.  Sampling methods used in monitoring the Albany marine area for species on the 
NIMPCG (2006a; 2006b) list.

Habitat Functional Group Sampling Method
Hard-surfaces Motile Trap, Scrape, Visual 
Hard-surfaces Sessile fouling Scrape, Visual, Settlement plates
Sub-tidal Soft surfaces Motile epifauna Visual, Trap, Grab, Seine, Beam Trawl
Sub-tidal Soft surfaces Sessile epifauna Visual, Core, Grab, Settlement plates
Water Column Holoplanktonic Plankton net (20, 100 & 300 μm)
Water Column Meroplanktonic Plankton net (20, 100 & 300 μm)
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Table 5.  Locations in Albany where settlement plates were installed. Details of water depth and 
numbers of plates at each location are shown.

Albany
Location number Location Depth (m) # Plates
1 Town Jetty North 1 4

Town Jetty North 4 4
2 Town Jetty Middle 1 4

Town Jetty Middle 4 4
3 Town Jetty South 1 4

Town Jetty South 4 4
4 Wharf 1 west 1 4

Wharf 1 west 4 4
Wharf 1 west 10 4

5 Wharf 1 east 1 4
Wharf 1 east 4 4
Wharf 1 east 10 4

6 Wharf 3 west 1 4
Wharf 3 west 4 4
Wharf 3 west 10 4

7 Wharf 3 east 1 4
Wharf 3 east 4 4
Wharf 3 east 10 4

8 Wharf 6 west 1 4
Wharf 6 west 4 4
Wharf 6 west 10 4

9 Wharf 6 east 1 4
Wharf 6 east 4 4
Wharf 6 east 10 4

10 Princess Royal Harbour Yacht Club NW corner 1 4
Princess Royal Harbour Yacht Club NW corner 1 4

11 Emu Point Marina north 2 4
Emu Point Marina south (a) 2 4
Emu Point Marina south (b) 2 4

Total for Albany 11 108
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Table 6.  Site numbers of sample locations for Codium fragile fragile, as shown in Figure 8. 

Site Location Method(s) used Additional information 
1 Main wharf – berth 6 

(max depth 14.6 m)
Sub-tidal survey
Multiple depths

3 divers spaced 1 m apart. Approx length 
180 m, three depths.

2 Main wharf – berth 1 
(max depth 10 m)

Sub-tidal survey
Multiple depths

3 divers spaced 1 m apart. Approx length 
100 m, three depths.

3 Town Jetty (max  
depth 6 m)

Sub-tidal survey
Multiple depths

3 divers spaced 1 m apart. Approx length 
180 m, three depths.

4 Middleton Beach Inter-tidal survey 3 people, haphazard surveys of beach, 
wrack and shallow waters. Approx distance 
covered 1,500 m.

5 Camp Quaranup Jetty 
(max depth 2.6 m)

Sub-tidal survey
Multiple depths

3 divers spaced 1m apart. Approx length 
20 m, two depths. Surveyed 2 m either 
side, and end of Jetty.

6 Quarantine Jetty (max 
depth 2.2 m)

Sub-tidal survey
Multiple depths

3 divers spaced 1 m apart. Approx length 
50 m, two depths. Surveyed 2 m either 
side, and end of Jetty.

7 Princess Royal Sailing 
Club. Main Jetty facing 
into harbour (max  
depth 5 m)

Sub-tidal survey
Multiple depths

3 divers spaced 1 m apart. Approx length 
100 m, three depths. Surveyed 1 m either 
side of Jetty.

8 Oyster Harbour opening 
and Emu Point Marina 

Inter-tidal survey 3 people, haphazard surveys of rock 
walls, marina structures, beach, wrack and 
shallow waters. Approx distance covered 
1,500 m.

9 Enclosed area west of 
Town Jetty (less than  
3 m deep)

Sub-tidal survey 4 people, back and forth snorkel surveys 
of shallow waters (< 3 m). Surveys 1.5 
m apart, each person completed at least 
three 300 m long surveys. Examined 
substratum, rock walls. 

10 Shallow areas of Town 
Jetty (less than 3 m 
deep)

Sub-tidal survey 4 people, back and forth snorkel surveys 
of shallow waters (< 3 m). Surveys 1.5 m 
apart, each person completed at least two 
150 m long surveys. Examined substratum, 
rock walls, pylons and boat berths.

11 Shallow water area east 
of Town Jetty (less than  
3 m deep)

Sub-tidal survey 4 people, back and forth snorkel surveys 
of shallow waters (< 3 m). Four people at 
1.5 m apart, each person completed at 
least two 150 m long surveys. Examined 
substratum, rock walls and pylons. 

12 Melville Point Inter-tidal survey 3 people, haphazard surveys of rock walls, 
any structures, beach, wrack and shallow 
waters. Approx distance covered 100 m.

13 Frenchman Bay Road Inter-tidal survey 3 people, haphazard surveys of rock walls, 
beach, wrack and shallow waters. Approx 
distance covered 100 m.
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Site Location Method(s) used Additional information 
14 Rushy Point Inter-tidal survey 3 people, haphazard surveys of beach, 

wrack and shallow waters. Approx distance 
covered 100 m.

15 Quaranup Road Inter-tidal survey 3 people, haphazard surveys of beach, 
wrack and shallow waters. Approx distance 
covered 150 m.

16 Goode Beach Inter-tidal survey 3 people, haphazard surveys of beach, 
wrack and shallow waters. Approx distance 
covered 200 m.

17 Whalers Beach Inter-tidal survey 3 people, haphazard surveys of beach, 
wrack and shallow waters. Approx distance 
covered 100 m.

18 Whaling Station Inter-tidal survey 3 people, haphazard surveys of beach, 
wrack and shallow waters. Approx distance 
covered 100 m.

19 Salmon Pools Inter-tidal survey 3 people, haphazard surveys of beach, 
wrack and shallow waters. Approx distance 
covered 50 m.
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Table 7.  The phylum, class and common name (group), and the relative proportion of each group 
collected from the Albany marine area.

Phylum/division Class Common name % of total species number
Chlorophyta Green algae 17.2
Rhodophyta Red algae 44.8
Phaeophyceae Brown algae 38.0

100.0
Dinoflagellates None found
Diatoms Not assessed
Copepoda None found
Annelida Polychaeta Worm 19.2
Chordata Ascidiacea Ascidian 4.1
Chordata Osteichthyes Fish 0.2
Cnidaria Anthozoa Coral 0.6
Cnidaria Gorgonacea Sea pen 0.1
Cnidaria Anthozoa Anemone 1.9
Crustacea Bivalvia Bivalve 2.3
Crustacea Brachiopoda Prawn / Shrimp 0.1
Crustacea Brachiopoda Shrimp 0.6
Crustacea Malacostraca Crab 7.2
Crustacea Malacostraca Amphipod 13.9
Crustacea Maxillopoda Barnacle 9.4
Crustacea Polyplacophora Chiton 1.5
Echinodermata Asteroidea Sea star 0.8
Echinodermata Echinoidea Urchin 1.9
Echinodermata Holothuroidea Cucumber 2.3
Echinodermata Ophiuroidea Basket star 0.1
Mollusca Bivalvia Oyster 4.7
Mollusca Bivalvia Mussel 12.9
Mollusca Gastropoda Nudibranch 0.9
Mollusca Gastropoda Gastropod 5.3
Porifera Demospongia Sponge 2.7

100.0
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7.2 Figures

Figure 1.  Map of the Albany marine area showing Princess Royal Harbour, Oyster Harbour and 
King George Sound.
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Figure 2.  King George Sound sampling sites within the broader Albany marine area. Refer to Table 
2 for site names.

Figure 3.  Oyster harbour sampling sites within the broader Albany marine area. Refer to table 2 for 
site names.
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Figure 4.  Princess Royal Harbour sampling sites within the broader Albany marine area. Refer to 
Table 2 for site names.

Figure 5.  Locations (1-10) of settlement plates within Princess Royal Harbour, Albany. See Table 5 
for location key.
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Figure 6.  Location (11) of settlement plates within Oyster Harbour, Albany. See Table 1 for 
location key.
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Figure 7.  Illustration of the settlement plate system showing one vertical and one horizontal plate 
attached to each of the two arms of the system.

Figure 8.  Sites surveyed to detect the invasive alga Codium fragile fragile. See Table 7 for site 
names and survey details.
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Evaluation of the National Introduced Marine Pest 
Monitoring Manual Trialled in Albany, Western Australia

Fred E. Wells, Michael Travers, Justin I. McDonald

Introduction

The Australian and New Zealand governments have recognised the importance of ongoing 
monitoring for introduced marine pests. Working collaboratively they developed the national 
introduced marine pest monitoring strategy (NIMCPG 2006a; 2006b). This strategy has at its 
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data from marine environments. As part of the overall strategy a ‘how to guide’ was developed 
to allow researchers and government and regional council representatives, stakeholders, etc 
with a user friendly format that produces scientifically defensible data that can be used to make 
informed and scientifically sound management decisions.

The objectives of the National Monitoring strategy are: 

Primary Monitoring Objectives
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i.e. those species already established in Australia or New Zealand but have not been 
previously recorded at that location.
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to be pests elsewhere.

Secondary Monitoring Objectives
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The NIMCPG (2006a; 2006b) documents are necessarily long and complex. They represent a 
new strategy for handling monitoring for marine pests now that the major port surveys have 
been completed. As the documents highlight, they are evolving and will be adapted as new 
information and methods for detecting incursions are developed. 

The present report is an evaluation of the NIMCPG (2006a; 2006b) methodology to evaluate 
its usefulness. 

Methods

The trial of the NIMCPG methodology was undertaken as an investigation of the NIMCPG 
target species in the Albany marine area, southwestern Western Australia, in 2007. A separate 
report is being prepared on the findings of the project. The present document is restricted to an 
evaluation of the NIMCPG methodology used.
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ports in Australia of introducing marine pests, but they were also written for use in other ports 
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and capabilities. Our strategy was to independently follow the NIMCPG (2006a; 2006b) 
documents as they were written. A similar trial is being undertaken in South Australia, but the 
Albany survey remained separate from that on the basis that if the manual worked for both 
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assessments, the writing and intent are likely to be clear. If it did not work for either assessment, 
then it may be unclear. If it worked for one and not the other, then further clarification in the 
manual might be appropriate.

Overall Assessment

Overall, the manual provides a clear method of sampling for introduced marine pest species 
throughout Australia. Any such document written as a desktop study will have issues that must 
be resolved when the actual fieldwork and laboratory analysis are undertaken. The documents 
provide an agreed national minimum standard so resulting data can be incorporated into a 
national database. There are a number of places where the manuals state that procedures can 
be modified as necessary in the actual project. This is a valuable recognition, but it does raise 
the problem of how much flexibility is taken in individual projects.

Comments

Taxonomic Problems

Lack of experienced marine taxonomists

There are very few marine taxonomists in Australia, most of whom are in their late 50s and 60s. 
Many have already retired. As these scientists retire they are in general not replaced. A recent 
study by Leis et al. (2007) showed that in the last 20 years the number of fish taxonomists 
in the country has declined from 11 to three, all of whom are over 55. Similar figures can be 
provided for key invertebrate groups such as molluscs. For many phyla, there are only one 
or two taxonomists in Australia, including groups such as ascidians that have invasive pest 
species. Other phyla have been completely unstudied. 

The lack of taxonomic expertise in Australia is well known to many of the NIMCPG members, 
and the solutions lie well outside the brief of NIMCPG. However, the issue is crucial to 
properly undertaking marine pest species, and thus impacts directly on the functionality of the 
NIMCPG (2006a; 2006b) strategy. 

Identification

There are substantial taxonomic problems with some of the species on the target list. For 
example, the mussel Musculista senhousia is shown by NIMPIS (2002) as being native to 
southeast Asia and cryptogenic in Indonesia. The data presented on temperature tolerances, etc 
are very wide, but it is likely that there are in fact two species being confused.

Target species 

The monitoring manual provides a listing of 55 target species. This listing is easily construed 
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this is a ‘possible list…not intended as comprehensive of all possible species that could be 
monitored...rather those most likely to be introduced…” the actual list as Attachment 1 does 
not have this same information and as such may have been interpreted by the users as ‘the list’. 
The fact that this list is not comprehensive and is to be used as a basis only needs to be stated 
more clearly in the manual. Perhaps this fact could be reinforced in correspondence when those 
conducting the monitoring submit their planning documents. 

Any such list will attract criticism of why a particular species is on the list and why another 
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is not. The background to the development of the list should be briefly explained. Our 
understanding is that the list was the result of an extensive analysis of the published literature 
(Hayes et al. 2005). This provides a sound basis for determining which species to include. 
However, the paper appears to be based on computer literature searches and does not include 
species that have long been known to be invasive. For example, the gastropod oyster drill 
Urosalpinx cinerea ����
���
��	���
��
���������
�����������%�th century on the American oyster 
Crassostrea virginica, and is regarded as a pest species. Many of the species have no known 
distributions near Australia and are unlikely to become established here.

Selection of species to measure

The Albany survey used Version 3 of the Excel spreadsheet. This resulted in eliminating only 
three of the 55 species from consideration, hardly of much use in restricting the survey. We 
have recently received Version 11, but the macros were not working, so the sample plans being 
designed for Fremantle, Dampier and Port Hedland could not be completed. It turned out that 
the version was written on a newer version of Excel than is available at the Department of 
Fisheries. This problem has been eliminated, but others may not know the Excel version they 
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problem.

However, it does illustrate that there is limited information available outside NIMCPG. If 
outside workers are to use the NIMCPG (2006a; 2006b) strategy, the necessary information 
must be readily and easily available.

Consistency of staff

A crucial problem for each jurisdiction will be the development of well trained staff to undertake 
the surveys. Clearly, visual searches will only be as effective as the person undertaking them. 
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for confirmation of their identities. The system will break down if the sorter is not familiar 
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concern.

Identifications 

The list of experts for identifications of various groups is out of date. Many have since retired, 
and there may be some young new people not on the list.

Species tolerances 

Whilst providing data on species tolerances may be useful to ‘fine-tune’ sampling the range 
of species, tolerances provided on the Excel spreadsheet are extremely broad. This means 
that sampling in a cool temperate habitat such as Albany, Western Australia one still needs 
to monitor for tropical species based on provided tolerance limits of –3 to +30 degrees. 
This is clearly unlikely to occur from a biological standpoint. Whilst species may have large 
tolerances, it seems biologically impossible that a species can tolerate, what is essentially a 
frozen environment and a warm tropical environment. 
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Methodologies

Collection & preservation

Monitoring should include as mandatory that in-situ colour photographs and/or video are taken 
of habitats surveyed and in particular potential target species. These then provide a record of 
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Visual records of habitat are particularly important when trying to establish the strategy’s 
secondary objectives “To detect species that appear to have clear impacts or invasive 
characteristics”. The collection of photographic (video and/or still image) data can provide a 
useful tool in determining habitat changes, i.e. if one species is in low numbers at time A, and 
recorded in imagery, then increase in numbers, and potential effects could then be compared 
with imagery from time B. Photographs also help to allow for new staff to verify that what the 
previous researcher called species A as a potential pest is the same the new person is calling 
species A.

Table 21 in the National monitoring strategy has a listing of taxa and the ‘preferred’ narcotizing, 
fixation and preservation methods for the major groups of marine taxa. The manual states, 
for example, that tunicates are best fixed with 4% formalin then preserved in 70% ethanol. 
Compound, colonial, or other gelatinous ascidians should be photographed alive as form 
and colour patterns are very important diagnostic features. Large solitary ascidians should 
be relaxed before fixing; menthol or magnesium chloride in seawater overnight is usually 
effective. Large solitary ascidians may also need to have preservatives injected into them to 
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On page 51 the strategy states “If genetic analysis is required, sub-sample the original sample 
to keep part for DNA analysis”. The use of formalin as a fixative effectively precludes any 
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sources, rather than rely upon those conducting the monitoring at the time to sub-sample based 
on if they consider DNA analysis may be needed. It is strongly suggested that methods should 
state to the user that all samples should be collected and preserved for DNA analysis. 

DNA probes

DNA probes are one method for determining presence of target species. When we started there 
were only three probes available. There are apparently more now, but we do not know what 
species they are for or where to obtain them.

Issues with sampling gear

In this study some of the methods prescribed for use in the manual could not be used. For 
example grab samples proved ineffective and were abandoned from the sampling procedures 
as sediment at sites was either too hard at those locations or the large corer was able to be used 
in those location where grabs were originally intended to be taken. The corer was easier to 
manage than the grab.

In other areas the sediment contained a deep layer of dead algae, which prevented a grab 
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algae making it impossible and very dangerous to bring the beam trawl back to the surface. 
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Sample size

Minimum sample size was calculated using the formula given in the monitoring manual. 
This formula is a product of the threshold density of each species and the efficiency and area/
volume sampled by each sampling method. Many of these calculations resulted in extremely 
low number of samples, which would obviously not sample species in a particular habitat 
effectively, whilst others resulted in exceptionally high number of samples (Table 1), e.g. ca 
3500 core samples, which would be a logistically and economically unrealistic number of 
samples to obtain and analyse.

Sampling frequency

The strategy states that sampling should occur when “target species are at their predicted 
maximum abundance or in a particular life stage that is relatively easy and cost-efficient to 
detect” yet information on when maximum abundances or particular life phases occur are 
presented for only a small number of target species. Considerable time and effort could be 
saved by having such information for all pest species provided to the personnel developing the 
monitoring design. 
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whilst thorough from a monitoring perspective poses problems from a logistics and financial 
perspective. This is particularly problematic when sampling ‘remote’ sites such as Albany 
(remote relative to distance from Perth), and will be even more problematic when sampling 
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Confidence limits

/���9�������
������
����������������K���������
������������	
��
���	�������������'¡#��������
�
�	�����������	����
����
�������
��
	�&�¡#�^
�����������������
��	
��
���	��
���
�����
��#�
It is much easier for an experienced taxonomist to find a target species by looking in the 
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For example, the native Brachidontes erosus is the second most common mussel in Albany 
after the commercial Mytilus edulis. It occupies a shallow water soft sediment habitat similar 
to that in which the target Musculista senhousia is found. On intertidal and subtidal sandflats 
B. erosus live in small clumps of up to a dozen individuals with the upper shells emergent. 
Algae attach to the shells, forming a clump which can be seen for a distance of many metres. 
However, the personnel undertaking the Albany sampling were not familiar with this species 
and its habitat and found only a single individiual. 

Availability of information

There is considerable confusion and misinformation among consultants as to how to undertake 
such monitoring programs. The program is new, but if it is to be effective all of the information 
about it, where to obtain information and assistance, must be readily available.

Final comment

Page 125 has a website address www.marinepests.gov.au where you can supposedly find 
changes and further instructions for users. Despite numerous attempts this site was not there, 
and the viewer was redirected to www.daf.gov.au/fisheries/invasive where I received an error 
message “page cannot be found – 404 error.”
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Table 1.  Minimum number of samples required for each of the 52 target species based upon 
National strategy guidelines.

Group Species Primary method # Samples Secondary 
method

# Samples

Dinoflagellate Alexandrium catenalla Vertical tow 0.04 Small core 3466.29

Dinoflagellate Alexandrium minutum Vertical tow 0.04 Small core 3466.29

Dinoflagellate Alexandrium monilatum Vertical tow 0.04 Small core 3466.29

Dinoflagellate Alexandrium tamarense Vertical tow 0.04 Small core 3466.29

Dinoflagellate Dinophysis norvegica Vertical tow 0.04 Small core 3466.29

Dinoflagellate Gymnodinium catenatum Vertical tow 0.04 Small core 3466.29

Dinoflagellate Pfiesteria piscicida Vertical tow 0.04 Small core 3466.29

Alga Bonnemaisonia hamifera Visual 0.005 Vertical tow 0.38

Alga Caulerpa racemosa Visual 0.005 Scrape 6.66

Alga Caulerpa taxifolia Visual 0.004 Scrape 5.55

Alga Codium fragile spp. Visual 0.005 Scrape 33.29

Alga Grateloupia turuturu Visual 0.005 Scrape 33.29

Alga Sargassum muticum Visual 0.025 Scrape 33.29

Alga Undaria pinnatifida Scrape 6.66 Visual 0.01

Alga Womersleyella setacea Visual 0.05 Scrape 33.29

Diatom Chaetoceros convolutus Vertical tow 0.04 Horizontal tow 0.01

Diatom Chaetoceros concavicornis Vertical tow 0.04 Horizontal tow 0.01

Diatom Pseudo-nitzschia seriata Vertical tow 0.04 Horizontal tow 0.01

Bivalve Corbula amurensis Grab 0.27 Large core 0.46

Bivalve Crassostrea gigas Scrape 22.19 Visual 0.03

Bivalve Ensis directus Grab 0.27 Large core 0.46

Bivalve Musculista senhousia Grab 0.04 Large core 0.06

Bivalve Mya arenaria Grab 47.93 Large core 82.46

Bivalve Mytilopsis sallei Scrape 0.01 Visual 0.00001

Bivalve Perna perna Scrape 33.29 Visual 0.05

Bivalve Perna viridis Scrape 33.29 Visual 0.05

Bivalve Varicorbula gibba Grab 0.28 Large core 0.49

Gastropod Crepidula fornicata Scrape 22.19 Visual 0.02

Gastropod Rapana venosa Scrape 33.29 Visual 0.02

Jellyfish Beroe ovata Vertical tow 0.24 Horizontal tow 0.05

Jellyfish Blackfordia virginica Vertical tow 0.21 Horizontal tow 0.04

Jellyfish Mnemiopsis leidyi Vertical tow 0.24 Horizontal tow 0.05

Polychaete Hydroides dianthus Scrape 0.08 Visual 0.0001

Polychaete Marenzelleria spp. Grab 47.93 Large core 82.46

Polychaete Sabella spallanzanii Visual 0.002 Scrape 17.99
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Copepod Acartia tonsa Vertical tow 0.04 Horizontal tow 0.01

Copepod Pseudodiaptomus  
marinus

Vertical tow 0.04 Horizontal tow 0.01

Copepod Tortanus dextrilobatus Vertical tow 0.04 Horizontal tow 0.01
Barnacle Balanus eburneus Scrape 1.51 Visual 0.001
Barnacle Balanus improvisus Scrape 1.51 Visual 0.001
Crab  Callinectes sapidus Trap 0.0011 Vertical tow 1.91
Crab  Carcinus maenus Trap 0.0011 Vertical tow 1.91
Crab  Charybdis japonica Trap 0.0011 Vertical tow 1.91
Crab  Eriocheir spp. Trap 0.0011 Vertical tow 1.91
Crab  Hemigrapsus 

sanguineus
Trap 0.0011 Vertical tow 1.91

Crab  Hemigrapsus takanoi Trap 0.0011 Vertical tow 1.91
Crab  Rhithropanopeus harrisii Trap 0.0011 Vertical tow 1.91
Tunicate Didemnum spp. Scrape 33.29 Visual 0.02
Seastar Asterias amurensis Visual 1.25 Horizontal tow 0.19
Fish Neogobius 

melanostomus
Beam trawl 0.07 Horizontal tow 1.91

Fish Siganus luridus Beam trawl 0.10 Horizontal tow 1.91
Fish Siganus rivulatus Beam trawl 0.05 Horizontal tow 1.91
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Consideration of the Need for a Dampier Baseline Survey

Out-of-Session submission to the National Introduced Marine Pests 
Coordinating Group (NIMPCG)

Fred E Wells

Background
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Pests (CRIMP) developed a method for conducting baseline surveys of Australian ports for 
introduced marine species (also referred to as non-indigenous marine species). The goal was 
to establish a national database of introduced marine species across Australia as a first step in 
addressing the problem. The hypothesis was that to understand if a species is introduced, there 
must first be a thorough understanding of what species occur naturally in an area. Baseline 
surveys were conducted by CRIMP, or other agencies using CRIMP methodology, of all of the 
major Australian ports, with the exception of the Port of Dampier.

Now that the baseline surveys have been completed, there is a much better understanding of 
non-indigenous marine species in Australia. The NIMPCG focus has changed to undertaking 
surveys to determine the presence/absence of 55 target species. These are non-indigenous 
species that are known to be invasive in Australia, are invasive elsewhere, or are considered to 
be potentially invasive. The national program of future surveys will target these species, with 
consideration during the surveys that other species could be introduced.
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including Dampier, being included on the national survey program. Targeted monitoring will 
concentrate on these ports in the future.

The present paper proposes that the Western Australian Museum/Woodside partnership and 
other activities in Dampier have developed a far greater knowledge of the marine biodiversity 
of that region than any of the port surveys in other areas. Accordingly, it is considered that 
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CRIMP methodology.
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year partnership to examine the marine biodiversity of the Dampier region. The study area was 
the Dampier Archipelago, Burrup Peninsula and nearby continental coastline, the area shown 
in the insert on the attached Figure. Woodside contributed over $1 million to support this 
work. There was a similar in-kind contribution from the WA Museum and other agencies. The 
Western Australian Museum/Woodside partnership was established (Jones, 2004):
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inventory of species-level biodiversity;
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��� Woodside Collection at the Western Australian Museum to 
permanently record the fauna collected;
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marine biodiversity of the area;
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environmental managers and policy makers in Western Australia; and
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wide, through a variety of media.

The following major surveys were undertaken, in addition there were numerous smaller 
expeditions to the area of two or three people each:
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between sublittoral and intertidal studies. 

Jones (2004) states:

“The innovative, multi-partner approach taken by the Western Australian Museum/Woodside 
Energy Ltd partnership has resulted in over 70 scientists from 15 countries co-operating with 
nine scientists from the Western Australian Museum and staff from Woodside’s Environmental 
teams. Four Australian and four international museums, 23 Australian universities, research 
institutions and schools, 27 international universities and research institutions and 19 local 
and Australian organisations, including Western Australian government departments, the 
local Shire, marine research institute and other resource companies in the Dampier area, have 
participated in the project to date.”

Known Biodiversity of Western Australian Port Areas

Published information is available for Dampier on molluscs, echinoderms, scleractinian corals, 
sponges, crustaceans, fish, marine plants, and several minor groups. Together, papers published 
by the Western Australian Museum list over 3,014 species (Table 1) (Wells et al., 2003; Jones, 
2004). The Museum has a list of 4,500 species recorded from Dampier, by far the largest list 
for any area of Western Australia, and possibly even Australia-wide. 

Table 2 compares the known marine biodiversity in the Dampier area with the results of 
CRIMP surveys in other ports in Western Australia. In all respects, data from Dampier are far 
more comprehensive than for the other areas. The diversity of identified species at Dampier 
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identified at Dampier (about 67%) is substantially higher than the combined percentage from 
the other areas (40%).

The most diverse groups (molluscs, crustaceans, fish, echinoderms, marine plants and corals) 
have all been better surveyed in Dampier than the other areas. Less diverse groups have been 
studied to varying intensities in the five different areas. Although they have not been formally 
published, hydroids, bryozoans and ascidians were all collected in Dampier and are held in the 
Western Australian Museum. No hydroids were reported by CRIMP in Fremantle and only six 
species (four identified) in Bunbury. Only three bryozoans were identified by CRIMP and the 
total number collected is not stated. Some of the bryozoans from the Dampier Workshop have 
been reported by Dr Josh Mackie, but these papers are not yet available. Only two ascidians 
were reported by CRIMP from Albany and six species from Bunbury.
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Other Information Sources for Dampier

As one of the largest ports (in some years the largest port) in Australia by tonnage, various 
aspects of the Dampier marine environment are routinely monitored by environmental 
consultants, primarily URS Australia, Sinclair Knight Merz and MScience. There is a close 
working relationship between the consulting companies, the Department of Fisheries, and the 
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inside the harbour and at control sites outside, and specimens are routinely sent to the Museum. 
To date, none of the species included in the CCIMPE Revised Trigger List (November 2006) 
or in NIMPCG’s National Monitoring Target Species List (August 2006) have been recorded in 
the material submitted for identification. The current resources boom in the Pilbara is centred at 
Dampier and Port Hedland. With the numerous development projects in progress in Dampier, 
the amount of environmental work has increased considerably. 

One vessel recently entered the port of Dampier and was found to have the Asian Green 
Mussel (Perna viridisZ�
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��
Singapore. A monitoring program, including deployment of settlement plates and surveys of 
wharf structures where the vessel berthed, has been underway to determine if the species has 
been introduced, but no Asian Green Mussel have been found. 

Costs of a Baseline Survey of Dampier

The Department of Fisheries has been undertaking the background work for planning a targeted 
survey of the Port of Dampier. Based on the preliminary figures available, it is estimated that 
a stand-alone baseline survey of Dampier would cost at least $400,000. 

Summary

Because of the work undertaken by the four year Western Australian Museum/Woodside 
Energy Ltd partnership, knowledge of the marine biodiversity of the Dampier area is better 
than any other area in Western Australia. The continuing work of environmental consultants in 
this area provides added comfort that there have been no introductions of pest species since the 
partnership results were published. 

Recommendation

It is recommended that NIMPCG determine that the extensive information from the Western 
Australian Museum/Woodside partnership is an outstanding baseline of marine biodiversity 
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of Dampier.
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Table 1.  Marine species recorded from the Dampier Archipelago and Burrup Peninsula in the 
Western Australian Museum surveys (Wells et al., 2003; Jones, 2004).

Dampier

Taxon Author Where published No. species Introduced
Animals
Molluscs* Brearley et al.

Seapy et al
Slack-Smith and Bryce
Taylor and Glover

Wells et al., 2003 6 shipworms
19 heteropods
695
(422)

1

Crustaceans Jones
Hewitt

Jones, 2004 49 barnacles
68 amphipods
381 crustaceans

6

Fish Hutchins Wells et al., 2003 736

Polychaetes Hutchings and Avery Jones, 2004 19
(terebellids)

Echinoderms Marsh and Morrison Wells et al., 2003 286

Sponges Fromont Wells et al., 2003; 
Jones, 2004 

275

Hydroids
Bryozoans
Ascidians
Scleractinian 
corals

Griffiths Wells et al., 2003 229

Soft corals Salotti et al Jones, 2004 12 genera

Oligochaetes Erseus and Wang; Rota 
et al. 

Wells et al., 2003 26

Marine mites Bartsch; Smit Wells et al, 2003 15

Plants
Marine algae Huisman Wells et al., 2003 201

Seagrasses Huisman Wells et al., 2003 9
Total >3014 7

*Molluscs of Dampier were examined by several authors. The papers by Slack-Smith and Bryce (museum 
surveys) and Taylor and Glover (dredging) overlap in their taxonomic composition and need to be compared. 
The paper by Brearley is on teredinids and Seapy et al. is on planktonic heteropods; neither group is included by 
Slack-Smith and Bryce or Taylor and Glover.
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Table 2.  Comparison of known marine biodiversity in the Dampier area with the results of CRIMP 
surveys in other ports in Western Australia.

Phylum Port
Dampier Fremantle

(identified/
total)

Albany
(identified
/total)

Bunbury
(identified
/total)

Port Hedland
(identified
/total)

Animals
Molluscs* 720 102/141 29/136 51/53 19/81
Crustaceans 498 21/186 3/3 9/12 37/160
Fish 736 22/37 12/12 23/23
Polychaetes  19 0/130 1/1 2/2 64/161
Echinoderms 286 28/35 4/5 3/4 0/not stated
Sponges 275 Not stated
Hydroids 15/26 4/6 10/28
Bryozoans 23/31 22/30 12/15 3/not stated
Ascidians 7/43 2/2 6/6 18/39
Scleractinian corals 229
Soft corals 12 genera 0/7
Oligochaetes 26
Other cnidarians 12/27 3/6 2/3
Marine mites 15
Other groups 0/30
Plants
Dinoflagellates 8/13 25/41
Marine algae 201 45/97
Seagrasses 9
Total 3014/4500 238/720 109/259 126/154 174/499
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This section has been accepted for publication: Wells, F.E, Mulligan, M. and Jones, D.S. 
In press. Prevention of introduction of species brought into Geraldton Harbour, Western 
Australia, by the dredge Leonardo da Vinci. Records of the Western Australian Museum.

Prevention of introduction of species brought into 
Geraldton Harbour, Western Australia, by the dredge 
Leonardo da Vinci
Fred E. Wells1, Michael Mulligan2 and Diana S. Jones3
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Abstract

In October 2002 the dredge Leonardo da Vinci arrived in Geraldton, Western Australia, for 
a major port enhancement program. It sailed from Jamaica, West Indies, through warm seas 
during the entire voyage. An arrival inspection in Geraldton demonstrated the stern and sea 
chests were fouled with a variety of non-indigenous marine species that could potentially be 
introduced to Geraldton, including pest species. The vessel was cleaned in water in Geraldton, 
with several steps taken to minimize the possibility of species being introduced. Surveys of key 
species of molluscs and crustaceans were undertaken in October 2003 and 2007. To date, none 
of these potential pest species have been found, except for Amphibalanus reticulatus which had 
already been recorded north and south of Geraldton.

Running head: Leonardo da Vinci in Geraldton

Keywords: Introduced marine species, mollusc, crustacean, NIMS
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Introduction

The introduction of marine species into new environments is one of the leading marine 
environmental issues on a worldwide scale (Padilla et al#� %���Z#� |
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indigenous species cause no apparent harm in their new environments. For example, Huisman 
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on the national list of target species (NIMPCG 2006). A minority of the introduced species 
become pests that cause disease in native species and even humans, interfere with fisheries 
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Schwindt et al. 2004; Bando 2006; Wallentinus and Nyberg 2007). There are three major 
mechanisms for introducing marine species: ballast water discharge; biofouling of vessel 
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Nationwide data on non-indigenous marine species known from Australian waters are available 
in Hewitt et al. (2002). Hewitt and Campbell (2007) review Australian mechanisms for 
prevention of marine bioinvasions. Port Phillip Bay, where the Port of Melbourne is located, 
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species are regarded as introduced, and 61 are cryptogenic (Hewitt et al. 2004). In contrast, 
only 60 introduced species and 26 cryptogenic species are known from the entire state of 
Western Australia, with some 14,000 km of coastline (Huisman et al.� ���&Z#� /��� ���������
concentration (46 species) is in the Fremantle area, the port with the largest number of vessel 
movements and a diverse marine environment. Seven introduced species, none of which are 
pest species, are known from Geraldton (Campbell 2003; Huisman et al.����&Z#�

In early October 2002 the cutter suction dredge Leonardo da Vinci arrived in Geraldton, Western 
Australia to undertake a major dredging program in the harbour. The vessel sailed directly to 
Geraldton from Jamaica via the warm waters of the tropical Atlantic Ocean, Mediterranean 
Sea, Suez Canal, Red Sea, and the Indian Ocean with only brief refueling stops in Egypt and 
the Maldives. On arrival inspection in Geraldton it was discovered that the forward sections 
of the hull had been cleaned prior to the vessel departing Jamaica, but the stern and sea 
chests (containing about 60 m3 of seawater) were heavily fouled with a variety of organisms, 
including several molluscs (Table 1): Thais haemastoma (Linnaeus 1767); T. rustica (Lamarck 
%&��Z�� Crepidula plana $��� %&���� ���� Brachidontes exustus Y_
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oyster that was too small to be identified was also found. The following barnacles were 
identified: Lepas anserifera Linnaeus 1767; Chthamalus sp.; Striatobalanus amaryllis (Darwin 
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Balanus trigonus >���
�� %&'`�� ���� Megabalanus coccopoma Y>���
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the identified species except M. coccopoma were previously known from Western Australia 
Y+
����%�����%��������`Z#�Megabalanus coccopoma occurs in the tropical East Pacific Ocean, 
the Atlantic Ocean, Gulf of Mexico and southeastern United States). The species has also been 
collected from vessels in New Zealand (A. Hosie, pers. comm.) and there is one recent record 
from a vessel at Brisbane, Queensland (D. Jones, unpublished data). Four decapod crustacean 
species were found in the samples provided. As they do not occur in Western Australia, WAM 
had no comparative material of the species. Provisional identifications are: Pachygrapsus 
sp.; Percnon sp.; xanthid sp., and grapsid sp. (juvenile). Because of the lack of appropriate 
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proceed, tubeworms, an encrusting sponge, ascidians, hydroids, and a filamentous green alga 
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were not identified to species level. Material collected from Leonardo is held in WAM.

A hastily convened committee representing a range of government departments determined 
there was a serious risk of introducing marine pests into the port of Geraldton. Once in 
Geraldton, it was considered that it would be difficult to stop the spread of these species into 
other Western Australian and Australian ports where suitable environments exist. Particular 
concern was expressed about the two species of Thais. If distributed in WA, these oyster drills 
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Australia with an annual value of over $A 100 million. 

The dredge was too large for any of the drydocks in Western Australia; the nearest drydock 
of sufficient size was in Singapore, some 1500 nautical miles away. Even if the drydock were 
available, it would take a minimum of three weeks to clean the vessel in Singapore. Because 
of the urgency of starting a major dredging program during the limited period of favourable 
weather, taking the dredge to Singapore for cleaning in drydock was not a viable option. 
The decision was made to immediately clean the vessel in water in Geraldton. A number of 
procedures were undertaken immediately to minimize the threat of introductions. Above water 
fouled portions of the hull were scraped; animals and plants removed were collected and 
disposed of at a terrestrial dumpsite. Slats of the sea chests open to the ocean were sealed and 
biodegradable detergent was added to the sea chests to provide a total concentration of 5% (3 
tonnes were used). The treated water was circulated to ensure uniform exposure to all areas. 
Detergent remained in the compartments until an inspection by the Department of Fisheries 
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as much treated water as possible prior to the slow release of remaining water and detergent 
into the port area. The stern of the vessel was scraped in-water by divers to remove fouling 
organisms. Material scraped fell into collecting bags. Prior to scraping a tarpaulin was placed 
along the berth face to prevent material accidentally attaching to existing wharf structures in 
inaccessible locations. After the stern was scraped, smaller basin dredges were used to extract 
material all material on the bottom in the vicinity of Leonardo da Vinci and to pump it into the 
centre of a nearby land reclamation area.

Berth 5, where the Leonardo da Vinci had been berthed was surveyed on 22 October 2003, just 
over a year after the arrival of the dredge. The survey concentrated on the species of barnacles 
and molluscs listed above. All were shallow water species that extended no more than a few 
metres below the waterline. The 2003 survey concentrated on the pilings on the seaward side 
of berth 5. At each piling, divers descended to the bottom at 6 m then searched the piling 
from bottom to the surface for non-indigenous species; the muddy bottom was also checked. 
Representatives of live barnacles near the surface were scraped off each piling and identified 
in the laboratory. No mollusc species from the Leonardo da Vinci were found. The barnacle 
species collected were typical of the Western Australia west coast barnacle fauna and contained 
three species, all of which had been previously collected from the Port of Geraldton (Huisman 
et al.� ���&Z�� Amphibalanus amphitrite Y>���
�� %&'`Z, Balanus trigonus and Megabalanus 
tintinnabulum Y_
�������%�'&Z. The only thaid gastropod found was the Western Australian 
species Cronia avellana Y������%&`�Z.

A resurvey of Geraldton Harbour was undertaken on 24 October 2007, five years after the 
Leonardo da Vinci first arrived. Vessels were present at berths 2, 3, 4 and 6, precluding them 
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survey (Figure 1): berth 5, on the southwest of the harbor, where Leonardo da Vinci had berthed 
in 2002; berth 1 and adjoining rock walls, and an adjacent slipway on the south east; and rock 
groynes on the northeast and northern side of the port. The four sites gave a good coverage 
of the port. The rock groynes extended to a depth of about 4 m before a muddy bottom was 
encountered. As all of the species on Leonardo da Vinci were either attached to the vessel or in 
association with the hard substrate of the vessel, the muddy bottom of Geraldton harbour was 
not examined except to ensure that it was in fact all mud.

None of the molluscs found on Leonardo da Vinci were found in 2007. Oysters were abundant 
on the rock groynes, but all were identified as the southern Australian Ostrea angasi (Sowerby 
%&�%Z#�/���
����������� �
�������� ���� ��
�
	���Stavelia horrida �¥	����%&'�����
	��
		����
naturally in the region. The native thaids Cronia avellana and Thais orbita were found, but 
neither of the Caribbean species (Thais haemastoma and T. rustica). Barnacles collected 
were: Tetraclita squamosa YU����
¦��� %�&�Z, Amphibalanus amphitrite, A. reticulatus and 
Austromegabalanus nigrescens. Two species, T. squamosa and A. nigrescens, are typical of 
the Western Australia west coast barnacle fauna. Amphibalanus amphitrite, a cosmopolitan, 
cryptogenic species, has been previously collected from the Port of Geraldton (Huisman 
et al.� ���&Z#� _
��� ���	
����� 
�� A. reticulatus were identified from the Leonardo da Vinci. 
Amphibalanus reticulatus has been collected previously from a number of localities in Western 
Australia, both north and south of Geraldton, but not from Geraldton itself (Jones 2004; 
Huisman et al. ���&Z#�$��	
�����	
���	����
�����������������������������������%��
��
	���������
this species has become established in the Port of Geraldton. Amphibalanus reticulatus is 
known to have originated in Japan and its widespread distribution has most probably been via 
��
���
��
���Y��
�
�
�%���Z# No introduced species of crabs were found. Several specimens 
of native crabs, Portunus pelagicus (Linnaeus 1766), Atergatis integerrimus�Y_����	K�%&�%Z��
Leptodius exaratus� Y^#�|
������������%&Q`Z�����Thalamita sima�^#�|
������������%&Q`��
were collected.

To date the procedures employed to prevent the introduction of Caribbean species into 
Geraldton appear to have worked. There is always a possibility that there may be one or more 
species that have established breeding populations that have not yet increased to a level where 
they have been found. Also, there is a possibility that groups not identified when Leonardo 
da Vinci arrived, may have been introduced. Therefore, it is recommended that a resurvey be 
undertaken in another five years.

The Geraldton experience has been beneficial in raising the profile of introduced marine pests 
in Western Australia. Ship operators are very much aware of the problems caused by the arrival 
of Leonardo da Vinci and the potential financial losses which will occur if a fouled vessel enters 
a Western Australian port and is denied entry to the port. The WA Environmental Protection 
Authority closely assesses all major development projects in the state, including marine and 
coastal projects. On EPA advice, the WA Minister for the Environment now routinely includes 
legally binding Ministerial Conditions that vessels entering WA waters for these projects are 
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of arrival. Leonardo da Vinci returned to Port Hedland, Western Australia, late in 2006 under 
such Ministerial Conditions. Before coming to WA on this occasion it was slipped and cleaned 
in drydock in Singapore and inspected by an environmental consultant for the proponent and 
by an officer of the Department of Fisheries. The dredge was in general well cleaned. After 
some areas were further cleaned the vessel was cleared for entry to Western Australia, which 

		�������
��
���
�	
����#�|
�����	������Y+�������&Z��Leonardo da Vinci was inspected by both 
environmental consultants for the proponent and officers of the Department of Fisheries in Abu 
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Dhabi before sailing to Western Australia. 
The evidence is that the original incident of Leonardo da Vinci bringing pest species into Western 
Australia was handled effectively, and the species do not appear to have been introduced. Following 
this experience, detailed procedures are in place to minimize the chances of a similar incident. 
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important potential sources of introduced species and the risks posed by mobile infrastructure. 
Coutts et al. (2003) considered that sea chests are often overlooked as a potential source of 
introduced species. Coutts et al. (2007) followed up by surveying 42 vessels in New Zealand. 
A total of 150 species were recorded from the sea chests, approximately 15% of which were 
non-indigenous. In contrast to the restricted areas occupied by sea chests on most vessels, the 
60 m3 area occupied by those on Leonardo da Vinci were very accessible. Mobile infrastructure 
has been implicated in other studies, including a floating drydock that introduced two species 
of sponges and one mollusc into Hawaii (Eldredge and Smith 2001). Similarly, Foster and 
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Mobile infrastructure such as dredges, oil rigs, drydocks, etc are particularly high risk for a 
number of reasons, including the fact that they may undertake a broad range of activities and 
may move considerable distances from one port to another. Often the vessels remain in port 
for extended periods, allowing the development of fouling communities on the hulls. The work 
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water for 24 hours or more in close contact with the sea floor (Kinloch et al. 2003). 
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Table 1.  Species recovered from the dredge Leonardo da Vinci and subsequent surveys of 
Geraldton port.

Species Previously 
recorded in WA

Leonardo 
da Vinci

2003 
survey

2007 
survey

Molluscs
Brachidontes exustus X
Cronia avellana X X X
Crepidula plana X
Ostrea angasi X X
Stavelia horrida X X
Thais haemastoma X
Thais orbita X X
Thais rustica X
Crustaceans
Barnacles
Amphibalanus amphitrite X X X
Amphibalanus reticulatus X X X
Austromegabalanus nigrescens X X
Balanus trigonus X X X
Chthamalus sp. X
Lepas anserifera X X
Megabalanus coccopoma X
Megabalanus tintinnabulum X X
Striatobalanus amaryllis X X
Tetraclita squamosa X X
Crabs
Atergatis integerrimus X X
Leptodius exaratus X X
Pachygrapsus sp. X
Percnon sp. X
Portunus pelagicus X X
Thalamita sima X
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Rapid Assessment of Willie Creek, Western Australia,  
for Selected Introduced Marine Pest Species

Fred E Wells

Abstract

For some years, many of the illegal Indonesian fishing vessels apprehended off the north 
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to determine whether two invasive mussel species (Mytiliopsis sallei and Perna viridis) have 
inadvertently been introduced into the creek by the impounded vessels. Neither species was 
found. Three species of barnacles were collected during the survey, including the cryptogenic 
Amphibalanus cirratus and the introduced Megabalanus occator, both of which have 
previously been recorded in WA. Vessels held at Willie Creek have been Type 1 or Type 2, 
which are considered to be low risk for the introduction of marine pests. There is no apparent 
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fishermen are permitted to fish in a traditional manner in an offshore area termed the MOU 
Box (for Memorandum of Understanding). The box is well offshore, and includes Scott Reef 
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have been kept at Willie Creek, either moored in the channel, or beached on shore, often for 
some weeks, until the court case is heard. Vessels determined to have been fishing illegally 
are confiscated, and destroyed, sometimes by burning on the shore. Destruction may be some 
months after the vessel first arrived. The fishing vessels are wooden perahus. In recent years a 
number of perahus have been inspected at sea by the WA Department of Fisheries. Some have 
been infested with the highly invasive marine pest species Mytiliopsis sallei, the Caribbean 
black striped mussel, or the Asian green mussel, Perna viridis. These vessels were sunk at sea 
and were not taken to Willie Creek.
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dense populations. Fortunately, the mussels remained in the marinas and did not colonise the 
open harbour areas. All three marinas have locks that form saltwater lakes at low tide. Because 
the marinas were discrete artificial habitats, the Northern Territory Government decided that 
high concentrations of chemicals could be added to eliminate the mussels from the marinas. 
The eradication was successful, and there are no known populations of M. sallei in the open 
areas of Darwin Harbour (Willan et al. 2000). A detailed monitoring program for introduced 
marine pest species is now in place (Marshall et al. 2003). In a similar fashion, high densities of 
P. viridis were found in August 2001 on the hull of a vessel that had recently arrived at Cairns, 
§�������������
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�������#�/������	
������������!������������
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���������Y$����
���et al. 
2007).

Detention of perahus in Willie Creek for weeks carries a risk of introducing marine pest 
species, particularly M. sallei and/or P. viridis. Russell et al. (2003) noted that neither the ports 
of Broome or Wyndham have been surveyed for introduced marine pests. They specifically 
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recommended that any marine pest survey of Broome, include Willy [sic] Creek. The present 
survey was conducted to determine whether populations of the two mussel species occur in 
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of barnacles have been introduced into WA from overseas (Huisman et al. ���&Z���
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were also examined.

Methods

The shoreline adjacent to the Willie Creek Pearl Farm was searched for introduced mussels and 
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of the creek inland of the customs holding area (Plate 1). Any species spreading into the creek 
from the customs area would pass through the channel at the pearl farm. The upper part of the 
shoreline at the pearl farm is dominated by mangroves, predominately Avicennia marina and 
Rhizophora stylosa, with a rock platform in the high upper intertidal (Plates 2-4). The lower 
intertidal is a combination of soft mud and rocky shore. There is also a series of metal steps 
leading into the lower intertidal and in the mud are a number of discarded 200 litre steel drums 
that were used some years ago to house pearl oysters. All of these intertidal habitats were 
searched for mussels and barnacles. These habitats are representative of most of the intertidal 
area of the creek. They are also only a few hundred metres from the vessel holding area. 

The lower intertidal of the vessel holding area of the southern side of the creek is an open sand 
bar (Plate 5) with no hard structures to which mussels and barnacles could attach; because of 
entry restrictions this area was not investigated. However, the lack of suitable habitat makes 
the holding area low risk for maintaining mussel populations.

In addition, three subtidal sites in the creek channel were examined. Each site contained surface 
buoys spaced about 1.5 m apart from which ropes were hanging. One set of rope and buoys had 
been in the water for one to two years; the second for about 10 years; and the third had panels, 
each with six live pearl oysters, which had been in the water for about two years. At each site 
three to four buoys and the intervening ropes were examined. In addition one panel of pearl 
oysters at the third site was examined. 

Results and Discussion

No mussels of either species (Mytiliopsis sallei or Perna viridis) were found. Three species 
of barnacles were found at Willie Creek: Amphibalanus littoralis, Amphibalanus cirratus and 
Megabalanus occator. Amphibalanus littoralis is native to the region. Amphibalanus cirratus 
is cryptogenic and can be a fouling species. Megabalanus occator has been introduced into 
Australian waters, but is not included as a species of concern on the Consultative Committee for 
Introduced Marine Pest Emergencies (CCIMPE) Trigger List (2006). Its presence in Western 
Australia was recently confirmed by re-examing material previously identified as Megabalanus 
tintinnabulum Y+
��������&������	���Z#

Russell et al. (2004) and Neil et al. (2005) described in detail the illegal Indonesian fishing 
vessels that have been apprehended in Australian waters. Three types are recognised, based 
largely on the sails used on the vessels. All three types are of wooden construction. Type 1 
vessels have lateen sails while Type 2 vessels have fore- and aft- rigs similar to those used in 
modern yachts. Both Type 1 and 2 vessels, which are up to 15 m long, are hauled up on shore 
between fishing trips to reduce rotting and prolong the lifespan of the hulls. This significantly 



Fisheries Research Report [Western Australia] No. 207, 2010 125

reduces the amount of biofouling and the risk of introductions of marine species to Australia. 
Both Type 1 and Type 2 vessels operate from small fishing communities or pass through 
villages that are not likely to colonised by marine pests as they have relatively undisturbed 
marine habitats. Type 3 vessels, which include the iceboats, are larger (up to 22 m) and have 
diesel motors; they usually lack sails, and are left in the water. They tend to operate from 
Indonesian commercial ports, many of which have invasive marine pests. Types 1 and 2 have 
not been considered to be high risk for the introduction of marine pests into Australia. On the 
other hand, Type 3 boats pose a high risk and ice boats have been found to have both species 
of mussels attached. Ports such as Surabaya have both Mytilopsis sallei and the barnacle 
Austromegabalanus krakatauensis (Russell et al., 2004; Neil et al. (2005).

Willie Creek is small and shallow. The Indonesian boats that have been detained at the creek 
have been small boats of Types 1 and 2; no Type 3 vessels have been brought in to Willie Creek 
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up onto the beach (Plate 4). It appears that the small size of the creek, which has prevented the 
use of Willie Creek for Type 3 boats (most of these have been taken to Darwin), has protected 
the creek from invasion by mussels and barnacles. With increasing awareness over the years of 
the marine pest issue, all boats are now inspected before they are taken close to shore (Neil et 
al. 2005), and high standards are now in place for minimising the risk of introduction of marine 
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survey of Willie Creek.
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Plate 1.  Map of Willie Creek showing locations of the customs holding area for impounded 
vessels and the sample sites (source of original image Google Earth, 2008).

Plate 2.  North side of Willie Creek from Willie Creek Pearl Farm. The upper parts of the metal 
steps are in the foreground. On the right is a mixed habitat of mangroves, rocky shore 
and mud. Pearl lines can be seen on the left side, and the sand dunes at the mouth of 
the creek are in the distance. The customs area is behind mangroves at the top of the 
photograph. 
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Plate 3.  Muddy lower intertidal shoreline and mangroves in the upper intertidal at the Willie Creek 
Pearl Farm. 

Plate 4.  Rocky intertidal shoreline at the Willie Creek Pearl Farm. 
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Plate 5.  Impounded Indonesian perahus at Willie Creek at low tide. The perahus will be floating 
at high tide. (Photo: Craig Astbury). 
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Barnacle Samples from Willie Creek Survey

Species identified by Diana S. Jones 
Western Australian Museum 
February 2008

SYNOPSIS

Three barnacles are present in the samples (Tables 1, 2), as follows:

This cirripede fauna contains two elements, as follows:

1.  Common northern Australian intertidal and shallow water species 

Amphibalanus littoralis Y��������_
���%��&Z

2.  Fouling species previously collected from northwestern Australia  

Amphibalanus cirratus Y>���
���%&'`Z

3.  Introduced species previously collected from northwestern Australia  

Megabalanus occator�Y>���
���%&'`Z

Specimens of all species are housed in the WA Museum crustacean collection. Although 
Megabalanus occator is considered to be an introduction to Australian waters it is not included 
as a pest species in the National Introduced Marine Pests Information System (NIMPIS, 2002).

Report

A total of three species occur in the samples (Tables 1, 2). Specimens of all species are housed 
in the WA Museum crustacean collection. Amphibalanus littoralis Y��������_
���%��&Z� 
�� ��
littoral species occurring predominantly on mangroves trees. Amphibalanus cirratus (Darwin, 
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is not included as a pest species in NIMPIS.
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ORDER SESSILIA�_����	K��%&%& 
Suborder Balanomorpha�8
�������%�%�

Family Balanidae�_��	���%&%� 
Subfamily Amphibalaninae Pitombo, 2004 

Genus Amphibalanus Pitombo, 2004

Amphibalanus cirratus Y>���
���%&'`Z

Distribution: Indo-west Pacific – India, Indonesia, Australia, Philippines N to Korea; fouling 
species; littoral-sublittoral

Remarks: First recorded ��
��9������
�� ���>���
�� Y%&'`Z� �����
�� ��	
��
���� 
�� �
�������
Australian waters as a common species with fouling propensities. It is possible that its 
Australian distribution has been enhanced by shipping. This cirripede also fouls molluscs (e.g. 
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Amphibalanus littoralis Y��������_
���%��&Z

Distribution: China; Australia – northwestern WA.

Remarks: Amphibalanus littoralis�����
�
�
���������	�
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���Y��������_
���%��&Z��
but has since been recorded from Exmouth Gulf, the Dampier Archipelago and Dampier 
Creek, Broome, northwestern Australia (Jones, unpublished data). The species attaches to hard 
substrata and commonly occurs on mangrove trees (e.g. Avicennia marina (Forsk.) Vierh.).

Subfamily Megabalaninae -�������%���

Genus Megabalanus ^
�K��%�%Q

Megabalanus occator Y>���
���%&'`Z

Distribution: Coasts of East China Sea, Taiwan, Mindanao (Philippines), Bonin and Fiji 
Islands; Australia; fouling species.

Remarks: The type locality of Megabalanus occator is “South Seas” and its distribution 
is recorded as East China Sea, Taiwan, Philippines, Bonin and Fiji Islands by Henry and 
|	_�����
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��Y%��&Z�����Megabalanus xishaensis 
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��� %��&#� Megabalanus occator is easily confounded with M. tintinnabulum 
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from material previously determined as Megabalanus tintinnabulum. In Western Australia, the 
species is now positively recorded from Shark Bay, Barrow Island, the Dampier Archipelago 
and Broome (Jones and Burton, in prep.) and eastern Australian ports (Jones, unpublished 
data), suggesting that it has been introduced into Australian waters by shipping.

Table 1.  Barnacles collected from Willie Creek Pearl Farm, N of Broome, WA  
(17°76’S, 122º21’E).

Station/Site Date Order/
Family

Genus and  
species

Number of specimens

From tin drums in small 
creek just W of Willie Creek 
Pearl Farm

9/2/2008 Balanidae Amphibalanus 
cirratus

6 specimens (5 used for 
ontogenetic series), plus 
numerous disassociated plates

From tin drums in small 
creek just W of Willie Creek 
Pearl Farm

9/2/2008 Balanidae Amphibalanus 
littoralis

2 specimens (1 test, 1 
live adult), plus numerous 
disassociated plates 

From tin drums in small 
creek just W of Willie Creek 
Pearl Farm

9/2/2008 Balanidae Megabalanus 
occator

2 specimens (1 test, 1 live adult)

From ropes and oysters of 
Willie Creek Pearl Farm

9/2/2008 Balanidae Amphibalanus 
cirratus 

14 specimens

From ropes and oysters of 
Willie Creek Pearl Farm

9/2/2008 Megabalanus 
occator

1 specimen (1 live adult)

Table 2. Comparative material collected from Dampier Creek, Broome, WA.

Station/Site Date Order/Family Genus and species Number of specimens
Dampier Creek 9/2/2008 Balanidae Amphibalanus littoralis 20 specimens  

(1 test, 19 live adults)
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A likelihood analysis of non-indigenous  
marine species introduction to fifteen ports in 
Western Australia

Abstract

As an island continent, Australia is heavily dependent upon maritime transport with over 95% 
of its imports and exports transported by ship (Australian State of the Environment Committee, 
2001). With about one third of Australia’s coastline, Western Australia ranks fourth of the six 
states and territory in the number of known non-indigenous marine species.

In this study fifteen ports in Western Australia were assessed on the potential for non-indigenous 
marine species to become introduced through ballast water and biofouling. The overall vessel-
mediated incursion risk to Western Australian ports was calculated by summing the relative 
incursion threat posed by visits to each port (using 2006 port data). The relative threat value of 
these visits was determined by a set of uniformly applied criteria. These comprised:
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Using the criteria outlined above, the three ports at most risk of non-indigenous marine species 
introductions are:
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The rankings of each port in this study are consistent with results from the National Introduced 
Marine Pest Coordination Group (NIMPCG, 2006) study, which ranked all ports across 
Australia (based on data for 1998-2004).
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1.0 Introduction

Non-indigenous marine species can cause serious environmental and economic impacts. Once 
established, they can prey on and/or displace indigenous species. Directly and indirectly, 
invasive species can damage or adversely effect (Wallentinus & Nyberg, 2007): 
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hydroelectric and desalination plants.
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Moreover, once established introduced species are typically difficult or expensive to eradicate. 
As an indication of the potential costs, in the Baltic Sea an invasion of comb jelly (Mnemiopsis 
leidyi) so affected the marine food chain of the region that it led to the collapse of most fishing 
industries there valued at an estimated $US 500 million a year (Low, 2003). 

1.1 Non-indigenous marine species in Western Australia 

A total of 60 non-indigenous marine species (NIMS) are regarded as having been introduced, 
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indigenous marine species in Western Australia are temperate species (37 species) that occur 
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indigenous marine species occur in both the southern and northern halves of Western Australia. 
The greatest concentration of NIMS is in the southwest corner of Western Australia: Fremantle 
(including Cockburn Sound and the lower Swan River) has 46 non-indigenous marine species. 
In the southwest of the state Fremantle is the largest port based on the number of vessel 
movements. Albany (25 NIMS present), Bunbury (24 NIMS present) and Esperance (15 NIMS 
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et al. 2008). 

As yet there are no published data regarding adverse impacts of non-indigenous marine species 
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impacts in other areas, by competition for food and/or space. Adverse impacts may not occur 
until decades after the initial introduction and establishment (Courtney, 1990) and it would, 
therefore, be extremely shortsighted to assume that Western Australia’s relatively unaffected 
marine environment is immune to infestation by pest species. 

With about a third of Australia’s coastline, Western Australia ranks fourth of the six states in 
the number of non-indigenous marine species. It should be noted however, that there have 
been recent incursions of the black-striped mussel Mytilopsis sallei on illegal Indonesian 
�
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��� ������ ������� Perna viridis into 
Dampier. Whatever the current situation, there is still a great need for continued vigilance and 
implementation of pro-active mitigation.



Fisheries Research Report [Western Australia] No. 207, 2010 137

Fisheries Research Report [Western Australia] No. 182, 2008 3

1.2  Invasion potential

While Australia has taken steps to reduce pest introductions, for example through border 
controls, incursions continue to occur. The introduction of non-indigenous species into the marine 
environment is a major threat to native biodiversity and ecosystem health (Hass and Jones, 
1999).

The two main vectors for marine introductions recognised are - via ballast water discharge or via 
hull fouling (Carlton, 1996). Ballast water is used in ships for stability while travelling. In 2001 
around 150 million tonnes of ballast water were discharged in Australian coastal waters annually 
from international vessels, and a further 34 million tonnes from domestic vessels (Australian 
State of the Environment Committee, 2001). The amount of ballast discharged has increased 
considerably since that time. It has been estimated that 10,000 different species are being moved 
between various regions around the world in ballast water tanks each day (Low, 2003).

The management of ballast water is currently being addressed throughout the world by 
different governments at different levels. At an international level Australia has been very 
proactive in promoting the development of uniform international ballast water controls 
through its involvement as Chair of the Marine Environment Protection Committee (MEPC) 
of the International Maritime Organisation (IMO). Within Australia, Australian Quarantine 
and Inspection Service (AQIS) has been designated as the lead agency for the management of 
ballast water risks. In 1990, AQIS introduced voluntary ballast water guidelines in response to 
early concerns that ballast water from overseas ports may contain exotic species that have an 
adverse impact on the marine environment. The guidelines were refined and became mandatory 
in July 2001. These guidelines aim to reduce the risk of introducing non-indigenous marine 
species into Australia, primarily through processes of ballast water exchange at sea, ballasting 
in deep water and non-discharge in Australian ports. 

The introduction of ballast water controls has changed the relative importance of ballast versus 
hull fouling as the primary vector introducing non-indigenous marine species. Hull fouling on   
vessels and translocation of species between Australian ports has now become recognised as 
more important means of pest introductions (Hayes, 2002). Hull fouling is a broad term that 
covers marine species fouling on vessels’ hulls and associated niches, anchor chains, and in 
internal water systems through to attachment to drilling platforms. 

Introductions of non-indigenous marine species have been detected in all states of Australia. 
The most intensively studied port region in Australia is Port Phillip Bay in Victoria. The port is 
one of the few areas where it is possible to evaluate the historical patterns of invasion by non-
indigenous marine species (Hewitt et al. 1999). The study identified between 99 and 178 non-
indigenous marine species in the bay, and estimated that the actual number of non-indigenous 
marine species is between 300 and 400. The study further estimated that two to three new non-
indigenous marine species are establishing in Port Phillip Bay each year.

1.3 The aims of this document

All information used in this document is based on records of vessels visiting the ports within 
Western Australian for the period 1st January to the 31st December 2006, gathered from individual 
port Authorities and the West Australian Department for Planning and Infrastructure.
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Data were provided by the Port Authority of each of the 15 Western Australian ports for the 
calendar year 2006. The data for each port included:
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or international source).

Note: while all the above data categories were represented in the data set examined many 
locations did not have all this data for every vessel. DWT and ballast water discharged were 
the two main categories often missing data for vessels.
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the aim of reducing the risk of non-indigenous species introductions into the state. The results 
of the analysis presented in this report, are relative risk estimates. They do not represent an 
absolute measure of risk but rather relative risks of one port to another. The specific objectives 
of this report are:

1. Identify the number, type and origin of vessels visiting 15 West Australian high-risk 
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4. Assess likelihood of each location becoming ‘infected’ and rank locations based upon points 
%�Q�

5. Compare the results of this study with the findings of the National Introduced Marine Pest 
Coordination Group (NIMPCG) 2006.
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2.0 Methods

Ranking of locations on the likelihood for NIMS introduction was based on the port with the 
highest likelihood of receiving a pest. At the simplest level, the frequency of introduction can 
be assumed to be proportional to the number of vector movements between infected and non-
infected regions. For ballast water and hull fouling, a simple relationship exists between the 
frequency of introduction and the volume of ballast water discharged into recipient locations 
and the fouled surface area of vessels that enter the location.

2.1 Ranking criteria

The overall vessel-mediated incursion risk was calculated by summing the relative incursion 
threat posed by visits to each port. The relative threat value of these visits was determined by 
a set of uniformly applied criteria. These comprised:

� Number of visits by vessels: 

�� /
��� number of vessel visits;

�� -����� of visits from a domestic location;

�� -����� of visits from an international location;

� Volume of estimated ballast water discharged:

�� /
��� volume of ballast water;

�� �
���� of ballast water from a domestic source;

�� �
���� of ballast water from an international source;

� Dead weight tonnage Y>?/ – as a proxy of hull fouling potential) of vessels:

�� |��� >?/ of vessels;

�� |�*
��� >?/ of vessels;

� Vessel risk categorisation.

2.2 Dead weight tonnage 

Dead weight tonnage of a vessel has been shown to provide a useable proxy for hull fouling 
potential (Ruiz et al., 2000). For the purposes of this analysis it was assumed that hull fouling 
propagule supply is a simple linear, monotonically increasing, function of the number of large 
commercial vessel visits (Hayes et al., 2005). Therefore, when using DWT as a proxy for hull 
fouling potential, the larger the vessels visiting a port, the greater the fouling potential. 

2.3 Vessel risk categorisation

While DWT provides a useful proxy for hull fouling potential, it could be misleading to assume 
that the greater the surface area of a hull, the greater the number or density of fouling organisms. 
In reality, fouling organisms are often most numerous in small nooks and crannies in and around 
a vessel. The number and complexity of these fouling communities varies according to vessel 
type, with working vessels such as dredges having a greater risk potential due to ‘nooks and 
crannies’ than an LNG tanker with extensive flat surfaces. As such, using a ranking of vessel 
fouling potential based upon vessel design (based on established risk determination methods 
used by URS Australia – Polglaze (2007, pers. comm.)) was used to complement the >?/ 
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measure as a proxy for hull-fouling potential. The risk ranking is assigned to a vessel based on 
a series of vessel features that include:
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reach surfaces and availability of suitable slipping locations and opportunities in Australia.

For each of the above criteria a score was assigned. The scoring system does not weight any 
particular factor, rather it assigns a 1 to 3 value based on the following:
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A mean score for all factors is computed and ranked against the following risk rating:
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 > 2.5 = a high fouling propensity

2.4 Ranking the high-risk locations using all likelihood 
criteria

The assessment of likelihood of NIMS introduction for each port was made on a relative, not 
absolute, basis. The 15 ports were ranked from highest (1) to lowest (15) likelihood for each 
of the criteria and the ranking scores for all nine criteria (listed on page 7) were summed and 
then a mean value determined. 

For example, a port that was ranked 1st in terms of vessel visits, 11th for vessels from a domestic 
source, 2nd for vessels from an international source, 4th for the total amount of ballast water 
discharged, 3rd for the amount of domestic ballast water discharged, 5th for the amount of 
international sourced ballast water discharged, 1st for the mean DWT, 2nd for the maximum DWT, 
and 4th for vessel risk obtained a total likelihood score of 3.66 (1+11+2+4+3+5+1+2+4)/9). 
Once a likelihood value for each port (between 9 and 135) was determined they were ranked 
according to these likelihood values. 
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3.0 Results

3.1 Vessels entering Western Australian ports 

In total there were 8,874 visits recorded to the Western Australian 15 ports from 44 different 
types of vessel (Appendix 1). Given the large number of vessel types reported, they were 
classified into one of eight categories, which reflected the vessels primary use:
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Data on vessel category was not provided for some vessel visits (0.5 % of total number). These 
were classified as ‘unspecified’, a ninth category (Table 1).

Of the 8,874 visits, 4,017 (45.3%) had an international last port of call, 4,857 (54.7%) had 
a domestic last port. Commercial trading and working vessels comprised over 87.9% of 
all vessel visits (7,790 visits) (Table 1). Commercial trading vessels are also generally the 
largest vessels visiting WA ports and as such are those ranked as more likely to be ballast or 
hull fouling vectors (see following Ballast and DWT sections for more information). Cruise 
ships and ‘unspecified’ vessels had the lowest number (49 each) of visits totaling only 1% 
of all visits.

Based upon the total number of visits, Dampier ranked highest with 3,278, then Fremantle 
(1,722), then Broome (1,015) (Figure 2). Dampier also ranked first in the total number of 
international and domestic vessels (Figure 3). Fremantle was second for number of international 
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Geraldton with a greater number of domestic vessels (Figure 3). 

3.2 Ballast water discharge

Forty-four different vessel types were recorded entering WA ports. Of these vessel types only 
17 actually discharged any ballast water (Table 2). In total approximately 123.4 million tonnes 
of ballast water were discharged in WA from 4,081 vessels. 

Of this amount 5.4% had domestic origins (6.6 million tonnes from 478 vessels), 94.6% had 
international origins (116 million tonnes from 3,332 vessels) and 0.01% was classed as other 
where no last port of call data were provided (14,782 tonnes from 1 vessel). 

Ore carrying vessels discharged the most ballast water of all vessel types, 95.2 million tonnes 
of which 95 million tonnes (99.8%) was from an international source. General bulk and LNG 
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carriers were the next size classes, discharging 81.8% (12.4 million tonnes) and 100% (3.7 
million tones) internationally sourced ballast water respectively. 

3.3 Vessel categories

The vessel category (based on Table 1) discharging the greatest proportion of ballast water 
from a domestic source was working vessels (86% or 3,150 tonnes domestic; 14% or 500 
tonnes international) (Figure 4). The other two vessel categories discharging ballast water were 
military and trading vessels (Figure 4). Military vessels discharged no domestic ballast water; 
all 450 tonnes was from an international source; whilst ballast water discharged from trading 
vessels was almost all from international sources (5% or 6.6 million tonnes domestic; 95% or 
116 million tonnes international) (Figure 4). 

Most working vessels carry a little ballast water for trim purposes, with the exception of large 
heavy lift ships and construction barges that usually have a large ballasting and trim capacity. 
Unlike the trading ships and charter or cruise vessels which transit WA waters and/or spend 1-3 
days in a port, working vessels such as dredges, tugs and research ships may spend long periods 
at anchor or moored between jobs, undertake slow moving work in one location for long periods, 
and use seafloor equipment. As such these vessels have a greater propensity to ‘take-on’ non-
indigenous species, the majority of which are reported from coastal and port locations.

Dampier had the highest recorded total ballast water discharge of 42.2 million tones (34.4% of 
WA total), then Port Hedland with 40.9 million tones (33.1% of WA total), then Cape Lambert 
with 19.1 million tonnes (15.5% of WA total) (Figure 5). Fremantle had the greatest number of 
vessels discharging ballast water (1,015 or 61.5% of vessels visiting this port), however as a 
percentage of vessels discharging ballast water then Cape Lambert (325 vessels), Cape Cuvier 
(55 vessels) and Useless Loop (47 vessels) all had 100% of vessels discharging ballast water, 
Port Hedland was next highest at 88.5% of vessels visiting the port (823 vessels)(Figure 6).

Ranking of ballast water volume discharged into each port based on the source of the ballast 
water (international or domestic) is as follows: 

 International source of ballast water:

�� >���
�� ranks first (42.2 million tonnes or 97.5% of all the ballast water discharged in 
this port was from international source); 

�� 8
�� Hedland (40.9 million tonnes or 99.3% of all ballast water discharged in this port 
was from an international source);

�� @��� Lambert (19.1 million tonnes or 99.5% of all ballast water was from an international 
source).

 Domestic source of ballast water:

�� V�������� ranked first with 3.8 million tonnes or 45.4% of all the ballast water discharged 
in this port was from a domestic source;

�� U������ (830,296 tonnes or 18.4% of all ballast water discharged in this port was from 
a domestic source); 

�� �������
� (528,782 tonnes or 21.4% of all ballast water discharged in this port was from 
a domestic source).
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3.4  Vessel Dead Weight Tonnage (DWT) 

3.4.1  DWT per vessel category

Trading vessels had the highest mean, median and maximum DWT values of any vessel category 
(Table 3) therefore when using DWT as a proxy for hull fouling potential these vessels represent 
the greatest fouling risk, charter vessels the lowest risk (mean DWT 83 tonnes)(Table 3).

3.4.2  DWT for each high-risk location

On a port-by-port basis, a vessel visiting the Port of Dampier had the highest maximum DWT 
of 364,767 tonnes. This was an ore carrier. Cape Lambert had a maximum DWT of 310,698 
tonnes, then Fremantle with 306,000 tonnes (maximum DWT) (Figure 7). The lowest DWT 
value for a vessel was 10 tonnes for the Harrietta, a barge visiting Varanus Island. 

Figure 8 provides an indicator of the mean vessel DWT for each port. Cape Lambert had the 
highest mean DWT of 173,454 tonnes. The main vessel types contributing to this value were 
ore carriers, general bulk carriers and a single crude oil carrier. Port Hedland was next highest 
with a mean of 132,667 tonnes, then Bunbury with 48,920 tonnes. The lowest mean DWT was 
at Broome with only 2,390 tonnes.

3.5  Vessel risk categorisation

Using a ranking of vessel fouling potential (outlined previously on page 8) the risk factor 
assigned to the major vessel categories visiting Western Australian ports is shown in Table 4. 
Table 5 illustrates the total number of vessels visiting each port and the number of vessels in 
each risk category. 

The extent of fouling upon a vessel is also highly dependant on the vessel’s activity patterns, 
the time since it was last cleaned and anti-fouled, and the type of anti-foulant used. This type 
of information, however, was not readily available for those vessels operating in Western 
Australian waters. 

3.6  Relative likelihood of NIMS introduction for each Port 

The key findings from this report show that the top three Western Australian ports identified 
at most risk of non-indigenous marine species introduction (Dampier, Fremantle and Port 
Hedland) on the National Monitoring System (NIMPCG, 2006) have not changed in the last 
4 years. Table 6 shows the complete ranking of all ports examined in this study alongside the 
rankings from the Australian wide study (NIMPCG, 2006) (The raw data used to determine the 
individual port rankings are shown in Appendix 2). The greatest likelihood of non-indigenous 
marine species introductions is to Dampier (Figure 9). This likelihood drops to Fremantle then 
Port Hedland, at which point a plateau is reached for Bunbury, Cape Lambert and Geraldton, 
indicating little difference in the relative likelihood amongst these ports. The likelihood is 
reduced once more and again plateaus out for the remaining nine ports.

These results were then separated into five likelihood categories ranging from negligible to 
extreme (Tables 7-21). These likelihood categories are modified from Fletcher (2005) and 
identify the relative likelihood of non-indigenous marine species introduction to each location. 
The ranking categories used to assign likelihood in one of five levels are consistent with the 
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ESD Reporting Framework used by the Western Australian Department of Fisheries. These 
likelihood categories for risk analysis include:

Likelihood level Likelihood Management response
Negligible Introduction may occur only in exceptional 

circumstances and may never happen
No specific response required

Low Introduction is unlikely but could occur at 
some time

No specific response required.

Medium Introduction is possible at some time Occasional monitoring suggested.
High Introduction is likely to occur Annual comprehensive monitoring 

needed
Extreme Introduction is expected to occur Comprehensive monitoring & 

additional management activities 
needed 
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4.0  Discussion

As the largest State in Australia, Western Australia (WA) has a long and relatively pristine 
coastline that stretches over 12,500 km. The coast ranges over 20 degrees of latitude from 
14°S in the most northerly parts of the Kimberley to 35°S on the south coast. While the impact 
of introduced species in WA is as yet unknown, the likelihood of a pest outbreak is high, as 
the State includes many high traffic ports with a variety of habitats, ranging from tropical to 
temperate. Even a cursory review of the marine species known to be pests elsewhere reveal 
that, for most, suitable conditions for their survival, growth and possible reproduction can be 
found somewhere in the State. Thus the likelihood of a pest incursion is high and on-going 
vigilance is important if WA is to remain relatively pest free. 

Ballast water and fouling of vessels are believed to provide the primary pathways for non-
indigenous marine species enabling the initial introduction, while domestic vessels provide 
a range of secondary pathways that can promote the spread of established marine pests. The 
use of ballast water by commercial vessels has created a highly efficient transfer mechanism 
(vector) for entire plankton communities. Ships take on ballast water from coastal areas, 
capturing diverse planktonic assemblages that inhabit these areas, which are then discharged en 
masse at subsequent ports of call (Carlton and Geller 1993; Carlton 1996; Ruiz et al. 2000a,b). 
For overseas ships arriving in Australia and the USA alone, ballast water discharges in each 
country are calculated in million metric tons annually (Kerr 1994; Carlton et al. 1995), creating 
a massive transfer of biota across the globe. 

Domestic ballast water movement is currently not managed for non-indigenous marine species 
translocation nationwide, except Victoria. Therefore, there is a risk of translocating NIMS from 
areas where they are present to new areas. For example, Asian green mussels and Caribbean 
tubeworms are present in the Port of Cairns and are identified as taxa of concern for tropical 
Australia (NIMCPG, 2006). There is therefore a risk that any domestic ballast water collected 
from the Port of Cairns and discharged in suitable areas in WA, could introduce either of these 
taxa. 

Australian management agencies have introduced a protocol to address fouling on small 
international vessels (< 25 m). This protocol requires international vessels (or domestic vessels 
that have an international last port of call) to demonstrate hull-cleaning practice, or be slipped 
shortly after arrival in an approved facility (i.e. where wastes are contained). This protocol 
is currently voluntary, however it could still significantly reduce fouling as a vector. These 
measures will aid in reducing the potential for non-indigenous marine species into and between 
Australian ports. 

4.1 Recommendations

This likelihood assessment is a broad scale examination of 15 ports within Western Australia. 
An equal, linear and additive relationship between factors and likelihood of NIMS introduction 
was assumed, but this may not hold true. Further research is required to fully understand the 
full suite of factors that contribute to likelihood, the relationships between these factors and the 
actual likelihood posed by each factor. There is a particular need for these high-likelihood areas 
to be examined for non-indigenous species. An area currently designated as low likelihood may 
actually be at extreme likelihood of NIMS introduction if a neighbouring port from which it 
receives a lot of traffic is harbouring non-indigenous marine species. 
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The top three ports at risk of non-indigenous species introductions identified in this report 
(Dampier, Fremantle, and Port Hedland) are all scheduled for detailed non-indigenous marine 
species monitoring under the National System. In relation to future shipping activities in the 
remaining ports examined and the potential for non-indigenous marine species introductions 
the following recommendations are made: 

1. A general need for education and awareness raising across all sectors utilising these areas;

2. Ensure that comprehensive records of all vessels visiting the port are maintained so that data 
on vessel movements, ballast water discharged, etc. can be examined;

3. Areas identified as high to extreme likelihood of NIMS introduction need to establish a 
non-indigenous species monitoring regime starting with detailed baseline surveys using 
the National System from which to detect new invasions through to comprehensive vector/
species environmental compatibility analyses.
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7.0  Tables and Figures

7.1 Tables
Table 1.  The number of visits per vessel category and the number of vessel visits as a 

percentage of total visits in 2006. Data are ranked in descending order.

Vessel category # visits per vessel category % total visits
Commercial trading vessels 5,046 56.9
Working vessels 2,744 31
Government vessels 110 1
Other non-working vessels 13 0.1
Charter vessels 325 3.7
Cruise ships 49 0.5
Unspecified 49 0.5
Fishing vessels 474 5.4
Military vessels 64 0.7
Total 8,874 100

Table 2.  Vessel type, the volume of ballast water discharged by ballast water source (domestic or 
international last port of call) and total volume of ballast water discharged per vessel type 
in 2006.

Vessel type Ballast water source 
(based on last port of call)

Total ballast water 
discharged

Domestic International Other
Bulk/ chemical carrier 76,930 76,930
Chemical tanker 91,279 114,895 206,174
Container ship 1,660,485 1,225,779 288,264
Crude oil tanker 387,578 1,807,986 2,195,564
Gas carrier 38,976 463,552 502,528
General bulk carrier 2,741,812 12,410,506 14,782 15,167,100
General cargo ship 198,182 74,200 272,382
Grain carrier 253,765 1,068,633 1,322,398
Heavy lift ship 3,000 3,000
Livestock carrier 66,910 155,610 222,521
LNG carrier 3,718,151 3,718,151
Ore carrier 154,974 95,063,750 95,218,723
Pipe-lay Ship 500 500
Products tanker 941,818 293,937 1,235,756
Tug and barge combo 150 150
Woodchip Carrier 407,553 407,553
Military ship 450 450
Grand Total (tonnes) 6,615,859 116,805,503 14,782 123,436,143
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Table 3.  Vessel category mean (+se), median, minimum and maximum DWT for each vessel 
category in 2006. Note: does not include vessel visits where no DWT data was provided 
(n = 7431).

Number Mean SE Median Min Max
Charter vessel 16 83 40 28 20 668
Cruise ship 54 3,573 590 2,975 120 24,528
Fishing vessel 23 690 108 611 75 1,746
Government vessel 14 453 282 270 30 4,100
Military vessel 48 4,923 1,235 3,050 116 40,870
Other non-work 8 1,426 1,005 259 80 8,346
Trading vessel 4,841 84,408 958 53,540 27 364,767
Work vessel 2,427 1585 133 1,014 10 149,494

Table 4.  Risk rating of major vessel categories visiting WA ports in 2006.

Vessel category Risk rating
Fishing 1.7
Government 1.5
Military 2.0
Private 1.4
Research 1.5
Trading 1.3
Trading cruise 1.3
Working 2.0
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Table 5.  The total number of vessels visiting each port and the number of vessels in each risk 
grouping (based on criteria listed on page 8) in 2006. Note: Does not include visits 
where insufficient or no data were provided (does not include data for 860 vessel visits 
to Broome as insufficient data was provided for these visits).

Port Total # visits
Vessel risk factor 

low moderate
Albany 115 108 7
Barrow Island 186 10 176
Broome 155 12 143
Bunbury 344 343 3
Cape Cuvier 55 55 0
Cape Lambert 325 325 0
Dampier 3,278 1,205 2,068
Esperance 175 174 0
Exmouth 6 6 0
Fremantle 1,722 1,650 67
Geraldton 369 235 134
Port Hedland 930 915 15
Useless Loop 47 47 0
Varanus Island 193 9 184
Wyndham 114 112 2
Totals 8,005 5,206 2,799
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Table 6.  Final ranking of each port using 2006 data based on rankings obtained in Table 5 (see 
Appendix 2 for raw data for each variable measured). NIMPCG national ranking is based 
on data from 1998-2004. ). NIMPCG values are rankings adjusted for WA ports only. The 
values in brackets indicate the ranking of each port on an Australia wide basis.

Port Likelihood ranking* 
this report

NIMPCG national ranking 
(1998-2004 data)**

Likelihood Category

Dampier 1 2 (6) Extreme
Fremantle 2 1 (2) High
Port Hedland 3 3 (9) High
Bunbury 4 4 (24) Moderate
Cape Lambert 5 n/a Moderate
Geraldton 6 5 (27) Moderate
Esperance 7 7 (37) Low
Albany 8 6 (34) Low
Varanus Island 9 11 (59) Low
Barrow Island 10 12 (76) Low
Broome 11 9 (43) Low
Useless Loop 12 14 (81) Low
Cape Cuvier 13 10 (46) Low
Wyndham 14 8 (41) Low
Exmouth 15 13 (79) Negligible

*  The likelihood ranking is based on the mean score from Appendix 2 and assigns a value from 1 to 15 (based 
on the number of ports examined).

** National ranking is based on the data from the Australian Marine Pest Monitoring Guidelines: Version 1 
Monitoring Network (2006).

n/a in NIMPCG ranking means that this port was not evaluated.

Table 7. Likelihood of NIMS introduction to the port of Albany for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category 

Overall likelihood of NIMS 
introduction to port 
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Table 8.  Likelihood of NIMS introduction to Barrow Island for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 

Table 9.  Likelihood of NIMS introduction to Broome for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 
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Table 10. Likelihood of NIMS introduction to the Port of Bunbury for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 

Table 11.  Likelihood of NIMS introduction to Cape Cuvier for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 
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Table 12.  Likelihood of NIMS introduction to Cape Lambert for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 

Table 13.  Likelihood of NIMS introduction to the Port of Dampier for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 
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Table 14.  Likelihood of NIMS introduction to the Port of Esperance for each of the criteria 
examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 

Table 15.  Likelihood of NIMS introduction to Exmouth for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 
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Table 16.  Likelihood of NIMS introduction to the Port of Fremantle for each of the criteria 
examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 

Table 17.  Likelihood of NIMS introduction to the Port of Geraldton for each of the criteria 
examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 
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Table 18.  Likelihood of NIMS introduction to Port Hedland for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 

Table 19.  Likelihood of NIMS introduction to Useless Loop for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 
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Table 20.  Likelihood of NIMS introduction to Varanus Island for each of the criteria examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 

Table 21.  Likelihood of NIMS introduction to the Port of Wyndham for each of the criteria 
examined.

Relative likelihood
Negligible low moderate high extreme 

C
rit

er
ia

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Ballast international source

Dead weight tonnage (mean)

Dead weight tonnage (max)

Highest vessel risk category

Overall likelihood of NIMS 
introduction to port 
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7.2  Figures

Figure 1.  Map of the Western Australian coastline showing the 15 ports evaluated in this 
assessment.
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Figure 2.  Total number of visits recorded for each port in 2006.
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Figure 3.  Number of international and domestic visits recorded for each port in 2006.
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Figure 4.  Amount of domestic or international sourced ballast water discharged from three 
vessel categories (as a percentage of total number) in 2006. Number of vessels per 
category and amount of ballast water discharged: Military vessels - 2 international 
vessels (450 tonnes); Trading vessels - 744 domestic vessels (6.6 million tonnes), 3,330 
international vessels (116.8 million tonnes); Working vessels 4 domestic (3,150 tonnes), 
1 international vessel (500 tonnes).
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Figure 5. Total estimated ballast water discharged at each port in 2006.
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Figure 6.  Number of vessels estimated to discharge ballast water at each port in 2006 (Values 
above bars represent the percentage of vessels estimated to discharge ballast water per 
port).
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Figure 7.  Maximum DWT for vessels visiting each port in 2006.
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Figure 8.  Mean (  SE) DWT for vessels visiting each port in 2006.
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Figure 9.  Relative likelihood of NIMS introduction amongst all ports evaluated. Values in brackets 
alongside location names indicate likelihood ranking from this study.
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8.0  Appendices

Appendix 1. Vessel type and number of visits made to all ports  
in 2006.

Vessel type # visits
Barge 36
Bitumen carrier 2
Cable laying vessel 4
Cement carrier 7
Chemical tanker 120
Container ship 491
Crude oil tanker 203
Cruise charter 325
Cruise ship 49
Customs 8
Dredge 8
Ferry 2
Fishing vessels 474
FPSO 1
Gas carrier 40
General bulk carrier 1294
General cargo 311
Government patrol 97
Grain carrier 116
Heavy lift 33
Ice breaker 1
Livestock carrier 135
LNG carrier 212
Military 64
MODU 12
n/a 49
Ore carrier 1658
OSV 2602
Pipe layer 2
Private patrol 1
Products tanker 253
Reefer 2
Research vessel 1
Ro-Ro 32
Sailing - training 5
Sailing vessel 2
Shuttle tanker 1
Special cargo carrier 5
Super yacht 1
Tug 38
Tug & barge combo 3
Vehicles carrier 145
WA police 5
Woodchip carrier 24
Total number of visits to all ports 8874
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Appendix 2. Raw data for all ports showing number of visits 
(total and last port of call), amount of ballast water 
discharged (total and source - last port of call), and 
mean Dead Weight Tonnage (DWT) for all vessels 
entering that port in 2006.
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Risk assessment of commercial fisheries introducing or 
transferring non-indigenous marine species (NIMS) in 
Western Australia

Fred E Wells 
Western Australian Fisheries and Marine Research Laboratories 
PO Box 20, North Beach WA 6920

Executive Summary

Western Australia has an extensive, variable coastline that extends from the tropical regions of 
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people live in the Perth metropolitan area and most of the remainder live in the southwest. 
Outside the major towns and ports in other parts of the State, the marine environment is 
relatively pristine. Introduced marine pests are considered to be one of the critical threats to 
this pristine marine environment.

A recent analysis recorded 60 introduced marine species for which distributional data are 
available. Most (37 species) are temperate; 6 are tropical; and 17 occur in both areas. All 60 
species are found in marine areas associated with harbours; 26 species occur on nearby open 
coasts. This strongly suggests species are being introduced to the State through major nodes 
of human activity, followed by some spread to nearby areas. However, it is acknowledged that 
surveys for introduced species have been concentrated in harbours and records from adjacent 
open shores are incidental. 

A national port monitoring program is being established that targets 55 species known to be 
invasive in Australia or elsewhere, or are potentially invasive. In their analysis of marine 
species introduced into Western Australia, Huisman et al.� Y���&Z� �
���� 
���� ������ ���	
���
on the national list: the dinoflagellate, Alexandrium tamarense, the polychaete Sabella 
spallanzanii, and the bivalve Musculista senhousia. The alga Caulerpa taxifolia occurs in 
WA, but it is not the invasive genetic strain. A single specimen of the invasive marine alga 
Codium fragile fragile was recently found in Albany. Investigations are underway to determine 
whether the species is actually present in the area. Overall only eleven of the 55 species occur 
in Australian waters. It is acknowledged that species not on the list may become invasive. 
Eighteen ports nationwide are in the national monitoring system, including three in Western 
Australia: Dampier, Port Hedland and Fremantle.
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to evaluate the risk of introduction of nonindigineous marine species into Western Australia by 
commercial fisheries and the risk of their spread by fisheries activities. The final document has 
been updated to incorporate the workshop results.

It is concluded that fishing boats operating in Western Australian managed fisheries could 
potentially introduce NIMS from other areas when they move from interstate or overseas into 
WA. However, this is a shipping issue common to all vessels moving from one location to 
another, and should be considered in the context of overall vessel movement.

As no boats in WA managed fisheries fish overseas, there is no risk of introductions through 
overseas fishing activities. A few boats in northern WA fisheries travel to Darwin, but at 
present no species on the NIMPCG (2006) list are known to occur there. Two boats in the 
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WA southern rock lobster fishery are based in Ceduna, South Australia, but again there are 
no known species on the NIMCGP (2006) list. There is some opportunity for boats to move 
the three species in already WA about in the southern half of the State, but to date no adverse 
effects from these species have been recorded. Overall, there is low risk at present of boats 
operating in WA managed fisheries introducing NIMS into the State, but the situation will be 
continually monitored. 

The above assessment has been concerned with the movement of NIMS into Western Australia 
or movement of the few species already within the State into new areas. The assessment 
has placed the risks as low in view of the few species present in areas where WA fisheries 
operate that are on the NIMPCG target list. However, it must be recognised that if NIMS are 
introduced into an area where WA fisheries operate, there is a high potential for commercial 
fishing activities to spread the NIMS. This might well occur before the Department of Fisheries 
becomes aware of the presence of the marine pest. Accordingly, the recommendations of 
Summerson and Curran (2005) should be followed by all WA commercial fisheries. NIMPCG 
is currently developing national protocols for the operation of commercial fisheries vessels. 
When these protocols have been developed, they should be used in Western Australia.

Introduction

Non-indigenous marine species (NIMS) are organisms that have moved from their natural 
environment to an area where they can potentially threaten human health, economic values 
or the environment, thereby becoming introduced marine pests. Non-indigenous marine 
species are a global problem, and are second only to habitat change and loss in reducing 
global biodiversity (Millennium Ecosystem Assessment, 2005). Many of these species remain 
inconspicuous, however it is estimated that one in six to ten of non-indigenous marine species 
will become a pest. Most accidental introductions are due to shipping and recreational craft 
moving from country to country, with the pests being transported in ballast water, on ship 
hulls, or within a vessel’s internal seawater pipes. There have been no successful deliberate 

���
��	�

��� Y�
�� �!��	�������� �!���
�� 
�� ��	����

���� �
��
��Z� �
� ���� ���
��� ���
�
������
in WA. An attempt to introduce the Japanese oyster (Crassostrea gigasZ� ���9������ 
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NIMS are perhaps the most important long-term threat to coastal ecosystems and commercial 
fisheries (Hayes et al. 2005). This is because non-indigenous species can spread widely, there 
is often limited chance of their complete eradication, and the impacts posed by these species 
are difficult to predict. Non-indigenous marine species are even capable of stressing or even 
destroying commercial fisheries.  There is no way to determine the actual economic impact 
that marine introduced species have, however, the amount of money lost from the destruction 
of fisheries, the removal of fouling organisms can be enormous (Carlton 2001).

Other damage caused by NIMS includes predation on native and farmed species, prolific 
colonisation, increased competition for space and food, altered nutrient cycles, and a loss of 
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marine species have the potential to harm human health (e.g. cholera, paralytic shellfish 
�

�
�
��Z�� ���� 
�	������ ����� 	
������

�� 
�� ������
��� Y����� �
��
��� 
����
���Z#�9!���
���
species can become marine pests if dumped and may act as vectors for diseases harmful to 
native species.
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Once a species becomes established in the marine environment, it is almost impossible to 
eradicate. Non-indigenous marine pests in Australia and overseas have caused many millions 
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of dollars annually in control and remediation efforts. There has only been one non-indigenous 
marine species that has been successfully eradicated to date in Australia, the black striped 
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�����et al. 2000). 

There have been a number of studies which suggested fishing activities could potentially 
transfer marine pests from one area to another. Kinloch et al. (2003) examined 23 categories 
of nontrading vessels in Australian waters and ranked commercial fishing vessels as the 
greatest risk for moving marine pests from one part of Australia to another after they had been 
originally introduced. There are a large number of fishing vessels (estimated at nearly 12,000), 
which undertake a broad range of activities. Some vessels may move considerable distances 
from one port to another. Often the vessels remain in port for extended periods, allowing the 
development of fouling communities on the hulls. Fishing often occurs in shallow waters 
where marine pests are concentrated, with the gear often left in the water for 24 hours or more 
in close contact with the sea floor. Wet fishing nets and boat wells are potential transmission 
vectors (Hutchings et al.�%�&�Z��������������
��
��������������	�
���Y^
��������>
��
�����
2004) and sea chests (Coutts et al. 2003; Meinesz 2003). Fishing vessels have been implicated 
in moving the Japanese giant kelp Undaria pinnatifolia to new sites in New Zealand (Sinner et 
al. 2000), and the marine alga Caulerpa taxifolia has been spread widely in the Mediterranean 
Sea by entanglement in fishing gear (Meinesz et al. 2001).

Summerson and Curran (2005) recently analysed the risks of Australian commercial fisheries 
transferring introduced marine pests from one part of the coastline to another. They conducted 
risk assessments of four likely scenarios:
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Summerson and Curran (2005) analysed fishing activities of fifteen fisheries in detail and 
another 132 were briefly discussed. Included in the assessment were 47 fisheries managed 
by the Western Australian Department of Fisheries, with the Kimberley prawn fishery being 
examined in detail.

The Summerson and Curran (2005) examined the potential for fisheries to transfer organisms 
from one area to another. If pests were present, they could be among the species transferred. 
Following the paper by Summerson and Curran (2005), Huisman et al#� Y���&Z� �����
����
detained information on the location of introduced marine species in Western Australia, 
including pest species. The present paper examines the risk of commercial fisheries managed 
by the Western Australian Department of Fisheries in moving species into the state, or to 
different areas within Western Australia. 

Marine Biogeography of Western Australia

As the largest State in Australia, Western Australia has a long and relatively pristine coastline 
that stretches over 12,500 km. The coast ranges over 20 degrees of latitude from 14°S in the 
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most northerly parts of the Kimberley to 35°S on the south coast. The shallow waters of the WA 
coast can be divided into three distinct biogeographical regions (Figure 1). The tropical north 
coast extends northeastward from North West Cape to the Northern Territory Border. The north 
coast is part of the vast tropical Indo-West Pacific biogeographic region that stretches from the 
east coast of Africa to Hawaii. In Australia, the Indo-West Pacific reaches as far south as the 
southern limit of the Great Barrier Reef, Queensland. There are no major distributional barriers 
on the north coast. While there are some individual species that have shorter ranges, most taxa 
which occur on the north coast extend to North West Cape if the necessary habitat is available. 
The south coast is part of the Southern Australian Warm Temperate Region that extends east 
from Cape Leeuwin to New South Wales. Like the north coast, there are no major distributional 
barriers on the south coast. Most species on the south coast reach Cape Leeuwin if the correct 
habitat is available. The west coast, between North West Cape and Cape Leeuwin, is a region 
of biogeographical overlap, where the tropical and temperate biotas overlap. Tropical species 
predominate in the north and temperate species in the south. In addition, about 10% of the 
shallow water marine biota of WA is endemic to the State. The ranges of individual endemic 
species vary considerably: some occur on the north coast, others on the south, and many are 
wide ranging, but most WA endemic species occur on the west coast for at least part of their 
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	�� ���� ��� �	
�
�
	����� ���£
�� �	
�
�
	����� 
��
������ Y?����� %�&���
?
��
������9�����%�&�Z#

KununurraNORTHERN AUSTRALIA
REGION (TROPICAL)

OVERLAP
ZONE

SOUTHERN AUSTRALIA REGION (TEMPERATE)

Broome

Port Hedland

Onslow

Carnarvon

Kalbarri

Geraldton

Perth

Augusta
Albany

Esperance

0 375 750 Kilometers

Figure 1.  Map of Western Australia showing the three major biogeographic zones.
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The importance of Western Australian coral reefs was highlighted by a recent study published 
in Science (Roberts et al. 2002). The authors analysed the worldwide distributions of 3225 
species of corals, fish, molluscs and rock lobsters that live on coral reefs throughout the world. 
Eighteen hotspots of coral reef biodiversity were found, including one on the west coast of 
Western Australia. The WA hotspot includes Ningaloo Reef, the outer islands of Shark Bay, 
the Houtman Abrolhos Islands, and Pocillopora Reef at Rottnest Island. The international 
significance of the hotspot is indicated by the fact that it ranks seventh in total diversity of 
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species and only 15th in terms of threats from human activities. 

The Western Australian marine environment is unusual because of the Leeuwin Current, which 
forms in the open ocean north and east of North West Cape. It flows down the west coast of 
WA bringing warm, relatively low salinity tropical waters along the edge of the continental 
shelf. The current is strongest and closest to shore during autumn and winter; during spring and 
summer it is weaker and farther from the coast. The Leeuwin Current has a major influence on 
the biogeography of the State’s marine flora and fauna and is responsible for the occurrence 
of tropical biota at latitudes where these species would not otherwise be found (Morgan and 
?������%��%Z#�9��@����_����
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Great Australian Bight, dissipating as it heads east. Traces have been recorded as far east as 
Tasmania, making it the longest unidirectional current in the world.

Fisheries included in this assessment

One common misconception about the management of fisheries in Western Australia is that the 
Department of Fisheries is responsible only for State waters, which are generally three nautical 
miles out to sea from the baseline. While this is important for many areas, under the Offshore 
Constitutional Settlement between the Commonwealth and Western Australian governments 
the State of Western Australia is, in general, responsible for management of fisheries in both 
State and Commonwealth waters out to the 200 m isobath. The Commonwealth is responsible 
for management of fisheries in waters deeper than 200 m out to the limit of the Australian 
Exclusive Economic Zone, which in most areas is the 200 nautical mile (361 km) limit. The 
major exceptions are tuna, which are managed by the Commonwealth Australian Fisheries 
Management Authority (AFMA), and the Northern Prawn Fishery that operates in Queensland, 
the Northern Territory and the Kimberley region of Western Australia.

AFMA manages several small deepwater trawl fisheries off Western Australia: North West 
Slope Trawl Fishery, Western Deepwater Trawl Fishery and the Southern and East Coast 
Scalefish and Shark Fishery (SECSSF). The first two are located entirely off Western Australia, 
but the Great Australian Bight Trawl Sector of the SECSSF includes all of the waters off the 
south coast of WA and SA. Throughout its range the fishery operates in waters deeper than 
200 m, with State fisheries working in shallower waters. In the middle of the fishery, in the 
unpopulated areas of the Great Australian Bight, the fishery also trawls on the shelf. 

The vast majority of fisheries in Western Australia are managed by the Western Australian 
Department of Fisheries (DoF). The present assessment is limited to fisheries managed by 
DoF; it does not include Commonwealth managed fisheries nor entry to the State by illegal 
foreign fishers. 

The DoF manages fisheries in Western Australia by biogeographical regions: north coast, south 
coast, west coast and Gascoyne coast bioregions (Figure 1). The division of the west coast into 
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two bioregions reflects the differences between the area from Shark Bay north and the regions 
south of Shark Bay. In fact, there is division between marine scientists as to the southern 
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Bay as the southern limit of the tropical biota. For the purposes of this report, the following 
biogeographical regions are recognised:
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These regions are similar to the fishery management zones but are considered to be more 
biologically meaningful. The marine bioregional boundaries used here are broadly consistent 
with those of the Interim Marine and Coastal Regionalisation for Australia report (IMCRA 
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This reflects the nature of the Gascoyne as a permanent transition zone between tropical and 
temperate waters. The broad IMCRA regions are subdivided into smaller units, reflecting 
habitat distinctions within these broad regions.

The Fish Resources Management Act, 1994 provides the legislative framework to implement 
management arrangements for fisheries in Western Australia. The FRMA and the specific 
management plans for individual fisheries adhere to arrangements established under relevant 
Australian laws with reference to international agreements. The objects of the FRMA are to 
conserve, develop and share the fish resources of the State for the benefit of present and future 
generations. In particular, this act has the following objects:
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tourism;
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The first goal of the FRMA is to “conserve fish and to protect their environment”. The FRMA 
sets out the objects for the sustainable management of fish resources in WA, and provides 
the framework for developing and implementing management plans for the State’s fisheries. 
Thus the introduction of NIMS species into the Western Australian marine environment would 
pose a major threat not only to commercial fisheries but also to our marine biodiversity and 
ecosystem health. Not only is the management of NIMS in Western Australia in accord with the 
FRMA, the Department of Fisheries is the lead agency in the State government for the issue.

The present assessment is of the risk of introducing non-indigenous marine species into 
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Western Australia by Western Australian managed fisheries, or the transfer of such species 
already in the State from one area to another.

Non-Indigenous Marine Species in Western Australia

As a first step in developing management information on marine pests in Western Australia, 
Huisman et al.�Y���&#Z�	
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introduced to the State. Results of this study are summarised below.

A total of 102 species are discussed in the paper:
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The 60 NIMS established in Western Australia are classified in a wide range of plant and 
animal taxa. The groups with the most introduced species are bryozoans (15), crustaceans (13) 
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species occur in nearby open coasts, including estuaries such as the mouth of Peel Inlet. This 
strongly suggests species are being introduced to the State through major nodes of human 
activity, followed by some spread to nearby areas. However, it should be noted that surveys 
for introduced species have been concentrated in harbours and the records from adjacent 
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introduced species have become outside harbours. The most diverse groups on open coasts are 
bryozoans (7 species) and barnacles (5 species). The bryozoans were all recorded in Shark Bay 
(Wyatt et al. 2005). 

Most of the NIMS in Western Australia are temperate species (37 species) that occur from 
Geraldton south; only 6 are tropical species that occur from Shark Bay north; 17 introduced 
species occur in both the southern and northern halves of Western Australia. Because of the 
preponderance of temperate species, southern marine areas have more introduced marine 
species than northern areas. The greatest concentration is in the southwest corner of Western 
Australia: Fremantle (including Cockburn Sound and the lower Swan River) has 46 introduced 
species. It is the largest port by vessel movements. Albany (25), Bunbury (24) and Esperance 
(15) are all smaller ports with less habitat diversity and fewer numbers of introduced marine 
species. 
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numbers of NIMS were found: Victoria (57); New South Wales (55); Tasmania (45); Western 
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the data are out of date, they confirm that on a nationwide basis there are more introduced 
marine species on the temperate south coast than in the tropical northern waters. With about 
a third of Australia’s coastline, Western Australia ranks fourth of the six states in the number 
of introduced marine species, just one species ahead of South Australia. Huisman et al. 
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alone, and an additional 61 cryptogenic species in the bay. 
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As yet there are no published data regarding adverse impacts of introduced species in Western 
9������
��Y^��������+
����%���Z��������������������������
����
�������
��
�
	����
���	���
��
other areas, by competition for food and/or space. For example, no threats to Western Australian 
native species, fisheries or seagrass beds were identified through the introduction of Sabella 
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have suggested that this species has the potential to compete with native filter feeders and 
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therefore, be extremely shortsighted to assume that Western Australia’s relatively unaffected 
marine environment is somehow immune to infestation by pest species.

While the number of known NIMS in Western Australia is relatively low, it should be 
remembered that there have been recent incursions of the black striped mussel Mytilopsis sallei 
on illegal Indonesian fishing boats in Broome and Port Hedland and the Asian green mussel 
Perna viridis on large ships entering Dampier. Whatever the current situation, there is still a 
great need for continued vigilance.

The National Monitoring Program
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Pests (CRIMP) developed a method for conducting baseline surveys of Australian ports for 
introduced marine species. The goal was to establish a national database of as a first step in 
addressing the problem. The hypothesis was that to understand if a species is introduced, there 
must first be a thorough understanding of what species occur naturally in an area. Baseline 
surveys were conducted by CRIMP, or other agencies using CRIMP methodology, of all 
of the major Australian ports, with the exception of Dampier. However, in late 2007, the 
Department of Fisheries made a submission that the extensive work of the partnership between 
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CRIMP-type survey. While initial reactions have been favourable, no final decision has as yet 
been made.
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including Dampier, Port Hedland and Fremantle in Western Australia, being included on the 
National Monitoring Network. Targeted monitoring will concentrate on these ports in the 
future. The system is now being brought into effect, and the ports will be examined as soon as 
possible. Following the initial survey, each of the three ports will be surveyed every two years. 

Now that the baseline surveys have been completed, there is a much better understanding of 
NIMS in Australia. With the broad surveys completed, the NIMPCG focus has changed to 
determining the presence/absence of 55 target species (Table 1). These are species that are 
known to be invasive in Australia, are invasive elsewhere, or are considered to be potentially 
invasive. The National Monitoring Network will target these species, acknowledging that other 
species might be detected by the surveys.

In their analysis of marine species introduced into Western Australia, Huisman et al.� Y���&Z�
found only three species on the NIMPCG (2006) list: the dinoflagellate Alexandrium minutum); 
the polychaete Sabella spallanzanii; and the bivalve Musculista senhousia (Table 2). The alga 
Caulerpa taxifolia occurs naturally in WA, but it is not the invasive genetic strain. In addition, 
the dinoflagellate A. tamarense, which is on the list, was considered to be cryptogenic or native 
to WA. Recently a single specimen of the marine alga Codium fragile fragile was found in 
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any individuals. The area will be resurveyed in the coming summer. Overall only eleven of the 
55 species occur in Australian waters (Table 3).

While the list will inevitably be modified over time, it is important to recognise that future 
monitoring for NIMS in Western Australia will concentrate on the NIMPCG list.

Table 1.  Target species of introduced and potentially introduced marine species on the national 
monitoring program (NIMPCG 2006).

Group Species Group Species
BALLAST WATER
Dinoflagellates Alexandrium catenella Diatoms Chaetoceros convolutus

Alexandrium minutum Chaetoceros concavicornis
Alexandrium monilatum Pseudo-nitzschia seriata
Alexandrium tamarense Ctenophorans Beroe ovata
Dinophysis norvegica Mnemiopsis leidyi 
Gymnodinium catenatum Copepods Acartia tonsa
Pfiesteria piscicida Pseudodiaptomus marinus

Tortanus dextrilobatus
HULL FOULING
Algae Bonnemaisonia hamifera Cnidarians Blackfordia virginica

Caulerpa racemosa Polychaetes Sabella spallanzanii 
Caulerpa taxifolia Hydroides dianthus
Codium fragile spp. Marenzelleria spp.
Grateloupia turuturu Barnacles Balanus eburneus
Sargassum muticum Balanus improvisus
Undaria pinnatifida Crabs  Callinectes sapidus
Womersleyella setacea Carcinus maenus

Bivalves Corbula amurensis Charybdis japonica
Ensis directus Eriocheir spp.
Limnoperna fortunei Hemigrapsus sanguineus
Mya arenaria Hemigrapsus takanoi

 Varicorbula gibba Rhithropanopeus harrisii
Musculista senhousia Ascidians Didemnum spp.
Mytilopsis sallei Starfish Asterias amurensis
Perna perna Fish Neogobius melanostomus
Perna viridis Siganus luridus
Crassostrea gigas Siganus rivulatus

Gastropods Crepidula fornicata Tridentiger barbatus
Rapana venosa Tridentiger bifasciatus
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Table 2.  NIMPCG target species recorded in Western Australian marine areas.

Group Species Areas inhabited
Dinoflagellates Alexandrium minutum Bunbury, Fremantle
Bivalves Musculista senhousia Fremantle
Polychaetes Sabella spallanzanii Esperance, Albany, Bunbury, Fremantle
Macroalga Codium fragile fragile Albany

Table 3.  NIMPCG target species recorded in Australian marine areas.

Group Species Areas inhabited
Marina algae Caulerpa taxifolia Queensland to South Australia

Undaria pinnatifida Tasmania
Grateloupia turuturu Tasmania
Codium fragile fragile New South Wales 

Dinoflagellates Alexandrium minutum Western Australia
Starfish Asterias amurensis Tasmania, Victoria
Crab Carcinus maenas Tasmania, New South Wales to South Australia

Crassostrea gigas Tasmania, New South Wales to South Australia
Musculista senhousia Tasmania, South Australia, Western Australia
Perna viridis Cairns, Queensland

Polychaetes Sabella spallanzanii Tasmania, New South Wales to Western Australia

In addition to the NIMPCG (2006) species listed above, the websites of the responsible state 
agencies list the additional species considered to pests in those areas: the fish Tridentiger 
trigonocephalus in New South Wales and the bivalve Corbula gibba in Tasmania. The 
polychaete Hydroides santaecrucis has been recorded in the Cairns area of Queensland (Lewis 
et al. 2006), but is considered to be a nuisance, not a pest.

Assessment of Wa Managed Fisheries

The present assessment is of the possibility for NIMS being introduced into Western Australia 
or moved about within the State specifically as a result of fishing activities. 

Movement of any vessel from an overseas or interstate port into Western Australia can 
introduce NIMS into the State, regardless of whether the vessel is a large ship, private yacht, 
dredge, fishing boat, or any other type of vessel. Issues associated with vessel movements 
between ports are covered by the national plans for vessel movements between ports and are 
not considered here. 

There are three potential issues for Western Australian managed fisheries with regard to 
introduction of non-indigenous marine species:
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Each of these is discussed below. 
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Introduction of NIMS into Western Australia from overseas

None of the Western Australian managed fisheries operate in overseas locations. Because of 
this, there is no possibility of introducing NIMS into WA from overseas. If a vessel is brought 
into WA to undertake fishing activities, risks are evaluated as a shipping activity. 

Introduction of NIMS into Western Australia from interstate

The vast majority of Western Australian managed fisheries operate within the State, and thus 
cannot bring NIMS into WA as part of their fishing operations. As with overseas vessels, the 
initial movement of a fishing boat into WA would be considered a risk under vessel movements, 
not as a result of fishing activities.

North coast

There are four exceptions to this statement on the north coast:
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There are a number of trawl fisheries in Western Australia (Table 4). They can be divided 
into three separate components: prawn fisheries; scallop fisheries; and scalefish fisheries, as 
are shown on the table. Although the fisheries are managed separately, there is considerable 
overlap as most boats are licenced to operate in more than one fishery. For example, the prawn 
trawlers in Shark Bay are licenced to also catch scallops. Similarly, the South Coast Trawl 
Fishery targets scallops in the occasional good year. In other years the boats fish initially for 
scallops, but if they are not abundant the boats concentrate on scalefish. While there is a clear 
distinction of fisheries on Table 4, many boats have multiple licences. They fish during the open 
season in a fishery then move to a different part of the coast when the season opens in a second 
area. Many of the boats thus move up and down the coast from Fremantle to the Kimberley, 
or south to Esperance. Some of the trawlers are also licenced to work in the Commonwealth 
managed Northern Prawn Fishery, and thus venture into Northern Territory waters as far east 
as the Gulf of Carpentaria, including Darwin.
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Table 4.  WA managed trawl fisheries in Western Australia.

Prawns
Northern Prawn Fishery
Kimberley Prawn Managed Fishery 
Broome Prawn Managed Fishery 
Nickol Bay Prawn Managed Fishery 
Onslow Prawn Managed Fishery 
Shark Bay Prawn Managed Fishery 
Exmouth Gulf Prawn Trawl Managed Fishery 
South West Trawl Managed Fishery 
Scallops
Shark Bay Scallop Managed Fishery 
Abrolhos Islands and Mid West Trawl Managed Fishery 
South Coast Trawl Fishery 
Finfish
Pilbara Fish Trawl (Interim) Managed Fishery

Trawlers are particularly susceptible to transporting NIMS from one area to another as their 
fishing gear is in close contact with the bottom, considerable material is caught in the trawls, 
and may be retained in nets. In addition, the trawlers can be in an area for a prolonged period 
and are relatively slow moving.

The major pearling companies in the Pinctada maxima fishery operate vessels of about 30 m. 
These boats catch broodstock in areas such as off Eighty Mile Beach and in other areas such 
as off the Pilbara coast. The boats remain in an area for several weeks catching pearl shell, 
cleaning the shells, allowing the pearl oysters to rest before a pearl nucleus is inserted, then a 
further period of rest. The boats then transport the pearl oysters to farms in northern Western 
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Similarly some of the vessels operating in the northern trap fishery travel into the Northern 
Territory. One of the boats licensed in the mackerel fishery is based in Darwin, but fishes wide 
areas of the Western Australian coast, and moves as far south as Fremantle. 

All of these fishing boats are capable of transporting NIMS from Darwin into northern Western 
Australian waters. However, there are currently no NIMS on the NIMPCG (2006) list recorded 
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through a yacht arriving in the Northern Territory. Fortunately, the species was restricted to the 
marina, and it was successfully eradicated (Willan et al. 2000). 

The Asian green mussel, Perna viridis, has been introduced into Cairns, where it has apparently 
established a breeding colony (Stafford et al. 2007).

South coast

In general, boats in Western Australian managed fisheries on the south coast do not travel 
across to South Australia. There are two South Australian registered vessels in the Western 
Australian southern rock lobster fishery coast that enter WA waters to fish. The vessels are 
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based in Ceduna, far to the west of the known distribution of the pest species in southeastern 
Australia, which get as far west as the Adelaide region. (Table 3).

Evaluation

Any of these species can be transported into Western Australia by any vessel arriving from an 
infected area. Plans are in effect to combat an outbreak of any pest species arriving in any area 
of Western Australia. However, it is only from Darwin that WA managed fishing vessels can 
introduce NIMS on the NIMPCG (2006) list into WA. Should an outbreak of a NIMS occur in 
Darwin, the fishing vessels would be treated in the same manner as other vessels.

Transport of NIMS within Western Australia

Western Australian managed fisheries operate in all parts of the State, with many operating in 
more than one of the State’s four biogeographic regions outlined above. Some existing NIMS 
occur from Albany on the south coast to Dampier on the north coast, thus occurring in all four 
of these regions (Huisman et al.����&Z#�9�����	�
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parts of the State from the Kimberley to Esperance, and so could transport NIMS throughout 
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the northern and southern parts of the west coast overlap zone. This includes the large and 
important western rock lobster fishery. There is thus a potential for movement of NIMS from 
one part of the State to another by fishing vessels.

At present, there are three introduced species on the NIMPCG (2006) target list present in 
Western Australia:
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���������������Musculista senhousia.

All of these three species can be moved about within Western Australia by vessel movements, 
including fishing boats. All three species are currently distributed in harbours, and are not 
known in the open sea. Thus, the risk is from fishing boats transporting the species from one 
harbour to another, not from fishing in the open sea. 

The toxic dinoflagellate Alexandrium minutum has been recorded in Bunbury and Fremantle 
(Huisman et al.����&Z#�/�
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water column and a resting, or cyst, stage that lives on the surface of bottom sediments. Both 
life stages can be transported by fishing boats. The planktonic stage can be moved in water 
held in holding tanks or pools of water on the boat. The benthic cyst stage can be moved in 
any sediment inadvertently carried from one harbour to another, such as from Bunbury or 
Fremantle to Geraldton, Albany or Esperance. It is unlikely that the species would survive in 
ports north of Geraldton because of the higher seawater temperatures.

The European fanworm Sabella spallanzanii has been found in Esperance, Albany, Bunbury 
and Fremantle (Huisman et al.����&Z#�/�
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of individuals trapped in nets, pots, etc, and could probably not survive north of Geraldton.

The Asian date mussel Musculista senhousia has been found only in the lower Swan River 
and Cockburn Sound (Huisman et al.����&Z#�9��������	
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to locate live individuals of this species. While its population has declined substantially, it 
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is possible that there are still individuals in the area that could replenish the population. The 
taxonomy of this species is confused, as is shown by the NIMPIS (2002) distribution maps. 
These show M. senhousia as being cryptogenic in Indonesia, and introduced in southern WA. 
There may in fact be two species. The temperate species, which occurs in Fremantle, could 
probably survive in all of the major marine areas south of Geraldton. 

Thus, the three introduced species on the NIMPCG (2006) list that occur in southern WA could 
all be distributed into the harbours from Geraldton south. However, there are no known adverse 
environmental effects of the three pest species in Western Australia. There have been no reports 
of human or animal health issues in WA due to Alexandrium minutum. A recent survey suggests 
that while populations of Musculista senhousia in the Fremantle marine area have declined, 
those of Sabella spallanzanii have spread.

A single specimen of a fourth species, Codium fragile fragile, was found in Albany in June 
2007 and recently identified. The status of this species in Albany is currently being investigated. 
If the presence of C. fragile fragile is confirmed in Albany, it is another species that could be 
translocated in southern Western Australia by vessels.

Preventing the Spread of Nims

The above assessment has demonstrated that NIMS will not be introduced into WA from 
overseas or interstate by fishing activities. There are only three species on the NIMPCG (2006) 
list that could be spread further in the harbours south of Geraldton. While this is encouraging, it 
must be remembered that an outbreak of a single species in a single Western Australian harbour 
could be rapidly spread to other harbours and cause considerable economic and environmental 
damage. 

There are a variety of programs being developed nationally to reduce the risk of NIMS being 
introduced into Australia, including Western Australia, for both ballast water and hull fouling. 

Ballast water

Large ships use ballast water to maintain their correct position in the water. If a ship is lightly 
loaded it will be higher in the water, and thus more subject to wave and wind action, and be 
less manoeuvrable. This increases operational costs and reduces safety. The answer developed 
has been to install tanks in the vessel into which seawater can be pumped. The ballast tanks can 
be filled to the level necessary to lower the ship to the desired waterline.

Unfortunately, when vessels take on water they also take on whatever is in the water, including 
suspended sediment and organisms. Larvae of many coastal species can survive in the water 
column within the ship. When the vessel arrives in a new port to load a cargo, some or all of 
the ballast water is discharged into the new port. Entrained species can be introduced into the 
new environment in this way. 

At the same time, during the voyage suspended sediment can settle to the bottom of the ballast 
water tank. Over time the sediment accumulates, forming an additional habitat in which species 
can survive.

The Australian Quarantine Inspection Service (AQIS) has a program to counteract this problem. 
If a vessel arrives in Australia from overseas, a risk analysis must be undertaken before any 
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ballast water can be discharged. The analysis considers factors such as species known to be in 
the port of origin, comparative habitats in the two ports, temperature and salinity regimes and 
other factors. It the risk analysis indicates there is a low probability of species being introduced, 
then the ballast water can be discharged on arrival. If there is a high risk of introducing 
species, then ballast water must be exchanged in the open ocean where there are few larvae of 
coastal species, and thus low risk of the fresh ballast water containing pest species. There are 
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vessel and its crew.

The system is not perfect, but it has substantially reduced the risk of introducing marine pests 
through ballast water. Worldwide there are active programs aimed at developing mechanisms 
such as heating the water or using chemicals to further reduce the number of species being 
introduced.

The AQIS system currently operates only for vessels with ballast water from overseas. A 
national program is currently being developed to develop similar methods for handling ballast 
water being shipped interstate or even within a state. 

Hull fouling

Any small boat owner is familiar with the fact that if a boat is left in the water for even a short 
period of time numerous plant and animal species start to grow on the hull. The longer the boat 
is in the water, the greater the amount of material that adheres to it. If the vessel moves from 
one port to another, it can transport marine pests into a new area. This is true of all vessels, 
regardless of their size.

The growth slows the boat’s movement through the water, increasing operational costs. Such 
costs can be reduced by regular cleaning of the vessel and the use of paint with an antifoulant 
added to reduce growths on the hull of the vessel. Unfortunately, to be effective the antifoulant 
must be very toxic. Until recently, the primary chemical added was tributyltin (TBT), which 
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increasing number of reports on adverse impacts on the marine environment. The use of TBT 
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on the rate at which TBT could leach out of the paint of larger vessels. TBT is now banned 
worldwide and antifoulants are being developed using copper compounds.

National guidelines are currently being developed for minimising hull fouling on large ships. 
However, the issue is not simply with large vessels, and small boat owners moving boats 
from one area to another should ensure there is no adhering growth, particularly in nooks and 
crannies where they tend to accumulate. Similarly, ropes, anchors, craypots and other items 
that have been in the sea should be fully dried and checked to ensure there are no organisms. 

If an outbreak occurs

If an outbreak of a marine pest species occurs within Western Australia, the Consultative 
Committee on Introduced Marine Pest Emergencies (CCIMPE) will be alerted by the 
Department of Fisheries. DoF remains in control of handling the emergency, but CCIMPE 
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CCIMPE has developed protocols and a management plan for handling the emergency. The 
plan is available at:
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http://adl.brs.gov.au/mapserv/marinepest/html/emerg.php

The plan has four stages:
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If the emergency is serious enough, there is a common funding pool developed by the 
Commonwealth, State and Territory governments that can be used to fund the costs of 
combating the emergency.

Commercial Fishers Code of Conduct

The above assessment has been concerned with the movement of NIMS on the NIMPCG 
(2006) target list into Western Australia or movement of the few species already within the 
State into new areas. The assessment has placed the risks as low in view of the few species 
present in areas where WA fisheries operate that are on the NIMPCG (2006) list. However, 
it must be recognised that if NIMS are introduced into an area where WA fisheries operate, 
there is a high potential for commercial fishing activities to spread the NIMS. This might well 
occur before the Department of Fisheries becomes aware of the presence of the marine pest. 
Accordingly, the recommendations of Summerson and Curran (2005) should be followed by 
all WA commercial fisheries. 

The recommendations are:
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as possible;
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the fishing site and during cleaning in port should be retained on board and disposed of in 
landfill;

�� 9�	�
��� ���� ������� 
�� ������ ��
���� ��� 	������� ���� 
����	���� ���
��� ��
��� ��
���#�9���
organic matter found should be retained on board and disposed of in landfill;
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conjunction with maritime safety agencies;
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entrainment and translocation; and
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be developed for the recreational, charter boat and indigenous fishing sectors.

NIMPCG is currently developing national protocols for use by commercial fisheries to 
minimise the risks of commercial fishing activities introducing marine pests into Australia or 
translocating them within Australian waters. When the protocols are available, they should be 
used by all Western Australian commercial fisheries.
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Conclusions

The introduction of non-indigenous marine species (NIMS) into new marine areas has had 
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fortunate to date that while 60 foreign species have been introduced into the State, only three 
are on the NIMPCG (2006) list of 55 species of concern: the toxic dinoflagellate Alexandrium 
minutum, the European fanworm Sabella spallanzanii and the mussel Musculista senhousia. 
The status of Codium fragile fragile in Albany is currently being investigated. Eight additional 
species on the NIMPCG (2006) list have been introduced into eastern Australia but are not 
present in Western Australia.

Fishing boats operating in Western Australian managed fisheries could potentially introduce 
NIMS from other areas when they move from interstate or overseas into WA. However, this 
is a shipping issue common to all vessels moving from one location to another, and should be 
considered in the context of overall vessel movement.

As no boats in WA managed fisheries fish overseas, there is no risk of introductions through 
overseas fishing activities. A few boats in northern WA fisheries travel to Darwin, but at present 
no species on the NIMPCG (2006) list are known to occur there. Two boats in the WA southern 
rock lobster fishery are based in Ceduna, South Australia, but again there are no known species 
on the NIMCGP (2006) list. There is some opportunity for boats to move the three species in 
WA about in the southern half of the State, but to date no adverse effects from these species 
have been recorded.

Overall, there is low risk at present of boats operating in WA managed fisheries introducing 
NIMS into the State, but the situation will be continually monitored. 

It must be realised that the above assessment has been concerned with the movement of NIMS 
into Western Australia or movement of the few species already within the State into new areas. 
The assessment has placed the risks as low in view of the few species present in areas where 
WA fisheries operate that are on the NIMPCG (2006) list. However, it must be recognised 
that if NIMS are introduced into an area where WA fisheries operate, there is a high potential 
for commercial fishing activities to spread the NIMS. This might well occur before the 
Department of Fisheries becomes aware of the presence of the marine pest. Accordingly, the 
recommendations of Summerson and Curran (2005) should be followed by all WA commercial 
fisheries until national protocols for commercial fisheries are agreed. Once this is done the 
protocols should be used by all WA commercial fisheries. 
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Environmental, Social and Economic Risk Assessment

Threat of Introducing Marine Species from Commercial Fisheries 
Activities in Western Australia

Richard Stoklosa

E-Systems Pty Limited, Hobart, Tasmania

Executive Summary

The Western Australian Department of Fisheries (the Department) has undertaken a consultative 
project to identify and assess the risk of introducing marine pest species to State Ports and 
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(NHT Project). As part of the public consultation process, stakeholders identified a potential 
threat of introducing or translocating non-indigenous marine species (NIMS) through the 
activities of commercial fishing vessels operating in State waters and visiting interstate ports 
and fishing grounds.

The threat of introducing or translocating NIMS exists through potential biofouling of vessel 
hulls and other wetted surfaces, biofouling of fishing gear, infection of target species, storage 
and handling of marine fishing bait which is transported outside its natural range, and fouling 
of water carried in ballast or holding tanks on vessels (recognising that most fishing vessels do 
not carry significant ballast or holding tanks, if any). Of particular interest are the more severe 
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In the event that a fishing vessel visits or operates in waters infected with marine pests, there is 
the potential for the vessel or its fishing gear to become infected with one or more pest species. 
When fishing vessels move between ports and fishing grounds, an infected vessel might spread 
the distribution of a pest species, causing undesirable impacts in the new environment if 
conditions are favourable for survival and establishment.

The Department engaged E-Systems Pty Limited to provide advice on an appropriate 
methodology to formally assess the risk of introducing NIMS (and in particular marine pests) 
as a result of commercial fishing activities in State waters, to assist with preparation for a 
consultative workshop, and to facilitate the risk assessment. Richard Stoklosa of E-Systems 
performed these tasks.
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with commercial fishing activities in State waters, and identification of possible management 
strategies to reduce risk.

Eleven threats of introduction or translocation were identified and assessed, involving 
movements of fishing vessels between ports and fishing grounds within Australia (including 
vessels calling into interstate ports). No threats of introduction or translocation were identified 
from outside of Australian waters, as only Patagonian toothfish vessels in Western Australian 
managed fisheries reportedly operate overseas in deep water fishing grounds.

In general, it was recognised that most listed marine pests are temperate species, generally 
viewed to have a low likelihood of survival and establishment in tropical waters. The three 
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listed marine pest species which have been detected to date in Western Australian waters are 
temperate species. For fishing vessels visiting interstate waters, it was recognised that there are 
currently no listed marine pests which have been detected in the Port of Darwin (subject to two-
yearly survey findings), which is visited by a small number of vessels associated with Western 
Australian managed fisheries. As such, the exposure of fishing vessels operating in tropical 
waters to tropical marine pests is hypothetical. There are some temperate species which exist in 
South Eastern Australian waters, but these are rarely visited by vessels associated with Western 
Australian managed fisheries.

Of the eleven threat scenarios that were identified, seven were ranked ‘medium’ or ‘high’. In 
all cases, infection presumed the existence of a marine pest in a Western Australian port or 
interstate fishing ground, which could have been introduced from any number of maritime 
activities. For purposes of the risk assessment, the presumption of vessel exposure to marine 
pests was made in tropical waters, although no known pests have been detected in surveyed 
tropical ports in Western Australia, or the one interstate tropical port (Darwin) visited by 
commercial fishing vessels operating from Western Australian managed fisheries.

Only the known temperate marine pests which have been detected in the southern Western 
Australian ports and coastal areas may be potentially translocated by fishing vessels at present. 
^
�����������������
	��

���
�K�
���
����
!����
�����	
����	
����
��
���
����������������������
�
������!�����������
���
�����	
�
�
�����
	��������	�
����
��������
	��

����
���
����
	�������
��
subject to the same management controls to prevent translocation (e.g. recreational and tourism 
vessels). The risk of translocation by fishing vessels is therefore a small subset of the risk of 
translocation posed by all users of the marine environment.

Notwithstanding the un-assessed risk of introduction and translocation of marine pests by all 
users of the marine environment, the medium and high risks identified in this assessment were 
subject to consideration of planned commitments for risk management, and recommended 
control measures suggested by workshop participants. As a common theme for every medium 
and high risk, the Biosecurity and Agriculture Management Act 2007 (BAM Act) and the 
planned national biofouling guidelines and regulations were cited as important and effective 
State and Commonwealth commitments for reducing the risk of introducing and translocating 
marine pests. Workshop participants also noted the development of a ‘communications 
package’ to develop awareness of biofouling risk and methods to avoid infection of vessels 
and fishing gear.

Control measures suggested for consideration by workshop participants reflected the robust 
biosecurity practices adopted by the pearling industry for its operations in Western Australia, the 
development of industry-specific codes of practice, and guidance for self-assessment of vessel risk.

Except for the difficulty of preventing the translocation of temperate species from one 
temperate port to another in the Southern region of Western Australia (by fishing vessels and 
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were reduced to medium risks with the planned and recommended risk control measures taken 
into consideration.

The workshop results are presented to the Department for consideration to inform its efforts 
to prevent the introduction and spread of NIMS, and in particular listed marine pests, in 
Western Australian waters. These findings and recommendations also respond to issues arising 
from stakeholder consultation for the NHT Project, and will be communicated to the wider 
stakeholder group.
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Introduction
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Australia by commercial fisheries and the risk of their spread by fisheries activities. Of 
particular interest is the threat of introducing or translocating recognised marine pests which 
could have environmental or socio-economic impacts in the marine environment.

The Western Australian Department of Fisheries (the Department) engaged E-Systems Pty 
Limited to develop a fit-for-purpose risk assessment procedure and to facilitate a workshop 
of stakeholders and technical experts to undertake the risk assessment. Results of the risk 
assessment are to be reported back to the wider stakeholder group for the Department’s 
Natural Heritage Trust project: Actions to implement and complement the national system for 
the prevention and management of introduced marine pests in Western Australia (Strategic 
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Western Australian surveys of NIMS have identified 60 species to date, mainly focusing on 
marine areas associated with harbours. Incidental surveys of open coastal areas have detected 
the presence of 26 of these species. Of the 60 NIMS which have been identified to date in 
Western Australia, three ‘potentially invasive species’ have been discovered from the ‘national 
list’ of 55 species known to be invasive in Australia or elsewhere (NIMCPG 2006). Overall, 
there are eight species on the national list which have been discovered in Australian waters.

Commercial fisheries managed by the Department have the potential to introduce NIMS to 
State waters, or translocate NIMS within State waters as a result of the following pathways 
suggested by Summerson and Curran (2005):
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Interested stakeholders were invited to participate in a risk assessment workshop, forming 
a Stakeholder Working Group, which included persons nominated for a Technical Panel to 
analyse the risk of introduce or translocate NIMS from commercial fisheries managed in State 
waters, and to consider risk reduction measures which may be proposed to manage risk.
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outcomes which were documented in the risk assessment workshop record prepared by the 
facilitator on behalf of all participants.
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Consultation and Workshop Participants

E-Systems developed a risk assessment Workshop Procedure�Y$�
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with the Department, which was distributed to all stakeholders four weeks prior to the 
workshop date. The purpose of the Workshop Procedure was to inform all stakeholders of the 
proposed methodology and invite participation in the workshop.

The Workshop Procedure contains risk analysis criteria which allow independent experts 
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industry operators and service providers as a result of introducing NIMS, in the event that such 
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non-invasive NIMS if introduced to ecological receptors (target species, non-target species, 
TEP species, benthic habitats, ecological communities).

/����
K��
�

��
����	
���!���	���	����

���������
����������
����
������
����!���
���
����	����
���
������������*������
�������
�K�������
�#�/���	
��
���

���
��	
���!���	��������
K��
�

��
"���������������������
�	����
����
�K���� �
����� ���
�����
�� �
���Y$�
K�
������&Z#

Stakeholder Working Group

A Stakeholder Working Group was invited by the Department from the wider NHT Project to 
participate in the risk assessment workshop. Stakeholders included individuals, organisations, 
companies, government agencies and research scientists having an interest and/or technical 
expertise. Five stakeholders expressed an interest in attending, and were informed of 
preparations for the workshop.

The Stakeholder Working Group was provided with the Workshop Procedure and the Wells 
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information to the Department for consideration by all participants prior to the workshop.

The number of ‘observers’ (non-participating management officers and non-technical officers) 
invited to the workshop was limited, to allow for efficient consideration of technical issues 
by participants, whilst ensuring that all stakeholder views were appropriately represented. 
However, special efforts were made to invite non-participating observers from special interest 
groups.
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Stakeholders represented the Department of Fisheries, Ocean Watch Australia (nominated by 
the Western Australian Fishing Industry Council), Pearl Producers Australia and URS.

Technical Panel

A Technical Panel was convened for the risk assessment workshop with the support of a 
range of stakeholders, as a subset of the Stakeholder Working Group. The Technical Panel 
encompassed a range of scientific disciplines relevant to the fishery assessment and marine 
science.

Although there is no formula to obtain a ‘perfect’ mix of unbiased expert representation, 
the goal was to represent the range of stakeholder interests with persons who demonstrate 
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government organisations declined to nominate experts to the Technical Panel; however, the 
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stakeholders for information in advance of the workshop.

The persons serving on the Technical Panel were:
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The Technical Panel’s role in the workshop was to participate in the identification of potential 
threats, to develop descriptive scenarios articulating the circumstances of introduction or 
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under existing fisheries management controls.

In many cases, the presence of a marine pest was presumed to enable experts to develop 
meaningful threat scenarios, even though no tropical pest species are currently known to be 
present in warm water regions visited by Western Australian managed fisheries. Otherwise, 
many of the potential threats in tropical regions would have been ranked ‘low’ for non-pest 
infection threats. Assessment was based on full consideration of the management actions 
formally adopted by specific fishing industry sectors or committed to by the government. 

The Technical Panel also re-assessed the ‘treated risk’ level for new or alternative management 
actions that were suggested by the Stakeholder Working Group.

Workshop proceedings
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was distributed to all participants and adopted by the group. All persons attending the workshop 
were invited to introduce themselves and area of expertise or interest. A full list of participants 
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and observers who were present on the workshop date is presented in Attachment 2.
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background paper, prepared from stakeholder consultation on the NHT Project. In general, it 
was recognised that most listed marine pests are temperate species, generally viewed to have 
a low likelihood of survival and establishment in tropical waters. The three listed marine pest 
species which have been detected to date in Western Australian waters are temperate species. 
For fishing vessels visiting interstate waters, it was recognised that there are currently no listed 
marine pests which have been detected in the Port of Darwin (subject to two-yearly survey 
findings), which is visited by a small number of vessels associated with Western Australian 
managed fisheries. As such, the exposure of fishing vessels operating in tropical waters to 
tropical marine pests is hypothetical. There are some temperate species which exist in South 
Eastern Australian waters, but these are rarely visited by vessels associated with Western 
Australian managed fisheries.

Industry was represented by Pearl Producers Australia and Ocean Watch Australia (nominated 
by the Western Australian Fishing Industry Council. For pearl producers, whose vessels and gear 
regularly transit from harvesting grounds to culture farms and ports, the industry procedures for 
preventing the spread of marine fouling organisms were explained for workshop participants. 
A schematic diagram of general fishing vessel movements through Western Australian waters, 
with indications of interstate movements, was also presented.

Discussion of the industry presentations by the Stakeholder Working Group assisted a shared 
understanding of fishing vessel activities. Several additional vessel movements not depicted 
on the schematic diagram were also identified for consideration in the workshop (e.g. scallop 
vessel movements between Fremantle and Albany, a few vessels visiting Dampier and Port 
Hedland, and the potential for fishing vessels to be chartered as offshore supply vessels during 
the closed portions of fishing seasons).

Following the Department and fishing industry discussions, threats of introduction or 
translocation of NIMS were identified and assessed. The ‘live’ recording of workshop 
proceedings in a structured risk assessment template was digitally projected, to enable all 
workshop participants to observe the information that was captured from the discussions. All 
participants had the opportunity to clarify the technical record during the workshop to ensure 
accuracy.

The identification and assessment of potential threats considered each of the pathways described 
above, (port to fishing ground, fishing ground to fishing ground, fishing ground to port, port 
to port). As a check on the progress of the workshop, a helpful diagram was constructed 
by a Technical Panellist to expand on these pathways, so that workshop participants could 
systematically consider permutations of translocations between ports and fishing grounds in 
the context of tropical and temperate waters. The diagram can be represented by the following 
logic tree, enabling workshop participants to consider one of two outcomes for each decision 
node:

Is the source port or fishing ground in WA waters or interstate waters?
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Figure 1. Logic tree to systematically consider potential pathways of translocating NIMS.

A record of the threat identification and risk assessment is presented in Attachment 3 for 
reference.

Workshop findings and recommendations

Eleven threats of introduction or translocation were identified and assessed, involving 
movements of fishing vessels between ports and fishing grounds within Australia (including 
vessels calling into interstate ports). No threats of introduction or translocation were identified 
from outside of Australian waters, as only Patagonian toothfish vessels in Western Australian 
managed fisheries reportedly operate overseas in deep water fishing grounds.

Of the eleven threat scenarios that were identified, seven were ranked ‘medium’ or ‘high’. In 
all cases, infection presumed the existence of a marine pest in a Western Australian port or 
interstate fishing ground, which could have been introduced from any number of maritime 
activities. For purposes of the risk assessment, the presumption of vessel exposure to marine 
pests was made in tropical waters, although no known pests have been detected in surveyed 
tropical ports in Western Australia, or the one interstate tropical port (Darwin) visited by 
commercial fishing vessels operating from Western Australian managed fisheries.

Only the known temperate marine pests which have been detected in the southern Western 
Australian ports and coastal areas may be potentially translocated by fishing vessels at present. 
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subject to the same management controls to prevent translocation (e.g. recreational and tourism 
vessels). The risk of translocation by fishing vessels is therefore a small subset of the risk of 
translocation posed by all users of the marine environment.

Notwithstanding the un-assessed risk of introduction and translocation of marine pests by all 
users of the marine environment, the medium and high risks identified in this assessment were 
subject to consideration of planned commitments for risk management, and recommended 
control measures suggested by workshop participants. As a common theme for every medium 
and high risk, the Biosecurity and Agriculture Management Act 2007 (BAM Act) and the 
planned national biofouling guidelines and regulations were cited as important and effective 
State and Commonwealth commitments for reducing the risk of introducing and translocating 
marine pests. Workshop participants also noted the development of a ‘communications 
package’ to develop awareness of biofouling risk and methods to avoid infection of vessels 
and fishing gear.

Control measures suggested for consideration by workshop participants reflected the robust 
biosecurity practices adopted by the pearling industry for its operations in Western Australia, 
the development of industry-specific codes of practice, and guidance for self-assessment of 
vessel risk. 

Except for the difficulty of preventing the translocation of temperate species from one 
temperate port to another in the Southern region of Western Australia (by fishing vessels and 
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were reduced to medium risks with the planned and recommended risk control measures taken 
into consideration.

The workshop results are presented to the Department for consideration to inform its efforts 
to prevent the introduction and spread of NIMS, and in particular listed marine pests, in 
Western Australian waters. These findings and recommendations also respond to issues arising 
from stakeholder consultation for the NHT Project, and will be communicated to the wider 
stakeholder group.

Agenda

Appendix 1

Date Friday, 23rd May 2008

Location Western Australian Fisheries and Marine Research Laboratories (08) 9203-0111
39 Northside Drive (north side of Hillarys Boat Harbour)
Hillarys WA

Facilitator Richard Stoklosa, E-Systems

Purpose Risk Assessment Workshop—Threat of Introducing/Translocating Marine Species 
from Commercial Fishing Activities

09:00 Welcome and introductions Richard Stoklosa

09:10 Opening remarks by the WA Department of Fisheries /
NHT Project Leader

Fred Wells

09:20 Adoption of workshop agenda and procedure Richard Stoklosa

09:40 Clarification of consequence/likelihood scoring criteria Technical Panel and 
Stakeholders

10:00 Overview of commercial fishing activities in Western Australia WAFIC/Pearl 
Industry

10:30 Morning tea

10:45 Threat identification and risk analysis:
NIMS infects a vessel or fishing gear in port, and is 
translocated and introduced to a fishing ground

Group discussion/
Technical Panel

12:30 Lunch
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3:15 Threat identification and risk analysis:
NIMS present in one fishing ground infects fishing gear or 
vessel, and is translocated and introduced to another fishing 
ground

Group discussion/
Technical Panel

14:00 Threat identification and risk analysis:
NIMS present in a fishing ground infects fishing gear or vessel, 
and is translocated and introduced to a port

Group discussion/
Technical Panel

15:00 Afternoon tea

15:15 Threat identification and risk analysis:
NIMS present in one port infects fishing gear or vessel, and is 
translocated and introduced to another port

Group discussion/
Technical Panel

16:45 Review risk assessment results and forward plan for 
communication to the Department of Fisheries and 
Stakeholders

Richard Stoklosa

17:00 Closing remarks by the Department of Fisheries Fred Wells

Appendix 2

e-systems
Threat of Introducing/Translocating Marine Species—Commercial Fishing Activities 

Workshop Participants, 23 May 2008

Name Organisation / 
company affiliation

Title / position / 
area of expertise

e-mail

Technical Panel
Lynda 
Bellchambers

WA Dept of Fisheries Senior Research Scientist Lynda.Bellchambers@ 
fish.wa.gov.au 

John Huisman Murdoch University School of Biological 
Sciences and Biotechnology

J.Huisman@murdoch.edu.au 

John Keesing CSIRO Marine and 
Atmospheric Research

Stream Leader, WA Coasts John.Keesing@csiro.au 

Chris Simpson WA Dept of 
Environment and 
Conservation

Program Leader, Marine 
Science Program

chris.simpson@dec.wa.gov.au 

Di Walker University of Western 
Australia

Professor, School of Plant 
Biology

diwalker@cyllene.uwa.edu.au 

Stakeholders
Carl Bevilacqua Ocean Watch Australia 

(nominated by WAFIC)
WA SeaNet Extension 
Officer

carl@oceanwatch.org.au 

Brett McCallum Pearl Producers 
Australia

Executive Officer Brett.McCallum@
pearlproducersaustralia.com 

John Polglaze URS Principal Environmental 
Scientist

John_Polglaze@URSCorp.com 

Observers
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Justin McDonald WA Dept of Fisheries Research Scientist Justin.McDonald@fish.wa.gov.au 

Stepanie Turner WA Dept of Fisheries Principal Management 
Officer

Stephanie.Turner@fish.wa.gov.au 

Fiona Webster WA Dept of Fisheries Research Scientist Fiona.Webster@fish.wa.gov.au 

Fred Wells WA Dept of Fisheries Principal Management 
Officer  
Fish and Fish Habitat 
Program

Fred.Wells@fish.wa.gov.au 

Facilitator
Richard Stoklosa E-Systems Pty Limited Consultant, Ecological Risk 

Assessment
r.stoklosa@e-systems.com.au 

Appendix 3

Risk Assessment of Commercial Fisheries Introducing or Translocating 
Non-indigenous Marine Species in Western Australia State Waters

Workshop Procedure

Revision 0� ���9��
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Distributed to stakeholders for information.
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This document has been prepared utilising systems, documents, designs and information, the 
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Introduction
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Australia by commercial fisheries and the risk of their spread by fisheries activities.

The Western Australian Department of Fisheries (the Department) engaged E-Systems Pty 
Limited to develop a fit-for-purpose risk assessment procedure and to facilitate a workshop 
of stakeholders and technical experts to undertake the risk assessment. Results of the risk 
assessment are to be reported back to the wider stakeholder group for the Department’s 
Natural Heritage Trust project: Actions to implement and complement the national system for 
the prevention and management of introduced marine pests in Western Australia (Strategic 
��������V������
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#��'Q�&'Z�Y-^/�8�
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Western Australian surveys of NIMS have identified 60 species to date, mainly focusing on 
marine areas associated with harbours. Incidental surveys of open coastal areas have detected 
the presence of 26 of these species. Of the 60 NIMS which have been identified to date in 
Western Australia, three ‘potentially invasive species’ have been discovered from the ‘national 
list’ of 55 species known to be invasive in Australia or elsewhere (NIMCPG 2006). Overall, 
there are eight species on the national list which have been discovered in Australian waters.

Commercial fisheries managed by the Department may introduce NIMS to State waters, or 
translocate NIMS within State waters as a result of the following pathways suggested by 
Summerson and Curran (2005):
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another fishing ground;
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The Department proposes to invite interested stakeholders to participate in the risk assessment 
workshop, forming a Stakeholder Working Group, which will include persons nominated for 
a Technical Panel to analyse the risk of NIMS from commercial fisheries managed in State 
waters, and to consider risk reduction measures which may be necessary to reduce risk to 
acceptable levels.

This document describes the procedure for conducting a risk assessment workshop with 
persons having specialised expertise in the subject matter, facilitated by E-Systems.

Stakeholder Working Group

The Department has engaged a broad range of stakeholders for consultation on the NHT 
Project. Persons interested in participating in the NIMS risk assessment workshop will be 
invited by the Department to join a Stakeholder Working Group. Stakeholders may include 
individuals, organisations, companies, government agencies and research scientists with an 
interest and/or technical expertise.

The Stakeholder Working Group will receive background information from the Department 
prior to the workshop. There will be an opportunity for any member of the Stakeholder 
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Working Group to propose other published information to the Department for review by all 
participants prior to the workshop. Documents will need to be received by the Department in 
digital format, at least three weeks prior to the workshop date for distribution.

The total number of persons attending the workshop should be limited to allow for efficient 
consideration of technical issues, whilst ensuring that all stakeholder views are appropriately 
represented. It would also be appropriate to include non-participating observers from 
special interest groups and other stakeholder organisations (observers include persons with 
management roles and officers of organisations).

Technical Panel

A Technical Panel should be identified with the support of stakeholders, as part of the Stakeholder 
Working Group. The Technical Panel will encompass appropriate scientific disciplines, 
with a balanced representation of government, industry, non-government organisation and 
independent conservation specialists. Although there is no formula to use to obtain a ‘perfect’ 
mix of representation, the goal should be to represent the range of stakeholder interests with 
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Panel, limiting the panel size to four to eight scientific experts. 
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to categorise risk. Expert judgements will be based on full consideration of published 
information and the management actions formally adopted by the commercial fishing industry, 
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by the government.

The Technical Panel should also re-assess the treated risk level for any management actions 
that might be suggested by the Stakeholder Working Group to reduce the likelihood or 
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proposed management actions are subject to further analysis.

Workshop procedure

There are limited examples of very rigorous risk assessment methodologies for NIMS (Hayes 
and Hewitt 2000, Hayes 2002a and 2002b, Stoklosa 2005), and more narrative approaches 
(Russell et al. 2003). Rigorous risk assessment methods could be adapted to the present task of 
risk assessment for NIMS as a result of commercial fishing activities in State waters; however, 
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are any risks that appear to be significant before engaging in more rigorous, detailed analysis.
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AS/NZS 4360 for risk management (Standards Australia 2004a) and AS/NZS HB 203 for 
environmental risk management (Standards Australia 2004b). The criteria to be used for 
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Risk (or threat) identification

The starting point for the subject workshop is the information contained in the background 
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workshop participants at least four weeks prior to the workshop date. These documents identify 
threats to be considered in the NIMS risk assessment workshop.

Prior to commencing assessment of threats identified in the background paper, stakeholders 
present at the workshop should be given the opportunity to propose any other threats that 
should be considered.

Risk analysis
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receiving environment to provide a niche; lack of natural predators or competition for habitat; and/
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some species may be non-indigenous but non-invasive, whilst other non-indigenous species 
are known to be invasive elsewhere (the NIMPCG national list of 55 species) and are therefore 
more of a potential threat. Threats identified in the risk assessment should distinguish between 
non-invasive species and known invasive species whenever possible.
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likelihood of hazards associated with the introduction or translocation of NIMS, with respect 
to adopted assessment criteria. It is the role of the facilitator to guide the process and maintain 
the integrity of the approach. The main focus of the workshop is to assess credible threats to 
ecological and socio-economic components — based on available expert knowledge, technical 
documentation and any data that may exist.
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of an introduction of NIMS are:
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- Commercial fishery target species (different for each fishery);

- Indigenous marine (non-target) species;

- Threatened, endangered or protected (TEP) marine species;

- Benthic habitats; and

- Ecological communities.
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- Marine infrastructure;

- Public amenity; and

- Food security (implications for indigenous cultures relying on traditional marine sources 
of food).
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which are not listed as invasive with NIMS which are known to be invasive and included in 
the national list (NIMPCG 2006). Each threat identified for risk assessment will be subject to 
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to allow the Technical Panel to focus on criteria for specific ecological and socio-economic 
components threatened by introductions or translocations of NIMS.
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stakeholders attending the workshop, prior to commencing the risk analysis to ensure a 
common understanding and usage of terms.

Table 1.  Consequence categories for commercial fishery target species.

Category Rating Description of consequences to target species
Minor 1 Threshold of detectable change against background variability for this 

population, but minimal or acceptable impact on population size and none 
on dynamics.

Moderate 2 Long-term recruitment/dynamics not adversely impacted by introduction of 
NIMS.

Major 3 Invasive NIMS affect recruitment levels of stocks, or their capacity to 
increase.

Extreme 4 Invasive NIMS cause imminent collapse of the fishery.

Table 2.  Consequence categories for indigenous (non-target) marine species.

Category Rating Description of consequences to indigenous (non-target) species
Minor 1 Relative area of, or susceptibility to displacement/predation by NIMS is 

suspected to be less than 10 percent.
Moderate 2 Relative area of, or susceptibility to displacement/predation by NIMS is 

suspected to be less than 50 percent.
Major 3 Relative area of, or susceptibility to displacement/predation by invasive 

NIMS are suspected or known to be greater than 50 percent.
Extreme 4 Invasive NIMS cause widespread extinctions of indigenous species.

Table 3.  Consequence categories for TEP species.

Category Rating Description of consequences to TEP species
Minor 1 Some are impacted by displacement/predation of NIMS, but there is no 

impact on stock.
Moderate 2 Levels of impact are at the maximum acceptable level to maintain stock.
Major 3 Invasive NIMS affect local recruitment levels of TEP populations, or their 

capacity to increase.
Extreme 4 Invasive NIMS cause local extinctions of TEP species.
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Table 4. Consequence categories for benthic habitats.

Category Rating Description of consequences to benthic habitats
Minor 1 NIMS cause measurable impacts on habitats, but these are very localised 

compared to total habitat area. 
(For example, impacts affecting <5% of the original habitat area)

Moderate 2 NIMS cause more widespread impacts on the habitat, but the levels are 
still acceptable given the area affected, the types of impact occurring, 
and the recovery capacity of the habitat if the NIMS was eradicated or if 
indigenous species adapted to compete with NIMS. 
(For example, impact on non-fragile habitats may be up to 50%—but for 
more fragile habitats, the percentage area affected may need to be <20%, 
and for critical habitats <5%)

Major 3 Invasive NIMS cause impacts to habitats which will not be able to recover 
adequately, or it will result in substantial loss of function. 
(For example, the activity makes a significant impact in the area affected, 
and >25-50% of habitat is being affected—for critical habitats <10%)

Extreme 4 Invasive NIMS cause loss of entire habitats. 
(For example, >90% of the habitat area being affected—for fragile habitats 
>50%, and for critical habitats >30%)

Table 5. Consequence categories for ecological communities.

Category Rating Description of consequences to ecological communities
Minor 1 Ecosystem consequences: NIMS impact species which do not play a 

keystone role. Only minor changes in the relative abundance of other 
constituents.

Moderate 2 Ecosystem consequences: NIMS cause measurable changes to the 
ecosystem components without there being a major change in function (eg 
no loss of components).

Major 3 Ecosystem consequences: Ecosystem function altered measurably by 
invasive NIMS, and some function or components are locally missing/
declining/increasing outside of historical range, and/or have allowed/
facilitated the appearance of new species. 
If eradication of invasive NIMS is possible, recovery measured in years to 
decades.

Extreme 4 Ecosystem consequences: Invasive NIMS cause total collapse of 
ecosystem processes. 
If eradication of invasive NIMS is possible, recovery period may be greater 
than decades.

Table 6. Consequence categories for marine infrastructure.

Category Rating Description of consequences to marine infrastructure
Minor 1 Threshold of detectable change in performance or maintenance costs of 

marine infrastructure.
Moderate 2 Measurable loss of performance and increase in maintenance costs of 

marine infrastructure.
Major 3 Significant impact to marine infrastructure, requiring capital works to 

replace infrastructure before its planned design life. Recovery cost on the 
order of $1 million plus.

Extreme 4 Rapid and irreversible damage to marine infrastructure, resulting in log-
term loss of industrial productivity or municipal services. Recovery cost on 
the order of $10 million plus.
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Table 7. Consequence categories for public amenity.

Category Rating Description of consequences to public amenity
Minor 1 Threshold of impacts to public amenity associated with the marine 

environment (eg coastal recreation, odours, public safety hazards).
Moderate 2 Some direct impacts to public amenity which do not threaten local 

community use of the marine environment. Some adaptation for social use 
of the marine environment may be necessary.

Major 3 Significant impact to public amenity at a local level, resulting in localised 
loss of community use of the marine environment, or decreased property 
value in an isolated area.

Extreme 4 Widespread impacts to public amenity, resulting in a regional loss of 
community use of the marine environment, or decreased property value in 
multiple coastal communities.

Table 8. Consequence categories for food security of indigenous cultures.

Category Rating Description of consequences to food security of indigenous cultures
Minor 1 Threshold of impacts to food security (eg no tainting of food supply, 

background non-toxic levels of marine organisms).
Moderate 2 Some direct impacts to food security (eg tainting of food supply, localised 

but not continuous toxic levels of marine organisms).
Major 3 Significant loss of local food resources, or potential for community human 

health problems.
Extreme 4 Widespread loss of food resources within a region, leading to dietary/

nutritional problems or requiring economic aid.
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any data that may be available.

Table 9.  Likelihood categories for risk analysis.

Category Rating Description
Remote 1 Never heard of, but not impossible.
Unlikely 2 Uncommon, but has been known to occur elsewhere.
Possible 3 Some evidence to suggest this is possible and will occur occasionally.
Likely 4 Expected to occur.

Risk classification
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likelihood to risk. The risk matrix is used to rank risk in one of three levels, consistent with the 
ESD Reporting Framework used by the Department (Fletcher, R, personal communication).
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Consequence category
Minor

(1)
Moderate

(2)
Major

(3)
Extreme

(4)

Li
ke

lih
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d 
ca

te
go

ry Remote 
(1) 1 2 3 4

Unlikely
(2) 2 4 6 8

Possible
(3) 3 6 9 12

Likely
(4) 4 8 12 16

Figure 1. Risk classification matrix.

Table 10. Risk rankings and expected action.

Risk ranking Qualitative  
risk score

Management response Reporting requirements

Low 1–4 No specific response required. Full justification needed.

Medium 6–8 Specific management and monitoring 
needed.

Full performance report.

High >8 Additional management activities 
needed.

Full performance report.

Risk treatment

For any activities which result in higher levels of risk, workshop participants are asked to 
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scores. These risk treatment measures are recorded as important advice to the Department for 
consideration, but may not necessarily be adopted by the fishing industry or government to 
manage risk of NIMS.

For each risk treatment measure, the risk analysis is repeated for the ‘treated risk’ by the 
Technical Panel, as a reflection of the residual level of risk if the risk treatment measures were 
in fact adopted. The treated risk is documented as part of the workshop record.

Risk management

The results of the risk assessment will be documented to inform the NHT Project of the 
potential risks of introducing or translocating NIMS to Western Australian State waters from 
commercial fishing activities. In the event that any medium or high risks are identified, the 
management responses specified in Table 10 should be undertaken to control risk, and further 
analysis of risk beyond this screening-level risk assessment may be considered.

Expected outcomes

The desired outcomes of the NIMS risk assessment workshop are:
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of threats of introducing or translocating NIMS to State waters as a result of commercial 
fishing activities. The status of the technical information should be documented as peer 
reviewed, otherwise published, or unpublished work or data.
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options to manage threats of introducing or translocating NIMS for consideration.
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input to the NHT Project.

Bibliography

Hayes 2002a. Hayes, K.R., “Identifying hazards in complex ecological systems. Part 1: Fault-
tree analysis for biological invasions”, in Biological Invasions��`�YQZ���Q'��`�#

Hayes 2002b. Hayes, K.R., “Identifying hazards in complex ecological systems. Part 2: 
Infection modes and effects analysis for biological invasions”, in Biological Invasions, 4 (3), 
251-261.

Hayes and Hewitt 2000. Hayes, K.R. and C.L. Hewitt, Risk assessment framework for ballast 
water introductions—Volume II. Technical Report No 21, Centre for Research on Introduced 
Marine Pests, CSIRO Division of Marine Research, Hobart.

Russell et al. 2003. Russell B.C., K. Neil and R. Hilliard, Ashmore Reef National Nature 
Reserve and Cartier Island Marine Reserve—Marine and terrestrial introduced species 
prevention and management strategy. Department of Environment and Heritage, Natural 
Heritage Trust, Canberra.

NIMPCG 2006. Australian marine pests monitoring guidelines: Version 1. National Introduced 
Marine Pests Monitoring Group, Department of Agriculture, Fisheries and Forestry, Canberra.

Summerson and Curran 2005. [insert details of published reference]

Standards Australia 2004a. Risk management. Australian/New Zealand Standard AS/NZS 
4360, Standards Australia International, Sydney.

Standards Australia 2004b. Environmental risk management—Principles and process. Standards 
Australia/Standards New Zealand Handbook HB 203, Standards Australia International, 
Sydney.

Stoklosa 2005. Stoklosa, R.T., How-to guide for conducting risk-based assessments of 
quarantine threats to Barrow Island, Rev. 5, prepared for Chevron Australia, Perth, Western 
Australia. www.e-systems.com.au�Y�		������%`�9��
�����&Z#

?��������&#�?������V#�#��Risk assessment of commercial fisheries introducing or transferring 
non-indigenous marine species (NIMS) in Western Australia. Western Australian Department 
of Fisheries, Natural Heritage Trust, Western Australian Strategic Reserve Fund Project No. 
�'Q�&'��������
��������
����|��	�����&#



202 Fisheries Research Report [Western Australia] No. 207, 2010

Is there a need for monitoring of environmentally  
sensitive areas in Western Australia for non-indigenous 
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Executive Summary

Western Australia has an extensive, variable coastline that extends from the tropical regions of 
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people live in the Perth metropolitan area and most of the remainder live in the southwest. 
Outside the major towns and ports in other parts of the State, the marine environment is 
relatively pristine. Introduced marine pests are considered to be one of the critical threats to 
this pristine marine environment.

A recent analysis recorded 60 introduced marine species for which distributional data are 
available. Most (37 species) are temperate; 6 are tropical; and 17 occur in both areas. All 
60 species are found in marine areas associated with harbours where there are commercial 
trading ports; 26 species occur on nearby open coasts. This strongly suggests species are being 
introduced to the State through major nodes of human activity, followed by the spread of some 
species to nearby areas. However, it is acknowledged that surveys for introduced species have 
been concentrated in harbours and records from adjacent open shores are incidental. 
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55 species known to be invasive in Australia or elsewhere, or are potentially invasive. In their 
analysis of marine species introduced into Western Australia, Huisman et al#�Y���&Z��
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four species on the national list: the dinoflagellates, Alexandrium tamarense and A. minutum 
(considered to be cryptogenic or native), the polychaete Sabella spallanzanii, and the bivalve 
Musculista senhousia. The alga Caulerpa taxifolia occurs in WA, but it is not the invasive 
genetic strain. Several specimens of the invasive marine alga Codium fragile subsp. fragile 
were recently found in Albany. The status of this species is currently being checked. Overall 
only eleven of the 55 species occur in Australian waters. The National System acknowledges 
that there may be invasive species not on the list, and incorporates this consideration into the 
monitoring program.

Eighteen locations nationwide are included in the National Monitoring Network, including 
three WA commercial trading ports: Dampier, Port Hedland and Fremantle. The present 
document considers whether environmentally sensitive areas in WA should be monitored for 
introduced marine species, and if so, where such monitoring should occur.

Over the last 20 years, the WA Department of Environment and Conservation has been 
developing a Statewide representative system of marine parks and reserves. These are 
considered here, along with the Houtman Abrolhos Islands Fish Habitat Protection Area 
(FHPA), as a proxy for the State’s ‘environmentally sensitive marine areas’. A separate analysis 
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It is concluded that there is low threat of non-indigenous marine species (NIMS) being 
introduced directly into an environmentally sensitive area from overseas. Vessels entering 
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clearance. Such introductions are most likely to occur in a major harbour where a variety of 
possible introduction mechanisms occur, or alternative NIMS can be introduced indirectly as a 
translocation from an eastern Australian locality. 
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Monitoring Network:
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developing National Monitoring Network that will monitor primarily for the presence of 55 
species on the NIMPCG target list;
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Network should be undertaken in one or more of the marine parks and FHPAs;
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parks and FHPAs, using the NIMPCG target list;
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parks and FHPAs, using an alternative list of target species.

Consultation with independent scientific experts identified a need for monitoring of marine 
parks and FHPAs in Western Australian waters. Further consultation with a panel of experts 
that examined the issue resulted in a collective recommendation that a future project should 

initially select at least one tropical and one temperate environmentally sensitive area for 

monitoring, using the methods and species list of the developing National Monitoring 

Network. Such a project should be designed to validate its scientific value, and inform the 
approach for continuing and/or expanding the program to other areas.

Introduction

As the largest State in Australia, Western Australia has a long and relatively pristine coastline 
that stretches over 12,500 km. The coast ranges over 20 degrees of latitude from 14°S in the 
most northerly parts of the Kimberley to 35° S on the south coast. There are a wide variety of 
coastal marine habitats in this vast area. The south coast has extensive white sandy beaches 
interspersed with granite headlands. Diverse species of temperate marine algae occur on the 
south coast. With 26 species, the seagrasses of the State are the most extensive in the world, 
covering an estimated 20,000 km2. There is a rich diversity of fauna, both invertebrates and 
fish, associated with these plant communities. A number of species of whales, dolphins and sea 
lions occur on the south coast. 

The extensive north coast also has a wide variety of habitats. Foremost of these is Ningaloo 
Reef, the largest fringing reef in the world. It stretches from the tip of North West Cape 300 
km south to Red Bluff. In recent years, Ningaloo has become famous as one of the best places 
in the world to see whale sharks during their seasonal migration northward in April—May. In 
addition, there is a fantastic variety of reef life, including large fish, which are very accessible 
as the reef is close to shore. There are smaller coral reefs in the coastal areas of the Pilbara and 
Kimberley. On the edge of the continental shelf, open ocean atolls are found at Rowley Shoals, 
Scott Reef, Seringapatam Reef and Ashmore Reef. In open oceanic waters, these reefs have a 
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very different biota from that which occurs in the more turbid waters of the inshore continental 
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species of mangrove plants and many associated animals. Further north there are much larger 
mangrove forests, with a total of 16 species (Semeniuk et al. %��&Z#

The west coast also has a wide range of marine habitats. Shark Bay is on the World Heritage 
List as one of the most important marine sites in the world. The 12,000 km2 of the bay has 
the largest population of dugongs in the world. The arid coastline has an unusual hypersaline 
setting where the heads of the bays reach salinities of up to 70‰, approximately double that 
of normal seawater. The bay has extensive seagrass meadows, mangroves along the eastern 
shore, a wide variety of fish, and the dolphins that come to the shore at Monkey Mia are 
world famous. Further south, the 122 islands of the Houtman Abrolhos are one of the key 
marine areas of Western Australia. Closer to Perth, Rottnest Island is a favourite among West 
Australians. The beaches and fishing at Rottnest are a major attraction. Further south the Capes 
to Capes region is a national park with a beautiful open coastline and extensive rocky shores.   
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metropolitan area. Perth and the southwest have high human population density, but away from 
these areas there are vast parts of the coast where there are few people. The Western Australian 
marine environment is highly valued. There is a high level of boat ownership. About a third 
of the population goes fishing at least once a year, and water sports are favourite past times. 
The tourism industry depends heavily on the marine environment as attractants for intrastate, 
interstate and overseas visitors.

The importance of Western Australian coral reefs was highlighted by a study published in 
Science (Roberts et al. 2002). The authors analysed the worldwide distributions of 3225 
species of corals, fish, molluscs and rock lobsters that live on coral reefs throughout the world. 
Eighteen hotspots of coral reef biodiversity were found, including one on the west coast of 
Western Australia. The WA hotspot includes Ningaloo Reef, the outer islands of Shark Bay, 
the Houtman Abrolhos Islands, and Pocillopora Reef at Rottnest Island. The international 
significance of the hotspot is indicated by the fact that it ranks seventh in total diversity of 
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species and only 15th in terms of threats from human activities. 

The Western Australian marine environment is even more unusual because of the Leeuwin 
Current, which forms in the open ocean north and east of North West Cape. It flows down 
the west coast of WA bringing warm, relatively low salinity tropical waters along the edge of 
the continental shelf. The current is strongest and closest to shore during autumn and winter; 
���
������
�������������� 
�� 
�����K���������������
����
��� Y@���������%��%Z#�/���_����
��
Current has a major influence on the biogeography of the State’s marine flora and fauna and 
is responsible for the occurrence of tropical biota at latitudes where these species would not 
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to the east and flows into the Great Australian Bight, dissipating as it heads east. Traces of the 
current have been recorded as far eastward as Tasmania, making it the longest unidirectional 
current in the world.

It is critical that we maintain the Western Australian marine habitat in its present excellent 
condition for the present and future generations. The introduction of non-indigenous marine 
species (NIMS) into new marine areas is second only to habitat change and loss in reducing 
global marine biodiversity (Millennium Ecosystem Assessment 2005). This is a worldwide 
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but some become serious pests. Among other problems, these pests can cause diseases in 
humans and native species, disrupt ecosystems, and/or cause industrial problems such as 
fouling, with significant economic implications.

In October 2006, the Western Australian Department of Fisheries initiated a project on 
introduced marine pests in Western Australia. One of the major components of the project is 
to determine whether there should be monitoring of high value areas in WA for marine pest 
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For the purposes of this report, “high value areas” have been defined as environmentally 
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developed for submission to the Fisheries Research and Development Corporation (FRDC) to 
examine the impact of introduced marine pests in these areas. 

The examination of environmentally sensitive areas is the third risk assessment to be undertaken 
as part of the Natural Heritage Trust project on marine pests in Western Australia. McDonald 
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commercial trading ports introducing marine pests into the State. The report demonstrated 
that Dampier, Fremantle and Port Hedland are the highest risk commercial trading ports, 
confirming the results of NIMPCG (2006). These three commercial trading ports will be 
part of the developing National Monitoring Network that will underpin the National System. 
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Fisheries introducing or translocating marine pests into WA. As commercial fisheries (except 
for the Patagonian tooth fish fishery) are limited to Australian waters, there is little chance of 
species being introduced from overseas. Most WA managed fisheries are confined to Western 
Australia, though some vessels enter Northern Territory or South Australian waters. As there 
are few marine pests in these areas, there is little chance for introduction into WA. Similarly, 
there are few pests in WA and little chance for translocation within the State. However, 
fishing vessels are high risk because of factors such as their close contact with the bottom, 
extensive time in port, wet nets, and holding areas. If pests were introduced into areas where 
the fisheries operate, fisheries vessels could transfer the pests rapidly from one area to another. 
This might happen before the pest was actually detected. Because of this, commercial fishers 
must maintain a high level of vigilance and adopt procedures to minimise the risk of moving 
introduced marine pests from one part of the coast to another.

Non-Indigenous Marine Species in Western Australia

As a first step in developing management information on marine pests in Western Australia, 
Huisman et al.�Y���&Z�	
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introduced to the State. Results of this study are summarised below.

A total of 102 species are discussed in the paper:

seven have been reliably reported but are not presently known to occur here (four are natural 
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26 species are considered to be cryptogenic or native; 
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60 species have been introduced and are currently living in Western Australia. 

The 60 species regarded as having have been introduced and presently living in Western 
Australia are classified in a wide range of plant and animal taxa. The groups with the most 
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occur in marine areas associated with harbours. Twenty-six species occur in nearby open 
coasts, including estuaries such as the mouth of Peel Inlet. This strongly suggests species 
are being introduced to the State through major nodes of human activity, followed by some 
spread to nearby areas. However, it should be noted that surveys for introduced species have 
been concentrated in harbours and the records from adjacent open shores are incidental. A 
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become outside harbours. The most diverse groups on open coasts are bryozoans (7 species) 
and barnacles (5 species). The bryozoans were all recorded in Shark Bay (Wyatt et al. 2005). 

Most of the NIMS in Western Australia are temperate species (37 species) that occur from 
Geraldton south; only 6 are tropical species that occur from Shark Bay north; 17 introduced 
species occur in both the southern and northern halves of Western Australia. Because of the 
preponderance of temperate species, southern marine areas have more introduced marine species 
than northern areas. The greatest concentration is in the southwest corner of Western Australia: 
Fremantle (including Cockburn Sound and the lower Swan River) has 46 introduced species. It 
is the largest port by vessel movements. Albany (25), Bunbury (24) and Esperance (15) are all 
smaller ports with less habitat diversity and fewer numbers of introduced marine species.

Huisman et al.� Y���&Z� ����	���� ���� ^��
��� et al. (2002) database by state or territory. The 
following numbers of introduced species were found: Victoria (57); New South Wales (55); 
Tasmania (45); Western Australia (44); South Australia (43); Queensland (26); and the Northern 
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more introduced marine species on the temperate south coast of the continent than in the tropical 
northern waters. With about a third of Australia’s coastline, Western Australia ranks fourth of the 
six states in the number of introduced marine species, just one species ahead of South Australia. 
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Victoria alone, and an additional 61 cryptogenic species in the bay. 

The National Network Monitoring Program
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(CRIMP) developed methods for conducting baseline surveys of Australian ports for introduced 
marine species. The goal was to establish a national database of the distribution of NIMS a first 
step in addressing the problem. The basis was that to understand if a species is introduced, there 
must first be a thorough understanding of what species occur naturally in an area. Baseline 
surveys were conducted by CRIMP, or other agencies using CRIMP methodology, of all of the 
major Australian commercial trading ports, with the exception of Dampier. Although Dampier 
was not surveyed, there has been considerable biodiversity work undertaken in the Dampier 
region by the Western Australian Museum. The resulting publications (Wells et al. 2003; Jones 
2004) make this the best-known area of Western Australia in terms of marine biodiversity. 

NIMPCG (2006) undertook an analysis of all of the major commercial trading ports in Australia, 
including the number of ships entering a port, size of the vessels, types of vessels and similarity 
of the marine environment between the departure ports and the Australian arrival ports. These 
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Fremantle in Western Australia, being included on the National Monitoring Network. Targeted 
monitoring will concentrate on these ports in the future. 

Table 1.  Relative risk rankings of commercial trading ports in Western Australia for the 
introduction of NIMS.

Port Rankings
Original study McDonald (2008)

WA National
Dampier 2 6 1
Fremantle 1 2 2
Port Hedland 3 9 3
Bunbury 4 24 4
Cape Lambert Not included Not included 5
Geraldton 5 27 6
Esperance 7 37 7
Albany 6 34 8
Varanus Island 11 59 9
Barrow Island 12 76 10
Broome 9 43 11
Useless Loop 14 81 12
Cape Cuvier 10 46 13
Wyndham 8 41 14
Exmouth 13 79 15
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an independent analysis of Western Australian commercial trading ports. The same three ports 
(Dampier, Port Hedland and Fremantle) again topped the list of ports in terms of the relative 
risk of introducing NIMS (Table 1). These three ports are all clumped together as high risk, with 
Dampier at the top. The risk drops to Fremantle then Port Hedland, at which point a plateau is 
reached for the ports of Bunbury, Cape Lambert and Geraldton, indicating little difference in 
the relative risk amongst these ports. The risk is reduced once more and again plateaus out for 
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nine nationally. Bunbury (24) and Geraldton (27) were next, with the remaining ports ranking 
well down on the national list. 

Now that the baseline surveys of ports on the national monitoring system have been completed, 
there is a much better understanding of NIMS in Australia. It is important to note that with the 
broad surveys completed, the NIMPCG (2006) focus has changed to determining the presence/
absence of 55 target species (Table 2). These are species that are known to be invasive in 
Australia, are invasive elsewhere, or are considered to be potentially invasive. The National 
Monitoring Network will target these species, acknowledging that other species might be 
detected by the surveys.

In their analysis of marine species introduced into Western Australia, Huisman et al.� Y���&Z�
found only four species on the NIMPCG list: the dinoflagellates Alexandrium minutum and 
A. tamarense (considered by Huisman et al.�Y���&Z��
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polychaete Sabella spallanzanii; and the bivalve Musculista senhousia. The alga Caulerpa 
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taxifolia occurs in WA, but it is not the invasive genetic strain. More recently, several 
specimens of the marine alga Codium fragile subspecies fragile were collected in Princess 
Royal Harbour and King George Sound at Albany. This subspecies was previously known as 
C. fragile tomentosoides, but Maggs and Kelly (2007) synonymised the subspecies with C. 
fragile subsp. fragile. The green alga Caulerpa racemosa var. cylindracea, a major pest in the 
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et al., 2003) Overall only 11 of the 55 species occur in Australian waters (Table 4). Additional 
species occurring outside WA are the invasive strain of C. taxifolia, the macroalga Grateloupia 
turuturu, the kelp Undaria pinnatifida, the starfish Asterias amurensis, the crab Carcinus 
maenas, the oyster Crassostrea gigas, and the mussel Perna viridis.

Table 2.  Target species of introduced and potentially introduced marine species on the national 
monitoring program (NIMPCG 2006).

Group Species Group Species
BALLAST WATER
Dinoflagellates Alexandrium catenella Diatoms Chaetoceros convolutus

Alexandrium minutum Chaetoceros concavicornis
Alexandrium monilatum Pseudo-nitzschia seriata
Alexandrium tamarense Ctenophorans Beroe ovata
Dinophysis norvegica Mnemiopsis leidyi 
Gymnodinium catenatum Copepods Acartia tonsa
Pfiesteria piscicida Pseudodiaptomus marinus

Tortanus dextrilobatus
HULL FOULING
Algae Bonnemaisonia hamifera Cnidarians Blackfordia virginica

Caulerpa racemosa Polychaetes Sabella spallanzanii 
Caulerpa taxifolia Hydroides dianthus
Codium fragile subspecies
fragile 

Marenzelleria spp.

Grateloupia turuturu Barnacles Balanus eburneus
Sargassum muticum Balanus improvisus
Undaria pinnatifida Crabs Callinectes sapidus
Womersleyella setacea Carcinus maenus

Bivalves Corbula amurensis Charybdis japonica
Ensis directus Eriocheir spp.
Limnoperna fortunei Hemigrapsus sanguineus
Mya arenaria Hemigrapsus takanoi

 Varicorbula gibba Rhithropanopeus harrisii
Musculista senhousia Ascidians Didemnum spp.
Mytilopsis sallei Starfish Asterias amurensis
Perna perna Fish Neogobius melanostomus
Perna viridis Siganus luridus
Crassostrea gigas Siganus rivulatus

Gastropods Crepidula fornicata Tridentiger barbatus
Rapana venosa Tridentiger bifasciatus
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Table 3.  NIMPCG (2006) target species recorded in Western Australian marine areas.

Group Species Areas inhabited
Dinoflagellates Alexandrium minutum Bunbury, Fremantle
Bivalves Musculista senhousia Fremantle
Polychaetes Sabella spallanzanii Esperance, Albany, Bunbury, Fremantle

Table 4.  NIMPCG (2006) target species recorded in Australian marine areas.

Group Species Areas inhabited
Marine algae Caulerpa taxifolia Queensland to South Australia

Undaria pinnatifida Tasmania
Grateloupia turuturu Tasmania
Codium fragile fragile New South Wales to Western Australia

Dinoflagellates Alexandrium minutum Western Australia
Starfish Asterias amurensis Tasmania, Victoria
Crab Carcinus maenas Tasmania, New South Wales to South Australia

Crassostrea gigas Tasmania, New South Wales to South Australia
Musculista senhousia Tasmania, South Australia, Western Australia
Perna viridis Queensland

Polychaetes Sabella spallanzanii Tasmania, New South Wales to Western Australia

In addition to the NIMPCG (2006) species listed above, the websites of the responsible 
state agencies list additional species considered to pests in those areas: the fish Tridentiger 
trigonocephalus in New South Wales and the bivalve Corbula gibba in Tasmania. The 
polychaete Hydroides sanctaecrucis has been recorded in the Cairns area of Queensland 
(Lewis et al. 2006), but is considered to be a nuisance, not a pest.

Potential Sources of Introductions

There are three potential sources for the introduction of NIMS into Western Australian 
environmentally sensitive areas:
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Each of these is discussed below. 

Introduction of NIMS into Western Australia from overseas

Clearly there is a potential for NIMS to come into Western Australia from overseas. The most 
likely sources would be vessels, primarily ships, entering directly into Western Australian 
ports. A second potential source would be private yachts entering the ports for customs 
clearance before moving along the coast.

Introduction of NIMS into Western Australia from interstate

There is less potential for NIMS to come into the State from eastern Australia, simply on the 
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basis that there are only eight species on the NIMPCG list in the east that are not in WA.

Two tropical species on the NIMPCG list are of particular concern: the black striped mussel, 
Mytilopsis sallei, and the Asian green mussel, Perna viridis. Mytilopsis sallei, was introduced 
into three marinas in Darwin. The introduction is thought to have been through a yacht arriving 
in the Northern Territory. Fortunately, the species was restricted to the marinas, and it was 
successfully eradicated (Willan et al. 2000). However, there is considerable potential for the 
species to be re-introduced into Darwin. The Asian green mussel, Perna viridis, has been 
introduced into Cairns, where it has apparently established a small breeding colony (Stafford 
et al. ����Z����
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	��#�

The invasive marine alga Caulerpa taxifolia and the Pacific oyster Crassostrea gigas have 
been established in the Adelaide area (Table 4). Crassostrea gigas and the European shore crab 
Carcinus maenas extend eastwards along the coast to New South Wales and Tasmania, while 
the North Pacific seastar Asterias amurensis is found in Tasmania and Victoria. Codium fragile 
fragile has been found in several areas of New South Wales, Victoria, and South Australia and 
has spread to southwestern Australia at Albany. The marine algae Grateloupia turuturu and 
Undaria pinnatifida are established in Tasmania. 

All of these species can be transported into Western Australia by any vessel arriving from an 
infected area. 

Transport of NIMS within Western Australia

At present, there are four introduced species on the NIMPCG (2006) target list present in 
Western Australia:
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�� ���������������Codium fragile subsp. fragile

All of these four species can be moved about within Western Australia by vessel movements 
and potentially through other mechanisms. All four species are currently distributed in 
harbours, and are not known on open coasts. 

The toxic dinoflagellate Alexandrium minutum has been recorded in Bunbury and Fremantle 
(Huisman et al.����&Z#�/�
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water column and a resting, or cyst, stage that lives on the surface of bottom sediments. Large 
ships that use ballast water can transport both life stages. The planktonic stage can be moved in 
water held in holding tanks or pools of water on the boat. The benthic cyst stage can be moved 
in any sediment inadvertently carried from one marine area to another, such as from Bunbury 
or Fremantle to Geraldton, Albany or Esperance. It is unlikely that the species would survive 
north of Geraldton because of the higher seawater temperatures.

The European fanworm Sabella spallanzanii has been found in Esperance, Albany, Bunbury 
and Fremantle, including Cockburn Sound, and also Warnbro Sound (Huisman et al.����&Z#�
This species is most likely to be transported as clumps of individuals, or parts of individuals, 
trapped in nets, pots, etc or on drift material. Sabella spallanzanii is a temperate species and 
could probably not survive in the warmer sea temperatures north of Geraldton. It could also be 
transported as planktonic larvae via the ballast water of large ships.
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The Asian date mussel Musculista senhousia has been found only in the lower Swan River and 
Cockburn Sound (Huisman et al.����&Z#�9��������	
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any individuals, though there may still be residual populations in the Swan River or Cockburn 
Sound. The species could be carried as planktonic larvae via the ballast water of ships or as 
hull fouling on any vessel. The published literature cited by NIMPIS (2006) suggests the 
species has a wide temperature tolerance that would include virtually all of Western Australia. 
However, there may be more than one species in what is presently considered to be one species 
(K. Chalermwat, Burapha University, Thailand, pers. comm. 2003).

The green alga Codium fragile subsp. fragile has recently been found in Princess Royal Harbour 
and King George Sound at Albany. This taxon has been present for some time in the east, but 
projections indicated its temperature tolerances would allow to it survive in southwestern 
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Western Australia in 2007.

Sources Of NIMS

There are two major sources of NIMS entering Western Australia:
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The patterns of each of these are discussed below.

Shipping from international and domestic sources

Of the two major potential sources of NIMS entering the State, international and domestic 
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Western Australian commercial trading ports during 2006. These data are summarised in Table 
5. These data capture all visits to the commercial trading ports surveyed during the year, and 
include all types of vessels: a wide variety of commercial ships, research vessels, charter boats, 
cruise ships, fishing vessels, and military ships. The fishing vessels included are those that 
used the port facilities, including the arrivals from international ports. It does not include local 
fishing boats using fishing harbours in areas such as Fremantle and Geraldton.

Table 5 shows there are considerable differences between commercial trading ports in terms of 
all characteristics measured: number of shipping visits, both domestic and international, and 
ballast water discharge, both domestic and international. Dampier had the greatest number of 
�
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Together these four ports had 6255 visits (70.5% of the total) and 111,016,670 tonnes of ballast 
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vessels were operating out of Broome and returning to Broome without entering another port. 
These vessels include charter boats operating to Rowley Shoals and the Kimberley, and service 
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boats operating to offshore petroleum reserves, etc. 

At the other end of the scale, eight ports had less than 200 ship visits in 2006, with the total 
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discharged. 

Table 5.  Shipping movements and release of ballast water into Western Australian ports in 2006 
(From McDonald 2008).

Port Number of visits Ballast water discharge (tonnes)
Total Domestic Interna-

tional
Total Domestic Interna-

tional
Dampier 3278 2188 1090 42,406,279 203,966 42,202,313
Fremantle 1722 785 937 8,532,086 3,876,914 4,655,172
Broome 1017 975 42 45,263 15,483 29,780
Port Hedland 930 77 853 40,932,680 268,570 40,664,111
Geraldton 369 217 152 2,460,606 528,782 1,917,042
Bunbury 344 93 251 4,503,806 830,297 3,673,509
Cape Lambert 325 2 323 19,145,624 82,377 19,063,247
Varanus Island 193 190 3 176,202 176,202 0
Barrow Island 186 180 6 254,827 135,873 118,954
Esperance 175 67 108 2,787,411 172,235 2,615,176
Albany 115 41 74 873,888 234,299 639,589
Wyndham 114 83 31 72,129 31,451 40,679
Cape Cuvier 55 3 52 877,188 40,096 837,092
Useless Loop 47 3 44 368,152 19,314 348,838
Exmouth 6 5 1 n/a n/a n/a
Totals 8876 4909 3967 123,421,361 6,615,858 116,805,502

Private yachts visiting the State

URS (2007) undertook a nationwide analysis of private yachts entering Australian waters 
during the period of 2000-2005. The results of this study are summarised in this section.

Cruising yachts less than 25 m in length can pose a high risk of introducing biofouling species 
because of:
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URS (2007) concluded the key to reducing the risk of introductions through biofouling was 
to undertake thorough and regular cleaning of the vessel and the application of appropriate 
antifoulant to the vessel. Since 1 October 2005, AQIS has been operating the National Border 
Protocol for Apprehended and International Vessels Less than 25 m in Length on a voluntary 
basis in selected ports. Under the National System, NIMPCG is currently developing National 
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Guidelines for management of biofouling for each of the key sectors, including recreational 
vessels.

URS (2007) analysed the commercial trading ports of entry of 4620 yachts entering Australia 
from overseas during the six-year period of January 2000 through December 2005. Nine of the 
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were in Western Australia.

The 13 Western Australian commercial trading ports recorded a total of 117 arrivals in six 
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Port Hedland, Dampier, Carnarvon, Geraldton, Fremantle, Bunbury, Albany, and Esperance. 
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a major port and are not allowed to visit a marine park before undertaking arrival clearance.

PREVENTION OF INTRODUCTIONS OF NIMS

There are two major methods by which NIMS can be introduced by vessels:
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through hull fouling (URS 2007). There are very different methods employed to prevent NIMS 
through these two methods.

Ballast water

As shown on Table 5, vessels visiting Western Australian commercial trading ports discharged 
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5.4% was domestically sourced. Vessels entering a Western Australian port (and other ports in 
Australia except for Victoria, which has its own regulations for handling of domestic ballast 
water) that plan to discharge ballast water must undertake a risk assessment of their ballast 
water using Australian Quarantine and Inspection Service (AQIS) guidelines. Ballast water 
assessed as high risk cannot be discharged in Australian waters. Exchange at sea in the open 
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on the NIMPCG (2006) list have short-term planktonic larvae that are concentrated in coastal 
areas. Replacing the coastal water from a port with water from the open ocean greatly reduces 
the concentration of larvae in ballast water tanks.

Open sea exchange can be done by completely emptying a ballast water tank and replacing 
the water. An alternative is to run the ballast water pumps long enough to pump three times 
the volume of the tank, progressively decreasing the concentration of larvae as the pumps run. 
Exemptions are allowed for storms and other situations when ballast water exchange would 
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endanger the vessel. On entry to port, AQIS inspects the pump records to ensure that ballast 
water exchange has actually occurred.

With the implementation of a nationally consistent management regime for the regulation of 
��������������Y��
	��
��
��	������������
	
�������
������
�����������
������Z������������������
water management arrangements will apply to domestically sourced ballast water. In addition, 
there are methods being developed to treat ballast water to further reduce the introduction of 
NIMS.

Hull fouling 

At present management of hull fouling on ships is largely left up to the company, and is 
undertaken through regular cleaning programs and the use of antifoulants. Movement of a 
vessel through the water is slowed by hull fouling organisms, so it is in the operator’s interest 
to ensure the hull is as clean as possible. In general, major companies ensure their vessels are 
as clean as possible, though it is recognised that this system is far from perfect. 

However, there are a wide variety of vessels and not all pose the same risks. Vessels such as 
dredges and jack-up rigs are in close association with the bottom, slow moving, remain in an 
area for prolonged periods, and have numerous nooks and crannies where NIMS can settle and 
grow. These vessels are considered to represent high risk.

Many such vessels enter WA as part of major development programs for ports and other 
facilities. As part of the environmental assessment process, Ministerial Conditions are set by 
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to be inspected for marine pests before, or immediately after, they enter WA waters. If they 
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of the shortage of facilities in WA that can deal with these vessels, may mean the vessel has to 
go offshore for dry-docking and cleaning. In 2007 the WA Parliament passed the Biosecurity 
and Agriculture Management (BAM) Act. When it becomes operational, this Act will provide 
the WA Department of Fisheries with substantially enhanced capabilities for the management 
of the introduction of NIMS.

In addition, NIMPCG is in the process of developing national guidelines for the management 
of hull fouling by the different sectors. 

Environmentally Sensitive Areas in WA

As one part of the task of protecting the marine environment, the Marine Parks and Reserves 
Selection Working Group (MPRSWG) examined the entire coastline of Western Australia 
in detail and selected 72 areas for further consideration for development as marine parks or 
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marine parks in Western Australia, such as the Ningaloo Marine Park and the Marmion Marine 
Park. A number of parks have been developed since then, and others are currently being 
developed.

The intention is to develop a representative system of marine reserves and marine parks in 
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representative for every region. In the 14 years since the report was published, a number of 
marine parks and reserves have been developed. The present paper uses the extensive analysis 
behind the selection of marine parks and reserves as the basis for selecting environmentally 
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sensitive marine areas in terms of the possible introduction of marine pests.

The Minister for Fisheries also has the ability to declare Fish Habitat Protection Areas (FHPA) 
under the Fish Resources Management Act 1994. One of the key areas determined by the 
|8�$?��Y%��`Z���������^
������9��
��
����������
����������
�#�/���9��
��
��
����������

�������
��
���������
������|
�
������
��V
����
��#����%��������9��
��
�����������
���������
������
State to be declared as an FHPA. It remains the largest and most important of the FHPAs and 
is included here as an environmentally sensitive area.

The environmentally sensitive areas considered in this analysis are, in geographical order from 
north to south (Figure 1):
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Figure 1.  Map of Western Australia showing the locations of marine parks (map provided courtesy 
of the WA Department of Environment and Conservation). 

Management Plans have been developed by the Department of Environment and Conservation 
for all of the marine parks and for the Fish Habitat Protection Areas by the Department of 
Fisheries. The Management Plans should be examined in detail for descriptions of the areas, 
their environmental values, zoning, regulations, etc. 

Rowley Shoals Marine Park
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The Rowley Shoals Marine Park is located nearly 300 km west-northwest of Broome on 
the edge of the Australian continental shelf. Rowley Shoals is comprised of three oceanic 
atolls (Mermaid, Clerke and Imperieuse Reefs) that are 30-40 km apart. They lie between the 
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and well away from shipping lanes. As offshore atolls, their biota is very different from that of 
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records for WA. Being so far offshore, the reefs are in nearly pristine condition.

Primary access to the Rowley Shoals is via charter vessels operating from Broome, and to 
a lesser extent via private yachts. There may also be some visits by Indonesian fishermen 
poaching in the area, but this is likely to be low. The primary threat of introductions to Rowley 
Shoals is translocation by vessels that originated in Broome. While the port of Broome has not 
been surveyed for NIMS, no species on the NIMPCG (2006) list are known to have established 
populations on the north coast. Three species of barnacles are known to have been introduced 
to Broome (Huisman et al.����&Z#�

Dampier Marine Park and Regnard Marine Management Area

The Dampier Archipelago Marine Park includes the marine waters of the Dampier Archipelago, 
Burrup Peninsula, and the eastern part of the peninsula. For the purposes of this discussion, the 
area also includes the region west to Cape Preston, which is proposed as the Regnard Marine 
Management Area. The Dampier Archipelago has received the most intense biodiversity survey 
in WA, with the presence of over 3,000 species published (Wells et al. 2003; Jones 2004). An 
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The Port of Dampier, one of the two largest commercial trading ports in Australia by tonnage 
of shipping, is adjacent to the Dampier Marine Park, but is not included in the Park boundaries. 
/���8
���
��>���
���
��
�	���������
���
��%&��
	��

���
������-��

����|
�
�
�
���-���
�K��
which will include sites in the marine park, so the Dampier Marine Park is covered by the 
existing monitoring program.

Montebello/Barrow Island Marine Area

The Montebello/Barrow Island Marine Area is located off the Pilbara coast between Dampier 
and North West Cape. There are three components to the management area: Montebello 
Islands Marine Park, which includes the waters of the Montebello Islands and covers the 
entire island area; Barrow Island Marine Park on the western side of Barrow Island; and the 
Barrow Island Management Area (including the Barrow Island Marine Park). Despite the 
intensive petrochemical activity in the area, it is actually relatively remote and the marine 
waters are pristine. The diffuse Indonesian Through Flow begins to form the Leeuwin Current 
in the region, providing a source of larvae of tropical species from the north. This, plus the 
considerable habitat diversity, has led to the development of a very diverse marine biota.

For example, the 265 low-lying islands in the Montebello Islands Marine Park contain 
extensive lagoons, channels, intertidal embayments, intertidal platforms, and dunes. The 
benthic habitats include coral, limestone and exposed reef systems, sand patches and seagrass 
meadows providing a considerable range in habitat diversity. There are 141 species of 
scleractinian corals, 170 echinoderms, 633 molluscs, 123 crustaceans, and 456 fish known 
from the Montebello Islands alone. Turtles (five species), whales (seven species of toothed and 
five species of baleen whales) and dugongs are common. Seabirds (15 species) use extensively 
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the islands as rookeries.

The primary threat of introduction of NIMS to the Montebellos is translocation of species from 
Dampier, which is part of the National Monitoring Network. Two smaller parts occur in the 
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were international, so the risk of a direct introduction from overseas is small. In addition, the 
vessels remained in port for only short periods of time. 

Ningaloo Marine Park

Ningaloo Marine Park is one of the icon marine areas of Western Australia, and one that it 
is critical to protect from NIMS. The marine park extends from Bundegi Reef, just north of 
Exmouth down the west side of North West Cape to Red Bluff. It is regarded as the largest 
fringing reef in Australia. Recently it was extended to include the Muiron Islands. Ningaloo 
Reef has a lagoon near the shore, which makes the reef very accessible. There are a wide 
variety of different ecosystems and habitats in the region, including macroalgal meadows, 
mangroves, sand, and intertidal habitats. The reef itself has a variety of forms, including 
sections of limestone, coral and exposed intertidal reefs. Sandy and muddy bottoms and 
macroalgal communities provide habitat for many invertebrate groups that are poorly known 
in the region. There is high species richness within the management areas. Known diversity 
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Muiron Islands). There are also 144 bird species, some of which are protected by international 
treaties. There are also 13 species of toothed whales and dolphins, and seven species of baleen 
whales. Ningaloo Reef is well known as one of the best places in the world to see the largest 
extant fish, the whale shark. Ningaloo Reef is the northern limit of the coral reef biodiversity 
hotspot described by Roberts et al. (2002), and has the greatest diversity in the hotspot of 
species examined: corals, molluscs, fish, and rock lobsters.

The Ningaloo Marine Park includes the areas in WA State waters. Offshore the park is 
continuous with the Commonwealth component of the park. The only commercial trading port 
in the area is Exmouth, which handled only six vessels in 2006, one of which was international.

It should be noted that there is a proposal for development of a major salt works on the east 
side of Exmouth Gulf. Should the proposal gain environmental approvals, it is likely that the 
approvals will include Ministerial Conditions for the management of NIMS. There will also 
be increased shipping in Exmouth during the operational phase of the salt works. However, 
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of the potential introduction of NIMS in future. It should also be noted that vessels associated 
with the offshore oil and gas developments come into Exmouth Gulf for various reasons and 
potentially present a risk.

Shark Bay Marine Park (including the Hamelin Pool Marine Nature Reserve)

Like Ningaloo, the Shark Bay Marine Park (including the Hamelin Pool Marine Nature 
Reserve) is one of the environmentally critical areas of Western Australia, with a substantial 
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Shark Bay is the largest enclosed embayment in the world. While largely tropical, the marine 
biota of the bay includes a mixture of temperate Australian and endemic Western Australian 
species. Shark Bay has been called a “reverse estuary”. Salinities at the mouth are normal 
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marine salinities of about 35‰. Salinity gradually increases to about 70‰ at the southern 
ends of the inner and outer gulfs. There are ancient stromatolite systems in Hamelin Pool and 
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Faure Sill, just north of Hamelin Pool, has the largest seagrass meadow in the world, the 
Wooramel seagrass bank, which has an area of 1,030 km2 and 12 species of seagrass. Overall 
there is about 4,000 km2 of seagrass that forms the basis of productive marine ecosystems. 
In contrast to most of the biota of the bay, which is tropical, the seagrasses are dominated by 
the temperate genera Posidonia and Amphibolis. The seagrasses support one of the largest 
populations of dugongs in the world. There are also many other species of charismatic 
megafauna, including whales, dolphins, turtles, sharks, and rays. Resident dolphins at Monkey 
Mia regularly venture near the shore and interact with people. There are also many species 
of migratory birds. The coral reefs of the outer islands of Shark Bay are part of the coral reef 
biodiversity hotspot described by Roberts et al. (2002).

Two small commercial trading ports occur in the area. The salt works at Useless Loop had 47 
vessel movements in 2006, only three of which were international. Another salt works at Cape 
Cuvier, just north of Shark Bay had 55 vessel movements, three of which were international. 
There is also a small commercial trading port at Carnarvon that primarily handles fishing boats.

Wyatt et al. (2005) recorded seven species of introduced bryozoans in Shark Bay, and suggested 
they could have been brought into the State by cruising yachts. Huisman et al.�Y���&Z��
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secondary translocations from other WA areas. 

Houtman Abrolhos Islands Fish Habitat Protection Area

The Houtman Abrolhos Islands Fish Habitat Protection Area is located in the State waters of 
the Abrolhos Islands, 64 km to the west of Geraldton. The Abrolhos is another of the icon 
marine areas of the State. The 122 islands and islets are the centre of the WA western rock 
lobster industry, with 22 islands or parts of islands inhabited by fishers during the season of 15 
March to 30 June each year. There are extensive coral reefs that are essentially a veneer over 
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molluscs, and 234 marine benthic algae. The Abrolhos is one of the most important breeding 
sites for seabirds in the world. There are over one million pairs of Wedge-Tailed Shearwaters 
(Puffinus pacificus). In addition, the islands are the largest known WA habitat for breeding 
colonies of another nine species. 

International vessels may transit close to the islands, and occasionally between the island 
groups, but there is no port in the islands. It is likely that any introduced species would first 
be introduced into the Port of Geraldton and then trans-located to the islands. In 2006, the 
8
���
���������
����������Q������������
�	���
���%'����
��
�������

�����
���#�-
����	
���
��
the NIMPCG (2006) list are known to occur in Geraldton harbour. A possibility is that private 
yachts and fishing boats moving directly from Fremantle to the Abrolhos could introduce 
NIMS to the islands. However, only three species on the NIMGPG (2006) list are known 
from the Fremantle marine area, and recent attempts to collect Musculista senhousia in the 
Fremantle area were unsuccessful (see above). Further, M. senhousia lives in protected bays 
and estuaries, and the Abrolhos habitat is probably not suitable for this species. While some 
vessels going to the Abrolhos originate in Dongara and others in Kalbarri, most come from 
Geraldton. In particular, many of the fishing boats, rock lobster carrier boats and Department of 
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Fisheries boats originate from the fishing boat harbour, located close to the shipping port. If a 
pest species became established in Geraldton, it could be readily introduced to the Abrolhos by 
vessels moving from Geraldton to the islands, so vigilance must be maintained. The Abrolhos 
is a key part of the coral reef biodiversity hotspot described by Roberts et al. (2002). The reefs 
of the Abrolhos have the greatest number of restricted range species in the hotspot.

Jurien Bay Marine Park

The Jurien Bay Marine Park is 200 km north of Perth, between Wedge Island and Green Head, 
and extends westward to the western limit of State waters. Located on the central west coast 
of WA, the park has an essentially temperate biota with strong elements of tropical and west 
coast endemic species. The Jurien Bay region is representative of this area of the WA coastline. 
Dominant marine habitats are seagrass meadows; sand; intertidal reef platforms along the 
shoreline and on offshore islands; subtidal limestone reefs; and reef pavement. Combined, 
these habitats provide for a relatively high marine diversity for this part of the coast. The region 
is in essentially pristine condition.

Marine mammals include eight species of baleen whale, six of toothed whales, several dolphin 
species, and sea lions. In addition, there are three species of turtles, and numerous species of 
sea and shore birds nesting on the islands. Sea lion populations on the west coast are small, 
and individuals in the Jurien Bay area are genetically distinct from populations further south.

There are no major commercial trading ports in the area. The closest ports are Fremantle to the 
south (part of the National Monitoring Network) and Geraldton to the north.

Marmion Marine Park (including the Cottesloe Fish Habitat Protection Area), Shoalwater 
Islands Marine Park and Swan Estuary Marine Park

All of these areas are located in close proximity to the Fremantle marine area. The Marmion 
Marine Park (and the Cottesloe Fish Habitat Protection Area) is just to the north, the Shoalwater 
Marine Park is just to the south, and the small sites of the Swan Estuary Marine Park are just 
up the river from Fremantle. All of these marine parks are in close proximity to the Perth 
metropolitan area and have heavy usage from the Perth population.

Fremantle is one of the locations included in the National Monitoring Network, so there is no 
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Southwest Capes Marine Park

The proposed Southwest Capes Marine Park is located offshore of the extreme southwest 
corner of the continent. It includes the region between Cape Naturaliste and Cape Leeuwin and 
also Hardy Inlet. Much of the exposed coastline is rocky shore, and the sea bottom is inhabited 
by a wide variety of macroalgae, seagrass and associated invertebrate communities. The region 
is at the southern limit of the west coast biogeographic overlap zone, so the biota is primarily 
temperate, with some WA endemic species and a few tropical species that are carried south on 
the Leeuwin Current. The extent of the tropical component varies between years depending on 
the strength of the Leeuwin Current.

The Southwest Capes Marine Park is closest to the port of Bunbury, which is 60 km to the 
northeast. Bunbury has 24 known introduced species, only two of which are on the NIMPCG 
(2006) target list (Huisman et al.����&Z#�
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Walpole and Nornalup Inlets Marine Park

The Walpole and Nornalup Inlets Marine Park is in the south coast bioregion, 450 km south of 
Perth. It is an estuarine system that includes Walpole and Nornalup Inlets and the Frankland, 
Deep and Walpole Rivers. Unlike many estuaries in the southwest, Walpole and Nornalup Inlets 
are permanently open to the sea and are not separated by a sandbar. There is moderate habitat 
diversity, with mud and sand flats and rocky shallows. Polychaetes, crustaceans, molluscs 
dominate the invertebrates. There are also 40 species of finfish and a variety of seagrasses and 
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must be protected because of treaties that Australia has signed. 

Albany, 140km to the west, is the closest port to the Walpole and Nornalup Inlets Marine Park. 
Albany has 25 known introduced species, only two of which are on the NIMPCG (2006) target 
list (Huisman et al.����&Z#�/�����	�����
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��Codium fragile subsp. fragile has added to 
that list, however.

CONCLUSIONS

The introduction of non-indigenous marine species (NIMS) into new marine areas has had 
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fortunate to date that while 60 foreign species have been introduced into the State, only four 
are on the NIMPCG (2006) list of 55 species of concern: the toxic dinoflagellate Alexandrium 
minutum, the European fanworm Sabella spallanzanii, the mussel Musculista senhousia, and 
the green alga Codium fragile subsp. fragile. Seven additional species on the NIMPCG (2006) 
list have been introduced into eastern Australia but are not present in Western Australia.

NIMPCG (2006) undertook an extensive analysis of the risks of marine pests being introduced 
into Australian commercial trading ports and is developing a National Network Monitoring 
8�
�����
��%&� �
	��

��� ���������������������
���� �
������ �����
������ �
�K� �
�� 
���
��	
���
marine pests. Three of these are in Western Australia: Dampier, Port Hedland and Fremantle. 
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concluded there has been no change in the risk profile in WA as a result of increased shipping 
due to the current resources boom.
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be implemented by WA at three locations, of environmentally sensitive areas. Two types 
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project currently being proposed to the Fisheries Research and Development Corporation. The 
current document deals with marine parks and FHPAs (Advice provided by a team of technical 
panellists to the Department of Fisheries is included as Attachment 1). 

A separate analysis of the risks of commercial fishing vessels introducing marine pests into WA 
from overseas or interstate, or translocating them within WA, was recently completed (Wells 
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a species, it could be spread rapidly by commercial fishing activities, even before authorities 
were alerted to the incursion. Because of this, procedures must be developed to ensure the 
commercial fishing fleet does not inadvertently translocate newly arrived pests.

Two primary sources of introduced marine pests are examined in the present document: ballast 
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water and hull fouling (including niches, internal water systems, on or in the vessel). Ballast 
water is used only in ships coming into commercial trading ports. Hull fouling can be introduced 
both by ships and smaller vessels, largely private yachts. The overwhelming international 
vessel traffic into WA is ships entering WA commercial ports. In the year 2006 examined by 
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located in commercial trading port areas before moving along the coast, so their entry point is 
also ports. The high-risk ports are included in the National Monitoring Network. In 2006, there 
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Monitoring Network:
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developing National Monitoring Network that will monitor primarily for the presence of 55 
species on the NIMPCG target list;
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Network should be undertaken in one or more of the marine parks and FHPAs;
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parks and FHPAs, using the NIMPCG target list; and
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parks and FHPAs, using the an alternative list of target species;
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Attachment 1

Is there a need for monitoring of environmentally sensitive areas 
in Western Australia for non-indigenous marine species?

Advice to the Western Australian Department of Fisheries

Introduction

The Western Australian Department of Fisheries (the Department) has undertaken a consultative 
project to identify and assess the risk of introducing marine pest species to Western Australia 
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"�	�������‘Is there a need for monitoring 
of environmentally sensitive areas in Western Australia for non-indigenous marine species?’ 

The Department previously engaged E-Systems Pty Limited to provide advice on an appropriate 
methodology to formally assess the risk of introducing NIMS (and in particular marine pests) 
as a result of commercial fishing activities in State waters, to assist with preparation for a 
consultative workshop, and to facilitate the risk assessment. E-Systems completed these 
tasks and published a report: Environmental, social and economic risk assessment—Threat 
of introducing Marine Species from commercial fisheries activities in Western Australia 
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independent experts to consider the technical information available, and identify and analyse 
the risks of introduction.
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potential threats of introducing NIMS to environmentally sensitive areas, and posed four 
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around Australia, including the WA Ports of Dampier, Port Hedland and Fremantle] that will 
monitor primarily for the presence of 55 species on the NIMPCG target list.

2. Monitoring using the methods and species list of the developing National Monitoring 
Network should be undertaken in one or more of the marine parks and FHPAs.

3. An alternative method of monitoring should be undertaken in one or more of the marine 
parks and FHPAs, using the NIMPCG target list.

4. An alternative method of monitoring should be undertaken in one or more of the marine 
parks and FHPAs, using an alternative list of target species.

As an alternative to convening a workshop to discuss the alternatives, the Question of 
Monitoring Paper was provided to the experts involved in the Technical Panel for the recent 
risk assessment of commercial fisheries activities. Advice was sought from the Technical 
Panelists to identify the alternatives considered to be the preferred approach. Although advice 
was sought from each Panelist individually, without the advantage of debate in a workshop 
setting, the purpose was to gauge the Panelists’ responses in the first instance to assess whether 
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some clear advice could be obtained.

Of the Technical Panelists convened in the previous workshop, three of the original five 
experts were available to respond (J. Huisman of Murdoch University, J. Keesing of 
CSIRO, and D. Walker of the University of Western Australia). Two were on extended leave 
(L.  Bellchambers of the Department of Fisheries, and C. Simpson of the Department of 
Environment and Conservation). Two experts from the DEC offered advice on behalf of their 
colleague on leave (A. Kendrick and K. Waples for C. Simpson).

Results of consultation with Technical Panelists
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nomination of a preferred strategy from the Question of Monitoring Paper. The responses of 
the Technical Panel are summarized as follows (in alphabetical order of respondents):
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 Support for strategy 2: Monitoring using the methods and species list of the developing 
National Monitoring Network should be undertaken in one or more of the marine parks and 
FHPAs.
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putting cost and resource issues aside, monitoring of environmentally sensitive areas is 
a preferred scientific strategy for gaining knowledge of marine flora and fauna as a first 
priority, which would include the detection of any marine pest species that might be present 
in any case.
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 Support for strategy 2: Monitoring using the methods and species list of the developing 
National Monitoring Network should be undertaken in one or more of the marine parks and 
FHPAs.
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paper, in view of the potential for change in environmental conditions along the WA 
coastline, particularly latitudinally, that may affect the distribution and abundance of native 
flora and fauna and their resilience to the effects of invasive organisms.

�� Dr Alan Kendrick and Dr Kelly Waples (on behalf of Dr Chris Simpson) Marine Science 
Program, Dept of Environment and Conservation

 Support for strategy 2: Monitoring using the methods and species list of the developing 
National Monitoring Network should be undertaken in one or more of the marine parks and 
FHPAs.

 These Panelists suggested that the term ‘environmentally sensitive areas’ could be defined in 
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and ‘terrestrial’ CALM Act reserves which include intertidal areas (eg. Great Sandy Islands 
Nature Reserve, Scott Reef).

 It was proposed that priorities for including conservation estates in the National Monitoring 
-���
�K�	
�������������
�������
���������
����
�
�����
������
��������	
���
������!����

��



Fisheries Research Report [Western Australia] No. 207, 2010 225

posed for advice, and was not considered by other Panelists who provided advice.

 It was further noted that the potential for increased shipping activity in existing ports, 
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monitoring of environmentally sensitive areas should include the capacity for regular review 
in relation to such changes’.
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 Support for strategies 2 (as a minimum), 3 (a preferred approach) and 4 (to be considered):

2. Monitoring using the methods and species list of the developing National Monitoring 
Network should be undertaken in one or more of the marine parks and FHPAs.

3. An alternative method of monitoring should be undertaken in one or more of the marine 
parks and FHPAs, using the NIMPCG target list.

4. An alternative method of monitoring should be undertaken in one or more of the marine 
parks and FHPAs, using an alternative list of target species.

The support for strategy 2 as a minimum included a recommendation to undertake surveys in 
at least one tropical and one temperate environmentally sensitive area.
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Advice to the Department of Fisheries

The advice presented here is for consideration by the Department, to inform its efforts to 
prevent the introduction and spread of NIMS, and in particular introduced marine pests, in 
Western Australian waters.

Consultation with independent scientific experts has identified a need for monitoring of 
marine parks and FHPAs in Western Australian waters. Further consultation with the Panel 
of experts resulted in a collective recommendation that a future project should initially 

select at least one tropical and one temperate environmentally sensitive area for 

monitoring, using the methods and species list of the developing National Monitoring 

Network. Such a project should be designed to validate its scientific value, and inform the 
approach for continuing and/or expanding the program to other areas.
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workshops, although such a discussion may be an option in the future, when data from port 
surveys undertaken through the National Monitoring Network, and data from monitoring of 
environmentally sensitive areas become available.
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Introduction
As the largest State in Australia, Western Australia (WA) has a long and relatively 
pristine coastline that stretches over 12,500 km, or over 20,700 km if the State’s 
3,747 islands are included. The coast ranges over 20 degrees of latitude from the 
temperate south coast to the northern tip of the tropical Kimberley. There are 
a wide variety of coastal marine habitats in this vast area. The south coast has 
extensive white sandy beaches interspersed with granite headlands. A diverse 
range of nearly 800 species of temperate marine algae, or seaweeds, occurs in 
the area. With 26 species, the seagrasses of the State are the most extensive 
in the world, covering an estimated 20,000 square kilometres. There is a rich 
diversity of fauna species, both invertebrates and fish, associated with these 
plant communities. Numerous species of whales, dolphins and sea lions live on 
the south coast. 

Foremost among the habitats on the north coast is Ningaloo Reef, the largest 
fringing reef in the world. It stretches from the tip of North West Cape 300 
km south to Red Bluff. In recent years, Ningaloo has become famous as one of 
the best places in the world to see whale sharks. In addition, there is a fantastic 
variety of reef life, including large fish, which are very accessible as the reef 
is close to shore. There are other coral reefs in the coastal areas of the Pilbara 
and Kimberley. On the edge of the continental shelf, open ocean atolls are 
found at Rowley Shoals, Scott Reef, Seringapatam Reef, and Ashmore Reef. 
These reefs have a very different biota from that which occurs inshore along the 
continental coastline. The Pilbara has extensive mangroves, with eight species 
of mangrove plants and many associated animals. Further north there are much 
larger mangrove forests, with a total of 16 plant species.

The west coast also has a wide range of marine habitats. Shark Bay is on the World 
Heritage List as one of the most important marine and terrestrial areas in the world. 
The 12,000 square kilometres of the bay has the largest remaining population of 
dugongs in the world. The arid coastline has an unusual hypersaline setting where 
the heads of the bays reach salinities of up to 70 parts per thousand, approximately 
double that of normal seawater. The bay has extensive seagrass meadows, a wide 
variety of fish, and the dolphins that come to the shore at Monkey Mia are world 
famous. Closer to Perth, Rottnest Island is a favourite among West Australians. 
The beaches and fishing at Rottnest are a major attraction. Further south the Capes 
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to Capes region is a national park with a beautiful open coastline. Plans are in place 
to develop a marine park in the area.

The population of the 2.5 million square kilometres of Western Australia has 
recently passed two million, 75% of whom are in the Perth metropolitan area. 
Perth and the southwest have high human population density, but away from 
these areas there are vast parts of the coast where there are very few people. 
Those that live outside the metropolitan area are clustered together in small 
towns such as Karratha, Dampier, Port Hedland, and Broome on the north 
coast, Albany and Esperance on the south coast, and Bunbury and Geraldton 
on the west coast. While activities in these marine areas, particularly large scale 
shipping, have increased tremendously with the recent economic boom, it is 
still true that human impacts on the WA marine environments largely occur 
near the settlements, and open areas are relatively untouched.

The importance of Western Australian marine environments was highlighted 
by a recent study published in Science. The authors analysed the worldwide 
distributions of 3,225 species of corals, fish, molluscs and rock lobsters that live 
on coral reefs throughout the world. Eighteen hotspots of coral reef biodiversity 
were found, including one on the west coast of Western Australia. The WA 
hotspot includes Ningaloo Reef, the outer islands of Shark Bay, the Houtman 
Abrolhos Islands and Pocillopora Reef at Rottnest Island. The international 
significance of the hotspot is indicated by the fact that it ranks seventh in total 
diversity (768 species) among the 18, second in the number of restricted range 
species (56) and only 15th in terms of threats from human activities.

Photo: Clay Bryce

Many of the open water habitats in Western Australia, such as this coral scene in the Houtman 
Abrolhos, are in excellent condition.
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The western rock lobster, Panulirus cygnus, is the most valuable commercial and recreational 
species in Western Australia.

Commercial fisheries are a key component of the Western Australian economy, 
particularly in regional areas. The western rock lobster fishery for Panulirus 
cygnus is the largest single wild caught species fishery in Australia, with an 
average annual value to the fishermen of approximately $ 300 million. Many of 
the coastal towns on the west coast, such as Lancelin, Jurien Bay, Cervantes and 
Dongara originally started as fishing towns and still depend heavily on the rock 
lobster industry. In the north of the State, growing and harvesting the south sea 
pearl, Pinctada maxima, is one of the largest aquaculture industries in Australia. 
There are also valuable commercial fisheries for prawns, scallops, scalefish, and 
other species. Overall, commercial fisheries contribute about a half a billion 
dollars to the Western Australian economy.

It is critical that we maintain the Western Australian marine habitat in excellent 
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condition for the present and future generations. Introduced marine species are a 
global problem, and are a serious threat to global biodiversity. Many introduced 
species cause no apparent harm, but some become serious pests. Among other 
problems, these pests can cause diseases in humans and native species, disrupt 
ecosystems, damage fisheries and aquaculture activities, and cause industrial 
problems such as fouling.

This book brings together our present knowledge of introduced marine 
species in Western Australia, including pest species, to provide information 
to anyone interested in this issue. We hope that by doing so, people will be 
better informed about marine pests and what we can do to minimise the risk of 
further introductions and their spread.

Photo: Rod Knight

The Northern Pacific Sea star, Asterias amurensis, has devastated the seafloor in Port Phillip Bay, 
Victoria. 
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Marine biogeography of  
Western Australia

Distribution patterns
Covering nearly a third of the continent, Western Australia is by far the largest 
state of Australia. The coastline can be divided into three biogeographical 
regions that are susceptible to very different threats from possible introductions 
of marine species.

The shallow, coastal waters of the north coast of Western Australia, from about 
North West Cape to the Northern Territory border, are part of the vast Indo-
West Pacific marine biogeographic region. Species that occur along our north 
coast tend to be widely distributed. While some species occur only in a small 
part of this area, such as the Kimberley, most occur along the entire coastline of 
northern Australia to the southern end of the Great Barrier Reef in Queensland. 
Many of the species also occur in tropical countries to our north such as 
Indonesia, Papua New Guinea, Thailand, Malaysia, and the Philippines. In fact, 
the Indo-West Pacific Province stretches across the warm, tropical parts of the 
Indian and Pacific Oceans from the east coast of Africa through Southeast Asia 
and southern Japan as far east as the Hawaiian Islands and the South Pacific. 
Some individual species, such as the money cowry Cypraea moneta, occur over 
this entire range. A few Indo-West Pacific species have even been occasionally 
recorded along the west coast of the Americas!

A key feature of any biogeographic region is that while a species may occur in 
the region, it will live only in habitats that are suitable to the biology of that 
species. Because of this there are significant differences between species that 
occur along the continental coastline of the WA north coast and those that live 
on the coral reef atolls along the edge of the continental shelf, areas such as the 
Rowley Shoals, Scott Reef, Seringapatam Reef, and Ashmore Reef. Mangroves 
and bays with muddy bottoms are abundant along the inshore continental 
coastline and the water has high silt concentrations. Species living in this area 
are very different from those that live on the coral reefs of the offshore atolls 
where the ocean water is much cleaner.
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Map of Western Australia showing the shallow water marine biogeographic regions (after Wilson 
and Allen, 1987).

In contrast to the tropics, the shallow waters of the south coast of Western 
Australia are part of the Southern Australian Temperate Zone. The biota of 
southern Australia is almost different from that of the tropics, with a very small 
proportion occurring in both areas. While a few species are shared with New 
Zealand or southern Africa, the vast majority of south coast species are restricted 
to Australia. For example, about 85% of the 600 species of inshore fish are 
restricted to the south coast; 11% are shared with New Zealand, and 4% are a 
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combination of circum-Australian, circum-temperate or are shared with other 
southern continents. The Southern Australian Temperate Zone extends from 
Cape Leeuwin at the southwestern tip of Western Australia across the southern 
shores of the continent to New South Wales. Most of the temperate species 
which occur along the south coast of Western Australia are distributed across the 
entire coastline from the South Australian Border to Cape Leeuwin. There are 
no major distributional barriers along the south coast. However, a few species 
do occur from southeastern Australia along the southern Australian coastline 
and have their western distributional limits in the area between Esperance  
and Albany.

The west coast of Western Australia, between Cape Leeuwin and North West 
Cape, is the Western Overlap Zone. There is a change in the shallow water biota 
that inhabits the Western Overlap Zone proceeding from south to north. The 
southern portion of the zone is inhabited by temperate species that decrease in 
diversity to the north. In contrast, the northern part of the zone is inhabited 
by tropical species that decrease going south. A key feature is the shallow water 
species that are endemic to Western Australia, occurring nowhere else in the 
world. The proportion of such species varies between taxonomic groups, being 
low in fish and high in echinoderms, but averaging about 10% across a wide 
variety of plants and animals. The ranges of individual endemic species differ: 
some occur on the north coast and some on the south coast; others occur from 
the south coast, along the entire west coast, and onto the north coast. Despite 
these differences, most of the species have at least some of their distribution on 
the west coast. Shallow water endemic species, such as the western rock lobster, 
can be ecologically and/or economically important. one of 

Distribution mechanisms
If marine species are so widely distributed, the question is how do they do this? 
The answer lies in the planktonic larval stage, which occurs in the vast majority 
of marine animals. In its simplest form, males and females respectively spawn 
sperm and eggs into the water column. Fertilisation is external, and takes place 
in the water. The developing larvae go through a planktonic stage where they 
remain in the water and are carried about by of ocean currents. More advanced 
species have internal fertilisation. They produce fewer eggs, but there is a higher 
survival rate because a greater percentage of the eggs are fertilised and develop 
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into planktonic larvae. The time spent in the plankton varies considerably. 
Many species live in the water for only a few days to a week. They are dependent 
on yolk from the egg for nutrition and do not feed in the plankton. Other 
species may live in the water for a year or more, providing extensive dispersal 
capabilities. For example, the western rock lobster goes through 15 life stages 
during an 11-month journey in the plankton, before the final puerulus stage 
settles to the bottom and moults into the juvenile form. 

Life cycle of the commercial scallop Amusium balloti, showing the planktonic larval stage. 

Most marine species that lack a planktonic larval stage have other means of 
distributing themselves over a wide area. Marine plants, such as species of the 
brown alga Sargassum, can be torn from the sea bottom during storms and then 
carried about by currents. The plant continues to live in the water column. Any 
species that is attached to the plant is also carried away. Small fish are attracted 
to the floating plants as they provide hiding places from predators. The fish then 
swim wherever the Sargassum is carried, and both the plant and its associated 
animals broaden their range. Other marine invertebrates may be attached to 
large mobile species such as whales and turtles. It is important to remember that 
a species does not have to be distributed over its entire range in the lifetime of a 
single individual. All that is required is that there is sufficient genetic exchange 
between the various populations for them to remain in contact with each other 
and not diverge into separate forms. 
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The Leeuwin Current
The famous Australian naturalist Saville Kent reported in 1897 that winter sea 
surface temperatures at Geraldton were several degrees cooler that those at the 
Houtman Abrolhos Islands to the west. He speculated that there was a south 
flowing current that keeps temperatures on the islands warmer than would 
otherwise be the case, and that the current does not reach the continental 
coastline at Geraldton. It was more than 80 years later, in 1980, that George 
Cresswell and T. J. Golding described the Leeuwin Current. 

As we understand it now, the South Equatorial Current flows west from South 
America as part of the huge gyre that moves water about the margins of the South 
Pacific Ocean. As it nears Australia, the South Equatorial Current turns southward 
and flows down the east coast of Australia as the East Australian Current. Some of 
the water from this massive current flows through the Indonesian Archipelago to 
an area off northern Western Australia. This Indonesian through flow is thought 
to be the key driving force for the Leeuwin Current. 

The Leeuwin Current forms north of North West Cape and flows south along 
the outer continental shelf of the west coast. It is strongest in winter, maintaining 
sea surface temperatures higher than they would otherwise be in areas such as 
the Abrolhos, the western end of Rottnest Island and other offshore islands. 
The current is a key mechanism for the distribution of tropical species down 
the west coast of the State. 
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Satellite photograph of the Leeuwin Current. Areas in red are where sea surface temperatures are 
greatest; those in blue are the coolest waters.
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Naturally changing distributions
The distributions of individual species are not constant. Instead they vary over 
time. In recent geological history distributions changed with the ice ages. There 
are also significant variations over shorter time frames. The strength of the 
Leeuwin Current varies from year to year. In years when it is stronger, larvae 
of tropical species are distributed further down the coast than they are in years 
with weaker Leeuwin Currents. The mangrove crab, Scylla serrata, provides an 
excellent example of this. The crab is a tropical species that is abundant in 
mangroves and coastal muddy areas along our north coast as far south as Shark 
Bay. A strong Leeuwin Current in 1999/2000 brought larvae farther south than 
usual and a population developed in the Moore River at Guilderton. Suddenly 
fishers were collecting mangrove crabs in an area where they had never been found 
before. Over the next year or two crabs were also found further south, with some 
being caught as far south as Wilson Inlet on the south coast. These crabs reached 
full legal size and were fished, but conditions were not suitable for them to spawn 
and the population was not replenished. Over time they were fished out and the 
southern populations disappeared.

Another example is that in recent years the western rock lobster, Panulirus 
cygnus, has been more abundant than usual in the area near Cape Naturaliste. 
The enhanced catches have attracted larger numbers of rock lobster fishers to 
the area, creating conflicts with local surfers when the two groups are operating 
in the same waters.

In this time of climate change, there will be a tendency for water temperatures 
along the west coast to increase. As this happens, the ranges of more tropical 
marine species will be extended to the south, along with a contraction of 
temperate species.

On a larger scale, shells of three species of marine snails, Bullia annulata, 
Cymatium cutaceum africanum and Nassarius kraussianus were found at beaches 
near Augusta in the southwestern corner of the State during the 1980s. These are 
common South African species that had never before been found in Australian 
waters. Apparently they had been carried as larvae across the southern Indian 
Ocean to Augusta where they settled from the plankton and survived. While 
the animals lived, they did not reproduce, and no populations were formed.
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Introduced marine species

Difficulties in identifying species
The marine flora and fauna of Australia is highly diverse with tens of 
thousands of species spread across dozens of phyla of marine plants and 
animals. Nobody knows exactly how many species occur either in Australian 
or Western Australian waters.

The most detailed species list for any area of Western Australia has been 
developed for the Dampier Archipelago and the nearby Burrup Peninsula by the 
WA Museum. A number of surveys have been conducted by the Museum in the 
Dampier region. Over 80 scientists from throughout the world, all specialists in 
different groups, have examined the specimens collected during these surveys. 
Together, they have found over 4,500 species of marine flora and fauna in the 
Dampier Archipelago. Many have been previously unknown to science or are 
new records for Australia or Western Australia. 

A series of six marine biological workshops organised by the WA Branch of the 
Australian Marine Sciences Association in different areas of the State, including 
one in Dampier, have discovered more than 300 new species and 20 new genera. 
Many groups of animals have never been scientifically studied in the State. Two 
groups were examined in detail for the first time in WA at the workshops: marine 
mites and marine oligochaetes, the group to which terrestrial earthworms belong. 
Over 70 species were found in each group, most new to science. Clearly, no one 
person or group of people can be familiar with all these organisms. This has a 
significant impact on the recognition of introduced species, as the first step in 
establishing whether a species is introduced is to know what marine species occur 
naturally in an area. For most of our coastline we have little understanding of the 
‘naturally’ occurring marine flora and fauna present.

Albany, on the south coast of Western Australia, has long been known for 
oysters, as indicated by the name Oyster Harbour being given to one of the 
three marine embayments in the area. One of the local oysters in the region is 
Ostrea angasi, which has been farmed commercially for years. A recent study, 
which included DNA analyses, demonstrated that in fact two species are present 
where it was thought there was only one! The presence of the second species, 
the European oyster Ostrea edulis had gone undetected for an unknown period. 
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How the European oyster arrived in Albany has not been determined, but early 
colonists could have brought it in as an aquaculture species shortly after the 
colony of Western Australia began. In the poor record keeping of the colonial 
days the fact that it was introduced was forgotten until the recent rediscovery. 
Although the two species are genetically distinct, they cannot be easily separated 
on external shell morphology.

On the botanical side, the marine alga Codium fragile ssp. fragile has been 
introduced around the globe through shellfish aquaculture, recreational boating, 
and transport on ship hulls. Codium fragile ssp. fragile has serious economic 
implications for aquaculture industries. Indeed, the tendency of this species 
to overgrow and smother oyster beds has earned it the nickname ‘oyster thief ’. 
In its quest for a stable substrate Codium fragile ssp. fragile will often make its 
home on the shells of oysters, scallops, and clams. This can cause problems 
because an attached adult plant can hinder the movement and feeding of the 
shellfish. In cases where the attached plant is relatively large and wave exposure 
is high, the shellfish can be swept away with the plant. The species fouls shellfish 
beds and causes a myriad of impacts on shellfish communities. This species 
also causes a nuisance to humans when it accumulates on beaches and rots, 
producing a foul odour.

In Western Australia we have a native species of Codium fragile. However, there 
is an invasive subspecies, Codium fragile ssp. fragile, that readily colonises new 
areas. As with oysters, the invasive strain of C. fragile ssp. fragile cannot reliably 
be distinguished by an examination of external morphology; genetic analyses 
are recommended.

Cryptogenic species 
The great majority of marine plants and animals have evolved in the area in 
which they live, and they remain in that particular marine biogeographic region. 
However, a large number of species have been moved about by human activities 
over the centuries. Wooden sailing vessels were used for thousands of years. The 
wooden planks on their hulls provided a ready means of transport for species 
that could live attached or burrowed into the wood. While organisms cannot 
burrow into steel, the more recent use of steel ships has still allowed both marine 
plants and animals to adhere to their hulls, and niche areas or in internal piping. 
Many species have been found with clearly unnatural distributions, occurring in 
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widely separated ports that are in very different marine biogeographic regions. 
One example is the nudibranch Polycera hedgpethi. The species was described in 
1964 from California, and was originally thought to be native to the temperate 
west coast of North America. However, P. hedgpethi was found in Auckland, 
New Zealand in 1972. It has been recorded from several temperate Australian 
areas, including Albany in 1980, and also South Australia, Victoria and New 
South Wales. Overseas it has been found from widespread areas, including 
South Africa, western Africa, Spain and Japan. Clearly this is not a natural 
distribution pattern, but where the species originated has not been determined. 
Species such as these are called cryptogenic (from the Greek kryptos = hidden, 
and genes = born) for their uncertain origins.

Bacteria and viruses
The present handbook deals only with relatively large species, and does not 
include minute forms such as viruses and bacteria. This is not to say such life 
forms are not important, in fact they can be critically so. 

For example, in March 1995 a mass mortality of pilchards occurred and resulted 
in dead fish washing up on the beaches of South Australia. The mortality event 
spread rapidly, as much as 30 km/day, and by the end of June stretched across the 
entire southern coastline of the continent from Carnarvon, Western Australia 
to Noosa Heads, Queensland. Millions of fish had died during this period. A 
second mass mortality occurred in 1998 when 60-70% of adult pilchards were 
killed in Western Australia. This resulted in closure of all of the WA pilchard 
fisheries. A Herpes virus was responsible for the deaths, but the origin of the 
virus could not be established.

Methods of introduction
Marine species have probably been moved from one location to another ever since 
humans began to move about in boats, so introduction of species into far-flung 
areas is nothing new. What differs now is the scale of human activity and the speed 
of ships and other vessels. Many modern ships can move through the water at 
speeds of up to 30 knots, or about 55 kilometres per hour. Such a speed means they 
can travel more than 1000 km in a day. This provides a ready means of moving 
adhering organisms from one part of the ocean to another in a few days. 

Associated with vessels there are two main vectors for introduced marine species, 
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these include ballast water and hull fouling.  In the days of wooden ships, heavy 
rocks and other materials were used as dry ballast to ensure that the vessel 
floated properly in the water. When the vessel entered a port and was loaded, 
the ballast was simply thrown overboard or put to use on shore. A stone portico 
structure intended for the port entry into Jakarta was recovered from the wreck 
of the Batavia in the Houtman Abrolhos Islands. It was being used as ballast on 
the trip to Jakarta. Several introductions are known to have occurred through 
such dry ballast.

Since World War II there has been a dramatic change from using rubble and 
solid material to using seawater as ballast. When a vessel takes on cargo in a port 
the water is pumped out of the ship. The problem is that the water provides 
a habitat for the transfer of planktonic larvae of bottom dwelling species and 
larvae and adults of planktonic species that live in the water itself.

Overall, shipping is considered to have been the source of most of the 
introductions of marine species into new areas. However, there are many 
additional sources that are also important in distributing these organisms.

A major concern in northern Western Australia is hull fouling on illegal foreign 
fishing boats that have been found along our north coast. Many of these vessels 
are wooden Indonesian prahus. Like the sailing ships of old, the wood provides 
attachment for many species and others burrow into the wood itself. The boats 
are slow moving and sometimes poorly cleaned. These vessels often stay in an 
area for weeks, providing considerable time for any introduced species to move 
about into nearby areas. Many prahus have been found hidden in mangroves 
along the shores; the close contact with the bottom and the variety of coastal 
habitats giving ample opportunity for the transfer of any species that might be 
on the hulls. Some of the prahus that have been inspected have had the black 
striped mussel, Mytilopsis sallei, attached to their hulls. Often the vessels are 
deemed to be unseaworthy. If the crew is convicted of illegal fishing the boats 
are burned to prevent the introduction of diseases, etc into Australia.

Another opportunity for introduction of foreign marine species is presented by 
ocean going yachts. These vessels are in the water for considerable periods of 
time, allowing species to become attached to their hulls. As they move into new 
areas the attached organisms can then be introduced into the new area. Fishing 
boats are another potential source of introduced species. Like yachts, they are 
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in the water for prolonged periods. Some, such as boats in the Northern Prawn 
Fishery, move widely about over the coastline. In addition, nets and other fishing 
gear are in close contact with the bottom. This presents opportunities for species 
to be caught up in the nets and be taken on board. There is increased opportunity 
for survival and transmission to new areas if the netting remains damp.

The early settlers to Australia brought with them many items that they found 
useful in the United Kingdom, including living agricultural plants and animals. 
The oyster Crassostrea gigas was introduced into Tasmania in the late 1940s for 
aquaculture. The species is farmed commercially in the southeast of Australia. 
In addition to being beneficial, C. gigas is also a pest species that forms feral 
populations that disrupt local ecosystems. Thus it is both a good and bad 
introduction. Often, species that have been deliberately introduced into a new 
area have carried with them other species, including pest species. One famous 
example is the introduction of the American oyster, Crassostrea virginica, into 
England in the late 1800s. Unfortunately, a predatory snail, the oyster drill 
Urosalpinx cinerea, was among the oysters and became a pest species in southern 
England. Fortunately, we have learned from such mistakes. Any request for 
the introduction of new species for aquaculture must undergo rigorous testing 
before it is allowed into the country.

Maintaining fish and other species such as snails, plants, etc. in freshwater aquaria 
is a popular hobby that has been going on for years. Unfortunately, people 
sometimes lose interest in the fish and discard them into nearby rivers and streams 
where they establish populations. These populations can be used by aquarists to 
replenish their fish tanks, and the populations can be spread by humans, or through 
natural means. In 2006 the South American cichlid Geophagus brasiliensis was 
found in the Bennet Brook/Whiteman Park area near Lockridge, WA. The species 
is carnivorous and can wreak havoc with local populations. The population was 
thought to be about three years old when it was discovered. So far attempts to 
eradicate the species from this area have failed. 



�`& Fisheries Research Report [Western Australia] No. 207, 2010

Introduced Marine Species18
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The South American cichlid Geophagus brasiliensis has become established in the Bennet Brook/
Whiteman Park area near Lockridge WA. 

Fortunately, saltwater aquaria are much more difficult to maintain than freshwater 
aquaria, so the problem of no longer wanted fish is reduced because there are fewer 
owners of marine aquaria. However, there are still many species that could potentially 
be introduced through this mechanism. That this is a real problem is illustrated by 
Caulerpa taxifolia, a marine alga that was once widely used as decoration in marine 
aquaria. This species is now regarded as one of the world’s most invasive species.

In 1984 a small patch of a vigorous strain of Caulerpa taxifolia was found growing 
near the Monaco aquarium. Caulerpa taxifolia spreads by horizontally growing 
stolons and by 2004 the plant had spread to cover an area of 30,000 hectares – an 
expansion of 30 million times the original outbreak! It does not reproduce sexually, 
so all of the transmittal is by movement of fragments of algae that can become 
established in new areas. As the plants are fragile, boat anchors and fishing nets 
can easily break off segments. The invasive strain has a higher pollution tolerance 
than other plants in the area, so it is able to invade polluted environments. The 
invasive C. taxifolia came to dominate the benthic environment. Like many 
other algae, C. taxifolia produces noxious chemicals that repel species that would 
otherwise feed on it. The fauna of small species living in association with the alga 
are different, and the entire environment is changed.
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The invasive strain, which originally came from southern Queensland, has been 
transported around the world via the aquarium trade and further escapes have 
occurred in New South Wales, South Australia and the west coast of the United 
States. This alga was previously sold in aquarium shops around Perth and was 
freely traded; it is extremely fortunate that no escapees occurred. It could easily 
survive in WA’s water temperatures. Caulerpa taxifolia is now banned from sale, 
but it is likely that remnant plants are being maintained in home aquaria.

Although the idea would not occur to most people, human food is another 
potential source of marine species introductions. There is an increasing 
demand for fresh fish and other marine species that are sold live in markets 
and restaurants. While these species are usually sourced from within Western 
Australia, some are imported. Occasionally the animals may be discarded into 
the Swan River or the local marine environment where they have the potential 
to survive and establish new populations. 

Not all introductions survive
Not all species that are transmitted from one area to another survive. Arriving 
in a new location is simply the first step to colonising an area. When species 
arrive they must have the right environment in which to live. Temperature 
and salinity levels are perhaps the greatest constraint to an introduced species 
successfully occupying a new area; if the temperatures or salinity levels are too 
extreme a species will simply not survive. For example, a fish coming from the 
tropical waters of Indonesia will have a much greater chance of surviving in the 
warm water areas of the WA north coast than in the cooler waters of the south 
coast. Similarly an estuarine species adapted to low salinities may not survive 
in the high salinity environments of the open coast, and a rocky shore species 
may not adapt to a muddy bottom area. Even if the physical environment is 
suitable, there are a host of relationships with other species that may prevent 
the new arrival from surviving, such as predation, competition, parasitism, and 
many others.

There have been two grand “experiments” in inadvertently changing marine 
distributions on a large scale, with very different results.

In 1969 the Suez Canal was opened. The 163 km long canal connects the high 
diversity Red Sea with the low diversity eastern end of the Mediterranean Sea. 
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The Suez Canal is essentially a channel cut through the sand. It is a sea level 
canal, meaning there are no locks or other obstructions. Ships are able to move 
from one end to the other. The canal was dug through a region known as the 
Bitter Lakes where salinities were much higher than the 35 parts per thousand 
of normal seawater. In the early decades after the canal was opened, the high 
salinity in the middle was a barrier to the movement of species from one end 
to the other. However, salinity became more uniform over time and the barrier 
disappeared. Over a hundred species have since spread from one end of the 
canal to the other. Such spread may have occurred by a progressive stepwise 
extension of populations or by one-off migration or transport by ships. Most 
of the species have spread from the Red sea to the Mediterranean, presumably 
because there are move vacant niches in the low diversity Mediterranean. The 
introductions have resulted in profound changes to the marine biology of the 
eastern Mediterranean, with as much as 10% of some groups of animals being 
introduced species.

The Panama Canal, opened in 1914, connects the Atlantic Ocean with the 
Pacific Ocean at the narrowest part of the Central American isthmus. At 80 km 
from deep water to deep water, the Panama Canal is only half as long as the 
Suez Canal. Yet in contrast, there have been fewer than a dozen documented 
movements of species from one side to another over the last century. The reason 
is simple – the Panama Canal is a lock canal. To minimise digging through a low 
lying mountain chain, the Chagres River was dammed, creating what was at the 
time the third largest man made lake in the world. Vessels entering the canal on 
one side are raised a total of 29 m through a series of three locks. They then sail 
through the fresh water of Gatun Lake to the other side and are lowered back 
to sea level. The average of eight hours spent in freshwater presents an effective 
barrier that has prevented all but a few species from moving from one ocean to 
the other.
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Where introduced species come from
It is likely that most of the species in the Indo-West Pacific that could colonise 
the north coast have arrived here over the millennia and survived if the right 
habitats occurred in the north. However, there are invasive species such as the 
Asian green mussel, Perna viridis, which have the potential to become pest 
species in the north. 

The marine biota of other tropical areas, such as the eastern Pacific, Caribbean 
Sea or eastern Atlantic, is largely distinct from that which occurs on the north 
coast of Australia. If species from one of these areas were to reach our tropical 
shores, there is a significant possibility of it surviving. While such a transfer 
appears unlikely, it can happen. The black striped mussel, Mytilopsis sallei, is 
thought to have originated in the Caribbean Sea. It has been distributed to 
many tropical ports, including Fiji, India, Japan, Taiwan, Indonesia, and Hong 
Kong. Any of these stepping-stones can provide a source population for the 
species to reach Australia. The species was established in three small marinas in 
Darwin in the late 1990s. It was thought to have been carried to Darwin on 
one or more yachts, and rapidly spread in the harbours. Fortunately, this is one 
of the few marine species to be successfully eradicated.

Temperate southern Australian habitats are considered by many to be at greatest 
risk from introduced marine species. The south coast of Australia has been 
separated for geological eons from the flora and fauna of the temperate North 
Pacific by the extensive temperature barrier of the tropical Indo-West Pacific 
region. There is little natural exchange of species between the two areas, and 
they have evolved separately. The advent of modern shipping has provided a 
means of rapidly transiting through the tropics and transporting species in 
ballast water or on the hulls. Many species have made the transition, including 
the destructive Northern Pacific sea star, Asterias amurensis, and the mussel 
Musculista senhousia. The Japanese seaweed Undaria pinnatifida, also known 
as ‘wakame’ in Asian cuisine, has been introduced to Tasmania and Victoria. 
The issue is not simply with the North Pacific. Species can also be transported 
from southern hemisphere areas, such as the mussel Perna perna from southern 
Africa. There have also been well-publicised introductions of the crab Carcinus 
maenus and the fanworm Sabella spallanzanii from Europe.
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Although often not considered, the Eastern Australian overlap zone is also a 
potential source of introductions into Western Australia. Again, the east coast 
has species which have evolved independently of the west and which have no 
natural means of extending their distribution. However, interstate shipping 
now provides a vector. The scallop Scaeochlamys lividus is one such species that 
has been distributed from eastern Australia into the Fremantle marine area: 
the lower Swan River, Fremantle Harbour and Cockburn Sound. It has also 
recently been found in more exposed areas of the adjacent open coast.

It is interesting to note that the flow of introduced species is not all one way, into 
Australia. Just as species are introduced into Australia, so our marine environment 
can be a source for introductions into other parts of the world. Genetic testing 
has shown that the two species of Caulerpa, C. taxifolia and C. racemosa var. 
cylindracea, that are now causing major problems in the Mediterranean and 
elsewhere, originated from, respectively, southern Queensland and south-
western Australia. Other introductions of marine species include the barnacle 
Balanus modestus into the United Kingdom and the snail Bedeva paivae into 
South Africa.

Concentrated in port areas
While we know that introduced species are concentrated in port areas, the 
reasons for this are not fully understood. Certainly most of the transmittal 
vectors are concentrated in the marine areas near major towns and cities where 
ports occur. Most types of vessel movements, from large ships through the 
fishing boats, recreational boats, and other users are concentrated in protected 
marine areas. Thus it is natural that species occur in these parts of the coast. 
However, once they arrive, relatively few species are able to expand their range 
outside these restricted areas. Dredging, construction of ports, small boat 
jetties, moorings, roads and breakwaters along the shoreline, buildings, and the 
myriad of other human activities all disrupt the coastal marine environment 
and local ecosystems, creating opportunities for introduced species to colonise 
and survive. 

On the one hand, this is good, as it tends to mean that the problem of introduced 
species is restricted to relatively small areas. On the other hand, those species 
that expand outside the harbours can create a disproportionate amount of 
damage and become widespread pests.
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Risks posed by different vessel types
Different types of vessels provide very different risks for the introduction of 
marine species. At the low end of the risk spectrum are ships such as liquefied 
natural gas (LNG) tankers. They are generally operated by the company 
producing the LNG and are dedicated for that purpose, operating between 
a tropical port on the north coast of Australia and a temperate Asian port. 
There is low biogeographic risk of introductions because temperature shock 
will kill most species. The vessels are well maintained and are routinely cleaned 
and anti-fouled. In addition to being good environmental practice, it is in the 
company’s interest to have the vessels as clean as possible, as fouling organisms 
will slow the vessel and add to fuel costs. When ships are in port it is for a 
minimum period to load cargo, then they depart. There are many vessels in this 
category that operate in Western Australia.

The high-risk vessels are generally those that are slow moving, have numerous 
spaces where marine species can gain purchase, and come in close contact with 
the sea bottom. Some of these vessels stay in a single area for months, enhancing 
the opportunities for species to settle at the source and then be introduced to 
new regions. Vessels in this category include dredges, supply boats and drilling 
rigs, and some fishing boats. Other high-risk ships include some of the flag of 
convenience carriers that are low cost operators with poorly maintained vessels.
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Minimising risk of introductions
With such a myriad of species that can be introduced, a wide range of potential 
distribution mechanisms, and a variety of available habitats, management of 
introduced species is a very complex problem. The key is preventing introductions 
as a first line of defence; it is by far easier to prevent the arrival of a species than 
to eradicate it once it has arrived. Successful marine pest eradications are rare 
worldwide and the costs are substantial. With the massive amount of shipping 
that is moving around the world, there will always be species that slip through. 
The goal is to minimise the arrival of new species and to prevent them from 
becoming established once they are here.

Ballast water
Large vessels use extensive amounts of ballast water to maintain their correct 
position in the water. Simply put, there are a number of tanks on large ships 
which can be filled with water when the ship has a light load. These add weight, 
sometimes thousands of tonnes, to the vessel, allowing it to settle to the waterline 
at which it should be operated. When a vessel enters a port the ballast water is 
discharged and the vessel rises in the water. It then takes on a cargo that makes it 
heavier, returning it to the waterline. This is an efficient system that allows vessels 
to be operated safely. The unfortunate part is that the thousands of tonnes of 
water in the ballast tanks provide an ideal habitat for some species of plankton 
to live inside the ship. Some of these may be species that live permanently in 
the water column, while others are larval stages that settle and become benthic 
organisms; either in the ballast tank or after the ballast water is discharged. 
Seawater taken on as ballast contains sediment, which tends to settle to the 
bottom of the ballast water tanks, forming a muddy bottom. This can become a 
habitat for benthic species that live on, or in, soft sediment, or highly resistant 
resting cysts of some toxic phytoplankton. The walls of the ballast water tank 
can be a habitat for species that require a hard bottom. Material in the ballast 
water forms the basis of the food webs within the tank.

Vessels coming into Australia from overseas are required to undertake one of 
two methods to exchange high-risk ballast water at sea if the water is to be 
discharged in port. One option is to empty the tank completely (some sea 
water will still be in the bottom and cannot be drained) and refill the tank with 
water well away from the coast. The other option is to pump seawater into one 
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part of the tank and out the other side until three times the volume of the tank 
has been pumped. This substantially reduces the concentration of organisms 
in the tank. Neither method is perfect. The idea is that the open sea has few 
nutrients and very low densities of holoplanktonic species, those that live in 
the water column for their entire life cycle. Meroplanktonic species, the larval 
stages of species with bottom living adults, are concentrated in coastal areas and 
are depauperate in the open sea. When the vessel arrives in port it is inspected 
by the Australian Quarantine and Inspection Service (AQIS) checks the records 
of the ballast water pumps to check that they have been used if ballast water 
is to be discharged. Having an empty ballast water tank at sea can be a danger 
to the vessel and its crew. If the captain determines that it is too dangerous to 
exchange ballast water, such as in a storm, the requirement is waived.

A major anomaly occurs in handling ballast water – the rules are different for 
vessels operating entirely within Australian waters. For example, AQIS inspects 
the ballast water pump records for a ship coming to Western Australia from 
a foreign port such as Cape Town, South Africa. However, if that same ship 
went from Cape Town to Melbourne, then to WA, it would not be inspected 
on the voyage between Australian ports. Yet, there are many introduced species 
in Melbourne, and there are native species there that do not occur in Western 
Australia. To overcome this, all Australian States (except New South Wales), the 
Northern Territory, and the Commonwealth have signed an Intergovernmental 
Agreement to ensure that ballast water is handled consistently across the country, 
whether it originates overseas or in a different Australian port. Methods for 
implementing the agreement are now being developed.

Biofouling
Biofouling or hull fouling as it is more commonly known is the other major 
source of introductions of species by vessels. In contrast to ballast water, which 
is an issue only on commercial trading vessels, bio fouling can occur on any 
vessel, from the smallest boat to the largest ship. Basically on any part of a vessel 
or its equipment in contact with seawater provides a surface on which marine 
plants and animals can settle and grow. If the vessel is wooden, many species can 
burrow into the wood. As it grows, the developing fouling community provides 
an increasing number of complex habitats for other species to occupy. There are 
two major mechanisms for combating the spread of species through hull fouling: 
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regular cleaning and the use of antifoulants. Hull cleaning is relatively simple, and 
can be done whenever a vessel is in dry dock or removed from the water.

Starting in the late 1960s, tributyltin (TBT) became the most widely used 
antifoulant chemical. When painted on a vessel the TBT leaches out and 
inhibits species from adhering to the vessel. TBT is very toxic and effective. 
Initially it was thought to be environmentally benign. However, adverse 
consequences soon became apparent in a wide variety of marine organisms. 
The best known is a phenomenon of imposex, which has now been recorded in 
over 120 species of marine snails worldwide. Many groups of marine snails are 
dioecious, having separate males and females. When TBT is present in minute 
quantities (parts per billion) females start to develop male characteristics, a vas 
deferens and/or a penis. The rate at which this happens and the degree of change 
is directly proportional to the TBT concentration; the more TBT there is in the 
environment the faster imposex will develop and the more severe the effect. In 
the most severe cases, the female aperture is sealed over. The female is unable to 
spawn, but eggs continue to develop. Eventually the female dies. Females never 
become functional males. There are no known effects in males.

The first case of imposex was found in Western Australia at Rottnest Island 
in 1991. Professor Alan Kohn of the University of Washington, Seattle was 
working on snails of the genus Conus at the first International Marine Biological 
Workshop at Rottnest. Professor Kohn found 80% of the individuals of six 
different species had imposex. The striking fact was that most of the animals 
were collected at the west end of Rottnest, where TBT concentrations were 
only 1% of their levels in some small boat harbours in Cockburn Sound. 
Other studies subsequently showed that levels of imposex in Fremantle 
Harbour and Cockburn Sound were higher than at Rottnest. Following the 
report of imposex, and a study by the then Department of Environment on 
TBT levels in sediments, the use of TBT on vessels smaller than 25 m was 
banned and the rate at which it could leach from the paint on larger vessels 
was reduced.

The partial bans in Western Australia were part of a worldwide trend to reduce 
the use of TBT. The half-life of TBT in the water column is a few days, so 
concentrations fall rapidly. However, TBT can persist for up to 20 years in the 
soft sediment of harbours. In recent years there have been reports of high TBT 
levels in predatory species at the peaks of food webs, such as mammals. TBT 
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is now being phased out in favour of other methods of providing antifouling, 
primarily copper based chemicals.

The ultimate goal of the Intergovernmental Agreement for minimising marine 
pest introductions is to develop nationwide protocols for both ballast water and 
hull fouling. 

Illegal fishing vessels
For years, the Australian and Western Australian Governments have been 
concerned about illegal fishing in our northern waters. Not only does illegal 
fishing damage fish stocks, but the boats also bring disease and pest risks with 
them. A number of Indonesian prahus have been found hidden in coastal 
mangroves. The close contact between the wooden vessel and the wood of the 
trees and the nearby sea bottom provides a real risk of transmitting introduced 
marine pests. A number of the prahus have been found to be carrying the black-
striped mussel, Mytilopsis sallei, a potentially high-risk species if it colonises 
Western Australia. Some of the prahus have been declared unseaworthy, their 
crews removed from the boats and the boats destroyed at sea. Others have been 
towed to port and their crews arrested. When convicted, the boats are forfeited 
and are destroyed by burning.

Construction and Dredging
Large-scale construction projects require assessment under the Environmental 
Protection Act 1986. Often the high-risk vessels involved are dredges. If dredging is 
approved, the Minister for the Environment, on advice from the Environmental 
Protection Authority, attaches a series of Ministerial Conditions to ensure the 
dredging is undertaken in a manner that minimises effects on the environment. 
Increasingly, if a dredge is being brought into Western Australia for a dredging 
program, one of the conditions is that it be surveyed for introduced pest species 
before it is allowed to dredge.

Eradications
As indicated above, the key to managing introduced marine species is to 
minimise their chances of arriving in Western Australia. There have only 
been two successful instances in Australia in which a marine introduction  
was eradicated.
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The black-striped mussel, Mytilopsis sallei, was found in Darwin in 1999. Only 
six months previously a survey for introduced marine pests had not found any 
evidence of the species. The mussel was present by the millions in one small 
boat marina, and in much smaller numbers in two other marinas. It is believed 
to have already spawned twice during the six months. Because of the high 
tidal range in Darwin the marinas are separated from the sea by locks. Water 
is allowed to enter the lock from the marina until the two levels are equal and 
the boat can enter or leave the marina. The black-striped mussel was restricted 
to the marinas and had not colonised the adjacent open ocean. The Northern 
Territory government made the decision that the artificial marinas were of low 
environmental value and used chemicals to totally eliminate the mussels. An 
intensive program was then instituted to locate and inspect all vessels that had 
been in the marinas. Fortunately, the black-striped mussel had not spread out 
of the marinas. There is now a continuous monitoring program in place to 
provide early warning if the black-striped mussel or another species invades  
the harbour. 

In a similar incident, the invasive strain of the marine alga Caulerpa taxifolia 
invaded West Lakes in Adelaide. The entire four kilometre length of West Lakes 
was sectioned off from the Port River and turned from marine to freshwater by 
diverting a creek into a stormwater system. Although this appears to have been 
successful in West Lakes, it is of course impossible to undertake in open areas. 
In Adelaide additional infestations of C. taxifolia have been found and their 
eradication is an ongoing battle.

However, compared to these two successful eradications, there are many 
unsuccessful attempts.

What we can do to help
The Biosecurity Group of the Department of Fisheries is the section responsible 
for undertaking of any emergency activities in response to reports of a marine 
pest species in Western Australia. Once a report is received, it is investigated to 
check that the species of concern is in fact a pest species. As indicated above, 
many potential pest species are closely related to species that occur naturally in 
Western Australia. If a pest is present, a survey must be conducted to determine 
the extent of the infestation and an assessment made of whether eradication 
can be attempted. If eradication is thought possible, it must be undertaken 
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as soon as practical. If not, there may be measures to minimise the impacts 
of the infestation and to reduce the chances of it spreading. The Consultative 
Committee on Introduced Marine Pest Emergencies (CCIMPE), which has 
representation of the Commonwealth and State/Territory governments, must 
be informed. CCIMPE has access to resources on a national scale that can be 
used for emergencies.

While the task of minimising introductions of marine species may seem to be 
daunting there are two things individuals can do to help.

Western Australians have a close affinity for the sea and one of the highest rates 
of private boat ownership in the world. The Swan River, Cockburn Sound, 
Rottnest Island, and many other coastal environments near the major towns and 
cities are all popular with small boat owners. Most people thoroughly wash their 
boats with fresh water after taking them out of the water to remove salt and any 
debris. This is good basic maintenance practice. As the boat is cleaned it should 
be checked to ensure that there are no living organisms, plants or animals, 
remaining. If there are, they should be removed. Nooks and crannies, wet ropes, 
nets, and other such gear provides a relatively protected habitat in which species 
can be transported from one part of the State to another by people going on 
fishing or camping trips. A few minutes spent checking the boat will ensure that 
this does not happen. Given that most boats are transported on trailers there is 
a distinct risk that non-indigenous species can be translocated from one region 
to another. An example of this occurred in Canada. The invasive water flea was 
transported from one lake to another by boats on trailers. This flea led to the 
decline of local invertebrate and fish species. 

Many people now dive or snorkel as a hobby, becoming familiar with a wide 
range of plants and animals that occur in their local area. As with boats, dive 
equipment should be thoroughly washed in freshwater and dried before using 
it in another area. If something unusual is seen during the dive it should 
be reported to the Biosecurity Group at the Department of Fisheries. Early 
detection of an introduced species is the key to having any chance of preventing 
it from becoming established, so the earlier an invasion is found, the better the 
chance of managing it.
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Known introduced marine species in 
Western Australia
Sixty species are known to have been introduced into Western Australia and are 
established here. Most are cool water, temperate species (37 species) that occur 
from Geraldton south; only 6 are tropical species that occur from Shark Bay 
north; 17 introduced species occur in both the southern and northern halves 
of Western Australia. The preponderance of temperate species is in agreement 
with most studies in other areas. 

Because most of the introduced species are temperate, it follows that southern 
marine areas have more known introduced marine species than northern areas. 
The greatest concentration is in the southwest corner of Western Australia: the 
Fremantle marine area (including Cockburn Sound and the lower Swan River) 
has 46 introduced species. Fremantle is also the port with the largest number 
of vessel movements. Albany (25 introduced species), Bunbury (24 introduced 
species) and Esperance (15 introduced species) are all smaller marine areas with 
fewer vessel movements and fewer introduced marine species. In addition to 
the high vessel activity in the Fremantle marine area, there is also considerable 
habitat diversity (both natural and artificial), which provides a large variety of 
niches for introduced species to occupy. In this regard, the Albany area also has 
a wide variety of habitats in close proximity to one another and the port, so the 
large number of introduced species might be expected. Esperance has lower 
habitat diversity; so fewer species would be expected in that area. Bunbury 
stands out in this regard. The marine area is small and habitat diversity is low, 
so it would be expected to have relatively few introduced species. Instead, at 24, 
the number of introductions is high. 

The fact that most introduced species are temperate does not mean the problem 
is confined to the southern part of the State. In fact there are invasive species, 
such as the black-striped mussel, Mytilopsis sallei, and the Asian green mussel, 
Perna viridis, which could be easily introduced to our north coast. 

In the pages that follow we present information on a selection of species that 
have been introduced into Western Australia. The introduced species have been 
chosen to represent a wide range of plant and animal groups. 
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Dinoflagellates

Dinoflagellates
Dinoflagellates are microscopic, single-celled organisms that are protists, a 
group that is neither plant nor animal. While some occur in freshwater, 90% 
of dinoflagellates are marine. The marine group is split fairly evenly between 
photosynthetic species and those that consume other organisms, including other 
dinoflagellates. Some species live in the tissues of other organisms, such as sponges, 
corals and jellyfish. The host does not consume the dinoflagellate, but instead 
provides shelter and nutrients. In turn the dinoflagellate uses photosynthesis to 
produce energy used by the host. A single species of dinoflagellate (Alexandrium 
minutum) has been introduced into Western Australia. 
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Photo: Gustaff Hallegraeff 
Material provided by: Was Hosja

Alexandrium minutum 

Common name: Toxic dinoflagellate.

Distribution: In Western Australia, Alexandrium minutum is known from Bunbury, 
Geographe Bay, Mandurah, Peel Inlet, Cockburn Sound and the Swan River. Elsewhere 
it occurs in southeastern Australia, the Mediterranean, New Zealand, the east coast 
of the USA, and southeast Asia

Habitat: It is a planktonic species that is mostly found in the water column. If it 
is in bloom it can cause a discolouration of the water. Like other dinoflagellates, 
Alexandrium minutum has a benthic cyst stage that can live on the surface of 
sediments for years.

Identification features: Accurate identification of most dinoflagellates is a difficult 
process best left to experts. Like many others, Alexandrium forms small spherical 
cells with an outer casing composed of plates. The arrangement of these plates 
serves to distinguish the species. Cells have two flagella (tail like structures), one 
trailing behind and the second encircling the cell and lying in a groove.

Notes: This species is recorded sporadically in Western Australian waters, either as 
the swimming, flagellated stage or as benthic cysts. In other areas of the world, these 
species form dense toxic blooms in shallow lagoons and brackish marine embayments 
that may be accompanied by mortality of fish and shellfish and in outbreaks of paralytic 
shellfish poisoning. No such blooms have been reported in WA and monitoring is routinely 
undertaken of commercial mussel and oyster farming areas.

Primary vector: The primary vector for translocating this species is via ballast water. 
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Marine algae
The Western Australian marine benthic flora includes numerous species that 
are widely distributed, particularly so in tropical areas where many of the taxa 
have a broad Indo-West Pacific distribution. These species could be regarded 
as cryptogenic (i.e., potentially introduced but their origins presently obscure 
due to their widespread distribution). None have ever shown pest tendencies 
and are no cause for concern. There are, however, at least three known recent 
introductions. None of these has reached large densities but all three should be 
monitored closely. In total five species of marine algae have been introduced 
into Western Australia:

 Codium fragile ssp. fragile 

 Elachista orbicularis

 Grateloupia imbricata

 Pseudocodium devriesii 

 Stictyosiphon soriferus
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Photo: Rob Hilliard

Codium fragile ssp. fragile

Common name: Dead Man’s Fingers, Oyster Thief and many others.

Distribution: Originally from Japan, Codium fragile ssp. fragile has spread throughout 
Europe, the Mediterranean Sea, western North Atlantic, Pacific Coast of North America, 
South Africa, New Zealand and southeastern Australia.

Habitat: Codium fragile ssp. fragile grows on rocks in the mid to lower intertidal down 
to about 2 m depth.

Identification features: Plants are large, medium to dark green and are dichotomously 
(in series of two) branched. The branches have a spongy texture. Many native species 
have a similar appearance and microscopic features are used to confirm identifications. 
In Codium fragile ssp. fragile, the surface has what appear to be small spines. These 
are outgrowths from the plant’s utricles (the inflated cell-like structures that make up 
the surface). Moreover, only plants with utricles of a certain size range are classified as 
this species. Given this, identification requires significant taxonomic expertise. 

Notes: This invasive species was previously know as C. fragile subspecies 
tomentosoides, but is now known to be the same as the subspecies C. fragile ssp. 
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fragile. The various subspecies of C. fragile are very difficult to distinguish from each 
other and require an examination of internal structures. DNA sequencing can also be 
used. Several native species of Codium also look similar to C. fragile. This alga has 
recently been collected from Albany, but the extent of the population has not yet been 
determined.

Primary vector: The primary vector for translocating this species is via hull fouling, 
although gametes may be transported in ballast water and plant fragments can be 
transported via vessels and their equipment. 
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Photo: John Huisman

Grateloupia imbricata

Common name: Forked Grateloup’s Weed.

Distribution: In Western Australia Grateloupia imbricata is known from a rocky groyne 
at Cottesloe and from Albany. It is apparently not found elsewhere in Australia. The 
species was described originally from Japan in 1896 but has since been reported as 
an introduction to the Canary Islands.

Habitat: Grateloupia imbricata grows attached to rock in the lower intertidal.

Identification features: Plants of this red alga are cartilaginous and slightly slippery 
to touch, with flattened branches that are regularly dichotomously divided. Internally 
the plants have a loose construction of sparse filaments. This is a feature that serves 
to distinguish this species from the superficially similar Rhodymenia sonderi, which 
has a structure of densely packed cells.

Notes: Species of Grateloupia are well known as introduced and pest species (e.g. 
Grateloupia turuturu in the Mediterranean and recently recorded from Tasmania). 
Grateloupia subpectinata is a cryptogenic species that is common in the Perth region. 

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Pseudocodium devriesii

Common name: False Codium.

Distribution: In Western Australia, this species is known only from the vicinity of 
Cottesloe, Rous Head, Fremantle, and Cockburn Sound. It was originally described 
from South Africa and is common there.

Habitat: Pseudocodium devriesii grows on rocks associated with sandy substrata, at 
depths of around 5-10 m.

Identification features: This species looks like a small Codium (‘dead man’s fingers’). 
It grows to about 5 cm tall and has forked branching. Plants are generally a bright green 
colour. When the surface is examined closely, polygon shaped facets can be seen. 

Notes: Pseudocodium devriesii has only recently been recognized in Western Australia. 
DNA sequence studies have shown a very close relationship to populations in South 
Africa. This, along with its local distribution in the Fremantle area, suggests the 
species is introduced.

Primary vector: The primary vector for translocating this species is believed to be 
via hull fouling. 
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Hydroids
While they look like plants, hydroids are actually cnidarian animals, the group 
that includes jellyfish and corals. Many marine species have a complex life cycle 
that alternates between an asexual benthic stage that is familiar to divers and 
a planktonic medusa stage that looks like a jellyfish. The Portuguese man of 
war, Physalia physalis, and the By the Wind Sailor, Velella velella, both resemble 
jellyfish, but are actually hydroids. Hydroids are carnivorous, using stinging cells 
(nematocysts) to kill their prey. Six species of hydroids have been introduced 
into Western Australia:

Antennella secundaria 

Ectopleura crocea

Eudendrum carneum

Gymangium gracilicaule

Halecium delicatulum

Obelia dichotoma

Sarsia eximia
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Photo:  Karen Gowlett-Holmes 

Gymangium gracilicaule

Common name: Hyroid.

Distribution: Gymangium gracilicaule is widely distributed in the tropical and 
subtropical Indian Ocean and the Indo-West Pacific. It has been recorded in Western 
Australia from the Houtman Abrolhos Islands and Port Hedland. 

Habitat: The species lives on coral rock and rubble.

Identification features: Gymangium gracilicaule is up to 70 mm high and lives attached 
to the substrate. There are several major stolons (low-lying branch like structures), 
each with branches, and small polyps. The stolons connect the polyps of a colony. 
Each tiny polyp resembles a sea anemone in that it has a central sac with a mouth at 
the end surrounded by tentacles.

Notes: Specimens in the Abrolhos Islands were found attached to coral rock and 
rubble in shallow water and had another hydroid species (Salacia desmoides) attached 
to them. There are literally dozens of marine species of hydroids found in Western 
Australia. A specialist taxonomist is required to identify the various species.

Primary vector: The primary vector for translocating this species is believed to be via 
hull fouling. 
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Polychaetes
Together with earthworms and leeches, the polychaetes are included in the 
phylum Annelida, the group of segmented worms. Polychaetes are characterised 
by leg-like parapodia that have bristles (chaete) on their ends. The name 
polychaete actually means “many bristles”. Eight thousand of the 9,000 species 
of annelids are polychaetes. All polychaetes are marine or estuarine and many 
can be found in incredible numbers on intertidal sand and mudflats. Sexes are 
separate, and there is a planktonic larval stage. Some species can reproduce 
asexually by budding. There are two major groups of polychaetes: tubeworms 
(Sedentaria) and those that can crawl about on the sea floor (Errantia). Four 
species of polychaete have been introduced into Western Australia:

 Alitta succinea

Boccardia proboscidea

Ficopomatus enigmatica

Sabella spallanzanii 
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Photo: Karen Gowlett-Holmes

Photo: Justin McDonald

Sabella spallanzanii

Common name: European fan worm.

Distribution: Sabella spallanzanii has a native range from the Mediterranean Sea and 
the Atlantic east coast of Europe to the English Channel. It has been introduced to 
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Victoria and South Australia, and overseas to North Africa, Brazil and Southeast Asia. 
The species has been recorded in all Western Australian marine areas associated 
with ports from Fremantle to Esperance.

Habitat: On debris, rocks, rubble etc. associated with the seafloor and attached to 
jetty piles.

Identification features: Sabella spallanzanii is one of the largest species in the family 
Sabellidae with a leathery tube and spiral-feeding fan that can reach 10 to 15 cm in 
diameter. The fan is composed of two lobes, only one of which is spiralled, the other 
lobe forming a semi-circle.

Notes: The tube of Sabella can protrude up to 40 cm above the sediment and bury 
as deep as 10 cm into the sediment. Sabella commonly forms clumps of two or more 
individuals, creating a canopy of feeding fans that stretches over the sediment. It is 
not known to be preyed upon by native fish and in any case has a high tolerance to 
wounding to the extent of being capable of regenerating from fragments.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Bryozoans
Bryozoans are colonial filter-feeding animals. Bryozoan colonies can be 
encrusting, arborescent (branching, and tree-like), or even free living. 
Individuals within colonies are referred to as zooids. These zooids may have 
specialised functions, such as brood chambers for young, feeding apparatus or 
may have spines or pincers to prevent other organisms from settling. Zooids 
of most species are enclosed in a protective tunic made from either chitin (a 
tough protein also found in insect exoskeletons) or calcium carbonate. This 
exoskeleton has an opening, through which the lophophore is extended into 
the water column for feeding. In some species, the orifice is covered by an 
operculum (lid or covering which closes over the opening). Fifteen species of 
bryozoans have been introduced into Western Australia:

 Amathia distans

Amathia vidovici

Bowerbankia gracilis

Bugula flabellata

Bugula neritina

Bugula stolonifera

Conopeum seurati

Cryptosula pallasiana

Savignyella lafontii

Schizoporella errata

Schizoporella unicornis

Tricellaria occidentalis

Watersipora arcuata

Watersipora subtorquata

Zoobotryon verticillatum
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Photo: Karen Gowlett-Holmes

Amathia distans

Common name: Bryozoan.

Distribution: The native range is uncertain, but Amathia distans is thought to be 
native to the warmer waters of the western Atlantic Ocean. The species also occurs 
in the eastern Atlantic. It has been introduced to France, the Mediterranean and Red 
Seas, the Atlantic coast of the Americas, west coast of North America, Indonesia, 
New Zealand, and eastern Australia, from Queensland to South Australia. In Western 
Australia, A. distans has been reported from Port Hedland and the lower west coast. 

Habitat: The species grows on a wide variety of surfaces, including other bryozoans, 
algae, seagrasses, oyster valves, sandstone boulders, dock, pilings, breakwaters, and 
man-made debris.

Identification features: Amathia distans is a stoloniferous bryozoan found as fragile, 
erect colonies with many free branches. The colony has dichotomous branching (in 
series of two), a thin stolon (stalk), and usually grows to about 4 or 5 cm high. Zooids 
are arranged in paired clusters that run spirally around the stolon. It forms pale-
yellow/brown transparent colonies.

Notes: There have been no recorded predators of this species, however nudibranchs 
commonly feed on bryozoans.

Primary vector: The primary vector for translocating this species is via hull fouling.
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Photo: Karen Gowlett-Holmes

Bugula flabellata

Common name: Bryozoan.

Distribution: Bugula flabellata is believed to be native to Atlantic and Mediterranean 
coasts of Europe. It has been widely introduced into tropical and temperate seas. 
In eastern Australia the species occurs from New South Wales to Victoria, and in 
Western Australia from Albany to Fremantle.

Habitat: This species lives on a variety of substrata, including stones, shells, and 
other bryozoans. Bugula flabellata is a major fouling bryozoan in ports and harbours, 
particularly on vessel hulls, pilings and pontoons. It has also been reported from 
offshore oil platforms. Quite often it is found growing with other erect bryozoan 
species such as Bugula neritina or growing on encrusting bryozoans.

Identification features: Bugula flabellata forms an erect broad, branched colony 
between 2-5 cm in height. Colonies are pale pink in colour. Each branch is broad, flat 
and wedge shaped with 3-6 rows of zooids. Zooids have spines in the central area 
that often cover the opening from which the zooid extends its feeding structure (the 
lophophore). Avicularia (modified beak-like structures with a defensive role) are only 
found on the marginal zooids, and resemble a bird’s head. They are stalked and have 
a strongly decurved beak.

Notes: Many species of nudibranch have been recorded feeding on this species of 
bryozoan.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Photo: Karen Gowlett-Holmes

Bugula neritina

Common name: Bryozoan.

Distribution: Bugula neritina is widely distributed in most tropical and temperate 
areas. It also occurs widely in southern Australia from New South Wales to South 
Australia, including Tasmania. In WA it is found from Esperance to Port Hedland.

Habitat: This is a serious and common fouling organism that grows on a wide variety 
of natural and artificial substrata. It can even grow heavily in ship’s intake pipes and 
condenser chambers. In Australia, it occurs primarily on artificial substrata, such as 
jetty pylons.

Identification features: Bugula neritina is an erect, arborescent, red-purple-brown 
bryozoan. Branching is dichotomous (in series of two) and zooids alternate in two rows 
on the branches. Unlike all other species of Bugula, B. neritina has no avicularia or 
spines. Ovicells (reproductive structures) are large, globular and white in colour. Ovicells 
often appear in such high numbers that they resemble small snails or beads.

Notes: Nudibranchs have been recorded as feeding on B. neritina.

Primary vector: The primary vector for translocating this species is via hull fouling.
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Photo: Karen Gowlett-Holmes

Schizoporella errata

Common name: Bryozoan.

Distribution: Schizoporella errata is widespread in warm temperate to subtropical 
seas, and occurs in Australia from South Australia to Victoria. In WA it has been 
recorded from Esperance to Shark Bay.

Habitat: The species is most often found in shallow water in ports and harbours on 
hard substrates (pilings, hulls, coral rubble, etc.) and reefs.

Identification features: Schizoporella errata is typically dark brick red with orange-
red growing margins. This species has many forms, from flat encrusting, multi-
laminar to erect branching structures, depending on the surface it is colonising. The 
frontal surface of the exoskeleton housing of individual zooids is porous with a wide 
semicircular aperture. Avicularia (beak-like structures) occur in varying density on 
colonies, with one per zooid. 

Notes: This is a well-known fouling species and is known to inhibit the growth of 
adjacent species. 

Primary vector: The primary vector for translocating this species is via hull fouling.
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Watersipora arcuata

Common name: Bryozoan.

Distribution: Watersipora arcuata is widely distributed in warm seas. In eastern 
Australia it has been introduced to Queensland and New South Wales. In southwestern 
Australia it occurs from Esperance to Fremantle.

Habitat: This is an important marine fouling species in ports and harbours where it is 
found on vessel hulls, pilings, and pontoons. This species can also be found attached 
to rocks and seaweeds. They form substantial colonies on these surfaces, typically 
around the low water mark.

Identification features: Colonies range from dark red-brown to black in colour, with 
a thin bright red margin. Cellular parts of the zooids are orange-red, which explains 
this colour on the margin. Watersipora arcuata has no spines, avicularia or ovicells 
(reproductive structures). Zooids are elongate, rectangular or subhexagonal in shape, 
and are typically arranged in rows of about five. The aperture of the zooid is black, 
with a semicircular distal margin and a concave proximal margin - a key distinguishing 
feature of this species.

Notes: Watersipora arcuata is an abundant fouling organism and is resistant to 
antifouling paints. It can therefore spread rapidly on vessel hulls and provide an area 
for other species to settle upon. This in turn has an impact on vessel maintenance 
and speed, as many more organisms are able to foul the hull. There have been no 
recorded predators of this species.

Primary vector: The primary vector for translocating this species is via hull fouling.
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Photo: Karen Gowlett-Holmes

Watersipora subtorquata

Common name: Bryozoan.

Distribution: Watersipora subtorquata has been widely recorded from Brazil, West 
Indies, Bermuda, Cape Verde Islands, Japan, Mediterranean Sea, and New Zealand. 
In Australia the species has been recorded from Torres Strait to South Australia, 
including Tasmania. In WA it is found from Albany to Shark Bay.

Habitat: Watersipora subtorquata is most common in lower intertidal and shallow 
subtidal areas, though it grows to depths of at least tens of meters. This species 
grows on a wide variety of solid substrata including rocks, shells, docks, vessel hulls, 
pilings, debris, kelp holdfasts, and other bryozoans.

Identification features: The colony is usually a bright to dull orange or red. The 
opercula are black or dark brown, and the lines marking the boundaries between 
zooecia are usually black. The central and older parts of older colonies are often 
black; in some cases, virtually the entire colony is black, with only the outermost 
growing edge showing orange or red. 

On flat surfaces smaller colonies, up to several centimeters in diameter, are flat and 
roughly circular. As a colony grows larger it becomes more lobed and may overgrow itself 
in places. In protected waters where growing conditions are good, colonies may become 
quite large and grow outward from the substrate (which is often the side of a dock) in 
lobes and frills, forming a striking, cauliflower-like mass up to 25 cm in height. 
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Notes: Watersipora subtorquata has often been reported from vessel hulls. It is less 
sensitive to copper than many fouling organisms, and is therefore less affected by 
copper based anti-fouling paints.

Primary vector: The primary vector for translocating this species is via hull fouling. 

The photographs of Watersipora arcuata and W. subtorquata provide an excellent 
example of some of the issues encountered in working with introduced marine pests. 
There are 10 species recognised worldwide in the genus, but only specialists can 
determine the identity of the various species. The two species shown here are both 
introduced to Australia, but it is very difficult to tell them apart.
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Zoobotryon verticillatum

Common name: Bryozoan.

Distribution: Zoobotryon verticillatum is widely distributed in warm waters, including 
the Mediterranean and Adriatic Seas. In Australia it has been recorded from several 
locations from New South Wales to South Australia. It is known from Shark Bay and 
Port Hedland in Western Australia.

Habitat: This is a common fouling species in warmer waters that can grow on virtually 
any hard subtidal surface. It is common in ports and harbours.

Identification features: Colonies are arborescent, with trifurcately (in threes) branching 
stolons of approximately 0.5 mm in diameter. Zooids measure approximately 0.4 – 
0.6 mm in height and are sac-like, arranged along 2 sides in rows. The lophophore 
has a diameter of approximately 0.3 mm, and bears 8 tentacles. Young colonies 
have transparent stolons. The calcium carbonate found in other species is absent in 
exoskeletons of this species.

Notes: It is highly unlikely that many organisms feed directly on Z. verticillatum as 
colonies produce bromo-alkaloids, a class of chemical compounds related to drugs 
like nicotine, morphine, and cocaine. These secondary metabolites are likely to 
protect zooids in the colony by discouraging predation, preventing settlement of other 
organisms, and preventing bacteria or viruses from invading. Only a few species of 
nudibranch molluscs are known to feed directly on Z. verticillatum.

Primary vector: The primary vector for translocating this species is via hull fouling.
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Crustaceans
With over 50,000 species, crustaceans are one of the most diverse groups in 
the animal world. The group includes such familiar animals as crabs, lobsters, 
shrimp, and barnacles. Most of the species are marine, but there is a substantial 
proportion of freshwater species. Some, such as the slaters commonly found 
under dead wood in the garden, have adapted to living on land. An interesting 
feature is the chitinous exoskeleton that protects the soft parts of the body of the 
animal. While it provides important protection, the exoskeleton also prevents 
growth of the animal. Thirteen species of crustaceans have been introduced into 
Western Australia:

 Amphibalanus amphitrite

Amphibalanus reticulatus

Cirolana harfordi

Paracerceis sculpta

Paradella dianae

Sphaeroma serratum

Megabalanus ajax

Megabalanus rosa

Megabalanus tintinnabulum

Monocorophium acherusicum

Monocorophium insidiosum

Monocorophium sextonae

Tesseropora rosea
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Megabalanus rosa

Common name: Acorn barnacle.

Distribution:  Known from Japan, China and Taiwan. In eastern Australia it is found in 
New South Wales. In WA, the species is widespread from Cockburn Sound to Cockatoo 
Island in the Kimberley.

Habitat: This is a fouling species that lives on jetty pilings and readily colonises the 
hulls of ships.

Identification features: Megabalanus rosa has six smooth lateral plates that are 
generally pinkish rose-red to reddish purple (occasionally entirely white) coloured. 
It grows to no more than 50 mm in height. The orifice is usually greater than half 
the basal diameter. The detail of the scuta and terga (operculum) of M. rosa is used 
to identify the species. As many of this group display similar characteristics they 
are regarded as very difficult to identify. This species belongs to a group of ‘pink 
barnacles’ that are currently under taxonomic review. 

Notes: In its native range M. rosa is classified as an open sea species. However it is 
often found on wharf pylons, vessel hulls and other artificial structures. It is recorded 
to a depth of 300 m, and from waters ranging in temperature from 15-28 °C.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Molluscs
Molluscs are the seashells group. They are the most diverse group in the sea. 
While the total number of species is not known, it may be in the range of 
100,000 species. There are a wide variety of body shapes and sizes, from small 
animals that reach a maximum of only a few millimetres to the largest of 
the giant squid. There are a number of classes, or major groups, of molluscs, 
including cephalopods (squids, octopuses and cuttlefish), chitons (coat of mail 
shells), gastropods (snails and seaslugs), bivalves (scallops, mussels and oysters), 
and tusk shells. Most of the species have an external shell composed of calcium 
carbonate. Some groups, such as seaslugs, have lost the shell in evolution. 
However, shell-less groups can still be recognised as molluscs through other 
characters such as the radula (a ribbon of teeth) and the mantle (a unique 
external tissue). Both of these occur only in molluscs. Nine species of molluscs 
have been introduced into Western Australia. Most of the invasive marine 
molluscs are bivalves, though there are also some gastropods and one chiton in 
this group:

Godiva quadricolor

Musculista senhousia

Mytilus edulis planulatus

Okenia pellucida

Ostrea edulis

Polycera hedgpethi

Scaeochlamys lividus

Theora lubrica

Velacumantus australis
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Photo: Clay Bryce

Godiva quadricolor

Common name: Aeolid nudibranch.

Distribution: This is a South African species. Isolated individuals were found in 
Cockburn Sound and Fremantle in 1980, 1983 and 1997. It has also been recorded 
in New South Wales.

Habitat: On jetty pilings in protected waters such as harbours.

Identification features: This is a long, narrow species of aeolid that is brownish in 
colour and reaches 20 mm in length. The body tapers to a long, narrow tail. There 
is a pair of long tentacles on the front of the head, with a smaller pair at the back. 
Numerous long, narrow cerata are clumped along the side of the body. The cerata are 
brown for much of their length, but the tips have blue, orange and yellow colouring.

Notes: This is not an invasive pest species. However it is reported to be a voracious 
carnivore that feeds on other nudibranchs.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Photo: Bill Rudman 

Okenia pellucida

Common name: Nudibranch.

Distribution: Uncertain. This is a species that has become widespread through 
shipping. It has been reported from Hawaii, Japan, Palmyra Atoll, Malaysia, and the 
United Arab Emirates. In eastern Australia it occurs from New South Wales and 
Queensland. In WA it has been recorded only from Fremantle. 

Habitat: Okenia pellucida lives on jetty pilings. 

Identification features: The body is up to 20 mm long, and resembles a sea hare in shape. 
The animal is white with thin brown lines scattered over the surface. The head is separate 
from the body, with triangular oral tentacles. The body has 10-12 long, narrow elongations 
(papillae) on each side. The gills are at the back, bipectinate and surround the anus.

Notes: Okenia pellucida lives and feeds on the introduced bryozoan Zoobotryon 

verticillatum.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Photo: Clay Bryce

Polycera hedgpethi

Common name: Hedgpeth’s dorid.

Distribution: This species was thought to be an introduction from California, where it 
was originally described. However, the natural distribution of the species is obscure. 
Specimens were known from New Zealand prior to the original species description 
and the species was recorded in Australia only nine years later. It has been reported 
from California, the Caribbean, Mediterranean, South Africa, New Zealand, Japan, and 
the Iberian Peninsula. In Australia P. hedgpethi is known from New South Wales to 
South Australia. In WA it has been recorded from Albany and Rockingham.

Habitat: The species lives on jetty pilings in harbours in shallow water.

Identification features: This is a small nudibranch that reaches only 15 mm in length. 
The body is slender, dark brown, with whitish spots. The head has a frontal veil of four 
to six long narrow extensions that are yellowish on the base, black near the tips, and 
whitish on the tips themselves. The gills, on the back of the body near the centre, 
are dark brown, almost black. They are surrounded by appendages with the same 
colouring as the extensions on the head. 

Notes: In Western Australia the species was originally recorded from jetty pilings at 
Quaranup, Princess Royal Harbour at Albany in February 1980. No further specimens 
have been recorded from Albany despite several searches at Quaranup.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Photo: Helen Cribb, Northern Territory Government

Musculista senhousia

Common name: Asian date mussel.

Distribution: Musculista senhousia is native to North Asia. This is an invasive species 
that has been recorded in a wide variety of areas, including the Mediterranean, United 
States, India, and New Zealand.The taxonomy of this species is uncertain – there may 
in fact be more than one species. It has been introduced to Victoria, Tasmania and 
South Australia. In Western Australia the species is limited to the lower Swan River 
and Fremantle Harbour.

Habitat: Musculista senhousia lives in the intertidal and shallow subtidal region of bays 
and estuaries. While the species can live on hard or soft bottom, soft sediments are the 
preferred habitat. Numerous byssal threads that project from the anterior end of the shell 
are used to construct a cocoon that protects the shell. When there are numerous animals 
living close together the cocoons form a mat that smothers the underlying surface.

Identification features: The shells of this mussel are small, being from 10 to 25 mm 
long and up to 12 mm wide. The shell is smooth, thin, and olive green to brown in 
colour; with dark radial or zigzag markings.

Notes: Musculista senhousia was discovered in the Swan River in the early 1980s, 
and within a few years was one of the most common shells washed up on the beach. 
Densities of up to 2,600 individuals per square metre were recorded in the lower Swan 
River in the 1990s. Populations appear to have been decimated by an intense summer 
rainfall event in 2000. A survey of the Swan River, Fremantle Harbour, Rous Head, and 
Cockburn Sound in October 2007 failed to find any living individuals of this species.

Primary vector: The species can be translocating via hull fouling or in ballast water. 
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Photo:  Karen Gowlett-Holmes

Mytilus edulis ssp. 
planulatus

Common name: Blue 
mussel.

Distribution: New 
South Wales to Western 
Australia. Common in 
harbours from Esperance 
to Fremantle.

Habitat: Abundant on 
jetty pilings and rocks in 
shallow water.

Identification features: This is a large (up to 10 cm) mussel, with black or purple 
shells and a white terminal umbo. Numerous concentric growth lines extend to the 
rounded end of the shell. The periostracum (horny outer covering) is brown. The 
inside of the shell is light near the umbos and becomes progressively darker near the 
opposite margins.

Notes: Blue mussels are widely used for aquaculture in southern Australia, including 
the Albany harbours, Warnbro Sound and Cockburn Sound, Western Australia under 

Photo: Justin McDonald
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the name M. edulis. The taxonomy of this species is confused. Australian specimens 
were first collected by Francois Péron on the exploratory voyage of the French corvette 
Géographe in 1798. The specimens were later described as described as Mytilus 

planulatus by Lamarck in 1819. Mytilus planulatus is now generally considered to be 
a subspecies of M. edulis. In fact they may be descended from mussels brought to 
Australia by early European exploratory ships. Mytilus galloprovincialis is an almost 
identical species, which can only be separated genetically. The two species can co-
occur and be intermingled. Like most species listed in this publication they have not 
been studied in detail in Western Australia.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Photo: David Roberts

Ostrea edulis

Common name: 
European flat oyster.

Distribution: This 
species is native to 
Europe. It has been 
recorded in Western 
Australia at Oyster 
Harbour, Albany.

Habitat: Ostrea edulis 
lives on intertidal rocky 
shores and in shallow water where it is attached to a hard substrate.

Identification features: This is a large (up to 10 cm), oval or pear shaped oyster. It 
is attached to the bottom by the concave left valve. The smaller right valve is flat and 
sits inside the left valve. Its upper surface may be scaly with concentric growth lines. 
The shell is off-white to cream, with the internal shell being a glossy white.

Photo: Clay Bryce

The oyster Ostrea angasi is on the left and O. edulis is on the right. 
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Notes: Vancouver named Oyster Harbour in 1798 because of the abundance of 
oysters (Ostrea angasi) in the area. However, it was recently found that there are 
actually two species in Oyster Harbour, the native O. angasi and the European O. 

edulis. It is not known when or how the European species was introduced, but it could 
have been quite some time ago.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Photo: Clay Bryce

Scaeochlamys livida

Common name: Scallop. 

Distribution: This species is native to the east coast of Australia, from New South 
Wales to southern Queensland. In WA it has been recorded from Fremantle Harbour, 
Cockburn Sound, and the adjacent open coastline as far south as Mandurah and as 
far north as Hillarys.

Habitat: Scaeochlamys livida lives attached to jetty piles and rocks in shallow water.

Identification features: The shells of Scaeochlamys livida are up to 7 cm high, slightly 
unequal, with the left valve more convex. The auricles (projections where the shells meet) 
are unequal. There is a pronounced gape in the shell where the byssal threads emerge. The 
shells are colourful, often brown or purple, or orange, yellow, or white, but in life they are 
often covered by an encrusting sponge. There are 10 to 12 very strong, low, flattened radial 
ribs on left side with flat, translucent scales. The scales are much stronger near the shell 
margin. The right valve has 20 to 25 ribs, but they are lower than those on the left valve. 

Notes: This species is unusual as it is an introduction from eastern Australia rather 
than from overseas. It is widespread in the waters off the Perth metropolitan area. 
Although it is not classed as a pest species, Scaeochlamys livida appears to have 
largely replaced the local species Mimachlamys asperrima locally.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Photo: Clay Bryce

Theora lubrica

Common name: Bivalve.

Distribution: The native distribution of this species is the east coast of Asia, from 
Japan south to Singapore and Indonesia. It has been introduced in Australia from New 
South Wales to eastern South Australia, including Tasmania. In Western Australia, it 
is known only from the Swan River, Rockingham and Bunbury.

Habitat: Theora lubrica lives in shallow, muddy environments and can be found in 
depths to 50 m. 

Identification features: The shell is small, up to 15 mm long, elongate, almost 
transparent, with fine concentric growth lines. The shell gapes at both ends.

Notes: The above photo is actually Theora fragilis, but the shells are very similar 
and it would takes significant taxonomic skill to tell them apart. Both species are 
deposit feeders, using their siphon to suck small particles of detritus off the sediment 
surface.

Primary vector: The species is believed to be translocated via ballast water and hull 
fouling.
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Photo: Fred Wells

Velacumantus australis

Common name: Mudwhelk.

Distribution: This snail is widespread in eastern Australia, from southern Queensland to 
South Australia, and also lives in Tasmania. It is thought V. australis introduced into the 
lower Swan River and the Woodman Point area of Cockburn Sound many years ago.

Habitat: Velacumantus australis lives in sandy environments, including some with 
macroalgae and seagrasses, in shallow water.

Identification features: This is a small snail, up to 4 cm long, with a high spire, and a 
pronounced suture, or indententation, between the whorls. There is a beaded appearance 
on the body whorl and the upper whorls of the shell are very knobbly. The shell is usually 
dark brown, with a dark brown opening. Some shells have a distinct white band.

Notes: Thousands of years ago Velacumantus australis was widespread across 
southern Australia, including southern Western Australia, but over time its range 
became restricted to the east coast. It was recorded from Albany in the 1960s, but 
the specimen turned out to be a subfossil.

Primary vector: Transport of larvae in ballast water is a possible source of the species in 
WA. However, it was sufficiently common in the Swan River in the 1960s to be the subject 
of a series of scientific papers, so it may have already been in WA for a period of time. 
Ballast water came into widespread use after World War II, and V. australis may have been 
introduced earlier through individuals being brought across in wet ropes or as biofouling.
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Tunicates, or sea squirts, are actually chordates because their planktonic larvae 
have a notochord, dorsal nerve cord, pharyngeal slits, and a post anal tail. The 
Chordata is the group to which all of the vertebrates, including fish, mammals, 
birds, amphibians, and reptiles belong. However, tunicates lack a backbone and 
are thus invertebrates. The body plan of adults is simple: there is essentially a 
chamber with two openings. Water enters one opening, food is filtered out, and 
the water leaves through the other opening. Despite this simple body plan there 
are many variations and numerous species. Planktonic salps resemble jellyfish, 
but are actually tunicates. Bottom dwelling sea squirts are common as fouling 
organisms on jetty pilings, ships’ hulls and other structures. A number of species 
have been introduced to Western Australia.

Five species of ascidians have been introduced into Western Australia:

Ascidiella aspersa

Botryllus schlosseri

Ciona intestinalis

Styela clava

Styela plicata
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Photo:  Karen Gowlett-Holmes

Botrylloides leachi 

Common name: Colonial ascidian.

Distribution: Botrylloides leachi is widespread in the Northeastern Atlantic, Mediterranean 
Sea, Adriatic Sea, Black Sea, Indonesia, western Indian Ocean, Red Sea, South Africa, 
New Zealand, and along all Australian coasts. In Western Australia it occurs from Albany 
to the Dampier Archipelago and is even found at the offshore Rowley Shoals.

Habitat: Botrylloides leachi is an encrusting species, growing on both natural and 
artificial substrata. It is often seen on seagrasses. It is found in the lower intertidal 
and shallow subtidal zones.

Identification features: Botrylloides leachi is an ascidian composed of many individual 
zooids growing together to form colonies. Zooids are small, up to 2 mm long but 
the entire colony can be quite large and greatly variable in colour from grey, red-
brown to purple and orange. Colonies are thin, irregular in shape and have a smooth, 
even surface. Zooids are crowded together in long curving and branching double-row 
systems with a common exhalent (atrial) siphon between them.

Notes: Botrylloides leachi can be a dominant competitor, overgrowing and excluding 
many other epibiont species. Fouling on aquaculture structures can decrease water 
flow as well as compete for food with suspension feeding aquaculture species. Various 
nudibranch, gastropod and flatworms are reported to feed on this colonial ascidian. 

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Photo:  Karen Gowlett-Holmes

Ciona intestinalis

Common name: Solitary ascidian.

Distribution: This species is native to the North Atlantic, but has been introduced 
to North and South America, Hong Kong; China Sea, Indonesia, and New Zealand. 
In eastern Australia it occurs from southern Queensland to South Australia and 
Tasmania. In WA, it occurs from Esperance to Fremantle.

Habitat: Ciona intestinalis is a solitary ascidian but is commonly found in dense 
aggregations on rocks, algal holdfasts, seagrass, shells, and artificial structures such 
as pylons, buoys and ships’ hulls. It is found in enclosed and semi-protected marine 
embayments and estuaries. While it occurs in the low intertidal and shallow subtidal 
zones, C. intestinalis clearly decreases in abundance with depth.

Identification features: Ciona intestinalis usually hangs vertically upside-down in the 
water column. It is cylindrical, 100-150 mm in length and ends with a cone-shaped 
branchial (inhalant) siphon. There are 8 lobes on the branchial siphon and 6 on the 
atrial (exhalent) siphon. The siphon openings may have yellow margins and orange/
red spots. The body wall is generally soft and translucent with the internal organs 
visible, however, the animals may be hard and leathery due to heavy fouling.

Notes: Juveniles are eaten by snails such as Mitrella, Hydrobia and Littorina. Fish 
such as sticklebacks also consume juvenile ascidians. Jellyfish are known to feed on 
eggs and larvae in the water column.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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Styela plicata

Common name: Solitary ascidian.

Distribution: The native range of Styela plicata is unknown. It is cryptogenic in widespread 
locations in the Mediterranean and warmer parts the Pacific, Indian and Atlantic Oceans. 
It has been introduced to the Atlantic coast of South America and is probably Australia-
wide. Styela plicata is widespread in WA from Esperance to the Monte Bello Islands. 

Habitat: Styela plicata is a fouler of ships, boats, docks and aquaculture facilities, 
attaching to hard substrates. It is usually covered with non-ascidian flora and fauna, 
which can ‘travel’ on the tunicate and add more non-indigenous species to aquatic 
ecosystems.

Styela plicata competes with other organisms, excluding them from the space it 
occupies. Its larvae are capable of invading occupied space and growing to a large 
size in a relatively short period of time, attached to other organisms. Styela plicata 
then sloughs off because of its large size, often taking other marine organisms with 
it. This sloughing destabilises the marine community.

Identification features: Styela plicata is an ovular, greyish to tannish white benthic 
tunicate. This solitary sessile invertebrate is cloaked in an un-stalked tunic that is 
large, tough, warty and ridged. 
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Notes: The first WA specimens were collected in Cockburn Sound in 1928. Snails, 
crustaceans, sea stars and fish have been known to prey on S. plicata. Specifically, 
the species Linatella caudata preys upon S. plicata.

Primary vector: The primary vector for translocating this species is via hull fouling. 
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There are literally thousands of species occurring along the coasts of Western 
Australia, but only three have been introduced to the State:

Acentrogobius pflaumi

Sparidentex hasta

Tridentiger trigonocephalus
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Photo: Mark Maddern

Acentrogobius pflaumi

Common name: Streaked goby.

Distribution: The species is native to the area including Japan, Taiwan, Korea, and 
the Philippines. It has been introduced to New Zealand, and into Sydney Harbour and 
Botany Bay, New South Wales, and Port Phillip Bay, Victoria. In Western Australia it is 
known only from Cockburn Sound and the Swan River in the Fremantle marine area.

Habitat: In WA Acentrogobius pflaumi lives in soft sediment, silty areas. In its native 
area the species lives in protected marine embayments and brackish areas.

Identification features: Acentrogobius pflaumi is a small, slender goby, with the eyes 
very close together. There are two dorsal fins and the anal fin has 10-segmented rays. 
The body is grey to brown with five dark blotches along each side. The last blotch is at 
the base of the tail. There are bright electric blue spots on many of the scales.

Notes: Acentrogobius pflaumi lives in close association with a small alpheid shrimp, 
and shares its burrow. 

Primary vector: The primary vector for translocating this species is through ballast 
water.
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Photo: Barry Hutchins

Tridentiger trigonocephalus

Common name: Chameleon goby.

Distribution: This species is native to the northwest Pacific (Japan, China and Korea). 
It has been introduced to California and in New South Wales and Victoria in eastern 
Australia. In WA it has been introduced into Bunbury and the Fremantle marine area 
(Fremantle Harbour, Swan River and Cockburn Sound). 

Habitat: This species lives on the bottom in estuaries and other protected areas 
where it occurs near rocks, in holes and crevices, and other places where it can 
hide.

Identification features: Tridentiger trigonocephalus has a typical goby shape. The 
key feature is two black stripes along the body from behind the eye to the tail. As 
the common name implies, the fish can change its colour from silvery to brown, 
sometimes obscuring the stripes. There are two dorsal fins and a pale band at the 
base of the pectoral fin.

Notes: This species is thought to compete with native species sharing the same 
habitat and general ecology. 

Primary vector: The primary vector for translocating this species is through ballast 
water. 
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With the wide range of habitats in Western Australia, there are thousands of 
potential species that could inhabit our shorelines if they were able to arrive in the 
State. The list of potential introduced species is almost endless, particularly when 
vessels come from unexpected sources. Any risk assessment of possible species 
that could be introduced in to Western Australia would seem unlikely to include 
species from the Caribbean Sea, yet that is exactly where the Leonardo da Vinci 
came from on its way to Geraldton in 2002.  While it was on a very unusual 
route, the dredge Leonardo da Vinci arrived in Geraldton virtually directly from 
the Caribbean. When it arrived in Western Australia an inspection of the vessel 
revealed a number of Caribbean species, including pest species, on the stern 
and in tanks near the stern that were open to the sea. Fortunately, steps were 
immediately undertaken to minimise the chances of Caribbean species becoming 
introduced into Geraldton. So far, no such introductions have been recorded.

Photo: Justin  McDonald

Hull fouling on the bottom of the Leonardo da Vinci.   
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The National Introduced Marine Pest Coordination Group
The Australian and New Zealand governments have recognised the importance 
of monitoring for introduced marine pests. Working collaboratively they 
developed the national introduced marine pest monitoring strategy. This strategy 
has at its core a set of minimum requirements for marine pest monitoring and 
the collection of monitoring data from marine environments. The National 
Introduced Marine Pest Coordination Group (NIMPCG) also compiled a list 
of introduced species that should be monitored for, consisting of 55 species that 
are known pests, or are considered to be likely to become marine pests if they 
are introduced into Australia. A selection of the 55 listed and potential next pest 
species are detailed in this section. 
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Target species list developed by the National Introduced Marine Pest Coordination Group (2008)

Dinoflagellates Crustaceans

Alexandrium catenella Acartia tonsa

Alexandrium monilatum Balanus eburneus

Alexandrium tamarense Balanus improvisus

Dinophysis norvegica Callinectes sapidus

Gymnodinium catenatum Carcinus maenas

Pfiesteria piscicida Charybdis japonica

Diatoms Eriocheir spp.

Chaetoceros convolutus Hemigrapsus sanguineus

Chaetoceros concavicornis Hemigrapsus takanoi

Pseudo-nitzschia seriata Pseudodiaptomus marinus

Macroalgae Rhithropanopeus harrisii

Bonnemaisonia hamifera Tortanus dextrilobatus

Caulerpa racemosa Molluscs

Caulerpa taxifolia Corbula amurensis

Codium fragile ssp. fragile Crassostrea gigas

Grateloupia turuturu Crepidula fornicata

Sargassum muticum Ensis directus

Undaria pinnatifida Limnoperna fortunei

Womersleyella setacea Musculista senhousia

Comb jellyfish Mya arenaria

Beroe ovata Mytilopsis sallei

Blackfordia virginica Perna perna

Mnemiopsis leidyi Perna viridis

Polychaete worms Rapana venosa

Hydroides dianthus Varicorbula gibba

Marenzelleria spp. Fish

Sabella spallanzanii Neogobius melanostomus

Seastar Siganus luridus

Asterias amurensis Siganus rivulatus

Ascidians (sea squirts) Tridentiger bifasciatus

Didemnum spp. (exotic invasive only) Tridentiger barbatus
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Photo: CSIRO Marine and Atmospheric Research

Undaria pinnatifida

Common name: Wakame.

Distribution: Undaria currently occurs on the east coast of Tasmania and in several 
bays in Victoria. Based on its wide temperature tolerance, it could spread to other 
areas. The species is native to Japan, China and Korea.

Habitat: Undaria grows on hard surfaces from the intertidal to depths of about 20 m 
(e.g., reefs, rocks, shells, ropes, wharf piles, and ship hulls). It can form dense stands 
in sheltered areas. It does not grow well in areas of high wave energy or where native 
seaweeds are abundant.

Identification features: This species is a kelp that grows to 1-3 m in height. Plants are 
a golden brown colour and consist of a holdfast, cylindrical stipe (stem) and flattened, 
branched blade, with the stipe extending as a mid-rib through the blade. Fertile plants 
produce frilly sporophylls (leaves that produce spores) on the stipe.

Notes: Undaria is thought to have spread to, and within, Australia in ballast water and 
by hull fouling. 
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Photo:  Karen Gowlett-Holmes

Caulerpa taxifolia (invasive strain)

Common name: Aquarium Caulerpa

Distribution: The origin and natural distribution of Caulerpa taxifolia (invasive strain) 
is difficult to assess, as it is morphologically similar to a widespread, non-invasive 
strain. An algal taxonomist is required to correctly identify the invasive strain of 
this species, however it is recommended that positive identification be made using 
molecular techniques. It is likely that the invasive strain originated in Queensland, 
from where it was distributed worldwide via the aquarium trade. Escapees were 
first noted in the Mediterranean near Monaco, and outbreaks have also occurred 
in California. In Australia, the invasive strain is known from Queensland, New South 
Wales and South Australia.

Habitat: This species grows on a range of substrata, including rocks, sand, mud and 
seagrasses. Its usual depth range is from 3 to 35 m, but in the Mediterranean it has 
been recorded from 100 m depth. It can grow successfully in a variety of conditions 
and water qualities.

Identification features: Caulerpa taxifolia is a green seaweed that has creeping stems 
(stolons) that meander across the sea bottom, from which upright fronds arise. Stems 
of the upright fronds are unbranched or sparsely branched, compressed, and grow to 
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approximately 20-60 cm in height. They produce small lateral branchlets that are 5-9 
mm long and arise in one plane. The branchlets are slightly flattened, unbranched, 
sickle-shaped, straight or upwardly curved. There is a slight constriction at the base 
of the branchlets and a small gap between adjacent branchlets. 

Notes: Accurate identification of the invasive strain of C. taxifolia can be problematic, 
particularly in tropical areas (including northern Western Australia) where the non-
invasive strain occurs naturally. Vigorously growing populations in colder waters, 
however, will almost certainly be the invasive strain.
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Photo:  Karen Gowlett-Holmes

Myxicola infundibulum

Common name: Slime feather duster worm.

Distribution: This species is native to northern Europe, where it is widespread 
from France and the British Isles to Scandinavia. It is also widespread in cold and 
temperate waters throughout much of the world. CSIRO document the species as 
being cryptogenic in southern Australia, including southern WA, but there are no 
records of the species in WA.

Habitat: Myxicola infundibulum lives in shallow sandy and muddy environments to a 
depth of about 30 m.

Identification features: This is a tubeworm. The mucilaginous tube is up to 20 cm 
long. Except for the opening, the tube is buried in the sediment. The animal has up to 
100 segments, and lives in the tube, withdrawing when threatened by a predator. The 
body is dark yellow-brown. When the animal emerges there is a crown of purple and 
brown tentacles extending from the tube. 
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Echinoderms
Echinoderms are one of the most common groups in shallow waters; other 
species can be found in the deepest depths of the oceans. The 7,000 known 
species of echinoderms are all marine. There are five groups: seastars, brittle stars, 
sea urchins, sea cucumbers, and crinoids. Feeding mechanisms vary between the 
groups, with some of the seastars being voracious carnivores. While most species 
have bilateral symmetry at some stage in their life, adults have radial symmetry, 
often with appendages in groupings of five. Sexual reproduction involves 
external fertilisation and a planktonic larval stage in almost all species. One 
interesting feature of echinoderms is the ability to replace lost organs. Seastars 
can even regenerate an entire new individual from only a single arm with a part 
of the central disc. This regenerative capacity was clearly demonstrated by Asteria 
amurensis in Tasmania. The species was detected in Tasmania in the mid 1980s 
when a visiting scientist was examining collections in the Tasmanian Museum. 
Asterias amurensis was in the collections but had gone unrecognised. A quick 
examination of the nearby Hobart waterfront showed the species was already 
in plague proportions. In an effort to remove this species from local waters a 
‘hunt’ was coordinated to collect A. amurensis. During this ‘hunt’ over 33,000 
animals were collected. Unfortunately many animals were cut in half, believing 
they would die, and thrown back. These animals regenerated and numbers are 
believed to be higher than the initial population.  To date no echinoderms are 
known to have been introduced into Western Australia. 
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Photo:  Karen Gowlett-Holmes

Asterias amurensis

Common name: Northern Pacific sea star.

Distribution: Asterias amurensis is native to northeast Asia, including Japan. It is 
present in Alaska and western Canada, but it is not known whether this is part of the 
natural range or if it has been introduced. The species was introduced into Tasmania, 
and later spread to Victoria.

Habitat: Asterias amurensis occurs in the lower intertidal and subtidal in protected 
areas on soft bottoms and rocks. It also occurs on jetty piles. 

Identification features: A large, up to 40 cm in diameter, five armed seastar with 
long, tapering arms. There are numerous low spines on the upper surface. The base 
colour of the upper surface is yellowish with deeper purple and red. The underside is 
a uniform yellowish. A key identifying feature of this species is the distinct upturned 
tips to the arms.

Notes: This species is an active carnivore that will feed on a variety of molluscs 
(including mussels, oysters, and other bivalves and snails) and crabs and barnacles.
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Photo:  Karen Gowlett-Holmes

Carcinus maenus

Common name: European shore crab.

Distribution: The native distribution of Carcinus maenas is widespread along the 
coast of Western Europe south to the west coast of Africa, and Iceland and southern 
Greenland. The species has been widely introduced into the east and west coasts 
of North and Central America, the Caribbean Sea, Brazil, Argentina, the east and 
west coasts of southern Africa, and Japan. In eastern Australia C. maenas has been 
introduced from New South Wales to South Australia and Tasmania.

Habitat: Carcinus maenas lives in a wide range of habitats, including sand, mud and 
seagrass beds, in protected bays and estuaries.

Identification features: This is a medium sized crab, with a carapace width of up to 8 
cm. There are five distinct spines on the carapace to the outside of each eye. Adults 
are green on the upper carapace but the underside may be reddish-orange.

Notes: A single specimen collected in the Swan River in 1965 is in the Western 
Australian Museum, but there have been no further records of the species in WA. 
A detailed survey of the Swan River, Fremantle Harbour, Rous Head, and Cockburn 
Sound in October 2007 did not find any individuals.

Carcinus maenas is a voracious predator that attacks shellfish beds and disrupts 
coastal ecosystems.
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Photo: Rob Hilliard

Perna perna

Common name: Brown mussel.

Distribution: Perna perna occurs from southern Africa from Mozambique to South 
Africa and also the east coast of South America. It was introduced into the Gulf of 
Mexico, including Texas.

Habitat: Like other mussels, Perna perna attaches to hard substrates in shallow 
water. The species has a wide range of temperature and salinity tolerances, so it can 
invade a range of areas.

Identification features: This is a large (up to 12 cm) mussel with a smooth brown 
shell. It is characterised by the inside of the shell having a distinctive scar made by a 
divided posterior retractor muscle.

Notes: This is another mussel species that could readily invade Western Australia, 
but it has not yet been recorded from Australia.
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Photo:  Justin McDonald

Photo: Kitithorn Sanpanich

Perna viridis

Common name: Asian green mussel.

Distribution: Perna viridis is native throughout tropical Asia. It has been introduced to 
the Caribbean Sea and the east coast of the United States.

Habitat: This mussel lives in the intertidal and shallow subtidal, where it attaches to 
hard surfaces in coastal areas.

Identification features: There are only two other species in the genus, P. perna and 
P. canaliculus. As the common name implies the outer covering of the shell (the 
periostracum) of the Asian green mussel is greenish in young specimens, though 
as the animal grows it may become darker. The Asian green mussel most commonly 
reaches 8-10 cm in shell length, though there are reports of individuals up to 16.5 
cm. It has a pronounced downturn at the end of the shell. There are interlocking teeth 
at the tip of the shell – one on the right valve and two on the left. 

If the species were introduced into Western Australia, it would most likely be on the 
tropical north coast. The closest species in WA would be the blue mussel of the 
south coast.
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Notes: The species has been accidentally introduced into Cairns, where it has been 
reported to be reproducing. It has been found on ships arriving in Dampier, but to date 
mechanisms employed to prevent its introduction have been successful. 

Like the Pacific oyster, the Asian green mussel is both a pest species and an important 
aquaculture species. As a pest, it also grows rapidly and out competes other species, 
including mussels, and alters the ecological balance on coastlines. The species 
can foul industrial structures, jetties, the hulls of ships and their internal pipes. It 
has been widely distributed by hull fouling and in ballast water, and in a limited way 
through aquaculture.

The Asian green mussel is a major food species in Asia. According to the FAO, wild 
capture peaked at about 160,000 tonnes in 1971. By the late 1990s this had 
declined to a fairly stable level of just over 20,000 tonnes. The loss of wild stocks 
has been more than replaced by increasing aquaculture production, which is now near 
300,000 tonnes per year.
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Photos:  Helen Cribb, Northern Territory Government

Mytilopsis sallei

Common name: Black-striped mussel.

Distribution: The origins of Mytilopsis sallei are uncertain. Some publications give a 
range of the tropical Pacific coast of Central America, but others attribute the species 
to the Caribbean. It has become widespread in the Indo-West Pacific, including India, 
Singapore, Taiwan, Hong Kong, Japan and Indonesia.

Habitat: Mytilopsis sallei can attach to virtually any hard surface. The species is 
unusual in being able to detach from the bottom and reattach itself with new byssal 
threads. It lives in estuarine areas and can tolerate a wide range of temperatures and 
salinities. 

Identification features:  Mytilopsis sallei is in fact not a true mussel (Family Mytilidae); 
it is in the family Dresseinidae. A key characteristic is that the two shells are not equal; 
one is slightly larger and overlaps the other. This is a small mussel that reaches a 
length of only 25 mm. The shell is smooth, dull grey, and may have darker zigzag lines 
that give it the common name “black-striped mussel”.

Notes: Mytilopsis sallei is prolific and fast growing. Individuals mature within a month 
of spawning, when they have reached a length of only 8-10 mm. They live for about a 
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year, though some individuals live nearly twice that. Their environmental tolerances 
are high, which allows M. sallei to rapidly colonise new areas and rapidly reach plague 
proportions. 

In 1999, Mytilopsis sallei was found in three small marinas in Darwin, where it reached 
incredible densities in a few months. The marinas were artificial habitats with very 
low ‘natural’ conservation values. The Northern Territory Government made a rapid 
decision to use chemicals to essentially poison everything in the marinas to eradicate 
the mussels. The eradication was successfully undertaken with intensive effort over a 
short period and is one of very few examples of an introduced marine species being 
successfully eliminated. Since then M. sallei has been detected on a number of illegal 
foreign fishing vessels in Australian waters. These vessels were inspected before 
reaching port and were destroyed. So far, to the best of our knowledge the species 
has not been reintroduced to Australia.



Fisheries Research Report [Western Australia] No. 207, 2010� Q%�

Potential Introductions to Western Australia 89

Molluscs

Photo:  Karen Gowlett-Holmes

Crassostrea gigas

Common name: Pacific oyster.

Distribution: Asian North Pacific, including Japan.

Habitat: Intertidal rocks and jetty pilings.

Identification features: Oysters are very difficult to identify. They live on rocks and 
jetty pilings, and other such hard bottoms. The shape of the structure to which they 
are attached partly determines the shape of the oyster. Individuals are often crowded 
together, with the shape of adjoining individuals changing that of the ones around 
them. The key feature of C. gigas is its size, often between 15 and 20 cm, but there 
are unconfirmed reports of animals up to 40 cm long. Another feature is the deeply 
crenulated shell margins. One valve is deep and cup-shaped while the other is smaller 
and slightly convex. The outer shell is often off-white to brown.

Notes: Just after World War II an attempt was made to introduce this species into Oyster 
Harbour, Western Australia and Tasmania. The animals were in poor condition after a 
month at sea and consequently did not survive once introduced into Australian waters. 
Two years later the species was successfully introduced into Tasmania by transporting 
the broodstock by air. It was later introduced into Victoria (1953) and South Australia 
(1969). The species was not legally introduced into New South Wales, but it is believed 
there were illegal introductions. Fortunately, there was no second attempt to introduce 
the species into Western Australia. Crassostrea gigas has been extensively introduced 
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into temperate seas worldwide, including the west coasts of North and South America, 
Europe, west coast of Africa, and Australasia. It is the most widely farmed shellfish 
species worldwide, with production of 4.4 million tonnes in 2006.

In Australia the species is a commercially exploited introduced species. It is 
widespread in estuaries in New South Wales, where it is considered noxious, but at 
the same time there is an important aquaculture industry at Port Stephens worth $ 
1.8 million annually. The species contributes tens of millions to the South Australian 
and Tasmanian economies. The oyster is a concern because it settles in dense 
numbers, grows rapidly, and crowds out other species, including other oysters.  
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Anti-fouling: the process of removing the accumulation, or preventing the 
accumulation of microorganisms, plants, algae, and animals on submerged 
structures, especially ships’ hulls.

Arborescent: branching or tree-like.

Avicularia: modified zooids with a defensive role. 

Ballast: material taken onto a vessel to allow it to retain the proper level in the 
water. Most ships use seawater for ballast.

Benthic: relating to the sea bottom

Biomass: the weight of a plant or animal.

Bipectinate: divided into two.

Carapace: a bony or chitinous shield, test, or shell covering some or all of the 
dorsal part of an animal.

Cerata: outgrowths on the sides and top of the body of aeolid nudibranchs. 

Chaeta: bristle or seta, especially of an annelid worm.

Chitin: a hard material found in the shells of crabs, molluscs and other 
animals.

Cnidaria: a phylum of animals that includes jellyfish and corals.

Cryptogenic: species that have become so widespread over a long period of 
time that their natural ranges cannot be determined.

Endemic: species that are restricted to a particular area.

Epibionts: an organism that lives on the surface of another organism.

Exoskeleton: an external covering or integument, especially when hard, as the 
shells of crustaceans.

Lophophore: the ring of ciliated tentacles encircling the mouth.

Mantle: outgrowth of the body wall that lines the inner surface of the valves of 
the shell.
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Moult: a process by which groups such as crabs shed their shell, grow rapidly, 
and then develop a new shell.  

Oligochaetes: a group of worms. Most live in freshwater or terrestrial habitats, 
but some are marine. 

Ovicells: an opening in the body wall of bryozoans in which the eggs sometimes 
undergo the early stages of development.

Plankton: species that live in the water column and are not strong swimmers. 
They cannot swim against a sustained current. Holoplanktonic species live in 
the water column throughout their lives while meroplanktonic species live in 
the water column as larvae and settle to the bottom for their juvenile and adult 
stages. 

Parapodia: paired lateral extensions from the body.

Perahu: an Indonesian fishing boat.

Periostracum: the horny outer layer found on the shells of many species of 
molluscs.

Pharyngeal: pertaining to, or situated near the pharynx (throat).

Protists: a group of microscopic, single-celled organisms that are neither plant 
nor animal.

Puerulus: a larval stage in the western rock lobster and other crustaceans.

Radula: A specialised ribbon of teeth found only in molluscs.

Retractor muscle: the muscle that pulls a snail or bivalve animal back into its 
shell.

Salinity: the amount of salts in water. The average salinity of seawater is about 
35 parts per thousand, or 3.5%. 

Stolon: horizontal shoots which grow on the surface or just below the sediment 
in plants. There are similar structures in animals such as hydroids.

Trifurcate: divided into three.

Tunic: covering or membrane
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Umbo: beak of a bivalve shell; the protuberance of each valve above the hinge.

Zoecium: secreted exoskeleton housing of individual zooids.

Zooids: One of the distinct individuals forming the colony of animals such as 
bryozoans and hydrozoans.
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Invasive Marine Species: A Challenge for Australia’s Marine 
Environment in the 21st Century

A symposium at the annual conference of the Australian Marine 
Sciences Association University of Melbourne, 9-13 July 2007

Photo: Rod Knight

Invasive marine species, including pest species, are one of the most challenging issues in the 
marine environment in the 21st century. Port Philip Bay probably has more introduced marine 
species than anywhere else in Australia. Having a symposium on IMS at the 2007 AMSA 
conference is thus very timely.

Many Australians are working on IMS from a wide variety of viewpoints, including: 
understanding the taxonomy of the species and whether they are in fact introduced; what is a 
pest?; distribution of invasive marine species; ecological impacts of invasive species; modelling 
the spread of invasives; minimising the threat of invasions; effects of human disturbance on 
invasive species; reacting to invasive species; rapid transfer of information among scientists 
and government agencies; and many other aspects. The symposium is intended to provide a 
wide coverage of the problem. Talks and posters on all aspects of introduced marine species 
are welcome, as are people who want to participate without presenting. If you are interested in 
presenting a talk or poster, simply register with the conference section of the AMSA website, 
http://www.amsa.asn.au or contact Dr Fred Wells at fred.wells@fish.wa.gov.au. 

We would also like to draw your attention to the related symposium on Shipping and the 
Environment being coordinated by John Lewis, John.Lewis@dsto.defence.gov.au. Some 
people may wish to participate in both symposia.

Either way, we look forward to seeing you at AMSA 2007 in Melbourne in July.
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Waxes as novel antifouling coatings

Afsar, Anisul, Tim Charlton and Peter Steinberg

Centre for Marine Biofouling and Bio-Innovation and School of Biological, Earth and 
Environmental Sciences, University of New South Wales, Sydney 2052, Australia.
a.afsar@student.unsw.edu.au

There is an urgent need to develop novel non-toxic, environmentally friendly solutions to 
marine fouling control to replace current heavy metal based toxic paints. Among several 
strategies, non-toxic foul-release coatings or surface micro- or nano- structured coatings are 
promising alternatives. We have been exploring the utility of waxes as non-leaching antifouling 
technologies and found that different waxes varied greatly in their antifouling efficacy in the 
field, and in their foul release capacity (the ability to remove fouling which does settle). In 
particular, little or no hard fouling organisms (barnacles, bivalves) were observed on the best 
performing waxes and soft fouling (algae, bryozoans) were largely washed off using a low 
pressure water jet. We suggest that the antifouling and foul release effects of these waxes are 
due to changes in their surface properties. The surfaces of the most effective waxes changed 
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treatments in the laboratory showed that this change in the wax’s surface appearance was due 
to biological (microbial) activity. Bacteria appear to remove the amorphous phase from the 
surface of the wax, revealing the crystalline phase, which is much less affected by bacterial 
action. The crystals form a microstructured “bed of nails” in which the crystals vary in their 
shapes and sizes. We suggest that this ”spikiness” inhibits settlement of fouling organisms and 
reduces the adhesion strength of those organisms which do settle. 

A Contaminant in Decline – Long Term Monitoring of TBT in Mussels in 
a Port Environment

Baran, Irene and Lewis, John A

Maritime Platforms Division, Defence Science and Technology Organisation, Vic 3207. john.
lewis@dsto.defence.gov.au

Antifouling paints based on the biocide tributyltin (TBT) become widely used in all vessel 
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inshore environments, notably malformations in shellfish including commercially-farmed 
oysters. Regulations were progressively introduced to restrict the use of TBT paints, culminating 
in the International Maritime Organisation’s Anti-Fouling Systems Convention (AFS 2001) 
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TBT contamination levels in mussel (Mytilus galloprovincialis planulatus) populations in and 
around the Royal Australian Naval Base, Fleet Base West, in Cockburn Sound, W.A. were first 
�������K���
��%�&���������
��%��Q��������������
���������������
������
�����������	
���	����
and analysed at least annually. Results reflect changing TBT management strategies, RAN fleet 
usage of Fleet Base West, and the phase-out of TBT antifouling paints across the RAN fleet 
that commenced in 2002.
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Vessel biofouling as a vector for invasive marine species: Biosecurity 
New Zealand’s research programme

Bell, Andrew H and Daniel A Kluza

Pre Clearance Directorate, Biosecurity New Zealand, Ministry of Agriculture and Forestry, 
P.O. Box 2526, Wellington 6011, New Zealand. andrew.bell@maf.govt.nz

Vessel biofouling has been recognised as a vector in many historical introductions of marine 
species into New Zealand, such as Pacific oysters (Crassostrea gigas), and continues to 
contribute to both the international and domestic spread of marine species. Biosecurity New 
Zealand is the lead agency charged with the protection of New Zealand’s indigenous fauna and 
flora from invasive species. In the marine environment, shipping movements provide a vector 
for both international and domestic translocations of species that would otherwise be impossible. 
Ballast water has received the most attention with several high-profile introductions, such as 
the zebra mussel (Dreisenna polymorpha) in North America’s Laurentian Great Lakes, proving 
the catalyst for international action. However, ships have other vectors for translocations 
such as biofouling of sea chests, cooling and ballast plumbing, and hull surfaces. Biosecurity 
New Zealand has been pursuing a research program into the potential risk posed by marine 
biofouling, surveying four categories of vessels arriving in New Zealand ports. International 
yachts, fishing and passenger vessels, commercial vessels, and slow moving barges and oil 
platforms are all being surveyed over a 2 year period to correlate ship type, geographical 
movement, fouling level and fouling organisms. Results from this research will help inform 
risk analysis which will combine known life-history characteristics, probability of (re)
introduction, probability of establishment and probability of spread to provide a hierarchical 
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prevention, mitigation and management measures.

Ships’ sea chests: an overlooked mechanism for species transfers

Coutts, Ashley1 and Tim Dodgshun2
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Since 2000, Cawthron has sampled 53 sea chests from 42 vessels (135 to 13,621 gross weight 
tonnes) at maintenance facilities around New Zealand. Vessel types included fishing boats, 
research vessels, bulk carriers, roll-on/roll-off ferries, container vessels, dredges, frigates, 
cruise ships, tankers and tug boats. Twenty three of the vessels were of domestic origin while 
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chests were identified to the lowest practical taxonomic level.

151 different taxa were identified representing one plant species and 12 animal phyla, namely 
Porifera (4), Cnidaria (13), Platyhelminthes (1), Nemertea (2), Nematoda (1), Mollusca (30), 
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the taxa were indigenous to New Zealand, 20 introduced, 15 non-indigenous and 55 were of 
unknown origin. Most non-indigenous (1 species of isopod, 3 species of amphipods, 6 species 
of molluscs and 5 species of decapods) were present on vessels operating between the South 
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Pacific and New Zealand.

A wide variety of organisms are capable of surviving inside sea chests, highlighting the potential 
for sea chests to introduce non-indigenous and disperse native and introduced organisms 
around New Zealand. The occurrence of adult mobile stages is particularly significant and 
indicates that sea chests may be of greater importance than ballast water or hull fouling for 
dispersing certain marine species. These findings illustrate the importance of managing the 
ship as a whole rather than different mechanisms (i.e., ballast water, hull fouling, sea chests 
etc) in isolation.

Treatment methods used to manage an invasive sea squirt, Didemnum 
vexillum in New Zealand

Coutts, Ashley1 and Aaron Pannell2
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In October 2001, Didemnum vexillum was recorded for the first time in New Zealand, 
smothering wharf piles and moorings in a northern harbour. A heavily-fouled barge was then 
responsible for translocating the ascidian to an international shipping port some 500 km south, 
near the heart of the New Zealand Greenshell™ mussel industry. Its presence was regarded 
as a significant threat to the mussel industry because of its demonstrated invasiveness and its 
ability to over-settle and smother mussels.

After consideration of a benefit-cost analysis, an eradication program for D. vexillum was 
instigated in late 2003 by the regional regulatory agency and local port authority. While many 
of the response methods were completely effective at eliminating D. vexillum from different 
affected substrata, the program overall failed to eradicate the organism from the region. Even 
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net benefits, uncertainty over the timeframe, costs, and the likelihood of success, undermined 
stakeholder confidence to the extent that they chose to abandon the program. Over the 
next three years various anthropogenic vectors were responsible for spreading the ascidian 
throughout the Marlborough Sounds.

By the middle of 2006, D. vexillum had successfully affected several mussel farms throughout 
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of various interested stakeholders was formed and a consensus made to attempt a second D. 
vexillum eradication and control program. A variety of novel methods were developed and used 
to treat both artificial and natural substrates, namely wharf piles, jetties/pontoons, moorings, 
vessel hulls, mussel lines, salmon cages, seabed, seaweed beds and immersed trees. The 
various treatment methods used, the success of the program to date, and the valuable lessons 
learned will be the focus of the presentation.

Commercial and recreational boat harbours offer different opportunities 
for marine invaders

Dafforn, Katherine A1, Glasby, Tim M2 and Johnston, Emma L2

1School of Biological, Earth and Environmental Sciences, University of NSW, Sydney, NSW 
2052.
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2NSW Department of Primary Industries, Port Stephens Fisheries Centre, Locked Bay 1, 
Nelson Bay, NSW 2315. k.dafforn@student.unsw.edu.au

Hull fouling has been identified as a primary vector for marine invaders; however few studies 
have examined the different opportunities for invasion presented by commercial ships versus 
recreational yachts. One important difference between commercial and recreational vessels 
relates to the fact that for the past two decades the active biocidal agent in antifouling paints 
used by most commercial vessels has been tributyltin (TBT), whereas recreational boats have 
been restricted to copper-based paints. We investigated the development of sessile assemblages 
on settlement plates deployed in two recreational and two commercial estuaries in NSW, 
Australia. The plates were painted with copper diuron, copper zinc or TBT antifouling paint 
around their edges and deployed at multiple sites within each estuary. Sampling after eight 
months revealed different community composition in commercial and recreational estuaries. 
Commercial harbours were characterised by barnacles, colonial ascidians and the tubes of 
tanaeid amphipods. Recreational harbours were characterised by bryozoans and serpulids. 
Several invasive species responded positively to antifouling treatments and we suggest that 
antifouling paints may be influencing both the transport and establishment of invaders in 
different boat harbours. The outcomes of this study will help predict the invasive potential 
of Australia’s native species. Our findings have implications for vector management since 
recreational and commercial estuaries will act as propagule sources for different invasive 
species.

Absence of evidence to evidence or absence – drivers, emerging issues 
and what the future may hold for biosecurity surveillance in NZ

Gould, Brendan

MAF Biosecurity New Zealand, Ministry of Agriculture and Forestry, Wellington, New 
Zealand. brendan.gould@maf.govt.nz

Biosecurity surveillance is not an isolated activity but one that contributes to many areas within 
the biosecurity system, including official assurances for trade, risk analysis and import health 
standards, decision-making during responses and for pest management. There drivers affecting 
why, how and to what level we undertake surveillance have changed considerably. There are 
also new issues to contend with; globalisation has resulted in increased opportunities for spread 
of pests and diseases and environmental changes are resulting in changes to the host ranges 
and distribution. The Biosecurity Surveillance group are currently developing a surveillance 
strategy. This strategy includes reviewing the current state of surveillance in NZ and identifying 
an improved approach and principles to guide future surveillance activities.

Efficacy of three commercially available ballast water biocides against 
vegetative microalgae, dinoflagellate cysts and bacteria

Gregg, Matthew and Gustaaf Hallegraeff

School of Plant Science, University of Tasmania, Private Bag 55, Hobart, Tasmania 7001, 
Australia mgregg@utas.edu.au
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chemically treating ballast water to kill key target organisms. Here, we examine the efficacy of 
three commercially available ballast water biocides using vegetative microalgae, dinoflagellate 
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resting cysts and bacteria as test organisms. Chemicals tested were the ballast water biocides 
SeaKleen® and Peraclean® Ocean, and the chlorine dioxide biocide Vibrex®. Results 
demonstrate that the applicability of each of the three chemical biocides as a routine ballast 
water treatment is limited by factors such as cost, biological effectiveness and possible residual 
toxicity of the discharged ballast water. Of the three biocides tested, Peraclean® Ocean holds 
the most promise. Peraclean® Ocean was biodegradable within 2-6 weeks, could effectively 
inactivate resting cysts of the dinoflagellates Gymnodinium catenatum, Alexandrium catenella 
and Protoceratium reticulatum at 400 ppm, could control bacterial growth at 125-250 ppm, 
and could eliminate vegetative microalgal cells at a concentration of 100ppm. SeaKleen® did 
not inactivate resting cysts of A. catenella at five times the recommended dose (10 ppm) and 
was found to degrade at a rate that could result in the discharge of residual toxic water into 
the marine environment. Together with the poor bactericidal properties of SeaKleen® (100-200 
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is not a suitable ballast water treatment option due to the need for hydrochloric acid as an 
activator, however it was found to be the most effective against bacteria (complete inhibition at 
15 ppm) indicating that onboard chlorine dioxide generators may provide an effective bacterial 
treatment option. The performance of these biocides was adversely influenced by low water 
temperatures, light versus dark conditions, the presence of humus-rich seawater and ballast 
water sediments.

The vessel vector; biosecurity challenges large and small

Hayden, Barbara J
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Vessels ranging from small recreational yachts to large merchant ships are ideal pathways for 
the transport of organisms, both in ballast water and on their hulls and other external surfaces. 
The speed of vessels, their construction, voyage route and maintenance history all influence 
the risk of species being successfully relocated by these means. The cargo that they carry 
provides another suite of vectors for species’ transport. However, ships are an essential and 
very large component of world trade and, at least in Australia and NZ, recreational vessels 
an integral part of our outdoor lifestyle. Thus the size and complexity of the ‘vessel vector’ 
presents huge challenges to finding effective solutions to the problem of unintentional transport 
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shipping and port companies at every stage. Approaches being taken in New Zealand to find 
tools to manage the ‘vessel vector’ are discussed.

Are there any consistent predictors of invasion success

Hayes, Keith1 and Barry Simon2

1CSIRO Division of Marine and Atmospheric Research, Hobart, Tasmania, 7001. 2 CSIRO 
Division of Mathematical and Information Sciences, Canberra, ACT. Keith.Hayes@csiro.au
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and invasion success across 7 plant and animal groups. The studies reviewed here tested the 
�
��
�
	��	�� 
�� �`� Y&`Z� 	����	���
��
	�� ���
���� ������
������� Y
����

�Z� ��		���� ��
��� �
�����
�
������	�
��!���������������������
����
��
�������������
	������
����������
	���	��
!���#�?����



334 Fisheries Research Report [Western Australia] No. 207, 2010

comparing failed versus successful introductions, 3 event- and location-level characteristics: 
climate/habitat match, history of invasive success and number of arriving/released individuals 
are independently verified as significantly associated with establishment success both within 
and across plant and animal groups. Only 1 of the species-level characteristics - geographic 
range size – is consistently and independently verified within (plants) and across (insects and 
mammals) biological groups. When comparing native species to established introductions, the 
fertilisation system, leaf surface area and geographic range size of plants are independently 
verified as significantly associated with establishment success. When comparing failed versus 
successful introductions, only 1 location-level characteristic – climate/habitat match – is 
independently verified as significantly associated with invasion success (invaded ranges size) 
both across plant and animal groups. Within plants, however, a number of event and species-
level characteristics are significantly associated with metrics such as abundance, weed status and 
invaded range size that are variously used by different authors to mean invasion success. These 
results add weight to the argument that species-level characteristics that are truly predictive 
of successful invaders are taxa—specific, whereas event- and location-level characteristics 
are more general. They also impose a tension between the generality and the accuracy of risk 
assessment schemes that rely on species-level characteristics to prevent introductions.

Ship Biofouling as a Vector for Species Translocation– Observations and 
Management Strategies

Lewis, John A1 and Gillham, Angela21

Maritime Platforms Division, Defence Science and Technology Organisation, Vic 3207. 
2Australian Shipowners Association, Vic 3207. john.lewis@dsto.defence.gov.au

Modern antifouling paints can prevent the attachment and growth of macroalgal and invertebrate 
fouling species on the underwater hull of a ship for up to 5 years. However, not all submerged 
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become heavily fouled and provide a refuge for the translocation of exotic species. Examples 
of niche areas include: seachests, seawater inlet and outlet pipes and grates, internal seawater 
piping systems, propellers and propeller shafts, bilge keels, anodes and docking block support 
strips. Several projects have been recently undertaken in Australia to identify these fouling 
niches, to determine the composition of fouling communities growing within these niches, 
to assess the risk posed by niche biofouling for the translocation of invasive marine pest 
species, and to develop management strategies to minimise the risk of such translocation. The 
Commercial Ship Niche Biofouling Project involved the inspection on an opportunity basis 
of eight Australian ships when they underwent scheduled dry-dockings for hull maintenance. 
Some findings from this project will be presented to illustrate the occurrence and composition 
of niche biofouling communities on ships and possible strategies and recommendations to 
minimise the risks they pose in regard to invasive marine pest translocation will be discussed.

Reproductive periodicity of the invasive sea squirt Styela clava in 
Auckland, New Zealand

McClary, Dan, Phipps, Claire, Hinni, Sandra

Golder Associates (NZ) Ltd., Auckland NZ. dmcclary@golder.co.nz
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pest, Biosecurity New Zealand commissioned a study of the reproductive periodicity of this 
species. A population of S. clava has been sampled fortnightly since May 2006, coordinated with 
the lunar cycle at the time of the first low tide following the new and full moon. Environmental 
data, including sea surface temperature, salinity, rainfall and surface irradiation was also 
recorded. Animals were sacrificed in the laboratory and processed for examining changes 
in relative gonad weight and histology. Plankton samples were collected at regular intervals 
between spring and autumn and examined for the presence of tunicate larvae in the water 
column. Settlement plates were also placed at locations adjacent to the sampled population, in 
an effort to couple gonadosomatic data with recruitment events. Initial observations of fouled 
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summer. The first year of data collected suggests that the species reproduces over an extended 
period in the Auckland region, beginning in the early spring and lasting through to late summer. 
This is broadly consistent with the findings of studies of S. clava� 
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in eastern Canada. S. clava larvae were not detected in the plankton samples, nor were any 
��	��
����
����
�����������������������#�/���	
���!���	���
����
���*�����������
��	�
������

��
for management of this marine pest species are discussed.

The classification of caprellids and isopods in biofouling sampled from 
RAN Ships

Montelli Luciana1

1Maritime Platforms Division; Defence, Science and Technology Division, Vic. 3032. lou.
montelli@ dsto.defence.gov.au

Biofouling on ships not only impedes ship movement, but also allows species from one location 
to be transported to a site that it would normally not inhabit. In many cases, these exotic species 
have had deleterious effects on the native species, sometimes resulting in the extinction of less 
competitive native species. In an attempt to gain some understanding of the environmental 
threat posed by biofouling from vessels arriving from overseas, Defence has undertaken a 
survey of the biofouling present on Royal Australian Navy (RAN) Ships that have returned 
from overseas duties. The biofouling samples were sorted into taxonomic orders, of which 
two; Isopoda and Caprellida, were selected for further classification. Within the crustacean 
order Isopoda, several species are known to have been translocated, as biofouling, on early 
wooden ships. The two most common species of isopod found in the DSTO/RAN study were 
Paracerceis sculpta and Sphaeroma walkeri, both previously reported as introduced species 
and now having a wide distribution, both in Australia and world wide. Other isopod species that 
were recorded in the survey were Neosphaeroma laticaudum and Cymodoce gaimardii. Some 
of the specimens received were too immature to allow identification to species level; these 
were identified as belonging to the following genus; Cymodocella, Ischyromene, Argathona 
and Cirolana. Caprellid species identified from biofouling samples taken from RAN ships 
were; Caprella penantis, C. californica, C. equilibra, C. laevis and Paracaprella pusilla. It 
seems likely that C. laevis was translocated via shipping to Queensland waters, probably from 
the Sea of Japan.

An overview of Australia’s proposed biofouling management 
requirements

Neimanis, Peter and Ashley Coutts
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An estimated 250 exotic marine species have been introduced to Australian waters. For more 
than two decades, the discharge of ship’s ballast water was considered the major vector for the 
dispersal of marine pests around the world. However, recent research suggests that biofouling 
on vessel hulls may be responsible for more marine pest introductions around the world than 
ballast water.

The Australian government has recognised the need to address this issue in a nationally 
coordinated manner; hence an Inter-governmental Agreement into the Control and Management 
of Marine Pests was developed and signed by the Australian, State and Northern Territory 
governments. The Australian Quarantine and Inspection Service (AQIS) is responsible for 
international border management of the biofouling risk presented by all vessels entering 
Australian ports and waters. Therefore, AQIS is preparing the legislative and administrative 
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of vessel class specific protocols. An overview of the proposed biofouling protocols will be 
revealed in the presentation.

The Use of Urban Stormwater to Control an Introduced Marine Pest in 
West Lakes, South Australia

Neverauskas, VP1, M E Jordan2 & M T Sierp1

1Primary Industries and Resources SA. GPO Box 1671, Adelaide SA 5001. 2����
���U�
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Root Pty Ltd, GPO Box 2702, Adelaide SA 5001. Neverauskas.Vic@saugov.sa.gov.au

West Lakes is an urban waterfront development located in western Adelaide, South Australia. 
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waterfront residential properties. The lake is approximately 116 ha in size and holds an average 
volume of 3.6 GL. The environment of the lake is essentially estuarine, ranging from brackish 
in the winter months to above ocean salinity in the summer. In March 2002 the introduced 
marine alga Caulerpa taxifolia was discovered in the lake. It is considered a particularly 
noxious species, which poses a threat to fisheries resources and marine biodiversity. While 
a particularly hardy plant it is intolerant of extremes in salinity, being susceptible to salinity 
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endorsed a plan to reduce the salinity of West Lakes in an attempt to eradicate the introduced 
seaweed. The plan was based on the harvesting of stormwater from the River Torrens and its 
diversion through existing stormwater infrastructure to West Lakes. The operation ran from 
July to November 2003 and delivered a total of 5.2 GL of stormwater into West Lakes. The 
average salinity of the lake was reduced to 11ppt. At the end of the operation no Caulerpa 
taxifolia could be found in the lake. At March 2004, surveys continue to show no recurrence 
of the weed. This operation has eradicated the vast majority of Caulerpa taxifolia from South 
Australian waters. Other operations address the remaining outbreaks.

How To Gift-Wrap A Frigate: Hull Encapsulation As A Potential 
Incursion Response Tool For Large Vessels

Phipps, Claire1, Denny, Chris2, Stratford, Peter3 and McClary, Dan1

1Golder Associates (NZ) Ltd., Auckland NZ. 2Cawthron Institute, Nelson, NZ. 3Biosecurity 
New Zealand, Wellington, NZ. cphipps@golder.co.nz



Fisheries Research Report [Western Australia] No. 207, 2010 337

����
���� �
� ���
��� ����� 
�	���

��� ��!�
���� ���!����� �������

��� ������ ����	�

�� ����
effective protocols for the system to work efficiently. Although large vessels are important 
vectors of introduced species, cost-effective, rapid response tools for these vectors are in 
need of considerable refinement. A decommissioned frigate of the New Zealand navy was 
purchased by a charitable trust with the intention to create an artificial reef and diving wreck 
in a relatively pristine area. The frigate had been docked in Auckland’s harbour, a location 
supporting populations of several invasive species, notably the clubbed tunicate Styela clava 
and the alga Undaria pinnatifida. A routine inspection revealed the presence of S. clava on the 
vessel’s hull, and given its proximity to known populations of U. pinnatifida, it was considered 
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a potentially cost-effective method for removing fouling organisms. Such encapsulation had 
been conducted on smaller vessels in the past, but never on a vessel as large (113 m) as the 
frigate. Biosecurity New Zealand commissioned Cawthron Institute and Golder Associates to 
undertake the trial in partnership with a commercial diving company. Encapsulation involved 
sheathing the hull below the deckline in thick plastic in order to create dark, anaerobic, 
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trial in order to assess likely efficacy. Problems in implementation of the wrap resulted in a 
premature loss of integrity and ultimately failure of the encapsulation. Despite these problems 
a post-experiment inspection revealed the onset of mortality in biofouling species present. 
Should these difficulties be able to be overcome, large-vessel hull encapsulation can offer a 
more cost-effective and rapid solution to responding to marine pests than dry-docking. 

Battling ‘Clingons’ and Other Alien Invaders

Polglaze, John and Hilliard, Robert

URS Australia, 20 Terrace Road, East Perth, WA, 6004. john_polglaze@urscorp.com

The need to control biofouling-mediated incursions of targeted and potential marine pests has 
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infested arrivals including dredges, foreign fishing vessels and cruising yachts. Biofouling 
assessment and control actions must contend with the fact that every vessel has biofouling 
of some sort, and every time a vessel sails from one environmentally-similar port or coastal 
region to another it poses the threat of introducing a new ‘clingon’ or spreading aliens that have 
already gained a hold in Australian waters. Before practical and cost-effective management 
measures can be implemented for any vessel sector, it is essential to gain a clear understanding 
of its specific operational and route features that its govern propensity to translocate unwanted 
aliens. When analysing biofouling pathways provided by a particular sector, critical components 
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maintenance, and the ‘promiscuity’ of favoured routes and common long-stay nodes. Without 
a sound knowledge of these features it is impossible to identify the most pertinent, practical 
and cost-effective risk appraisal, response and communication tools. This paper draws from 
recent studies that have characterised the biofouling threats posed by six vessel sectors (yachts, 
apprehended vessels, dredges, petroleum industry vessels, military vessels, commercial trading 
ships) to highlight where divergent pathway components are leading to different, specifically 
tailored management approaches. Projects to be described in the paper have directly influenced 
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revised AQIS biofouling protocol for small international vessels.
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Bio-inspired design for fouling control

Scardino, Andrew
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Andrew.Scardino@dsto.defence.gov.au

Biofouling is an enormous problem affecting all inanimate objects in the marine environment. 
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century, is the threat posed by invasive species. The effective control of fouling is therefore 
crucial to minimise the costs to the shipping industry and to mitigate the spread of invasive 
species. Previously the control of fouling was predominately based on heavy metals and 
pesticides. With the imminent banning of these types of harmful coatings by the International 
Maritime Organisation the search is on for non-toxic alternatives. In this study natural 
antifouling systems are investigated. The surface of the blue mussel, Mytilus galloprovincialis, 
is used as a model to determine what characterises a fouling resistant surface. Microtextured 
ripples were discovered on the surface of the blue mussel, which correlated to low fouling 
cover. The surface features of 36 other species of molluscs were characterised and a variety 
of microtopographies were discovered. The surface roughness properties of these mollusc 
surfaces correlated to fouling resistance and removal. When the microtopographies of selected 
mollusc surfaces were mimicked, those surfaces that provided fewer attachment points reduced 
the settlement of a wide range of fouling organisms. Biomimics tested in the field were able to 
resist fouling for three months. It is thought that microfoulers in-fill the microtextures after this 
time leaving the mimics susceptible to macrofouling. It is believed that some mollusc shells 
use a combination of surface roughness and chemical repellents to maintain broad-spectrum 
fouling resistance. With this in mind the periostracum of the blue mussel was investigated. 
Extracts derived only from the thin periostracal layer inhibited the settlement of a common 
microfouler (Amphora coffeaeformis) and macrofouler (Bugula neritina). The implications of 
bio-inspired design for future antifouling technologies are discussed.

Marine pest invasions - How Biosecurity New Zealand Responds

Stratford, Peter

Biosecurity New Zealand, Ministry of Agriculture and Forestry, 25 The Terrace, Wellington, 
New Zealand www.biosecurity.govt.nz. peter.stratford@maf.govt.nz

The significance of biological invasions into coastal marine waters has become more apparent 
over recent years. While this is primarily due to ever increasing trade and tourism, it is also a 
direct result of increased awareness and recognition of the risks posed by marine invaders as 
well as increased surveillance efforts. Marine invasion biology is a young discipline compared 
with terrestrial invasion biology and this is echoed by a lack of tools available to react to any 
new invasions in the marine scene. It is generally accepted that eradication of pests is not 
currently feasible in the marine environment due to difficulties in detecting invasive species 
early and the paucity of tools to control and manage marine invasive species. Biosecurity New 
Zealand is working with a number of research providers and industry groups to develop and test 
control options and tools for use in the marine environment. Some of the success stories from 
this research will be outlined and on-going gaps and issues will be highlighted and discussed.



Fisheries Research Report [Western Australia] No. 207, 2010� QQ�

Too Hot to Handle: Evaluation of Steam Sterilization as a Biosecurity 
Response Tool

Stuart, Mike1, Blakemore, Kath2, Forrest, Barrie2 and McClary, Dan3

1Golder Associates (NZ) Ltd., Dunedin, NZ. 2Cawthron Institute, Nelson, NZ. 3Golder 
Associates (NZ) Ltd., Auckland, NZ. mstuart@golder.co.nz

Heat treatments have proven to be an effective tool toward the control and eradication of 
non-indigenous marine species, such as the Asian kelp, Undaria pinnatifida and sabellid 
polychaete, Terebrasabella heterouncinata. To increase Biosecurity New Zealand’s capacity 
to respond to marine incursions, a study was undertaken to evaluate the efficacy of a heat 
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or steam at the surface, which is then delivered underwater to heat seawater encapsulated 
inside a silicone cone held against the treated substrate. The study comprised a combination 
of manipulative experiments and field trials on both artificial and natural substrates, on 
specific target species (i.e., U. pinnatifida) and biofouling organisms. Results indicated that 
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difficult to apply effectively over complex topography. Application of the heat treatments by 
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the risk of decompression illness. Re-colonisation of treated areas by the target organism also 
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to ‘mop-up’ satellite populations following large-scale management.

Australian introduced marine pest monitoring guidelines: trialling the 
methodology in Albany, Western Australia

Travers, Michael J and Wells, Fred E
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Michael.Travers@fish.wa.gov.au

To address the need for ongoing monitoring of introduced marine species (IMS) the Australian 
and New Zealand Governments worked collaboratively to develop a targeted monitoring 
strategy that will form a critical component of Australia’s National System for the Prevention 
and Management of Marine Pest Incursions. A trial of the National Introduced Marine Species 
Monitoring Manual was recently commenced in Albany as part of a National Heritage Trusted 
funded program investigating IMS in Western Australia. The monitoring manual was designed 
as a ‘how to guide’ for monitoring that can be used by government and regional council 
representatives, designers of and those carrying out the monitoring programs, stakeholders 
and funding providers. The manual outlines rationales and procedures aimed at providing 
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making on IMS management. The manual incorporates a targeted strategy in which 55 IMS 
have been identified as critical species for monitoring. Albany was the site of the first colony 
in Western Australia and thus has a long history of potential vectors for IMS transport. The 
Albany marine area has a wide and well-known variety of marine and estuarine habitats with a 
diverse native flora and fauna and three interconnected embayments. Albany was selected for 
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the trial because of its natural features, and human usage patterns including the long European 
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boat use. The trial will evaluate the rationale and methodology of the manual in order to 
facilitate changes or additional components that may be necessary for the successful future 
implementation of the manual.

Developments in managing the introduction and translocation of 
marine pests in ballast water

Ward, Rowan

Invasive Marine Species Program, Australian Department of Agriculture, Fisheries and 
Forestry, Barton, ACT 2601. rowan.ward@daff.gov.au

The discharge of ballast water from vessels is recognised as a key factor contributing to 
the introduction and distribution of marine pests around the world. In 2001 the Australian 
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overseas and further work is now underway to include the movement of domestic ballast water 
around Australia. An Intergovernmental Agreement sets out that the Australian Government 
will be responsible for internationally-sourced ballast water while state and Northern 
Territory governments will be responsible for the management of ballast water sourced from 
Australian ports. With a focus on ensuring national consistency in what is being asked of the 
commercial shipping industry, considerable effort has been invested in developing the ballast 
water elements of the National System for the Prevention and Management of Marine Pest 
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their next port of arrival, at a specified distance from nearest land. However, Masters will be 
able to claim exemption for low risk ballast water via an automated on-line risk assessment 
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phased in. Pending the International Maritime Organization’s International Convention for 
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to and travelling within Australia. This has led to a lot of activity in the areas of research and 
development as interested parties look to capture a slice of a potentially very lucrative market.

Actions to implement and complement the National System for the 
Prevention and Management of Introduced Marine Pests in Western 
Australia

Wells, Fred E1 and Travers, Michael2
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Fred.Wells@fish.wa.gov.au

Numerous introduced marine species (IMS), including pests, are now in Western Australia. A 
Natural Heritage Trust funded statewide program recently commenced to evaluate the problem 
and develop strategies to minimise further introductions. The project will undertake a literature 
review collating existing knowledge on IMS in Western Australia, including: evaluation and 
determination of the risk of the different vessel types; review and collation of existing data 
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from WA port surveys; other records of IMS; current risks to WA ports and marinas based on 
assessment of shipping patterns; and the marine species likely to be introduced. The project 
will trial the National Introduced Marine Species Monitoring Manual in Albany. We will also 
establish a centralised Introduced Marine Species Monitoring framework that uses the national 
monitoring approach; determines locations where monitoring should occur (in addition to 
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high value areas (i.e. Shark Bay World Heritage Area); and provides information for the 
developing national database. The project will analyse potential future changes to threats due 
to increased shipping movements and changes in vessel origins. It will also roll out some of 
the National Biofouling Protocols and implementation of the National System, including: some 
of the Western Australian activities to implement the national communication strategy, i.e. 
regional communications; assistance in the delivery of the national monitoring program; and 
implementation of the national communications strategy. The project will be integrated with 
existing programs on both a state and national level.

Charting new waters controlling marine pests in New Zealand

Willmer, John

Biosecurity New Zealand, Pest Management - National Coordination Team, PO Box 2526, 
Wellington, New Zealand. willmerj@maf.govt.nz

Marlborough mussel farmers have been the driving force behind a marine pest management 
programme underway across the Nelson / Marlborough regions of New Zealand. The mussel 
farmers have taken a leadership role working with a range of local and central government 
agencies and stakeholders to develop and implement a pest management programme. In doing 
so, they have achieved some notable results.

In the best traditions of kiwi ingenuity the mussel farmers and service providers applied their 
resources, capability and experience of operating in the marine environment to undertake 
extensive pest control activities throughout the region. In doing so, they trialled and refined 
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The local councils played key supporting and coordination roles within their respective 
communities. Councils engaged with stakeholders to deliver a wide range of activities from 
public awareness, to liaising with vessel operators to reduce the risk of the pest being spread, 
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could be safely decontaminated.

The programme continues to demonstrate the value of working in partnership to deliver marine 
biosecurity outcomes, and provides a useful model for future initiatives. It has resulted in 
an increasing willingness of agencies, industry and other stakeholders to engage and invest 
resources in the programme, in turn, building regional marine biosecurity capability. 

The programme has paved the way for biosecurity agencies and stakeholders to work in 
partnership to develop an integrated regional marine biosecurity programme across the top of 
the South Island. The regional programme will take a generic approach dealing with the full 
range of biosecurity risks. First steps for the partnership is to develop a regional biosecurity 
plan that will provide a framework for agencies and stakeholders to identify, and provide for 
their broader biosecurity interests in a coordinated manner.



342 Fisheries Research Report [Western Australia] No. 207, 2010

Inhibition of fouling by Pseudoalteromonas tunicata immobilised in k - 
carrageenan beads

�����_�	�����^1,2, Carola Holmström1,2, Evi T. Fuary1, Nigel C. Lewin1,2, Staffan Kjelleberg1,2, 
Peter D. Steinberg1,2

1 Centre for Marine Biofouling and Bio-Innovation, The University of New South Wales, 
Sydney 2052, Australia. 2 Environmental Biotechnology – Cooperative Research Centre, 
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Antifouling solutions that leave little or no impact in the world’s oceans are constantly being 
sought. This study employed the immobilisation of the antifouling bacterium Pseudoalteromonas 
tunicata in -carrageenan to demonstrate how a surface may be protected from fouling by 
bacteria, i.e. a “living paint”. Attempts so far to produce a “living paint” have been limited in 
both longevity of effectiveness and demonstration of applicability, most noticeably regarding 
the lack of any field data. Here we demonstrate long term survival of bacteria immobilised in 

-carrageenan for 12 months in the laboratory and evidence for inhibition of fouling for up to 
7 weeks in the field, Sydney Harbour, NSW, Australia.

This is the abstract of a preprint of an article accepted by Biofouling [2007] [copyright Taylor 
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Articles in Western Fisheries magazine

44 Western Fisheries MARCH 2007

SCIENCE FOR SUSTAINABILITY

New project to 
combat marine 
pests
According to the United Nations and other 
governing bodies, invasive marine species 
are one of the four greatest threats to the 
world’s oceans caused by humans. 

Considering Western Australia’s unique 
marine environment and extensive 
ecosystems, it is vital that we develop a 
comprehensive program to understand 
the threat that marine pests pose to the 
WA marine environment, how we can 
minimise the chances of foreign species 
being introduced, and what can be done if 
a species does arrive on our shores. 

The problem of marine pests is particularly 
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12,500 kilometres of coastline feature 
a wide variety of different habitats and 
temperature regimes. Hence the problem is 
not uniform, but differs in the various parts 
of the State. 

There is little wonder why invasive marine 
species are seen as a major threat to the 
world’s oceans – they can cause severe 
ecological and economic damage. 

“Marine pests can take over natural 
habitats, causing severe health 
consequences for native marine species 
and ecosystems” Dr Fred Wells of the 
Department of Fisheries said. 

“Not only that, they 
can affect industries 
��	�����¯��
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boating, and can 
damage tourism 
and shipping. Some 
marine pests can 
even threaten public 
health.”

Western Australia 
is a signatory to a 
national program 
aimed at combating 
the threat from 
marine pests. The 
idea is to have a nationally coordinated 
program with uniform standards that apply 
throughout Australia. The Department 
of Fisheries is the lead agency in the WA 
government for this issue.

In cooperation with several other agencies, 
Fisheries recently started a project ,Actions 
to implement and complement the national 
system for the prevention and management 
of introduced marine pests in Western 
Australia, headed by Dr Wells. The project 
is funded by the Australian Government’s 
Natural Heritage Trust, delivered in 
Western Australia in partnership with 
the State government. The project, 
which started in October 2006 and is 
set for completion in June 2008, will be 
integrated into existing state and national 
marine pests programs.

Dr Wells, who heads the project, said, 
“The project looks at developing new 
information and trialling new strategies 
to minimise the introduction of more pest 
species into our waterways.” 
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bring together existing information on 
the approximately 90 species of marine 
plants and animals known to have been 
introduced into Western Australia. Many 
of these species cause no apparent harm, 
but some can become serious pest species. 

This aspect of the work is being done in 
cooperation with Diana Jones of the WA 
Museum and Dr John Huisman of the WA 
Herbarium. It will feed into information 
assessing the threats posed by a variety 
of potential sources, including shipping, 
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aquaria. Changes in usage of the marine 
environment may mean new threats will 
emerge in the future.

 In November last year, a stakeholder 
workshop was held in Perth to discuss 
the project and its implementation. “The 
workshop helped us to clarify the aims and 
objectives of the project and to think of 
ways to continue the work after the project 
ends in June 2008. Comments were also 
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closely within the national system. 

“We will continue to hold stakeholder 
workshops throughout the project to 
ensure people know how the project  
is developing and that it meets their 
needs.” Dr Wells said �
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SCIENCE FOR SUSTAINABILITY

The south-west side of Garden Island is 
�
�¯	�����
��		������������������¯�����
���
����*	���
����������
����

����¯�����#�
Cottesloe had a few abalone, which were 
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An analysis of the platforms showed that 
they could be divided into different areas 
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summer that tended to be dislodged by 
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of the middle of the platforms had a 
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Sargassum. These algae also suffered 
losses during winter, but there was 
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many areas, the seaward margin of the 
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largely devoid of macroalgae, though 
isolated plants were found in many 
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slightly deeper area of the Cottesloe 
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Ecklonia radiata. 

Quantitative transects with eight stations 
each were run through each of the habitats 
on each of the reefs during the summers 
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were also measured during the last two 
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measured at six stations on the Cottesloe 
(one station), Trigg (three) and Watermans 
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abalone were randomly measured until 
a total of 200 had been measured at 
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a substantial source of quantitative 
information for molluscs and echinoderms 
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The project formed much of the basic 
research behind the management of the 
abalone Haliotis roei in the metropolitan 
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progressively more tightly managed so that 
now the season is open only for one hour 
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During the intervening quarter of a century 
since the original platform mollusc 
study commenced, there has been a huge 
increase in environmental awareness in the 
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platforms now have enhanced protection 
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|���

��|��
���8��K����
	������
������
�����
��%�&�#�/���@
�����
��V
���
Habitat Protection Area was established 

�����%#�@
���	�
�������
��������������

������@
�����
��V^89����
������������
season because of concern over the 
�
����
	K�#��
������������������������

The Watermans site on a rough day.

The inshore platform zone.

The Ecklonia zone.
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progressive tightening of regulations by 
the Rottnest Island Authority.

It is unusual to have such a good 
quantitative dataset from 25 years ago 
anywhere, much less where management 
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In recognition of this, the Department of 
Fisheries, CSIRO and the Swan Catchment 
Council have partnered to resurvey the 
platforms in 2007 and 2008. The project 
is funded by the Australian Government’s 
Natural Heritage Trust, delivered in 
Western Australia in partnership with the 
State Government. The Swan Catchment 
Council is the regional Natural Resource 
Management group in the region.

Molluscs and echinoderms at Trigg, 
Cottesloe and Watermans were surveyed 
during the recent summer using the same 
methods as in the 1980s, so the data are 
directly comparable. The west end of 
Rottnest Island (Cape Vlamingh and Radar 
Reef) will be surveyed in the summer 
of 2008. The surveys will provide an 
invaluable insight into how management 
practices on these biodiverse habitats are 
working and if we need to do more to 
protect them. �

Research news 
From the Department of Fisheries 
Research Division

LOBSTER COMPUTER MODEL

Over the last couple of years, Fisheries 
staff have been developing a new 
computer model for assessing the state of 
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will visit in July to help review it. Several 
research staff will then go to the 8th 
International Conference and Workshop 
on Lobster Biology and Management 
in Canada in September. Held 
every three or four years 
in lobster-producing 
countries such as 
Canada, Japan, Cuba 
and New Zealand, 
this conference 
series began in 
Perth in 1977. 
Lobsters are one 
of the most studied, 
and commercially 
valuable, animals on 
Earth and WA’s rock lobster 
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Stewardship Council (MSC). 
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by the MSC are also being completed. Dr 
Lynda Bellchambers will present results 
of her studies into the behaviour of rock 
lobsters once they move into deep waters 
as part of their annual migration at a 
workshop in August. Valuable data about 
what the lobsters eat and how they use 
various habitats have been gathered. The 
workshop will also develop guidelines for 
������*���
�������	
�
�����
"�	�#

The bare zone with abalone.

The Sargassum zone.

ARTIFICIAL MARRON HABITATS
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the Water Corporation, has secured 
funding through the Recreational 
Fishing Community Grants Program 
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when Drakesbrook Dam is drained for 
refurbishment in the summer of 2008-
2009. Researchers have already begun 
surveys of the dam area using underwater 
visual surveys and traps to estimate the 
distribution and abundance of juvenile 
and adult marron. When the dam is 
drained, marron will be transported to the 
Pemberton Freshwater Research Centre 
for safekeeping while rock piles are built 
in suitable areas.

All marron re-stocked 
into the dam will be micro-

tagged and follow-up surveys will show 
whether re-stocking marron rebuilds the 
population to similar levels as before 
the draining and whether the rock refuges 
provide enough shelter to increase marron 
survival and enhance the recreational 
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DEEP-SEA CRABS
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Research and Development Corporation 
has funded a project to collect ‘Biological 
and Fisheries Data for Managing Deep-Sea 
Crabs in WA’. The project, run by Prof. 
Ian Potter and Dr Roy Melville-Smith, is 
now complete, but monitoring and tagging 
of the crystal crabs that are the basis of the 
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about 200 tonnes of the crabs have been 
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mainly to China and the United States. 
A few reach the local market and can be 
found in some Northbridge restaurants.
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Protecting species 
on intertidal 
platforms 
Fred Wells, John Keesing and 
Tennille Irvine

In a study funded by the Natural Heritage 
Trust, Dr Fred Wells, Department of 
Fisheries and Dr John Keesing, CSIRO 
Marine and Atmospheric Research, 
Floreat, are returning to intertidal 
platforms off metropolitan beaches that 
�������	��	�
�����
��
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ago. Tennille Irvine of CSIRO joined the 
study last year.

The coastline of the Perth metropolitan 
area is essentially a single sandy beach 
broken up by occasional small intertidal 
limestone platforms. The shifting sands 
of beaches are essentially biological 
deserts. Marine species living in the sands 
are alternately covered up when sand 
accumulates or are exposed when it is 
removed. As much as a metre of sand can 
move at a single place during a 24 hour 
period. Only species capable of digging 
into the sand when they are exposed, or 
out of it when they are buried, can live in 
this area.

In contrast, the limestone platforms are 
very different environments. The rock 
surface provides plants with somewhere to 
establish a foothold. The marine algae, and 
even limited seagrasses, on the platforms 
in turn provide purchase and food for a 
wide variety of marine animals. Other 
animals such as limpets, abalone and 
barnacles are able to adhere directly to the 
rocks. Over thousands of years, rasping of 
the bottom by some species, such as sea 
urchins, has left shallow depressions in 
the limestone that are colonised by other 
organisms. The net result is that there is a 
diverse and abundant community of plants 
and animals on platforms such as those at 
Trigg, Cottesloe and Watermans.

Just as there are incredible differences in 
the plants and animals living on sandy 
beaches and limestone platforms, the 
people of Perth react differently to the two 
habitats. The extensive sandy beaches of 
Scarborough, south of Trigg, Cottesloe 
and the smaller beaches near Watermans 
are all favourite places for beachgoers 
on a hot summer day. Throughout the 
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wave. In contrast, hardly anyone ventures 
onto the platforms.

That all changes every year at 7am on 
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Suddenly thousands of people descend on 
the platforms in a frenzy to each collect 
their daily bag limit of 20 Roe’s abalone. 
An hour later they all depart and the 
platforms return to their normal tranquil 
state. The process is repeated  
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and December – then the platforms return 
to obscurity.

The Department of Fisheries has 
developed one of the most tightly 
����������	����
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world to protect the stocks of Roe’s 
abalone and share the catch between the 
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of the other plants and animals on the 
platforms? How are they being protected?

In 1982 we were asked by the Department 
of Fisheries to survey the molluscs of the 
intertidal platforms at Trigg, Cottesloe 
and Watermans. At the time, collecting 
gastropod molluscs and sea urchins on 
metropolitan platforms had been banned 
because the Department was concerned 
about the large numbers of abalone and 
other molluscs being removed.

Over four summers from 1983 to 1986 
we examined mollusc populations in 
considerable detail. The work formed the 

initial research basis for managing Roe’s 
abalone. It also provides a benchmark for 
determining how management measures 
developed in the last quarter of a century 
have been working in protecting species 
other than abalone on the platforms. 
We can use the mollusc data as a basis 
for drawing conclusions about broader 
management.

In recognition of this, the Department 
of Fisheries, CSIRO and the Swan 
Catchment Council have formed a 
partnership to re-survey the platforms (see 
Western Fisheries July 2007). The project 
is funded by the Australian Government’s 
-�������^��
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in Western Australia in partnership 
with the State government. The Swan 
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Resource Management group in the Perth 
metropolitan area.

Since the studies in the 1980s there have 
been two major developments in managing 
the platforms. Trigg and Watermans are 
now part of the Marmion Marine Park, 
which was established in 1987. The 
Cottesloe Fish Habitat Protection Area 
was established in 2001. How are these 
management areas working?

In 2007 we resurveyed the molluscs of the 
same platforms as in the 1980s, using the 
same techniques. Day after day we would 
visit one of the platforms. The weather 
was reasonably good, though on some 
days swells were too high to work. There 
was even a strong summer storm when no 

SCIENCE FOR SUSTAINABILITY

Fishing for Roe’s abalone in the Perth Metropolitan 
area is only permitted for one hour over six 
consecutive Sundays in November and December.
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New knowledge 
shared at Leeuwin 
Current symposium
By Eloise Dortch

Two hundred years ago, British explorer 
Matthew Flinders noted ‘Curr. 1½ per 
hour’ on a navigational chart as he sailed 
along the south coast of Australia. With 
hindsight, we know he was recording the 
speed of the Leeuwin Current.

Named after a Dutch merchant ship that 
explored WA’s south-west coast in 1622, 
the Leeuwin Current is unlike the cool 
	�������������¿
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��
along the west coasts of South Africa and 
South America. Unusually, the Leeuwin 
Current carries warm, tropical water in 
a southerly direction along WA’s west 
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bottom of Australia as far as Tasmania. 

The 5,500 kilometre-long phenomenon 
is the dominant and for many, most 
fascinating feature of WA’s marine 
environment. Following Flinders, various 
navigators, biologists and oceanographers 
observed and pondered evidence of a 
�
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was not until 1980 that the Leeuwin 
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following landmark research by CSIRO 
oceanographer George Cresswell.

In March 1991, the Royal Society of 
Western Australia held a symposium for 
scientists studying aspects of the Leeuwin 
Current. The event, attended by 100 
people at CSIRO’s Floreat theatrette, saw 
speakers address, among other items, 
the Leeuwin Current’s relationship with 
other currents, climate change and sea 
temperature; its yearly variations and  
ways to model it; and its effect on tropical 
¯�������
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and seabirds. A second, similar symposium 
was held in September 2007 at the 
University Club, University of  
Western Australia. 

Both the 1991 and 2007 events 
were organised by former CSIRO 
oceanographer Alan Pearce. Although 
semi-retired, Mr Pearce is working on a 
8�>�������*��
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processes, including the Leeuwin Current, 

��������	��
������
����
�
	���¯��������
	K�
lobsters off WA.

He said the recent symposium – attracting 
105 people from academia, State and 
Federal government agencies and the 
general public – showed that there 
had been considerable advances in 
oceanographic and biological knowledge 
about the current in the past 16 years. 

“Since 1991, so much useful work has 
been done around our coasts,” Mr Pearce 
said. “We have an immense coastline, 
including such a wide range of water 
properties and ecosystems, that there is 
plenty to keep everyone busy. Trying to 
pinpoint any major gaps in our knowledge 
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how the Leeuwin Current is changing  
over time and the effect that this will have 
on our ecosystems.”

Dr Cresswell, who is now a research 
fellow for CSIRO in Hobart, was a key 
speaker at both the 1991 and September 
symposiums. He said there had been a 
big increase in the number of scientists, 
students and inter-disciplinary teams 
studying the Leeuwin Current. 

Important developments since 1991 
included a remarkable increase in satellite 
data – including surface temperature, 
topography, colour and roughness – 
as well as temperature, salinity, and 
biological and chemical data gathered 
using a range of innovative devices, 
oceanographic stations, ships, moorings 
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data sets, some of which dated from the 
early 1990s, to be established and had 
been accompanied by improvements in 
numerical modelling systems.
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mapping of the behaviour of the current’s 
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way to Tasmania and that waters along the 
length of the North West Shelf probably 
contribute to the Leeuwin Current; and 
a greater understanding of the current’s 
paleoceanography, including nutrient-rich 
upwellings when the sea level was 130 
metres lower than at present.

Mr Pearce said all papers submitted as the 
proceedings from the second symposium 
would be peer-reviewed and published this 
year in a special edition of the Journal of 
the Royal Society of Western Australia. �

work could be done for several days. The 
hand drawn maps we made a quarter of a 
	���������
������������
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of the original sites. It was amazing that 
with these maps we could get within a few 
metres of where we worked 25 years ago.

The original surveys showed that 
mollusc populations were quite variable. 
For example, the inshore platform at 
Watermans had a thriving population of 
�������������
�������������¯�������������
it in 1983. The following year the same 
area was covered in sand except for the 
tops of small ridges; the animals were 
essentially gone. Mussel populations 
on the platforms differed considerably. 
One year there might have been a good 
settlement and survival, with plenty of 
small mussels in an area. The following 
year might not have been so good, with the 
mussels not nearly as abundant.

But within this range of natural variation, 
we were pleased to see that the molluscs 
of the platforms are very similar to those 
we found a quarter of a century ago – the 
same suite of species on the same parts  
of the platforms in approximately the  
same densities. So, it is reassuring that for 
these species, management measures are 
in fact working.

In 1982 we conducted similar studies at 
Cape Vlamingh and Radar Reef at the 
west end of Rottnest Island. It will be 
interesting to make a similar comparison 
during the coming summer. �
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So far, this is only an imaginary 
scenario but without care it could 

easily happen. There are an estimated 
250 introduced marine species currently 
recorded in Australia, with 55 of those 

species having been recorded in Western 
Australia. But we have none of the really 
nasty ones – yet. 

“Biosecurity is increasingly an issue 
of State and national concern”, says 
Dr Stephanie Turner, the Principal 
|����������{�¯	����U

��	��
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Department of Fisheries. Dr Turner leads 
a small team within the Fish and Fish 
Habitat Protection Program that has the 
challenging task of managing aquatic 
biosecurity within Western Australia. 

What is biosecurity?

‘Biosecurity’ is about reducing the risk of 
the introduction or spread of organisms 
into an environment where they do not 
naturally occur. The introduction is usually 
through direct or indirect human activity 
����	���������
��
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organism’s new environment. 

Not all introduced species give cause for 
alarm, though. Most of us have gardens 
containing exotic plants that provide food, 
colour and scent. The crucial difference  
is whether the species is harmful or not 
and the kind of effect they have on their 
new environment. 

‘Introduced’, ‘non-indigenous’, ‘invasive’, 
‘exotic’ or ‘pest’ organisms can displace 
native species by competing for habitat 
or food, modifying the environment or 
carrying diseases that are harmful to 
our native plants and animals. Everyone 
knows about the disasters of both 
deliberate and accidental releases of 
rabbits, foxes, rats, cats and cane toads in 
Australia. Once established, introduced 
pest organisms often have long-lasting, 
irreversible effects and can be impossible 
to eradicate. 

Introduced marine species and diseases 
are now recognised as one of the greatest 
threats to the world’s oceans. Aquatic 
biosecurity means reducing the risk of 
introducing and spreading organisms 
in our local aquatic ecosystems. Such 
organisms can also cause great economic 
�����
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and aquaculture operations, shipping 
and ports, marine industries, recreation 
and tourism, and even human health and 
cultural values.

Non-indigenous aquatic organisms can be 
introduced or moved (the technical term 
is ‘translocated’) to a new environment in 
a variety of ways; for example, escaping 

Imagine somebody’s dream holiday, slowly sailing a small yacht through the Indonesian archipelago, taking time 
to anchor, swim and fish in remote bays. The yacht crosses to the north of Australia and gradually works its way 
down the Kimberley coast as the sailors enjoy the stunning scenery and pristine beaches.

Eventually it reaches the beautiful coral reefs at Ningaloo, where some of the little hitchhikers on the boat’s hull 
drop off or shed some offspring. Ningaloo, meet the black-striped mussel, which could eventually smother the 
whole reef ecosystem. There, another species has been introduced...

UNWELCOME
GUESTS
By Cathy Anderson

WF Feature

Some aquarium pets, 
particularly carp and 

���	�������������������
the wild and grow to 

become pests.  
Photo: Craig Astbury.
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or being released from an aquarium or 
aquaculture facility, released as live bait, 
attached to vessels and structures such 
as oil rigs, or discharged in ballast water 
from a vessel. 

Aquatic biosecurity management 

In Western Australia, the Department of 
Fisheries has been appointed the lead 
agency responsible for aquatic biosecurity, 
which covers both freshwater and marine 
ecosystems. 

A new Act of Parliament will give the 
Department the powers needed for 
effective aquatic biosecurity management. 
The Biosecurity and Agriculture 
Management Act 2007 was passed by the 
WA Parliament in September 2007 and 
combines powers scattered throughout 17 
existing Acts over various government 
agencies. The purpose of this new Act 
is to prevent plant and animal pests and 
diseases from entering Western Australia 
and control those that are already found 
here, to minimise their spread and impact.
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and will provide the Department with the 
necessary regulatory tools for managing 
aquatic biosecurity and consolidating 
guidelines in Western Australia”, Dr 
Turner said. 

“The Department’s new responsibilities 
will also require building relationships 
with new stakeholders and strengthening 
relationships with existing stakeholders.

“We are also involved in national 
biosecurity initiatives, such as contributing 
to the development and implementation of 
the National System for the Prevention and 
Management of Marine Pest Incursions.” 

The National System concentrates on 
developing prevention systems to reduce 
the risk of introducing and translocating 
marine pests, and includes management 
arrangements for ballast water and 
biofouling, providing a coordinated 
emergency response to new incursions 
and translocation, and the ongoing control 

and management of marine pests already 
established in Australia. 

A committee formed as part of the 
National System (The Consultative 
Committee on Introduced Marine Pest 
Emergencies) has compiled a list of 20 
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would trigger an emergency response by 
the relevant authorities. 

Certain species, such as the Chinese mitten 
crab (Eriocheir sinensis) that burrows 
and undermines riverbanks, the American 
slipper limpet (Crepidula fornicata) 
which has become a pest in mussel and 
oyster farms, and the black-striped mussel 
(Mytilopsis salleiZ������������
����
¯������
high-risk species for Australia, based on 
their demonstrated invasive history and 
behaviour overseas. The rapidly growing 
black-striped mussel can colonise marine 
structures, choking out local species as it 
competes for space and food. 

Plants like the Japanese kelp (Undaria 
����
����
) can also become a problem for 
various reasons – they may out-compete 
local species or reduce the light reaching 
other underwater communities such as 
coral reefs. 

The globalisation highway 

Worldwide trade has boomed in recent 
decades and shipping is the main transport 
option for heavy goods, large volumes  
and raw resources such as grain and iron 
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such as Australia, which ship huge 
quantities of these commodities. Offshore 
mining and exploration also requires 
infrastructure. But shipping can carry 
unwanted hitchhikers.

Most marine species introduced into  
WA arrive in or attached to vessels and 
marine structures, such as oil rigs.  
Western Australia’s resources boom has 
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vessels and equipment into the State and 
thus an increased potential opportunity  
for exotic organisms to arrive and  
establish themselves. 

Western Australia has some of the busiest 
ports in the country, handling more than 
half of the nation’s export tonnage. We 
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– Dampier, Port Hedland and Fremantle 
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Australia handling more than 100 million 
tonnes per year. This means a lot of 
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Aquatic plants, both marine and freshwater, can 
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and molluscs and host many foreign organisms. 
Photo: Keith Saunders.



350 Fisheries Research Report [Western Australia] No. 207, 2010

52 Western Fisheries JANUARY 2008

ships to monitor for possible introduced 
organisms. In 2006, there were 7,683 port 
visits in Western Australia, with Dampier 
hosting 3,301 and Fremantle 1,717. 

“Ships present two main potential risks of 
introducing marine organisms,” said Dr 
Turner. “Ballast water, which is the water 
carried by ships to ensure stability, trim 
and structural integrity; and biofouling – 
organisms attached to the hull, ropes or 
other structures in the water.”

Ballast Water

Since July 2001, Australia has had 
requirements for the management of 
internationally-sourced ballast water 
that apply to all ships arriving from 
overseas. To reduce the risk of releasing 
exotic marine organisms picked up in 
ballast water at an overseas port, ships 
must not release foreign ballast water 
into Australian waters unless it has been 
properly exchanged at sea. 

“Under the new Biosecurity and 
Agriculture Management Act 2007, the 
Department of Fisheries will introduce 
similar management arrangements for 

vessels moving into and within Australian 
waters, to reduce the risk of spreading pest 
organisms already established within other 
areas of Australia into Western Australia,” 
Dr Turner said.

Biofouling

Biofouling is of even greater concern 
because researchers believe that around 70 
per cent of introduced marine species are 
arriving through this source. Once, toxic 
paint applied to the exposed surfaces of 
marine structures deterred the settlement 
and growth of marine organisms, but 
since it was banned because of its harmful 
effects on the marine environment, an 
effective substitute has not yet been 
found. The best current control method is 
frequent cleaning of boats in a properly 
maintained facility, being careful not to 
spread any potential pest organisms by 
allowing any removed biofouling material 
to enter waterways. 

“We propose to manage biofouling by 
encouraging all sectors to adopt best-
practice guidelines to minimise the risk 
of translocating marine organisms,” Dr 

Turner said. “The guidelines will provide 
advice on such things as cleaning vessel 
hulls and equipment, and treating internal 
seawater systems.”

Recreational Vessels

Recreational marine and freshwater craft 
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spreading aquatic pest organisms. There 
were a whopping 86,000 recreational 
boating licences issued in WA in 2006, a 
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WA’s booming economy. 

“One of the Biosecurity group’s priorities 
is to get the message across to boat  
owners that any boat could be a possible 
carrier for unwanted aquatic species,” Dr 
Turner warned.

“The sheer number of vessels, their 
ability to move to various locations, the 
frequency of movements and the potential 
length of time spent in the water, are all 
factors that make recreational vessels 
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locations like the Pilbara and Kimberley. ”

At the WA Fisheries and Marine Research 
Laboratories at Hillarys, Dr Fred Wells  
and a small team are using a National 
Heritage Trust grant to link up with national 
systems to prevent and manage introduced 
marine pests.

“We’re providing the background  
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can use to make management decisions,” 
Dr Wells said. 
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to national groups; so while we are  
working on our own in WA, we are still 
integrated into the national scene and  
using similar methodology.”

A list has been compiled of Australia’s 
18 major ports that are considered to be 
areas of greatest concern where marine 
pests may appear. WA has three of them – 
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Researchers around the country are testing 
ways of monitoring these ports, working 
towards a National Introduced Marine 
Species Monitoring Manual.

The WA project has several main 
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assembling existing knowledge.

“Our starting point is that there have been 
surveys done by the CSIRO and other 
������	��	$�
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Wells explained. 

“I was at the WA 
Museum for some time – 
��$	����	��(�	�$������$	
a lot of the introduced 
material but not all of 
it – so before I got here 
I knew quite a lot about 
marine pests and what 
had been introduced, 
but still nobody’s got the 
full picture.

����	����	�����	"�	
have to do is to pull 
everything together and 
make all that information 
available in a more 
readable fashion.” 
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various monitoring methods, such as 
putting test panels into Albany Harbour 
at various times of the year to see what 
organisms may settle on them.
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in WA have been surveyed, so we know 
what’s already there. Now we’ve got that 
information, we can target the 55 species 
that have already been introduced or might 
be introduced and become a problem,” 
�*������$	��	-����%

“We already know some methods are 
working and some aren’t. It’s quite  
labour- intensive and not easy when  
you’re out on the water with high waves 
and the temperature is only 12 degrees 
Celsius – but we need to test methods that 
���0	���$	��	�����	��$	��$	�����	���������	
and weaknesses.”
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determined, the same monitoring will be 
applied in ports nation-wide so results will 
be consistent.

But it’s not quite that simple…the 
biosecurity team must co-operate with a 
wide range of owners and authorities.

“One of the critical things brought home 
to us at stakeholder meetings is that we 
shouldn’t really use the term ‘ports’ – we’re 
trying to use ‘marine areas’ now because 
the program captures other affected areas,” 
Dr Wells said.

Safe harbours

Fisheries researchers place test panels to record the presence of 
various marine organisms as part of the harbour monitoring program.
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What to do with goldie?

There’s another source of introduced pests 
much closer to home – animals and plants 
kept as pets in aquaria can also pose a 
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Some aquarium owners, in an act of 
misplaced kindness, release unwanted 
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on their catches, and scientists think these 
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to encourage aquarium owners to not 
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returning them to their local pet store or 
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The home guard
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authorities, the sea stars were eradicated 
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as a potential pest, the sooner we can 
determine an appropriate management 
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The cost of eradicating introduced species 
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“If we look at Fremantle – introduced 
species is a Fremantle Port issue, but  
����	�	"�$��	�������	����	+���	���	�
�����	
port area.

“The port goes halfway to Rottnest 
because of Gage Roads, and down to 
Cockburn Sound. 

“But the Navy is not part of the Port of 
Fremantle, there are commercial leases 
of mussel industry and some of the major 
shipping jetties are private. 
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harbours, facilities owned by the 
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and the Marine Operations Centre, so it’s 
not just a port authority issue.”

In spite of the complexity and sheer scale 
�
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Wells is optimistic that given enough time 
and resources, effective protocols will be 
developed and installed.

“It’s a minimisation exercise; you can’t  
ever get rid of the risk, but we actually 
have very few pests and very few 
introduced species here, compared to 
other places in the world and other parts  
of Australia.”

He sees the immediate threat as pests 
����	��	���	6�������	������	���	����	
coming from other parts of Australia, 
because laws and management plans 
covering inspection of domestic vessels 

have not been completed and we rely on 
diligent vessel owners to change ballast 
water.

“Biofouling brings in more stuff than the 
ballast water and while water exchange at 
sea isn’t 100 per cent effective, it does cut 
��	$�"��'	��	-����	���$%

“With biofouling you are talking about 
boats of all sizes, and organisms can lodge 
in boats and gear and survive in damp 
conditions – we need to think about that.

“Rigs and barges are an issue.  
Structures linked to the sea bottom, or 
which are stable or slow-moving, tend to 
accumulate organisms.”

The next stages of the three-year project 
are building a monitoring framework 
(determining where and when monitoring 
should happen), feeding information back 
into the national database, and attempting 
to analyse and adapt to future threats  
as shipping patterns change in volume  
and origin.

Globalisation will require eternal vigilance 
for biosecurity, but so will nature.

�6�����	��"���	���������	���'	���$	��	
Wells. “Just when we think we’ve spotted 
the threat, something else we haven’t 
anticipated will happen.”

The Department of Fisheries biosecurity team was called in to help eradicate 
an outbreak of cichlids (popular aquarium species) in Bennett Brook and used 
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SCIENCE FOR SUSTAINABILITY

Rottnest intertidal 
platforms – then 
and now
By Fred Wells, Department of 
Fisheries, and John Keesing and 
Tennille Irvine, CSIRO Marine and 
Atmospheric Research

In 1980, two CSIRO scientists, George 
Cresswell and Stuart Golding, formally 
described the Leeuwin Current. As many 
people now know, this is a southward- 
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water down the west coast of Western 
Australia, particularly during winter 
when sea surface temperatures are lowest. 
It provides a mechanism for tropical 
species to occur much further south than 
otherwise would happen. 

In the 28 years since the current was 
formally described, scientists have 
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the current has on many aspects of the 
Western Australian marine and aerial 
climates.

Much of this was unknown in 1980 when 
the current was freshly described. Fred 
Wells and John Keesing decided in 1982 
to compare the molluscs living on the 
intertidal platforms at the western end 
of Rottnest Island, where the Leeuwin 
Current increases winter sea surface 
temperatures, with similar platforms on 

the mainland at Trigg and Cottesloe that 
are unaffected by the current. The idea 
was that there would be more tropical 
species at Rottnest.  
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collections of the WA Museum for records 
of tropical, temperate and west coast 
endemic species of molluscs at the western 
end of Rottnest and along the inshore 
metropolitan coastline. As predicted, we 
found nearly twice as many species of 
tropical marine molluscs at the western end 
of Rottnest Island (33 per cent tropical) 
than along the metropolitan coastline (19 
per cent) – clear evidence that the Leeuwin 
Current was having an impact. 

Then to investigate mollusc populations in 
detail, we sampled quantitative transects 
at Rottnest (Cape Vlamingh and Radar 
Reef), and then sampled at Trigg and 
@
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all of the molluscs present, and measured 
their density and biomass. The results 
showed that not only was there a greater 
percentage of tropical species at Rottnest, 
but they were also much more abundant 
on the platforms.

Chemical effects on snails

Eight years later there was another major 
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the Rottnest platforms. In January 1991, 
Professor Alan Kohn of the University of 
Washington was working on the biology of 
snails of the genus Conus, when he found 
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where female snails begin to develop  
male reproductive structures. The females 
never become functional as males, but 
in the most severe cases the females are 
unable to spawn.   Deprived of young 
animals entering the population, the 
populations can collapse. Males are 
apparently unaffected. 
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of the snails were at levels three and four. 
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concentrations of tributyltin (TBT), a 

The broken up platform 
in this area provides a 
wealth of niches, but is 
very hard to sample.

Sampling is best done on very good low tides, but 
unfortunately the weather is not always like this.
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chemical added to boat paints during 
manufacture to act as an antifoulant. 
Concentrations as low as one part per 
trillion begin to affect the snails. 

By coincidence, what is now the 
Department of Environment and 
Conservation measured TBT levels in 
sediments in the metropolitan area in 
%��%��¯��
�������	���
	�������������#�
Concentrations at the west end of Rottnest 
were less than one per cent of those in 
some areas of Cockburn Sound. 

This led to the total ban on the use of TBT 
in vessels smaller than 25 metres and 
a reduction in the rate at which TBT is 
allowed to leach out of the paint in larger 
vessels. Following the bans in late 1991, a 
further study was conducted at Rottnest in 
1996 that showed some improvement in 
the imposex rate in Conus.

It is unusual to have such a good 
quantitative dataset from 25 years ago 
in the case of the platform molluscs and 
17 years ago for imposex. In recognition 
of this, the Department of Fisheries, 
CSIRO and the Swan Catchment Council 
partnered to resurvey the Rottnest 
platforms in November 2007. 

The project is funded by the Australian 
Government’s Natural Heritage Trust, 
delivered in Western Australia in 
partnership with the State government. 
The Swan Catchment Council is the 
regional Natural Resource Management 
group in the region. The Rottnest  
Island Authority provided a permit  
for the research.

Since 1982, there have been progressively 

tighter regulations on collecting molluscs 

and other organisms on the intertidal 

platforms at Rottnest. The late 2007 

survey demonstrated that within the 

range of natural variation, the mollusc 
populations are essentially the same as 
they were 25 years ago. The management 
measures in place are working effectively.

The story for imposex is quite clear. In 
1991, 88 per cent of the Conus were 
affected, with 71 per cent being stages 
three and four. Five years later it was 
down to 69 per cent with imposex, with 
49 per cent at stages three and four. By 
the end of 2007 this had declined to 35 
per cent, with only 16 per cent at level 
three and no animals at level four – truly a 
success story! �

The tropical Septifer bilocularis forms dense 
aggregations on some parts of Radar Reef.

While the platform looks homogeneous, 
there are lots of nooks and crannies in 

which different species seek shelter.
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WF Feature
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anchored off the Western 

Australian coast, it is a good chance that it 
was carrying on its hull a marine organism 
of some kind, which eventually made a 
new home here.

Ever since ships started to navigate the 
seas and oceans of the world, carrying 
passengers, cargo and crew, they have also 
unintentionally transported marine species. 
Every ship that turned up in Australia in 
the 19th century with a cargo of transported 
convicts or hopeful settlers brought 
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as barnacles, limpets and mussels, which 
hitched a ride from Mother England or 

one of the various ports that were called 

into en route.

This great tradition of hitchhiking by 

marine organisms still happens to this day. 

It has become complicated by the variety 

of ways they can make the trip – from 

attaching themselves to the hull or a handy 

water inlet, or taking a pleasant swim in a 
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Of course, when the convicts and settlers 

arrived on Australian shores, they 

deliberately brought with them a whole 

heap of terrestrial invaders as food sources, 

in the form of plants and animals.

“People brought out everything from 
rabbits to sheep – and the former  
have caused us terrible problems,” said 
Dr Fred Wells, principal management 
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Environment Program.

“Australia ended up building an entire 
economy that was based on sheep and 
wheat – both of which were invaders.”

Dr Wells said that as awareness of the 
environmental damage of introduced 
species has grown, the rules about 
bringing terrestrial organisms into the 
country have tightened progressively. 

But he added that when it comes to an 
awareness of invading marine organisms 
and the ocean, in comparison to the 
terrestrial world we are a little behind. 

“Pests are much more obvious in the 
terrestrial environment – feral goats and 
pigs are easy for everyone to see. When 
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introduced grasses are easy to recognise 
and relatively easy to remove.

“When it comes to water, everything  
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For example, for a scuba diver, being  
able to see as far as 20 metres is regarded 
as good visibility.” 

However, Dr Wells said the good news 
is that there is an increasing awareness 
amongst scientists and the Western 
Australian population in general about

INVASION OF 
THE WATER 
SNATCHERS
In the final of two articles on how marine species from other places made 
their homes in Western Australia, Steve Ireland looks at how marine 
invaders have turned up uninvited on our shores. Some have prospered, 
while others have disappeared as silently as they arrived. 

����%����	�&�����
������

�����*����	


��������+���������
-
�����/�0����	



Fisheries Research Report [Western Australia] No. 207, 2010 355

Western Fisheries SEPTEMBER 2008 19
��
��

������������������������������������������
�"��	�	�������������#������������#�	�

the dangers of pest aquatic species. 
This awareness has been matched by 
an increase in public regulation about 
releasing exotic species into the wild.

“In fresh water, we have big issues, which 
still involve things as simple as people 
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toilet. A lot of the work needed is further 
education as well as more regulation. At 
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affected as much as the terrestrial one.”

While terrestrial pests such as rats and mice 
– which have pretty much been here since 
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prospered, the good news is that some of 
the unwanted marine migrants that have 
rocked up here appear to have disappeared 
as silently and suddenly as they arrived.
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���������������YMusculista 
senhousia) was found at Chidley Point in 
the Swan River estuary. This was not good 
news, as the Asian date mussel was a very 
successful invader of many parts of the 
world and had a well-earned reputation for 
forming large mats over shallow, sheltered 
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that lived in them for food. The density of 
these mats was downright scary, with as 
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a single square metre.

“When sampling was carried out in  
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as far upstream as Canning Bridge and 
was also reported in Fremantle. Over the 
next few years, the mussel became the 
most common object washed up at the 
University of Western Australia campus on 
the Swan,” Dr Wells recalls.

The Asian date mussels were monitored 
and fortunately, despite their prevalence, 
did not form into large mats. “The arrival 
of Musculista senhousia�������¯�
�����
human-assisted. It could have been in 
ballast water that was jettisoned or on the 
hull of a vessel,” said Dr Wells.

Last year, the Department of Fisheries 
undertook some further sampling for the 
Asian date mussel in the Swan River. After 
being common for over 20 years, the date 
mussel seems to have disappeared.

Dr Wells said there are a number of 
examples in Western Australia of invaders 
that have suddenly appeared and then later 
almost disappeared just as quietly. In the 
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reached a huge population density over the 
next decade. 

However, by 2000, the numbers of the 
off-white cockle (which grows to an 
average length of two to two-and-a-
half centimetres) had dropped sharply, 
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summer but dropping to around four in 
early autumn. Since then, the population 
appears to have dropped further. 

“There may be some populations we 
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have crashed. This was probably a natural 
occurrence,” adds Dr Wells. 
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It is considered in some quarters as a pest 
and in others as being a great species for 
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were made to actually introduce this 
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impossible to contain if the environmental 
conditions are suitable; it will out-compete 
native oysters.
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Specimens were shipped from Japan to 
Oyster Harbour by boat, in the hope of 
producing commercial oyster farms. The 
trip took too long and the oysters died. In 
1980, Dr Wells was involved in a study of 
molluscs in the Albany area and he and a 
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oysters at all. A similar study carried out 
in Esperance also yielded no trace of the 
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deliberately introduced into Tasmania. 
It has since spread into Victoria, South 
Australia and New South Wales. The 
oyster has colonised a number of NSW 
estuaries and offshore locations, owing 
to its abilities to tolerate a large range of 
salinity and water quality.
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another equally famous interloper that 
has come to be a staple of aquaculture in 
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has become in NSW. Its origins are as 
old as the history of European visits to 
Western Australia. 

“I guess you could say that the blue mussel 
is a friendly pest. My suspicion is that it 
probably came here on the hulls of old 
wooden sailing boats – maybe as early as 
����%�������>��?�������
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The blue mussel (Mytilus edulis 
planulatus) is highly successfully cultured 

in the Albany harbours, Warnbro Sound 
and Cockburn Sound. Western Australians, 
through their addiction to chilli mussels, 
are the largest consumers of blue mussels 
in the country.

Blue mussels were actually collected 
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explorer Francois Péron on his voyage on 
the French corvette Géographe. They are 
now found in sheltered bays and estuaries 
as far north as Cockburn Sound. 

Blue mussels are farmed by collecting 
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The spat are then attached to vertical ropes 
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above the seabed, where they grow until 
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feeders, the farms rely upon natural feed 
that occurs in the water (such as algae, 
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diets or pellets. In 2005/06, WA producers 
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Licences for farms are required and 
regular site inspections are carried out 
by the Department of Fisheries to ensure 
farmers are operating within their site 
coordinates and that their sites are clearly 
marked for marine safety compliance.

The mussel industry must also meet the 
��!�
��������
������?9�$����¯���§���
���
Assurance Program, which makes a 
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water quality of the farming areas, such 
as Cockburn Sound. It also provides 
the industry with a mechanism whereby 
harvesting and processing of mussels can 
be stopped if the water quality declines. 

Mussel farms present a low risk to the 
environment because there is no addition 
of feeds and, in general, can be considered 
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from waterways – the algae that use these 
nutrients for food are in turn consumed by 
the mussels. 

While faecal-type wastes from the farms 
may occur, these are far less likely to 
cause high organic loadings on the seabed 
in WA than in mussel farms elsewhere 
in the world because the long lines of 
mussels here are more widely spaced in 
response to the relatively low local food 
(plankton) levels. 

In Cockburn Sound, large pink snapper 
that gather in the area to spawn seem 
to be attracted to the mussel farms in 
some years and are thought to consume 
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The cultivation of this tasty invader 
provides employment for around 40 to 50 
people and adds diversity to the menu in 
WA’s cafes, restaurants and pubs.

WA came close to an invasion by a very 
dangerous type of mussel – the black 
striped mussel (Mytilopsis sallei).  
During a routine inspection of Darwin 
Harbour by the CSIRO’s Centre for 
Research on Introduced Marine Pests in 
1999, this pest was found in frighteningly 
large numbers in the Cullen Bay Marina, 
covering practically everything that was 
below water level – from boat hulls and 
jetties to rubbish.

What was particularly scary was that a 
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found no trace of the black striped mussel, 
so it looked as though the incursion had 
gone from nothing to enormous in a very 
short time.

The black striped mussel is recognised as 
one of the world’s most damaging pests 
and is well-known in countries such as 
Taiwan, China (Hong Kong), Japan and 
India. The mussel is capable of growing 
to a length of 8-10 mm within a month of 
spat settling into an area. It quickly out-
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on their shells and literally smothering 
them. It appears to have been introduced 
into Darwin on the hull of a vessel – and 
the outbreak quickly spread to two other 
parts of Darwin Harbour.

Agencies with expertise in marine pest 
control, including the Department of 
Fisheries WA, were called in from all 
parts of Australia. In order to eradicate 
the black striped mussel, the gates on the 
three marinas where they had been found 
were closed. The water, vessels and all 
submerged surfaces in the marinas were 
exposed to copper sulphate and chlorine, 
which were poured into the water, killing 
the mussels.

“In general, eradicating an invader can be 
just about impossible. In Australia, this 
has only been done with the black striped 
mussel and a marine alga in some parts 
of South Australia to my knowledge,” Dr 
Wells remarked. 

“The stark fact is that everything in the 
marinas’ water in Darwin had to be killed 
in order to get rid of them.” 

Dr Wells says that the black striped 
mussel outbreak served to crystallise 
the thinking of those who worked in and 
were responsible for managing the marine 

environment about the issue of marine 
invaders. Whilst government agencies 
involved in this work do not have a 
perfect knowledge about these issues, he 
thinks there is now an increased focus on 
policing for pest outbreaks. 

“Where we are at is to stop other things 
from getting in – it will be our job to 
police for them,” he added.

With the increased speeds of modern ships, 
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invaders to literally ‘hang on’ to their 
hulls. Many vessels are now staying in a 
harbour for only around 18 hours. This 
time frame does not give marine pests 
much opportunity to attach or detach. He 
sees dredgers as being much more of a 
potential problem – “they are in close 
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speed and sit in one place for a long time.”
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Saville-Kent and deliberate introductions 

��¯���
��
�?9��������(see Western 
Fisheries June 2008), the factor as 

to whether a species survived or not 
came down to the right environmental 
conditions. Basically, the temperature and 
salinity levels had to be suitable to the 
species, along with suitable water quality 
and a plentiful source of food. The same 
things are, of course, true for invasions of 
pest species.

In the case of the Asian date mussel and 
the Swan River, it appears in the end there 
was something about the environment 
that didn’t suit the mussel and the species 
seems to be dying out. In the case of the 
black striped mussel and Darwin Harbour, 
the species found itself right at home 
and, without a chemical holocaust in a 
very small area, would have spread very 
quickly and killed off the native species.

The message is ‘watch out for alien 
invaders’ – see ‘Join the Anti-Pest 
Program’ nearby – so that the clear, lively 
waters of WA end up staying that way. �
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Actions to implement and complement the National System for 
the Prevention and Management of Introduced Marine Pests in 
Western Australia

Report to Stakeholders

June 2007

Stakeholders workshop

The most recent major event in the project was the stakeholders workshop held at the WA 
Fisheries and Marine Research Laboratories on Friday afternoon, 22 June 2007. There was 
a steering committee meeting in the morning followed by the stakeholders’ workshop in the 
afternoon. There were 25 stakeholders present, from a variety of backgrounds. The meeting 
went very well, and was followed by an informal networking session.

One key feature of both the steering committee meeting and the workshop was the presence 
of Dr Stephanie Turner. Steph was recently appointed to manage the biosecurity section of the 
Fish and Fish Habitat Program at WA Fisheries. She comes to the job with a broad experience 
in marine biology, having worked in government departments and private industry in both 
Australia and New Zealand. Steph also undertook a one-year course in environmental law at 
the University of Auckland. 

The issue of biosecurity, particularly marine biosecurity, is rapidly advancing in Western 
Australia. The Biosecurity and Agricultural Management bill is progressing through Parliament 
and will fundamentally improve the ability of the Department of Fisheries to manage the issues 
of invasive marine pests. Steph is working closely with the national bodies such as the National 
Introduced Marine Pests Coordinating Committee (NIMCPG) to ensure that arrangements 
within WA are fully integrated on the national scheme. The NHT funded marine pests project 
is working closely with Steph to ensure our local activities are complementary.

Studies Already Initiated in the Project

The following components of the project are well underway:

Existing information. A key early commitment was the development of an initial literature 
review to collate existing national knowledge on introduced marine species as relevant to 
Western Australia. The literature has been reviewed in detail and the presence of voucher 
specimens checked in the Western Australian Museum and WA Herbarium. A technical report 
has been developed to bring this information into the scientific literature. At the moment, the 
report is 70 single spaced pages and includes 101 species. The report has been sent to experts 
in particular groups for checking the accuracy of the information in their groups. It will be 
submitted for publication in the near future. 

Popular publication. The technical report will serve as the basis for a popular publication 
that will outline the natural values of the Western Australian marine environment, the threat 
presented by introduced marine species, and what we can do about it. Information will be 
presented on a number of selected species known to have been introduced into Western 
Australia, including a photograph or drawing of the species, scientific name, common name 
(if any), where the species came from, where it occurs in Western Australia and the habitat in 
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which it lives. The same information will be given for species that could be introduced into 
WA.

Risk analysis. As you know, we are doing an analysis of the current risks to WA ports and 
marinas based on assessment of vessel movements. This project that has been contracted to 
URS Australia. Mike Travers has done substantial work with the various WA ports to assemble 
2006 data on what ships visited WA ports, where they came from and their next port of call. 
Data collection is complete and the analysis is currently being done. We expect to have 
this project completed in July. We would like to acknowledge the considerable support and 
assistance we received from all WA ports in compiling this information.

Trial marine area. A major part of the project is a trial of the new National Introduced Marine 
Species Monitoring Manual in a WA marine area. In February the Steering Committee decided 
that Albany on the south coast was the best the best location. In March, Fred Wells and Mike 
Travers went to Albany to talk to stakeholders and investigate where sampling could occur and 
how it should be done. Mike developed the proposed sampling program, which was agreed 
to by NIMCPG. He then led a team of four to Albany for 10 days in early June to undertake 
the first of the field surveys. Fortunately, the weather held at that time of year, and the team 
was able to complete almost all of the tasks. The group received considerable support from 
a number of stakeholders in Albany, particularly the Albany Port Authority, for which we are 
very appreciative. 

Communications are a key component of the project. The following activities have been 
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The communications program has deliberately been fairly low key to date. The decision was 
made to let people know what we are planning to do with the project, but not undertake major 
communications until substantial progress was made and initial results available. This is now 
drawing nearer and the activities will be increased in the coming months.

Dampier was singled out by NIMCPG as a major gap in the pre 2003 set of national surveys 
for introduced marine species. We are exploring possibilities with the Dampier Port Authority 
for using existing published information on the Dampier region combined with new surveys in 
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approach. This would ensure that the work is done in the most cost effective manner possible. 
To this end, Fred Wells and Steph Turner went to Dampier on 25 and 26 June to meet with the 
CEO of the Dampier Port Authority, Steve Lewis and Peter Smith, the environmental officer. 
The trip was very beneficial and we benefited considerably from the tour through the harbour 
arranged by the DPA.

Emily Gates has been appointed a technical officer on the project for three months. Emily 
assisted Mike Travers in the development of the Albany program and will work with him to 
process the samples.

Invasive Marine Species. The symposium has been scheduled for Friday, 13 July as part of 
the Australian Marine Sciences Association annual conference in Melbourne. Fred Wells will 
present a paper describing the overview of the NHT funded project and Mike Travers will 
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Actions to implement and complement the National System for 
the Prevention and Management of Introduced Marine Pests in 
Western Australia

Report to Stakeholders

September 2007

Invasive Marine Species Symposium. The symposium on invasive marine species, organised 
by Fred Wells, was held on Friday, 13 July as part of the Australian Marine Sciences Association 
annual conference in Melbourne. The symposium was very well attended, with 25 papers being 
presented on a wide variety of topics. It was so large that it spilled over into the companion 
symposium on the environmental effects of ports. It was pleasing to have a number of papers 
presented by colleagues from New Zealand. As part of the symposium, fred presented a paper 
describing the broader aspects of the WA introduced marine species project. Mike Travers 
presented on the specifics of the Albany trial. Please contact Fred for a copy of abstracts of the 
papers if you want one.

Existing information. The literature review and analysis of existing collections is virtually 
complete. It is currently being reviewed.

Risk analysis. The analysis of the current risks to WA ports and marinas based on assessment 
of vessel movements was delayed while URS obtained updated information on a worldwide 
analysis from Canada. This information has now been obtained and the report can be finalized. 
All necessary data from WA ports has been obtained.

A second analysis will be on the potential threats to environmentally sensitive areas and 
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WA Department of Conservation and Land Management published a Statewide analysis of 
marine environments that recommended that 72 areas be further considered for development 
of a statewide system of marine parks and reserves. Over the last 13 years this has been refined 
into the existing marine parks and some which are currently being developed. We have used 
the Statewide system as a basis for selecting marine areas for consideration. Emily Gates has 
developed considerable background information on the current and developing marine parks. 
This will be brought into a single document that will be used for an assessment of whether 
additional areas should be monitored as part of the monitoring system.

Trial marine area. A signigicant part of the project is a trial of the new National Introduced 
Marine Species Monitoring Manual in Albany. As reported in the June report, a major sampling 
project was undertaken in early June. Emily Gates has spent a considerable part of her time 
since then sorting the material into phyla and then into lower taxonomic groups. This work is 
nearly complete. The next step will be to examine the material for the target species.

Some of the Albany trial will involve an analysis of the biota settling on test panels. To this end, 
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system in August. The sites chosen were nodes of vessel activity, including the Albany Port 
Authority wharves, town jetty, Princess Royal Harbour sailing club and the Emu Point marina. 
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As a separate effort funded by the South Coast NRM, similar panels were established in the 
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Esperance marine area.

Dampier was singled out by NIMCPG as a major gap in the pre 2003 set of national surveys 
for introduced marine species. We are exploring possibilities with the Dampier Port Authority 
for using existing published information on the Dampier region combined with new surveys in 
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approach. As part of this investigation, Mike Travers went to Dampier in July to examine 
logistical aspects of the potential project. This will be used as a basis for developing a budget 
for the proposed work.

Fremantle marine area. We have anecdotal reports that the polychaete Sabella spallanzanii is 
not as abundant as in previous years in the system. In April, we had a brief look for the mussel 
Musculista senhousia in the lower Swan River. The species was first reported from the area in 
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is known to occur in Fremantle Harbour, Rous Head and Cockburn Sound, but has not yet 
been formally reported. The European shore crab Carcinus maenas is known in the area from 
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current populations levels of all four species in the Fremantle marine area. This includes the 
lower Swan River, Fremantle Harbour, Rous Head and Cockburn Sound. We are working 
closely with the Fremantle Port Authority on this project. 

As mentioned, the scallop Scaeochlamys lividus has not been formally reported from the 
Fremantle marine area. Hugh Morrison, an honorary associate of the Western Australian 
museum, and Fred Wells have completed a draft of a paper recording the species in Western 
Australia. The paper has been sent to colleagues for review. It is important as a reminder that 
species can be introduced from other parts of Australia as well as overseas. 

Actions to implement and complement the National System for the Prevention and Management 
of Introduced Marine Pests in Western Australia

Actions to implement and complement the National System for 
the Prevention and Management of Introduced Marine Pests in 
Western Australia

Report to Stakeholders

February 2008

The period since the last stakeholder report in September 2007 has been a very active one for 
the introduced marine species project. Below are the major events in the last few months: 

Geraldton. In October 2002, the dredge Leonardo da Vinci arrived in Geraldton directly from 
the Caribbean. The vessel had considerable hull fouling, including potential pest species. 
Following a detailed assessment of the risks involved, and methods for handling the issue, the 
vessel was cleaned in the harbour. A number of methods were used to minimise the risk of 
introducing the pest species. A survey one year later failed to detect any of the pest species. The 
port was resurveyed in October 2007, five years after the event, with molluscs and crustaceans 
being collected. Identification of the material collected has now been completed. The following 
Caribbean molluscs were present on the Leonardo da Vinci: Thais haemastoma floridana; T. 
rustica; Crepidula plana; Brachidontes exustus and an unidentified oyster. None of these were 
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found in the October 2003 or 2007 surveys. The following barnacles were identified from 
the vessel: Lepas anserifera; Striatobalanus amaryllis; Amphibalanus reticulatus; Balanus 
trigonus; and Megabalanus coccopoma. Of these, all except M. coccopoma were previously 
known from Western Australia. The primary concern was over the invasive Megabalanus 
coccopoma, which was not found in either survey. Amphibalanus reticulatus was found in 
Geraldton in October 2007, but could have been transported from a WA port to the north or 
south. While there is a possibility of small populations of other species being in Geraldton 
that were too small to detect, the evidence is that measures taken to prevent introductions in 
October 2002 worked effectively. The port of Geraldton provided considerable assistance with 
this project.

The risk assessment of WA ports due to shipping has been completed. This assessment updates 
the initial compilation some time ago that determined that three WA ports should be included 
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rankings, the analysis confirmed that Dampier, Port Hedland and Fremantle are still the ports 
of greatest risk for introductions of marine species through shipping.

Staffing. Research Scientist Mike Travers and Technical Officer Emily Gates both left the 
project in late 2007 for better positions at the Australian Institute of Marine Science. Naturally 
the departure of both has considerably hampered the development of the project. We were 
fortunate that Dr Justin McDonald was hired for additional support and started just after Mike 
left. Fiona Webster recently started on the project in a casual capacity, and a new research 
scientist will be commencing shortly on a six month appointment.

Trial marine area. Before he left, Mike completed the planned resurvey of Albany, so we 
have contrasting seasonality of June and November samples. Most of the material has now 
been identified, with dinoflagellates the major group still to be done. Geoff Bastyan of Albany 
retrieved the settlement panels in early February. The panels will be analysed over the next 
few months. Two reports will be prepared: a survey of Albany using the new NIMCPG 
methodology and a report on the strengths and weaknesses of the methodology. Again we thank 
the Port of Albany for considerable assistance with this project.

Fremantle survey. The survey of the Fremantle marine area for four species was completed in 
October. Neither the European shore crab Carcinus maenas or the Japanese mussel Musculista 
senhousia were found. As only a single specimen of the European shore crab is in the WA 
Museum, the absence of this species was not surprising. However, the absence of the Japanese 
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have disappeared. There may still be residual populations in the river, but none were found. 
The relative abundance of the Eueopean fanworm Sabella spallanzanii also has decreased. 
A preliminary identification of scallops collected indicates that the eastern Australian 
Scaeochlamys lividus appears to have largely replaced the native Chlamys asperrimus. 
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���	���������S. lividus and only 3 
were C. asperrimus. The port of Fremantle provided considerable assistance with this project.

Kimberley symposia. Fred Wells presented a talk in January on introduced marine species at 
a symposium on scientific knowledge of the Kimberley organised by the Marine and Coastal 
Communications Network in association with the North West Research Association. He later 
participated in a Kimberley workshop in Broome organised by the World Wildlife Fund, and 
used the opportunity to meet with the CEO of Broome Port, Captain Vic Justice, and his staff.

Indonesian prahus. Indonesian fishermen poaching in Australian waters have been an 
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important issue in the northwest for a very long time. For many years apprehended vessels have 
been taken to Willie Creek, just north of Broome. The vessels have been detained in the water or 
on shore while prosecutions have gone through the courts. The boats have sometimes remained 
in the area for months. Many apprehended boats have had the black striped mussel, Mytilopsis 
sallei, and possibly also the Asian green mussel, Perna viridis. The trip to Broome offered an 
opportunity to visit Willie Creek to see if these species had become established. Fortunately, 
none were found. Diana Jones, the barnacle expert at the WA Museum, searched the area 
for barnacles. While nothing was obviously out of place in the field, formal identifications 
can only be completed after the animals are dissected. The trip benefited considerably from 
assistance provided by Willie Creek Pearls.

Risk assessments. Active work has commenced on two further risk assessments: commercial 
fisheries and environmentally sensitive areas. Preliminary plans are to have two separate 
workshops about these projects, with commercial fisheries being done on the morning of 
Friday, 2 May. The analysis of environmentally sensitive areas will be undertaken about a 
month later. In both cases a discussion document will be sent out to stakeholders about a month 
before the meeting.

Stakeholders meeting. Present plans are to have the next stakeholders meeting on the afternoon 
of Friday, 2 May at the WA Fisheries and Marine Research Laboratories at Hillarys. The 
draft program is for the meeting to start at 1:30 p.m. and run to 5:00 p.m., with refreshments 
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perspective.
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individual stakeholders to participate in the morning or afternoon session or both.



364 Fisheries Research Report [Western Australia] No. 207, 2010

Literature Cited

9��	�
��|#������
��/#��|����������/#��-
��
"
����/#�����K�����$#�����������	�
��|#�Y%���Z#�8�
�
�

��
of cyst formation in the toxic dinoflagellate Alexandrium (Dinophyceae) by natural bacterial 
assemblages from Hiroshima Bay, Japan. Marine Ecology Progress Series�%�%�%�'�%&'#

Ahyong, S.T. (2005). Range extension of two invasive crab species in eastern Australia: Carcinus 
maenas (Linnaeus) and Pyromaia tuberculata (Lockington). Marine Pollution Bulletin 50: 460-462.

9������V#�#� Y%�'QZ#�>
���
���

��
�����
��� 
���������������� ��
��#�Australian Journal of Marine and 
Freshwater Research 4: 307-316.

9������V#�#�����?

����#+#V#�Y%�'�Z#�������
���

���
��������������
��
�����#�/����

�
���
���
��
���
��
Australia: Results of a year’s research. Australian Journal of Marine and Freshwater Research 1: 
���%�'#

9�
��
����8
�����#|#�Y%���Z#���	
����
��
�����
��������
�
�����
�������
��������9�����
	���
�������
description of a new species of Elasmopus. Journal of Crustacean Biology 17: 745-757.

9�����
��� >#|#�� @�
��
���� $#?#� ���� ?������� @#+#� Y%�&QZ#� ���
����	�� 
�� �
��� 	�	��� ������� 
�� ����
population dynamics of Gonyaulax tamarensis. Marine Biology�����%���%&�#�

9�����
��� >#|#�� ���
��� >#|#�� >
�	������ �#+#�� ����������� +#@#� ���� U���	��� �#� Y%��`Z#� U

��
�������
of toxic dinoflagellates in the genus Alexandrium from the northeastern United States and Canada. 
Marine Biology�%����`���`�&#

9�
���
��#�Y%�&'Z#�U��������������
�������������
��
������#�Australian Fisheries�``��Q&#

Anonymous. (2002). Nationally Listed Threatened Species and Ecological Communities under the 
Commonwealth Environment Protection and Biodiversity Conservation Act 1999. Accessed online 
at: http://www.environment.gov.au/biodiversity/threatened/publications/recovery/guidelines/pubs/
recovery-2002.pdf

9!���
��Y���%Z#��*
�
	�|��
���8����$�������8
���
��_���	���
���/�����
�#����
�������������
��8
���
of Launceston. 104 pp.

9������
���@���
���$���
	�#�Y���&Z#�Information for yachts travelling to Australia – Australian ports 
of entry. http://www.customs.gov.au���		�������'�+�������&#

Australian State of the Environment Committee. (2001). Australia State of the Environment 2001. 
Independent Report to the Commonwealth Minister for the Environment and Heritage, CSIRO. 
Publishing on behalf of the Department of the Environment and Heritage, Canberra. 

U�����?#|#�Y%&&&Z#�{���
����������������^���

���
������9������
���|������	
���	�

�#�Proceedings 
of the Linnean Society of New South Wales�Q���`'����#�

Bando, K.J. (2006). The roles of competition and disturbance in a marine invasion. Biological Invasions 
&���''���Q#

U������?#@#�Y%���Z#�/�����	����
���
��	�

��
��Watersipora arcuata Banta (Bryozoa, Cheilostomata) 
as a fouling pest in southern California. Bulletin of the Southern Californian Academy of Science 
�&���`&��'%#

U�������� +#_#� Y%���Z#� $���
��
���� ������
���� Y9���
�
��Z� 
�� ���� ^���

��� �������#� Smithsonian 
Contributions to Zoology�Q`��%����#�

U��	�����>#_#���?
�������#@#�Y����Z�������
�������
�����������9�
����
������
��Mitrella bicincta (Gould, 
%&��Z�Y|
����	��������
�
����@
�������
���Z�
��9������
�#�Molluscan Research �����'%��'�#

U������ 8#V#� Y��#Z� Y%�&�Z#� V������ $������ 
�� ���� �
����� $�
���� ���� $	
��� ������ ?������� 9������
�#�
Records of the Western Australian Museum Supplement 25. 



Fisheries Research Report [Western Australia] No. 207, 2010 365

U������ 8#V#� Y��#Z� Y%��QZ#� |��
��� ������� �������� 
��9���
��� ����� ���� @���
��� �������� -
������������
Australia. Records of the Western Australian Museum Supplement 44.

U
��
���|#?#^#�Y%�`�Z#�������
�������
�����
��
�����������	���
��U�
�
���	
������������#�Nature %'���'�%#

U
��
���|#?#^#�Y%�'%Z#�>
���
���

��
�������	���������
��#�Nature 167: 531.

U
��
��� |#?#^#� ���� @�
���� >#+#� Y%�'�Z#� /���9��������
��� �����	���� Elminius modestus, in France. 
Nature�%����`&��`&Q#

U��	K��+#^#�Y%��%Z#�U����
	�	
����
�
��#�Memoirs of the Museum of Victoria�Q���%���%��#�

U��K���+#9#����������
���+#>#�Y%��&Z#�/���$�

�
����Y8
��	�����Z���
���
�����������9������
��������"�	����
areas with a revision of the genera. Memoirs of the National Museum of Victoria�Q���%�%��&�#

U���	������ |#� Y%��'Z#� {�
�
��� ��� ¥���� ��� ��� �
�����

�� ��� Crepidula fornicata (Gastropoda 
Prosobranchia) sur le littoral française. Haliotus��`���'�&�#

U���	������|#�Y%���Z#�$������
��������
������
���� Crepidula fornicata Y_#�%�'&Z�
�����
��#�@�������
����������	
���!���	��#�Scientia Marina��%��%���%%&#

U
	K��8#�#�Y%�&�Z#�U��
�
����Y8������U��
�
�Z#�In: Shepherd, S.A. and Thomas, I.M. (eds), Marine 
invertebrates of southern Australia. 8����%��Q%��Q�`#��
���������8�
�����$
����9������
���9����
��#

U
��K����8#�Y%�&'Z#�V
������
��������	
����K������
�
��#�Daily News (Western AustraliaZ#�Q�£`£&'��%`#

U
��
��V#�����U
�
��
���+#�Y%��QZ#��

��
������������
���	�	������������
��|��
��������������
��������
(Cnidaria). Biological Journal of the Linnean Society�`&���Q�����#�

Bolch, C.J.S. and Reynolds, M.J. (2002). Species resolution and global distribution of microreticulate 
dinoflagellate cysts. Journal of Plankton Research��`��'�'�'�&#�

U
�	��� @#+#$#�� -���
�� 9#8#� ���� ^������������ �#|#� Y%���Z#� Gymnodinium microreticulatum sp. nov. 
(Dinophyceae): a naked microreticulate cyst-producing dinoflagellate, distinct from Gymnodinium 
catenatum Graham and Gymnodinium nolleri Ellegaard et Moestrup. Phycologia�Q&�Q�%�Q%Q#

Brearley, A., Chalermwat, K. and Kakhai, N. (2003). Pholadidae and Teredinidae (Mollusca: Bivalvia) 
collected from mangrove habitats on the Burrup Peninsula, Western Australia. In: Wells, F.E., Walker, 
D.I., and Jones, D.S. (eds), Proceedings of the Eleventh International Marine Biological Workshop: The 
Marine Flora and Fauna of Dampier, Western Australia: 345-361. Western Australian Museum, Perth.

U���	�������#�9#�����@����
���+#�/#�Y%�&QZ#�@
����
�
����
����	������
�����
����������
������
���
��	���
periwinkles in the New England intertidal zone. Biological Bulletin�%�'��'`Q�''&#

U�
������#9#�Y%�%`Z#�^���
�
����
��
���������������
�����������
���������
��@����8
������/�����
�#�
Records of the Australian Museum�%����&'�Q��#�

U�
�	K�����
����9#�Y%���Z#�$���
���
���
������

���Y^���
�
���@�
���
�Z���
�����
�����
�����

������
adjacent subtidal habitats at race Rocks, off Vancouver Island, Canada. Scientia Marina�����&����#�

U�
	���^#�Y%�%�Z#���������
��>���#�|"
�������$���
����	
���
�
	��*���
�

����
�9������
��%�%��%�%Q#�
VIII Cirripedien. Kungliga Svenska vetenskapsakadamiens handlingar 52: 3-16.

U�
	K��U#+#�Y%�&'Z#�$
����9������
����
��
���U��
�
�#�In: Nielsen, C. and Larwood, G.P. (eds), Bryozoa: 
Ordovician to Recent#�8�������������������������������

����@
������	��
��U��
�
����
������%�&���
`'�`�#�{���������{�����V�������
��#�

U��	���-#� Y%�&�Z#�@
�
���
����Y@�����	���� ��
�
��Z�
��9������
�#�Records of the Australian Museum, 
$�������������%��Q�#

U����
¦���� |#� Y%�&��%��%Z#� Encyclopèdie mèthodique: Histoire naturelle des Vers 1(1): Anatifa pp 
60-67; Balanus����%'&�%�Q�Y����
�����%���Z#

U������
��|���
�
�
���Y���&Z�{��
������
��	������
������ ��
���http://www.bom.gov.au/weather/wa/ 
·9		������%��+�������&¸#



366 Fisheries Research Report [Western Australia] No. 207, 2010

Byers, JE. (2002) Impact of non-indigenous species on natives enhanced by anthropogenic alteration of 
selection regimes. Oikos 97��``�®`'&#

@�������>#�#�Y%��%Z#�$����
������������

���
��U������������/��	�������*	���
���
��8�������


���#�
Royal Ontario Museum, Life Sciences Contributions 154: 1-140.

@���������>#�Y%��`Z#�/�����
	��

��
���*
�
	����
���
����
����
�����������������������
���³�9§�$�
U������� ?����� $���
�
��� 8�
	���
����� @��������� %%�%Q� |���� %��`�� 9������
��� �
���������
Publishing Service, Canberra.

Campbell, M.L. (2003a). Introduced species port baseline survey. Geraldton, Western Australia. Final 
Survey Report. Corporate Process Management, Perth, Western Australia. 45 pp. 

Campbell, M.L. (2003b). Introduced species port baseline survey. Esperance, Western Australia. Final 
Survey Report. Corporate Process Management, Perth, Western Australia. 55 pp.

@������+#|#�����?���
���+#�#�Y%���Z#�U����
��
�������������
��
�����
����
����������
���9���
��8
���
Phillip Bay, Victoria, Australia. Victorian Naturalist�%����%������#

@����
���+#/#�Y%�&'Z#�/����
	���
	�����
����
	���
	��
��������
��	
���������
���
����
���#�/����

�
���
of ballast water. Oceanography and Marine Biology Annual Review 23: 13-374.

@����
���+#/#�Y%���Z#�U

�
�
	���
����

�������	����
���
	����	
��#�Ecology 77 (6): 1653-1655.

@����
���+#/#�������������+#U#�Y%��QZ#��	
�
�
	����
��������������
����������
���
���
�
��
���
������
���
organisms. Science���%���&�&�#

@����
���+#/����
���>#������_��������̂ #�Y%��'Z#�/����
���
����
��
���
������
���
��	�

��
���
�
��
���
���
�!���
	�
����
���� �
� ����	
�������������
�� ������
����$������ Y
����� ����� ����������_�K��Z��������
analysis of control options. Washington, DC: US Coast Guard. Technical Report No. CG-D11-95. 
Referenced in: Mark S Minton, M.S., Emma Verling, E., A Whitman Miller, A., Ruiz, G.M. (2005) 
Reducing propagule supply and coastal invasions via ships: effects of emerging strategies. Frontiers 
in Ecology and Environment QY�Z��Q�`®Q�&#

Centre For Research Into Introduced Marine Pests (CRIMP). (2000) Introduced species final report. 
Report to the Fremantle Port Authority by the CSIRO Centre for Research into Introduced Marine 
Pests, Hobart, Tasmania.

@��������8#-#��^
��K
����#8#��������
	K���#?#�Y%���Z�U����
	��������	�������
��������
������������
��
southwestern Australia. Records of the Western Australian Museum `��Q&Q�`%�#

@������V#^#�����|	@������|#�Y%���Z#���
��������
�����
��Alexandrium minutum (Dinophyceae) as 
a function of three different nitrogen sources and irradiance. New Zealand Journal of Marine and 
Freshwater Research 31: 1-7. 

@��������+#�?#�����@����
���+#�/#�Y%��%Z#�9������
��	�
���
���
��
���
��	������	
����������
����
����

��
by the isopod Synidotea laevidorsalis Y|
�����%&&%Z#�Journal of Crustacean Biology %%��Q&��`��#

@�������� +#?#� ���� @����
��� +#/#� Y%��`Z#� 8���
	���� �
�	
���
��� 
�� ���� 
���
��	��� 
�
�
�� Synidotea 
laevidorsalis�Y|
�����%&&%Z#�Journal of Crustacean Biology 14: 700-714.

Cheshire, A., Westphalen, G., Boxall, V., Marsh, R., Gilliland, J., Collings, G., Seddon, S. and Loo, M. 
(2002). Caulerpa taxifolia in West Lakes and the Port River: distribution and eradication options. 
South Australian Research and Development Institute, Aquatic Sciences and PIRSA Fisheries, 
Marine Habitat Program. Internal report. 43 pp.

@������@#V#��^��	�
���� +#U#��_�����
����#@#+#� ����8
������ �#@#� Y%���Z#�9�����
������	��	K�
���
�� ����
fishes of the Swan-Avon River System, Western Australia. Records of the Western Australian 
Museum�&��%�''#

@���
����������������>#�#�Y%��'Z#�/����������
������
���
��	������
�������
���Sabella spallanzanii 
in Western Australia: A preliminary investigation. CSIRO Technical Report, No. 2. Division of 
Fisheries, CSIRO, Hobart. 34 pp.



Fisheries Research Report [Western Australia] No. 207, 2010 367

Cohen, B.F., McArthur, M.A., and Parry, G.D. (2001). Exotic marine pests in the Port of Melbourne. 
���
���-
#��'��|��
�������V�������������
��	�������
������§�����	�
�����
	�
�
�#��&��#

@
������� -#� Y%�&�Z#�9� ���
��� 
�� ���� 
���
��	�

�� 
�� ���� 8�	
�
	� 
������ YCrassostrea gigas) around 
�����
�����������
�	���

��
�������
��
�����	
�
�
	���	
���!���	���
��
���
��	
����������	
���
��
�
Victoria, Australia. Marine Science Laboratories, Technical Report��-
#�'�#�Q����#

@
�������-#�Y%��QZ#�The macrobenthos of Corio Bay.�$�$��%£�%���89�Y�
	Z#�Q`���#

@
�������-#�����^
	K�����-#�Y%�&�Z#�8�	
�
	�
�������
����
���
	�
�
�#�Australian Fisheries�`'Y�Z��&��%�#

Coppejans, E., Leliaert, F. and Verbruggen, H. (2005). Green algae. Chlorophyceae. Guide to the 
seaweeds of KwaZulu Natal. Scripta Botanica Belgica�QQ��Q���Q#

@
�����
�� |#+#� Y%��QZ#� U

��
������� 
�� ��
��� ����
�
��� 
		���
��� 
�� ��������� ���� 
�����	�

��� �
���
native species. Crustaceana��'���&�����#�

@
��
��� U#@#� Y%��QZ#� South Australian Mollusca. Archaeogastropoda. W.A. Hawes, Government 
Printer, Adelaide.

@
�������� ?#� �#� Y%���Z#� V
��� 
���
��	�

��� ���� ������
	��

���� ���� ���
�� 
���	��� 
�� 9������
�#� In: 
Pollard, D. A. (ed.), Introduced and translocated fishes and their ecological effects. Bureau of Rural 
���
��	���8�
	���
����-
#�&��%�%�%��#�>����������
��8�
������������
���������������@�������#

Coghlan, B. and Gosling, E. (2007). Genetic structure of hybrid mussel populations in the west of 
Ireland: two hypotheses revisited. Marine Biology %'���&`%�&'�#

CRC Reef. (2004). Introduced species in tropical waters: current state of knowledge, March 2004. 
Published by CRC Reef Research Centre Ltd.

@�����������#�Y%��%Z#�/���_����
��@�������®�
�������

���������	�����
����#�8�#�%�%`#�����8���	���9#V#�
and Walker, D.I. (eds.). The Leeuwin Current: an influence on the coastal climate and marine life of 
Western Australia. Proceedings of the Royal Society of Western Australia 74.

@��|8� Y%����Z#� ����
��	��� $��	
��� $������� 8
��� 
�� U�������� ?������� 9������
�#� @$��{� |��
���
Research. vi + 52 pp.

@��|8� Y%����Z#� ����
��	��� $��	
��� $������� 8
��� 
�� 9������� ?������� 9������
�#� @$��{� |��
���
Research. vi + 41 pp.

@��|8�Y%���Z#�����
��	���$��	
���$�������8
���^��������?�������9������
�#�@$��{�|��
���������	�#�
vi + 46 pp.

CRIMP (2000). Introduced Species Survey Final Report, Fremantle, Western Australia. CSIRO Marine 
Research. vi + 61 pp.

@�
���� >#� +#� Y%�'&Z#� /��� ������� 
�� Elminius modestus Darwin in northwest Europe. Journal of the 
Marine Biological Association of the U.K.�Q���`&Q�'��#

@�

K��� +9#�$
��¥��|�#� Y%���Z�_��� �
���� 
���
�����

���*��
�

���
�� 
����
��� ���	
����@����������
implications. In: Invasive species and biodiversity management. Saundland, OT. et al., (eds), Kluwer 
Academic Publishers. 103-125 pp.

@�������@#$#������
���9#|#�Y%���Z�/���������
�������
������
����/����
��������
	��

��
�����������
�����
marine invader. Pp. 100-101. In: Pederson, J. (Ed.). Marine Bioinvasions: Proceedings of the First 
National Conference. Massachusetts Institute of Technology, Cambridge, Massachusetts, U.S.A.

@���
���>#�#��|	9�������|#9#������@
�����U#V#� Y%��&Z#��*
�
	����
��������� 
�� ����8
���
������
����
�
	�
�
�#����
���-
#�&��|��
�������V�������������
��	�������
������§�����	�
�����
	�
�
�#��'���#�

Currie, D.R., McArthur, M.A. and Cohen, B.F. (2000). Reproduction and distribution of the invasive 
European fanworm Sabella spallanzanii in Port Phillip Bay, Victoria, Australia. Marine Biology 136: 
645-656.



Q�& Fisheries Research Report [Western Australia] No. 207, 2010

Department of Agriculture, Fisheries and Forestry. (2006). Marine Pest Monitoring Manual. Version 1. 
Department of Agriculture Fisheries and Forestry, Canberra. 126 pp.

DALSE (2004). Pilbara Iron Ore and Infrastructure Project. Marine Environmental Impacts and their 
Management. Prepared for Fortescue Metals Group by DAL Science and Engineering Pty Ltd, July 
2004. ���
���-
#�Q&�£%#���Â�'����#

>���������9#�+#�Y%���Z#�-���������������������
��/�����
�#�The Papers and Proceedings of the Royal 
Society of Tasmania 103: 53-55.

>���
��� @#� Y%&'`Z#� A monograph on the subclass Cirripedia, with figures of all the species. The 
Balanidae, the Verrucidae etc#�����$
	
�����_
��
�#��&`�����Q�����#�

Davis, M.A., Grime, JP., Thompson, K. (2000) Fluctuating resources in plant communities: a general 
theory of invasibility. Journal of Ecology 88:�'�&®'Q`#

>����+#^#�Y%��'Z#�{����	
���	�

��
��8
��	��������
��
�����
�������������
�������������8������?�������
Australia. Records of the Western Australian Museum Q��%�����&#

>
�����
��8#�Y%��%Z#�{		�����	��
������+��������{������Crassostrea gigas (Thunberg), in Northland, 
New Zealand. New Zealand Journal of Marine and Freshwater Research 5: 352-357. 

>
������ +#^#� Y%�&�Z#� ������
���� 	
����
��� 
����
��� ��
�� ���� ?���
���� $������ /��������� V����� ���
opportunistic infaunal assemblage. Australian Journal of Marine and Freshwater Research 33: 45-54.

DPIW. (Undated). Introduced Marine Pests Identification Kit. Department of Primary Industry, Water 
and Environment, Hobart, Tasmania. 

Dyrynda, P.E.J., Fairall, A., Occhipinti Ambrogi, A., d’Hondt, J.-L. (2001). The distribution, origins and 
taxonomy of Tricellaria inopinata���^
��������{		�
�
��
�9���
�
��%��'����� 
����
������
�
���
new to the Atlantic. Journal of Natural History�Q`�%��Q�����#

Elldredge, L.C., and Smith, C.M. (2001). A guidebook of introduced marine species in Hawai’i. Bishop 
Museum Technical Report 21: 1-70.

������ |��
��� ���
�
�������� @
�����
��#� Y%��&Z#� The environmental impact of pearling (Pinctada 
maxima) in Western Australia. Report to the Pearl Producers Association Inc. Enzer Marine 
Environmental Consulting, Perth, Western Australia. 

�������?#^#�Y%���Z#�/����
���
���

��
��Velacumantus australis (Gastropoda: Potamididae). Australian 
Journal of Zoology�%'��'&%�'�%#

V�����?�������^#+#�Y%��&Z#�_
��
��������
�
���
���
	�
�
�#�8������#�Proceedings of the Royal Society 
of Victoria�&%��%���%Q�#�

Fisheries Western Australia. (2000). Introduced Marine Aquatic Invaders. Fisheries Western Australia, 
Perth. 27 pp.

V���	�����?#+#�Y���'Z#�/�������
	��

��
��!���
���
����
�K����������������
�
�
����
���

�
�
���
������
for fisheries management. ICES Journal of Marine Science�����%'���%'&�#

Fofonoff, P.W., Ruiz, G.M., Steves, B. and Carlton, J.T. (2003). In ships or on ships? Mechanisms of 
�������������
����

��
���
����
������	
����
����������	
����
��-
����9���
	�#�8�#�%'��%&�#�������
���
G.M. and Carlton, J.T. (eds) Invasive species vectors and management strategies. Island Press, 
Washington.

V
������U#9#�Y%��&Z#�/������
���������
��-������������U����	����Y@
��
���
���/�
��	
	�Z#�Memoirs of 
the New Zealand Oceanographic Institute�����%�%��#

V
������U#9#�����?
�������#@#�Y%���Z#�V
��
��������	����������
������
�-�����������
�����

�������
��#�
New Zealand Journal of Marine and Freshwater Research %Q��%`Q�%`�# 

V������� @#|#� Y%�`&Z#� ^���

��� 
�� ����9����� ^��	
	K� 8�	
�
	� �*���
�

��� �
�	�� |��	��� %�Q&#� Allan 
Hancock Pacific Expeditions�`��%���QQ'#�



Fisheries Research Report [Western Australia] No. 207, 2010� Q��

V�
������#�#�Y%��QZ#�9�
�����+���������
���
��9������
������������������*�³�Koolewong 2: 5-6.

V���
���$#?#������������V#�#�Y%���Z#�-
���
������
		�����	��
���������
�����	�����Carcinus maenas, 
Leach, in Port Phillip. The Victorian Naturalist�%���%`��%`&#

V���
���$#?#������������V#�#�Y%��%Z#�$
����
�����K�
����
	�
�
�����	��
��@�����	����
������	�
��

��
of a new species. Proceedings of the Royal Society of Victoria 14: 55-64.

V�����
�� >#� |#� Y%���Z#� A guide to the introduced marine species in Australian waters. Centre 
for Research on Introduced Marine Pests, Commonwealth Scientific and Industrial Research 
Organisation, Division of Fisheries, Hobart, Tasmania, Division of Fisheries Technical Report No. 
5: unpaginated.

Geiger, D.L. (2000). Distribution and biogeography of the Recent Haliotidae (Gastropoda, Vetigastropoda) 
world-wide. Bolettino Malacologico 35: 57-120.

Geiger, D.L. and Poppe, G.T. (2000). The Family Haliotidae. In: Poppe, G.T. and Groh, K. (eds), A 
Conchological Iconography. ConchBooks, HackenHeim, Germany. 135 pp.

�������� +#U#�� @����
��� +#/#� ���� 8
������ >#9#� Y%��QZ#� ��������	
�
	� ���� 
�����
�����

�� ���
��

�� 
��
�
�
	�
���
��� �
�
�
����>-9���!���	���
��Mytilus spp (Bivalvia: Mollusca). Molecular Marine 
Biology and Biotechnology 21: 44-50.

��
�����>#�������
�����+#�Y%���Z#�Marine Life. �
�����9����
����$
����9������
�#��&&���#

�
�	
�����|#�#��{�
����V#>#�����|�
�
�����#�Y%���Z#����
�
����������	�
�����������
����
		�����	��
of the dinoflagellate Alexandrium minutum, a PSP potential producer, in a Mediterranean lagoon. 
Estuarine, Coastal and Shelf Science�`���'Q��'`�#�

����
���+#V#�Y%��%Z#�Caroli a Linne systeme naturae per regna tria naturae. 13th edition. G.E. Brev, Leipzig. 

Gofas, S. and Zenetos, A. (2003). Exotic molluscs in the Mediterranean basin: Current status and 
perspectives. Oceanography and Marine Biology: an Annual Review 41: 237-277. 

�
�
���|#V#����
�����+#@#|#�������
������#^#�Y���Z�Y%��`Z#�The fishes of Australia’s south coast. State 
8�
����9����
��#�������#

�
��
���>#8#�Y%�&`Z#�/������
���������
��-������������U��
�
�������
����������
�������������	�
Ridge. New Zealand Oceanographic Institute Memoirs��%��%�%�&#�

�
��
���>#8#�Y%�&�Z#�/������
���������
��-������������U��
�
�������
��������Y@���
��
���������
Cheilstomata Anasca) from the Western South Island and continental shelf and slope. New Zealand 
Oceanographic Institute Memoirs��'��%�%�%#�

�
��
��� >#8#� Y%�&�Z#� /��� ���
��� ������ 
�� -��� ��������� U��
�
��� ����
�������� Y@��
�
��
�
���
Ascophorina) from the Western South Island Continental Shelf and Slope. New Zealand 
Oceanographic Institute Memoirs�����%�%'&#

�
��
���>#8#�����|������
��$#V#�Y%���Z#�Atlas of marine-fouling Bryozoa of New Zealand ports and 
harbours. New Zealand Oceanographic Institute Memoirs 107: 1-52. 

�
��
�����/#�|#�Y%�&�Z#�9�������	
���
�� �������
����	��Polycera hedgpethi Marcus from the Indian 
Ocean of South Africa. Journal of Molluscan Studies�`&��Q��Q'#

������� U#^#� Y%��&Z#� -������� �
��
��� 
�� ��
��
���� Teredo navalis, at Woods Hole. Massachusetts 
Biological Bulletin (Woods Hole)�''�������&�#�

����
����-#�Y%���Z#�Ã��������������
������
���������������¥�
���������
�������������

�����/������Y����
ouest de Madagascar). Recueil des Travaux de la Station Marine d’Endoume, suppl. 10: 111-161. 

Gravier-Bonnet, N. and Bourmaud, C.A-F. (2006). Hydroids (Cnidaria, Hydrozoa) of Coral Reefs: 
Preliminary results on community structure, species distribution and reproductive biology in Juan de 
Nova Island (southwest Indian Ocean). Western Indian Ocean Journal of Marine Science 5: 123–132.



370 Fisheries Research Report [Western Australia] No. 207, 2010

��
��
���� �#>#� ���� ��
��� �#|#� Y%��'Z#� /��� ������� ���� �
����
��� 
���	�� 
�� ���� ��	������ 
���
��	���
European green crab, Carcinus maenas, in central California. Marine Biology�%�����Q���`�#

Guiry, M.D. and Guiry, G.M. (2007). AlgaeBase version 4.2. World-wide electronic publication, 
National University of Ireland, Galway. http://www.algaebase.org; searched on 10 May 2007.

^�������������#|#�����U
�	���@#+#�Y%��%Z#�/�����
���
���
*
	��
�
�����������	������
����
�����������������#�
Marine Pollution Bulletin 22: 27-30.

^������������ �#|#� ���� U
�	��� @#+#� Y%���Z#� Transport of diatom and dinoflagellate resting spores 

in ships’ ballast water: implications for plankton biogeography and aquaculture. Journal of 
Plankton Research�%`��%����%�&`#

^�������������#|#� ����^
�"���?#� Y%��QZ#�U�������8
���$������ �
�� �
�
����������� 	������9!��	�������
site evaluation and potential ballast water risks. Report to the South West Development Authority. 
Unpaginated.

^�������������#�|#��$�����������>#�9#�����?�����������#�Y%�&&Z#�/�����������
���9������
����
�
������������
that can produce paralytic toxic shellfish toxins. Journal of Plankton Research 10: 533-41.

^�������������#|#��������
����+#8#��|���������+�9#�����U
�	���@#+#�Y%���Z#�/������������
�����	���
���
*
	�
dinoflagellate cysts: application to the treatment of ships’ ballast water. Aquatic Ecology 31: 47-52. 

^���
�
��� �#� ���� ^
��
	��� >#|#� Y%�&��Z#� ���
�

�� 
�� ���� ������� Dynamenella, Ischyromene, 
Dynamenopsis and Cymodocella (Crustacea: Isopoda), including a new genus and five new species 
of eubranchiate sphaeromatids from Queensland waters. Journal of Crustacean Biology����&`�%%�#

^���
�
����#�����^
��
	���>#|#� Y%�&��Z#�-���������	�
���� ������
���
�� 
�
�
��� ��
��§����������
waters. Memoirs of the Queensland Museum 20: 421-446.

^��������$	��Ä������#�����^����������#�Y%�&%Z#�����������
���������
�
����������������
�	�����Å�����
���������
�������U��Å	K�
	��
���������8
��	�����������{����	
����Y/�
��������/�
���Z#�^��������
$	��Ä������#�/�
���#�>
��8
��	����������� ��
�
�	�������
�
�	����?���KÅ����9������
���� Y��
�	����
�*�
����
��-
���������@���������
��$Å���Z#�Mitteilungen aus dem Hamburgischen Zoologischen 
Museum und Institut��&��%����#�

^��������$	��Ä������#�����^����������#�Y%�&�Z#�����������
���������
�
����������������
�	�����Å�����
���������
�������U��Å	K�
	��
���������8
��	�����������{����	
���#�^��������$	��Ä������#�/�
��
&#�>
��8
��	�������������
�
�	�����
�
�������?���KÅ����9������
����Y��
�	�����*�
����
��-
�����
����@���������
��$Å���Z#�Mitteilungen aus dem Hamburgischen Zoologischen Museum und Institut 
����'%®%%&#

^��������$	��Ä������#�����^����������#�Y%�&�Z#�����������
���������
�
����������������
�	�����Å�����
���������
�������U��Å	K�
	��
���������8
��	�����������{����	
���#�^��������$	��Ä������#�/�
��
%`#�>
���
��	��������������
�
����������������
�
�	����
�
�	�����Å����$Å�
���9������
������
�	����
_�K���������	��Y�
	�
�
�Z�
��$Å��������|�	�����Y-���$
����?����Z�
��-
����#�Mitteilungen aus 
dem Hamburgischen Zoologischen Museum und Institut�&���%%��Q#

^�����������#�����|
	���������?#�Y%��&Z#�9�	
�
���>
K��
����	�
������8��	�
����	�
��#�In: Hartmeyer, 
R. and Michaelsen, W. (eds), Die Fauna Südwest-Australiens 5: 251-460. Gustav Fischer, Jena.

^�������^#�����U�������#�Y%�&'Z#�U
���������U�����U���K��§������
��#�Modern Fishing, +������&#

Hass, C. G. (2007). Isopoda. In: Fromont, J. (ed.), Strategic Research Fund for the Marine Environment 
Collaborative Research Project: Biodiversity of Marine Fauna on the Central West Coast. SRFME 
Final Milestone Report – December 2006: pp 26–27.

^����� @#�#� ���� +
����� >#$#� Y%���Z#� |��
��� 
���
��	�

��� �
� ?������� 9������
��� �
��� �� �
	��� 
��
crustaceans: 37-44. In: Kesby, J. A., Stanley, J. M., McLean, R. F. and Olive, L. J. (eds), Geodiversity: 
Readings in Australian geography at the close of the 20th century. Special publication Series No. 6, 
Canberra, ACT, School of Geography and Oceanography, University College, Australian Defence 
Force Academy. 630 pp.



Fisheries Research Report [Western Australia] No. 207, 2010 371

^����� @#�#� ���� ��
���� U#� Y%��&Z#� $�����
���
�� 
�
�
��� ��
�� ���� $���� �
����� ?������� 9������
���
diversity, distribution and geographic sources. Crustaceana 71: 36-46.

^��������?#9#�Y%&&'Z#�{����������	�
��������
���
�������
	K�
�����#�YPolydora ciliata and P. polybranchia 
n.sp.). Proceedings of the Linnean Society of New South Wales 10: 273-275.

Hayes, K.R. (2002). Identifying hazards in complex ecological systems. Part 2: infection modes and 
effects analysis for biological invasions. Biological Invasions 4: 251-261.

Hayes, K.R. and Sliwa, C. (2003). Introduced marine pests – a deductive approach applied to Australia. 
Marine Pollution Bulletin 46���%��&#

Hayes, K., Sliwa, C., Migus, S., McEnnulty, F., and Dunstan, P. (2005). National priority pests: Part 
II Ranking of Australian marine pests. An independent report undertaken for the Department of 
Environment and Heritage by CSIRO Marine Research. Available from: 

http://www.marine.csiro.au/crimp/reports/PriorityPestsFinalreport.pdf

^�������� 8#+#� ���� �������� +#$� Y%���Z#� British ascophoran bryozoans: Keys and notes for the 
identification of the species. Academic Press, London. 312 pp. 

^��������?#9#� Y%&��Z#�>��	�
��
���	����
����
�� ����/��
	���� 
�� ����9������
���|�����#�Australian 
Museum, Sydney, @����
����%���%�%Q�#

^������>#8#�����|	_�����
���8#9#�Y%�&�Z#�/�����	�������	
���
��Megabalanus (Cirripedia: Balanomorpha) with 
special emphasis on Balanus tintinnabulum (Linnaeus) sensu lato. Zoologische Verhandelingen �Q'��Q���#

Hewitt, C.L. and Campbell, M.L. (2001). The Australian distribution of the introduced sphaeromatid 
isopod, Paracerceis sculpta. Crustaceana��`����'��Q�#

Hewitt, C.L. and Campbell, M.L. (2007). Mechanisms for the prevention of marine bioinvasions for 
better biosecurity. Marine Pollution Bulletin�''��Q�'�`�%#

Hewitt C.L., Campbell, M.L., Thresher, R.E., Martin, R.B., Boyd, S., Cohen, B.F., Currie, D.R., Gomon, 
M.F., Keough, M.J., Lewis, J.A., Lockett, M.M., Mays, N., McArthur, M.A., O’Hara, T.D., Poore, 
G.C.B., Ross, D.J., Storey, M.J., Watson, J.E. and Wilson, R.S. (2004). Introduced and cryptogenic 
species in Port Phillip Bay, Victoria, Australia. Marine Biology�%``�%&Q����#

^��
���� @#_#�� @��������� |#_#�� /��������� �#�#�� |���
��� �#U#� Y%���Z#� |��
��� �

�
�
	��� 
����

��� 
��
Port Phillip Bay, Victoria, CSIRO CRIMP Technical Report Number 20, CSIRO Marine Research, 
Hobart, Australia 344pp.

Hewitt, C.L., Martin, R.B., Sliwa, C., McEnnulty, F.R., Murphy, N.E., Jones, T. and Cooper, S. (eds) 
(2002). National introduced marine pest information system. Web publication <http://crimp.marine.
csiro.au/nimpis>. Date of access: 7 November 2007.

^
�	
	K���#��^
�	
	K��$#�����U�K����+#|#�Y%��&Z#�/���
		�����	��
�����������	���Elminius modestus in 
Shetland. Journal of the Marine Biological Association of the United Kingdom 58���������#

^
���
��� |#� Y%�'�Z#�9� ���
�

�� 
�� ����/�����
��� ^���

��#� Papers and Proceedings of the Royal 
Society of Tasmania for the Year 1949: 1-65. 

^
�����>#V#� Y%��QZ#�/��� 
���
��	�

��
�� �����
�

���
�����Acanthogobius flavimanus and Tridentiger 
trigonocephalus into Australia. Koolewong 2: 3-5.

^
��
	��� >#|#� ���� ^���
�
��� �#� Y%�&QZ#� $�����
���
�� 
�
�
��� Y@�����	��Z� ��
�� ���	K
��� ������� 
��
Queensland. Zoologica Scripta 12: 127-140.

Holloway, MG. Keough, MJ. (2002a) Effects of an introduced polychaete, Sabella spallanzanii, on the 
development of epifaunal assemblages. Marine Ecology Progress Series 236: 137–154.

Holloway, MG. Keough, MJ. (2002b) An introduced polychaete affects recruitment and larval 
abundance of sessile invertebrates. Ecological Applications 12��%&�Q®%&�Q

Hough, M. and Dommissee, D. (2004). Controlling the northern Pacific Seastar (Asterias amurensis) in 



372 Fisheries Research Report [Western Australia] No. 207, 2010

Australia. Final report for the Australian Government Department of Environment and Heritage by 
the Victorian Department of Sustainability and Environment and the Natural Heritage Trust. 

^
����^#�9#� ���� ����?������������ +#@#9#� Y%��&Z#�9������
	� ���
�

��
�� �������	K
��������� ������
��
Ficopomatus $
�������� %��%� Y8
��	������� $�����
���Z�� 
�	���
��� Mercierella� V������� %��Q��
Sphaeropomatus /���������� %�Q`�� Mercierellopsis� �

"��� %�`'� ���� Neopomatus 8
������ %���#�
Biological Bulletin�%'`�����%��#

^�
������+#|#�Y%���Z#�|��
��������
	�������
������^
������9��
��
�����������?�������9������
�#�In: 
Wells, F.E. (ed.), The Marine Flora and Fauna of the Houtman Abrolhos Islands, Western Australia: 
177-237. Western Australian Museum, Perth

Huisman, J.M. (2000). Marine Plants of Australia. University of Western Australia Press, Nedlands. ix + 
300 pp.

Huisman, J.M. and Borowitzka, M.A. (2003). Marine benthic flora of the Dampier Archipelago, 
Western Australia. In: Wells, F.E., Walker, D.I. and Jones, D.S. (eds), The Marine Flora and Fauna 
of Dampier, Western Australia����%�Q``#�?�������9������
���|�������8����#

^�
������ +#|#�� +
����� >#$#�� ?������ V#�#� ���� U���
��� /#� Y���&Z#� |��
��� 
���
��	�

��� 
��
� ?�������
Australian waters. Records of the Western Australian Museum 24: 323-366.

Huisman, J.M., Phillips, J. and Parker, C. (2006). Marine Plants of the Perth Region. Department of 
Environment and Conservation, Perth. 72 pp.

^��������@#+#�Y%��%Z#�@
����
�����	��
����������������������"����
�������
����
��������	
�
		���
���
species of sessile marine invertebrates. Marine Biology�%����'���'%'#�

^�������>#�#�Y%�'`Z#�$���
���
������-���������������
�
���������#�-
#��#�/���V��
���@
�
��

�����
�	���
���
a new species of Paracorophium. Transactions of the Royal Society of New Zealand�&���`Q%�`��#�

Hutchings, P.A, Hilliard, R.W.L. and Coles, S. (2002). species introductions and potential for marine 
pest invasions into tropical marine communities, with special reference to the Indo–Pacific. Pacific 
Science 56: 223–233.

^��	�
����� 8#� ���� |������� 9#� Y%�&`Z#� /�*
�
��� 
�� �
��	������� ��
�� ���� ^��K������� �
���� ����
the southern estuaries of New South Wales, Australia. Records of the Australian Museum, 36, 
$����������Q��%�%%&#

^��	�
����� 8#9#� ���� /������� $#8#� Y%�&`Z#� /��� $�

�
���� 
�� $
����9������
�� Y9����
��� 8
��	�����Z#�
Transactions of the Royal Society of South Australia�%�&��%�%��#

^��	�
�����8#9#�����������������+#/#�������������$#+#�Y%�&�Z#�Colonisation of New South Wales by non-
indigenous marine species. Baseline studies at Twofold Bay, New South Wales. Unpublished final 
���
����
�����V
����
������������������	��@
��
����#�V��/9�&`�`�#��%���#

^��	�
�����8#9#�����������������+#/#�������������$#�+#� Y%�&�Z#���
���
���� �
�� ����	
���	��
����������
for detecting introductions of non-indigeneous marine species by ballast water - and a review of 
���
���
���
��	�

����
�9������
�#�V
�������
����
�V��@��V��/9�&�£%%�#�Occasional Reports of the 
Australian Museum 3: 1-147.

^��	�
����� 8#�� ���� ���� ������� +#�� �������� $#� Y%�&�Z#� U����
��� ������� 
�� ���� �����
	� ��	�
������ 
��
Twofold Bay, N.S.W, with a discussion of the marine species introduced into the bay. Proceedings 
of the Linnean Society of New South Wales�%%���QQ��Q��#�

�|@�9� /�	��
	��� ��
��#� Y%���Z#� Interim Marine and Coastal Regionalisation for Australia: An 
ecosystem-based classification for marine and coastal environments, Draft Version 3.0, Environment 
Australia, Department of the Environment, Sport and Territories, Canberra.

+�������>#�Y%��&Z#�������
�
	��

��
���
�����������������������������

���
��#�Science 279: 1312–1313.

+
���
��� ?#$#� Y%���Z#� U

�
��� ���� �
�����

�� �����
	�� 
�� ���� 
�
�
�� Cirolana harfordi. Marine 
Biology 36: 343-350.



Fisheries Research Report [Western Australia] No. 207, 2010 373

Johnston, EL. Keough, MJ. (2002) Direct and indirect effects of repeated pollution events of marine 
hard-substrate assemblages. Ecological Applications 12:�%�%�®%��&#

+
�����>#$#�Y%�&��Z#�9�K����
�����	
��
������
��������	������	
���
������$����@���
����
�������������
Western Australia. In: John, J. (ed.), Swan River estuary, Ecology and Management. Curtin 
University Environmental Studies Group, Report Number 1: 153-162.

+
�����>#$#� Y%�&��Z#�8���
�
����� 
�����
���

���
�� ���������	����
�� ����$����@���
��� �
�����������#�
In: J. John (ed.), Swan River estuary, Ecology and Management. Curtin University Environmental 
Studies Group, Report Number 1: 141-152.

+
����� >#$#� Y%����Z#� /��� �����
�������� �����	���� Y@
��
���
��� _����
�
������ U����
�
����Z� 
��
southern Western Australia. In: Wells, F.E., Walker, D.I., Kirkman, H. and Lethbridge, R. (eds), 
Proceedings of the Third International Marine Biological Workshop: The Marine Flora and Fauna 
of Albany, Western Australia, 1988: 333 - 437. Western Australian Museum, Perth.

+
�����>#$#�Y%����Z#�9���
����
����������
�������������	����Y@
��
���
���_����
�
������U����
�
����Z�
of the Shark Bay area, Western Australia. In: Berry, P.F., Bradshaw, S.D. and Wilson, B.R. (eds), 
Research in Shark Bay - Report of the France-Australe Bicentenary Expedition Committee���������#�
Western Australian Museum, Perth.

+
�����>#$#�Y%���	Z#�{		�����	��
�����������	���Tesseropora rosea (Krauss) (Thoracica, Balanomorpha, 
Tetraclitidae) in western Australian waters. Records of the Western Australian Museum�%`����'���&#

+
����� >#$#� Y%��%Z#�9� �
��
��� 
�� ���� �
�	
����� ���� ���	�
��

�� 
��9������
��� �����	���� Y@
��
���
���
Thoracica), including a bibliography of reference works. Archives of Natural History�%&��%`��%�&#

+
�����>#$#�Y%����Z#�9����
���
��9������
����
��
��������	���#�Asian Marine Biology����&��%��#

+
�����>#$#� Y%����Z#�U����	���#� In: G. J. Morgan (ed.), Aquatic fauna of the Kimberley islands and 
reefs, Western Australia�����`��''#�?�������9������
���|�������8����#

+
����� >#$#� Y%����Z#� Cirripedia of the Port of Fremantle Introduced Marine Pests Survey.  
Report prepared for Murdoch University, Perth: 4 pp. Western Australian Museum, Perth. 
Unpublished report. 

+
�����>#$#�Y%����Z#�Cirripedia of the Port of Darwin Introduced Marine Pests Survey. Report prepared 
for the Northern Territory Museum and Art Gallery: 20 pp. Western Australian Museum, Perth. 
Unpublished report.

Jones, D. S. (2000a). Preliminary identification of Crustaceans from the Vessel ‘Leonardo da Vinci’ in 
Geraldton Harbour. Report to URS Australia Pty Ltd.: 6 pp. Western Australian Museum, Perth. 
Unpublished report.

Jones, D.S. (2000b). Cirripedia of the Port Botany Introduced Marine Pests Survey. Report prepared 
for the New South Wales Fisheries Research Institute: 11 pp. Western Australian Museum, Perth. 
Unpublished report.

Jones, D.S. (2001a). Cirripedia of the Port Kembla Introduced Marine Pests Survey. Report prepared 
for the New South Wales Fisheries Research Institute: 11 pp. Western Australian Museum, Perth. 
Unpublished report.

Jones, D.S. (2001b). Cirripedia from the Australian Museum Sydney Ports Introduced Marine Pests 
Survey. Report prepared for the Australian Museum Sydney: 3 pp. Western Australian Museum, 
Perth. Unpublished report.

Jones, D.S. (2002). Cirripedia of the Port of Esperance Introduced Marine Pests Survey. Report to 
Esperance Port Authority: 5 pp. Western Australian Museum, Perth. Unpublished report.

Jones, D.S. (ed.). (2004a). Report on the results of the Western Australia Museum/Woodside Energy 
Ltd. Partnership to explore the Marine Biodiversity of the Dampier Archipelago, Western Australia 
%��&�����# Records of the Western Australian Museum, Supplement 66: 1-401.



374 Fisheries Research Report [Western Australia] No. 207, 2010

Jones, D.S. (2004b). Barnacles (Cirripedia: Thoracica) of the Dampier Archipelago, Western Australia. 
In: Jones, D. S. (ed.), Report on the results of the Western Australia Museum/Woodside Energy Ltd. 
Partnership to explore the Marine Biodiversity of the Dampier Archipelago, Western Australia 
1998-2002. Records of the Western Australian Museum, Supplement 66: 121-157.

Jones, D.S. (2005). Introduced marine species in the waters of Barrow Island, with emphasis on 
barnacle species. Report to ChevronTexaco Australia Pty Ltd. 14 pp. Western Australian Museum, 
Perth. Unpublished report.

+
�����>#$#�Y���&Z#�U����	�������������
��?
��
��@���K�������#����
�����
������?�������9������
���
Museum to the Western Australian Department of Fisheries.

Jones, D.S. and Berry, P F. (2000). Crustacea of the Montebello Islands. In: Berry, P.F. and Wells, 
F.E. (eds), Survey of the Marine Fauna and Habitats of the Montebello Islands, Western Australia. 
Records of the Western Australian Museum, $����������'���'���Q#

+
����� >#$#� ���� U���
��� /#� Y���&� 
�� ����#Z#� ����
��	��� ���������
���� YU����
�
������ U����
�����
Megabalaninae) in Australian waters: an identification guide. Zootaxa.

+
�����>#$#�����^��
����|#9#�Y%���Z#�Barnacles (Cirripedia). In: Hutchins, J.B., Slack-Smith, S.M., 
Bryce, C.W., Morrison, S.M. and Hewitt, M.A. (eds), Marine Biological Survey of the Muiron 
Islands and the eastern shore of Exmouth Gulf. Report to the Ocean Rescue 2000 Program (Project 
����������%�£�`Z��V���������%�����`Q�'Q#�?�������9������
���|�������8����#

+
�����>#$#�����^��
����|#9#�Y%���Z#�U����	����Y@
��
���
�Z#�In: Walker, D.I. (ed.), Marine Biological 
Survey of the Central Kimberley Coast, Western Australia (National Estates Grant Program Project), 
>�	�������%������%��'#���
����
���
��?�������9������
���8����#

Jones, D.S. and Hewitt, M. (2001). Crustaceans�����%'�%�#�In: Geraldton Port Survey Identification of 
Specimens#����
���������������>����������
��9!���
	��

�
����?9�|�������9���������%���
������
Geraldton Port Authority: �����#�?�������9������
���|�������8����#�������
��������
��#

+
�����>#$#��9�����
���+#/#�����9�����
���>#/#�Y%���Z#�@��	K�
���
������9������
���@
��
���
�#�Technical 
Reports of the Australian Museum, -������Q��%��&#

Jousson, O., Pawlowski, J., Zaninetti, L., Zechman, F.W., Dini F., Di Guiseppe G., Woodfield R. and 
Millar, A. (2000) Invasive alga reaches California. Nature (London) `�&��%'��'&#

Kendrick, G., Harvey, E., McDonald, J., Wells, F.E. and Walker, D.I. (2005). Introduction to the marine 
biology of the Recherche Archipelago, Western Australia. Pp. 1-10. In: Wells, F.E., Walker, D.I., 
and Kendrick, G. (eds), The Marine Flora and Fauna of Esperance, Western Australia. Western 
Australian Museum, Perth. 

Kennedy, TA. Naeem, S. Howe, KM. Knops, JMH. Tilman, D. Reich, P. (2002) Biodiversity as a barrier 
to ecological invasion. Nature 417:��Q�®�Q&#

��
����� |#+#� Y%�&�Z#� >
�������� 
�� ���� ���
�
�� Bugula neritina and effects of adults on newly 
metamorphosed juveniles. Marine Ecology Progress Series 57: 163-171. 

��
����� |#+#� ���� �
���� +#� Y%���Z#� ����
��	��� �
��
��� ���	
��� 
�� 8
��� 8�
��
�� U��#� In: Hewitt, C.L., 
Campbell, M.L., Thresher, R.E. and Martin, R.B. (eds), Marine biological invasions of Port Phillip 
Bay, Victoria#�@�������
��������	��
������
��	���|��
���8�����/�	��
	������
���-
#�����%�Q®���#�
CSIRO Marine Research, Hobart, Tasmania, Australia.

������$#�Y%��`Z#�U��������������
����������
��
��������#�Australian Quarantine and Inspection Service, 
Ballast Water Research Series. Report No 5.

�
������� �#-#� ���� �
������ �#� Y%�&�Z#� Sea Shells of Southern Africa. Capetown, Macmillan, South 
9��
	�#��`����#

Kinloch, M., Summerson, R.M.V., and Curran, D. (2003). Domestic vessel movements and the spread of 
marine pests: Risks and management approaches. Unpublished report for the National Oceans Office.



Fisheries Research Report [Western Australia] No. 207, 2010 375

��
*���#9#�����@����
���>#U#�Y%��%Z#�8
���8�
��
��U���$������8�����#�@�������`#�8
��	�����#�Memoirs 
of the National Museum of Victoria 32: 21-41. 

�
����8#�Y%�'�Z#�9�	
�
����
��9������
�#�%#�$�
�
�
����	�
��������8����
����	�
���#�Australian Journal 
of Marine and Freshwater Research 3: 206-333.

�
����8#�Y%�&'Z#�/���9������
���9�	
�
�	��#�8����%��8����
����	�
������$�
�
�
����	�
�#�Memoirs of the 
Queensland Museum��Q��%�`Q&#

�
���� 8#� Y%���Z#� /��� 9������
��� 9�	
�
�	��#� 8���� ��� 9��
��
����	�
�#� Memoirs of the Queensland 
Museum�����%����#

�
���� 8#� Y%���Z#�/��
	����� Y�����������/��
	���Z#� In: Shepherd, S.A. and Davies, M. (eds), Marine 
Invertebrates of Southern Australia Part III��%����%�''#�$
����9������
���������	������>����
������
����
�����Y9!���
	�$	
��	��Z���������V�
�������V�����
��$
����9������
��^����

K��@
��
����#

�
����K��� +#� Y%���Z#�9�����
�
����� ������
��Parcnassa burchardi (Philippi) (Mollusca, Gastropoda, 
Nassariidae) in the Swan River estuary. BSc(Hons) thesis, University of Western Australia.

��������V#�Y%&`&Z#�Die sudafrikanischen Mollusken. Ein Beitrag zur Kenntniss der Mollusken des Kap-
und Natal-landes und zur geographischen Verbreitung derselben, mit Beschreibung und Abbildung 
der neuen Arten. Stuttgart.

_����	K��+#U#�Y%&�%Z#�@�����	¥�#����%�`Q� in Lamarck, J.B. (ed.) Système des animaux sans vertèbres. 
Maillard, Paris.

_����	K��+#U#8#9#�Y%&��Z#�^
��

�������������������
���*���������������#�_����	K��8��
�#�

_��������@#@#�����_���������#�Y%��&Z#�-
��
��
���
�����	
�
����
���
�������@��
�
��
������
�������
marinas. Marine Biology�%Q�����'��&&#

_����������#���?�
��������/#�Y%���Z�Bivalves of Australia. Volume 1. Crawford House Press, Bathurst, 
New South Wales.

Leis, J., Gomon, M. and Larson, H. (2007). Australian fish taxonomists – an endangered species. 
Unpublished report to the Australian Marine Sciences Association.

_��
��� +#� 9#� Y%���Z#� Marine biofouling at the North Barnard Islands, Queensland. Department 
of Defence: Defence Science and Technology Organisation, Materials Research Laboratories, 
Melbourne. Report MRL-R-740: 21 pp.

_��
��� +#9#� Y%�&%�Z#� Records of Australian fouling organisms: Sessile barnacles (Crustacea: 
Cirripedia). Australian Department of Defence, Defence Science and Technology Organisation, 
|����
����������	��_��
���
�
��#����
���|�_����&����%Q���#

_��
��� +#9#� Y%�&%�Z#�Settlement of fouling organisms at the JTTRE North Barnard Island Raft Site. 
Department of Defence: Defence Science and Technology Organisation, Materials Research 
Laboratories, Melbourne. Report MRL-TN-450: 3 pp.

_��
��� +#9#� Y%�&�Z#�A guide to the principal marine fouling organisms, with particular reference to 
Cockburn Sound, Western Australia. Australian Department of Defence, Defence Science and 
/�	��
�
���{����
���

���|����
���������	��_��
���
��#����
���|�_���&'&��%����#

Lewis, J.A., Watson, C. and ten Hove, H.A. (2006). Establishment of the Caribbean serpulid tubeworm, 
Hydroides sanctaecrucis ��Æ���� ·
�¸�|Ä�	���%&�Q�� 
���
�������9������
�#�Biological Invasions� &��
665-671.

_
��������@#�Y%�'&Z#�Systemae naturae per Regna tria Naturae. Regnum Animale. Edition 10, Holmiae.

Linnaeus, C. (1766). Systemae naturae per Regna tria Naturae. Regnum Animale. Edition 11, Holmiae.

Linnaeus, C. (1767). Systemae naturae per Regna tria Naturae. Regnum Animale. Edition 12, Holmiae.

_
	K�����|#|#������
�
���|#V#�Y%���Z#�{		�����	�������
���
���

��
���*
�
	��
����� 
��8
���8�
��
��



376 Fisheries Research Report [Western Australia] No. 207, 2010

Bay. In: Hewitt, C.L., Campbell, M.L., Thresher, R.E. and Martin, R.B. (eds), Marine Biological 
Invasions of Port Phillip Bay, Victoria. Centre for Research on Introduced Marine Pests Technical 
���
���-
#�'��%�&�%��#�@$��{�|��
���������	���^
������/�����
���9������
�#

Lockett, M.M. and Gomon, M.F. (2001). Ship mediated fish invasions in Australia: Two new 
introductions and a consideration of two previous invasions. Biological Invasions�Q��%&��%��#�

_
��"
���@#��U
������+#8#�����̂ �������������#|#�Y%��&Z#�9��
	
��������	���
�����
�������
���Pseudoalteromonas 
isolate (Class Proteobacteria, Gamma Subdivision) on harmful algal bloom species of the genera 
Chattonella, Gymnodinium and Heterosigma. Applied and Environmental Microbiology��`���&����&%Q#�

Low, T. (2003). Ballast invaders: the problem and response. Prepared for Invasive Species Council.

_����

K��-#^#� Y%�&`Z#�Quaternary Molluscs of South Australia. Department of Mines and Energy, 
$
����9������
��^����

K����%�Q��#

Mackie, J.A., Keough, M.J., Christidis, L. (2006). Invasion patterns inferred from cytochrome oxidase 
����!���	���
�����������
�
�����Bugula neritina, Watersipora subtorquata, and Watersipora arcuata. 
Marine Biology�%`����&'���'#

|�	�����?#� Y%�'`Z#� {�� �
��� �
�
��	���� ���
����	�
���� �
����	�� ��
�� $
����9��
	�#� Annals of the 
South African Museum 13: 1-50.

|�	�����
��� +#^#� Y%�'QZ#� ��	
��� 
�� �� $
���� 9��
	��� �
����	� ��
�� 9������
�� YHaliotis sanguinea 
Hanley). Memoirs of the National Museum of Victoria�%&��%��#

Maggs, C.A. and Kelly, J. (2007). Codium Stackhouse. In��U�
�
���+#��|������@#9#���+
����>#|#�Green 
seaweeds of Britain and Ireland#���#�%&����%#�_
��
���U�
�
���8��	
�
�
	���$
	
���#

|��
���8��K�� �������������$���	�

��?
�K
�����
��� Y|8�$?�Z#� Y%��`Z#�A representative marine 
reserve system for Western Australia. Department of Conservation and Land Management, Perth.

|���������9#+#��@�
����^#-#���/�
���
���|#+#�Y���QZ#�Exotic Marine Pests: What is Being Done About 
Preventing Their Introduction. Presentation to the Darwin Harbour Plan of Management Workshop. 
Available at; http;//www.nt.gov.au/Fisheries.

|��������� +#�#�����/��������#>#� Y%��`Z#�Survey of Marine Borers 1970-1972. The Family Teredinidae in 
Australian Waters. @$��{�8�
"�	��8'�%%#�/�����
����
���
��-���$
����?�����8�
"�	��%���`'�%'#�%'&���#

|�����������#��|
���
�
��|#������
���
���#�Y%���Z#�����
���
���	���
�����������
��
��
	��
�
�����������
Polykrikos kofoidii on a bloom of Gymnodinium catenatum. Aquatic Microbial Ecology %����%��&#

McDonald, J. (2004). The invasive pest species Ciona intestinalis (Linnaeus, 1767) reported in a 
harbour in southern Western Australia. Baseline I. Marine Pollution Bulletin�`���&�&�&��#

|	>
������+�#� Y���&Z�9��
K��
�

��������
��
���
��
��
���
������
������	
��� 
���
��	�

�� �
��
������
ports in Western Australia. Fisheries Research Report 182. 32pp.

|	|
���� 9#�� ^������������ �#|#�� /�
��
��� 8#�� +��K
��
��� 9#�#� ���� ^�
"�
��� ^#� Y%���Z#� @���� ����
radionucleotide evidence for the recent introduction of the toxic dinoflagellate Gymnodinium 
catenatum into Tasmanian waters. Marine Ecology Progress Series 161:165-172. 

|��	
��� +#@#� ���� ?
���� 8#^#� Y%��'Z#� $������ 
�� 8�	
�
	� 
������ �
��
��� -$?� 	�����
���#� Australian 
Fisheries Q`��Q��Q&#

Medina, M. Andrade, S. Faugeron, S. Lagos, N. Mella, D. Correa, JA. (2005) Biodiversity of rocky 
intertidal benthic communities associated with copper mine tailing discharges in northern Chile. 
Marine Pollution Bulletin 50:�Q��®`��#

|�
������9#�� U��������/#��/�
������/#��9��
�
	�� U#�� |��������� �#U#�� U
��
����!���� @#V#�� @�
����
�
��
D., Cinelli, F., Cottalorda, S.M., Djellouli, A., El Abed, A., Orestano, C., Grau, A.M., Ivesa, L., 
Jaklin, A., Langer, H., Massuti-Pascual, L., Pierano, A., Tunesi, L., De Vaugelas, J., Zavodnik, N. 
and Zuljevic, A. (2001). The introduced green alga Caulerpa taxifolia continues to spread in the 



Fisheries Research Report [Western Australia] No. 207, 2010 377

Mediterranean. Biological Invasions 3: 201-210. 

|��K���@#/#�Y%&`QZ#�Molluscorum Novae Hollandiae Specia in Libraria Aulica Hahniana. Hahniana, 
Hanoverae. 46 pp.

Millar, A.J.K. (2002) The introduction of Caulerpa taxifolia in New South Wales, Australia. In 
Williams, E. and Grosholz, E. (eds), International Caulerpa taxifolia conference proceedings�����&�#�
California Sea Grant College, University of California – San Diego, La Jolla, CA.

|
������ 9#+#�#� ���� ������� �#/#� Y%�&`Z#� /��� ���� ������ ������ Acrosymphyton (Dumontiaceae, 
Cryptonemiales) in Australia. Phycologia 23: 135-145.

Millennium Ecosystem Assessment. (2005). Ecosystems and human well-being: Biodiversity synthesis. 
World Resources Institute, Washington, DC.

Miller, M.C. (2001). Descriptions of the dorid nudibranchs Polycera hedgpethi |��	����%��`�����P. 
fujitai U�����%&Q��
��-����������#�Journal of Molluscan Studies ����`�%�`��#

|
�������������^#� Y%&Q`Z#�Histoire naturelle des Crustacés, comprenant l’anatomie, la physiologie 
et la classification de ces Animaux. 8��
���_
���
�
����	�	�
�¥�
!�������
�����
�#�%��***���`�&���#�

|
�	�
��� >#� Y%���Z� |���������� 
�� ���� 
���
��	�

�� ���� ��������� 
�� ���
��� �
����	�#� Aquatic 
Conservation: Marine and Freshwater Ecosystems 6�������``#

|
�	�
���>#� Y����Z#�9!��	����������� ������
��� 
����	����
������
�
�������{����������� �
�K�� 
�� ����
spread of alien biota. Marine Pollution Bulletin 55: 302-313.

|
��
���@#@#9#�Y%�Q&Z#�{����������	
���	�

��
��8
��	��������
������$�����
�����?�������9������
�#�
Annals and Magazine of Natural History 11: 614-24.

|
�����8#+#������������/#�#�Y%��QZ#�_�����������������
�����
����
��
���
����
����
���
�������������
from Port Kembla Harbour, Australia. Marine Pollution Bulletin 26: 512-514.

|
�������#�+#� Y%���Z#�9�� 
���
��	���8�	
�
	���"
��	������
��@
	K�����$
������
��������9������
�#�
Crustaceana�'&��Q%��Q%�#

|
�������#+#�����?������V#�#�Y%��%Z#��

��
�����
	���
�
�	���
������^���
�����U������������_����
��
Current systems. Journal of the Royal Society of Western Australia��`��'����#

Morrison, H. ?������V�#�Y���&Z�@
�
�
���

��
��V���������^���
�������@
	K�����$
���� Western Australia by 
the eastern Australian scallop Saeochlamys livida Y_����	K��%&%�Z#�Molluscan Research 28 (2): 107-110.

Morton, B., Lam, K. and Slack-Smith, S. (2003). First report of the European flat oyster Ostrea edulis, 
identified genetically, from Oyster Harbour, Albany, south-western Western Australia. Molluscan 
Research �Q��%�����&#

Naeem, S. Knops, JMH. Tilman, D. Howe, KM. Kennedy, T. Gale, S. (2000) Plant diversity increases 
resistance to invasion in the absence of covarying extrinsic factors. Oikos 91:���®%�&#

Neil, K.M., Hilliard, R., Clark, P., and Russell, B.C. (2005). A situation and gaps analysis of IMS, 
vectors, nodes and management arrangements for the northern planning area. An independent report 
by CRC Reef, URS Perth and the MAGNT for the National Oceans Office Branch of the Department 
of Environment and Heritage.

-������� ?#� 9#� Y%���Z#� {�� ���� �

��
������� 
�� �����
�
���� �����	���� 
�� ���� �
������� 
	����
including two new balanid taxa: a subfamily, two genera and three species. In: Proceedings of the 
International Symposium on Marine Biogeography and Evolution in the Southern Hemisphere, 
��
����
��� 
�� 9�	K������ +���� %`����� %��&#� -��� �������#� Department of Scientific Industrial 
Research Information��$��
���%Q���%������Q��#

NIMPCG. (2006) Australian Marine Pest Monitoring Guidelines: Version 1. The National Introduced 
Marine Pest Coordination Group.

NIMPIS (2002). National Introduced Marine Pest Information System. Hewitt C.L., Martin R.B., Sliwa 



Q�& Fisheries Research Report [Western Australia] No. 207, 2010

C., McEnnulty, F.R., Murphy, N.E., Jones T. and Cooper, S. (eds). Web publication <http://crimp.
marine.csiro.au/nimpis>. Date of access: various in 2007.

Notti, A. Fattorini, D. Razetti, EM. Regoli, F. (2007) Bioaccumulation and biotransformation of arsenic 
in the Mediterranean polychaete Sabella spallanzanii: experimental observations. Environmental 
Toxicology and Chemistry 26�Y�Z��%%&���%#

{������/#�� ���
������/#� ���� �
������ |#� Y%�&�Z#� ����	�� 
�� ������ ������������ ���� �
���� 
�����
��� 
��
growth rate and toxicity change in Protogonyaulax tamarensis. Marine Biology��'���%�����#�

{��

�������#|#�������������-#V#�Y%���Z#�/���	��������
���
���

�������������	��
������9��������
���
barnacle Elminius modestus in Portugal. Journal of the Marine Biological Association of the United 
Kindtom �����Q���Q�#

{��������#@#� Y%�'�Z#�U��
�
��
�� ����8�	
�
	�	
����
��9���
	���8����%��@��
�
��
�����9���	�#�Allan 
Hancock Pacific Expeditions�%`��%����#�

{��������#@#�Y%�'�Z#�U��
�
��
������8�	
�
	�	
����
��9���
	��8�������@��
�
��
�����®�9�	
��
��#�Allan 
Hancock Pacific Expeditions 14: 271-611. 

{��������#@#� Y%�'QZ#�U��
�
��
�� ����8�	
�
	�	
����
��9���
	���8����Q��@�	�
��
������@���
��
������
Entoprocta, and addenda. Allan Hancock Pacific Expeditions %`���%Q�&`%#�

8��
�����>#�#��@�
�
K
��K
��|#9#�����U�	�����_#9#+#�Y%���Z#�8���
	�
��������������
����������������
(Dreissena polymorpha) to inland waters using boater movement patterns. Global Ecological and 
Biogeographical Letters�'��Q'Q�Q'�#

8������
��V#��@���
��
��9#������
��
���#�Y%��%Z#��
������
�������
���
���

����
��
��
����
�
��
����Tapes 
philippinarum Y9����������������%&'�Z��������$�		���
��
�
�Y>���������8
Z#�Il Pesce 2: 51-57.

8������ �#>#�� @���
��� >#�#� ���� @�

K���� >#8#� Y%���Z#� Exotic marine pests in Portland harbour and 
environs. Marine and Freshwater Resources Institute Report No. 1, Marine and Freshwater 
Resources Institute, Queenscliff, Victoria. 40pp.

8������ �#>#�� _
	K����� |#|#�� @�

K���� >#8#�� @
������� -#� ���� $
�	��
��� |#� Y%���Z#� Mapping and 
distribution of Sabella spallanzanii in Port Phillip Bay. 8�
"�	���`£%�`���
	�
�
���V
����
���������	��
Institute, Queenscliff, Victoria.

Paxton, H. and Chou, L.M. (2000). Polychaetous annelids from the South China Sea. The Raffles 
Bulletin of Zoology Supplement�&�������Q�#�

8�*�
�#� +#�#� ���� ^
����� >#V#� Y%�&'Z#� /��� +�������� ���� ������ Lateolabrax japonicus (Pisces, 
Percichtyidae), an apparent marine introduction into eastern Australia. Japanese Journal of 
Ichthyology�Q%��Q���Q��#

8����	�
K�� 8#�#� Y%�'�Z#� V���
��
	� ��	
���� ��
�� §���������#� 8���� �#� Ç� |��
��� ���� ���	K
��� ������
hydroids. University of Queensland Papers: Department of Zoology 1: 141-210. 

8�
��
���� +#9#� Y%�&&Z#�V
���������
�
	������������
�������� ����
���
���
�������9������
��� ���	
���
��
Ulva (Ulvaceae, Chlorophyta). Australian Systematic Botany 1: 411-456.

Piola, RF. Johnston, EL. (2006a) Differential resistance to extended copper exposure in four introduced 
bryozoans. Marine Ecology and Progress Series 311: 103–114.

Piola, RF. Johnston, EL. (2006b) Differential tolerance to metals among populations of the introduced 
bryozoan Bugula neritina. Marine Biology 148:����®%�%�#

8

�����V#�+
����
����_#�Y���&Z�8
����

������	������
����
����
�������
�	�������
��������
�
���	��
��
marine hard-substrate communities. Diversity and Distributions 14:�Q��®Q`�

8
������� >#9#� ���� ^��	�
����� 8#9#� Y%����Z#�9� ���
��� 
�� �*
�
	� ���
��� 
����
���� 
���
��	��� �
� ����
Australasian region, I. Fishes. Asian Fisheries Science 3: 205-221.

8
������� >#9#� ���� ^��	�
����� 8#9#� Y%����Z#�9� ���
��� 
�� �*
�
	� ���
��� 
����
���� 
���
��	��� �
� ����



Fisheries Research Report [Western Australia] No. 207, 2010� Q��

Australasian region, II. Invertebrates and algae. Asian Fisheries Science 3: 223-250.

Pollard, D.A. and Rankin, B.K. (2003). Port of Eden Introduced Marine Pest Species Survey. Final 
Report to Coasts and Clean Seas Program. NSW Fisheries Final Report Series No. 46. 67pp.

8

�����#�@#�U#� Y%���Z#�$��	
����
�������
��

�� 
��Synidotea (Isopoda: Idoteidae) and recognition of 
introduced marine species: a reply to Chapman and Carlton. Journal of Crustacean Biology 16: 
Q&`�Q�`#�

8

�����#@#U#�������
�����$#�Y%��`Z#�>
���
���

�������������	��
���
����
��
���
����	��
��8
���8�
��
��
Bay, Victoria. Australian Journal of Marine and Freshwater Research�����Q�%�`%%#

8

�����#@#U#�����$�
�����|#�Y%���Z#�$
������
�����@�����	���
��8
���8�
��
��U��#� In: Hewitt, C.L., 
Campbell, M.L., Thresher, R.E. and Martin, R.B. (eds), Marine biological invasions of Port Phillip 
Bay, Victoria. Centre for Research on Introduced Marine Pests Technical Report No. 20: 150–170. 
CSIRO Marine Research, Hobart, Tasmania, Australia.

��
�����U#�#���8
������#�Y����Z�/���V��
���8�	�
�
���#�9�@
�	�
�
�
	����	
�
������#�@
�	�U

K���
Hackenheim, Germany. 

������� 8#|#� Y%�'�Z#� -��� �������� ���	���� ����

��#� 8���� �#� @���������

���� ���� @�������
�
���#�
Transactions of the Royal Society of New Zealand�&`��&%%�&'`#�

�������8#|#�Y%�'&Z#�-��������������	��������

���8������#�V��
�
���_��
�
�����_
��
���

�����̂ ���	

����
and Syntheciidae. Transactions of the Royal Society of New Zealand�&'��Q�%�Q'�#�

�������8#|#�Y%���Z#�^���
�
��
��8
���8�
��
��$������%�'��%��Q#�Memoirs of the National Museum of 
Victoria 27: 157-166.

RAN. (2000). Australian Maritime Doctrine. Royal Australian Navy. Accessed via http://www.aph.gov.
au/house/committee/jfadt/maritime/report/chapter6.pdf�YV�����������&Z#

�������_#9#�Y%&`Q�%&`�Z. Monograph of the genus Pleurotoma. @
�	�
�
�
	���	
�
	��%�����#�%�Q��#

����� ¨#� ���� _
��� +#��#� Y%��&Z#� $���
��� 
�� @�
����� @
��
���
�� Y@�����	��Z#� �#� ������ Balanus. Studia 
Marina Sinica��%Q��%%��%��#

�
������|9#�U
��
����!����@V#�Y%��'Z�����
��	������
�����������
������	
����������	���
���	�
�������
mechanisms and impact. Progress in Phycological Research 11��%&����&#

�
�	�
���+#�Y%�%%Z#�^���
�
��Y����

���

�����������$��������
��Z�
�������/���
����*���
�

�#�Memoirs 
of the Australian Museum�`��&���&��#�

Roberts, C.M., McClean, C.J., Veron, J.E.N., Hawkins, J.P., Allen, G.R., McAllister, D.E., Mittermeier, 
C.G., Schueler, F.W., Spalding, M., Wells, F., Wynne, C., and Werner, T.B. (2002). Marine 
biodiversity hotspots and conservation priorities for tropical reefs. Science ��'��%�&��%�&`#

�
�������>#�����?������V#�#�Y%�&�Z#�/������
�������������
����
����	��
������9�����������
��?�������
Australia. Records of the Western Australian Museum�&��QQ'�Q��#

�
������
���8#9#�Y%�&`Z#�9��������*����

���
���������
�������
���	����Carcinus maenas Y_
��#��%�'&Z�
in South Australia. South Australian Naturalist�'���%&�%�#

Rudman, W.B. (2004). Further species of the opisthobranch genus Okenia (Nudibranchia: Goniodorididae) 
from the Indo-West Pacific. Zootaxa ��'��%���#

��
��� �#|#�� @����
��� +#/#�� ��
��
���� �#>#� ���� ^
�����9^#� Y%���Z#� ��
���� 
����

��� 
�� ���
��� ����
������
��� ���
����� ��� �
��
��
���
��� ���	
���� ��	���
����� �*����� ���� 	
���!���	��#� American 
Zoologist 37: 621–632.

Ruiz, G.M., Fotonoff, P.W., Carlton, J.T., Wonham, M.J., Hines, A.H. (2000a). Invasion of coastal 
marine communities in North America: apparent patterns, processes and biases. Annual Review of 
Ecology and Systematics,�Q%��`&%�'Q%#



Q&� Fisheries Research Report [Western Australia] No. 207, 2010

Ruiz, G.M., Raulings, T.K., Dobbs, F.C. (2000b). Global spread of microorganisms by ships. Nature ̀ �&��̀ �#

Ruiz Sebastian, C., Etheridge, S.M., Cook, P.A., O’Ryan, C. and Pitcher, G.C. (2005). Phylogenetic 
analysis of toxic Alexandrium (Dinophyceae) isolates from South Africa: implications for the global 
phylogeography of the Alexandrium tamarense species complex. Phycologia�``��`����#�

Russell, B.C., Neil, K. and Hilliard, R. (2004). Ashmore Reef National Nature Reserve and Cartier 
Island Marine Reserve. Marine and Terrestrial Introduced Species Prevention and Management 
Strategy. Report to the Department of Environment and Heritage by Museum and Art Gallery of the 
Northern Territory, CRC Reef Research and URS Australia Pty Ltd, Perth.

�������� +#$#� Y%��'Z#� Catalogue of main marine fouling organisms (found on ships coming into 
European waters). Volume 2: Polyzoa. Organization for Economic Cooperation and Development, 
8��
�#�&Q���#

��������+#$#�����^��������8#+#�Y%���Z#�British anascan bryozoans. Cheilostomata: Anasca. Keys and 
notes for the identification of the species.�9	����
	�8������_
��
�#�%&&���#

$�����
���9#� ���� ����
��
�� �#� Y%���Z#� -��� ����� 
�� ���� 
����
���	�� 
�� �
������� ���� �
�������

��
patterns in the colonial ascidian Botryllus schlosseri. Rivista di Biologia�����''���&#

$����/#�Y%&��Z#�9���		
����
���
���
���������
����������
��������
����$�����#�Journal of the Academy 
of Natural Sciences of Philadelphia �����%��`&���'�������Q���Q�'#

$	������K���U#��|�������-#��������
	K���$�Y����Z#���
��������
	���	��
!�����
�
�����
����������
��	���
of the invasive alga Caulerpa taxifolia in three new locations in Australia. Marine Pollution Bulletin 
44: 204-10.

$	������$#�#��@�����������#+#�����9�����
���>#|#�Y%�&`Z#�/����������	�������
���
���

��
�������
*
	�
dinoflagellate, Gonyaulax tamarensis, in Long Island estuaries. Estuaries 7(4B): 472-477. 

$	��	������8#�Y%���Z#�/������
���������
��-������������9���	��������

����������
����������Y@�
���
���
Hydrozoa). New Zealand Oceanographic Institute Memoir %����%�%'�#

Schwindt, E. Iribarne, O.O., and Isla, F.I. (2004). Physical effects of an invading reef-building polychaete 
on an Argentinean estuarine environment. Estuarine and Coastal Shelf Science '���%���%��#

$���������$#9#� ����/�
����� �#|#� Y���Z� Y%�&�Z#�Marine invertebrates of southern Australia. Part II. 
$
����9������
����
���������8�
��
���>
�
�

���9����
��#�`�%���#�

Siguan, M.A.R. (2003) Pathways of biological invasions of marine plants. In: Ruiz, G.M. and Carlton, 
J.T. (eds). Invasive species vectors and management strategies. Island Press, Washington.

Sinner, J., Forrest, B., Taylor, M., Dodgshun, T., Brown, S. and Gibbs, W. (2000). Options for a national 
pest management strategy for the Japanese kelp Undaria. Technical Report, New Zealand Ministry 
of Fisheries.

$K
������ $#� ���� ?
��������� ^#U#$#� Y%�&QZ#� -��� ��	
���� Y�
��
���� 
���
��	�

��Z� 
�� Striaria, 
Stictyosiphon and Arthrocladia (Phaeophyta) for southern Australia. Transactions of the Royal 
Society of South Australia�%����'���&#

$��	K�$�
����$#|#�����U���������9#�Y%�&�Z#�Musculista senhousia YU���
���%&`�Z����������� ��	������
introduced into the Swan River estuary, Western Australia (Mollusca: Mytilidae). Records of the 
Western Australian Museum 13: 225-230.

$�
���� 8#�#� Y%��'Z#� The estuarine ecology of two species of nassariid gastropods in South-Western 
Australia. MSc thesis, University of Western Australia.

$
�
K
����#�#��$
�
K
���8#�#����������������#�Y%���Z#�{������*����������������

��
�������
�
�����������
Alexandrium tamarense in lagoons of the Po River Delta: Impact on the environment. Journal of Sea 
Research 35: 251-255. 

$
���������9#+#�����@�
����>#+#�Y%��QZ#�Barnacles of European Waters. In: Catalogue of Main Marine 



Fisheries Research Report [Western Australia] No. 207, 2010� Q&%

Fouling Organisms, Vol. 1, Barnacles. pp 1-46, figs 1-25. Organisation for Economic Cooperation 
and Development, Paris.

$
��������#U#�Y%&�%Z#�|
�
������
������������Ostrea. Pls. 1, 6-33. In: Sowerby, G.B. Conchologica 
Iconica. _#���������@
#��_
��
�#��
�����%&#

Stafford, H., Willan, R.C. and Neil, K.M. (2007). The invasive Asian green mussel, Perna viridis 
Y_
�������� %�'&Z� YU
����
��� |��
�
���Z�� ������� 
�� /�
�
��� ������� ��
�
	��� �
������� 9������
�#�
Molluscan Research ����%�'�%��#

$�
K�
���� �#/#� Y���&Z#� Risk assessment of commercial fisheries introducing or translocating non-
indigenous marine species in Western Australian managed fisheries—Workshop Procedure, Rev. 1, 
prepared for the Western Australian Department of Fisheries. E-Systems Pty Limited, Perth.

$��������9#+#� Y%��`Z#�Factors affecting survival of Musculista senhousia (Benson, 1842) (Bivalvia: 
Mytilidae) in the Swan Estuary.  Unpublished Honours Thesis, Department of Zoology, University 
of Western Australia. pp. 102.

Summerson, R. and Curran, D. (2005). The potential for the commercial fishing to spread introduced 
marine pests. Final report. Bureau of Rural Sciences, Canberra.

$�������@#�#�Y%���Z#�{�����������/�����
�#�Tasmanian Fisheries Research 6: 1-15.

$�������@#�#�Y%��`Z#�{�����������/�����
�#�Tasmanian Fisheries Research�&��%�%�#

$����������� +#8#� Y%��&Z#� V��	�

���� �
���� 
�� Schizoporella and Styela in the fouling community at 
Beaufort, North Carolina. Ecology�'����'����`#�

/���
����#?#�Y%�&QZ#�>��	�
��
�����*
�
�����������������������������#�In: Highley, E. and Taylor, R.W. 
(eds), Australian Systematic Entomology: A Bicentenary Perspective���Q�%Q`#�@$��{��|���
����#

/�
��
���+#|#�Y%�`�Z#�/���������
�������������
���
������$�����
�����������#�9�����
�
������������
��
Freshwater Bay with notes on the chief species. Journal of the Royal Society of Western Australia 
30: 55-73. 

/�
��
��� +#|#� Y%�'�Z#� /��� �		�
���
���

�� ���� ��
���� 
�� ���� 8�	
�
	� 
������ YGryphaea gigas) in 
Australia. Australian Journal of Marine and Freshwater Research 3: 64-73.

/�
��
���+#|#�Y%�'`Z#�/����������
��
�����������9������
������	
��#�Australian Journal of Marine and 
Freshwater Research�'��%Q��%�&#�

/�
��
��� +#|#� Y%�'�Z#� /��� �������
���

�� 
�� ���� 8�	
�
	� 
������ 
��9������
�#� Australian Journal of 
Marine and Freshwater Research�%���%``�%`�#

/����������#�#�Y%���Z#�Proceedings of the first international workshop on the demography, impacts and 
management of introduced populations of the European crab, Carcinus maenas.  CSIRO Marine 
Research, Hobart, Tasmania, CRIMP Technical Report Number 11. 

/�
���
�����@#>#�Y%���Z#�����
��	�������������
���������	
���
��Codium fragile: how distinctive is the 
invasive subspecies tomentosoides? Marine Biology�%����%`Q��%��Q#�

/��������#>#�Y%���Z#�A Survey and Illustrated Catalogue of the Teredinidae. (Mollusca: Bivalvia). The 
Museum of Comparative Zoology, Harvard University, Cambridge Massachusetts. 265 pp.

/��������#>#�Y%��%�Z#������
�
	��

��
�����
����

���
�
����
����	�#�In: Jones, E.B.G. and Eltringham, 
S.K. (eds.), Marine Borers, Fungi and Fouling Organisms of Wood: 17-64. Organization for 
Economic Cooperation and Development, Paris.

/��������#>#�Y%��%�Z#�9������
�����
��
���#�Australian Natural History. %���%Q��%`�#

/���
���>#^#��>
������8#�#�#�����/���
���V#+#�#�Y%��&Z#�$�*���
�������	�����
����

��
����	
�
	�����
���
��
the toxic dinoflagellate Gonyaulax tamarensis. Journal of Phycology %`���Q'��Q&#�

Tyrrell, M.C. and Byers, J.E. (2007) Do artificial structures favour non-indigenous fouling species over 



Q&� Fisheries Research Report [Western Australia] No. 207, 2010

native species? Journal of Experimental Marine Biology and Ecology 342: 54-60.

��
�
�
��^#�Y%���Z#�@
�������
���
�������������������K�
���	
��
�������
�������������*����
���
special reference to the parietal structure. Publications of the Seto Marine Biological Laboratory, 
Sirahama�%'��%����Q�#

URS. (2007). Review and evaluation of the biofouling protocol for vessels less than 25 m in length. 
General review prepared for the Australian Quarantine and Inspection Service by URS Australia Pty 
Ltd, Perth.

��
���_#_#�����?������#�#�Y%�&%Z#��*���
�����������
���
�����������������������
����
�����
�
��
������
natural environment. Australian Journal of Marine and Freshwater Research�Q����Q���'�#

����-�����?#�#�Y%�`'Z#�/���-
��������$
����9���
	�����	
�
���#�Bulletin of the American Museum 
of Natural History &`��%�`��#

�����!����|#��U����
	K��8#|#���
�������/#���
��������U
����	K��|#�����|����
���|#�Y���'Z#�/���������
Grateloupia C. Agardh (Halymeniaceae, Rhodophyta) in the Thau Lagoon (France, Mediterranean): 
a case study of marine plurispecific introductions. Phycologia�``��`���`��#

�����!����|#��>�������@#��^�
������+#|#��U
��
����!����@#�V#�����_��8��	
���#�Y���QZ#�{������
����
���
and origin of the invasive Mediterranean Caulerpa racemosa (Caulerpales, Chlorophyta). European 
Journal of Phycology�Q&��Q�'�QQ�#

�
���������#�Y%��%Z#�U��
�
�#�In��U��	K��+#^#�Y��#Z��8
���8�
��
��$������%�'��%��Q#��
	�
�
���9������
�#�
Part 2. Memoirs of the National Museum of Victoria Q����'�&�#

Vitousek, P.M., Aber, J.D., Howarth, R.W., Likens, G.E., Matson, P.A., Schindler, D.W., Schlesinger, 
?#^#� ���� /
������ >#�#� Y%���Z#� ^����� �������

�� 
�� ���� ��
���� �
��
���� 	�	���� �
��	��� ����
	
���!���	��#�Ecological Applications 7: 737–750.

Wallentinus, I. and Nyberg, C.D. (2007). Introduced marine organisms as habitat modifiers. Marine 
Pollution Bulletin 55: 323-332.

?��������$#�Y%���Z#�U��������������������
��
��������*
�
	����
���
����
���
���
��	�

����
����
�����9�
Victorian study. Environment Protection Authority, Victoria Publication�`�`��%�%`Q#

?���
���+#�#�Y%��QZ#�8����
����������*���
�

��%����®��#�^���

��#�Transactions of the Royal Society 
of South Australia ����%'Q����#�

?���
���+#�#�Y%��'Z#�^���

���
��U��������������
�������/�����
�#�Transactions of the Royal Society 
of South Australia�����%'��%��#�

?���
���+#�#�Y%��&Z#�-������	
�������������	
����
��9������
�������	��������

��#�Proceedings of the 
Royal Society of Victoria�����Q�%�Q%`#�

?���
��� +#�#� Y%�&�Z#�/��� 
����
��� 
�� ��
� �������
��� ����

��� ��
��9������
�� �
��� �� ���	�
��

�� ����
observations on the reproduction of Ralpharia magnifica gen. et sp. nov. Memoirs of the National 
Museum of Victoria 41: 53-63. 

?���
���+#�#�Y%��`Z#�$����
������������

�����
����������U����$���
�#�Victorian Naturalist 111: 65-73. 

?���
���+#�#�Y%���Z#�>
���
���

�������

��
�����
	������

���
���
����������

��������
������9������
���
west coast: A preliminary account. Scientia Marina������'�&Q#�

?���
���+#�#�Y%���Z#�/�������

��������
������^
������9��
��
�����������?�������9������
�#�In: Wells, 
F.E. (ed.), The Marine Flora and Fauna of the Houtman Abrolhos Islands, Western Australia. 
Volume 2: 503-546. Western Australian Museum, Perth.

?���
���+#�#�Y%���Z#����
���
������

���
���
��	����
��
	�
�
���������# In: Hewitt, C.L., Campbell, 
M.L., Thresher, R.E. and Martin, R.B. (eds), Marine biological invasions of Port Phillip Bay, 
Victoria#�@�������
��������	��
������
��	���|��
���8����#�/�	��
	������
���-
#�����&&�%��#�@$��{�
Marine Research, Hobart.



Fisheries Research Report [Western Australia] No. 207, 2010� Q&Q

Watson, J.E. (2000). Hydroids (Hydrozoa: Leptothecatae) from the Beagle Gulf and Darwin Harbour, 
northern Australia. The Beagle�%���%�&�

?������V#�#�Y%�&�Z#�/����
���
���

��
�������
�����������
�����
�
����	�������
�
���
����	����
�������
coastline of Western Australia. Veliger 22: 232-247.

?������V#�#� Y%�&`Z#�A guide to the common molluscs of South-Western Australian estuaries. Western 
Australian Museum, Perth. 112 pp.

?������ V#�#� Y%���Z#� �������� 
���
��	�

�� �
� ����9������ ����� 
�� ?�������9������
�#� ���� ?������ V#� �#��
Walker, D.I., Kirkman, H., and Lethbridge, R. (eds), The Marine Flora and Fauna of Albany, 
Western Australia: 1-5. Western Australian Museum, Perth.

?������V#�#�Y���&Z#��
�K������������
��	
����	
����
����
���
���
��	
���
�����������
����
��
��
���
���
marine species (NIMS) in Western Australia. Unpublished report by the Department of Fisheries, 
Perth, Western Australia.

?������ V#�#� ���� �
������� �#-#� Y%�&�Z#� /����� ���������� ������ ���	
��� 
�� $
���� 9��
	��� �����
�
���
recorded for the first time in southwestern Australia. Veliger 28: 453-456. 

Wells, F.E., Walker, D.I., and Jones, D.S. (eds.). (2003). Proceedings of the eleventh international 
marine biological workshop: The marine flora and fauna of Dampier, Western Australia. Western 
9������
���|�������8����#�'&�������#

?������V#�#�����U��	���@#?#�Y%�&�Z#�Seashells of Western Australia. Western Australian Museum, Perth. 
��&���#

?������V#�#�����U��	���@#?#�Y%��QZ#�Seaslugs of Western Australia. Western Australian Museum, Perth. 
%&`���#

Wells, F.E. and Huisman, J. (2004). Barrow Island Quarantine Marine Baseline Strategy. Report to 
ChevronTexaco Australia Pty Ltd, Western Australian Museum, Perth. 22 pp.

?������ V#�#� ���� �
������� �#-#� Y%�&�Z#� /����� ���������� ������ ���	
��� 
�� $
���� 9��
	��� �����
�
���
recorded for the first time in southwestern Australia. Veliger��&��`'Q�`'�#�

Wells, F.E., Longbottom, A.F. and Longbottom, J. (2005). The marine molluscs of Esperance Bay and 
the Recherche Archipelago, Western Australia. In: Wells, F.E., Walker, D.I., and Kendrick, G. The 
Marine Flora and Fauna of Esperance, Western Australia���&��Q%`# Western Australian Museum, 
Perth.

?������V#�#��/��������|#+#�����|	>
������+#�#�Y���&Z#�Evaluation of the National Introduced Marine Pest 
Monitoring Manual trialled in Albany, Western Australia. Unpublished Report by the Department of 
Fisheries to the National Introduced Marine Pest Coordination Group.

Wells, F.E. and Walker, D.I. (2003). Introduction to the Dampier marine environment. In: Wells, F.E., 
Walker, D.I. and Jones, D.S. (eds), Proceedings of the Eleventh International Marine Biological 
Workshop: The Marine Flora and Fauna of Dampier, Western Australia: 1-12. Western Australian 
Museum, Perth.

?������V#��#��?��K����>#�#���
�K�����^#������_�����
������#�Y���Z�Y%�����%��%Z#�The marine flora and 
fauna of Albany, Western Australia. Western Australian Museum, Perth. 

Western Australian Museum. (2001). Geraldton Port Survey. Identification of specimens. Report to the 
�������
��8
���9���
�
����������>����������
��9!���
	��

�
����?�������9������
���|�����#

Western Australian Museum. (2002). Esperance Port Survey. Identification of specimens. Report to 
�����������
��8
���9���
�
����������>����������
��9!���
	��

�
����?�������9������
���|�����#

Western Australian Museum (2005). Barrow Island Survey for Introduced Marine Species. Western 
Australian Museum, Perth, ii + 22 pp.

Wildsmith, M. (2007). Determination of benthic macro invertebrate assemblages in the Swan River 



Q&` Fisheries Research Report [Western Australia] No. 207, 2010

Estuary, and comparisons of such assemblages in the nearby Peel-Harvey Estuary during the present 
�����������
�������������%�&��#�������
�����8�>�����
���|���
	����
����
��#

?
�������#@#� Y%�&'�Z#�8���
�
��������
���
�� �������
����
������������������9�	K������-����������#�
Poirieria, Auckland Museum Conchology Section 14: 2.

?
�������#@#�Y%�&'�Z#�$�		�������������
�������
������9�
����������Musculista senhousia (Benson in 
@���
���%&`�Z�
��-����������#�Records of the Auckland Institute and Museum�����&'���#

?
�������#@#�Y%�&��Z#�/����������Musculista senhousia in Australia: another aggressive alien highlights 
����������
��!������
�������
���#�Bulletin of Marine Science�`��`�'�`&�#

?
������ �#@#� Y%�&��Z#� 8���
�����
	� ��������
	�� ���� �

��
������� 
�� 9������
��� ���
����	��#�
1. Presence of the aeolid Godiva quadricolor (Barnard) in Western Australia. Journal of the 
Malacological Journal of Australia�&���%�&'#

?
������ �#@#� ���� @
������� -#� Y%�&`Z#� Nudibranchs of Australia. Australian Marine Photographic 
Index, Sydney. 56 pp.

Willan, R.C., Russell, B.C., Mufet, N.B., Moore, K.L., McEnnulty, F.R., Horner, S.K., Hewitt, C.L., 
>�������#|#��@���������|#_#���U
�K���$#/#�Y����Z#�{������K�
��Mytilopsis sallei Y�¥	�����%&`�Z�
(Bivalvia: Dresseinidae) in Australia. Molluscan Research 20: 25-30.

?
��
���U#�#� Y%��Q��%��`Z#�Australian Marine Shells Prosobranch Gastropods. Odyssey Publishing, 
Kallaroo, Western Australia. 2 volumes.

?
��
���U#�#�Y%��&Z#�{�����|��
�

���#�In: Beesley, P.L., Ross, G.J.B., and Wells, A. (eds), Molluscs: 
The Southern Synthesis. Fauna of Australia. Volume 5: 250-253. CSIRO Publishing, Melbourne.

?
��
���U#�#�����9�������#�#�Y%�&�Z#�|�"
��	
��
�����������
���
���

��
�����
��������#�8�#�`Q��&#�����
Dyne, G.R. and Walton, D.W. (eds.). The fauna of Australia. Volume 1A. General articles. Bureau 

��V�
�����V������9������
����
���������8�
��
���$���
	���@�������#

?
��
��� U#�#� ���� ^
��K
��� �#8#� Y%���Z#�9� 	
������
��� �		
���� 
�� ���� ����
��	�
��� 	�	���� 
�� �
���
species of marine mussels (Bivalvia: Mytilidae) in the vicinity of Fremantle, Western Australia. 
Australian Journal of Marine and Freshwater Research 18: 175-203.

?
��
���U#�#����������
	K���#?#�Y%��&Z#�/�����	������������	��
��Notospisula trigonella (Lamarck) 
(Mollusca: Bivalvia: Mactridae) in the Swan Estuary. Journal of the Malacological Society of 
Australia 1: 362-371.

?
��
���U#�#�������
	K���#?#���U���������9#�Y%��&Z�The benthic fauna of Cockburn Sound, Western 
Australia. Part I: Prosobranch gastropod and bivalve molluscs. Unpublished report to the Western 
Australian Department of Conservation and Environment.

Wilson, N. (2006). New record of the nudibranch Polycera hedgpethi� ��#� |��	���� %��`�� 
�� $
����
Australia, with a discussion on its occurrence in Australia. Records of the Western Australian 
Museum, $��������������%Q��%`�#

?
��
����#$#�Y%�&`Z#�Neanthes (Polychaeta: Nereididae) from Victoria with descriptions of two species. 
Proceedings of the Royal Society of Victoria������������#�

?
��
����#$#�Y%�&&Z#�$��
�����
������������Nectoneanthes����"
����%������
���Neanthes Kinberg, 
%&���Y8
��	�������-���
�
���Z#�Proceedings of the Biological Society of Washington 101: 4-10.

?
��
��� �#$#� Y%���Z#� 9����
���� 8
��	������ 
�� 8
��� 8�
��
�� U��# In: Hewitt, C.L., Campbell, M.L., 
Thresher, R.E. and Martin, R.B. (eds), Marine biological invasions of Port Phillip Bay, Victoria. 
@�������
��������	��
������
��	���|��
���8�����/�	��
	������
���-
#�����%�&®%�&#�@$��{�|��
���
Research, Hobart, Tasmania, Australia.

?
���
���+#�#�Y%�&�Z#�|��
������
�
����Y�	�
��
	��Z�
���������
����
����������V�
�
��#�Bulletin of the 
American Museum of Natural History�%�Q�����%��#�



Fisheries Research Report [Western Australia] No. 207, 2010� Q&'

Wirtz, P., Araújo, R. and Southward, A.J. (2006). Cirripedia of Madeira. Helgoland Marine Research 
60: 207-212. 

?
������U#�Y%�'&Z#�/��������
���������������
���
����������
���
����Hydroides norvegica Gunnerus 
(Polycheata). Australian Journal of Marine and Freshwater Research����Q'%�Q�%#

?
���������^#U#$#�Y%�&`Z#�The marine benthic flora of southern Australia. Part I. Government Printer, 
$
����9������
���9����
��#�Q�����#

?
���������^#U#$#�Y%�&�Z#�The marine benthic flora of southern Australia. Part II. South Australian 
�
���������8�
��
���>
�
�

���9����
��#�`&%���#

Womersley, H.B.S. (2003). The marine benthic flora of southern Australia - Part IIID Ceramiales - 
Delesseriaceae, Sarcomeniaceae, Rhodomelaceae. Australian Biological Resources Study and State 
Herbarium of South Australia, Canberra and Adelaide. 533 pp.

Wyatt, A.S.J., Hewitt, C.L., Walker, D.I. and Ward, T.J. (2005). Marine introductions in the Shark Bay 
World Heritage Property, Western Australia: a preliminary assessment. Diversity and Distributions 
11: 33-44.

��
������?#�Y%��&Z#�-
���
������
		�����	��
���������
�������
���	����Carcinus maenas Y_
��#��%�'&Z�
in Australia. The South Australian Naturalist 53: 11-12.

��
������?#�Y%�&&Z#�/������
�������
���	�����Carcinus maenas in the Coorong--a potential threat to 
local fisheries. Transactions of the Royal Society of South Australia�%%���%&%�%&�#

�
��
�
���� |#� Y%��%Z#� {��

��� �
�
�
	��

�� 
�� ���� |��
���������� ���
��� ������ ���� ��
��� ��� ����
establishment of exotic species. Mesogee�'%��&Q�%��#


