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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As the first step, all available literature, unpublished reports, and anecdotal information was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:

* 60 species are considered to have been introduced through human activity, including three
on the list of Australian declared marine pests;

* 7 introduced species, including four natural introductions, have not been found recently and
are not presently considered to be living in Western Australia;

» 26 species are regarded as cryptogenic or native; and

* O species, including two declared marine pests, are questionable or rejected.

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
Sound in the 1980s and has now become a permanent part of the molluscan fauna of both
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
58 species have all been introduced from overseas.

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
875 flora and fauna samples were collected. 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.

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
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. 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
that it should be considered to have met the requirement for a baseline survey of Dampier. This
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
coast of Western Australia have been detained at Willie Creek, 38 km north of Broome until
their cases have been heard in court. A survey was undertaken of the creek in February 2008
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
requirement for a detailed survey of Willie Creek.

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:

* The number of vessels visiting the port;

 Their port of origin (domestic or international);

* The volume and source of ballast water discharged in each port;
* The dead weight tonnage (DWT); and

* The type and associated risk of vessels visiting each port.

Using the criteria outlined above the three ports at most risk of non-indigenous marine species
introductions are:

* Dampier;
e Fremantle; and

* Port Hedland.

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.

This is a similar document exploring the question of whether the national monitoring system
should be expanded to include marine parks and fish habitat protection areas. The panel
concluded that such an expansion is required.

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
Pacific Oceans (Wells 1980; Wilson and Allen 1987). Most of the species that live on the north
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 ef al. 1996), including that of Western
Australia. The major mechanisms (Carlton 1985) for introducing species are through:

* Dballast water discharge;
* hull fouling; and

» deliberate introductions.

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
and Carlton 1983; Paesanti et al. 1991; Grosholz and Ruiz 1995; Blanchard 1997; Wyatt et al.
2005). The damage can include:

 disruption of ecosystem function;

* loss of biodiversity;

* losses to fisheries and aquaculture;

+ fouling of pipelines and industrial equipment; and

» diseases in native species and humans.
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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 ef al. 1988; Campbell 1994; Walters
1996). A second example is the fouling caused by a species of mussel (Dreissena 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.

During the 1990s and earlier in this decade the CSIRO Centre for Research into Introduced
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

Records of the Western Australian Museum 25: 1-44 (2008).

Introduced marine biota in Western Australian waters

John M. Huisman', Diana S. Jones?, Fred E. Wells®, and Timothy Burton®

!Western Australian Herbarium, Department of Environment and Conservation, Locked Bag 104,
Bentley Delivery Centre, Western Australia 6983, Australia.
and School of Biological Sciences and Biotechnology, Murdoch University,
Murdoch, Western Australia 6150, Australia.
?Department of Aquatic Zoology, Western Australian Museum, Locked Bag 49, Welshpool DC,
Western Australia 6986, Australia.
3Western Australian Department of Fisheries, Level 3, 168 St Georges Terrace,
Perth, Western Australia 6000, Australia.

Abstract - An annotated compendium is presented of 102 species of marine
algae and animals that have been reported as introduced into Western
Australian marine and estuarine waters, four of which are on the Australian
national list of targeted marine pest species. For each species the authority,
distribution (both in Western Australia and elsewhere), voucher specimen(s)
and remarks are given. Sixty species are considered to have been introduced
through human activity, including three on the list of Australian declared
marine pests. The most invasive groups are: bryozoans (15 species),
crustaceans (13 species) and molluscs (9 species). Seven of these introduced
species, including four natural introductions, have not been found recently
and are not presently considered to be living in Western Australia. Twenty-
six species are regarded as cryptogenic or native. The records of nine species,
including two declared marine pests, are questionable or rejected.

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.

We conclude with a strong recommendation that continuing baseline
taxonomic research and surveys of the Western Australian marine waters be
regarded as an essential component of protecting and managing the State’s
valuable marine environment.

INTRODUCTION result of these pest intrusions (Paesanti et al. 1991;

The introduction of exotic species into the
marine environment is a major threat to native
biodiversity and ecosystem health (Padilla et al.
1996; Hass and Jones 2000). Three primary vectors
for marine introductions are recognised — via
ballast water discharge, hull fouling or deliberate
introductions, such as through aquaculture
(Carlton 1985) (species can also be accidentally
introduced by being attached to deliberately
introduced organisms such as oysters). While most
introductions remain relatively passive and
apparently co-exist with native species without
detriment, many others have the ability to become
pests, dominating and excluding local species and
resulting in major shifts in ecosystem structure
(Brenchley and Carlton 1983; Grosholz and Ruiz
1995). Local loss of biodiversity is an inevitable

Blanchard 1995; Blanchard 1997; Wyatt et al. 2005).
Some introduced species can directly impact
human health, for example by toxin accumulation
in shellfish due to toxic dinoflagellates
(Hallegraeff et al. 1988). Consumption of
contaminated shellfish may result in illness or
death (Campbell 1994; Walters 1996).

Western Australia (WA) has, thus far, remained
relatively free of marine pests. Jones (1992a)
recorded 25 marine introductions into the State’s
waters, over half (15) detected since the 1970s and
most of those introduced by shipping, either as
fouling organisms or via ballast water. Furlani
(1996) also recorded 25 introduced marine species
in Western Australia. In 1999, this number was
increased to 30 (Hass and Jones 1999). Those
introductions that have been reported have
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generally remained innocuous, or have been largely
restricted to artificial environments such as
harbours. This parallels the situation in other
Australian areas. A search of the National
Introduced Marine Pest Information System website
(NIMPIS 2002) reveals a list of 44 species
introduced or possibly introduced into WA.
Additional information presented here increases the
number of known introduced species to 60. As yet
there are no published data regarding adverse
impacts of introduced species in Western Australia
(Hass and Jones 1999), but several have been shown
to have significant impacts in 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 spallanzanii, the
European fan worm (Clapin and Evans 1995),
although studies in Victoria have suggested that
this species has the potential to compete with native
filter feeders and change the structure of the benthic
food web (Walters 1996). Adverse impacts may not
occur until decades after the initial introduction and
establishment (Courtney 1990) and it would,
therefore, be extremely short-sighted to assume that
Western Australia’s relatively unaffected marine
environment is somehow immune to infestation by
pest species.

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 will
reveal that, for most, suitable conditions for their
growth and possible survival can be found
somewhere in the State (Department of
Agriculture, Fisheries and Forestry 2006). Thus the
risk of a pest incursion is high and on-going
vigilance is important if WA is to remain relatively
pest free. It is also pertinent to point out here that
the incursion of marine pests is a two-way process.
For example, the Australasian barnacle
Austrominius modestus Darwin was introduced
into Europe from Australia or New Zealand
following the end of World War II, attached to the
hulls of returning ships (Bishop, 1947). The species
spread, becoming established on the British
mainland coast and then extending to Europe
(Bishop and Crisp 1957; Crisp 1958). Currently the
species occurs from the Shetland Islands to
Portugal and Maderia (Southward and Crisp 1963;
Hiscock et al. 1978; O’Riordan and Ramsay 1999;
Wirtz et al. 2006). Similarly the temperate
Australian gastropod Bedeva paivae (Crosse, 1864)
has colonised South Africa (Kilburn and Rippey
1982) and the south-western Australian green alga
Caulerpa racemosa var. cylindracea (Sonder)
Verlaque, Huisman and Boudouresque has become

J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton

a major pest in the Mediterranean (Verlaque et al.
2003). The vector by which these introductions
occurred is not known, especially in areas where
native fauna is not well documented.

Several factors can hamper marine pest surveys.
Obvious impediments include the marine
environment itself, as most introductions remain
hidden from sight, their presence often only
revealed by snorkelling or SCUBA diving. Perhaps
of greater significance, however, is the difficulty in
accurately identifying introduced species and
assessing their impact. For almost all introduced
species it is virtually impossible to ascertain the
‘event’ that led to the introduction, and many are
not observed until they are well established and
essentially impossible to eradicate. Accurate
identification is essential, primarily to ensure that
introduced species are not missed, but equally to
ensure that native species are not inadvertently
recorded as introductions, as there are many
undescribed native species. For example, some
species generally considered to be cosmopolitan
may be undocumented introductions or, conversely,
non-introduced native species (Chapman and
Carlton 1991; Poore 1996).

The large number of ships, private yachts, and
illegal foreign fishers means that there is a
considerable current potential for additional marine
species to be introduced into WA. The current
resource boom is concentrated in the Pilbara, but
includes all parts of Western Australia. The planned
increase in shipping movements means there will
be increased threats of species being introduced
into WA. There have already been several incidents
that give cause for alarm. In October 2002, the cutter
suction dredge Leonardo da Vinci arrived in
Geraldton almost directly from the Caribbean and
had a number of foreign species, including potential
pest species, in its sea chests or attached to its hull.
Prompt action was taken by authorities to minimise
the chances of an introduction. A resurvey is
planned to see if any species have been introduced.
A second incident occurred in late 2006, when the
dredge Volvox Australia arrived at the port of
Dampier fouled with the Asian green mussel, Perna
viridis. It was denied entry and went to Singapore
for cleaning in drydock before being allowed to
return to WA. More recently a barge arrived in
Dampier and on inspection was found to have an
extensively fouled hull. It was immediately ordered
to go out to the 200 m depth contour and be cleaned
before returning to port; on return to the coast the
ship was reinspected and allowed to enter Port
Hedland.

In managing incidents such as these, it is critical
that we understand what species have been
introduced into Western Australia and where they
occur. This paper develops the required
information.
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Introduced marine biota in Western Australia
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Figure 1 Map of the major areas of Western Australia where introduced marine species have been reported.

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



MATERIALS AND METHODS

This paper presents a list of species reported or
believed to have been introduced into Western
Australian waters. The records have been drawn
from a variety of sources, including the scientific
literature, several unpublished surveys of WA ports
and unpublished information. Figure 1 shows the
major marine areas in Western Australia where
introduced species have been recorded. Table 1
shows the major surveys of Western Australian
ports. We have listed all species previously
documented as ‘introduced’ in the State. In
addition, several species included herein are newly
recorded; these meet at least some of the criteria
used by Chapman and Carlton (1994, see below) for
recognition of introduced species. Cryptogenic
species (i.e., those potentially introduced but their
origins presently obscure due to their widespread
distribution) are listed only if they are known to
exhibit pest tendencies elsewhere.

Listed for each species are the authority and
distribution (both Western Australian and
elsewhere) incorporating published records and
whether there are voucher specimen(s) in the WA
Museum, WA Herbarium or other institutions.
Occasionally no vouchers were available to support
the records and these species should be viewed
critically. Where several works are cited, it is likely
that the earliest published will represent the
original record, with those following generally not
providing new records but repeating the original. A
remarks section includes an assessment of any
questionable records and an evaluation of the pest
potential of the species. Finally, several tables
indicating the present status of the species are
given.

Abbreviations for voucher specimens are: WAM =
Western Australian Museum; PERTH = Western
Australian Herbarium; AD = Adelaide Herbarium;
MUCV = Monash University Botany Department
Herbarium; QM = Queensland Museum; AM =
Australian Museum; MV = Museum of Victoria.

Assessing native or introduced status

Several species listed herein represent new (or
recent) records for Western Australia. These may
simply have been overlooked previously, but their
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proximity to harbours suggests potential
introductions. They have been assessed against the
list of criteria provided by Chapman and Carlton
(1994) to objectively identify marine introductions,
including:
1. Previously unknown locally (herein interpreted
as no published records and no specimens in the
WA Museum or Herbarium)
Post introduction range extension
Human mechanism of introduction
Association with known introductions
Association with artificial or altered
environments
6. Discontinuous or restricted regional distribution
Disjunct global distribution
8. Insufficient life history adaptations for global
dispersal

9. Exotic evolutionary origin

These criteria are particularly useful when
assessing recent introductions, but the status of
species introduced some time ago and since
naturalized cannot be determined without
additional study, typically involving DNA
sequencing methods to assess relationships between
the local population and potential source
populations. Voucher collections in museums and
herbaria can also assist in determining a species’
status, but these are often not available and
historically record-keeping was generally not as
detailed or consistent as it presently is.
Compounding these difficulties is the high
likelihood that populations of many widespread
species arose from multiple introductions over time.
In such cases, when a species is known to be widely
distributed but its origin (or native range) cannot be
determined, the species is regarded as ‘cryptogenic’.
A cryptogenic species may or may not be
introduced, but current methods do not allow a
definitive assessment. A species that is cryptogenic
in one location, however, may subsequently be
introduced to another.

SN

N

DISCUSSION
A total of 102 species are discussed in the present
paper, enabling a more accurate assessment of the
status of introduced marine species in Western

Table1 Major surveys for introduced marine species in Western Australia.

Location Reference Identifications

Esperance Campbell (2003b) WA Museum

Albany CRIMP (1997b) CRIMP

Bunbury CRIMP (1997a) CRIMP

Fremantle CRIMP (2000) Various; WA Museum identified vouchers

Geraldton Campbell (2003a) WA Museum

Dampier Wells et al. (2003); Jones (2004) WA Museum surveys accepted by NIMCPG in lieu of broad
survey; numerous specialists identified the material.

Port Hedland CRIMP (1999) CRIMP
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Table 2 Targeted pest species in Western Australia (4
spp-)
Dinoflagellates

Alexandrium minutum
Alexandrium tamarense’

Polychaetes
Sabella spallanzanii

Molluscs
Musculista senhousia

! Requires confirmation by genetic studies.

Australia. Only four species are on the Australian
national list of targeted marine pest species (Table
2). Two are dinoflagellates, Alexandrium tamarense
and A. minutum, although the record of A.
tamarense is yet to be positively confirmed by
genetic analyses (Hallegraeff 2007; pers. comm.).
The other targeted marine pest species are the
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polychaetes Sabella spallanzanii and the bivalve
mollusc Musculista senhousia. Table 3 lists 60
marine species that have been introduced and and
are presently established in Western Australia. They
represent a wide range of plant and animal taxa.
The groups with the most introduced species are
bryozoans (15), crustaceans (13) and molluscs (9).
Seven species have been reliably reported as
introduced to Western Australia (i.e., with
vouchers) but have not been collected or observed
recently and are not presently known to occur in
the State (Table 4). Four of these are natural
introductions (Macpherson 1953; Wells and Kilburn
1986). Twenty-six species are considered to be
cryptogenic or native (Table 5). The records of nine
species are questionable or have been excluded
(Table 6).

Altogether, 60 species are classified as being
introduced and currently living in Western

Table 3 Marine species introduced and presently established in Western Australia (60 spp.)

Dinoflagellates (1 sp.)
Alexandrium minutum

Algae (4 spp.)

Elachista orbicularis
Grateloupia imbricata
Pseudocodium de-vriesii
Stictyosiphon soriferus

Bryozoans (15 spp.)
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

Crustaceans (13 spp.)
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

Hydroids (6 spp.)
Antennella secundaria®
Ectopleura crocea
Eudendrum carneum
Halecium delicatulum
Obelia dichotoma
Sarsia eximia

Molluscs (9 spp.)
Velacumantus australis
Godiva quadricolor
Musculista senhousia
Mytilus edulis planulatus
Okenia pellucida

Ostrea edulis

Polycera hedgpethi
Scaeochlamys livida
Theora lubrica

Polychaetes (4 spp.)
Alitta succinea
Boccardia proboscidea
Ficopomatus enigmatica
Sabella spallanzanii

Ascidians (5 spp.)
Ascidiella aspersa
Botryllus schlosseri
Ciona intestinalis
Styela clava

Styela plicata

Fish (3 spp.)

Acentrogobius pflaumi
Sparidentex hasta
Tridentiger trigonocephalus

2 considered by NIMPIS (2002) to be cryptogenic in parts of WA but introduced to the Pilbara region.
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Table4 Marine species introduced but not presently
found in Western Australia (7 spp.)

Crustaceans

Carcinus maenas
Pyromaia tuberculata

Molluscs

Bullia annulata (natural introduction)

Crassostrea gigas

Cymatium cutaceum africanum (natural introduction)
Haliotis spadicea (natural introduction)

Nassarius kraussianus (natural introduction)

Table 5 Species considered to be cryptogenic or native
(26 spp.)

Dinoflagellates
Alexandrium tamarense®

Algae

Acanthophora spicifera
Acrosymphyton taylorii
Caulerpa taxifolia
Cottoniella fusiformis
Endarachne binghamiae
Eucheuma denticulatum
Hypnea musciformis
Ulva fasciata

Ulva taeniata

Bryozoans

Aetea anguina

Beania mirabilis
Synnotum aegyptiacum
Tricellaria inopinata

Hydroids

Aglaophenia parvula
Antennella secundaria*
Eudendrium capillare
Gymnangium gracilicaule
Obelia bispinosa

Obelia longissima®
Plumularia setacea
Plumularia warreni

Molluscs
Nassarius burchardi
Spisula trigonella

Polychaetes
Hydroides elegans®

Ascidians
Botrylloides leachi

Requires confirmation by genetic studies.

* considered by NIMPIS (2002) to be cryptogenic in parts of WA but
introduced to the Pilbara region.

® according to sections of NIMPIS (2002), this species is not recorded

from Australia, but elsewhere on the site is listed as cryptogenic

Regarded as a possible introduction by NIMPIS (2002).
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Table 6 Questionable and excluded records (9 spp.)

Dinoflagellates
Alexandrium catenella
Gymnodinium catenatum

Algae
Striaria attenuata

Crustaceans
Amphibalanus improvisus

Molluscs

Haliotis diversicolor
Haliotis hargravesi
Teredo navilis

Polychaetes
Polydora ciliata
Pseudopolydora paucibranchiata

Australia. All of these species occur in marine areas
associated with harbours. A majority (34 species)
have been recorded only in harbours. Twenty-six
species occur both in harbours and on nearby open
coasts, including estuaries such as the mouth of Peel
Inlet. This strongly suggests species are being
introduced 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
targeted survey would be required to determine
how widespread 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 by Wyatt et al. (2005), and the barnacles from
the various papers of DSJ.

A second major finding of Table 7 is that most of
the marine species introduced into Western
Australia are cooler 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 published work on introduced species. It
must be noted that the Port of Dampier, which has
considerable shipping activity, has not been
surveyed in detail, although the associated Dampier
Archipelago, which includes a broad variety of
marine habitats, has been the subject of several
intensive marine biodiversity surveys (Wells and
Walker 2003; Jones 2004a). Because most of the
introduced species are temperate, it follows that
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
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species and is the port with the largest number of
vessel movements. Albany (25), Bunbury (24) and
Esperance (15) are all smaller ports 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 variety of niches for introduced species
to occupy. In this regard, the Albany area also has a
wide variety of habitats in close proximity (Wells
1990), so the large number of introduced species
might be expected. Esperance has a much lower
habitat diversity (Kendrick et al. 2005), 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. A
separate analysis is currently being undertaken of
the numbers of vessel movements and where the
vessels have come from.

It is impossible to know when most of the species
were introduced into Western Australia. Lamarck
(1819) described Mytilus edulis planulatus from
King George Sound. If the species is in fact
introduced as we believe, it arrived with the very
first European boats to visit the south coast and
eastern Australia. That M. edulis is introduced has
already been suggested by Hewitt (2003). Morton et
al. (2003) reported the European oyster Ostrea
edulis (Linnaeus, 1758) from Oyster Harbour,
Albany. This species was also probably an early
arrival. The first record of an introduced species in
Western Australia appears to be the barnacle
Amphibalanus amphitrite (Darwin, 1854), which
was recorded from Broome, north-western
Australia by the Swedish Mjoberg Expedition
(1910-1913; in Broch 1916), although it was known
previously from the east coast (Darwin 1854).
Subsequently, the ascidian Botryllus schlosseri
(Pallas, 1766) was recorded by Hartmeyer and
Michaelsen (1928). These were followed by the
polychaetes Alitta succinea (Leuckart, 1847) and
Ficopomatus enigmatica (Fauvel, 1923) by Monro
(1938). Kott (1952) reported the ascidian Styela
plicata (Lesueur, 1823). There were two species
recorded in the late 1970s and 11 in the 1980s. The
great majority were reported in the 1990s and
earlier this decade, many as a result of surveys
undertaken by the CSIRO’s Centre for Research on
Introduced Marine Pests (CRIMP) and other
surveys. However, many of these species may have
been in Western Australia well before the first
literature record. For example, the polychaete
Sabella spalanzanii was first reported by Clapin and
Evans (1995). Subsequent examination of the WA
Museum collections demonstrated that the first
specimen was collected in Albany in 1965 but it was
not identified at that time.
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The NIMPIS (2002) database can be searched by
state or territory. A search of the database for
introduced species lists the following numbers:
Victoria (57); New South Wales (55); Tasmania (45);
Western Australia (44); South Australia (43);
Queensland (26); and the Northern Territory (9).
While the data are out of date, identifications were
often not done by specialists in the various groups,
and are not backed by voucher specimens, they do
suggest that on a nationwide basis there tend to be
more introduced marine species on the temperate
south coast than in the tropical northern waters, a
point discussed by Hutchings et al. (2002). 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. We recognise 60
species as being introduced and 26 as cryptogenic
in the entire state of Western Australia. Hewitt et al.
(2004) report 99 species as introduced to Port
Phillip Bay, Victoria, alone, and an additional 61
cryptogenic species in the bay. However, it should
be recognised that the number of known introduced
species is probably inflated by the detailed studies
that have been conducted. There is cause for
comfort in the relatively low number of species
introduced into Western Australia given the
14,000km of coastline and wide range of
temperatures, spanning the full range of tropical
and temperate habitats. However, 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
into Dampier. Whatever the current situation, there
is still a great need for continued vigilance.

One aspect arising from this project, for which we
have co-opted the term “the taxonomic
impediment” (Taylor 1983), warrants further
comment. It is recognized that the identification of
introduced species is a difficult process that
requires specialist taxonomic knowledge and
historic faunistic and floristic data (Hass and Jones
2000). A common thread running through much of
the literature regarding marine introductions is the
lack of baseline studies and the difficulty in
accurately identifying specimens. For example, the
CRIMP survey of Fremantle Port (CRIMP 2000)
recorded 44 species of red algae (Rhodophyta), of
which 28 were essentially unidentified (Red sp. 1,
etc.) and a further four are identified to genus only.
Granted the study was targeted primarily at
introduced and pest species, but how then does one
recognise new introductions if the biota is not
identified? A consequence of this inability to
identify the vast majority of species is that the
survey has no value as a baseline for further work.
Also, if a species is not identified, there is no basis
for knowing whether or not it is introduced. If
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Table 7 Distribution of introduced marine species in Western Australia. (Note: Fremantle includes Cottesloe,
Cockburn Sound, Garden I., Swan R. and Rockingham)

Open coast Marine areas

South
Southwest
Gascoyne
Pilbara
Kimberley
Esperance
Albany
Bunbury
Fremantle
Geraldton
Useless Loop
Carnarvon
Onslow
Barrow I.
Dampier
Port Hedland
Broome
Cockatoo I.
Koolan I.

Species

Algae (4 spp.)

Elachista orbicularis
Grateloupia imbricata
Pseudocodium de-vriesii
Stictyosiphon soriferus X

=
bl
X X

Dinoflagellates (1 sp.)
Alexandrium minutum X X X

Bryozoans (15 spp.)
Amathia distans
Amathia vidovici
Bowerbankia gracilis
Bugula flabellata
Bugula neritina
Bugula stolonifera
Conopeum seurati
Cryptosula pallasiana X X
Savignyella lafontii
Schizoporella errata X X X X
Schizoporella unicornis X X X
Tricellaria occidentalis
Watersipora arcuata X X X
Watersipora subtorquata X X X
Zoobotryon verticillatum X X

> X
XX XXX

XXX X
XXX
XX X
XX X

b

>

x

XXX XX
x

Crustaceans (13 spp.)
Amphibalanus amphitrite X
Amphibalanus reticulatus

Cirolana harfordi

Paracerceis sculpta X

Paradella dianae X
Sphaeroma serratum X

Megabalanus ajax

Megabalanus rosa

Megabalanus tintinnabulum X X
Monocorophium acherusicum X
Monocorophium insidiosum
Monocorophium sextonae X
Tesseropora rosea X

> X

XXX < x
XXX <
<

x x

b

X x
KR K XXX

XXX X
X X

b

Hydroids (6 spp.)

Antenella secundaria

Ectopleura crocea

Eudendrium carneum

Halecium delicatulum X
Obelia dichotoma

Sarsia eximia

XXX XX
XXX bes
bes

bes

HKX XX X
XXX X
R XXX

Molluscs (9 spp.)
Velacumantus australis
Godiva quadricolor
Musculista senhousia
Moytilus edulis planulatus X X X X
Okenia pellucida
Ostrea edulis X

KX XXX
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Table 7 (cont.)

Open coast

Marine areas

South
Southwest
Gascoyne
Pilbara
Kimberley

Species

Esperance

Bunbury
Geraldton
Useless Loop
Carnarvon
Onslow
Barrow L.
Dampier
Port Hedland
Broome
Cockatoo I.
Koolan I.

Polycera hedgpethi
Scaeochlamys livida
Theora lubrica

Polychaetes (4 spp.)

Alitta succinea

Boccardia proboscidea

Ficopomatus enigmatica X
Sabella spallanzanii

Ascidians (5 spp.)

Ascidiella aspersa

Botryllus schlosseri X X
Ciona intestinalis

Styela plicata X X
Styela clava

Fish (3 spp.)

Acentrogobius pflaumii
Sparidentex hasta
Tridentiger trigonocephalus

XXX X

x| Albany
X % X | Fremantle

XXX
XXX X

>
XXX XX

XX X

14 18 8 4

Totals (60 spp.) 4

15

25 24 46 7 2 2 1 6 6 12 3 2 0

voucher specimens are deposited in the State
Museum or Herbarium, future studies by
taxonomists are possible, but unfortunately
specimen deposition has often been neglected.

In the past, a number of surveys of Australian
ports have been conducted. The specimens collected
were treated in different ways by a variety of
contractors who conducted the work, often without
the aid of taxonomists. Few collections were
deposited in Australian museums or herbaria, so
recorded distributions could not be verified by
vouchered specimens. As part of the National
System for the Prevention and Management of
Introduced Marine Pests in Australia, funding was
provided by the Natural Heritage Trust for the Port
Survey Integration project (2005-2006), to firstly
trace these collections and secondly relocate them
to the relevant state museums and herbaria, where
they could be housed, curated and made available
for scientific study. Very few vouchers had been
kept of marine algae. For fauna, 50,735 specimen
lots were retrieved and deposited, including 15,967
in the Western Australian Museum. The material
ranged from unsorted lots in varying states of
preservation to material identified to species.
Specimens representative of introduced marine
faunal pest, introduced and cryptogenic (likely
introduced) species, which had been identified in

each surveyed port, were verified by state museums
dependent on the taxonomic expertise available.
Fifteen introduced species and 17 cryptogenics
were identified from the Western Australian
material. These records are accessible nationally via
the OZCAM website (Online Zoological Collections
of Australian Museums). It is interesting to note
that only one specific taxonomic group, the
barnacles, had all the specimens identified to
species in every port collection by a taxonomic
expert (DS], an author of the present paper).
Although this makes the barnacle data set a potent
national asset, it also emphasises the severe lack of
taxonomic expertise in Australia and the problems
facing us in the identification of introduced pests,
which in the port surveys were often identified by
contractors with varying skill levels.

A more positive example is the marine biological
survey of the waters of the Dampier Archipelago
conducted by the WA Museum from 1998 to 2002
(Jones 2004a). Although this survey excluded the
Port of Dampier, five species of introduced
barnacles were recorded in the area, including port
areas (Jones 2004b). Overall >4500 marine animal
and plant species collected by the survey were
identified to species by expert taxonomists world-
wide, vouchered and deposited in the collections of
the Western Australian Museum and the Western
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Australian Herbarium. This material, collected from
120 geo-positioned stations, is a valuable baseline
for future work including surveys for introduced
species in the area (Jones 2004a, b). Although diving
was not undertaken in the port operational areas,
intertidal collecting was done, and we believe the
results obtained are representative of the Dampier
region.

Unfortunately, capable marine taxonomists in
Western Australia are few in number and poorly
supported. For some ecologically important marine
organisms (e.g. hard corals, soft corals, polychaetes,
etc.) and groups with known fouling organisms
(e.g. ascidians, bryozoans, hydroids, etc.) specimens
need to be sent to interstate or overseas experts, as
there are none in Western Australia. This lack of
expertise severely hampers both the baseline
assessment of the Western Australian marine biota
and the assessment of potential introductions. There
can be no substitute for taxonomic expertise and
experience. It would be folly to expect that species
recognition and assessment of invasive status can
be undertaken without input from experienced
taxonomists. Furthermore, it is imperative that
voucher specimens be retained. These permanent
collections permit reassessment of records and
allow for update of names following taxonomic
revisions. Unvouchered records are of limited value
and can only be assessed in light of the level of
expertise of the identifier, for the most part a fairly
nebulous gauge of a record’s worth. Voucher
specimens remove all doubt, particularly where
future studies may show there are sibling species or
presently undescribed native species.

We conclude with a strong recommendation, that
continuing baseline taxonomic research and surveys
of the Western Australian marine waters be
regarded as an essential component of protecting
and managing the State’s valuable marine
environment.

SPECIES LIST

Algae (Chlorophyta, Heterokontophyta,
Rhodophyta)

Preamble

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), but there seems little value in
including them in this compendium. Womersley
(2003: 499), faced with a similar situation in the
southern Australian marine flora, commented

J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton

“There are numerous species in all three phyla
which are regarded as widely dispersed species
rather than adventive (i.e., introduced). These
include some species (such as Polysiphonia brodiei)
which may be adventive, but they have known to
be present for a long time and are known from
several localities.” While we have not included the
majority of these widespread species, we have,
however, incorporated cryptogenic species that are
known introductions or pest species in other areas.

CHLOROPHYTA

Class Ulvophyceae (Green Algae)
Order Bryopsidales
Family Caulerpaceae
Caulerpa taxifolia (Vahl) C.Agardh, 1817

Western Australian records and vouchers

Known from the Abrolhos Islands (PERTH
03985369) and north into tropical WA (PERTH
07117620).

Distribution elsewhere

Widespread in tropical seas. The invasive strain is
thought to have originally come from southern
Queensland and has been introduced to New South
Wales and South Australia (in addition to overseas
locations such as the Mediterranean and California)
(Jousson et al. 2000; Cheshire et al. 2002; Millar
2002; Schaffelke et al. 2002). Subtle genetic
differences between these populations suggest that
several independent introductions have occurred.

Remarks

This species has been recorded from tropical
Western Australia, but it is unlikely to be the
invasive strain of C. taxifolia. Molecular testing is
required to positively identify the invasive strain.
No unusually prolific infestations of C. taxifolia
have been reported and the species has not been
seen outside of its expected tropical distribution.

Family Pseudocodiaceae
Pseudocodium devriesii Weber-van Bosse, 1896

Western Australian records and vouchers
Known only from Cottesloe and off Rous Head,
Fremantle (PERTH 07259948; 07259697).

Distribution elsewhere

Known from East London, South Africa eastward
to Mozambique; Madagascar (Coppejans et al.
2005).
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Remarks

This species appears to be restricted to the Rous
Head and Cottesloe area, where it forms small
clusters in sand associated with rocks. It was first
observed in 2000 and its proximity to Fremantle
harbour suggests it is probably an introduction.
DNA sequence analyses (Verbruggen, pers. comm.,
2006) have demonstrated its conspecificity with
specimens from South Africa. The population does
not appear to be spreading but any expansion
should be monitored closely.

Order Ulvales
Family Ulvaceae

Ulva taeniata (Setchell) Setchell and Gardner,
1920

Western Australian records and vouchers

Fremantle, Swan Estuary (Womersley 1984: 149;
Phillips 1988: 450, as U. stenophylla; MUCV 1578,
1579).

Distribution elsewhere
Pacific coast of North America; Hawaiian Islands;
Australia; New Zealand.

Remarks

Ulva is represented by two widespread species
that occur sporadically (U. taeniata) or commonly
(U. fasciata) in the Perth region. Very little is known
of the relationships of these species with overseas
populations. Ulva taeniata was recorded by
Womersley (1984) for the Perth region and
subsequently listed by Womersley (2003) as a
‘probable adventive species’. Phillips (1988: 450)
referred the Womersley (1984) record to U.
stenophylla and the true identity of the Western
Australian entity requires more detailed (probably
molecular) comparisons with overseas populations.
Whatever the outcome, the species will still be
regarded as introduced or cryptogenic, as the native
distributon of both species is the Pacific coast of
North America.

Ulva fasciata Delile, 1813

Western Australian records and vouchers

Swan River Estuary (Phillips, 1988: 436; PERTH).
Cryptogenic on the lower west coast of WA
(NIMPIS, 2002).

Distribution elsewhere
Widespread in tropical to temperate seas.

Remarks
See remarks under U. taeniata.

11
Heterokontophyta
Class Phaeophyceae (Brown Algae)
Order Chordariales
Family Elachistaceae
Elachista orbicularis (Ohta) Skinner, 1983

Western Australian records and vouchers
King George Sound (PERTH 04156404); Rottnest
I. (Womersley, 1987: 78; PERTH 04156382).

Distribution elsewhere

Native to Japan; introduced to southern Australia
(Rottnest I. and Albany, WA; Port Noarlunga to
Port Elliot, SA, and Garie Beach, NSW) (Womersley
1987).

Remarks

This species forms dark brown tufts on Ecklonia
radiata. It is common in the Perth region and was
thought to be an introduction from Japan
(Womersley 1987). Given its small size and
seemingly negligible effect on the host, Elachista
orbicularis is unlikely to become a pest species.

Order Dictyosiphonales
Family Striariaceae
Striaria attenuata Greville, 1828

Western Australian records and vouchers
Not present; no vouchers.

Distribution elsewhere

Adelaide, SA, Tas., and Pambula, NSW;
temperate N. Atlantic; southern New Zealand;
Japan (Womersley 1987).

Remarks

Jones (1992, table 4) tabulated several species of
marine introductions, including this brown alga,
citing Skinner and Womersley (1983). Western
Australian records of the species are not mentioned
in that publication or in Womersley’s subsequent
Marine Benthic Flora of Southern Australia (1987),
and the species does not appear to occur in WA.

Stictyosiphon soriferus (Reinke) Rosenvinge, 1935

Western Australian records and vouchers
Albany (Skinner and Womersley,
Womersley, 1987: 314; AD A51388).

1983;

Distribution elsewhere
North Atlantic; Mediterranean; introduced in
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southern Australia (Albany to Port Phillip Bay, Vic.
in harbours) (Womersley 1987).

Remarks

Thought to be an introduction from the North
Atlantic (Womersley 1987: 314), as in southern
Australia it is predominantly restricted to harbours.
The status of the species in Albany is presently
unknown, as it was not mentioned in the CRIMP
(1997b) survey of the Port of Albany and has not
been the subject of a targeted search.

Order Scytosiphonales
Family Scytosiphonaceae
Endarachne binghamiae J.Agardh, 1896

Western Australian records and vouchers
Cottesloe, on intertidal rock (Huisman et al. 2006),
Rottnest I. (PERTH 07573286; 07573278).

Distribution elsewhere
Widespread in temperate and tropical seas.

Remarks

This species is only recently recorded for WA,
from an area close to Fremantle Harbour. It has
since also been observed at Rottnest Island. Given
its widespread distribution elsewhere, the origins
of the Perth specimens of Endarachne will be
difficult to assess. Moreover, the superficially
similar Petalonia fascia is well known as a winter
annual in the Perth region, which might have led to
earlier populations of Endarachne being
overlooked. Since it has not displayed pest
tendencies in other areas and is restricted to
intertidal habitats, E. binghamiae is unlikely to
become a problem species in WA.

Rhodophyta
(Red Algae)

Class Florideophyceae
Order Ceramiales
Family Delesseriaceae

Cottoniella fusiformis Bergesen, 1930
(also reported as C. filamentosa var. fusiformis).

Western Australian records and vouchers
Houtman Abrolhos and Dampier Archipelago (as

C. filamentosa; Huisman, 1997, 2000; Huisman and

Borowitzka, 2003; PERTH: MURU DAR 1276).

Distribution elsewhere
Widespread in warmer waters.

J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton

Remarks

Recorded as adventive by Womersley (2003: 500)
based on South Australian records from eastern
Gulf St. Vincent. This species is known in WA from
many locations. It has a broad distribution in
warmer waters and its presence in WA is not
unexpected.

Family Rhodomelaceae
Acanthophora spicifera (Vahl) Bergesen, 1910

Western Australian records and vouchers

Dawesville (PERTH 07573294); Houtman
Abrolhos north (Huisman, 2000; PERTH - MURU
DAR 1508).

Distribution elsewhere
Widespread in tropical and warm temperate seas.

Remarks

A widespread species in many tropical areas,
including the warmer waters of WA, A. spicifera
was introduced to the Hawaiian Islands and has
become a major pest species, virtually dominating
many intertidal and shallow subtidal reef flats. It is
generally only encountered sporadically in WA.
However, a recent bloom (2007) of A. spicifera has
occurred at Dawesville, which is of great interest as
it is outside the usual range of the species, and the
population is very dense (Hosja, pers. comm.).
Specimens from the Dawesville population are
presently being analysed to assess their
relationships with those from northern WA and
also with Hawaiian populations.

Order Gigartinales
Family Acrosymphytaceae
Acrosymphyton taylorii Abbott, 1962

Western Australian records and vouchers
Rottnest I.; Houtman Abrolhos (Huisman 2000;
PERTH 06559050; 06559077).

Distribution elsewhere

Widespread in warmer waters of the Indo-West
Pacific; Hawaiian Islands (Millar and Kraft, 1984;
Huisman, 2000).

Remarks

Recorded as adventive by Womersley (2003: 500)
based on a South Australian record. This species is
known in WA from Rottnest Island and some
localities further north (e.g. Houtman Abrolhos
Islands). It has a broad distribution in warmer
waters of the Indo-Pacific and its presence in WA is
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not unexpected. Acrosymphyton taylori is known
only from the conspicuous gametophyte phase of
the life history, the tetrasporophyte presumably
cryptic and presently unknown. Gametophytes are
usually spring-summer annuals. As such, A. taylori
is similar to several other seasonal red algae found
in WA, none of which are regarded as pests.

Family Hypneaceae
Hypnea musciformis (Wulfen) Lamouroux, 1813

Western Australian records and vouchers
Point Peron (PERTH 07573545; 07573553).

Distribution elsewhere
Widespread in warmer seas (Guiry and Guiry
2007).

Remarks

Specimens compatible with descriptions of this
species are occasionally common in the Perth
region. This species forms blooms in the Hawaiian
Islands, probably as a response to increased
nutrients. As yet, H. musciformis has not been
problematic in WA. DNA sequence analyses are
being undertaken to assess the relationships
between local and overseas specimens.

Family Solieriaceae

Eucheuma denticulatum (Burman) Collins and
Hervey, 1917

Western Australian records and vouchers

From the Houtman Abrolhos (rarely), and
northward of the North West Cape region
(Huisman, 2000; Huisman and Borowitzka, 2003;
PERTH 07235445; 06706541).

Distribution elsewhere
Widespread in the Indo-Pacific.

Remarks

A widespread species in the Indo-Pacific and
found in several locations in tropical WA. This
species was intentionally introduced to the
Hawaiian Islands and has become a major pest. WA
populations have not shown similar tendencies.

Order Halymeniales
Family Halymeniaceae
Grateloupia imbricata Holmes, 1896

Western Australian records and vouchers
Cottesloe (Huisman et al.,, 2006; PERTH 07573316).
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Distribution elsewhere
Native to Japan, introduced to the Mediterranean
(Verlaque et al. 2005).

Remarks

At present known in WA only from a rocky
groyne in Cottesloe (Huisman et al. 2006), DNA
sequence analyses (De Clerck, pers. comm.) have
indicated that the local material is closely related to
populations of this species in Japan and the
Mediterranean (the latter considered an
introduction, Verlaque et al. 2005). Further studies
of the extent of this species in WA are required.

Dinophyta
(Dinoflagellates)

Class Dinophyceae
Order Gonyaulacales
Family Gonyaulaceae

Alexandrium catenella (Whedon and Kofoid 1936)
Balech, 1985

Western Australian records and vouchers

Listed as occurring in WA in the Schedule of
‘Known exotic species in Australian waters’
(CRIMP 1997b, 2000); in ballast water of ship
arriving at Port Hedland (Hallegraeff and Bolch
1992).

Distribution elsewhere
Widespread in many temperate seas; cryptogenic
in south-eastern Australia (NIMPIS 2002).

Remarks

Viable cysts of this species were collected and
germinated from the ballast tanks of a ship arriving
in Port Hedland (Hallegraeff and Bolch 1991, 1992),
but it is not known if local populations were
established as a result. The species has never been
collected directly from WA waters (Hallegraeff
2007; pers. comm.). NIMPIS (2002) indicates only a
south-eastern Australian distribution.

Alexandrium minutum (Halim, 1960) Balech, 1989

Western Australian records and vouchers

Bunbury (CRIMP 1997a, as ‘cf.); Bunbury and
Geographe Bay, Mandurah, Peel Inlet, Cockburn
Sound, Swan River (Hallegraeff and Hosja 1993;
NIMPIS 2002).

Distribution elsewhere
Cryptogenic in the Mediterranean, Spain, New
Zealand, east coast of USA, south east Asia and
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parts of south-east Australia, introduced to Tas.,
parts of SA and southwestern WA (Chang and
McClean 1997; Giacobbe et al. 1996; NIMPIS
2002).

Remarks

This and the following species are recorded
sporadically in WA 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 (Sorokin et al. 1996) and in
outbreaks of paralytic shellfish poisoning (PSP)
(Anderson et al. 1983). No blooms have been
reported in WA. Monitoring is routinely
undertaken of commercial mussel and oyster
farming areas in WA.

Alexandrium tamarense (Lebour) Balech, 1985

Western Australian records and vouchers

Bunbury (CRIMP 1997a, as ‘cf.”); Fremantle
(CRIMP 2000). NIMPIS (2002) lists this species as
being possibly introduced into the south coast and
lower west coast of WA.

Distribution elsewhere

Native range unknown, cryptogenic almost
worldwide in temperate coastal waters (Turpin et
al. 1978; Anderson et al. 1983; Schrey et al. 1984;
Ogata et al. 1987; Anderson et al. 1994; Sorokin et
al. 1996; Adachi et al. 1999), including southern
Australia (Parry et al. 1997, Cohen et al. 2001;
Aquenol 2001; Ruiz Sebastian et al. 2005).

Remarks

Alexandrium tamarense - like cells were found in
the preserved Fremantle port survey collections, but
obviously these could not be cultured, and cysts
from Fremantle were also never successfully
germinated (Hallegraeff 2007; pers. comm.). Thus
this record remains to be confirmed genetically.
Alexandrium tamarense is linked with paralytic
shellfish poisoning (PSP) (Giacobbe et al. 1996;
Chang and McClean 1997).

Order Gymnodiniales
Family Gymnodiniaceae

Gymnodinium catenatum Graham, 1943
(now G. microreticulatum)

Western Australian records and vouchers
Albany (CRIMP 1997b); Bunbury (CRIMP
1997a).

J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton

Distribution elsewhere

Native range unknown, cryptogenic in cool
temperate to tropical/subtropical seas virtually
worldwide (Matsuyama et al. 1999), including
parts of southern Australia. Introduced to
Tasmania (Hallegraeff and Bolch 1991;
Hallegraeff et al. 1997, McMinn et al. 1997;
Lovejoy et al. 1998; Bolch et al. 1999; Bolch and
Reynolds 2002).

Remarks

Gymnodinium catenatum cysts were reported in
high concentrations from several locations in
Albany and Bunbury by CRIMP (1997a, b), but the
original identification was of “Gymnodinium
catenatum - like cysts” (Hallegraeff 2007; pers.
comm., including emphasis). This taxon was
subsequently described as the new, non-toxic
species Gymnodinium microreticulatum (Bolch et
al. 1999). Gymnodinium catenatum has never been
seen in WA waters (Hallegraeff 2007; pers.
comm.).

Bryozoa (Bryozoans)
Class Gymnolaemata
Order Cheilostomatida
Family Aeteidae
Aetea anguina Linnaeus, 1758

Western Australian records and vouchers
Shark Bay (Wyatt et al. 2005).

Distribution elsewhere

Widely distributed throughout most seas,
apparently only absent from polar regions, common
in European seas (Osburn 1950; Ryland 1965;
Ryland and Hayward 1977); in southern Australia
from Port Phillip Bay, Vic. (Black 1971; Vigeland
1971; Bock 1982; Hewitt et al. 2004).

Remarks

A common but inconspicuous member of the
fouling fauna, usually found growing over the
surface of algae, other invertebrates, rocks, shells,
wooden structures and almost any submerged
object (Ryland 1965; Ryland and Hayward 1977;
Bock 1982).

Family Beaniidae
Beania mirabilis Johnston, 1840

Western Australian records and vouchers
Port Hedland (WAM 30558).
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Distribution elsewhere

Widespread in warm and warm temperate seas
(Osburn 1950; Ryland and Hayward 1977; Winston
1982).

Remarks

An inconspicuous species that grows on a variety
of surfaces but is probably often overlooked
(Ryland and Hayward 1977; Winston 1982).

Family Bugulidae
Bugula flabellata (Thompson in Gray, 1848)

Western Australian records and vouchers

Albany (CRIMP 1997b; WAM 30985); Bunbury
(CRIMP 1997a; WAM 30530; 32085); Fremantle and
Cockburn Sound (CRIMP 2000; WAM 30812;
32846). South coast and lower west coast of WA
(NIMPIS 2002).

Distribution elsewhere

Possibly native to Atlantic and Mediterranean
coasts. Widely distributed in warm and temperate
seas (Ryland 1965; Ryland and Hayward 1977;
Gordon 1986; Gordon and Mawatari 1992); in
Australia from Port Adelaide, SA (Allen 1953;
Brock 1985), Port Phillip Bay, Vic. (Keough and
Ross 1999; Cohen et al. 2001; Hewitt et al. 2004)
and Eden to Port Stephens, NSW (Allen and Wood
1950).

Remarks

Found almost invariably attached to other
bryozoans. Occurs commonly on rocky shores near
low water mark and among the epibenthos of
inshore waters (Ryland and Hayward 1977); mainly
found on stones, shells etc, occasionally on harbour
structures, from low water mark and coastal waters
(Ryland 1965).

Bugula neritina (Linnaeus, 1758)

Western Australian records and vouchers
Esperance (Western Australian Museum, 2002;
Campbell 2003b; WAM 30570; 30572); Albany
(CRIMP 1997b; WAM 30959; 30968); Bunbury
(WAM 4973; 4974); (CRIMP 1997a; WAM 32071;
32080); Fremantle (CRIMP 2000; WAM 4987);
Cockburn Sound (WAM 30813); Shark Bay (Wyatt
et al. 2005); Geraldton (WA Museum, 2001;
Campbell, 2003a); Port Hedland (CRIMP 1999;
DALSE 2004); Dampier (Mackie et. al. 2006).
Introduced into all areas of WA (NIMPIS 2002).

Distribution elsewhere
Widely distributed throughout most seas
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worldwide, except in cold polar and subarctic/
subantarctic regions (Osburn 1950; Ryland 1965;
Ryland and Hayward 1977; Winston 1982; Gordon
1986; Keough 1989; Gordon and Mawatari 1992);
in Australia from most areas (Keough and Ross
1999) including Port Phillip Bay, Geelong,
Portland, Vic. (Black 1971; Vigeland 1971; Parry et
al. 1997; Currie et al. 1998; Cohen et al. 2001;
Hewitt et al. 2004); Port Adelaide, SA (Brock,
1985); Port Hacking, Port Jackson, Port Kembla,
NSW (Allen and Wood 1950; Vail and Wass 1981;
Moran and Grant 1993); and Launceston, Tas.
(Aquenol 2001). Genetic analysis suggests a
common source for globally widespread
introductions (Mackie et. al. 2006).

Remarks

Found worldwide in warm water ports and
harbours, this is a serious and common fouling
organism that grows on a wide variety of substrata
(Ryland 1965; Ryland and Hayward 1977; Bock
1982; Winston 1982).

Bugula stolonifera Ryland, 1960

Western Australian records and vouchers
Esperance (Western Australian Museum, 2002;
Campbell 2003b; WAM 30582; 30583); Albany
(WAM 30983; 30984); Bunbury (WAM 30974;
32105); Shark Bay (Wyatt et al. 2005); Port Hedland
(WAM 30634; CRIMP 1999; WAM 32176; 32187).

Distribution elsewhere

Mediterranean Sea, Adriatic Sea, southern Britain,
Ireland, Ghana, Massachusetts to Florida, Gulf of
Mexico, Brazil, Panama Canal; New Zealand, South
Australia (Ryland 1965; Ryland and Hayward 1977;
Winston 1982; Gordon 1986; Gordon and Mawatari
1992); in Australia known from Port Adelaide, SA
(Brock 1985) and Port Phillip Bay, Vic. (Hewitt et al.
2004).

Remarks

This is a common fouling species, mainly found
in ports and harbours on submerged structures
where colonies are commonly associated with B.
neritina (Ryland 1965; Ryland and Hayward 1977).
It is less tolerant of warm temperatures than that
species (Winston 1982).

Family Candidae

Tricellaria inopinata Hondt and Occhipinti
Ambrogi, 1985

Western Australian records and vouchers
Port Hedland (WAM 30555).
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Distribution elsewhere

Origin: Probably Pacific, known to be invasive
in New Zealand and Europe (Dyrynda et al.
2001); cryptogenic in southern Australia
(Zibrowius 1991; Aquenol 2001 citing a pers.
comm. from P. Bock).

Remarks

Bock (cited in Aquenol 2001) indicates that this is
a cosmopolitan species that has only recently been
distinguished from several closely related taxa, and
that many of the records of T. occidentalis may
represent T. inopinata. Further work is required to
establish the distributions of these species in
Australia.

Tricellaria occidentalis (Trask, 1857)

Western Australian records and vouchers

Fremantle (CRIMP 2000; WAM 32702; 30814);
Barrow I. (Wells and Huisman 2004; Western
Australian Museum 2005); (WAM 8520; no location
given).

Distribution elsewhere

Known from British Columbia to California,
Japan, China, New Zealand, Venice, Italy (Osburn
1950; Gordon 1986); in Australia from SA and Port
Phillip Bay, Vic. (Gordon and Mawatari 1992;
Hewitt et al. 2004).

Remarks
See under T. inopinata.

Family Cryptosulidae
Cryptosula pallasiana (Moll, 1803)

Western Australian records and vouchers

Albany (CRIMP 1997b; WAM 30994; 30996;
32029); Bunbury (CRIMP 1997a; WAM 30528;
32102; 32359); Fremantle (CRIMP 2000; WAM
30804; 32803). South coast and lower west coast
(NIMPIS 2002).

Distribution elsewhere

Widespread around the world, particularly in
ports, harbours and estuaries (Ryland 1965; Hayward
and Ryland 1979; Winston 1982; Gordon 1989;
Gordon and Mawatari 1992); in Australia from the
south coast (Bock 1982), including Port Adelaide, SA
(Brock 1985) and Port Phillip Bay and Western Port,
Vic. (Keough and Ross 1999; Hewitt et al. 2004);
Sydney Harbour, NSW (Keough and Ross 1999).

Remarks
This is a common and well-known component of

J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton

the fouling fauna that can be found encrusting on
virtually all solid surfaces in the intertidal or
shallow subtidal, including boat hulls (Ryland 1965;
Hayward and Ryland 1979; Bock 1982; Gordon
1989; Gordon and Mawatari 1992); its distribution
may be related to proximity to shipping lanes
(Winston 1982).

Family Electridae
Conopeum seurati (Canu, 1928)

Western Australian records and vouchers

Esperance (Western Australian Museum 2002;
Campbell 2003b; WAM 30568); Shark Bay (Wyatt et
al. 2005).

Distribution elsewhere

Estuarine habitats in Britain, northern Europe,
Mediterranean, New Zealand, Northeast Pacific,
Florida (Ryland and Hayward 1977; Winston 1982;
Gordon 1986; Gordon and Mawatari 1992);
elsewhere in Australia from Port Phillip Bay, Vic.
(Hewitt et al. 2004).

Remarks

This species is tolerant of extreme fluctuations in
salinity and temperature (Ryland and Hayward
1977; Gordon and Mawatari 1992).

Family Epistomiidae
Synnotum aegyptiacum (Audouin, 1826)

Western Australian records and vouchers
Port Hedland (WAM 30551).

Distribution elsewhere

Widespread in warm waters, including Indonesia,
Timor, Singapore, Japan, Indian Ocean, Red Sea,
Mediterranean Sea, Brazil, Florida, California
(Osburn 1950; Gordon 1984); in Australia from Vic.
and NSW (Gordon 1984).

Family Savignyellidae
Savignyella lafontii (Audouin, 1826)

Western Australian records and vouchers

Shark Bay (Wyatt et al. 2005); Barrow I. (Wells
and Huisman 2004; Western Australian Museum
2005); Port Hedland (WAM 30556; 32310).

Distribution elsewhere
Widely distributed in warmer waters (Osburn
1952; Winston 1982; Wyatt et al. 2005).
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Remarks

This species is usually found associated with
algae, sponges, Zoobotryon and hydroids; its
delicate colonies are not usually obvious until
examined microscopically (Winston 1982).

Family Schizoporellidae
Schizoporella errata (Waters, 1878)

Western Australian records and vouchers

Esperance (Western Australian Museum 2002;
Campbell 2003b; WAM 30566; 30573); Albany
(WAM 30541; 30535; 30547); Bunbury (WAM
30533); Fremantle Harbour (CRIMP 2000; WAM
33011); Geraldton (WA Museum 2001; Campbell
2003a); Shark Bay (Wyatt et al. 2005).

Distribution elsewhere

Widespread in warm temperate to subtropical
seas (Ryland 1965; Hayward and Ryland 1979;
Gordon and Mawatari 1992); in Australia known
from Port Adelaide, SA (Brock 1985); Port Phillip
Bay, Vic. (Hewitt et al. 2004).

Remarks

A well known fouling species, mostly found in
shallow water in ports and harbours (Ryland 1965;
Hayward and Ryland 1979).

Schizoporella unicornis (Johnston, 1847)

Western Australian records and vouchers

Esperance (Western Australian Museum, 2002;
Campbell, 2003b; WAM 30567; 30571); Albany
(CRIMP 1997b; WAM 32633); Bunbury (CRIMP
1997a; WAM 30532; 30534; 32104); WA (Pollard and
Hutchings 1990b); Fremantle Harbour (Allen 1953).
South coast and lower west coast of WA (NIMPIS
2002).

Distribution elsewhere

Cryptogenic in Japan and colder waters of the
eastern Atlantic; introduced to the northeast
Pacific (including the Hawaiian Is), west Atlantic
(Osburn 1952; Ryland 1965; Sutherland 1978;
Hayward and Ryland 1979; Winston 1982; Hurlbut
1991); and eastern and soutwestern Australia (e.g.,
Port Adelaide, SA, Port Phillip Bay, Vic., Port
Hacking and Port Jackson, NSW, Great Barrier
Reef, Qld.) (Allen 1953; Vail and Wass 1981; Brock
1985; Pollard and Hutchings 1990b; Hewitt et al.
2004).

Remarks
A principal fouling species, recorded widely but
perhaps often erroneously as there is some
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confusion with Schizoporella errata (Ryland 1965;
Hayward and Ryland 1979; Winston 1982). There is
some evidence that this species arrived in Sydney
on two Japanese vessels captured during the war
(Allen 1953).

Family Watersiporidae
Watersipora arcuata Banta, 1969

Western Australian records and vouchers

Esperance (Western Australian Museum 2002;
Campbell 2003b; WAM 30569); Albany (CRIMP
1997b); Bunbury (CRIMP 1997a; WAM 32082;
32091); Fremantle Harbour (CRIMP 2000; WAM
32836; Mackie et al. 2006); Geraldton (WA Museum
2001; Campbell 2003a); WA (Pollard and Hutchings
1990b). South coast and lower west coast of WA
(NIMPIS 2002).

Distribution elsewhere

Widely distributed in warmer seas (Banta 1969;
Winston 1982; Gordon 1989; Gordon and Mawatari
1992); in Australia recorded from several locations
in southern Australia (Bock 1982), including Port
Adelaide, SA (Brock 1985), Port Phillip Bay, Vic.
(Hewitt et al. 2004), Port Hacking, Port Jackson and
Port Kembla, NSW (Vail and Wass 1981; Moran and
Grant 1993) and Qld. (Pollard and Hutchings
1990b).

Remarks

This is a common and well-known fouling
organism that can grow rapidly on almost any
surface, including copper anti-fouling paint
(Winston 1982; Bock 1982; Gordon 1989; Gordon
and Mawatari 1992).

Watersipora subtorquata (d’Orbigny, 1852)

Western Australian records and vouchers

Albany (WAM 30539); Bunbury (CRIMP 1997a;
WAM 30527); Fremantle (CRIMP 2000; Mackie et.
al. 2006); Geraldton (WA Museum, 2001; Campbell
2003a); Shark Bay (Wyatt et al. 2005).

Distribution elsewhere

Brazil, West Indies, Bermuda, California, Cape
Verde Islands, Japan, Torres Strait, Mediterranean,
Great Barrier Reef, New Zealand (Gordon 1989;
Zibrowius 1991; Gordon and Mawatari 1992); in
Australia from the Great Barrier Reef, Qld. (Gordon
and Mawatari 1992); Port Phillip Bay and Portland,
Vic. (Parry et al. 1997; Currie et al. 1998; Keough
and Ross 1999; Hewitt et al. 2004); Port Lincoln and
Adelaide, SA (Keough and Ross 1999); and
Launceston, Tas. (Aquenol 2001).
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Remarks

Grows on a wide variety of substrata. Exact
distribution uncertain because of taxonomic
difficulties (Gordon and Mawatari 1992; Mackie et.
al. 2006).

Order Ctenostomatida
Family Vesiculariidae
Amathia distans Busk, 1886

Western Australian records and vouchers

Port Hedland (CRIMP 1999; WAM 30559; 32445;
DALSE 2004). Lower west coast and Pilbara of WA
(NIMPIS 2002).

Distribution elsewhere

Apparently native to the warmer waters of the
west Atlantic; cryptogenic in the east Atlantic and
introduced widely, including France, the
Mediterranean and Red Seas, the Atlantic coast of
America from North Carolina to Brazil, Puget
Sound Washington, Southern California, South
Atlantic, Java, Indonesia, New Zealand, and various
locations around Australia (Osburn 1953; Winston
1982; Gordon and Mawatari 1992).

Remarks

Amathia distans forms pale-brownish transparent
colonies growing on other bryozoans, algae or more
usually under sandstone boulders, on oyster valves
and polychaete tubes (Gordon and Mawatari 1992).
This species is not considered a pest in Australia
and its potential impact on the environment is
regarded as low (CRIMP 1999).

Amathia vidovici Heller, 1867

Western Australian records and vouchers
Port Hedland (WAM 30559; WAM 30629).

Distribution elsewhere

Recorded from the Western Atlantic, from
Massachusetts to Gulf of Mexico, the Caribbean, the
Pacific from southern California to the Galapagos,
the Mediterranean, Adriatic, East Atlantic and
Indian Ocean (Osburn 1953; Winston 1982).

Bowerbankia gracilis Leidy, 1855

Western Australian records and vouchers
Port Hedland (WAM 30552).

Distribution elsewhere
Widely distributed around the world, mostly in
shallow water (Osburn 1953; Ryland 1965;
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Winston 1982; Gordon 1986; Gordon and
Mawatari 1992), in Australia from Port Adelaide,
SA (Brock 1985).

Remarks

This species occurs in brackish as well as marine
waters and grows on a wide variety of surfaces
(Ryland 1965; Winston 1982), its colonies
appearing as a characteristic fine grey ‘fur’ just
visible to the naked eye (Gordon and Mawatari
1992).

Zoobotryon verticillatum della Chiaje, 1828

Western Australian records and vouchers
Port Hedland (WAM 30550; 32461); Shark Bay
(Wyatt et al. 2005).

Distribution elsewhere

Widely distributed in warm waters, including the
Mediterranean and Adriatic where it is common in
many of the major ports (Osburn 1953; Ryland 1965;
Winston 1982; Gordon and Mawatari,1992); in
Australia from several locations in southern
Australia (Bock 1982) including Port Adelaide, SA
(Brock 1985); Port Phillip Bay, Vic. (Hewitt et al.
2004); Port Hacking and Port Jackson, NSW (Vail
and Wass 1981).

Remarks

A common fouling species of warmer waters,
typically found in ports and harbours growing on
any submerged object (Ryland 1965; Bock 1982).

Arthropoda

Class Malacostraca (Amphipods, Isopods and
Crabs)

Order Isopoda (Isopods)
Family Cirolanidae
Cirolana harfordi (Lockington, 1877)

Western Australian records and vouchers

Swan River (Bruce 1986; Poore and Storey 1999;
Furlani 1996); Fremantle Harbour (Hass and Jones
2000). Introduced into the lower west coast of WA
(NIMPIS 2002).

Distribution elsewhere

First described from California, distributed in
western North America from British Columbia to
Baja California, subsequently recorded from Japan,
eastern Russia and Malaysia (Johnson 1976; Poore
and Storey 1999); in Australia from Port Phillip Bay,
Lorne, and Bass Strait, Vic. (Bruce 1986; Hutchings

20

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




Introduced marine biota in Western Australia

et al.,, 1987; Currie et al., 1998; Cohen et al., 2001;
Hewitt et al., 2004) and Waverton, NSW (Bruce,
1986). Australian records mainly limited to ports.

Remarks

Initially discovered in the Swan River in 1980
(Bruce, 1986) and subsequently in Fremantle
Harbour in 1991 (Hass and Jones, 2000). Collected
under rocks and amongst mussels, from ship hulls
(Bruce, 1986); this is a voracious scavenger that has
the potential to be a pest species by reaching high
population densities (Johnson, 1976; Furlani, 1996).

Family Sphaeromatidae
Paracerceis sculpta (Holmes, 1904)

Western Australian records and vouchers

Esperance (Western Australian Museum, 2002;
Campbell, 2003b; WAM 34505; 34506); Bunbury,
Mandurah, Fremantle, Port Denison, 1996 (Hass
and Jones, 2000); Bunbury (WAM 23303; CRIMP;
WAM 34508 — 34511; 35140 — 35187); Fremantle
(CRIMP; WAM 35839; 35846). Lower west coast of
WA (NIMPIS, 2002).

Distribution elsewhere

Originally described from California, and since
recorded elsewhere in tropical Pacific and Atlantic
(Brazil, Mexico, Hawaiian Is.); possibly introduced
to the Mediterranean (Zibrowius, 1991); in Australia
from Port Phillip Bay, Vic. (Hewitt et al, 2004);
Townsville, Qld. (Harrison and Holdich, 1982b;
Hutchings et al., 1987; Pollard and Hutchings,
1990b; Furlani, 1996; Poore and Storey, 1999; Hewitt
and Campbell, 2001).

Remarks

Like other sphaeromatids, females and juveniles
are almost impossible to identify without
accompanying males. This species is so rarely
recorded in Australia that nothing is known of its
biology here (Poore and Storey, 1999).

Paradella dianae (Menzies, 1962)

Western Australian records and vouchers

Bunbury (WAM 23302; WAM 16781; 23302);
Swan River (Harrison and Holdich, 1982a; Pollard
and Hutchings, 1990b; Zibrowius, 1991; Furlani,
1996); Fremantle Harbour, Bunbury Harbour (Hass
and Knott, 1998). Other vouchers QM W7938, QM
W3746. South coast and lower west coast of WA
(NIMPIS, 2002).

Distribution elsewhere
Originally described from Baja California and
subsequently reported from California, the
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Marshall Islands, Queensland, the Arabian Sea,
Brazil and Puerto Rico, recorded in the
Mediterranean for the first time from Alexandria,
Egypt (Zibrowius, 1991); in Australia from
Townsville and North Stradbroke Island, Qld.
(Harrison and Holdich, 1982a; Hutchings et al.,
1987; Furlani, 1996).

Remarks

First discovered in the Swan River in 1980
(Harrison and Holdich, 1982a), subsequently in
Fremantle and Bunbury Harbours in 1994/95 (Hass
and Knott, 1998). Grows amongst barnacles,
bryozoans and rock oysters on rocks and artificial
structures, appears to be tolerant of a wide variety
of ecological conditions (Harrison and Holdich,
1982a).

Sphaeroma serratum Fabricius, 1787

Western Australian records and vouchers

Esperance (Western Australian Museum, 2002;
Campbell, 2003b; WAM 36953); Swan River
(Holdich and Harrison, 1983; Hutchings et al., 1987;
Pollard and Hutchings, 1990b; Hass and Knott,
1998; Furlani, 1996); Jurien Bay (Hass, 2007).

Distribution elsewhere
Widespread (Pollard and Hutchings, 1990b).

Remarks

First discovered in the Swan River in 1980
(Holdich and Harrison, 1983), subsequently
rediscovered in 1994/95 (Hass and Knott, 1998) and
then in Jurien Bay in 2006 (Hass, 2007).

Order Amphipoda (Amphipods)
Family Corophiidae
Monocorophium acherusicum (Costa, 1857)

Western Australian records and vouchers
Bunbury, Swan River (Poore and Storey, 1999).
Lower west coast of WA (NIMPIS, 2002).

Distribution elsewhere

Native to the northeast Atlantic and
Mediterranean region, cryptogenic on both coasts
of North America, introduced to various localites in
the southwestern Atlantic, Indian and western
Pacific oceans (Hurley, 1954; Barnard, 1970); in
Australia from the southeast and southwest, e.g.,
Port Jackson, Port Kembla and Botany Bay, NSW;
eastern Tasmania (Poore and Storey, 1999);
Gippsland Lakes, Mallacoota, Western Port and
Port Phillip Bay, Vic. (Fearn-Wannan, 1968; Cohen
et al.,, 2001; Hewitt et al., 2004).
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Remarks

This species is commonly found in association
with ships, buoys and around wharf structures
(Fearn-Wannan 1968), its distribution tracing some
major shipping routes (Hurley 1954).

Monocorophium insidiosum (Crawford, 1937)

Western Australian records and vouchers
Swan River (Poore and Storey 1999). Lower west
coast of WA (NIMPIS 2002).

Distribution elsewhere

Widely distributed, especially in harbours
(Barnard 1970; Alonso de Pina 1997); in Australia
from Port Kembla, NSW, Port Phillip Bay and
Western Port, Vic., and Port MacDonnell, SA (Poore
and Storey 1999; Cohen et al. 2001; Hewitt et al.
2004).

Remarks

An estuarine species, occurring intertidally and
subtidally on mud sediments or among algae and
seagrasses. Most Australian records are from
harbours or estuaries (Poore and Storey 1999).

Monocorophium sextonae (Crawford, 1937)

Western Australian records and vouchers
Bunbury Harbour (Poore and Storey 1999). Lower
west coast of WA (NIMPIS 2002).

Distribution elsewhere

Northeast Atlantic (England, Scotland, Ireland,
France, The Netherlands, the Mediterranean,
Portugal) and New Zealand (Hurley 1954; Costello
1993) in Australia from Jervis Bay, NSW; Port
Phillip Bay, Point Henry, Queenscliff, and Western
Port, Vic.; Georges Bay and Launceston, Tas.
(Poore and Storey 1999; Aquenol 2001; Hewitt et
al. 2004).

Remarks

Monocorophium sextonae is a tube dwelling
amphipod, found on kelp holdfasts, sponges and
artificial substrata (Costello 1993). Hurley (1954)
suggested that the species had possibly been
introduced to Europe from New Zealand. Its
natural distribution is uncertain and it may be
native to Australia and New Zealand (Poore and
Storey 1999).

Order Decapoda (Crabs)
Family Portunidae

Carcinus maenas (Linnaeus, 1758)

J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton

Western Australian records and vouchers

Swan River, 1965 (Zeidler 1978; Furlani 1996;
Hass and Jones 2000; WAM 14833). WA (Pollard
and Hutchings 1990b). Voucher specimen(s):
Presumably AM P36248-9, P36089. NIMPIS (2002)
has a blank area indicated on the lower west coast
of WA.

Distribution elsewhere

Originally from Europe, although now
widespread elsewhere; in Australia from Port
River — West Lakes, SA, Port Phillip Bay, Vic. to
Sydney, NSW, and Tas. (Fulton and Grant 1900,
1901; Allen 1953; Zeidler 1978; Rozenweig 1984;
Hutchings et al. 1986, 1987, 1989; Pollard and
Hutchings 1990b; Furlani 1996; Currie et al. 1998;
Ahyong 2005; Cohen et al. 2001; Aquenol 2001;
Hewitt et al. 2004).

Remarks

In 1965 the European shore crab, Carcinus
maenas, was recorded from the Swan River Estuary,
WA. No populations appear to have established
(CRIMP 1997b: 7) and the species is presently
known from only one specimen in WA (Hass and
Jones 2000). This introduced species, however, has
become established in the south-eastern states of
Australia, where it out competes native species
(Fulton and Grant 1901; Zeidler 1978, 1988; Furlani
1996; Walters 1996; Ahyong 2005). The method of
introduction of C. maenas into Western Australia is
not known, but the species is suspected to have
been introduced into Australia from Europe, on the
hulls of the ships which brought the first settlers
(Fulton and Grant 1901).

Family Inachoididae
Pyromaia tuberculata (Lockington, 1877)

Western Australian records and vouchers
Cockburn Sound (Morgan 1990; Furlani 1996;

Poore and Storey 1999; Hass and Jones 2000; WAM

19338). Lower west coast of WA (NIMPIS 2002).

Distribution elsewhere

Native to west coast of the Americas ranging from
San Francisco Bay, California to Utria Bay,
Colombia; widely distributed in the temperate and
sub-tropical Pacific and South Atlantic, Brazil,
Japan, New Zealand (Morgan 1990; Poore and
Storey 1999); in Australia from Port Phillip Bay, Vic.
(Hass and Jones 2000; Furlani 1996; Poore and
Storey 1999; Hewitt et al. 2004).

Remarks
In Western Australia, the American spider crab,
Pyromaia tuberculata, was introduced to Cockburn
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Sound in 1978 via ballast water (Morgan 1990). This
species is now also recorded as an introduction in
Port Phillip Bay, Vic. (Walters 1996), but in WA it is
only known by the specimen reported by Morgan
in 1990.

Class Maxillopoda
Subclass Cirripedia (Barnacles)
Order Sessilia
Family Balanidae
Amphibalanus amphitrite (Darwin, 1854)

Western Australian records and vouchers

As Balanus amphitrite: Garden I. (Lewis 1981);
from Esperance area to Dampier Archipelago (Jones
1987a, 1987b, 1990a, 1990b, 1999a, 2002, 2004b, 2005;
Jones and Hewitt 2001; WAM 668; 778, 10092; 6926;
12141); Port Hedland (CRIMP 1999; DALSE 2004)
and Broome and Kimberley area (Jones 1991, 1992b,
2004b; WAM 20944; 21166-21168).

Distribution elsewhere

Indian Ocean to southwestern Pacific; regarded as
an introduced species in New Zealand (Foster 1978)
and Australia (Jones 1992a). Cosmopolitan in
tropical and warm temperate seas (Jones 1990a).

Remarks

A cosmopolitan, cryptogenic species, occurring in
tropical, subtropical and temperate seas. In
Australia it is recorded from the waters of WA, SA,
Vic, NSW, QId. and the NT. The species occurs
intertidally to a depth of 9m, in quiet bays and
estuaries protected from rough surf. It attaches to a
variety of animate (e.g. decapod crustaceans,
molluscs) and inanimate (e.g. rocks, buoys, cables)
substrata and is an important fouling species of
boats and marine installations.

Amphibalanus improvisus (Darwin, 1854)

Western Australian records and vouchers

As Balanus improvisus: Southwestern Australia
(Bishop 1951; Hutchings et al. 1987; Jones 1992a;
Furlani 1996; no vouchers available).

Distribution elsewhere

Atlantic coasts of North America; North Atlantic;
Europe; W Africa to Cape of Good Hope;
Mediterranean; Black Sea; Red Sea; Baltic Sea;
southern Australia (Pollard and Hutchings 1990b);
Japan; NW coast of USA (Washington to San
Francisco); Ecuador.
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Remarks

The Australian record is historical and the species
has not been recollected (Jones 1992a). Bishop
(1951) suggested that the Atlantic brackish-water
species Balanus improvisus had become established
in “one of the southern Australian ports” during
the 1940s. However, from fouling studies of
submerged surfaces on the eastern Australian coast,
Allen (1953) could not substantiate this claim and
there are no subsequent records of this species
occurring in Australian waters. There are no
specimens lodged in any of the Australian state
museums (pers. obs., DSJ). If the species is found in
Australia in the future, it would be through a new
introduction.

Amphibalanus reticulatus (Utinomi, 1967)

Western Australian records and vouchers

As Balanus reticulatus: Cockburn Sound (WAM
33156; 33157); Swan Estuary, Nedlands (WAM
32451); Yanchep (Jones 1990b; WAM 17826);
Leonardo Da Vinci Geraldton Port (Jones 2002a;
WAM 34004; 34007); Barrow I. (Jones 2005);
Dampier Archipelago (WAM 27238); Burrup
Peninsula (WAM 27336; 27339); Cape Preston
(WAM 27355); Dampier (WAM 27354; 25750); Cape
Lambert, Port Hedland (Jones, unpublished data);
Cocos-Keeling Islands (WAM 29046); Christmas
Island (WAM 33372; 33373).

Distribution elsewhere
Cosmopolitan in tropical waters and a
circumtropical fouling species (Jones 1990a).

Remarks

This circumtropical fouler was first recorded in
Australian waters on fouling panels at the North
Barnard Islands, Qld. (Lewis 1979, as B. amphitrite;
1981Db). First records in WA were from Yanchep
Marina (Jones 1990a, 1991; Jones et al. 1990) and,
more recently, the species has been recorded from
the Dampier Archipelago (Jones 2004b) and Barrow
Island (Jones 2005). The means of introduction of A.
reticulatus into Australian waters is unknown, but
Utinomi (1967) has suggested that the widespread
distribution of this Japanese species is via ship
transport.

Megabalanus ajax (Darwin, 1854)

Western Australian records and vouchers

Shark Bay (WAM 32490; 32496); Muiron Is. (Jones
and Hewitt 1996, WAM 22345); Barrow I. (Jones
2005); Dampier Archipelago (Jones 2004b; WAM
22345-22347); Broome (WAM 32495).
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Distribution elsewhere
Widespread in the Indo-west Pacific.

Remarks

Megabalanus ajax attaches mainly to corals (e.g.
Millipora complanata Lamarck) but also
occasionally occurs as a fouler of ships hulls (Jones
1992b, 2004b, 2005). The species has been recorded
from Queensland as well as from WA. The possible
vector for the introduction of this species to WA
waters is shipping.

Megabalanus rosa (Pilsbry, 1916)

Western Australian records and vouchers

Garden I. (WAM 33163; 33165; 33189); Shark Bay
(WAM 15848; 15855); Barrow I. (Jones 2005);
Dampier Archipelago (WAM 27205; 27241; 27292);
Port Hedland (WAM 15847); Cockatoo I. (AM P
20075). WA central and north-west coast (Jones et
al. 1990; Jones 1992a). Introduced into the entire
west and Pilbara coasts of WA (NIMPIS 2002).

Distribution elsewhere

Japan; China; Taiwan (Pollard and Hutchings
1990b); Australia (Allen 1953); in Australia from
lower east coast, NSW (Jones et al. 1990; Jones
1992a).

Remarks

Allen (1953) recorded the Japanese fouler
Megabalanus rosa, together with M. volcano and
Amphibalanus albicostatus, on aircraft carriers and
other vessels returning to Australia after service in
Korean and Japanese waters. However, it is not
known where these vessels docked and Allen (1953)
did not record these species as establishing on the
Australian coastline. The appearance of the species
in WA waters appears to be relatively recent, the
first specimens being collected in 1981 (Jones
1992a). Megabalanus rosa is now established on the
central and the north-western coast of WA (Garden
Island; Shark Bay, Barrow Island, the Dampier
Archipelago, Port Hedland and Cockatoo Island),
as well as on the lower east coast of Australia
(Woolongong, Port Botany and Port Kembla in
NSW) (Hass and Jones 2000; Jones 2000b, 2001a,
2001b, 2004b, 2005; Jones et al. 1990). These are all
areas that receive international shipping and,
therefore, ship fouling is the most probable
transport mechanism for this species.

Megabalanus tintinnabulum (Linnaeus, 1758)

Western Australian records and vouchers
Esperance (WAM 32482); Albany (WAM 16098);
Rockingham (WAM 16132); Cockburn Sound (Jones

J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton

1992a; WAM 12188); Fremantle (Jones 1999a; WAM
25240); Cottesloe (WAM 3919); Port Gregory (WAM
12153); Dongara (WAM 14546); Geraldton (WAM
33766); Shark Bay (WAM 7484); Carnarvon (WAM
23789); Pt Cloates, Ningaloo Reef (WAM 13265);
North West Cape (WAM 12159); Warroora Station,
Ningaloo Reef (WAM 16139); Coral Bay (WAM
16214); Exmouth Gulf (WAM 21180); Muiron
Islands (Jones and Hewitt 1996, WAM 22287);
Onslow (WAM 7556); Barrow 1. (Jones 1992a; Jones
2005; WAM 14242); Montebello Islands (Jones and
Berry 2000; WAM 23404); Dampier (Jones 1992a;
WAM 12151); Roebourne (WAM 21178); Cape
Lambert (WAM 21184); Port Hedland (CRIMP
1999); Broome (WAM 12210); Port Walcott (WAM
14433); Cockatoo I. (Jones 1992a); Yampi Sound,
Kimberley (WAM 16093); Mary Anne Passage
(WAM 12191); Kimberley (Jones and Hewitt 1997;
WAM 22978); King Sound, Derby (WAM 32674);
Bonaparte Archipelago (WAM 16138); Buccaneer
Archipelago (WAM 21013); Cocos — Keeling Islands
(WAM 33133); Flying Fish Cove, Christmas Island
(WAM 20038). NIMPIS (2002) states the species is
introduced into Australia but shows it as
cryptogenic throughout WA.

Distribution elsewhere

Cosmopolitan — Atlantic Ocean, West Africa from
Mediterranean to Cape of Good Hope, East
Mediterranean, Madagascar, Arabian Sea, Bay of
Bengal, Indian Ocean, Thailand, Formosa, Sagami
Bay, Japan, Malay Archipelago, East Indian
Archipelago, New Zealand, Palau Island (Jones
1990b). In Australia from Bass Strait, Vic., lower
east coast of NSW, north east coast of Qld. and Port
Essington, NT (Jones et al. 1990; Furlani 1996).

Remarks

Megabalanus tintinnabulum is a cosmopolitan
fouling species, first recorded in WA waters in 1949
(Jones 1990a, 1991, 1992a). The species is now
known from southwestern to northwestern waters
of WA (Hass and Jones 2000; Jones 1990a, 1990b;
1991, 1992b, 1999a, 2000, 2001a, 2004b, 2005; Jones
and Hewitt 1997, 2001; Jones et al. 1990). Jones
(1990) suggested that the species is an introduction
via shipping, since most WA collection localities are
in the vicinity of ports or areas that receive
international shipping (e.g. Kwinana, Fremantle,
Carnarvon, Barrow Island, Thevenard Island,
Dampier, Cape Lambert, Cockatoo Island).
Although early reports of M. tintinnabulum
occurring on the eastern Australian coast may be
erroneous (Allen 1953; Jones 1990a, 1991), records
of the species have been confirmed from Bass Strait,
Vic., and the lower, mid and north-eastern coasts
and northern coast of Australia (Jones 1999b; Jones
unpublished data; Jones et al. 1990).
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Family Tetraclitidae
Tesseropora rosea (Krauss, 1848)

Western Australian records and vouchers

Albany (WAM 18955); Cottesloe Beach (WAM
17763); Fremantle; Cockburn Sound (WAM 15963);
Garden I. (Jones 1990c; WAM 536-86).

Distribution elsewhere

South Africa; Australasia — Australia, Lord Howe
1., Kermadecs; in Australia, from eastern Australia
between 19° and 38°S, Mallacoota, Inverloch, Vic.
(Jones 1990a).

Remarks

Tesseropora rosea is a common intertidal species
on the eastern Australian seaboard. Originally
described from one specimen collected at Algoa
Bay, South Africa (Krauss 1848), the species was
subsequently recorded from NSW and Queensland
(Darwin 1854), where it is abundant in exposed
coastal areas in the intertidal (Jones et al. 1990).
The species was not known from western areas of
the continent until 1948 (Jones 1990a). In 1986,
three live specimens were collected on intertidal
granitic rock at Cottesloe and the species has also
been found at Fremantle, Garden Island and
Cockburn Sound and, more recently, Albany. The
isolated occurences of this species, in the vicinity
of active ports (Fremantle and Albany), led to the
suggestion that the species had been introduced
from eastern Australia via shipping. Since T. rosea
is not known as a hull fouler, ballast water
transport was implicated as the dispersal agent for
the introduction of the species into the waters of
Western Australia (Jones 1990c).

Cnidaria
Class Hydrozoa (Hydroids)
Order Anthomedusae
Family Corynidae

Sarsia eximia (Allman, 1859) = Sarsia radiata von
Lendenfeld, 1885

Western Australian records and vouchers

Albany (WAM 30538); Houtman Abrolhos Is.
(Watson 1996; Watson 1997); Shark Bay (Wyatt et
al. 2005). NIMPIS (2002) shows this species as a
known introduction to the south coast but
cryptogenic on the lower west coast of WA.

Distribution elsewhere
Widespread, regarded as cryptogenic in the North
Atlantic from North America to Europe and from
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Iceland to France; Mediterranean; west coast of
North America, Brazil, Valparaiso and the NW
Pacific, New Zealand (Schuchert 1996); in Australia
cosmopolitan and cryptogenic in Sydney Harbour,
NSW, and numerous locations in Vic. (e.g., Bass
Strait, Westernport Bay, Popes Eye Reef, as Sarsia
radiata, Watson 1978, 1994, 1997, 1999); Port Phillip
Bay, Vic. (Hewitt et al. 2004), introduced to Tas.
(NIMPIS 2000).

Family Eudendriidae
Eudendrium carneum Clarke, 1882

Western Australian records and vouchers
Perth to Albany (Watson 1996); Bunbury (CRIMP,
WAM 30531).

Distribution elsewhere

Circumtropical (Boero and Bouillon 1993);
California; Ecuador; Mexico; California; north west
Atlantic (Fraser 1948).

Eudendrium cf. capillare Alder, 1856

Western Australian records and vouchers
Albany (WAM 30544).

Distribution elsewhere

Cosmopolitan (Fraser 1948; Boero and Bouillon
1993); in Australia from Qld. (Pennycuick 1959);
Port Phillip Bay, Vic. (Ralph 1966).

Family Tubulariidae

Ectopleura crocea (Agassiz, 1862)
[including Tubularia crocea and Tubularia ralphi
(Bale, 1884)].

Western Australian records and vouchers

Dunsborough (WAM 945); Cockburn Sound
(WAM); Fremantle (Bock 1982; Watson 1999;
CRIMP 2000). South coast and lower west coast of
WA (NIMPIS 2002).

Distribution elsewhere

Native to Atlantic coast of North America,
introduced to the Pacific coast of North America,
Europe, Mediterranean, Japan, parts of Asia,
Australia and New Zealand (Fraser 1948; Schuchert
1996; Watson 1999); in Australia from the east and
south-east [e.g., Qld. (Pennycuick 1959); Port Phillip
Bay, Vic. (Ralph 1966; Black 1971; Watson 1980;
Hewitt et al. 2004); Sydney Harbour, Port Kembla,
NSW (Watson 1980, 1999); Launceston, Tas.
(Aquenol 2001)].
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Remarks

This species forms colonies to 12 c¢cm high
composed of hundreds of greenish-white stems
growing from a matted hydrorhiza (Watson 1999).
It is a common fouling organism on the Victorian
coast. This species was recorded on numerous
occasions as Tubularia ralphii (Bale, 1884), the
synonymy tentatively suggested by Schuchert
(1996) and Watson (1999).

Order Leptomedusae
Family Aglaopheniidae
Aglaophenia parvula Bale, 1882

Western Australian records and vouchers
Albany (WAM 30543).

Distribution elsewhere
Bass Strait, Vic. (Watson, 1994).

Remarks

Associated with sponges and ascidians (Watson
1994). The WA record of this cryptogenic species is
based on a specimen in the WA Museum and
requires verification.

Gymnangium gracilicaule (Jaderholm, 1903)

Western Australian records and vouchers
Houtman Abrolhos Is. (Watson 1996, Watson
1997); Port Hedland (CRIMP 1999; WAM 30557).

Distribution elsewhere
Widely distributed in the tropical and subtropical
Indian Ocean and Indo-West Pacific (Watson, 1997).

Family Campanulariidae

Obelia dichotoma (Linnaeus, 1758) (=Obelia
australis)

Western Australian records and vouchers

Albany (WAM 30546); Bunbury (WAM 30524);
Shark Bay (Wyatt et al. 2005). South coast and lower
west coast of WA (NIMPIS 2002).

Distribution elsewhere

Widespread in tropical and temperate waters of
the Atlantic, Pacific, and Indian oceans (Fraser 1948;
Calder 1991; Boero and Bouillon 1993; Brinckmann-
Voss 1996); in Australia from Qld. (Pennycuick
1959), Tas. and Bass Strait (Ralph 1957, Watson
1994, both as O. australis), Port Phillip Bay and
Western Port, Vic. (Watson 1999) and Eden to Port
Stephens, NSW (Allen and Wood 1950, as O.
australis).

J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton

Remarks

Extremely opportunistic species growing in a
wide variety of habitats including algal and
invertebrate substrata, present in southern Australia
at least since the 1880s (Watson 1999).

Obelia longissima (Pallas, 1766)

Western Australian records and vouchers
Port Hedland (CRIMP 1999?; DALSE 2004).

Distribution elsewhere
Widespread (Fraser 1948; Ralph 1957; Boero and
Bouillon 1993).

Remarks

According to comments on the NIMPIS web site
(2002, under Obelia dichotoma: similar species), this
species is not recorded for Australia, but,
confusingly, elsewhere on the site it is listed as
cryptogenic. The species is mentioned in the
DALSE (2004) report as being recorded from Port
Hedland by the CRIMP survey. In the CRIMP
report, however, while the impacts of O. longissima
are discussed (CRIMP 1999: 9), the species is not
actually listed. Clarification of the Port Hedland
record is clearly desirable.

Family Haleciidae

Halecium delicatulum Coughtrey, 1876

Western Australian records and vouchers

Albany (WAM 30536; 30545; 30549; 30546);
Bunbury (WAM 30524); Houtman Abrolhos Is.;
Perth to Albany (Watson 1996, 1997, WAM 30536;
30545; 30549). NIMPIS (2002) states that this
species is introduced, but the map shows it
occurring as cryptogenic on the south and lower
west coasts.

Distribution elsewhere

Circumglobal tropical to Antarctic waters (Ralph
1958, Watson 1997); in Australia from numerous
southern and eastern localities, e.g., Port Stephens,
Port Jackson, and Coogee, NSW (Bale 1888; Ritchie
1911; Hodgson 1950; Bruny I., Tas. (Briggs 1914;
Watson 1975); Port Phillip Bay, Western Port, and
Bass Strait Vic. (Ralph 1966; Black 1971; Watson
1994; 1999; Hewitt et al. 2004); QId. (Pennycuick
1959); Pearson Island, SA (Watson 1973).

Remarks

This is a common southern Australian species
colonising many invertebrate and algal substrata
(Watson 1997).
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Family Halopterididae

Antennella secundaria (Gmelin, 1791)

Western Australian records and vouchers

Cape Peron (WAM 2541); Perth to Albany,
Houtman Abrolhos Is., Shark Bay to Exmouth
(Watson 1996, 1997); Port Hedland (CRIMP 1999;
WAM 30554; DALSE 2004). Introduced to the
Pilbara and cryptogenic in the Kimberley and lower
west coast of WA (NIMPIS 2002).

Distribution elsewhere

Cosmopolitan in temperate and tropical seas
(Boero and Bouillon 1993; Watson 1997, 1999, 2000);
in Australia from several southern and eastern
localities, e.g., Qld. (Pennycuik 1959); Port Phillip
Bay, Western Port, and Bass Strait, Vic. (Watson
1994, 1999; Hewitt et al. 2004); Pearson Island, SA
(Watson 1973).

Remarks

Grows in thick masses on algal and invertebrate
substrata in sheltered ocean waters, often amongst
sponges and red algae (Bock 1982; Watson 1994).

Family Plumulariidae
Plumularia setacea (Linnaeus, 1758)

Western Australian records and vouchers

Cervantes (WAM 2650; 2629); Perth to Albany
(Watson 1996); Jurien Bay (WAM 2632). NIMPIS
(2002) states this is a known introduced species, but
shows it as being cryptogenic on the south coast of
WA.

Distribution elsewhere

Near cosmopolitan in subtropical and temperate
seas (Fraser 1948; Boero and Bouillon 1993; Watson
1999, 2000); in Australia recorded from various
southern and eastern localities, e.g., Port Phillip Bay
and Bass Strait, Vic. (Bale 1888; Watson 1994, 1999);
Tas. (Hodgson 1950); Qld. (Pennycuick 1959); Jervis
Bay, NSW (Ritchie 1911).

Remarks

Generally found in sheltered, shallow waters,
associated with algae, old shells and other
invertebrates (Hodgson 1950; Bock 1982; Watson
1994), this species is reportedly intolerant of
reduced salinity (Watson 1999).

Plumularia warreni Stetchow, 1919

Western Australian records and vouchers
Port Hedland (CRIMP 1999; WAM 30553).
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Distribution elsewhere

South Africa, Madagascar, southwestern Indian
Ocean (Gravier 1970; Gravier-Bonnet and
Bourmaud 2006) and possibly Darwin (Watson
pers. comm..).

Remarks

This species is listed for Port Hedland by CRIMP
(1999) but without comment. The voucher specimen
in WAM is listed as Plumularia cf. warreni and the
identification requires confirmation (Watson 2007,
pers. comm..).

MOLLUSCA (Molluscs)
Class Gastropoda (Gastropods)
Family Batillariidae

Velacumantus australis (Quoy and Gaimard,
1834)

Western Australian records and vouchers

Sandflats in lower Swan River and at Woodman
Point, Cockburn Sound (Ewers 1967; Wells and
Bryce 1986).

Distribution elsewhere

Queensland to South Australia; also Tasmania
(Wells and Bryce 1986); northern NSW to southern
Qld.

Remarks

Wells and Bryce (1986) state the WA records “May
be the result of human introduction of the species”
but there have been no further studies. The fossil
record shows V. australis was previously more
widespread across southern Australia but its range
has since become more restricted. The record as an
introduced species is tentatively accepted here.

Cotton (1984) also recorded V. australis from
Albany, a record used by Ewers (1967) and Roberts
and Wells (1980). However, the specimen was later
determined to be a subfossil, and there are no records
of living specimens from Albany (Wells 1984).

Family Cymatiidae
Cymatium cutaceum africanum (A. Adams, 1854)

Western Australian records and vouchers
Augusta (Wells and Kilburn 1986; WAM 54-82).

Distribution elsewhere
South Africa (Wells and Kilburn 1986).

Remarks
A single specimen of this species was collected at
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Augusta by W. Anson on 27 or 28 January 1979.
The species may well have arrived naturally in
Western Australia as Augusta is not a major
shipping area. This was apparently an isolated
individual, and despite searching of the area no
known populations exist in Augusta. In its natural
range, this species lives among solitary ascidians
offshore, under rocks at low tide or on sand near
ascidians (Wells and Kilburn 1986).

Family Facelinidae
Godiva quadricolor (Barnard, 1927)

Western Australian records and vouchers

Found in Cockburn Sound and Fremantle in 1980,
1983 and 1997 (Willan 1987b; WAM 339-86; 26849).
South coast and lower west coast of WA (NIMPIS
2002).

Distribution elsewhere

Native to South Africa, from the Cape of Good
Hope to Port Alfred (Willan 1987b), introduced to
Port Jackson, NSW (Macnae 1954, as Hervia
quadricolor).

Remarks

The specimen was collected by C. Bryce at the
southern end of Cockburn Sound on 10 January
1984 and photographed. Detailed notes on the find
were reported by Willan (1987b) and subsequently
repeated by Furlani (1996). An experienced amateur
photographer, G. Saueracker also saw specimens in
the Fremantle to Cockburn Sound area at about the
same time (Willan, 1987b). The species is also
recorded by Fisheries WA (2000) and NIMPIS
(2002).

Family Goniodorididae
Okenia pellucida Burn, 1967

Western Australian records and vouchers
Fremantle (Willan and Coleman 1984, no
vouchers in WAM).

Distribution elsewhere

Widespread (see remarks); native range unknown
but possibly includes Sydney, NSW (Willan and
Coleman 1984).

Remarks

Rudman (2004) reported that this species, which
was described from Sydney, is widespread, and has
been reported from Hawaii, Japan, Palmyra Atoll,
Malaysia, and the United Arab Emirates, in
addition to Australia (NSW, Qld., WA). The species
lives and feeds on the bryozoan Zoobotryon
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verticillatum. This is a common fouling species that
is believed to be moved readily by shipping
activities.

Family Haliotidae
Haliotis spadicea Donovan, 1808

Western Australian records and vouchers

Cowaramup Bay, south of Cape Naturaliste, 1952,
referring to H. sanguinea (Macpherson 1953; MV
F12987).

Distribution elsewhere
Native to South Africa (Macpherson 1953).

Remarks

Like the three species reported from Augusta by
Wells and Kilburn (1986), this is a record of a South
African species that may have arrived in Western
Australia naturally. No populations have been
subsequently recorded and the identification of the
specimen needs to be checked.

Haliotis diversicolor Reeve, 1846

Western Australian records and vouchers
Not present; no vouchers.

Distribution elsewhere
Japan and China.

Remarks

Geiger (2000) and Geiger and Poppe (2000) show
localities of North West Cape and Albany, but this
is in error because the extensive collections in WAM
do not record a single specimen of this species from
WA.

Haliotis hargravesi (Cox, 1869)

Western Australian records and vouchers
Not present; no vouchers.

Distribution elsewhere
Northern NSW to southern Qld.

Remarks

Geiger and Poppe (2000) show a locality of
Carnarvon with a question mark. This locality is
incorrect because the extensive abalone holdings in
WAM do not record a single specimen of this
species in WA

Family Nassariidae

Bullia annulata Lamarck, 1816
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Western Australian records and vouchers
Augusta (Wells and Kilburn 1986; WAM 52-82;
Furlani 1996).

Distribution elsewhere
South Africa (Wells and Kilburn 1986; Furlani
1996).

Remarks

A single specimen of this species was collected at
Flinders Bay, Augusta, by W. Anson on an
unknown date. The species may well have arrived
naturally in Western Australia as Augusta is not a
major shipping area. This was apparently an
isolated individual, and despite searching of the
area no known populations exist in Augusta.

Nassarius burchardi (Dunker in Philippi, 1849)

Western Australian records and vouchers

Southern Qld. to Fremantle, WA; Swan River,
1965 (Chalmer et al. 1976; Slack-Smith and Brearley
1987). There are numerous specimens in WAM
from a variety of WA locations.

Distribution elsewhere
Southern Australia.

Remarks

This species was first recorded in the Swan
River in 1965 (Wilson and Kendrick 1968;
Chalmer et al. 1976; Slack-Smith and Brearley
1987). However, it was simply an extension of the
species into the estuary, and not an introduction.
The species has been reported from a wide range
of localities from across southern WA to the Swan
River by Wells (1984), Wells and Bryce (1986) and
Wilson (1994). The ecology of N. burchardi was
investigated by Kowarsky (1969) and Smith
(1975).

Nassarius kraussianus (Dunker, 1846)

Western Australian records and vouchers
Augusta (Wells and Kilburn 1986; WAM 51-82;
2670-83; 2670-83; 51-82).

Distribution elsewhere
South Africa (Wells and Kilburn 1986).

Remarks

Two shells of this species were collected at
Augusta by Wendy Anson in January 1974 and by
Glad Hansen at Flinders Bay, Augusta, on 2 July
1972. The species may well have arrived naturally
in Western Australia as Augusta is not a major
shipping area. These were apparently isolated
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individuals, and despite searching of the area no
known populations exist in Augusta.

Family Polyceridae
Polycera hedgpethi Marcus, 1964

Western Australian records and vouchers

Quaranup, Princess Royal Harbour (Wells and
Bryce 1993; Furlani 1996; NIMPIS 2002);
Rockingham (WAM 29806). Lower west coast of
WA (NIMPIS 2002).

Distribution elsewhere

California; Caribbean; Mediterranean; South
Africa; New Zealand; Japan; Iberian Peninsula
(Gosliner 1982; Pollard and Hutchings 1990b; Gofas
and Zenetos 2003); in Australia from NSW, Vic,, SA
(Hutchings et al. 1987; Furlani 1996), e.g., Port
Phillip Bay and Mallacoota, Vic. (Willan and
Coleman 1984; Hewitt et al. 2004) and Port Hacking,
NSW (Willan and Coleman 1984).

Remarks

This species was thought to be an introduction
from California, where it was originally described.
However, the natural range is obscure (Wilson
2006). Specimens were known from New Zealand
prior to the original species description (Miller
2001) and the species was recorded in Australia
only nine years later. In Western Australia the
species was originally recorded from jetty pilings at
Quaranup, Princess Royal Harbour at Albany in
February 1980 (Wells and Bryce 1993: 76). Wilson
(2006: 138) stated that no further specimens have
been recorded from that locality or for the entire
State (based on a pers. comm. C. Whisson and C.
Bryce of the WA Museum), but the species has
subsequently been collected from Rockingham in
2005 (WAM 29806).

Class Bivalvia (Bivalves)
Order Myoida
Family Teredinidae (Shipworms)

Western Australian records and vouchers
Various, see Brearley et al. (2003) for vouchers.

Distribution elsewhere
Variable.

Remarks

Shipworms get their common name from their
habit of boring into the wood of early ships, but
they are actually bivalve molluscs. They also
burrow into mangroves, with some species
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occurring in live wood, others in dead wood and
some in both. The species also colonise dead logs.
This habitat has resulted in many species of
shipworms occupying widespread ranges and being
introduced into a variety of different coastal areas,
but it is very difficult to determine what the original
distribution was for each species. Turner (1966,
1971a, 1971b) and Marshall and Turner (1974)
provide information on species occurring in
Australia, including Western Australia. Brearley et
al. (2003) studied the distribution of five species of
teredinids and one pholad in mangroves at the
Burrup Peninsula near Dampier, and provide a
table showing the locations where 28 species have
been recorded in Australia. Teredo navalis
Linnaeus, 1758 is shown by NIMPIS (2002) to occur
from the south coast to Kalbarri. However, despite
all of these studies, we do not know what species
were native to WA and which have been
introduced. Until further information is obtained,
the record is excluded.

Order Mytiloida
Family Mytilidae
Musculista senhousia (Benson in Cantor, 1842)

Western Australian records and vouchers

This species was first found at Chidley Point in
the Swan River estuary in 1983. Subsequent
sampling in 1984 revealed that it was as far
upstream as the Canning Bridge and Perth Water.
It has also been recorded in Fremantle (Slack-
Smith and Brearley 1987; Willan 1985a, 1985b,
1987a; Hutchings et al. 1987; Pollard and
Hutchings 1990b; Furlani 1996; Wilson 1998;
Fisheries WA 2000; CRIMP 2000; WAM 10748,
12718, 14305, 16462, 16910). Lower west coast of
WA (NIMPIS 2002).

Distribution elsewhere

Native to Pacific coast of Asia. This is an invasive
species that has been recorded in a wide variety of
areas, including the Mediterranean, USA, India, and
New Zealand. In Australia it occurs in Port Phillip
Bay, Vic,, Devonport, Launceston and the Tamar
River, Tas., St Kilda, SA (Willan 1985a, 1985b,
1987a; Hutchings et al. 1987; Pollard and Hutchings
1990b; Coleman 1993; Furlani 1996; Aquenol 2001;
Hewitt et al. 2004; NIMPIS 2002).

Remarks

Although the species was common in the lower
Swan River in the 1980s, recent attempts to find
specimens for DNA analysis have not recorded any
individuals. A survey to determine the present
distribution of M. senhousia is planned for late
2007.
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Mpytilus edulis planulatus Lamarck, 1819

Western Australian records and vouchers

WA as far north as Cockburn Sound (see remarks
below). Numerous specimens in the WAM,
including N4017, N4172, 514-40, all from Albany;
141-66 Wilson Inlet; 77-63 Bunbury; N1650 Garden
Island.

Distribution elsewhere
Western Europe, Mediterranean.

Remarks

The taxonomy of this species is confused. It is
used for aquaculture in the Albany harbours,
Warnbro Sound and Cockburn Sound, WA, under
the name M. edulis. Shepherd and Thomas (1989)
state that blue mussels were collected in King
George Sound by Frangois Péron on the French
corvette Géographe and were later described as
Mytilus planulatus Lamarck, which is now
considered to be a subspecies of M. edulis.

Furlani (1996) and NIMPIS (2002) use the name
M. galloprovincialis Lamarck and give an inferred
distribution throughout Western Australia as far
north as North West Cape. In fact, blue mussels are
found in protected bays and estuaries only as far
north as Cockburn Sound (Wells 1984). Furlani
(1996) and NIMPIS (2002) state that the two species
are inseparable on shell characteristics but can be
separated genetically (Geller et al. 1993). More
recently, Coghlan and Gosling (2007) investigated
the two species in Ireland and showed that they co-
occur, with a large proportion of the populations
(greater than 33%) being hybrids. There were more
M. galloprovincialis on open shores than in
protected bays. Such genetic work has not been
undertaken in Western Australia.

In a volume on Quaternary molluscs of South
Australia, Ludbrook (1984) describes M. edulis
planulatus living in SA. However, in other chapters
she reports the mussels Brachidontes cf. suberosus
(Singleton) from the Pleistocene and Brachidontes
erosus (Lamarck 1819) and B. rostratus (Dunker
1857) from the Holocene of SA, but not M. edulis
planulatus. The origins of the Australian form of this
species remain uncertain. It may also be an
introduction dating to the 16" century (Hewitt 2003).

Order Ostreoida
Family Ostreidae
Crassostrea gigas (Thunberg, 1793)

Western Australian records and vouchers

Not present, although the species is recorded for
WA localities in several publications, e.g., Albany,
1947 (Thomson 1952; Fisheries WA 2000); specific
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location not specified (Coleman and Hickman
1986); WA (Pollard and Hutchings 1990b). No
vouchers. NIMPIS (2002) originally had this species
as introduced to the south coast of WA, but
currently shows a blank in this area.

Distribution elsewhere

Native to the north-west Pacific, introduced
widely in temperate to tropical seas for aquaculture
(Dinamani 1971; Zibrowius 1991; Gofas and Zenetos
2003); in Australia introduced to several locations,
e.g., southern and northern Tas. (Thomson 1952,
1954; Aquenol 2001), Port Phillip Bay, Vic. (Hewitt
et al. 2004), Mallacoota Inlet, Vic.,, Anderson Inlet,
NSW (Coleman and Hickman 1986).

Remarks

Also known as the Pacific oyster, this species was
introduced for aquaculture into Tasmania and
Oyster Harbour, Western Australia in 1947.
However, the specimens were shipped from Japan
by boat and took too long to arrive in Australia.
Mortality was very high, and the experiment was
unsuccessful. A subsequent attempt was made
successfully to ship broodstock by air to Tasmania.
The species has since spread to Vic,, NSW and SA.
It is unusual in being considered to be both a pest
species and a valuable species for aquaculture. The
history of the introduction is detailed in a number
of reports (Thomson 1952, 1959; Sumner 1972, 1974;
Medcof and Wolf 1975; Coleman 1986; Coleman
and Hickman 1986; Hutchings et al. 1987; Furlani
1996; Fisheries WA 2000). Victoria has banned its
use as an aquaculture species since 1996 (T. O'Hara,
pers. comm.).

Thomson (1959) clearly states the attempt to
introduce the species into Oyster Harbour was
unsuccessful. In a study of the molluscs of the
Albany area, Roberts and Wells (1980) did not
record C. gigas. A similar study of the Esperance
area also failed to disclose any material (Wells et
al., 2005). Furlani (1996) reports the deliberate
introduction of C. gigas into Oyster Harbour but
fails to mention that the introduction was not
successful. She records the species on the basis of a
dead shell taken from Cockburn Sound, and
provides a presumed distribution of the species
from the entire coastline between Onslow, WA,
through to northern NSW. However, C. gigas is
occasionally imported into WA for restaurants, and
it is possible that was the source of the Cockburn
Sound shell. The original NIMPIS database
included this distribution (e.g., see list of ‘known
exotic species in Australian waters” in CRIMP 2000:
17), but following approaches to the Centre for
Research into Introduced Marine Pests, it has been
removed. There are no verified records of the
species in WA.
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Ostrea edulis (Linnaeus, 1758)

Western Australian records and vouchers
Oyster Harbour, Albany (Morton et al. 2003).

Distribution elsewhere
Native to Western Europe.

Remarks

Morton et al. (2003) discuss this species in detail.
While there had been literature uses of the name
Ostrea edulis for southern localities, recent authors
used the name O. angasi (Sowerby, 1871). This is
the species for which Oyster Harbour was named
by Vancouver in 1798. Morton et al. (2003)
examined DNA sequences of ten individuals from
Oyster Harbour; seven were O. angasi and three
were O. edulis. Once the species were determined
genetically, differences in the species were found in
the shells. The authors speculate that O. edulis
could have been introduced into Australia either
accidentally or unofficially, but do not report on
when this may have occurred.

Family Pectinidae
Scaeochlamys livida (Lamarck, 1819)

Western Australian records and vouchers
Fremantle Harbour and Cockburn Sound (CRIMP
2000, as Chlamys livida; WAM 514964).

Distribution elsewhere
Eastern Australia.

Remarks

This scallop species was recorded in the CRIMP
(2000) survey of Fremantle Harbour and Cockburn
Sound. It did not attract attention in the survey
because it is introduced from eastern Australia and
not overseas. Morrison and Wells (2008) provide
full details on the species in Fremantle Harbour and
Cockburn Sound. It first appeared about 1985 and
is now well established.

Order Veneroida
Family Mactridae
Spisula trigonella (Lamarck, 1818)

Western Australian records and vouchers

Shark Bay, Swan River, Garden Island, Peel Inlet,
Nornalup Inlet (Wilson and Kendrick 1968); Swan
River (Chalmer et al. 1976). Numerous specimens
in WAM including WAM 581-67; 582-67; 580-67.
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Distribution elsewhere
Eastern Australia, widespread in Qld., NSW, Tas.,
Vic., and SA (Wilson and Kendrick 1968).

Remarks

This species appeared suddenly in the Swan
Estuary about 1964, as documented by Wilson and
Kendrick (1968). Chalmer et al. (1976) reported that
by the mid 1970s it had become a conspicuous
inhabitant of the lower and middle Swan Estuary.
They also reported that marine records are rare in
WA. However, the species appears to be native to
the state, and has been recorded from a number of
southwestern estuaries (Wells 1984).

Family Semelidae
Theora lubrica Gould, 1861

Western Australian records and vouchers

Bunbury (CRIMP 1997a); Rockingham, Swan
River (Chalmer et al. 1976; Slack-Smith and Brearley
1987; Hutchings et al. 1987; Pollard and Hutchings
1990b; Furlani 1996). Voucher from Lucky Bay, ca.
600 m north of Pt Waylen, Swan estuary. Lower
west coast of WA (NIMPIS 2002).

Distribution elsewhere

Pacific coast of Asia, California, New Zealand
(Chalmer et al. 1976; Pollard and Hutchings 1990b),
in Australia introduced to Port Phillip Bay, Vic.
(Coleman 1993; Furlani 1996, as Theora fragilis;
Hewitt et al. 2004) and Launceston, Tas. (Aquenol
2001).

Remarks

Coleman (1993) records Musculista senhousia and
Theora lubrica from Corio Bay, Port of Geelong,
where T. lubrica is an abundant species. Both were
introduced from the east coast of Asia. Theora
lubrica arrived at least in the early 1970s and was
identified as T. fragilis A. Adams (Poore and Rainer
1974; Hutchings et al. 1987; Pollard and Hutchings
1990b). The taxonomy of this species appears to be
confused. Furlani (1996) and NIMPIS (2002) use T.
lubrica, but state that T. fragilis may be an earlier,
valid name.

The WA material, based on a single record, needs
confirmation of the identification.

Annelida
Class Polychaeta (Polychaetes)
Order Phyllodocida

Family Nereididae
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Alitta succinea (Leuckart, 1847)
= Neanthes oxypoda Marenzeller, 1879, Nereis
oxypoda Marenzeller, 1879, Neanthes succinea
Hartman, 1938

Western Australian records and vouchers

Swan River, 1938 as Neanthes oxypoda (Monroe,
1938); Swan River, 1946 as Nereis oxypoda
(Thomson, 1946); Swan River as Neanthes succinea
(Wilson, 1984). Lower west coast and south coast of
WA (NIMPIS 2002). No vouchers in WAM.

Distribution elsewhere

Widely distributed in both hemispheres (Wilson
1988); in Australia from Yarra River, Maribyrnong
River, and Port Phillip Bay, Vic. (Wilson 1984;
Cohen et al. 2001; Hewitt et al. 2004) and (as
Neanthes oxypoda): Port Hacking, Hawkesbury
River, Lake Macquarie, NSW (Hutchings and
Murray 1984; Wilson 1999).

Remarks

All Australian records of this species are from
estuaries associated with or adjacent to major
shipping harbours (Wilson 1999). According to
Wilson (1984), published records of Neanthes
oxypoda from Australia, China and Japan confuse
two distinct forms, with material from China and
Japan probably being an undescribed species. More
recent records are likely to be the result of
introductions by humans, both intentional and
accidental (Wilson 1988).

Order Sabellida
Family Sabellidae
Sabella spallanzanii (Gmelin, 1791)

Western Australian records and vouchers

Esperance (Clapin pers. comm., cited in CRIMP,
2000; WAM 4612; Campbell 2003b; WAM 4617;
4618); Albany (CRIMP 1997b; WAM 4048);
Bunbury (WAM 4054; 4056; CRIMP 1997a; WAM
7283; 7285); Cockburn Sound, Fremantle (Clapin
and Evans 1995; CRIMP 2000; WAM 4613; 4053).
South coast and lower west coast of WA (NIMPIS
2002).

Distribution elsewhere

Native to the Mediterranean and Atlantic east
coast to English Channel, introduced to South-East
Asia, Rio de Janeiro and various localities in
temperate Australia (West Lakes, North Haven, and
Port River, SA, Port Phillip Bay, Vic., Devonport,
Tas., and Twofold Bay, NSW) (Carey and Watson
1992; Clapin and Evans 1995; Furlani 1996; Currie
et al. 1998, 2000; CRIMP 2000; Cohen et al. 2001;
Pollard and Rankin 2003; Hewitt et al. 2004).
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Remarks

Also known as the European fan worm, this
species was first noted in south-west Western
Australia in 1994-5 (Clapin and Evans 1995), but
specimens from Albany in the WA Museum date
from 1965, 1978 and 1979. The species was first
observed in Cockburn Sound in 1994.

Myxicola infundibulum (Renier, 1804)

Western Australian records and vouchers

NIMPIS (2002) states the species is introduced to
Australia but shows it as cryptogenic on the south
coast and lower west coast of WA. No vouchers in
WAM.

Distribution elsewhere

In Australia, from Port Phillip Bay, Port of
Melbourne, Geelong and Portland, Vic. (Black 1971;
Knox and Cameron 1971; Parry et al. 1997; Currie et
al. 1998; Cohen et al. 2001; Hewitt et al. 2004); Hong
Kong (Paxton and Chou 2000).

Remarks

The identity of Australian records currently
known as Myxicola infundibulum are currently
being investigated by E. Dane and R. Wilson at
Museum Victoria (T. O’'Hara, pers. comm.).

Family Serpulidae

Hydroides elegans Haswell, 1883
[also reported as Hydroides norvegica Gunnerus]

Western Australian records and vouchers
Cockburn Sound, 1978 (Lewis 1982). No vouchers
in WAM.

Distribution elsewhere

Native distribution unknown, but appears to be
of tropical/subtropical origin. Also known in the
Mediterranean, Hawaii, Hong Kong, China, New
Zealand and various locations in Australia, e.g.,
Port Phillip Bay, Vic., Port Jackson, NSW, and
Qld. (Allen 1953; Wisely 1958; Hurlbut 1991;
Zibrowius 1991; Paxton and Chou 2000; Hewitt et
al. 2004).

Remarks

Often incorrectly identified in early Australian
records as Hydroides norvegica (NIMPIS 2002)
which H. elegans was considered synonymous
with. Recognition of morphological differences
between the two species (Zibrowius 1991) has
shown H. norvegicus to be restricted to the Atlantic
and Mediterranean, with H. elegans a widespread
fouling species common in temperate southern
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Australia (Lewis et al. 2006). This species is
regarded as a considerable fouling nuisance (Lewis
et al. 2006).

Ficopomatus enigmatica (Fauvel, 1923)

Western Australian records and vouchers

Peel — Harvey Estuary (WAM 86); Swan River
(Monroe 1938; Allen 1953; Hove and Weerdenburg
1978; Hutchings and Murray 1984; Hutchings et al.
1987; Pollard and Hutchings 1990b).

Distribution elsewhere

Native distribution unknown, but appears to be
of subtropical or temperate origin. Also known in
the Mediterranean, U.K., France, Spain, India,
Egypt, Tunisia, Black Sea, Japan, North and South
America and various locations in Australia (SA,
Port Phillip Bay, Vic., Sydney, NSW, Qld.) (Monroe
1938; Allen 1953; Hove and Weerdenburg 1978;
Hutchings and Murray 1984; Hutchings et al. 1987;
Pollard and Hutchings 1990b; Zibrowius 1991;
Cohen et al. 2001; Hewitt et al. 2004).

Remarks

Prevously known as Mercierella enigmatica
Fauvel. Hove and Weerdenburg (1978) state that
many records in the literature are based on
incorrectly identified material. Tolerant of salinity
fluctuations (Allen 1953).

Order Spionida
Family Spionidae
Boccardia proboscidea Hartman, 1940

Western Australian records and vouchers

Fremantle (Hartmann-Schroder 1982; Hutchings
et al. 1987; Pollard and Hutchings 1990b; Furlani
1996). Lower west coast of WA (NIMPIS 2002). No
vouchers in WAM.

Distribution elsewhere

Native to Japan or north-eastern Pacific; also
found in Chile, Panama and locations in temperate
Australia, e.g., Eyre Peninsula, SA, Port Phillip Bay
and several locations to Portland, Vic.,, and Lake
Macquarie, NSW (Blake and Kudenov 1978;
Hartmann-Schroder 1982; Carlton 1985; Hutchings
et al. 1987; Hartmann-Schroder 1989; Pollard and
Hutchings 1990b; Furlani 1996; Wilson 1999; Cohen
et al. 2001; Hewitt et al. 2004).

Remarks

This species was first noted in Fremantle Harbour
in 1975 and was probably introduced through ballast
water or hull fouling (Hartmann-Schroder 1982).
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Polydora ciliata Johnston, 1938

Western Australian records and vouchers

Fremantle, Cockburn Sound (Day 1975;
Hutchings et al. 1987; Pollard and Hutchings 1990b;
WAM 128).

Distribution elsewhere

Native to the Atlantic, Mediterranean, also found
in the Indo-West Pacific, introduced to Newcastle,
NSW (Haswell 1885; Day 1975; Pollard and
Hutchings 1990b). NIMPIS (2002) shows this
species as a known introduction to the Pilbara but
cryptogenic on the lower west coast.

Remarks

Possibly a misidentification, the single Western
Australian specimen (collected in 1972) was
identified only from the anterior half as the
posterior half was missing (Day 1975). Hutchings et
al. (1987) echoes these sentiments and Furlani (1996)
treats this as an unconfirmed record.

Pseudopolydora paucibranchiata (Okudu, 1937)

Western Australian records and vouchers

WA, 1979 (Hutchings et al. 1987 citing Hartman-
Schroder 1981 WA (Pollard and Hutchings 1990Db).
No vouchers in WAM

Distribution elsewhere

Native to the north-west Pacific; introduced to
west coast of USA, France, New Zealand (Blake and
Kudenov 1978); in Australia recorded from the
south-east, e.g., Botany Bay, Port Hacking, Jervis
Bay, Merimbula, NSW, Port Phillip Bay,
Westernport Bay, Vic., Porter Bay, Torrens Island,
Port Lincoln, SA (Dorsey 1982; Hutchings and
Turvey 1984; Hutchings and Murray 1984; Carlton
1985; Pollard and Hutchings 1990b; Wilson 1999;
Hewitt et al. 2004).

Remarks

This species is only presumed to occur in WA
according to Furlani (1996) and is not recorded for
the state by NIMPIS (2002).

Chordata
Class Ascideacea (Ascidians)
Order Phlebobranchia
Family Ascidiidae
Ascidiella aspersa (Mueller, 1776)

Western Australian records and vouchers
Esperance (WAM 30936); Albany (Kott, 1985;
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CRIMP 1997b); Bunbury (CRIMP 1997a);
Fremantle (CRIMP 2000) Bunbury; Pt Walter,
Swan R. (George and George 1979; Kott 1985;
Furlani 1996); Swan River (CRIMP; WAM 30507).
South coast and lower west coast and Pilbara of
WA (NIMPIS 2002).

Distribution elsewhere

Native to the Mediterranean, introduced to the
eastern Atlantic and east coast of USA, New
Zealand and temperate Australian waters (various
isolated estuaries and bays from the Swan River,
W.A,, to SA, Tas. and Vic.) (Black 1971; George and
George 1979; Kott 1985; Furlani 1996; Currie et al.
1998; Keough and Ross 1999; Cohen et al. 2001;
Hewitt et al. 2004).

Remarks

First seen in Albany in 1952 and subsequently in
the Swan River in 1962. Found on rocks and other
surfaces in the inter-tidal zone to depths of 50 m or
more (George and George 1979).

Family Cionidae
Ciona intestinalis (Linnaeus, 1767)

Western Australian records and vouchers

Esperance (Western Australian Museum 2002;
Campbell 2003b; McDonald 2004; WAM 30565);
Albany (WAM 744-83); Bunbury (CRIMP 1997a);
Canning R.; Albany, Fremantle, Swan R. (Kott 1985,
1990; Furlani 1996; CRIMP 1997b, 2000; WAM
30765). South coast and lower west coast of WA
(NIMPIS 2002).

Distribution elsewhere

Native to the North Atlantic, introduced to
North and South America; Hong Kong; China Sea;
Indonesia; New Zealand; most harbours
throughout the world and ports throughout
Australia (Port Adelaide and Adelaide outer
harbour, SA, Portland and Port Phillip Bay, Vic.,
Derwent Estuary, Tas., Port Jackson and
Newcastle, NSW, Rockhampton, Qld) (Herdman
1899; Van Name 1945; Allen and Wood 1950; Black
1971; Kott 1990, 1997; Furlani 1996; Currie et al
1998; Keough and Ross 1999; CRIMP 2000; Cohen
et al. 2001; Hewitt et al. 2004).

Remarks

Kott (1997) suggests that C. intestinalis appears
to be declining in many of the locations in which
it was once common, and the report of this
species in Bandy Creek Harbour, Esperance, is
the first to be published for almost ten years
(McDonald 2004: 869). The species was recorded
for Fremantle by CRIMP (2000). Ciona intestinalis
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is known to rapidly cover the substratum,
smothering the existing species (Lambert and
Lambert 1998, cited in McDonald 2004). Surveys
of the Bandy Creek harbour following severe
local flooding and sedimentation in early 2007
indicate that this might have eradicated the
population in that small harbour (Travers, pers.
comm.)

Order Stolidobranchia
Family Styelidae
Botrylloides leachi (Savigny, 1816)

Western Australian records and vouchers

Esperance (Western Australian Museum, 2002;
Campbell, 2003b; WAM 30564); Albany (CRIMP,
1997b; WAM 16463); Bunbury (CRIMP, 1997a);
Shark Bay (Wyatt et al. 2005); Barrow 1. (Western
Australian Museum 2005; WAM 29711); Geraldton,
Fremantle, Rottnest I, Cockburn Sound, Bunbury,
Busselton, Albany-Princess Royal Harbour (all
collected in 1905) (Hartmeyer and Michaelsen
1928); Geraldton, Cockburn Sound, Bunbury,
Albany, Dampier Archipelago, Rowley Shoals, Port
Gregory, Houtman Abrolhos, Cockburn Sound
(Kott 1985). North Mole, Fremantle (WAM 9583;
9584). Introduced into all areas of WA (NIMPIS
2002).

Distribution elsewhere

Northeastern Atlantic, Europe, British Isles, North
Sea, western Mediterranean, Adriatic Sea, Black
Sea, Indonesia, western Indian Ocean, Red Sea,
South Africa, New Zealand, Australia wide
(Herdman 1899; Kott 1985; Furlani 1996; Cohen et
al. 2001; Aquenol 2001; Hewitt et al. 2004).

Botryllus schlosseri (Pallas, 1766)

Western Australian records and vouchers

Esperance (WAM 30562); Albany, Cockburn
Sound, Swan River, Shark Bay, Rowley Shoals
(Hartmeyer and Michaelsen 1928; Kott 1985;
Sabbadin and Graziani 1967; Furlani 1996). WAM
945-6.83, 963.83, 929.83, 938.83. Introduced into all
areas of WA (NIMPIS 2002).

Distribution elsewhere

Native to the north-east Atlantic to
Mediterranean, Adriatic Sea and Black Sea;
introduced to North America, Hong Kong, Japan,
New Zealand, and Australia-wide with the
apparent exception of NSW (Kott 1985; Furlani
1996; Cohen et al. 2001; Hewitt et al. 2004).

33
Styela plicata (Lesueur, 1823)

Western Australian records and vouchers

Bunbury (CRIMP 1997a); Monte Bello Is., Swan
River, Canning River, Cockburn Sound, Bunbury
(Kott 1952, 1985; Hutchings et al. 1987; Pollard and
Hutchings 1990b; Furlani 1996). Shark Bay (Wyatt
et al. 2005); Esperance (Western Australian Museum
2002; Campbell 2003b; WAM 30561). West coast
and Pilbara of WA (NIMPIS 2002).

Distribution elsewhere

Native range unknown, cryptogenic in various
widespread locations in the Mediterrranean and
warmer parts the Pacific, Indian and Atlantic
Oceans, introduced to Atlantic South America and
probably Australia-wide (Allen and Wood 1950;
Kott 1952, 1985; Hutchings et al. 1986, 1987, 1989;
Pollard and Hutchings 1990b; Furlani 1996; Currie
et al. 1998; Cohen et al. 2001; Hewitt et al. 2004).

Remarks
First local specimens came from Cockburn Sound
in 1928.

Styela clava (Herdman, 1881)

Western Australian records and vouchers
Albany, Cockburn Sound (Kott 1985). No
vouchers in WAM.

Distribution elsewhere

Native to the northwest Pacific: Japan, Korea,
Northern China, and Siberia; spread to parts of
northwestern Europe, North America. In Australia
from northern Tas., southern NSW, and Port Phillip
Bay, Vic. (Kott 1985; Pollard and Hutchings 1990b;
Currie et al. 1998; Cohen et al. 2001; Hewitt et al.
2004).

Remarks

This species was recorded for WA by Kott (1985)
but a western distribution is not indicated by
NIMPIS (2002).

Class Actinopterygii (Fish)
Order Perciformes
Family Gobiidae
Acentrogobius pflaumii (Bleeker, 1853)

Western Australian records and vouchers
Swan River; Cockburn Sound (B. Hutchins, pers
comm.).

Distribution elsewhere
Native to the north-west Pacific: Japan, Korea,
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China, Philippines; introduced to New Zealand; in
Australia from Port Phillip Bay, Vic. (Lockett and
Gomon 1999, 2001; Cohen et al. 2001; Hewitt et al.
2004).

Remarks

In Port Phillip Bay, this species is common on soft
sediments around pier pylons in water deeper than
5 m (Lockett and Gomon 1999, 2001).

Tridentiger trigonocephalus (Gill, 1858)

Western Australian records and vouchers

Bunbury (CRIMP 1997a; WAM 32763); Swan
River, Fremantle Harbour, Cockburn Sound (Chubb
et al. 1979; Bodeker 1985; Paxton and Hoese 1985;
Pollard and Hutchings 1990a; Gomon et al. 1994;
Lockett and Gomon 1999, 2001; CRIMP 2000). Swan
River (WAM 26037; 27679; 27690); Cockburn Sound
(WAM 25945). South coast and lower west coast of
WA (NIMPIS 2002).

Distribution elsewhere

Native to north-west Pacific (Japan, China,
Korea), introduced to California and parts of
Australia, e.g., Sydney Harbour and Port Kembla,
NSW; Port Phillip Bay, Vic. (Friese 1973; Hoese
1973; Bodeker 1985; Paxton and Hoese 1985;
Hutchings et al. 1987; Pollard and Hutchings 1990a;
Gomon et al. 1994; Furlani 1996; Lockett and
Gomon 1999, 2001; Cohen et al. 2001; Hewitt et al.
2004).

Remarks

In eastern Australia (Sydney Harbour and Port
Phillip Bay), this species occurs among seagrass and
is associated with a variety of substrata; it is
common around commercial port regions (Pollard
and Hutchings 1990a; Lockett and Gomon 2001).

Family Sparidae
Sparidentex hasta Valenciennes, 1830

Western Australian records and vouchers

Swan River, 1985 (Bodeker 1985; Harvey and
Beard 1985; Anon. 1985; Hutchings et al. 1987;
Pollard and Hutchings 1990a; WAM 28437).

Distribution elsewhere
Arabian Sea, west coast of India, Persian Gulf
(Pollard and Hutchings 1990a).
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Abstract

The eastern Australian scallop Scaeochlamys livida (Lamarck, 1819) is recorded from
Cockburn Sound and Fremantle Harbour, Western Australia. It was first recorded in Cockburn
Sound in the 1980s and has now become a permanent part of the molluscan fauna of both
Fremantle Harbour and Cockburn Sound.

Introduction

Worldwide, the introduction of exotic species is one of the major threats to biodiversity
(Carlton and Geller 1993). In the marine environment there are three primary mechanisms
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
deliberate introductions, such as through aquaculture (Carlton 1985). Like other places in the
world, many exotic species have been introduced into Western Australia (NIMPIS 2002), a
number of which are molluscs. The Pacific oyster, Crassostrea gigas (Thunberg, 1793), was
introduced for aquaculture in Oyster Harbour, Albany, in 1947 but did not survive. However
the species survived in Tasmania (Thomson, 1952, 1959) and has since spread to New South
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,
1758, but the taxonomic status and origins of this species are uncertain. It may actually be M.
galloprovincialis (Lamarck, 1819). Another mussel, Musculista senhousia (Benson, 1842),
has established large populations in Cockburn Sound and the Swan River estuary (Slack-
Smith and Brearley 1987). Theora fragilis (A. Adams, 1856) has been reported in the Swan
River (Chalmer et al. 1976). Three species of nudibranchs have also been recorded: Godiva
quadricolor (Barnard, 1927) in Cockburn Sound (Willan 1987); Polycera hedgpethi (Marcus,
1964) at Albany and Augusta (Willan and Coleman 1984; Wells and Bryce 1993) and Okenia
pellucida Burn, 1967 at Fremantle (Willan and Coleman 1984). The three species have been
introduced from very different sources. Godiva quadricolor is a South African species that
has also been introduced to Sydney (Willan 1987). 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 (Linnaeus, 1758) was recently recorded from Albany based
on analyses of genotypes (Morton et al. 2003). Beechey and Willan (2007) have reported the
Asian columbellid snail Mitrella bicincta (Gould, 1860) from Cottesloe as well as from New
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 (Lamarck, 1819) into Fremantle Harbour and Cockburn Sound, Western Australia.

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. /ivida from Cockburn
Sound or other areas in south Western Australia. Shells only were examined in this study.

Results

Previous surveys of the area

From 1958 to 1960, the marine group of the Western Australian Naturalists’ Club conducted a
detailed survey of marine benthic invertebrates of Cockburn Sound (Wilson ef al. 1978), with
the sound being divided into 178 numbered grid squares. Samples were taken from the centre
of each block by diving, dredging or shore collecting. Incidental collecting was undertaken
after 1960. Mimachlamys asperrima (Lamarck, 1819) was recorded in 29 blocks in the 1958-
1960 survey. Many records were based on live scallops, and the species was listed as abundant
at several stations. The species was also collected at four of the post-1960 stations (Wilson
et al. 1978). Specimens from this survey and other Naturalist Club material later formed the
initial mollusc collection in the Western Australian Museum. Surveys of the molluscs of the
Swan River were undertaken in the late 1960s and early 1970s (Chalmer ef al. 1976), and
Wells (1984) collated WAM information on molluscs in southwestern Australian estuaries,
including the Swan. All of these studies, and Wells and Bryce (1986), listed M. asperrima, but
Scaeochlamys livida (Figure 1a; b) was never collected in any of the above studies.

Lamprell and Whitehead (1992) list the range of S. /ivida 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. /ivida are currently being described
as a new species (H. Dijkstra, pers. comm. to HM).

Western Australian material of Scaeochlamys livida examined

Woodmans Point, Cockburn Sound, 28 Aug 1985 (Frank Turnbull Collection TC 1428);
between the shipyards and Alcoa, southwestern Cockburn Sound, 10 Dec 1989 (WAM S33048);
mussel farm near the Kwinana Grain terminal, 1992 (WAM S33049); 7 m, barge wreck, Rous
Head, 2004 (WAM S 14964); Woodmans Point, 1991, 1991 & 2000 (WAM S33050; S33053;
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S33051); Rottnest Island, H. Morrison Coll., 2002; Whitfords, H. Morrison Coll., 2002; naval
base, southwest Garden Island, March 2005 (MuseumVictoria F131574; F131583; F131591;
F131599; F132050; F132060; F132064; F132086; C.Y. O’Connor Beach, Fremantle, Jan 2007
(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. /ivida and M. asperrima could be confused.
For these reasons, the two species are compared here.

Scaeochlamys livida (Figure 1 a,b): Up to 7 cm high; slightly inequilateral, left valve more
convex; auricles unequal; byssal gape pronounced; colourful (often brown or purple, or orange,
yellow, or white), internal colours lighter but similar; 10-12 very strong, low, flattened radial
ribs on left side with flat, translucent scales, much stronger near shell margin, up to 8 mm long,
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 (Gmelin, 1791) is a similar western Pacific species that ranges from
southern Japan to Indonesia (Raines and Poppe 2006). Scaeochlamys squamata (Figure 1c)
differs from S. /ivida 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) is similar in size, but reaches 9 cm. It also has variable
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. /ivida, 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. /ivida was first recorded
in Cockburn Sound about 1985 and was not there during the late 1950s. Numerous records since
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. /ivida 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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significantly during the 1970s and 1980s (Culver and Kuris 1999; Carlton and Geller 1993).
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 (NIMPCGQG) 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):

» The Asian bag mussel Musculista senhousia,

» The European shore crab Carcinus maenas,

* The European fan worm Sabella spallanzanii, and

» The East Australian scallop 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 m?) 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?; 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.

. N [ =
2 Sub-region Location (0] ‘i’ g .g
# 3 [} % <
S Q b
S| o| E| o
b | 4| 6| S
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
1 | 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 628|372 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. /ivida 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. /ivida 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 in each density category

(number of sites examined) | Absent | Sparse (< 1 m?) | Medium (1-50 m?) | Dense (> 50 m?)
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).

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

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

61




Figure 3.

Rous Head Harbour

Gage Roads

Woodman Point

Cockburn Sound

Kwinana

Rockingham
7.5 km

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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Mean size (mm + SD) of Scaeochlayms livida across locations within the greater Swan
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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 m?) 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 2500m? (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 ef 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
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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? (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 ef 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
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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. 1t has been speculated as to whether the
populations of M. asperrimus declined independently at about the same time as S. /ivida
bloomed, or whether S. /ivida 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. /ivida 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).

6.0 Acknowledgements

Thanks to Michael Travers and Emily Gates (formerly Department of Fisheries) for their field
assistance. Thanks also to Dr David Abdo and Dr Brett Human for reviewing this document.

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

70

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




7.0 References

Ahyong, ST. (2005) Range extension of two invasive crab species in eastern Australia: Carcinus maenas
(Linnaeus) and Pyromaia tuberculata (Lockington). Marine Pollution Bulletin 50: 460-462.

Bureau of Meteorology (2008) Online resources available from: http://www.bom.gov.au/weather/wa/
[Accessed 10 June 2008].

Byers, JE. (2002) Impact of non-indigenous species on natives enhanced by anthropogenic alteration of
selection regimes. Oikos 97: 449-458.

Carey, JM. Watson, JE. (1992) Benthos of the muddy bottom habitat of the Geelong arm of Port Phillip
Bay, Victoria, Australia. Victorian Naturalist 109: 196-202.

Clapin, G. Evans, DR. (1995) The status of the introduced marine fanworm Sabella spallanzanii
in Western Australia: A preliminary investigation. CSIRO Technical Report, No. 2. Division of
Fisheries, CSIRO, Hobart.

Cohen, AN. Carlton, JT. Fountain, MC. (1995) Introduction, dispersal, and potential impacts of the
green crab Carcinus maenas in San Francisco Bay, California. Marine Biology 122:225-237

CRIMP (2000). Introduced species survey final report, Fremantle, Western Australia. CSIRO Marine
Research, Hobart, Tasmania. vi + 61 pp.

Crooks, JA. Soulé, ME. (1999) Lag times in population explosions of invasive species: Causes and
implications. In: Invasive species and biodiversity management. Saundland, OT. et al., (eds), Kluwer
Academic Publishers. 103-125 pp.

Davis, MA., Grime, JP. Thompson, K. (2000) Fluctuating resources in plant communities: a general
theory of invasibility. Journal of Ecology 88: 528-534.

Furlani, DM. (1996). 4 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.

Grosholz, ED. Ruiz, GM. (1995) Spread and potential impact of the recently introduced European green
crab, Carcinus maenas, in Central California. Marine Biology, 122: 239-247.

Grosholz, ED. Ruiz, GM. Dean, CA. Shirley, KA. Maron, JL. Connors, PG. (2000) The impacts of a
nonindigenous marine predator in a California bay. Ecology 81: 1206-1224.

Hass, CG. Jones, DS. (1999) Marine introductions to Western Australia, with a focus on crustaceans.
Pp. 37-44. In: Kesby, JA. Stanley, JM. McLean, RF. Olive, LJ. (Eds). Geodiversity: Readings in
Australian geography at the close of the 20" century. Special publication Series No. 6: 1-630.
Canberra, ACT, School of Geography and Oceanography, University College, Australian Defence
Force Academy.

Hayes, K. Sliwa, C. Migus, S. McEnnulty, F. Dunstan, P. (2005) National Priority Pests: 2 Ranking
of Australian Marine Pests. Final Report for the Department of Environment and Heritage, CSIRO
Marine Research Hobart, Australia. 106 pp.

Hewitt, CL. Martin, RB. Sliwa, C. McEnnulty, FR. Murphy, NE. Jones, T. Cooper, S. (eds). (2002)
NIMPIS. National Introduced Marine Pest Information System. Web publication <http://crimp.
marine.csiro.au/nimpis>. Date of access: various in 2008.

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: 1803-1823

Huisman, JM. Jones, DS. Wells, FE. Burton, T. (2008). Introduced marine biota in Western Australian
Waters. Records of the Western Australian Museum 24: 323-366.

Fisheries Research Report [Western Australia] No. 189, 2009 17

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

71



Janzen, D. (1998). Gardenification of wildland nature and the human footprint. Science 279: 1312—1313.

Johnston, EL. Keough, MJ. (2002) Direct and indirect effects of repeated pollution events of marine
hard-substrate assemblages. Ecological Applications 12: 1212—1228.

Kennedy, TA. Naeem, S. Howe, KM. Knops, JMH. Tilman, D. Reich, P. (2002) Biodiversity as a barrier
to ecological invasion. Nature 417: 636—638.

McDonald, JI. (2008) A likelihood analysis of non-indigenous marine species introduction to fifteen
ports in Western Australia. Fisheries Research Report 182. 44pp.

McDonald , JI. Wells, FE. (submitted) The apparent demise of the Asian date mussel Musculista
senhousia in Western Australia: or using acts of god as an eradication tool. Article in prep.

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: 396-409.

Millennium Ecosystem Assessment. (2005) Ecosystems and human well-being: Biodiversity synthesis.
World Resources Institute, Washington, DC.

Minchin, D. (1996) Management of the introduction and transfer of marine molluscs. Aquatic
Conservation: Marine and Freshwater Ecosystems 6: 229-244.

Morrison, H. Wells, FE. (2008) Colonisation of Fremantle Harbour and Cockburn Sound, Western
Australia by the eastern Australian scallop Saeochlamys livida (Lamarck, 1819). Molluscan
Research 28 (2): 107-110.

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: 97-108.

NIMPCG. (2006) Australian Marine Pest Monitoring Guidelines: Version 1. The National Introduced
Marine Pest Coordination Group.

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 (6): 1186-91.

Parry, GD. Lockett, MM. Crookes, DP. Coleman, N. Sinclair, M. (1996) Mapping and distribution
of Sabella spallanzanii in Port Phillip Bay. Project 94/164, Victorian Fisheries Research Institute,
Queenscliff, Victoria.

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: 997-1010.

Piola, RF. Johnston, EL. (2008) Pollution reduces native diversity and increases invader dominance in
marine hard-substrate communities. Diversity and Distributions 14: 329-342

Pollard, DA. Hutchings, PA. (1990). A review of exotic marine organisms introduced to the Australasian
region. II. Invertebrates and algae. Asian Fisheries Science 3: 223-250.

Ribera, MA. Boudouresque, CF. (1995) Introduced marine plants with special reference to macroalgae:
mechanisms and impact. Progress in Phycological Research 11: 187-268.

Ruiz, GM. Carlton, JT. Grosholz, ED. Hines, AH. (1997) Global invasions of marine and estuarine
habitats by non-indigenous species: mechanisms, extent and consequences. American Zoologist 37:
621-632.

Slack-Smith, SM. Brearley, A. (1987) Musculista senhousia (Benson, 1842); a mussel recently
introduced into the Swan River estuary, Western Australia (Mollusca: Mytilidae). Records of the
Western Australian Museum 13: 225-230.

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

72

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




Summers, Al. (1994) Factors affecting survival of Musculista senhousia (Benson, 1842) (Bivalvia:
Mpytilidae) in the Swan Estuary. Unpublished Honours Thesis, Department of Zoology, University
of Western Australia. pp. 102.

Thresher, RE. (1997) 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.

Tyrrell, MC. Byers, JE. (2007) Do artificial structures favour non-indigenous fouling species over
native species? Journal of Experimental Marine Biology and Ecology 342: 54-60.

Vitousek, PM. Aber, JD. Howarth, RW. Likens, GE. Matson, PA. Schindler, DW. Schlesinger, WH.
Tilman, DG. (1997) Human alteration of the global nitrogen cycle: sources and consequences.
Ecological Applications T: 737-750.

Wildsmith, M. (2007). Determination of benthic macro invertebrate assemblages in the Swan River
Estuary, and comparisons of such assemblages in the nearby Peel-Harvey Estuary during the present
day and during the early 1980s. Unpublished PhD thesis, Murdoch University.

Wilson, BR. Hodgkin, EP. (1967) A comparative account of the reproductive cycles of five species of
marine mussels (Bivalvia: Mytilidae) in the vicinity of Fremantle, Western Australia. Australian
Journal of Marine and Freshwater Research 18: 175-203.

Zeidler, W. (1978). Note on the occurrence of the European shore crab Carcinus maenas (Linn. 1758)
in Australia. The South Australian Naturalist 53: 11-12.

Fisheries Research Report [Western Australia] No. 189, 2009 19

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

73



This section was published as: McDonald, J.l., Wells, F.E. and Travers, M.J. 2008. Results of a 2007
survey of the Albany marine area for introduced marine species. Fisheries Research Report No. 188.
Department of Fisheries, Western Australia. 30 p.

Results of the 2007 survey of the Albany marine area for
introduced marine species

—

— e ———

~——FISHERIES RESEARCH REPORT-

No. 188, 2009

Results of the 2007 survey of
the Albany marine area for

introduced marine species
Justin I. McDonald, Fred E. \Wells and Michael J. Travers

Government of Western Australia
Department of Fisheries

Natural Heritage Trust

Helping Communities Helping Australia

Western Australian Fisheries and Marine Research Laboratories Fvyﬂ &m m W

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



Fisheries Research Report No. 188, 2009

Results of the 2007 survey of
the Albany marine area for

introduced marine species
Justin I. McDonald, Fred E. Wells and Michael J. Travers

Government of Western Australia

Department of Fisheries

Fisheries Research Division
Western Australian Fisheries and Marine Research Laboratories
PO Box 20 NORTH BEACH, Western Australia 6920

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



Fisheries Research Reports

Titles in the Fisheries Research Report series present technical and scientific information for use in
management processes. Research Reports are subject to full internal refereeing by senior scientists of
the Fisheries Research Division, and in many cases, elements of the work are published in international
scientific literature.

Correct citation:

McDonald, J.1., Wells, F.E. and Travers, M.J. 2008. Results of the 2007 survey of the Albany marine area
for introduced marine species. Fisheries Research Report No. 188. Department of Fisheries, Western
Australia. 30 p.

Enquiries:

WA Fisheries and Marine Research Laboratories, PO Box 20, North Beach, WA 6920
Tel: +61 8 9203 0111

Email: library@fish.wa.gov.au

Website: www.fish.wa.gov.au

ABN: 55 689 794 771

A complete list of Fisheries Research Reports is available online at www.fish.wa.gov.au

© Department of Fisheries, Western Australia. February 2009.
ISSN: 1035 - 4549  ISBN: 1 921258 45 4

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

76

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



Contents

Executive summary 1
1.0 Introduction 2
2.0 Methods 4
2.1 General SAMPIING ......ccveieiiiiiiieiiieeee ettt 4
2.2 Settlement plates 5
2.3 COAIUM SUIVEY ...euteuiiieiieiieiintieteste sttt ettt ettt ettt st e b st ean e eaeenees 5
3.0 Results 7
3.1 GONETAL SUIVEY ...ttt ettt ettt enene 7
3.2 Settlement PlatesS......ccccieriieierieeiesieie sttt s 8
3.3 Codium survey 8
4.0 Discussion 9
5.0 Acknowledgements 11
6.0 References 12
7.0 Tables and figures 14
7.1 TADIES ... 14
7.2 FIGUIES ..ottt ettt ettt et se st ebe et e e be et e sbenbe e e e eneeneenene 22

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

il

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

77



v

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

78

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



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 ez 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:

* “To detect new incursions of established target species in various 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.

» To detect target species not previously recorded in Australia or New Zealand that are known
to be pests elsewhere.

The secondary monitoring objective is:

» To detect species that appear to have clear impacts or 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 ef 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 11l 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 A4scidiella 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 ez 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 a/. 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 14° C in June to 21° C in February to April. Princess Royal Harbour
generally remains at about full strength seawater (35%o) 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%o 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
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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 ef 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.
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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 ez al. 2008):

« toxic dinoflagellate Alexandrium minutum;
» European fanworm Sabella spallanzanii; and

* Asian date mussel 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
(CCIMPE) Trigger List as a “Species Established in Australia, but not Widespread”. The
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: “Gymmnodinium 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

a

Anchorage B

Channel Marker 4
Channel Marker 5
Channel Marker 6
Cheynes 3
Frenchmans Bay
HMAS Perth

Middleton Beach
Mossie Marker
Vancouver Beach (beach walk)
West of Mossie Marker

Oyster harbour

-

Emu Point Marina jetty 1

Emu Point Marina jetty 2

Emu Point Marina jetty 3

Emu Point Marina jetty 5

Kalgan River Bridge

King River Bridge

Marker 4

Mid harbour

Starboard marker 5

Starboard marker N/W Green Island

Princess Royal harbour
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NN PNDNDNDNNMNDNDNNN=2 2 A o O a0
© 00N A WN-=20 O O~NOOOP»WN-= 0 ©

Camp Quaranup Rocks

Cheynes Il wreck

Kingfisher wreck

Marker 16

Navigation marker ISO 8S4

Princess Royal Harbour Yacht Club - pylon 1
Princess Royal Harbour Yacht Club — pylon 2
Princess Royal Harbour Yacht Club — pylon 3
Princess Royal Harbour Yacht Club — pylon 4
Princess Royal Harbour Yacht Club — pylon 5
Camp Quaranup Jetty

Sarah Burnett Wreck

South east Pile

South east of Princess Royal Harbour Yacht Club
South spit

Town Jetty 1

Town Jetty 2

Town Jetty 3

Tug boat harbour

West of Princess Royal Harbour Yacht Club
Wharf 1 — pylon 1

Wharf 1 — pylon 2

Wharf 1 — pylon 3

Wharf 3 — pylon 1

Wharf 3 — pylon 2

Wharf 3 — pylon 3

Wharf 6 — pylon 1

Wharf 6 — pylon 2

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 pym)
Water Column Meroplanktonic Plankton net (20, 100 & 300 pym)
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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

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

Total for Albany 1" 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

10

1

12

13

Main wharf — berth 6
(max depth 14.6 m)

Main wharf — berth 1
(max depth 10 m)

Town Jetty (max
depth 6 m)

Middleton Beach

Camp Quaranup Jetty
(max depth 2.6 m)

Quarantine Jetty (max
depth 2.2 m)

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

Oyster Harbour opening
and Emu Point Marina

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

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

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

Melville Point

Frenchman Bay Road

Sub-tidal survey
Multiple depths

Sub-tidal survey
Multiple depths

Sub-tidal survey
Multiple depths

Inter-tidal survey
Sub-tidal survey

Multiple depths

Sub-tidal survey
Multiple depths

Sub-tidal survey
Multiple depths

Inter-tidal survey

Sub-tidal survey

Sub-tidal survey

Sub-tidal survey

Inter-tidal survey

Inter-tidal survey

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

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

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

3 people, haphazard surveys of beach,
wrack and shallow waters. Approx distance
covered 1,500 m.

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

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

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

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

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.

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.

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.

3 people, haphazard surveys of rock walls,
any structures, beach, wrack and shallow
waters. Approx distance covered 100 m.

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

15

16

17

18

19

Rushy Point

Quaranup Road

Goode Beach

Whalers Beach

Whaling Station

Salmon Pools

Inter-tidal survey

Inter-tidal survey

Inter-tidal survey

Inter-tidal survey

Inter-tidal survey

Inter-tidal survey

3 people, haphazard surveys of beach,
wrack and shallow waters. Approx distance
covered 100 m.

3 people, haphazard surveys of beach,
wrack and shallow waters. Approx distance
covered 150 m.

3 people, haphazard surveys of beach,
wrack and shallow waters. Approx distance
covered 200 m.

3 people, haphazard surveys of beach,
wrack and shallow waters. Approx distance
covered 100 m.

3 people, haphazard surveys of beach,
wrack and shallow waters. Approx distance
covered 100 m.

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 41
Chordata Osteichthyes Fish 0.2
Cnidaria Anthozoa Coral 0.6
Cnidaria Gorgonacea Sea pen 0.1
Cnidaria Anthozoa Anemone 1.9
Crustacea Bivalvia Bivalve 23
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 23
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

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

21

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

99



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.

Fisheries Research Report [Western Australia] No. 188, 2009 23

Fisheries Research Report [Western Australia] No. 207, 2010 101




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. lllustration of the settlement plate system showing one vertical and one horizontal plate
attached to each of the two arms of the system.
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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
core a set of minimum requirements for marine pest monitoring and the collection of monitoring
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

» To detect new incursions of established target species in various habitats in a given location,
i.e. those species already established in Australia or New Zealand but have not been
previously recorded at that location.

» To detect target species not previously recorded in Australia or New Zealand that are known
to be pests elsewhere.

Secondary Monitoring Objectives

+ To detect species that appear to have clear impacts or invasive characteristics.

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.

The NIMCPG (2006a; 2006b) documents are to be used in the national survey program for 18
ports in Australia of introducing marine pests, but they were also written for use in other ports
and marine areas by a wide variety of stakeholders with an equally wide range of backgrounds
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
as ‘the list’ to use, to the exclusion of other species. Whilst page 19 of the manual states that
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 was introduced into England in the late 19" 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
require. We understand the release of a manual is imminent, which will eliminate this type of
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.
Material collected from quadrats will require sorting so suspect material can be sent to experts
for confirmation of their identities. The system will break down if the sorter is not familiar
with the groups being sorted. Also there is a requirement continuity for monitoring species of
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-sifu colour photographs and/or video are taken
of habitats surveyed and in particular potential target species. These then provide a record of
colour and form that may be used to assist in subsequent identifications.

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
insure adequate fixation; fix in formalin; store in 70% alcohol.

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
subsequent genetic analyses. Surely it would be ‘wiser’ to treat all samples as potential DNA
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
sample being taken. Likewise beam trawls were initially to be used but quickly filled with dead
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.

The requirement of sample at numerous times to capture different life phases of target species,
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
occurs for sites such as Dampier and Port Hedland which will require monitoring teams to fly in
(with equipment, ethanol etc...), sample, and then transport material back to laboratories in Perth.

Confidence limits

The Albany field program was undertaken at a time when the confidence level was 95%. It has
since been reduced to a more realistic 80%. However, the level of confidence is misleading.
It is much easier for an experienced taxonomist to find a target species by looking in the
appropriate habitats than it is to sample specifically in limited quadrats.

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 # Samples
method
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 Vertical tow 0.04 Horizontal tow 0.01
marinus
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 0.00M Vertical tow 1.91
Crab Carcinus maenus Trap 0.001M Vertical tow 1.91
Crab Charybdis japonica Trap 0.00M Vertical tow 1.91
Crab Eriocheir spp. Trap 0.0011 Vertical tow 1.91
Crab Hemigrapsus Trap 0.0011 Vertical tow 1.91
sanguineus
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 Beam trawl 0.07 Horizontal tow 1.91
melanostomus
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

During the 1990s and early 2000s, the CSIRO Centre for Research into Introduced Marine
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.

Extensive risk analyses and other studies were conducted which resulted in 18 major ports,
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
there is no justification for requiring that a baseline survey of Dampier is undertaken using the
CRIMP methodology.

The Western Australian Museum/Woodside Energy Ltd Partnership 1998-2002

In the late 1990s, the Western Australian Museum and Woodside Energy Ltd formed a multi-
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):

* To document the marine biodiversity of the Dampier Archipelago and produce a detailed
inventory of species-level biodiversity;

* To develop a representative Woodside Collection at the Western Australian Museum to
permanently record the fauna collected;

» To liaise with stakeholders in the Dampier Archipelago regarding the conservation of the
marine biodiversity of the area;
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» To present information generated to the scientific community and make data available to
environmental managers and policy makers in Western Australia; and

* To communicate information generated to the public, both in Western Australia and world
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:

» Two intensive diving expeditions to the Dampier Archipelago in 1998 and 1999;

* A major dredging and trawling trip on the Department of Fisheries research vessel Flinders
in 1999; and

* A marine biological workshop at Dampier that involved 40 scientists from Western Australia,
the eastern States and overseas in 2000. The workshop was divided approximately equally
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
ranges from 12.7 times that of Bunbury to 28.7 times that of Albany. The proportion of species
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
Western Australian Museum. Scientists from the companies frequently dive at Dampier, both
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 viridis) on its hull. The vessel was requested to leave the port for cleaning in
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
information and that it should be considered to have met the requirement for a baseline survey
of Dampier.
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Table 1.

Western Australian Museum surveys (Wells et al., 2003; Jones, 2004).

Marine species recorded from the Dampier Archipelago and Burrup Peninsula in the

Dampier
Taxon Author |Where published |No. species |Introduced
Animals
Molluscs* Brearley et al. Wells et al., 2003 |6 shipworms 1
Seapy et al 19 heteropods
Slack-Smith and Bryce 695
Taylor and Glover (422)
Crustaceans Jones Jones, 2004 49 barnacles 6
Hewitt 68 amphipods
381 crustaceans
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; |275
Jones, 2004
Hydroids
Bryozoans
Ascidians
Scleractinian Griffiths Wells et al., 2003 | 229
corals
Soft corals Salotti et al Jones, 2004 12 genera
Oligochaetes Erseus and Wang; Rota |Wells et al., 2003 |26
et al.
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 |Albany Bunbury |Port Hedland
(identified/ |(identified |(identified |(identified
total) Itotal) Itotal) Itotal)
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 11 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
116 Fisheries Research Report [Western Australia] No. 207, 2010




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. Wells?, Michael Mulligan? and Diana S. Jones?®

!'Western Australian Department of Fisheries, Level 3, 168 St Georges Terrace, Perth, Western
Australia 6000, Australia. Email: fred.wells@fish.wa.gov.au;

2 Geraldton Port Authority, 298 Marine Terrace, Geraldton, Western Australia 6530, Australia

3 Department of Aquatic Zoology, Western Australian Museum, Locked Bag 49, Welshpool
DC, Western Australia 6986, Australia

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

Fisheries Research Report [Western Australia] No. 207, 2010 117



Introduction

The introduction of marine species into new environments is one of the leading marine
environmental issues on a worldwide scale (Padilla et al. 1996). Most introduced, non-
indigenous species cause no apparent harm in their new environments. For example, Huisman
et al. (2008) recorded 60 introduced marine species in Western Australia, but only three are
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
and aquaculture, foul industrial equipment, disrupt local ecosystems and/or even change the
habitat in which they are living (Hallegraeft ez al.1988; Grosholz and Ruiz 1995; Siguan 2003;
Schwindt ez al. 2004; Bando 2006; Wallentinus and Nyberg 2007). There are three major
mechanisms for introducing marine species: ballast water discharge; biofouling of vessel
hulls, immersible equipment, or niche areas (e.g. anchor lockers, sea chests, internal seawater
systems, etc), deliberate introductions, such as for aquaculture, and accidental escape from
aquaculture facilities (Carlton 1985; Fofonoft ef al. 2003; Minchin 2007).

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,
has the highest known number of non-indigenous species in an Australian marine area: 99
species are regarded as introduced, and 61 are cryptogenic (Hewitt ef 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. 2008). The greatest
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 ez al. 2008).

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 m* of seawater) were heavily fouled with a variety of organisms,
including several molluscs (Table 1): Thais haemastoma (Linnaeus 1767); T. rustica (Lamarck
1822); Crepidula plana Say 1822; and Brachidontes exustus (Linnaeus 1758). A juvenile
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
1854) (some were ovigerous); Amphibalanus reticulatus (Utinomi 1967) (some were ovigerous);
Balanus trigonus Darwin 1854; and Megabalanus coccopoma (Darwin 1854). Of these, all
the identified species except M. coccopoma were previously known from Western Australia
(Jones 1990; 1992; 2004). 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
taxonomic expertise in Western Australia and the urgent requirement for a decision on how to
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
could potentially disrupt the pearl oyster fishery, at the time the largest aquaculture industry in
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
48 hours later determined that mortality of related test species (the gastropods Thais orbita
(Gmelin 1791) and Turbo intercostalis Menke 1843) placed in the sea chests had occurred,
by this stage water in the sea chests was fetid. Liquid waste trucks were then used to remove
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. 2008): Amphibalanus amphitrite (Darwin 1854), Balanus trigonus and Megabalanus
tintinnabulum (Linnaeus 1758). The only thaid gastropod found was the Western Australian
species Cronia avellana (Reeve 1846).

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
from examination. Four sites were examined by divers using similar techniques to the 2003
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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
1871). The only mussel found was the tropical Stavelia horrida Récluz 1852, which occurs
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 (Bruguicere 1789), Amphibalanus amphitrite, A. reticulatus and
Austromegabalanus nigrescens. Two species, 1. 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. 2008). Live specimens of 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. 2008). Specimens collected in the present resurvey, near berth 1, indicate that
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
ship fouling (Utinomi 1967). No introduced species of crabs were found. Several specimens
of native crabs, Portunus pelagicus (Linnaeus 1766), Atergatis integerrimus (Lamarck 1801),
Leptodius exaratus (H. Milne Edwards 1834) and Thalamita sima H. Milne Edwards 1834,
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
cleaned of attached species prior to arrival or are inspected for marine pests within 48 hours
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
occurred without incident. More recently (July 2008), 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.

This incident is not unique, and should serve to heighten awareness both that sea chests are
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 m? 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
Willan (1979) reported barnacles being introduced into New Zealand by a floating oil platform.
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
often occurs in shallow waters where marine pests are concentrated, with equipment left in the
water for 24 hours or more in close contact with the sea floor (Kinloch ez al. 2003).
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Table 1. Species recovered from the dredge Leonardo da Vinci and subsequent surveys of
Geraldton port.

Species Previously Leonardo 2003 2007
recorded in WA | da Vinci survey 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
coast of Western Australia have been detained at Willie Creek, 38 km north of Broome until
their cases have been heard in court. A survey was undertaken of the creek in February 2008
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
requirement for a detailed survey of Willie Creek.

Introduction

As a result of an agreement between Australia and Indonesia signed in 1974, Indonesian
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
and Seringapatam Reef. When apprehended, a frequent practice has been to tow the illegal
vessels to Willie Creek, 38 km north of Broome, Western Australia. The impounded vessels
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.

The black striped mussel invaded three small marinas in Darwin in 1999 and rapidly formed
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 ez 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,
Queensland, from overseas. The species has subsequently bred in Trinity Inlet (Stafford 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
Willie Creek, and if a more detailed survey is required. At the same time, a number of species
of barnacles have been introduced into WA from overseas (Huisman ef al. 2008), so barnacles
were also examined.

Methods

The shoreline adjacent to the Willie Creek Pearl Farm was searched for introduced mussels and
barnacles on 9 February 2008 on a spring low tide. The pearl farm is located on the north side
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 (Jones, 2008; attached).

Russell et al. (2004) and Neil ef 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
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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 Mjytilopsis 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
(Craig Astbury, Dept. of Fisheries, pers. comm. 2008). Some of the vessels have been hauled
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 ef
al. 2005), and high standards are now in place for minimising the risk of introduction of marine
pest species. The present report indicates that there is no apparent requirement for a detailed
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).

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



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 (Ren and Liu, 1978)

2. Fouling species previously collected from northwestern Australia
Amphibalanus cirratus (Darwin, 1854)

3. Introduced species previously collected from northwestern Australia
Megabalanus occator (Darwin, 1854)

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 (Ren and Liu, 1978) is a
littoral species occurring predominantly on mangroves trees. Amphibalanus cirratus (Darwin,
1854) is considered to be a cryptogenic species that also has fouling propensities. One species,
Megabalanus occator (Darwin, 1854), is considered to be introduced to Australian waters but
is not included as a pest species in NIMPIS.

CLASS MAXILLOPODA Dahl, 1956
SUBCLASS CIRRIPEDIA Burmeister, 1834
SUPERORDER THORACICA Darwin, 1854

ORDER SESSILIA Lamarck, 1818

Suborder Balanomorpha Pilsbry, 1916

Family Balanidae Leach, 1817
Subfamily Amphibalaninae Pitombo, 2004
Genus Amphibalanus Pitombo, 2004

Amphibalanus cirratus (Darwin, 1854)

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

Remarks: First recorded from Australia by Darwin (1854) and now recognized in northern
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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mussels) and may be transported inadvertently during commercial aquaculture operations.
Amphibalanus littoralis (Ren and Liu, 1978)
Distribution: China; Australia — northwestern WA.

Remarks: Amphibalanus littoralis was originally described from China (Ren and Liu, 1978),
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 Newman, 1979
Genus Megabalanus Hoek, 1913
Megabalanus occator (Darwin, 1854)

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
McLaughlin (1986) and east coast of China by Ren and Liu (1978), as Megabalanus xishaensis
Ren and Liu, 1978. Megabalanus occator is easily confounded with M. tintinnabulum
(Linnaeus, 1758) and has been only recently identified as occurring in Western Australian waters,
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, 122°21°E).

Station/Site Date Order/ Genus and Number of specimens

Family species
From tin drums in small 9/2/2008 |Balanidae |Amphibalanus |6 specimens (5 used for
creek just W of Willie Creek cirratus ontogenetic series), plus
Pearl Farm numerous disassociated plates
From tin drums in small 9/2/2008 |Balanidae |Amphibalanus |2 specimens (1 test, 1
creek just W of Willie Creek littoralis live adult), plus numerous
Pearl Farm disassociated plates
From tin drums in small 9/2/2008 |Balanidae |Megabalanus 2 specimens (1 test, 1 live adult)
creek just W of Willie Creek occator
Pearl Farm
From ropes and oysters of |9/2/2008 |Balanidae |Amphibalanus |14 specimens
Willie Creek Pearl Farm cirratus
From ropes and oysters of |9/2/2008 Megabalanus 1 specimen (1 live adult)
Willie Creek Pearl Farm occator
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:

* The number of vessels visiting the port;

* Their port of origin (domestic or international);

* The volume and source of ballast water discharged in each port;

* The dead weight tonnage (DWT — as a proxy for hull fouling potential); and
» The type of vessels visiting each port.

Using the criteria outlined above, the three ports at most risk of non-indigenous marine species
introductions are:

» Dampier;

* Fremantle; and

» Port Hedland.

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):

* Commercial fisheries and aquaculture;

* The tourism industry;

¢ Human health through transmission of diseases such as cholera via copepods;
* The commercial efficiency of ports; and

 Infrastructure such as port facilities, navigation aids, water pipe systems and even
hydroelectric and desalination plants.

« Biodiversity and ecosystem functioning

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 (Mremiopsis
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,
or present in the coastal waters of Western Australia (Huisman et al. 2008). Most of the non-
indigenous marine species 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 non-
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
present) are all smaller ports with fewer numbers of non-indigenous marine species (Huisman
et al. 2008).

As yet there are no published data regarding adverse impacts of non-indigenous marine species
in Western Australia (Hass and Jones, 1999), but several have been shown to have significant
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
fishing boats in Broome and Port Hedland and the Asian green mussel Perna viridis into
Dampier. Whatever the current situation, there is still a great need for continued vigilance and
implementation of pro-active mitigation.
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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 ef 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 15t January to the 3 15! 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:

¢ Vessel name;

» Dead Weight Tonnage (DWT);
e Arrival date;

* Departure date;

* Port hours (hours in port);

* Origin (where vessel is from);
* Last port;

* Next port;

* Trade (purpose of vessel use);
* Vessel type (e.g. Barge); and

» Ballast water (BW) volume discharge estimate (using last port data to determine domestic
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.

The Department of Fisheries, Western Australia is the lead agency for aquatic biosecurity with
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
locations (Figure 1);

2. Assess the amount and source of ballast water discharged into each location;
3. Assess potential of hull fouling as a vector;

4. Assess likelihood of each location becoming ‘infected’ and rank locations based upon points
1-3;

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:

¢ Total number of vessel visits;

*  Number of visits from a domestic location;

* Number of visits from an international location;

¢ Volume of estimated ballast water discharged:
» Total volume of ballast water;
* Volume of ballast water from a domestic source;
* Volume of ballast water from an international source;

* Dead weight tonnage (DWT — as a proxy of hull fouling potential) of vessels:
e Mean DWT of vessels;
e Maximum DWT 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 ef 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 DWT
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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:

* Long distances between project sites;

» Time spent in port or coastal waters;

* Promiscuity of overall movement patterns;
e Number and range of niches;

« Transit or mobilising speed;

» Working speed at project site;

» Fouling coating (FC) presence;

¢ FC wear and tear rate; and

* Hull cleaning constraints*.

« this feature reflects difficulties in cleaning due to vessel size/hull area, amount of hard-to-
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:

1= low frequency/risk
2= medium or moderate frequency/risk
3= high frequency/risk.
A mean score for all factors is computed and ranked against the following risk rating:
< 2 = a low fouling propensity;
2.0 — 2.5 = a moderate fouling propensity; or

> 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 1% in terms of vessel visits, 11 for vessels from a domestic
source, 2" for vessels from an international source, 41 for the total amount of ballast water
discharged, 3™ for the amount of domestic ballast water discharged, 5" for the amount of
international sourced ballast water discharged, 1% for the mean DWT, 2" for the maximum DWT,
and 4" 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.

Note: all likelihood factor criteria were assigned an equal weighting.
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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:

¢ Charter vessels;
e Cruise ships;
» Fishing vessels;

* Government vessels —government patrol boats, customs vessels and Western Australian
police vessels;

« Military vessels;

» Other non-working —sailing vessels, ferries, ice breaker, research, super yacht and a private
patrol vessel;

» Commercial trading vessels - carriers of general bulk, ore, oil, grain, LNG, woodchips; and
»  Working vessels — tugs, barges, dredges, pipe laying vessels.

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
vessels. Third place was Port Hedland with the largest number of international vessels and
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

Fisheries Research Report [Western Australia] No. 182, 2008 7

Fisheries Research Report [Western Australia] No. 207, 2010 141



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:
» Dampier ranks first (42.2 million tonnes or 97.5% of all the ballast water discharged in
this port was from international source);
» Port Hedland (40.9 million tonnes or 99.3% of all ballast water discharged in this port
was from an international source);
* Cape Lambert (19.1 million tonnes or 99.5% of all ballast water was from an international
source).
Domestic source of ballast water:
+ Fremantle ranked first with 3.8 million tonnes or 45.4% of all the ballast water discharged
in this port was from a domestic source;
* Bunbury (830,296 tonnes or 18.4% of all ballast water discharged in this port was from
a domestic source);

* Geraldton (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  No specific response required
circumstances and may never happen
Low Introduction is unlikely but could occur at No specific response required.
some time
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 Total ballast water
(based on last port of call) 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* NIMPCG national ranking | Likelihood Category
this report (1998-2004 data)**
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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits

Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source -:

Ballast international source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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

Total # vessel visits

# domestic visits

# international visits
Total ballast discharged (t)

Ballast domestic source

Criteria

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.

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

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



3500 -

@ 3000
< 2500
S
5 2000 -
E
S 1500 A
c
< 1000 {
i)
500 -
04
5 o () T c > h = he] ko] (] > £ e o LC
8 T E 5§ & 5 8 55 2§58 2 83
E 2 83 s 8 3 » & a3 3 < £
oEmIgBSg§§Z§g_§ﬁ
L 5 g £ 2 wuw T ©
< 8§85 ° %
S o
Location
Figure 2.  Total number of visits recorded for each port in 2006.
2500 -
O domestic
* 2000 + B international
i
>
2 1500
(%]
(]
>
G
5 1000 -
Ke)
[S
>
P4
500 -

] (5} ° c - t kel kej [0} > £ = o <
2 £ E 5 £ 5 855 ¢ ¢ 8¢ 83
E &8 8 5 8 2 £ v v 8§ 2 v 3 2 ¢g
s & = © & § § - - § T £ 9 o %
a ¢ O T o pa 4 © 3 o > o 9 5
w £ O o 2 o © < 92 9
o Qo © = w © [
a O 5 ® o g
© & m
Port
Figure 3. Number of international and domestic visits recorded for each port in 2006.
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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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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
the Kimberley to the temperate areas of the south coast. Three quarters of the State’s 2.1 million
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. (2008) found only three species
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.

The present document was developed as a discussion paper for a workshop held in May 2008
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
introductions (for aquaculture, aquaria or recreational fishing) to the marine environment
in WA. An attempt to introduce the Japanese oyster (Crassostrea gigas) at Albany in 1947
failed (Thomson 1959; Huisman ef al. 2008). Non-indigenous marine species may also arrive
naturally via marine debris and ocean currents (Wells and Kilburn 1986).

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
diversity in local species. In addition to environmental consequences, some non-indigenous
marine species have the potential to harm human health (e.g. cholera, paralytic shellfish
poisoning), and increase fuel consumption in transport (hull fouling organisms). Aquarium
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
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 non-indigenous
marine species that has been successfully eradicated to date in Australia, the black striped
mussel that was found in Darwin Harbour in 1999 (Willan 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 ez 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. 1987), as are the fishing gear and anchors (Hough and Dommissee
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:

* Organism entrained in port and translocated to fishing ground;
* Organism present in one fishing ground and translocated to another fishing ground;
* Organism present in fishing ground and translocated back to port or to another port; and

* Organism entrained in one port and translocated to another port.

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. (2008) developed
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
range. The WA endemics may be economically and/or ecologically important (Wells 1980;
Wilson and Allen 1987).

NORTHERN AUSTRALIA
REGION (TROPICAL)

Kununurra

Port Hedland

Carnarvon :

Kalbarri

Geraldton
OVERLAP

Esperance

SOUTHERN AUSTRALIA REGION (TEMPERATE)

o 375 750 Kilometers
L L L 1 L L |

Figure 1. Map of Western Australia showing the three major biogeographic zones.

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



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
the groups studied (768 species) among the 18, second (56) in the number of restricted range
species and only 15" 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
Wells, 1991). At Cape Leeuwin the current changes direction to the east and flows into the
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
limit of the Tropical Australian Province. For example, Wells (1980) divides the tropical and
west coast overlap zones at North West Cape, while Wilson and Allen (1987) recognise Shark
Bay as the southern limit of the tropical biota. For the purposes of this report, the following
biogeographical regions are recognised:

+ tropical north coast, from North West Cape to the Northern Territory border;
» temperate south coast, from Cape Leeuwin east to the South Australian border;
» southern west coast overlap zone, from Cape Leeuwin to 27°S; and

* northern west coast overlap zone (Gascoyne region), from 27°S to North West Cape.

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
Technical Group 1997), except for the inclusion of the Gascoyne coast as a separate region.
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:

* to conserve fish and to protect their environment;
* to ensure that the exploitation of fish resources is carried out in a sustainable manner;

* to enable the management of fishing, aquaculture and associated industries and aquatic eco-
tourism,;

* to foster the development of commercial and recreational fishing and aquaculture;
* to achieve the optimum economic, social and other benefits from the use of fish resources;
» to enable the allocation of fish resources between users of those resources;

* to provide for the control of foreign interests in fishing, aquaculture and associated
industries;

» to enable the management of fish habitat protection areas and the Abrolhos Islands reserve.

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. (2008.) compiled a comprehensive listing of species that have been reported as
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
introductions (Macpherson, 1953; Wells and Kilburn 1986);

» 26 species are considered to be cryptogenic or native;
* records of nine species are questionable or have been excluded;

» 60 species have been introduced and are currently living in Western Australia.

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)
and molluscs (9). All 60 species 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 targeted survey would be required to determine how widespread
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.

Huisman ef al. (2008) searched the NIMPIS (2002) database by state or territory. The following
numbers of NIMS were found: Victoria (57); New South Wales (55); Tasmania (45); Western
Australia (44); South Australia (43); Queensland (26); and the Northern Territory (9). While
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.
(2008) recognise 60 species as introduced and 26 as cryptogenic in the entire state of Western
Australia. Hewitt et al. (2004) report 99 species as introduced to Port Phillip Bay, Victoria
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
Australia (Hass and Jones 1999), but several have been shown to have significant impacts in
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
spallanzanii, the European fan worm (Clapin and Evans 1995), although studies in Victoria
have suggested that this species has the potential to compete with native filter feeders and
change the structure of the benthic food web (Walters 1996). Adverse impacts may not occur
until decades after the initial introduction and establishment (Courtnay 1990) and it would,
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

During the 1990s and early 2000s, the CSIRO Centre for Research into Introduced Marine
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
the Australian Museum and Woodside Energy Limited be considered to be the equivalent of a
CRIMP-type survey. While initial reactions have been favourable, no final decision has as yet
been made.

Extensive risk analyses and other studies were conducted which resulted in 18 major ports,
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. (2008)
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

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



Princess Royal Harbour, near Albany, but a survey for the species in June 2008 failed to record
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:

» introduction of NIMS into Western Australia from overseas;
» introduction of NIMS into Western Australia from interstate; and

+ transport of NIMS within Western Australia.

Fach 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:
» trawl fisheries;

 pearling;

* trap fisheries; and

» a mackerel boat.

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
Australia and the Northern Territory (Enzer 1998). Some of the boats are based in Darwin.

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
in Darwin (H. Cribb pers comm., Feb 2008). The black striped mussel, Mytilopsis sallei, was
introduced into three marinas in Darwin in 1999. The introduction is thought to have been
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 ez 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. 2008). As described above, the trawl fisheries operate in all
parts of the State from the Kimberley to Esperance, and so could transport NIMS throughout
the four biogeographic regions. Many of the fisheries straddle the 26°S parallel dividing
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:

+ the toxic dinoflagellate Alexandrium minutum;
 the European fanworm Sabella spallanzanii; and

* the Asian date mussel 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. 2008). This species has two life stages, an active mobile stage that lives in the
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. 2008). This species is most likely to be transported as clumps
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 ez al. 2008). A survey conducted in October 2007 was unable
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
exemptions from the requirement to exchange ballast water at sea when it would endanger the
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
first came into widespread use in the late 1960s. Soon after TBT came into use, there were an
increasing number of reports on adverse impacts on the marine environment. The use of TBT
in vessels smaller than 25 m was banned in Western Australia in 1991 and limits were placed
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
will provide advice and other support that may be required for a successful response.
CCIMPE has developed protocols and a management plan for handling the emergency. The
plan is available at:
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The plan has four stages:
* Investigation;

* Alert;

* Operation; and

+ Stand-Down.

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:

» Bycatch should be disposed of as close to the fishing site as possible and in as deep water
as possible;

» Decks should be kept clean;

* Plant fragments and any motile organisms discovered in nets and other gear away from
the fishing site and during cleaning in port should be retained on board and disposed of in
landfill;

* Anchors and warps, if used, should be cleaned and inspected before being stowed. Any
organic matter found should be retained on board and disposed of in landfill;

* Guidelines for the management of fishing vessel hull cleanliness should be developed in
conjunction with maritime safety agencies;

» Further research needs to be carried out to obtain empirical evidence or the risks of
entrainment and translocation; and

* Measures similar to those being developed for the commercial fishing industry should also
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
serious consequences worldwide, including in eastern Australia. Western Australia has been
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
coastal waters under the Natural Heritage Trust Strategic Reserve Fund Project No. 053085
(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
consequences of introducing a known invasive marine species, or ‘marine pest’.

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.

This document is the report of the 23 May 2008 Risk Assessment Workshop. The outcome of
the qualitative risk assessment was a transparent classification of marine pest risks associated
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.
However, the translocation risk is not unique to the commercial fishing industry, as there are
more frequent users of port facilities which are vectors for translocation, some of which are not
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
other more frequent users of marine ports), all of the potentially high risks for fishing activities
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

A need for a consultative, expert-based qualitative risk assessment was identified (Wells
2008) to evaluate the risk of introducing non-indigenous marine species (NIMS) into Western
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
Reserve Fund project no. 053085) (NHT Project).

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):

» NIMS infects a vessel or fishing gear in a port, and is translocated to a fishing ground;

* NIMS present in one fishing ground infects fishing gear or vessel, and is translocated to
another fishing ground;

* NIMS present in a fishing ground infects fishing gear or vessel, and is translocated to a port;
and

» NIMS present in one port infects vessel or fishing gear, and is translocated to another port.

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.

A workshop procedure was developed in consultation with the Department (Stoklosa 2008),
and distributed widely to stakeholders in April 2008 whilst canvassing the availability of
independent experts for the risk assessment workshop. Five independent marine scientists
formed a Technical Panel to assist with expert qualitative judgements for risk analysis.

The risk assessment workshop was undertaken on 23 May 2008, and resulted in detailed
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 (Stoklosa 2008) in consultation
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
(the ‘Technical Panel’) to making qualitative judgements of consequences. During the risk
assessment workshop, additional criteria were proposed for economic consequences to fishing
industry operators and service providers as a result of introducing NIMS, in the event that such
judgements would be necessary. The criteria for consequences of introduced marine species
included a range of environmental, social and economic receptors (Stoklosa 2008):

» Target species for fishery activities in fishing grounds;
» Non-target species in fishing grounds and ports;

» Threatened, endangered and protected (TEP) species;
» Benthic habitats;

* Ecological communities;

* Marine infrastructure;

* Public amenity;

* Food security of indigenous cultures; and

» Economic viability of fishing industry operators and service providers.

It was accepted that listed marine pests would be expected to have greater consequences than
non-invasive NIMS if introduced to ecological receptors (target species, non-target species,
TEP species, benthic habitats, ecological communities).

The likelihood of a consequence scenario eventuating was also estimated on a qualitative scale
by independent experts in the risk analysis. The combinations of consequences and likelihood
judgements were used to classify risk as ‘high’, ‘medium’, or ‘low’ (Stoklosa 2008).

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
(2008) background paper. There was an opportunity for stakeholders to propose other published
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
recognised experience and qualifications in the subject matter, and have the capacity to provide
high quality technical expertise for risk analysis. Stakeholders were given the opportunity
to nominate appropriately qualified scientists for participation in the Technical Panel. Non-
government organisations declined to nominate experts to the Technical Panel; however, the
names of eminently qualified persons nominated to the Technical Panel were communicated to
stakeholders for information in advance of the workshop.

The persons serving on the Technical Panel were:

* Dr. Lynda Bellchambers, Senior Research Scientist, Western Australian Department of
Fisheries

* Dr. John Huisman, School of Biological Sciences and Biotechnology, Murdoch University

* Dr. John Keesing, Stream Leader, Western Australian Coasts, CSIRO Marine and
Atmospheric Research

* Dr. Chris Simpson, Program Leader, Marine Science Program, Western Australian
Department of Environment and Conservation

* Dr. Di Walker Professor, School of Plant Biology, University of Western Australia

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
translocation, to select the appropriate consequence table, and to assess the risk for these threats
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

The risk assessment workshop convened on 23 May 2008. A workshop agenda (Attachment 1)
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.

The starting point for the workshop was the information contained in the Wells (2008)
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?
* Is the source port or fishing ground infected with marine pest species or NIMS?
* Is the source port or fishing ground tropical or temperate?

* Is the destination in WA tropical or temperate?
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* Is the destination in WA a port or a fishing ground?

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.
However, the translocation risk is not unique to the commercial fishing industry, as there are
more frequent users of port facilities which are vectors for translocation, some of which are not
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
other more frequent users of marine ports), all of the potentially high risks for fishing activities
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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 / Fred Wells
NHT Project Leader
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: Group discussion/
NIMS infects a vessel or fishing gear in port, and is Technical Panel
translocated and introduced to a fishing ground
12:30 Lunch
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3:15

14:00

15:00

15:15

16:45

17:00

Threat identification and risk analysis:

NIMS present in one fishing ground infects fishing gear or

Group discussion/
Technical Panel

vessel, and is translocated and introduced to another fishing

ground

Threat identification and risk analysis:

NIMS present in a fishing ground infects fishing gear or vessel,

and is translocated and introduced to a port

Afternoon tea

Threat identification and risk analysis:

NIMS present in one port infects fishing gear or vessel, and is

translocated and introduced to another port

Review risk assessment results and forward plan for

communication to the Department of Fisheries and

Stakeholders

Closing remarks by the Department of Fisheries

Appendix 2

e-systems

Threat of Introducing/Translocating Marine Species—Commercial Fishing Activities
Workshop Participants, 23 May 2008

Group discussion/
Technical Panel

Group discussion/
Technical Panel

Richard Stoklosa

Fred Wells

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 Program Leader, Marine chris.simpson@dec.wa.gov.au
Environment and Science Program
Conservation

Di Walker University of Western Professor, School of Plant diwalker@cyllene.uwa.edu.au
Australia Biology

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 Stephanie.Turner@fish.wa.gov.au
Officer
Fiona Webster WA Dept of Fisheries Research Scientist Fiona.Webster@fish.wa.gov.au
Fred Wells WA Dept of Fisheries Principal Management Fred.Wells@fish.wa.gov.au
Officer
Fish and Fish Habitat
Program
Facilitator
Richard Stoklosa E-Systems Pty Limited |Consultant, Ecological Risk |r.stoklosa@e-systems.com.au
Assessment

Appendix 3

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

Workshop Procedure

Revision 0 22 April 2008
Distributed to stakeholders for information.

Copyright © 2008
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Introduction

A need for a consultative, expert-based qualitative risk assessment has been identified (Wells
2008) to evaluate the risk of introducing non-indigenous marine species (NIMS) into Western
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
Reserve Fund project no. 053085) (NHT Project).

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):

» NIMS infects a vessel or fishing gear in a port, and is translocated to a fishing ground;

* NIMS present in one fishing ground infects fishing gear or vessel, and is translocated to
another fishing ground;

* NIMS present in a fishing ground infects fishing gear or vessel, and is translocated to a port;
and

+ NIMS present in one port infects vessel or fishing gear, and is translocated to another port.

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

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



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

ATechnical 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
persons who demonstrate recognised experience and qualifications in the subject matter, and
have the capacity to provide high quality technical expertise for risk analysis. Stakeholders
should therefore nominate appropriately qualified scientists for participation in the Technical
Panel, limiting the panel size to four to eight scientific experts.

The Technical Panel’s role in the workshop is to perform the qualitative risk analysis in the
presence of the Stakeholder Working Group, using the criteria for likelihood and consequences
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,
management actions required by existing regulations, and management actions committed to
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
consequences of significant risks. Significant risks which cannot be mitigated by existing or
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,
they require significant resources and time to implement. In the first instance it is desirable to
undertake a qualitative screening-level risk assessment process for NIMS, to determine if there
are any risks that appear to be significant before engaging in more rigorous, detailed analysis.

A qualitative, screening-level risk assessment will be undertaken using the guidelines of
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
qualitative risk analysis and risk classification are presented in subheadings below.
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Risk (or threat) identification

The starting point for the subject workshop is the information contained in the background
paper (Wells 2008) and any other relevant technical documents that will be provided to
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

The risk analysis relies on expert judgment, in this case a Technical Panel, to make qualitative
estimates of the consequences of an introduction or translocation of NIMS from commercial
fishing activities in State waters, and the likelihood of those consequences eventuating.

The consequences of an introduction are not straightforward to predict, as a successful establishment
of NIMS may require specific temperature, light and salinity tolerances/triggers; disturbance of the
receiving environment to provide a niche; lack of natural predators or competition for habitat; and/
or may be related to the frequency of repeated inoculations of the receiving environment.

To keep the consequences of an introduction simple for this screening analysis, we can use the
invasiveness of NIMS as a proxy for the severity of potential consequences, recognising that
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.

The Technical Panel is to make informed judgements of the potential consequences and
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.

The ecological and socio-economic components which may be considered for the consequences
of an introduction of NIMS are:
* Ecological components

- 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.

* Socio-economic components
- Marine infrastructure;
- Public amenity; and

- Food security (implications for indigenous cultures relying on traditional marine sources
of food).
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The criteria for qualitative judgments of consequences are presented for these components in
Tables 1-8. The criteria used to assign a consequence category distinguishes between NIMS
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
at least one of the consequence tables. Not all tables will be necessarily used, but are presented
to allow the Technical Panel to focus on criteria for specific ecological and socio-economic
components threatened by introductions or translocations of NIMS.

Further clarification of consequence categories may be necessary with the advice of the
Technical Panel, and the definitions contained in Tables 1-8 should be discussed with
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.

Maijor 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 <6% of the original habitat area)

Moderate

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

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—rfor critical habitats <10%)

Extreme

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

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

Major

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

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

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

Major

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

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.

For each threat, the likelihood of the threat occurring and having the predicted consequences
is qualitatively estimated by the Technical Panel using Table 9, with judgments supported by
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

Using the Technical Panel judgments of consequence and likelihood categories, the risk is
ranked as the product of the two ratings, as illustrated in the risk matrix in Figure 1. This is
not to imply that the judgements of consequences and likelihood have a quantitative meaning;
rather, it is a shorthand method of noting the relative contributions of consequences and
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).

An explanation of the required management response and reporting requirements is summarized
in Table 10.
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Consequence category
Minor Moderate Major Extreme
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Figure 1. Risk classification matrix.

Table 10. Risk rankings and expected action.

Risk ranking Qualitative = Management response Reporting requirements
risk score
Low 1-4 No specific response required. Full justification needed.
Medium 6-8 Specific management and monitoring  Full performance report.
needed.

>8 Additional management activities Full performance report.
needed.

Risk treatment

For any activities which result in higher levels of risk, workshop participants are asked to
suggest risk treatment measures which might reduce the consequences and/or likelihood
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:

* Identification of all relevant technical documents and data underpinning the risk analysis
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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.

* Identification of threats, risk analysis, classification of risk and suggested risk treatment
options to manage threats of introducing or translocating NIMS for consideration.

* Full documentation of the proceedings of the workshop for stakeholder communication and
input to the NHT Project.
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Is there a need for monitoring of environmentally
sensitive areas in Western Australia for non-indigenous
marine species?

Fred E Wells

Department of Fisheries
Level 3, 168 St Georges Terrace
Perth WA 6000

Executive Summary

Western Australia has an extensive, variable coastline that extends from the tropical regions of
the Kimberley to the temperate areas of the south coast. Three quarters of the State’s 2.1 million
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.

A National Monitoring Network at 18 ports around Australia 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 ez al. (2008) found only
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
is planned to consider high value aquaculture areas.
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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
Australian waters must report to an Australian ‘first port of call’ for customs and quarantine
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.

There are four possible conclusions for the question of whether additional monitoring of
marine parks and FHPAs for introduced marine species is required in additional to the National
Monitoring Network:

* Monitoring requirements in marine parks and FHPAs will be adequately covered by the
developing National Monitoring Network that will monitor primarily for the presence of 55
species on the NIMPCG target list;

* 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;

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

* 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.

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 km?. 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
coastline (Berry 1986; 1993; Wells 1986). 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 species (Semeniuk ez al. 1978).

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 km? 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%o, 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.

This coastline is relatively pristine. The human population of the 2.5 million square kilometres
of Western Australia is only 2.1 million people, three quarters of whom live 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 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
the groups studied (768 species) among the 18, second in the number (56) of restricted range
species and only 15" 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;
during spring and summer it is weaker and farther offshore (Cresswell 1991). 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 Wells 1991). At Cape Leeuwin the current changes direction
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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issue, not one unique to Western Australia. 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, 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
species. The present publication provides background information for analysis of this question.
For the purposes of this report, “high value areas” have been defined as environmentally
important areas, such as declared marine parks and reserves. Aquaculture sites and potential
aquaculture sites are another type of high value area. A separate proposal is currently being
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
(2008) recently updated information on the risks of shipping in 15 Western Australian
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.
Wells (2008) examined the risks of commercial fisheries managed by the WA Department of
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. (2008) compiled a comprehensive listing of species that have been reported as
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
introductions (Macpherson, 1953; Wells and Kilburn 1986);

26 species are considered to be cryptogenic or native;

records of nine species are questionable or have been excluded; and
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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
introduced species are bryozoans (15), crustaceans (13) and molluscs (9). All of the 60 species
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
targeted survey would be required to determine how widespread 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 ez 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. (2008) searched the Hewitt 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
Territory (9). While the data are out of date, they confirm that on a nationwide basis there are
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.
Huisman ef al. (2008) recognise 60 species as introduced and 26 as cryptogenic in the entire state
of Western Australia. Hewitt et al. (2004) report 99 species as introduced to Port Phillip Bay,
Victoria alone, and an additional 61 cryptogenic species in the bay.

The National Network Monitoring Program

During the 1990s and early 2000s, the CSIRO Centre for Research into Introduced Marine Pests
(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 ez 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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studies resulted in 18 major commercial trading ports, 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.

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

As part of the present Department of Fisheries program on NIMS, McDonald (2008) conducted
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
the remaining nine ports (McDonald, 2008). The three top ports in WA all ranked in the top
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. (2008)
found only four species on the NIMPCG list: the dinoflagellates Alexandrium minutum and
A. tamarense (considered by Huisman et al. (2008) to be cryptogenic or native) (Table 3); the
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
Mediterranean and introduced to South Australia, is native to southwestern Australia (Verlaque
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 Marenzelleria spp.
fragile
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

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



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 ef 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:

* 1ntroduction of NIMS into Western Australia from overseas;
» introduction of NIMS into Western Australia from interstate; and

» translocation of NIMS within Western Australia.

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

Fisheries Research Report [Western Australia] No. 207, 2010 209



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 ez 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. 2007), though the evidence of this is equivocal.

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:

* the toxic dinoflagellate Alexandrium minutum;

* the European fanworm Sabella spallanzanii; and
* the Asian date mussel Musculista senhousia.
 the green alga 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. 2008). This species has two life stages, an active mobile stage that lives in the
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. 2008).
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. 2008). A survey conducted in October 2007 did not collect
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
Australian waters (Trowbridge, 1999). There appears to have been a step-wise progression
westward, as C. fragile subsp. fragile appeared in South Australia in 2002 and subsequently in
Western Australia in 2007.

Sources Of NIMS

There are two major sources of NIMS entering Western Australia:
* shipping from international and domestic sources; and

+ private yachts visiting the State.

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
shipping is by far the larger. McDonald (2008) presents information on movements into 15
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
visits (3278) and the greatest ballast water discharge (42,406,279 tonnes). Port Hedland (930)
and Cape Lambert (325) had lower numbers of visits, but very high volumes of ballast water
discharge (40,932,681 and 19,145,624 tonnes respectively). Over 99% of the ballast water
from these three ports was international. Fremantle had the second highest number of visits
(1722), but was relatively low on ballast water (8,532,086 tonnes). Ballast water discharge into
Fremantle was split between international (4,655,172 tonnes) and domestic (3,876,914 tonnes).
Together these four ports had 6255 visits (70.5% of the total) and 111,016,670 tonnes of ballast
water discharged (89.9% of the total).

Broome ranked high in terms of visits (1017). This was because 850 of the movements were
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
for the eight being only 891 visits, 319 of which were international. This is approximately one-
fourth of the ship visits into the Port of Dampier alone, and only 10.9% of the ballast water
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- Total Domestic Interna-
tional 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:

» Extended periods spent in overseas ports or marinas;
+ Slow cruising speeds that allow biofouling species to adhere to the hull;

* Low economic benefit of regular cleaning and haul out, and the accompanying lack of
regulatory or insurance requirements to do so; and

» Lack of international requirements and guidelines on ways to reduce biofouling risk.

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
58 ports analysed accounted for 4026, or 87% of the arrivals. The leading ports were: Brisbane
(965), Bundaberg (819), Cairns (641), Darwin (379), Port Jackson (Sydney (309), Thursday
Island (293), Mackay (216), Coffs Harbour (210), and Townsville (194). None of these ports
were in Western Australia.

The 13 Western Australian commercial trading ports recorded a total of 117 arrivals in six
years. The leading port for the State was Fremantle, with 48 arrivals. Other ports near marine
parks had the following total number of arrivals in the six years studied: Dampier (19),
Carnarvon (11) and Exmouth (8).

Yachts arriving in Australia must proceed directly to an approved boarding station (Australian
Customs Service 2008). Approved boarding stations in Western Australia are at: Broome,
Port Hedland, Dampier, Carnarvon, Geraldton, Fremantle, Bunbury, Albany, and Esperance.
Customs, quarantine, and immigration formalities must be completed before any person goes
ashore (Australian Customs Service 2008). This means that yachts must proceed directly to
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:
 in ballast water; and

* through hull fouling.

It is estimated that three quarters of the introduced marine species in Australia were brought in
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
123,421,361 tonnes of ballast water in 2006. Of this, 94.6% was international ballast water and
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
ocean is required to lower the risk. This is based on the fact that most of the larvae of species
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
ballast water (which it is currently anticipated will be implemented in 2009) the same ballast
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
the WA Minister for the Environment. Increasingly these Ministerial Conditions require vessels
to be inspected for marine pests before, or immediately after, they enter WA waters. If they
are not clean, the vessels can be requested to remove the biofouling material, which because
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
reserves (MPRSWG 1994). At the time the report was released there were already several
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
the various parts of the State, based on the CAR principles of comprehensive, adequate and
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
MPRSWG (1994) was the Houtman Abrolhos Islands off Geraldton. The Abrolhos is unusual
in that it is vested in the Minister for Fisheries. In 1999 the Abrolhos was the first part of the
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):

* Rowley Shoals Marine Park

* Dampier Marine Park and Regnard Marine Management Area

* Montebello/Barrow Island Marine Management Area

* Ningaloo Marine Park

» Shark Bay Marine Park (including the Hamelin Pool Marine Nature Reserve)
* Houtman Abrolhos Islands Fish Habitat Protection Area

* Jurien Bay Marine Park

¢ Marmion Marine Park (including the Cottesloe Fish Habitat Protection Area)
* Swan Estuary Marine Park

» Shoalwater Islands Marine Park

* Southwest Capes Marine Park

» Walpole and Nornalup Inlets Marine Park
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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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Map of Western Australia showing the locations of marine parks (map provided courtesy
of the WA Department of Environment and Conservation).
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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
coordinates of 17°07°S, 119°36°E and 17°35°S, 118°56’E. The atolls are uninhabited, remote,
and well away from shipping lanes. As offshore atolls, their biota is very different from that of
coral reefs along the continental mainland. About one quarter of the species of a wide variety
of phyla studied in the first survey of Rowley Shoals by the WA Museum in 1982 were new
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. 2008).

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
additional volume with 1,500 species is currently being published (Jones 2008).

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.
The Port of Dampier is included as one of 18 locations in the National Monitoring Network,
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
area (Table 5, Figure 1). The commercial trading port at Varanus Island handled 193 vessels,
three of which were international, in 2006 and Barrow Island had 186 vessels, six of which
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
includes 217 species of coral, 600 molluscs, 500 finfish at Ningaloo Reef (393 species at the
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 ef 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,
these changes to shipping patterns near the Ningaloo Marine Park may require a re-evaluation
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
requirement for protection from NIMS.

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%o. Salinity gradually increases to about 70%o at the southern
ends of the inner and outer gulfs. There are ancient stromatolite systems in Hamelin Pool and
massive deposits of coquina shell, particularly at Shell Beach.

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 km? and 12 species of seagrass. Overall
there is about 4,000 km? 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 ez 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. (2008) found
that all seven species occur in other parts of Western Australia, and equally could have been
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
the underlying limestone. The marine biota is a unique mixture of tropical, temperate and WA
endemic species. Known biodiversity includes 184 species of corals, 172 echinoderms, 492
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
Port of Geraldton handled 369 vessels, including 152 from international ports. No species on
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 ez 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
requirement for a separate survey of these areas.

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. 2008).
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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
macroalgae. Water birds, shore birds, and seabirds frequent the area, including species that
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. 2008). The recent discovery of 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
serious consequences worldwide, including in eastern Australia. Western Australia has been
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
Program of 18 locations that have been determined to have the highest risk for introducing
marine pests. Three of these are in Western Australia: Dampier, Port Hedland and Fremantle.
McDonald (2008) recently re-examined Western Australian commercial trading ports and
concluded there has been no change in the risk profile in WA as a result of increased shipping
due to the current resources boom.

The key question posed in the present document is whether there is a need for separate
monitoring, over and beyond the National Network Monitoring Program that is required to
be implemented by WA at three locations, of environmentally sensitive areas. Two types
of areas are present: commercially valuable areas, such as aquaculture leases, and Marine
Parks and Fish Habitat Protection Areas. Aquaculture leases will be examined separately in a
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
2008). The report concluded the risks are low at present. However, if other vectors introduced
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
McDonald (2008), there were 3,967 international ship movements into WA ports, but only an
average of 19.5 visits by international yachts in the six year period between 2000-2005. Under
Australian requirements, the yachts must enter Australia through customs facilities that are
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
were 4,909 domestic shipping movements in WA ports (McDonald, 2008).

There are four possible conclusions for the question of whether additional monitoring of
marine parks and FHPAs for introduced marine species is required in additional to the National
Monitoring Network:

* Monitoring requirements in marine parks and FHPAs will be adequately covered by the
developing National Monitoring Network that will monitor primarily for the presence of 55
species on the NIMPCG target list;

* 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;

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

* An alternative method of monitoring should be undertaken in one or more of the marine
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
under the Natural Heritage Trust Strategic Reserve Fund Project No. 053085 (NHT Project).
One of the key questions posed at the start of the project was: ‘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
(E-Systems 2008). A key aspect of this assessment was to convene a Technical Panel of
independent experts to consider the technical information available, and identify and analyse
the risks of introduction.

The Department subsequently prepared a paper (Question of Monitoring Paper) addressing
the question of monitoring environmentally sensitive areas for the presence of non-indigenous
marine species (Wells 2008, attached for reference). This paper provided background on the
potential threats of introducing NIMS to environmentally sensitive areas, and posed four
possible strategies to address the question of monitoring (numbered for reference):

1. Monitoring requirements in marine parks and Fish Habitat Protection Areas (FHPAs) will
be adequately covered by the developing National Monitoring Network [18 locations
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

Fisheries Research Report [Western Australia] No. 207, 2010 223



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

Four responses to the Department’s request for advice were received, with regard to the
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):

* Dr John Huisman School of Biological Sciences and Biotechnology, Murdoch University

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.

This Panelist advised that ‘...environmentally sensitive areas are at low risk, the implication
being we should be concentrating on the high risk areas [the 18 ports included in the national
system] and then only looking more broadly if a truly ‘invasive’ species arrives...” However,
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.

* DrJohn Keesing Stream Leader, Western Australian Coasts, CSIRO Marine and Atmospheric
Research

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.

This Panelist recommended consideration of climate change impacts in the Wells (2008)
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
a manner that considers candidate marine reserve areas listed in the 1994 ‘Wilson Report’,
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
Network could be established; however, this proposal goes beyond the scope of the question
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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,
and the potential for new ports may change the risk of introducing NIMS in WA. ... The
monitoring of environmentally sensitive areas should include the capacity for regular review
in relation to such changes’.

* Professor Di Walker Professor, School of Plant Biology, University of Western Australia:

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.

This Panelist recommended consideration of °...introduced marine pests as uninvited
‘passengers’ on yachts...’

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.

The quality of this advice is unlikely to be improved with additional effort to undertake technical
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 avai