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ABSTRACT 

Coleman, N 1 and Sinclair M.A.2 (1996). A review of literature on exotic marine
invertebrates introduced into Victorian waters with special reference to Port Phillip 
Bay. Mar."Sci. Lab. Tech. Rep. 

Twenty two exotic species of marine invertebrates have been recorded from Victorian 
waters. Eighteen of these are reported from Port Phillip Bay and four are known only 
from other localities in Victoria. Some of the exotic species recorded from Port Phillip 

Bay are well established and are present in large numbers, some have been recorded 
only as isolated individuals and the occurrence of others has been reported but not 

confirmed. 

In this report, literature on the exotic species recorded from Victoria is reviewed, with 
particular attention being given to those species recorded from Port Phillip Bay. 
Potential impacts of these introduced species on the local marine fauna are dicussed. 
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INTRODUCTION. 

Twenty two exotic species of invertebrates have been recorded from Victorian waters. 
Eighteen of these have been reported from Port Phillip Bay and four are known only 
from other Victorian waters. Some of the eighteen exotics recorded from Port Phillip 
Bay are well established and are present in large numbers, some have been recorded 
only as isolated individuals, and the occurrence of others has been reported but not 
confirmed. This report summarizes information on the biology of these exotic species 

and discusses their potential impacts on the marine fauna in Victoria. 

There are various means by which exotic marine species may be introduced into an 
area. In some instances, as in the widespread introductions of the Pacific oyster 
(Quayle 1964; Chew 1979; Sumner 1981), the introductions have been deliberate. 
These deliberate introductions may also bring with them unintended introductions (eg. 
Quayle 1964; Bourne, 1979). Species may also be unintentionally introduced by 

shipping activity, as fouling organisms or in ballast water (Allen 1953; Skerman, 
1960a,b; Carlton 1985). 

Introduced exotic species may have adverse economic effects or may displace 
indigenous species or otherwise compromise the integrity of local ecosystems. The 
economic consequences of introduced exotics may be readily apparent or readily 
inferred. For example, there are mussel farming and scallop fisheries in Port Phillip 
Bay. The potential economic impact on these should the North Pacific seastar, Asterias 

amurensis, become established may be readily inferred from the knowledge that it is a 
voracious predator of shellfish and that it has undergone a massive population 
explosion since its introduction into Tasmania (McLaughlin and Thresher 1994). 
Determining the ecological changes due to competition between exotics and native 
species may be more difficult, particularly if the ecosystems into which the exotics are 
introduced are poorly known, as is the case for much of Victoria's marine environment. 

Port Phillip Bay is the most intensively studied marine system in Victoria. A major 
environmental study of the bay was carried out from 1968 to 1971 (Melbourne and 
Metropolitan Board of Works and Fisheries and Wildlife Department of Victoria 1973) 
and the bay is again the focus of a major environmental study (CSIRO 1992). Most of 

the exotic species found in Victoria have been recorded from Port Phillip Bay. While 
the detection of exotic species in the bay is undoubtedly related to the number of 
studies in the area, the bay is also Victoria's major port and so is probably the area 
most likely to receive exotic species. 

The marine ecosystems of Western Port were studied intensively during 1973-4 
(Ministry for Conservation 1975; Smith et al. 1975; Coleman et al. 1978) but there 
have been no recent bay-wide assessments of marine invertebrate and plant 
communities in the bay. 

The distributions of some of the commoner intertidal invertebrates along the open 

coast of Victoria are known (Marine Research Group of Victoria 1984 ). In contrast, 
the distributions of subtidal invertebrates and the structure of subtidal communities are 
virtually unknown, although such data as are available show them to be extremely 

diverse. Coleman (1996) surveyed the shallow-water (11-50 m depth) benthos in a 
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small area off the coast of east Gippsland. Not only was the community found to be 
extremely species rich (803 species from 10.4 m2 of sample) but approximately 40 -
50% of the species collected are undescribed. Comparably detailed data for the 
remaining 1000 km or so of the open coast are not available, but samples taken 
approximately 80 km to the west of the east Gippsland sites (Coleman unpublished 
data) contained about 150 species not found in the east Gippsland survey. It seems, 
therefore, that there are considerable differences in the species composition of subtidal 
communities even over relatively short distances. 

Once an exotic species has been introduced to an area, the further increase in 
abundance and spread of that species require at least that the environmental conditions 
in the area are similar to those within the species' natural range. Similarity of 
environmental conditions is not in itself sufficient to ensure that an exotic will become 
established. The likelihood of establishment may increase as the number of individuals 
introduced increases, and if introductions occur on several occasions the likelihood of 
encountering favourable environmental conditions is increased (Ruesink et al. 1995). 
Certain biological features may also increase the probability that a species will become 
established outside its natural range. These include high fecundity, high population 
growth rate, longevity, the ability to occupy a wide range of habitat types, tolerance of 
a wide range of environmental conditions and high mobility (Ruesink et al. 1995). 
There is also some evidence that colonisation by exotic species is most successful in 
disturbed or highly modified habitats (Herbold and Moyle 1986; Ruesink et al. 1995). 
Such evidence implies that within Victoria exotic species are more likely to become 
established in Port Phillip Bay than in the relatively undisturbed communities of the 
open coast. 

The probability that a species will colonise a new area may be assessed by reviewing 
the literature to determine whether it has invaded other localities (Ruesink et al. 1995). 
If significant ecological impacts occur in one area where an exotic has been introduced, 
then similar impacts may occur in other areas where it becomes established. If no 
information on previous invasions is available, data on the ecology of an exotic within 
its natural range may provide some clue as to its potential impact in other areas. 
However, species which are ecologically similar in their native ranges may not 
necessarily behave similarly when they are introduced as exotics. Berman et al. (1992) 
studied the establishment of three exotic species, Styela clava, Botrylloides diegensis 

and Membranipora membranacea, in the Gulf of Maine. They comment that while 
these species are ecologically similar and entered similar habitats, they differed in the 
mechanisms by which they invaded those habitats and in their interactions with native 
species. 

The impact of exotic species may depend on whether they compete with native species 
for resources or come to occupy some niche which is not otherwise exploited. Nichols 
et al. (1990) describe the displacement of native marine species in San Francisco Bay 
by the introduced bivalve Potamocorbula amurensis. In contrast, Simberloff (quoted in 
Walker and Valentine 1984) reviewed the literature on species introductions and 
concluded that in many instances the establishment of introduced species had no effect 
on communities of native species. Based on this review, Walker and Valentine (1984) 
calculated that there could be up to 150,000 vacant niches in the marine biosphere. The 
concept of vacant niches has been criticised because Simberloff equated the failure to 
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note impacts with the absence of impacts and also failed to consider the possibility of 

interactions between unrelated taxa (Herbold and Moyle 1986). Nevertheless, there do 

seem to be cases where exotic species have occupied niches that are vacant or only 

partially utilised by native species. 

The seaweed Sargassum muticum Yendo was introduced into British Columbia in 

association with Pacific oysters. It is now widespread in the Strait of Georgia where it 
grows in dense stands from low in the intertidal zone to a depth of about 2 m below 
the low water mark. While the weed is considered a nuisance by fishermen, it appears 

to occupy a niche not previously dominated by any native species (Bourne 1979). The 
kelp epiphyte Membranipora membranacea has recently become established as an 
exotic in the Gulf of Maine. Although it is capable of overgrowing native epiphytes, its 
potential impact has been reduced because it has invaded kelp habitats largely unused 
by native species (Berman et al. 1992). However, kelp fronds encrusted with M. 

membranacea show an increased susceptibility tb fracturing during storms. Native 
species could be indirectly affected if, in the long term, this increased susceptibility 

results in changes in habitat structure. 

The remainder of the present report reviews literature on the distribution, biology and 

ecology of the exotic species recorded from Victoria. The potential impacts of these 
exotics on native species are also discussed. Particular emphasis is placed on the exotic 
species recorded from Port Phillip Bay since it is for this area that most data are 
available. The report was written by Noel Coleman except for the section on Carcinus 

maenas. This was written by Michael Sinclair who is currently enrolled as a PhD 
student at Monash University and is studying the ecology of C. maenas 

DATA SOURCES 

The exotic species currently known from Victoria are listed in Tables 1 and 2. Table 1 
(p4) is based on data provided by Dr. Sebastian Rainer, CSIRO Marine Laboratories, 
Hobart. Many species listed have previously been recorded from Victoria (Hutchings 

et al. 1987; Pollard and Hutchings 1990) but the records for Euchone sp., Musculista 

senhousia, Asterias amurensis, Raeta pulchella and Pyromaia tuberculata are new 
and all have been collected during work carried out by the Victorian Fisheries 
Research Institute. Table 2 (p5) is based on Hutchings et al. (1987) with data on 
Tanais dulongi being provided by Dr. G.C.B. Poore, Museum of Victoria. Table 3 
(pp35-38) summarises biological data on exotic species in Port Phillip Bay 

An electronic literature search, for references to the species listed in Tables 1 and 2, 

was carried out using the Aquatic Sciences and Fisheries Abstracts data base. This 
data base only includes references from 1978 onwards. The Zoological Record for the 
period 1960 - 1978 was consulted for earlier references. E-mail requests for 
information were also sent to polychaete and mollusc interest groups. 

Asterias amurensis and Euchone sp. were omitted from the search. The North Pacific 
seastar, Asteria amurensis, has been omitted because only two individuals have been 
recorded from the bay and because it is already the subject of intensive research and 

review as the result of the population explosion of this species that has occurred in 
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Tasmania (Buttermore et al. 1994; Bruce et al. 1995). The polychaete Euchone sp. is 
now very abundant in the bay (Currie and Parry 1996 - as Jasmineira sp.l) and is a 
suspected exotic since it was not recorded during the extensive benthic survey that was 
carried out between 1968 and 1971 (Melbourne and Metropolitan Board of Works and 
Fisheries and Wildlife Department of Victoria 1973). However, until its specific 
identity is established it cannot be the subject of a literature search. 

Table 1. Exotic species recorded from Port Phillip Bay. 

The list is based on data provided by Dr. Sebastain Rainer, CSIRO, Division of 
Fisheries, Hobart. 1, possible widespread or cosmopolitan species; 2, Species not 
previously recorded from Victoria in Hutchings et al. (1987) or Pollard and Hutchings 
(1990). 

Taxon 

Polychaeta 

Mollusca 

Crustacea 

Echinodermata 

Ascidiacea 

Gastropoda 
Biv'alvia 

Decapoda 

Species 

Boccardia proboscidea 
Hydroides norvegica l

Neanthes succinea2

Pseudopolydora paucibranchiata l 
Sabella spallanzanii2

Euchone sp. 2 

Janolus hyalinus 
Crassostrea gigas2

Musculista senhousia2

Theora lubrica l ,2
Corbula gibba2

Raeta pulchella2

Cancer novaezelandiae 
Carcinus maenas 
Pyromaia tuberculata2

Asterias amurensis2

Molgula manhattensis 
Styela clava 

The exotic species listed for Port Phillip Bay have been identified by taxonomic experts 
within Australia, in some cases with reference to taxonomists in other countries. The 
identity of these species has therefore been taken as accurate. A separate project on 
exotic species is being undertaken by staff at the museum of Victoria. This project 
includes consideration of taxonomic certainty and should provide further confirmation 

4 



( or otherwise) of the identity of these species currently considered as exotic species in 
Port Phillip Bay. 

Table 2. Exotic species recorded only from Victorian waters other than Port 

Phillip Bay. 

The list is based on Hutchings et al. (1987). Data on Tanais dulongi were provided by 
Dr. G.C.B. Poore, Museum of Victoria 

Taxon Species Locality 

Mollusca Gastropoda Polycera hedgpethi Eastern Victoria 
Okenia plana Eastern Victoria 

Crustacea Tanaidacea Tanais dulongi Common along the coast. 
May be .endemic 

Isopoda Cirolana harfordi Lorne, western Victoria 

PORT PHILLIP BAY 

Port Phillip Bay (Fig. 1) is an almost totally landlocked marine bay. The total surface 
area of the bay is 1950 km2. The maximum depth in the middle of the bay is 
approximately 24 m and about half of the bay is less than 14 m in depth. A few small 
areas of reef are present, but throughout most of the bay substrata are of sand, silt and 
clay. Sand predominates around the edges of the bay and silt and clay in the centre. 
Very little freshwater flows into the bay, the major input being from the Yarra River in 
the north. The opening to Bass Strait, in the south of the bay, is about 3 km wide. An 
extensive system of sandbanks and channels in the south of the bay restricts the tidal 
exchange of water between Bass Strait and the bay. Melbourne, Victoria's largest city 
and major port is situated at the northern end of the bay and suburbs extend along the 
eastern and western shores. Geelong, Victoria's second largest city, is situated on the 
western shore. Sewage from Melbourne is treated at Werribee, between Melbourne 
and Geelong, and the treated wastewater is discharged into the bay. 
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Figure 1. Port Phillip Bay. PM, Port Melbourne; HB, Hobsons Bay. Only localities 

mentioned in the text are labelled. 
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REVIEW BY SPECIES 

Boccardia proboscidea Hartman, 1940 

Description and geographical range 

The spionid polychaete Boccardia proboscidea was originally described from 
California, USA (Hartman 1940) and has subsequently been found along the Pacific 
coasts of North America from Panama to the Bering Sea and in Japan (Imajima and 
Hartman 1964; Petch 1995). Adults reach a length of 30-35 mm (Woodwick 1963) 

Areas and means of introduction 

Boccardia proboscidea has been recorded as an exotic species in Western Australia, in 
South Australia, from Portland, Port Fairy, Warrnambool Apollo Bay, Lorne, 
Anglesea, Black Rock (near Breamlea) and Gunnamatta Beach along the open coast of 
Victoria and from Port Phillip Bay (Blake and Kudenov 1978; Hutchings et al. 1987; 
Petch 1995). 

Blake and Kudenov (1978) noted that their records of Boccardia proboscidea from 
Port Phillip Bay were the first records of the species in the southern hemisphere. 
Although these authors made no comment on whether or not B. proboscidea was an 
introduction, Carlton (1985) suggested this to be the case and the most likely 
mechanisms of dispersal to be via ballast water or as fouling or boring organisms on 
ships' hulls. 

In Port Phillip Bay Boccardia proboscidea is present in great abundance in the high 
intertidal zone adjacent to effluent drains at the Werribee sewage treatment farm. 
(Dorsey 1982). 

Habitat and biology 

The species has a wide ecological range. It is an extremely abundant intertidal species 
and has also been collected in depths up to 100 metres (Hartman 1941; Imajima and 
Hai.1man 1964). It has been found burrowing in soft rock, in crevices on exposed rock 
surfaces, amongst the tubeworm Galeolaria, burrowing into gastropod shells and 
coraline algae, on sandy beaches and intertidal mudflats, amongst barnacles on jetty 
pilings, in seagrass beds, on algal holdfasts and around sewage outfalls (Woodwick 
1963; Imajima and Hartman 1964; Blake and Evans 1973; Dorsey 1982; Petch 1995). 
Petch (1995) comments that the ecological requirements of B. proboscidea in southern 
Australia appear to be different from its requirements in other areas because most of 
the southern Australian populations are found near sewage outfalls. However, Dorsey 
(1981) notes B. proboscidea to be an opportunistic species reported from organically 
enriched areas in other parts of the world and that the habit of tube-building and 
brooding larvae in tubes (as in B. proboscidea) increase tolerance to pollution. 
Boccardia proboscidea withstands salinities ranging from brackish to fully marine, and 
its occurrence in pools high in the intertidal zone suggests that it is tolerant of 
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hypersaline conditions and rapid and wide fluctuations in temperature and salinity 
(Hartman 1941). During mid to high tide periods in those areas of Port Phillip Bay 
where B. proboscidea occurs, the temperature of bottom water ranges from 
(approximately) 8.5 - 21 °c and salinity from (approximately) 21.5 - 34.80/oo. The 
approximate range in air temperature is 0.5°c (winter minimum) to 40°C (summer 
maximum). 

Boccardia proboscidea may feed as a deposit or as a suspension feeder at the 
sediment/water interface (Taghon et al. 1980; Dorsey 1982). 

Reproduction is reported to occur during spring in California (Hartman 1941) and 
during late summer and early autumn in Victoria, Australia (Blake and Kudenov 1981). 
Egg capsules are deposited in the tubes inhabited by adults. The larvae that develop are 
of two forms, small larvae which are thought to have a prolonged larval life after they 
escape from the egg capsule and larger larvae which have a short or no pelagic 
existence. The possession of two larval types is advantageous for the spread and 
growth of populations (Blake and Kudenov 1981). Pelagic larvae are dispersed and 
allow new areas to be colonised, and once successful settlement and growth has 
occurred the presence of non-pelagic larvae allows a rapid increase in population size. 

Considering the wide geographical and ecological range over which Boccardia 

proboscidea is found, there is a possibility that populations referred to as B. 

proboscidea could represent more than one species. However, the adult morphology 
of B. proboscidea is similar throughout its range, giving no indication that more than 
one species is represented (Petch 1995). 

Possible ecological impacts in Port Phillip Bay 

The ecological impacts of Boccardia proboscidea in Port Phillip Bay are not known 
although as an abundant species it may compete with native species for food and 
space. Any impact that it does have is most likely to be in areas already impacted by 
sewage It was not recorded from the diets of 35 fish species studied in Port Phillip Bay 
(Parry et al. 1995). 

Pseudopolydora paucibranchiata (Okuda, 1937) 

Description and geographical range 

Pseudopolydora paucibranchiata, a small spionid polychaete, was originally described 
from Japan (Blake and Woodwick 1975). It also occurs along the Russian coast of the 
Sea of Japan (Radashevsky 1984). Adults reach a length of 6 - 20 mm (Read 1975; 
Levin 1981). 

Areas and means of introduction 

Light (1977) records Pseudopolydora paucibranchiata as common in California but 
does not comment on whether or not it is an introduced species. Levin (1981) does 
describe it as introduced to California from Japan and gives the length as 15-20 mm. 
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Read (1975) identified specimens from Wellington Harbor, New Zealand, as 

Pseudopolydora cf paucibranchiata and comments that the Wellington specimens are 

larger (15 mm in length) than specimens previously recorded (6 mm in length), but 
gives no discussion as to whether or not the species is introduced. 

Within Australia Pseudopolydora paucibranchiata has been recorded from Western 
Australia, from mudflats and seagrass beds in South Australia and from Port Phillip 

Bay (Blake and Kudenov 1978; Hutchings and Turvey 1984; Pollard and Hutchings 

1990). 

Blake and Kudenov (1978) suggest that Pseudopolydora paucibranchiata is an 
introduced species, but not the means whereby it could have reached Australia 

although ballast water transport or as a fouling organism are possible means of 
dispersal (Carlton 1985). Hutchings et al. (1987) suggest that because P. 
paucibranchiata is a small species it could have been transported on oyster shells. 
However, it seems unlikely that the species reached Port Phillip Bay in this fashion. 

Japanese (Pacific) oysters have never been introduced into Port Phillip Bay although 
major importations of Japanese oyster seed were made into Western Australia and 
Tasmania during 1948-52 and a minor importation was made into South Australia in 
1970 (Thomson 1952, 1959; Wolf and Medcoff 1973-4). The only official introduction 
of Japanese oysters into the natural environment of Victoria was the transfer of oysters 
from Pittwater (Tasmania) to Mallacoota (in the far east of Victoria) in 1953. These 
oysters did not become established. Although Pacific oysters have not been introduced 
into Port Phillip Bay, hatchery reared spat are on-grown in enclosed salt ponds at 
Avalon on the shores of the bay. 

In Port Phillip Bay .Pseudopolydora paucibranchiata occurs intertidally and subtidally 
off the Werribee sewage treatment farm. Intertidally P. paucibranchiata is present in 
relatively small numbers (Dorsey 1982). In a study of one outfall drain P.

paucibranchiata was the dominant species in samples taken offshore with Capitella 

capitata becoming more abundant closer to the outfall (Poore and Kudenov 1978). 
Other studies also show Capitella capitata to occur in heavily polluted areas and P. 

paucibranchiata to be indicative of less affected, semi-healthy areas (Pearson and 
Rosenberg 1978; Reish et al. 1980). 

Habitat and biology 

Pseudopolydora paucibranchiata is common in sandy-mud sediments in bays and 
estuaries of California and lives in tubes constructed of fine sand and silt (Blake and 
Woodwick 1975). Blake and Woodwick (1975) describe the tubes as having multiple 
openings but Levin (1975) did not find this to be the case. The end of the tube projects 
above the sediment surface (Levin 1981). P. paucibranchiata occurs in areas also 
occupied by Boccardia proboscidea but lower in the intertidal zone. Densities of up to 
60,000 individuals per square metre have been recorded, and the distribution of 

individuals may be controlled by intraspecific aggression (Levin 1975). 

Pseudopolydora paucibranchiata tolerates a wide range of temperature and salinity. In 
the intertidal areas of Port Phillip Bay where P. paucibranchiata occurs the 

temperature of bottom water during mid to high tide periods ranges from 
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(approximately) 8.5 - 21 °c and salinity from (approximately) 21.5 - 34.80/oo (Dorsey 
1982). 

Pseudopolydora paucibranchiata feeds on organic detritus at the sediment surface and 
can feed both as a deposit feeder and as a suspension feeder. The species exhibits 
aggressive behaviour and may fight with other invertebrates, of its own or of other 

species, for food (Levin 1981). 

During reproduction adult females deposit egg capsules on the inside of the tube they 
inhabit. Myohara (1980) states that oviposition may occur weekly (but does not 
indicate the total ler..:gth of the breeding period) and each oviposition produces 7 - 10 
capsules each containing 35 - 50 eggs. Radashevsky (1984) states that 15 to 16 
capsules each containing 5-50 eggs are deposited, but does not indicate whether this is 
per oviposition or during the reproductive period. 

The species probably has a prolonged breeding period. In California egg capsules have 
been found in every month of the year and pelagic larvae have been collected every 
month but January and February, highest numbers occurring from July to October 
(Blake and Woodwick 1975). Radashevsky (1984) found pelagic larvae from June to 
October in Peter the Great Bay (Sea of Japan). In Laboratory rearing experiments 
larvae hatched three or four days after the eggs were laid; metamorphosis began from 
about two weeks after hatching; and after about 4 weeks 80% of larvae had 
metamorphosed, 40 - 100% of them were sexually mature and reproduction had begun 
(Myohara 1980). In the absence of a suitable substratum for settlement, Jarvae may 
delay metamorphosis (Radashevsky 1984). 

In pollution studies Pseudopolydora pauchibranchiata has been described as 
characteristic of semi-healthy areas (Reish 1971; Reish et al. 1980). The habit of tube
building and brooding larvae in tubes , which P. paucibranchiata shares with B. 

proboscidea, is asscciated with tolerance of pollution (Dorsey 1981). 

Possible ecological impacts in Port Phillip Bay 

The impact of Pseudopolydora paucibranchiata on the local marine fauna is not 
known, though where it occurs in abundance competition with native species for food 
and space is potentially possible. It has not been recorded from the diets of fish species 
in Port Phillip Bay (Parry et al. 1995). 

Sabella spallanzanii (Gmelin, 1791) 

Description and geographical range 

Sabella spallanzanii is a large, tube building polychaete. The tube is constructed of 

tough but flexible, semi-transparent material with the outer layer combined with silt or 
mud and may be up to 40 cm in length (Clapin and Evans 1995). The species is a 
native of the Mediterranean and of the Atlantic coast of Europe as far north as the 
English Channel and occurs at depths down to 30 m (Clapin and Evans 1995). It has 
also been recorded from Rio de Janeiro where it is thought to be an exotic introduction 
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(Clapin and Evans 1995). Bhatt and Bal (1966) record Spirographis spallanzanii from 

Bombay. They make no comment on whether the species is introduced and give the 
species distribution as Indo-China, Malay Archipelago, Indian and Atlantic Oceans and 
Mediterranean Sea. They describe individuals as living in long tubes in the lower 

littoral zo·rte but give the size as 35 - 50 mm x 2 - 3.5 mm 

Areas and Means of introduction 

Sabella spallanzanii occurs throughout Cockburn Sound and in harbours at Fremantle, 
Bunbury and Albany in Western Australia and has also been reported from Adelaide 
(Clapin and Evans 1995). 

Sabella spallanzanii also occurs in Port Phillip Bay. The date of introduction is 
unknown but was probably within the last 10 - 15 years. It was not collected in the 
extensive survey of Port Phillip Bay carried out between 1968 and 1971 (Melbourne 
and Metropolitan Board of Works and Fisheries and Wildlife Department of Victoria 
1973) or in a survey of Corio Bay carried out in 1987 (Coleman 1993), but anecdotal 
information, of large fan worms observed on pier piles during environmental studies, 
suggest that the worm was established in Corio Bay by 1988 (Mr. A. Stephens, 
Environment Protection Authority, Victoria personal communication). Provisional 

identification of worms as Sabella spallanzanii were made on specimens collected 
during trawling in Corio Bay in 1990 (Dr Greg Parry, Victorian Fisheries Research 
Institute, personal communication). 

By 1992 Sabella spallanzanii had become the visually dominant organism of the 
muddy bottom habitat in the Geelong Arm with worms occurring in patchily 
distributed colonies of 1 to 30 individuals and growing to a height of about 30 cm 
above the sediment (Carey and Watson 1992). During scallop fishing in 1994, S. 
spallanzanii was found to be extremely abundant throughout the Geelong Arm. The 
abundance was such that scallop harvesters quickly became clogged with worms (N. 
Coleman, personal observation). The abundance of the worms decreased towards the 
east of the Geelong Arm. Within the main body of Port Phillip Bay only small numbers 
of worms were found, off Portarlington and northwards towards Williamstown. No 

worms were found in the eastern part of the bay. More details of the distribution and 
spread of S. spallanzanii within Port Phillip Bay are given in Parry (1996). 

The means by which S. spallanzanii was introduced into Corio Bay is not known. That 
it is an epifaunal organisms, and has been observed attached to ships, suggests that it 
could have been introduced as a fouling organism on ships. 

Habitat and biology 

Although Sabella spallanzanii is a common and widely distributed species and has 

frequently been used in physiological studies, relatively little is known about its biology 
(Giangrande and Petraroli in press) 
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In Western Australia Sabella spallanzanii appears to be confined to relatively calm 
waters and is found from just below the water surface to a depths of 30 m. A mean 
density of 256 m-2 has been recorded. The base of the tube is usually cemented to a
hard substratum such as jetty pylons or shell fragments (Clapin and Evans 1995). The 
worm may inhabit areas of soft substratum provided there is some solid substratum 
(eg. shell fragments, pebbles) to which it may attach. In such cases the base of the tube 
may be partially buried in the substratum. Tubes up to 40 cm in length have been 
recorded but in older worms increasing age may be accompanied by an increase in 

weight and an in increase in the diameter of the tube rather than by increases in the 
number of body segments or the length of the tube (Koechlin 1977) 

Within its natural range Sabella spallanzanii is common along the Italian coast. It 
occurs in shallow, hard bottom areas of harbours and also in the open sea at depths of 
1 - 30 m. Giangrande and Petraroli (in press) suggest that the harbour and open sea 
forms may be different ecotypes because their behaviour and resistance under 
laboratory conditions are different. These authors also state that the species is a filter 
feeder and in the laboratory has been reared on a wide range of food sources, but no 
details of the diet are given 

The growth and reproduction of a population of Sabella spallanzanii along an 
artificial, vertical cliff in the Gulf of Taranto (Ionian Sea) was studied from May 1991 
to August 1992 (Giangrande and Petraroli in press). During the study period 
temperature ranged from 11 - 29°C and salinity was stable at around 380/oo. 

At the start of the the study only small individuals were present and population density 
was about 300 individuals m-2. Growth over the following year was rapid with mean
tube length increasing from 10 cm in July 1991 to 20 cm in August 1992. During this 
period population density fell to 150 individuals m-2.

The minimum size at which sexual maturity occurred was 15 cm (body length). 
Specimens from 15 - 20 cm were all males with females only occurring in worms 
greater than 20 cm in body length. The sex ratio for worms 25 - 30 cm long was 1: 1. 

Gravier (1923 - cited in Clapin and Evans 1995) described Sabella spallanzanii as a 
broadcast spawner. Giangrande and Petraroli (in press) found that in the population 
they studied gametogenesis begins in summer and spawning occurs in winter 
(February), but give no comparative information on growth rates and the timing of 
reproduction for the species in other parts of its range. 

Carey and Watson (1992) report that in Corio Bay eggs are released into the water in 
late summer, which is in contrast to the winter spawning shown by the species in Italy 
(Giangrande and Petraroli in press) and Clapin and Evans (1995) also found evidence 
for summer spawning in Western Australia. Small worms, of tube length 8 - 10 cm, 
have been found in Port Phillip Bay during March (N. Coleman, personal observation), 
which could indicate a summer spawning. Small worms, of tube length 10-14 cm, have 
also been found in Port Phillip Bay during late November (N. Coleman, personal 
observation). Depending on the duration of larval life and the growth rates of newly 
settled worms in Port Phillip Bay, the presence of juveniles in late November could 
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indicate an autumn or winter spawning. Such timing would be consistent with the 
winter spawning reported by Giangrande and Petraroli (in press). 

Kiortsis and Moraitou (1965 - cited in Clapin and Evans 1995) found that regeneration 
in Sabella 'Spallanzanii occurred rapidly and that the capacity for head regeneration 

was high, even after the nerve cord or the intestine had been removed. 

Data on a copepod parasitic on S. spallanzanii are given in Carton (1968a,b) 

Possible ecological impacts in Port Phillip Bay 

The ecological impact of Sabella spallanzanii on Port Phillip Bay is unknown although 
the occurrence of the worm in high abundance may increase competition for food and 
space. There is some evidence that Sabella spallanzanii rapidly colonises man-made 
structures, such as wrecks and pier piles, particularly if new space for attachment is 
created by physical disturbance (Clapin and Evans 1995; Parry 1996). There is 
therefore a chance that S. spallanzanii could displace some native species if structures 
become denuded of their epifauna and recolonisation occurs. The fact that S. 
spallanzanii can form large monospecific patches also suggests that the worm may be 
capable of displacing native species (Clapin and Evans 1995). Although the potential 
for competition exists, Carey and Watson (1992) state that the worm does not appear 
to have displaced any indigenous species. They note that tubes of the larger specimens 
provide a habitat for local species (such as algae, hydroids, gastropods and 
crustaceans), which might indicate that the presence of the worm allows these species 
to occur in greater abundance than would otherwise be the case. 

Scallop fishers perceive the worm as a considerable threat to their industry. The large 
numbers of worms collected may reduce the catching efficiency of the scallop 
harvester, and does increase the time required to sort the catch. There is also concern 
that the worms, because they are feeding up to 30 - 40 cm above the bottom, may 
remove food from the water column before it reaches the scallop population. Worms, 
sometimes several individuals at a time, have been observed attached to the valves of 

living scallops, although whether this results in any mechanical interference with 
normal valve activity is not known. There is concern that scallop fishing may aid the 
spread of the worm around Port Phillip Bay; and because damaged worms are capable 
of regeneration there are fears that scallop fishing, by breaking-up worms, could 
actually increase their numbers. 

Sabella spallanzanii is not known to have any predators in Port Phillip Bay and did 
not appear in the diets of 35 species of fish studied (Parry et al. 1995; Parry 1996). 
Studies in Western Australia (Clapin and Evans 1995) did not identify any predators on 
S. spallanzanii, but specimens lacking crowns were observed, which suggests they
may be preyed on by some fish species.
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Musculista senhousia (Benson, 1842). 

Description and geographical range 

Musculista senhousia is a small mussel (family Mytilidae) that grows to 2 - 3 cm in 
length (Willan 1985). The species is native to the western Pacific. The type locality is 

Chusan, China (Morton 1974), and the species has also been recorded from the coasts 
of Siberia, South China, East China, the Yellow Sea, the Sea of Japan, Siberia, South 

Sakhalin, the Kurile Islands and Singapore (Morton 1974; Kulikova, 1978; Slack
Smith and Brearley 1987). Within these areas M. senhousia may be a dominant 
member of the invertebrate fauna by number and by biomass (Kikuchi and Tanaka 
1978; Tanaka and Kikuchi 1978; Hayashi 1983; Lee et al. 1983) although the species 
is subject to large fluctuations in abundance (Kikuchi and Tanaka 1978; Tanaka and 
Kikuchi 1979). 

Areas and means of introduction 

Musculista senhousia has been introduced into the USA. The first record is from 
Bolinas Bay in California where it was reported to occur in 1944 (Hanna 1966). Since 
that date it has spread to San Diego Harbour and has also been found in abundance in 
Puget Sound, Washington (Willan, 1986). It is thought to have been introduced with 
shipments of oysters from Japan (Soot-Ryen 1955). The introduction of Musculista

senhousia to the western Mediterranean coast of France around 1978 is also thought 
to have been in association with oyster spat from Japan (Hoenselaar and Hoenselaar 
1989) 

Musculista senhousia occurs in New Zealand and is thought to have been introduced 
in the late 1970's (W'illan 1985, 1987). The first few specimens were collected at about 
the same time in 10,)0 from two locations 77 km apart, which suggests either two 
areas of initial colonisation or, more probably, that the mussel had increased its 
distribution beyond an initial area colonised prior to 1980. By 1986 the distribution of 
M. senhousia was known to be much more extensive than that indicated by the
specimens found in 1980.

M usculista senhousia has been recorded from Western Australia. The first specimens 
were collected in 1983 and subsequently two small juveniles were identified from 
samples collected in 1982 (Slack-Smith and Brearly 1987). Collections made between 
1983 and 1986 showed the mussel to have spread throughout estuarine sections of the 
Swan and Canning Rivers (Slack-Smith and Brearly 1987; Willan 1987). Introduction 
is believed to have been via shipping, either as a fouling organism or in ballast tanks. 
In the Swan estuary Musculista senhousia has colonised soft substrata approximately 
0.5 to 4 m below the low water level. Population densities of up to 2,600 mussels m-2

have been recorded, with the mussels forming dense mats of joined byssal bags. M.

senhousia have also been observed living epifaunally on boat hulls . High mortality 
occurs during late autumn and early winter, but it is not known whether this results 
from the reduced salinity which occurs at this time of year or results from post
reproductive stress. 
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In Victoria Musculista senhousia has been collected at Grantville, Western Port, 

Victoria (specimens collected by Jack Austin, Malacological Society of Australasia, 
and seen by N. Coleman) and from Port Phillip Bay. 

The first records of Musculista senhousia in Port Phillip Bay were made in 1987 when 
specimens were collected during a benthic survey of Corio Bay (Coleman 1993). This 

was the first record for Victoria and the first Australian record of the species outside of 
Western Australia. M. senhousia was only collected in small numbers but was found 
throughout Corio Bay. Empty shell valves are common on beaches around Geelong 
and mussels have been found cast ashore at Port Melbourne. A small intertidal bed of 
M. senhousia has been reported from Point Wilson north of Geelong (R. Burn,
Honorary Associate

,. 
Museum of Victoria, personal communication)

The means by which M. senhousia was introduced into Victoria is not known but is 
assumed to be through shipping activity; and as a species capable of living epifaunally 
by byssal attachment, M. senhousia may potentially be spread either as larvae in ballast 
water or as a fouling organism. 

Habitat and biology 

Musculista senhousia occurs intertidally; occurs subtidally to depths of at least 20 m, 
though appears to prefer shallower water; may occur epifaunally on hard, or (semi-) 
infaunally in soft substrata; and may be found in great abundance with population 
densities of up to 3,300m-2 being recorded (Morton 1974; Kikuchi and Tanaka 1978;
Slack-Smith and Brearley 1987; Willan 1987). On soft substrata M. senhousia may 
form a nest of byssal threads. The mussel attaches byssal threads to surrounding sand 
grains forming an anchor. Subsequent byssal threads are wrapped round the shell and 
attached to sand grains thus forming a nest. The nest appears to serve two functions: 
as protection for the animal, and to keep sediment out of the mantle cavity (Morton 
1974). The mussel does not form nests when it inhabits hard substrata (Morton 1974; 
Willan 1985). 

Where the mussel is abundant on soft substrata, the nests may become joined and form 
dense mats (Morton 1974; Slack-Smith and Brearley 1987). These mats stabilise the 
underlying sediment, may trap fine sediment particles and pseudofaeces and may alter 
the nature of the sediment. Morton (1974) describes the conversion of an area of 
coarse sand to a mud flat as the result of a dense population of Musculista senhousia.

Where new areas of soft substrata are densely colonised, the existing infauna may be 
eliminated because the dense layer of mussels prevents contact with the overlying 
water (Morton 1974). 

The sexes are separate. Musculista senhousia is able to spawn at least by the time a 
shell length of 20 mm has been reached and the eggs are pelagic (Morton 197 4 Kikuchi 
and Tanaka 1978). The timing of spawning and recruitment are variable, presumably 
depending on location and prevailing environmental conditions. In Lake Naka-umi 
(Japan) pelagic larvae have been reported to occur from early September to late 
November; throughout the year, except during midwinter, but particularly during late 

Autumn; and from June to November. In South Korea pelagic larvae have been 
reported from early September to late November, and at South Sakhalin larvae are 
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reported to occur from July to October, with a maximum around August (Kulikova 
1978: Kikuchi and Tanaka 1978). In South Sakhalin spawning occurs when the water 
temperature reaches 15-18°C and is at its maximum, with up to 8,000 larvae m-3 of
water, when the water temperature reaches its maximum of 20 - 21 °c (Kulikova 
1978). 

Estimates of the duration of pelagic life range from 14 to 25 days (Kulikova 1978: 
Kikuchi and Tanaka 1978). The larvae prefer to settle on filamentous substrata 
including seagrass, algae and a wide range of artificial substrata (Kulikova 1978; 
Willan 1987). 

In Hong Kong recruitment occurs by mid January with mussels reaching maturity 
within the following 6 to 8 months. However growth rate is very variable and mussels 
spawned in one year grew as much in 9 months as mussels spawned the previous year 
had grown in 20 months (Morton 1974). In Tomoe Cove (Japan), recruitment to the 
benthic population occurs between January and April with modal shell length 
increasing from less than 5 mm during January - April to around 20 mm by the 
following September (Kikuchi and Tanaka 1978). In Tokyo Bay juvenile mussels have 
been found to be most abundant in August and September (Kikuchi and Tanaka 1978); 
and in South Sakhalin settlement is largely completed by September (Kulikova 1978). 
Life-span is up to about 2 years, though some year classes will vanish well before this 
age is reached (Morton 1974; Kikuchi and Tanaka 1978; Tanaka and Kikuchi 1979). 

Musculista senhousia exhibits a number of features which show it to be an 
opportunistic species capable of rapidly colonising new habitats (Willan 1987). 
Fecundity is high, the mussel may settle in dense aggregations (with densities of up to 
3,300 m-2) and growth is very rapid (adult size may be reached in 9 months). The
mussel is fairly flexible in its habitat requirements, being able to colonise either hard or 
soft sustrata and to live epifaunally or infaunally. It tolerates a wide range of salinities. 
It is reported from brackish water, and salinities down to 180/oo have been recorded 
from Tomoe Cove where M. senhousia is common (Kikuchi and Tanaka 1978; Slack
Smith and Brearley 1987; Willan 1987). M. senhousia also tolerates a wide 
temperature range. In Garolim Bay, Korea, where the mussel is a dominant organism, 
the average monthly water temperature ranges from 0.8°C to 22°c (Lee et al. 1983). 
M. senhousia is not tolerant of anoxic conditions (Tanaka and Kikuchi 1979) or of
desiccation, intertidal occurrences being in areas that do not dry out at low tide (Willan
1987).

Willan (1987) comments that the only feature not in accord with opportunism is the 
limited period of reproduction, although this may vary with environmental conditions. 
The presence of larvae for much of the year has been reported for Lake Naka-umi in 
Japan, suggesting that extended reproduction can occur if conditions are suitable 
(Kikuchi and Tanaka 1978). 

Possible ecological impacts in Port Phillip Bay 

The ecological relationships of Musculista senhousia with native species are not 
known although there is the potential for competition with local species for food and 
space. Through its ability to form dense semi-infaunal aggregates bound together by 
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mats of interwoven byssal nests M. senhousia has the ability to change habitat 

structure and displace native species (Morton 1974). In New Zealand an increase in 

abundance of M. senhousia has apparently reduced numbers of the native mussel 

Xenostrobus pulex, a species which is also common along much of the Victorian coast, 
and the displacement of a scallop bed by sheets of M. senhousia has also been reported 
(Willan 1987). Kulikova (1978) found spat of M. senhousia settled much more 

abundantly than did those of Mytilus edulis on a range of artificial substrata. There is 

therefore a potential impact on mussel farming in Port Phillip Bay should M. senhousia 

spat settle preferentially over those of Mytilus, although no problems in this respect 

have so far been encountered by the local mussel-farming industry. 

Further insight into the potential ecological effects of Musculista senhousia as an 

introduced species may be provided by work being undertaken in the USA. The 
population biology of M. senhousia has recently been studied in Mission Bay, San 
Diego (Crooks 1992 - not seen by the present author) and its interactions with local 
species are also under investigation (Crooks, personal communication). 

In Western Australia Musculista senhousia are preyed on by carnivorous gastropods 
(Slack-Smith and Brearley 1987) and the same may be true in Port Phillip. M.

senhousia did not appear in the diets of 35 species of fish studied in Port Phillip Bay 
(Parry et al. 1995) but has subsequently been found in the diets of little rock whiting 
(Neoodax balteatus) (Parry, Victorian Fisheries Research Institute, personal 
communication). 

Theora (Endopleura) lubrica (Gould, 1861) 

Description and geographical range 

Theora lubrica is a small bivalve (family Semelidae) that grows to about 14 mm in 
shell length (Tanaka and Kikuchi 1979). The natural range of the species is along the 
Pacific coast of Asia where it is known from Indonesia, Thailand, China, the 

Philippines and Japan (Seapy 1974). 

Areas and means of introduction 

Theora lubrica was recorded from California in the late 1960's and early 1970s (Seapy 
1974). The introduction is assumed to be by American naval ships. T. lubrica was 
collected in New Zealand in the early 1970s. Suggested methods of introduction are by 
transport on prefabricated bridge sections towed from Japan, through dispersal by 
water currents or through dispersal by shipping (Powell 1976; Climo 1976; Willan 
1985). 

In Western Australia Theora lubrica was first collected in 1971 and was well 
established in the Swan Estuary by 1974, at which time it was considered to be a 
recent introduction to the fauna (Chalmer et al. 1976). T. lubrica was considered as a 

continuous resident of the Middle Estuary, an area which experiences wide and 
variable fluctuations in salinity, and to be adapted to estuarine conditions. 
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Theora lubrica has been present in Port Phillip Bay since at least 1968 when it was 

collected throughout the bay in great abundance during the Port Phillip Bay Study 

(Poore and Rainer 1974 - as Theorafragilis). T. lubrica was the most abundant 
species (providing 17% of individuals and occurring at 83% of stations) collected in a 

survey ofCorio Bay in 1987 (Coleman 1993). 

It is assumed that Theora lubrica was introduced into Australia via ballast water 
(Hutchings et al. 1987). Pollard and Hutchings ( 1990) comment that T. lubrica may 

occur naturally in Australia and New Zealand. Climo (1976) and Powell (1976) 

suggested the occurrence of T. lubrica in New Zealand was due to natural dispersion 

by ocean currents, the most probable area of origin being south-east Australia. Willan 
( 1985) argued that while ocean currents have introduced eastern Australian species 

into New Zealand, the rapid spread of T. lubrica, its initial establishment in harbours 

and its appearance in several countries at about the same time indicate dispersal by 
shipping. 

Habitat and biology 

Theora lubrica lives in muddy sediments in bays and is common throughout Japan 
(Hayashi 1978, 1983; Tanaka and Kikuchi 1979). It was the most abundant species in 

samples taken in Tomoe Cove, Japan, occurring in silty mud with a temperature range 
of 11-26°C and with salinity in the overlying water not falling below 180/oo (Kikuchi 
and Tanaka 1978). Theora may occur in great abundance (>3,700 m-2) but population

density shows large seasonal and annual fluctuations (Kikuchi and Tanaka 1978; 
Tanaka and Kikuchi 1979). The species is a surface deposit feeder (Poore and Rainer 

1974). 

In Japan recruitment of Theora lubrica to benthic populations occurs during all 

seasons of the year and size-frequency distributions remain relatively similar 

throughout the year. The species therefore appears to have an extended spawning 

period and continuous recruitment. Growth (measured on indi victuals of known size) 

continues throughout the year. Growth rates are highest at moderate water 

temperatures (20°C) and are slower both during winter (water temperature 14-15°C) 
and also when the water temperature reaches maximum summer temperatures (26-

270C). Growth may be very rapid and juveniles of 1 mm shell length can reach adult 

size of 6 mm in 2 months. Life-span may be up to 2 years, but most individuals die 
after 1 year (Kikuchi and Tanaka 1978). 

Theora lubrica is sensitive to reduced oxygen availability and is considered as a 

biological indicator species for anoxic conditions (lmabayashi 1988). Population 
density decreases as oxygen concentration in the bottom water decreases. This 

relationship is shown in two ways: at any one time the distribution and abundance of T. 

lubrica may be related to oxygen concentration in the overlying water; and over a 

period of time the population in an area may become extinct (below 1-2 ml O2/l) or

show a drastic reduction in numbers in relation to seasonal ( or random) reductions in 

oxygen availability (Imabayashi 1983, 1986; Tanaka and Kikuchi 1979). Large 

individuals are more tolerant of anoxic conditions than small ones are; and because T.
lubrica has an extended period of spawning and recruitment, and rapid growth, 
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populations may quickly recover once the period of anoxia is past, provided a few 
individuals survive or there are populations in adjacent areas. 

Possible ecological impacts in Port Phillip Bay 

The population dynamics of Theora lubrica have not been studied in Port Phillip Bay, 

nor is its impact, if any, on native species known. Kikuchi and Tanaka (1978) 

described the growth rate of Theora as being most rapid at about 20°c. Water 

temperatures in Port Phillip Bay range from about 9 -- 24°c and average temperatures 

are 18+0c for at least five months (Cowdell et al. 1984; A. Longmore, Victorian 
Fisheries Research :i·ostitute, personal communication), from which it may be inferred 

that conditions probably favour rapid growth for several months of the year. T. lubrica 

has been recorded as a minor component of the diets of greenback flounder and red 
gurnard in Port Phillip Bay (Parry et al. 1995). 

Corbula gibba (Olivi, 1792) 

Description and geographical range 

Corbula gibba is a small bivalve which grows to a maximum size of about 1.6 cm in 

shell length (Hrs-Brenko 1981). A particular characteristic of the species is that the 
shell is markedly asymmetrical, the right valve being much larger than and overhanging 
the left (Yonge 1946). Its natural range is from Norway to the Mediterranean. 

Areas and means of introduction 

Port Phillip Bay appears to be the only area in which Corbula gibba has been recorded 
as an introduced species. It was not recorded from Port Phillip Bay prior to 1974 
(Poore and Rainer t '-;)74) but was found in Corio Bay in small numbers during 1987 
(Coleman 1993 - recorded as Corbula cf jUndersi but not referred to specifically in the 
survey report). Samples taken off St. Leonards in 1991 showed that C. gibba (as 
Corbula cf coxi) was present at densities of up to 100 per O. lm-2 (Currie and Parry

1995). Observations made (by N. Coleman) on board commercial scallop boats over 
the last 2-3 years have shown that C. gibba is abundant throughout Port Phillip Bay 
and is frequently collected in association with scallops (Pectenfumatus). 

Habitat and biology 

Corbula gibba occurs from the shallow sublittoral zone to depth of around 140 m. It 

inhabits thick muddy sand containing gravel and small stones and may be present in 
great abundance. Numbers retained on a 1 mm sieve from samples in the Limfjord, 
Denmark, indicate population densities of up to 53,000 m-2 (Jensen 1988, 1990). The
species is a shallow burrower. It lives infaunally in the mud and attaches itself by a 

single byssus thread to a piece of gravel or stone. In contrast with most sand- and 
mud-dwelling bivalves C. gibba is relatively immobile and leads a sedentary life 
(Yonge 1946). 
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Corbula gibba is a suspension feeder. The inhalant siphon, through which water and 
food are drawn into the mantle cavity, lies flush with the surface of the substratum. 
Water is drawn in from the sediment-water interface and so contains much bottom 
material, including bottom-living diatom, bacteria and organic debris (Yonge 1946). 
The water· above soft, muddy substrata tends to be relatively turbid with a high 
proportion of re-suspended organic and inorganic material. C. gibba has a number of 
structural, behavioural and physiological adaptations for feeding under such conditions 
and is also capable, to a relatively high degree, of preferentially ingesting organic 
particles (Yonge 1946; Kh1rboe and M0hlenberg 1981) 

The sexes are separate. Spawning occurs mainly in late summer and autumn, (from 
August to November in the northern hemisphere) but larvae have also been found in 
the plankton in winter and spring (Yonge 1946; Hrs-Brenko 1981). Jones (1956) states 
that larvae of C. gibba have a long pelagic life, but gives no estimate of the duration. 
Settlement of spat has been reported for all seasons of the year and densities of up to 
67000 m-2 have been recorded, although mortality may be very high (80%+) in the 
months following settlement (Jones 1956; Muus 1973; Jensen 1988). 

The longevity of Corbula gibba has been estimated at 4 - 6 years (Jones 1956; Jensen 
1988). Growth occurs from spring to early autumn. Growth rates are very variable but 
C. gibba may reach 5 - 7 mm shell length in the year after settlement (Jones 1956;
Jensen 1988, 1990). During the course of this century eutrophication has increased in
the Limfjord. C. gibba appears to have responded to the increase in organic load by
increasing its growth rate, but also shows a decreased lifespan, which is now estimated
to be only 2 years (Jensen 1990). The production of C. gibba in the Limfjord is also
very high, and the P/B ratio is amongst the highest recorded (Jensen 1990).

Little is known about predators of Corbula gibba. Jones (1956) found that few fish 
species eat adult specimens, probably because of the thick shell, although empty shells 
with holes drilled by predatory gastropods were found. Newly settled spat are probably 
much more susceptible to predation, and this may explain the large decrease in 
abundance that occurs after settlement (Jensen 1988) 

Corbula gibba occurs at salinities of 27-330/oo; at temperatures of -1 to 16°C; and at 
oxygen concentrations of 7-11 mg/1. (Jensen 1988, 1990). C. gibba can also withstand 
very low oxygen concentrations. In laboratory experiments individuals have survived 
for 57 days under almost anoxic conditions (0.18 - 0.37 mg oxygen/I) and in the field 
have been collected from areas with an oxygen concentration of 0.97 ml/1 (Zarkanellas 
1979; Jensen 1990). Because C. gibba tolerates eutrophic conditions and low oxygen 
levels it will survive in conditions where many other species are eliminated. It is often a 
characteristic species in polluted areas, is found at the edge of anoxic and azoic zones 
and is a pioneer species in the recovery of areas whose fauna has been destroyed by 
pollution (Pearson and Rosenberg 1978; Zarkanellas 1979; Rygg 1985; Crema et al. 

1991). 

Possible ecological impacts in Port Phillip Bay 

The impact of Corbula gibba on the marine communities of Port Phillip Bay is not 
known. C. gibba is widespread, may be present in large numbers, and is specialised for 
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feeding at the sediment-water interface. It may compete for food with local species 

that exploit the same resource. Of particular concern is the possibility of competition 

between C. gibba and scallops. 

Corbula gibba has been found in the diets of 9 species of fish ( out of a total of 35 
species) studied in Port Phillip Bay (Parry et al. 1995). Over the depth range 7 - 22 m 

the importance of C. gibba in the diet tended to increase as the depth of water from 

which the fish were taken increased. For most species the incidence of C. gibba in the 
diet was low ( <5 % by volume) but it was the most important item in the diet of 
globefish (contributing 57% by volume to the diets of fish taken from deeper stations) 
and was the fourth most important item in the diet of Elephant shark ( contributing 
20% by volume to the diets of fish from stations in the middle of the depth range). 

In Port Phillip Bay shells drilled by predatory molluscs have occasionally been found. 
Shells containing up to six incompletely drilled holes are not uncommon, suggesting 
that the shell of this species is frequently too thick to be successfully penetrated by 
local predatory molluscs (G. Parry, Victorian Fisheries Research Institute, personal 
observation). 

During a study of the effects of scallop dredging, mortality rates for Corbula gibba 

(66%) were considerably higher than the rates (typically 20 - 30%) for other infaunal 
species (Currie et al. 1996). 

Pyromaia tuberculata (Lockington, 1877) 

Pyromaia tuberculata is majid crab which typically grows to a carapace length of 16 -
27 mm (Garth 1958; Sakai 1976; Morgan 1990). It occurs naturally in the eastern 
Pacific from Tomales Bay, California, USA southwards, including the Gulf of 
California, Costa Rica, Bay of Panama and Colombia (Garth 1958). Two or three 
races, restricted to well-defined portions of the species' geographical range, may be 
recognised (Garth 1958). 

Areas and means of introduction 

Pyromaia tuberculata has been introduced into Japan and into New Zealand (Sakai 
1976; Webber and Wear 1981). The species was first collected in Japan in 1970 
although specimens were numerous by that time (Sakai 1976) and so the species may 
have been introduced and become established prior to that date. Specimens 
(provisionally identified as P. tuberculata) were collected in New Zealand in 1978 

The species was identified from Western Australia in 1990, but the specimens on which 

the identification was based had been collected in 1978 (Morgan 1990). 

Pyromaia tuberculata has been recorded from Port Phillip Bay where it appears to be 
well established (Parry et al. 1995). The date of introduction to the bay is not known, 
but the fact that it appears to be well established coupled with the knowledge that it 

was not recognised in Western Australia until 12 years after it became established 
(Morgan 1990) suggest that it could have been present for several years. 
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The introduction of Pyromaia tuberculata to new areas is probably through the 

ballast-water transport of larvae (Sakai 1976; Morgan 1990). 

Habitat anti biology 

Pyromaia tuberculata occurs from low in the intertidal zone to a depth of 225 
fathoms. It is found on soft substrata ranging from soft mud containing shell gravel to 

firm sand, is found dmongst rocks and is found amongst seaweed and tunicates on 
wharf pilings. It may cover itself with foreign growth. (Garth 1958). 

In the Americas ovigerous females have been found during most of the year. The 
frequency of ovigerous females shows a slight increase in the summer months in 
southern California and during spring (March) in the Gulf of California (Garth 1958). 
In New Zealand, where the species has been introduced, ovigerous females have been 
found from April to August (Webber and Wear 1981). While these are the same 
months as those during which ovigerous females may be most frequent in the northern 
hemisphere, in the southern hemisphere they are autumn and winter (rather than spring 
and summer) months. 

Possible ecological impacts in Port Phillip Bay 

No quantitative data on the distribution, abundance and ecology of Pyromaia 

tuberculata in the bay are available. It has been recorded from the diets of 8 species of 
fish (sand flathead, sparsely-spotted stingaree, globefish, snapper, banjo ray, red 
mullet, elephant shark and spiny gurnard) and was consumed by fish over the entire 
depth range (7 - 22 m) sampled (Parry et al. 1995). 

Carcinus maenas (Linnaeus, 1758) 

Description and geographical range 

The European shore crab, Carcinus maenas (family Portunidae) reaches 86 mm in 
carapace width (CW) (Crothers 1966a) and is also known as the green crab and as Joe 
Rocker. 

Carcinus maenas is native to European waters. It is reported from Iceland, Faroes 

Island and Shetland Island (Feder and Pearson 1988), and is widespread around the 
United Kingdom (Crothers 1970a; Elner 1978; Ameyaw-Akum:fi and Naylor 1987; Ash 
1989). C. maenas is present from the North Sea to the Arctic limits (Chilton 1910) and 
around the North Cape (Feder and Pearson 1988). It has been studied in Norway (van 
der Meeren 1994), Sweden (Pihl and Rosenberg 1982), Denmark (Munch-Peterson et 

al. 1982), Holland (Beukema 1991) and France (le Calvez 1987). C. maenas is also 
present around Portugal (Queiroga et al. 1994) and in the Mediterranean and Black 
Seas (Chilton 1910). 
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Areas and means of introduction 

Carcinus maenas has been reported from northern Africa and the Suez Canal (Feder 
and Pearson 1988), the Red Sea (Chilton 1910), Cape Peninsula (le Roux et al. 1990), 
Cape Towh and Madagascar (Joska and Branch 1986). C. maenas is present around 
India (Chilton 1910), Ceylon (Joska and Branch 1986) and Burma (Boschma 1972). In 
North America, it is found around Nova Scotia and Maine (Welch 1968; Thomas and 
Himmelman 1988), New England (Welch 1968), New Jersey (Feder and Pearson 
1988) and Virginia (Joska and Branch 1986). C. maenas is also found on the eastern 
coast of northern America at Willapa Bay (Joska and Branch 1986) and California 
(Cohen et al. 1995; Grosholz and Ruiz 1995). It has also been reported from Hawaii 
(Chilton 1910). In South America, C. maenas has been recorded from Panama and 
Brazil (Chilton 1910). 

Introduction to Australia 

Day and Hutchings (1984) tentatively reported C. maenas from Merimbula, and more 
recently Hutchings et al. (1989) found it at Narooma and Twofold Bay, New South 
Wales. C. maenas is present around the Adelaide area (Hallett Cove, Port Stanvac, 
Outer Harbour and West Lakes) (Rosenzweig 1984) and along the Coorong (Zeidler 
1988). A single specimen has been reported from the Swan River, Perth (Zeidler 
1978), but whether a successful population has become established is unkown. 
C. maenas is well established along the coast of Tasmania (R. Thresher, pers. comm.
1995).

Introduction to Port Phillip Bay and Victoria 

Carcinus maenas was first recorded in Port Phillip Bay by Fulton and Grant (1900). 
They remarked that it was "plentifully distributed" from Frankston to Portarlington. 
They also reported 1.hat previous studies in 1855 and 1882 had failed to find 
C. maenas. Thus, c_ maenas was probably introduced to coastal waters of southern
Australia sometime after 1882.

The distribution of C. maenas around the Victorian coastline is depicted by Marine 
Research Group of Victoria (1984). From their map, C. maenas is present in Port 
Phillip and Westernport Bays (including French Island), and around Lorne, Wonthaggi, 
Venus Bay, Cape Liptrap, Waratah Bay, Wilson's Promontory, Corner Inlet, Port 
Welshpool, Port Albert, Lakes Entrance, Lake Tyers, Cape Conran and Mallacoota. 

Probable means of transport to establish exotic populations 

Carcinus maenas was most likely introduced as a consequence of shipping activities -
either within fouling communities on ships' hulls or in the ballast water of ships 
(Zeidler 1988). Joska and Branch (1986) stated that oil rigs, with their underwater 
structures, not ships, were most likely responsible for the introduction of C. maenas to 
South Africa. 

Habitat 

Crothers (1970b) and Joska and Branch (1986) stated that C. maenas prefers sheltered 
shores, not exposed coasts. Joska and Branch (1986) proposed that the range 
expansion of C. maenas may be reduced across exposed coastlines. C. maenas spread 
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1500 km along the east coast of northern America in 100 years, whereas it took 80 
years to spread 500 km in south-eastern Australia - a difference in the amount of 
exposed coastline may explain the different rates of range expansion. 

Carcinus maenas has been studied in a wide range of intertidal habitats. For instance, 
in Europe, C. maenas has been studied in an intertidal creek of an estuarine brackish 
marsh (Cattrijsse et al. 1994), mud and sand areas (Crothers 1970a; Klein Breteler 
1976a; Munch-Peterson et al. 1982; le Calvez 1987; Gtinther 1990; Beukema 1991), 
organically enriched sediments (Feder and Pearson 1988), seagrass meadows (Pihl 
Baden and Pihl 1984), rocky shores (Crothers 1970b) and mussel beds (Klein Breteler 
1976b). 

Outside Europe, C. maenas has been studied on sand and shingle beaches and rocky 
intertidal shores in Maine (Berrill 1982; Berrill and Arsenault 1982), in lagoons and 
stream mouths in California (Cohen et al. 1995), in the docklands of South Africa 
(Joska and Branch 1986) and in sandy mud habitats of south-eastern Australia (Day 
and Hutchings 1984). 

Carcinus maenas is an intertidal and subtidal species, migrating on and off the shore 
with high tides (Naylor 1962). Little is reported of the subtidal habitats where 
C. maenas occurs. Crothers (1970a) reported that most C. maenas are limited to 5-5 rn
water depth, but this may be confounded with distance from shore; Rasmussen (1959)
reported that 8-10 rn is the maximum depth at which C. maenas is found.

A survey of the gut contents of fish trawled at 22 sites at depths of 7, 12, 17 and 22 rn 
in Port Phillip Bay during 1994 (n>30 species, n>6000 fish, Parry et al. 1995; Officer 
and Parry 1996) failed to find any C. maenas. In contrast, Nectocarcinus integrifrons, 

a local crab species, was commonly found in this survey, suggesting that C. maenas 

may be confined to depths shallower than 7 rn in Port Phillip Bay by N. integrifrons 

(G. Parry, VFRI, pers. comm. 1996). 

Temperature range 

Atkinson and Parsons (1973) and Naylor (1965a) reported that water temperatures rise 
from about 4°C in winter to about l8°C in summer in Wales. In the Dutch Wadden 
Sea, water temperatures range from 3°C in winter to l 8°C in summer on average, but 
can fall below l °C in some winters (Beukema 1991). Eriksson and Edlund (1977) 
reported that water temperatures range from -0-3 to 19·7°C in Swe�en. 

Berrill (1982) reported that water temperatures in Maine are below 7°C from 
November to April and above 10°C for five months. Water temperatures around Port 
Phillip Heads, Victoria, Australia, range from 12°C in winter to about 20°C in summer 
(King 1970). 

Salinity range 

Crothers (1966a) stated that adult C. maenas could survive in salinities ranging from 
10 to 33 ppt and as low as 4 ppt in Wales. In Portugal, C. maenas is most abundant in 
salinities of 20-28 ppt (Marques and Costa 1984). C. maenas is found in Swedish 
waters that average 25 ppt (Eriksson and Edlund 1977). 
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Carcinus maenas survived salinity cycles of 5�30 ppt in laboratory conditions (Bolt 
and Naylor 1985). Ameyaw-Akumfi and Naylor (1987) found that C. maenas, in the 

laboratory, has a lower salinity preference of 27 ppt. McGaw and Naylor (1992) 
conducted·salinity preference experiments on C. maenas, with salinities ranging from 5 
to 50 ppt, and found that crabs of different intermoult length have different salinity 
preferences, and that crabs could discriminate between salinities differing by 0-5 ppt. 

General Biology 

Larval stages 

Following fertilisation, eggs are carried by females for four months in warmer waters 
to most of the year in colder waters (Crothers 1966a). Eggs hatch in late spring to 
early summer (Crothers 1966a). Broekhuysen (1936) noted that short drops in 
temperature could kill high proportions of eggs, and Wheatly (1981) found that, at 

temperatures exceeding 25°C, egg mortality increased, despite behaviour by females to 

improve oxygenation to eggs. Crothers (1966a) reported that eggs developed normally 

at 10°C if salinity exceeded 26 ppt, but at lower temperatures, higher salinities were 
required for successful development. 

Prezoeae hatch from eggs and are released in deeper water (Rasmussen 1959); within a 
few hours, prezoeae moult into the first of four zoeal stages (Crothers 1966a) [see 
Rice and Ingle ( 197 5) and Noone ( 1987) for illustrations of zoeae]. The duration of 
larval development is inversely related to temperature (Dawirs 1985). The fourth zoeal 
stage moults into the megalopal stage - megalopae appear in early-mid summer and, 
over suitable habitat, moult into the first crab stage in late summer (Crothers 1966a). 
Queiroga et al. (1994) found that prezoeae are most abundant on nocturnal ebb tides, 
whereas megalopae are most abundant on nocturnal flood tides. Klein Breteler (1975a) 
measured the first crab stage at 1-5 mm CW. 

Combined effects of temperature and salinity on zoeal development under laboratory 
conditions were studied by Nagaraj (1993), who found that lower water temperatures 
(e.g. 10

°
c compared with 25

°
C) and higher salinities (e.g. 30 and 35 ppt compared

with 20 and 25 ppt) result in the highest survival rates of zoeae. 

Moulting 

The number of moults from settling to terminal anecdysis was estimated at around 18 
by Crothers (1966a). Hogatth's (1975) equation, relating carapace width to moult 
number, suggests that crabs moult 20 times before terminal anecdysis. Klein Breteler 
(1975b) found that increased temperatures accelerated the moulting cycle; he reported 
that various authors had estimated the relative increase in carapace width at 20-50%. 
Carapace width of female crabs increases at a faster rate than that of males over the 
first nine crab stages (Shen 1935). The puberty moult of females is attained after 11-12 
moults (Mohamed,een and Hartnoll 1989). Carlisle (1957) reported that C. maenas 

moults at all times of the year, except during the coldest part of winter. Growth, 
according to Eriksson and Edlund (1977) and Berrill (1982), appears to be suppressed 

at temperatures below 10°C. 
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Maturity 

Size at maturity varies between seasons - Crothers (1966a) reported that females first 
reach maturity at 16-23 mm CW in spring or at 23-31 mm CW in summer. Size at 
maturity also varies with water temperature - for warmer waters, females reach 
maturity at ·16-30 mm CW, and in colder waters at 34--45 mm CW (Berrill 1982). 
Males reach maturity at 25-30 mm CW (Crothers 1966a) - no seasonal or temperature 
variation has been reported. The smallest ovigerous female found in Victorian waters 
(Australia) was 32.3 mm CW (M. Sinclair, unpubl. data). 

Breeding 

Males carry females from a few days before females are due to moult until a few days 
after copulation (Crothers 1966a; Berrill and Arsenault 1982). It has been suggested 
that premoult females release sex pheromones attracting males (Eales 1974). 
Aggressive interactions may occur between males for females (Reid et al. 1994) during 
the breeding season, which occurs over summer (Crothers 1966a). Following 
copulation, 200 000 eggs [as suggested by Joska and Branch (1986) for an average
sized female] are carried by the female. Rasmussen (1959) and Crothers (1966a) 
reported that ovigerous females move offshore, where they remain until their eggs 
hatch. Ovigerous females are common in winter, although some ovigerous females 
carry eggs in summer (Crothers 1966a). Naylor (1965b) described an upper 
temperature barrier where breeding is prevented in waters of 14-28°C. 

Udekem d'Acoz (1993) suggested that larger females may breed two or three times per 
year and smaller females may breed only once; however, Marques and Costa (1984) 
reported that C. maenas could breed throughout the year with each female 
reproducing only once. Van der Meeren (1994) reported that females congregate in 
hot spots for mating and that mating success is size dependent. 

Crothers ( 1966a) suggested that variation in timing of breeding season that occurs 
between sites may reflect differences in water temperatures. Around the Unite� 
Kingdom, copulation occurs from July to September, and ovigerous females can be 
found from January to April (Crothers 1966a). In Portugal, copulation occurs from 
April to May and September to December, and ovigerous females are present from 
October to June, peaking in January and February (Alma¥a 1982). In Belgium, C. 
maenas copulates from April to November, but mainly from June to October, and 
ovigerous females occur from December to August (Udekem d'Acoz 1993). 

In Maine, copulation peaks in August and presence of ovigerous females peaks from 
May to June (Berrill 1982). Joska and Branch (1986) reported that ovigerous females 
in South Africa occur from June to December. In Victoria, Australia, copulation 
occurs from September to March, peaking in February-March (M. Sinclair, unpubl. 
data). 

Larval duration and settlement preferences 

Wear (1974) reported that incubation time of C. maenas is temperature dependent - at 
10°C development takes approximately 75 days, and at 25°C development takes 
around 13 days. 
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Thiel and Dernedde (1994) reported that mussel clumps were important refuges for 
juvenile crabs. Klein Breteler (1975a) found juvenile crabs over tidal flats. Settlement 
of juvenile crabs may be enhanced by highly variable carapace patterns: these patterns 

may have a cryptic function, reducing visual predation (Hogarth 1978). 

Movement 

Declines in the abundance of intertidal C. maenas occur during the overwintering 

period when crabs migrate offshore (Edwards 1958; Atkinson and Parsons 1973; Klein 
Breteler 1976a). N·iylor (1958) reported that C. maenas, in the laboratory, is active 
during perceived high tides and hours of darkness. Naylor (1962) and Hunter and 
Naylor (1993) documented migration of crabs in the field. However, smaller crabs tend 

to remain in the intertidal zone, whereas larger crabs migrate with the tide (W arrnan et 
al. 1993). In Victoria, a decrease in abundance of intertidal C. maenas occurs from 
June to September-October (M. Sinclair, unpubl. data). 

Diet and feeding mode 

Carcinus maenas has a broad diet including annelids, bivalves, gastropods and limpets, 
amp hi pods, barnacles, crabs and isopods, fish and algae (Ropes 1968; Elner 1981; 
Feder and Pearson 1988; le Roux et al. 1990). Feder and Pearson (1988) concluded 
that C. maenas feed intensively with 55% of stomachs at least half full. Ropes (1968) 

suggested that feeding may be suppressed at temperatures below 7°C. Bawden (1993) 

reported that C. maenas from Mornington, Ricketts Point and Mud Island in Victoria 
consumed native crabs, bivalves, gastropods, isopods, polychaetes, amphipods and 
algae. In the laboratory, Bawden (1993) also found that C. maenas consumed two 

native crabs species - Paragrapsus gaimardii and P. quadridentatus. 

Carcinus maenas crushes small mussels and bores through large mussels, but prefers 
small mussels beca,.1 :;e handling time is reduced (Ameyaw-Akurnfi and Hughes 1987). 
Auster and Crockett (1984) reported that C. maenas excavates soft sediments for 
prey. Consumption of prey by C. maenas is increased at higher temperatures (Elner 
1980; Sanchez-Salazar et al. 1987). Jensen and Jensen (1985) proposed that juvenile 
C. maenas structure benthic communities in Denmark, by preventing cobble-bed
development.

Parasites, predators and other factors that control abundance 

Carcinus maenas has a number of predators including octopus, fish, birds, foxes, rats, 
and humans. Adult bass, in waters of the United Kingdom, feed mainly on C. maenas 
(Kelley 1987). Dernedde (1994) found that C. maenas is the dominant prey species of 
herring gulls in Germany. Dumas and Witman (1993) also found that herring gulls in 
USA consume C. maenas. Crothers (1966b) provides a list of known predators of 
C. maenas at its various life-history stages; this includes invertebrates (most plankton
feeders, crabs, octopus and cuttlefish), numerous fish and bird species, and mammals
(seals, otters, sperm whales and humans).

Sacculina carcini, a rhizocephalan parasite sometimes infests populations of 

C. maenas (Crothers 1966b). Male and female crabs that are infested by S. carcini are

effectively castrated and behave like ovigerous females (Rasmussen 1959). Crothers
( 1966b) reported that C. maenas can be parasitised by other species: Carcinonemertes
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carcinophila (Nemertini), Fecampia erythrocephala and Microphallus similis 

(Platyhelminthes), Portunion maenadis (Isopoda) and Thelothania maenadis 

(Protozoa). No C. maenas in Victorian waters (Australia) has been infested with 

S. carcini (M. Sinclair, pers. obs.).

Environmental factors may also limit the distribution of C. maenas. First, exposed 

coastlines are relatively unlikely to harbour populations of C. maenas (see Crothers 

1966b). Second, in waters colder than those in Maine, Berrill (1982) suggested that 
populations of C. maenas may be unable to establish themselves - mass mortalities 

have been reported coinciding with severe winters (Welch 1968). 

Possible ecological impacts in Victoria 

Naylor (1965b) referred to C. maenas as a cosmopolitan species. Joska and Branch 
( 1986) considered that C. maenas constitutes a threat to the local fauna of South 
Africa because of its non-selective predatory habits. Griffiths et al. (1992) proposed 

that C. maenas may have an impact on sheltered shores, but would be unlikely to 

impact exposed shores. C. maenas has been implicated in the decline of the 

commercially harvested soft-shell clam, Mya arenaria, in northern America -
subsequent action was taken by harvesters against C. maenas (Joska and Branch 

1986). Cohen et al. (1995) and Grosholz and Ruiz (1995) predicted that C. maenas 

could alter community structure and ecological interactions along the east coast of 
North America. 

Based on its broad diet, aggressive nature and ability to survive in a wide range of 
conditions, C. maenas may have an impact wherever it is introduced, including 

Victoria. However, Joska and Branch (1986) pointed out that the establishment of 

C. maenas in Victorian waters did not appear to have any dramatic effects on local
mollusc populations. In Victoria, the effects of C. maenas on local fauna may be
restricted to shallow waters; however, these effects are difficult to estimate, as the
abundances of C. maenus are temporally variable (M. Sinclair, unpublished data).

The Centre for Research into Marine Pests, in Tasmania, is investigating controlling 
populations of C. maenas, which have established there in high numbers, using infertile 

S. carcini (R. Thresher, pers. comm. 1995). C. maenas appears more abundant in 

Tasmania than in Victoria, hence its impact in Victoria is probably less than in
Tasmania.

Styela clava Herdman 1881 

Description and geographical range 

Styela clava is a solitary ascidian. Individuals may be stalked or sessile with a total 

length up to 16 cm (Holmes 1976; Kott 1976). S. clava is indigenous to the north-
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western Pacific, its natural range being Japan, the Sea of Okhotsk, the coasts of Korea 

and southern Siberia and the coast of China to at least as far south as Shanghai (Millar 
1960; Abbot and Johnson 1972). 

Areas and ·means of introduction 

Styela clava has been introduced into the UK and Europe. It was first collected in the 
UK in 1953 at which time it was described as a new species, S. mammiculata (Millar 
1960; Wallace 1961). By the early 1970's it had increased its range in the UK and was 
known from Ireland, the channel coast of France and the Netherlands (Abbot and 
Johnson 1972; Guiry and Guiry 1973; Buizer 1980). It is present in California, to 
which it was probably introduced in the late 1920's, and was found on the Atlantic 
coast of the USA in 1970 (Abbot and Johnson 1972; Berman et al. 1992) 

The first Australian record of Styela clava was for specimens collected in Hobsons Bay 
in the north of Port Phillip Bay (Holmes 1976). This was also the first record of the 
species from the southern hemisphere. Subsequently the species has been collected 
from Station Pier, northern Port Phillip Bay (Kott 1985). The records from Hobsons 
Bay and Station Pier remain the only records from Australia (Kott 1985). 

Because the larval life is short and the adults are epifaunal, the introduction of Styela 

clava to new areas is most probably due to the transport of adults as fouling organisms 
on ships' hulls. Accidental introduction with the introduction of oysters has also been 
suggested (Holmes 1976: Carlton 1985; Hutchings et al. 1987) 

Habitat and biology 

Styela clava occurs subtidally, to depths of at least 25 metres, and may be found 
intertidally up to mid-shore level in sheltered areas or under stones (Holmes 1976; 
Buizer, 1980; Sims 1984). S. clava occurs in areas of fully marine salinity but has a 
limited capacity to regulate body volume when exposed to low salinity (Sims 1984). 
The species prefers sheltered areas with low wave energy (Abbot and Johnson 1972; 
Holmes 1976). Temperature ranges tolerated by Styela clava are 2 to 23°C in the UK, 
-2 to 22°c in the Netherlands and 10 to 23°C in Victoria, Australia (Holmes 1976;
Buizer, 1980).

In the UK reproduction in Styela clava occurs in all but the coldest two or three 
months of the year, but is most marked in the summer and the peak period for juvenile 
settlement is mid to late summer (Wallace 1961; Holmes 1976). In Hobsons Bay, 
Victoria, S. clava spawns during the summer and the success of reproduction and the 
survival of adults may be adversely affected by lowered salinity due to freshwater from 
the Yarra River (Holmes 1982). The maximum free-floating life of eggs and larvae is 
24 hours (Holmes 1976). S. clava attaches to hard substrata, such as stones, rocks and 
pier piles, but has been recorded from softer substrata, such as peat (Buizer, 1980). S. 
clava may itself provide a substratum for settlement of juveniles of its own species, and 
also for settlement of other species of ascidians, sponges, hydroids, bryozoans and 
seaweeds (Buizer, 1980). Despite its short free-floating life, S. clava appears to be 
capable of spreading rapidly in areas where it has been introduced (Millar 1960; Guiry 
and Guiry 1973; Buizer 1980). 
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Styela clava is said to be a secondary settler, colonising surfaces that already carry a 
well developed epibiota. Densities of up to 500 adults m-2 have been recorded in the
UK (Holmes 1976). In the U.S.A. S. clava is a competitive dominant, at least in the 
more soutl1erly areas it has colonised, and occurs densely in areas formerly dominated 
by the mussel Mytilus edulis. It has also been suggested that S. clava could 

competitively exclude the anemone Meretridium senile if it increases in abundance in 
more northerly areas (Berman et al. 1992). 

Styela clava is a filter feeder. Water transport rates in laboratory experiments at 10°c

ranged from 0.23 to 0.64 litres/hr/g wet tissues weight; transport rates increased with 
size and temperature and decreased in static water (Holmes 1973). Laboratory 
experiments have shown that S. clava is a predator of oyster larvae, and through 
competition for food may influence growth and survival of newly settled oyster larvae 
(Osman et al. 1989; Zajac et al. 1989). Field experiments have failed to demonstrate a 
reduction in larval settlement due to ascidians, probably because any effects the 
ascidians may have are obscured by other factors which influence larval settlement 
(Young 1989). 

Possible ecological impacts in Port Phillip Bay 

The impact of S. clava on native species is not known. The limited distribution of S. 

clava shows that any effects which may occur in Port Phillip Bay will be restricted to a 
small area of the bay. At high population densities S. clava could adversely effect the 
survival and growth of co-occurring species, or could competitively displace native 
species, as seen in the displacement of Mytilus in communities in North America. S. 
clava may provide a substratum for the attachment of native species 

Molgula manhattensis (De Kay, 1843) 

Description and geographical range 

Molgula manhattensis is a small, solitary ascidian. The body is circular to oval in shape 
and up to about 2.5 cm high. The natural range of the species is along the Atlantic 
coast of the USA from Maine to Louisiana (Kott 1985). 

Areas and means of introduction 

Molgula manhattensis has been recorded from the U.K. (Marine Biological 
Association 1957; Stubbings and Houghton 1964), Norway (Dybern 1969; Millar 
1971) and Japan (Tokioka and Houghton 1972: Kott 1985). 

Molgula manhattensis has been recorded from the Brisbane River, Queensland, and 

questionably from New South Wales (Kott 1985). Introduction into Queensland was 
assumed to be as a fouling organism on ship's hulls, and may have occurred on several 
occasions with resident populations being wiped out (by low salinity due to summer 
rains) between introductions (Kott 1976). 
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Kott (1976) recorded Molgula manhattensis from the Newport Power station, Yarra 
River in the north of Port Phillip Bay. There have been no subsequent records (Kott 
1985). It is assumed that the species was introduced as a fouling organism on ships. 

Habitat and biology 

Molgula manhattensis is found from the low intertidal zone to a depth of about 100 

m (Marine Biological Association 1957; Kott 1985). 

Little is known of tre biology of Molgula manhattensis (Kott 1976). The species 
tolerates reduced salinities (to <100/oo), water temperatures in the range 1 - 19°c and 
becomes sexually mature at a diameter of 1.2 cm (Dybem 1969; Kott 1976). In the 
USA. M. manhattensis is an early and dominant member of marine fouling 
communities and its abundance may impede the collection and growth of bivalve spat 
during aquaculture operations (Otsuka and Dauer 1982; Morales-Alamo and Mann 
1990; Flimilin 1992). Kott (1976) assumed the reproductive period of specimens 
introduced into Queensland to be prolonged since the related species Molgula tubifera 

in the U.K. breeds during all seasons except winter. In fact, Molgula tubifera is a 
synonym for Molgula manhattensis (Dybem 1969) and at Plymouth in the U.K. M. 

manhattensis is said to breed throughout the year (Marine Biological Association 
1957). In Japan M. manhattensis spawns during the winter when the average air 
temperature is about 5°C (Tokioka and Kado 1972). 

In its natural range, the settlement of M. manhattensis on oyster cultch and on 
submerged test panels may occur over much of the year. Some studies have found 
settlement occurs abundantly from spring until early winter while others have found 
few larvae to be prr.::,,ent in late summer and early autumn (Cory and Nauman 1970; 
Otsuka and Dauer 1982; Morales-Alamo and Mann 1990). Growth rate is rapid, and 
individuals can attain maximum size in less than 2 weeks (Otsuka and Dauer 1982). 
The early achievement of sexual maturity and various structural characteristics shown 
by M. manhattensis ( and by members of the family Molgulidae in general) are thought 
to be advantageous for species living in sheltered bays where seasonal mortality due to 
periodic flooding, silt deposition and temperature fluctuations is likely (Kott 1976). 
The species is an efficient filter feeder. Individuals may filter up to a litre of seawater 
an hour (Kott 1976). 

Possible ecological impacts in Port Phillip Bay 

Given that Molgula manhattensis in Port Phillip Bay has been recorded only in an area 
influenced by heated effluent from a power station, it is unlikely that the present 
population (if still present in the bay) is having any obvious ecological impact. If the 
species were to occur in great abundance as a fouling organism, then competition with 
native species for food and space could occur and there is the potential for interference 
with the collection of shellfish spat during aquaculture operations. 
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Brief notes on other exotic species said to occur in Port Phillip Bay 

Hvdroides norvegica Gunnerus, 1768 

The serpulid worm Hydroides norvegica is a fouling organism, common on shipping, 
of world wide distribution (Skerman 1960a) and found generally throughout Australia. 
Hutchings et al. ( 1987) suggest that H. norvegica was introduced to Australia from 
Europe while Pollard and Hutcp.ings (1990) suggest that records of H. norvegica may 
be due to a misidentification. Some data on reproduction and factors influencing 

settlement are given in Wisely (1958, 1959) and Reish (1961). 

Neanthes succinea (Leuckart. 1847) 

The nereid polychaete Neanthes succinea, a northern hemisphere species, was 
described from Hobsons Bay by Wilson (1984) but the possible means of introduction 
was not discussed. The species has been present in Australia since the 1930's and has 
been recorded from the Swan River, Western Australia, under the name Nereis 

oxypoda. It is also known from New South Wales, China and North America (Wilson 
1984). 

Janolus hyalinus (Alder and Hancock. 1854) 

The opisthobranch mollusc Janolus hyalinus, a European species (type locality 
Cheshire, England), has been described from Torquay, west of Port Phillip Bay, in 
which locality it is said to be rare under rocks in pools at mid tide level (Burn 1958). J.
hyalinus has also been found on both the eastern and western shores of Port Phillip 
Bay and in New Zealand (Miller and Willan 1986). The means of introduction is 
thought to be as a fouling organism on ships' hulls (Hutchings et al. 1987: Pollard and 
Hutchings 1990). 

Crassostrea gigas (Thunberg. 1793) 

Major attempts to introduce Pacific oysters, Crassostrea gigas, into southern Australia 
were made from 1948 to 1952. During this period oysters were introduced into 
Mallacoota, eastern Victoria, but did not become established (Thomson 1959). There 
have been no subsequent attempts to introduce Pacific oysters into the natural 
environment of Victoria. Oysters are grown in isolated salt ponds near Avalon on the 
shores of Port Phillip Bay. Not only are these ponds separate from the bay but, because 
of the high salinity, the oysters grown there do not reproduce and settle successfully 
and there is no evidence that oysters have escaped from the ponds into the bay. 

Although there are occasional reports of Crassostrea gigas wild in Port Phillip Bay 
these reports remain unconfirmed. Pacific oysters have been found wild in Anderson 
Inlet, to the east of Port Phillip Bay, but the origin of these oysters is not known 
(Coleman and Hickman 1985). 

Raeta pulchella (Adams and Reeve. 1850) 

During recent benthic studies carried out by the Victorian Fisheries Research Institute 
in Port Phillip Bay, specimens of a bivalve provisionally identified (through the 
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Museum of Victoria) as Raeta pulchella were collected. This species is very common 

in muddy sediments in sheltered waters throughout Japan, Korea and Siberia (Kira 

1965). 

Cancer novae-zelandiae-(Jacquinot and Lucas, 1853) 

The crab Cancer novae-zelandiae, native to New Zealand, was described from 

Tasmania and Port Phillip Bay in 1930 (McNeill and Ward 1930). It has not been 

recorded from Port Phillip Bay since then (Pollard and Hutchings 1990). Introduction 

to Tasmania may have been with introductions of oysters from New Zealand, but the 

how it was introduced to Port Phillip Bay is not known. 

BRIEF NOTES ON OTHER EXOTIC SPECIES RECORDED FROM VICTORIAN 

WATERS BUT NOT FROM PORT PHILLIP BAY 

Four species (Table 2) have been recorded from the Victorian coast but not from Port 

Phillip Bay. In addition, the Pacific oyster, Crassostrea gigas, is also known only from 

outside of Port Phillip, even though there are occasional, anecdotal, reports of its 

presence in the bay. 

Polycera hedgvethi Marcus, 1964 

The opisthobranch mollusc Polycera hedgpethi was originally described from 

California where it feeds on the bryozoan Bugula (Marcus 1964; Lance 1966; 

McDonald and Nybakken, 1978). In Australia P. hedgpethi is found in Western 

Australia, New South Wales and the extreme east of Victoria, where its occurrence 

may be due to transport by water currents from New South Wales (R. Bum, Honorary

Associate, Museum of Victoria). Bugula species, on which P. hedgpethi feed, are 

cosmopolitan in fouling communities and P. hedgpethi is thought to have been 

introduced into Australia as a fouling organism (Hutchings et al. 1987: Pollard and 

Hutchings 1990). P. hedgpethi has also been recorded from South Africa (Gosliner 

1982). 

Okenia vlana Baba, 1960 

The opisthobranch mollusc Okenia plana Baba was originally described from Japan. It 

has been introduced into Australia, possibly as a fouling organism (Hutchings et al. 

1987: Pollard and Hutchings 1990) and is found in Queensland, New South Wales and 

the extreme east of Victoria (R. Bum, Honorary Associate, Museum of Victoria). 

Tanais dulongi (Audouin, 1826) 

The crustacean Tanais dulongi, reported as an exotic species (information provided by 

Dr Sebastian Rainer, CSIRO Division of Fisheries, Hobart) is common along the open 
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coast of Victoria and may be endemic (Dr. G.C.B. Poore, Curator of Crustacea, 
Museum of Victoria, personal communication). 

Cirolana harfordi (Lockington, 1877) 

The isopod Cirolana harfordi has been described from Lorne on the west coast of 
Victoria (Bruce 1986). In California (the type locality) C. harfordi is found throughout 
the intertidal zone and occurs under rocks on sandy beaches, amongst mussel beds and 
amongst or under other epifaunal species such as tunicates and sponges, grows to 
about 20 mm in length, is most active at night and is able to tolerate salinities reduced 
to 50% that of seawater for more than 2 days (Hewatt 1937; Brusca 1966; Kirby and 
Harbaugh 1974; Johnson 1976a,b). Bruce (1986) examined only a single individual 
from Lorne, but in its native range the species may occur in great abundance and 
population densities in excess of 14,000m-2 have been recorded (Johnson 1976a) . 

Cirolana harfordi is a scavenger, but is also a voracious predator feeding on small 
polychaetes and amphipods and may only need to feed once in 3 to 5 weeks (Johnson 
1976a; Ricketts et al. 1988). As a scavenger, a predator of small invertebrates and a 
species capable of reaching very high population densities, C. harfordi could 
potentially impact on local intertidal species 
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Table 3. Summary of biological data for exotic species introduced into Port Phillip Bay. 

Temperature/salinity tolerances are based on data appearing in the literature and do 1101 necessarilly represent extreme limits or toler,ince. 
A, ascidian: B, bivalve; C, crustacean; P, polychaele 

Species/Natural Habitat Temperature/ Reproduction Presence in Port Phillip Comments 
range salinity tolerance Bav 

Sahe/la Epifaunal, lube dwelling, 11 10 29°C. Spawns in Winter Abundant in the Geelong Can interfere with 
spallanzanii (P) sublidal lo 30 m depth. 380/oo in natural range. Arm. Range appears lo be scallop harvesting. 
Mediterranean and May inhabit soft substrata Possible sununer spreading northwards May affect nutrient 
Atlantic coast of where there are stones, spawner in Port along the western shore cycling and fish 
Europe shell fragments etc to Phillip Bay. of the bay. No known communities. 

provide a site for predators in the bay. 
aLLachmenL 

Boccardia Intertidal Lo I 00m depth 8.5 Lo 21°C. Spring to late Abundant high in the Opportunistic species 
proboscidea (P). Burrows/inhabits tubes in Brackish to fully summer and early intertidal zone adjacent lo reported from 
Pacific coast of N. a wide range of habitats marine (21.5- autumn. Pelagic eftluent drains at the organically enriched 
America, Japan including soft rocks, 34.8°/oo) and non-pelagic Werribee sewage areas in other parts of 

crevices, seagrass beds larvae produced. lrealmenl farm. the world. 

Pse11dopolydom Sandy-mud sediments, 8.5 to 21°c. Breeds during Interticlally and subtidally In pollution studies 
paucibranchiata inLe11idal and subtidal, in Brackish lo fully much of the year off Lhe Werribee sewage has been found Lo 
(P) Japan. Russian hays and estuaries. marine (21.5- (in California). treatment farm. Most characterise semi-
coasts of the sea of Constructs tube of fine 34.8°/oo) Larvae pelagic. abundant subtidally healthy areas 
Japan. sand and silt Sexually mature 

about a month 
after hatching. 



Table 3 (rnn1i11uc:d) 

Species/Natural 
range 
Muscu/ista 

se11/w11sia (B ).
Western Pacific 
China, Siberia, 
Japan, Kurile Is. 

Theora lubrica 

(B ). Pacific coast 
of Asia - Indonesia, 
Philippines, 
Thailand, China, 
Japan 

l labilat

Intertidal lo 20 m depth. 
lnfaunal in sand or mud 
substrata or epifaunal on 
hard substrata. Secretes 
byssus 

Inhabits muddy sediments 
subtidally in bays. 

Corlmla gih/)(I (B). From shallow sublilloral 
Europe - Norway zone lo 150 111. lnfaunal 
lo the in mud containing gravel. 
Mediterranean 

Temperature/ 
salinity tolerance 
0.8 to 220c. 
Brackish lo 
marine (from 
180/oo up) 

9 to 26°C. 
Brackish to 
marine (from 
180/oo up) 

- I lo I 6°C.
27 to 33°/oo

Reproduction 

Spawning period 
variable, mainly 
during summer 
and autumn. 
Pelagic larvae 

Extended period 
of spawning. 
Recn.1itment 
occurs throughout 
the year. Pelagic 
larvae 

Spawning occurs 
in late summer 
and autumn. Spat 
settlemcnt 
reported for all 
seasons of the 
year. 

Presence in Port Phillip 
Bay 
Common in Corio Bay. 
Point Wilson 
Port Melbourne 

Very abundant 
throughout Port Phillip 
Bay 

Abundant throughout 
Port Phillip Bay. A major 
item in the diet of 
globefish and also found 
in the diets of 8 other fish 
species studied. 

Comments 

Opportunistic species. 
On soft substrata 
dense mats of mussels 
may exclude 
underlying fauna. 

Very fast growth rate 
particularly at 
intermediate (c 20°c) 
temperatures. May 
show large 
fluctuations in 
population density. 
Sensitive to anoxia 
but populations may 
recover quickly when 
conditions improve 

Tolerates very low 
oxygen levels. ls 
often characteristic of 
polluted areas, is 
found at edge of 
anoxic and azoic 
zones and is a pioneer 
species in areas 
recovering from 
pollution 



Table 3 (continuec..l) 

Species/Natural 
range 

Pyromaia 

Jubercu/aJa (C). 

Eastern Pacific 
from California 
south to Colombia 

Carcinus 

maenas (C) 
Widespread in 
European waters 

Habitat 

From low in the intertidal 
zone to 415 m depth. On 
soft substrata, also 
amongst rocks and 
amongst algae and 
tunicates on wharf pilings. 

lnlerlidally from mid lo 
low shore. Found on 
shellered shores (e.g. 
mud/sand shores, rocky 
habitats) not exposed 
coasts. 

Temperature/ 
salinity tolerance 

Approximately 
4-J8°C in
European
waters; may vary
in more southern
and northern
countries.
Salinity tolerance
4-330/oo.
Prefers salinities
around 270/oo

Reproduction Presence in Port Phillip Comme11ts 
Bay 

Ovigerous females Appears to be well 
found throughout established in Port Phillip 
the year (in Bay. Found in the diets of 
eastern Pacific) 8 species of fish studied. 
but frequency 
highest in spring 
and summer. 
Possibly breeds 
autumn/winter in 
southern 
hemisphere. 

Copulates during Widespread mainly on Introduced into all 
summer; females mudflats, among seagrass continents except 
ovigerous during or in holes; also in weedy Antarctica. 
winter. Larval life habitats on rock Omnivorous. May 
is temperature platforms. alter community 
dependent: 75 structure and reduce 
days at 1 o0c, 13 density of native 
days at 25°C. fauna. 
High water 
temperatures or 
severe winters 
prevent breeding. 
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Table 3 (rn11tinueJ) 

Species/Natural 

range 

Styela clava (A) 

N-W Pacific -
Japan, Korea,
Siberia, China

Motxula 
111a11hatte11sis (A) 
Atlantic coast of 
USA from Maine 

lo Louisiana 

Habitat 

From midshore level lo at 
least 25 m depth. In 
shellered areas of low 
wave energy. Attached 
epifaunally to hard 
substrata. 

From low spring tide level 
lo depths of about 30 m 

Temperature/ 

salinity tolerance 

-2 IO 23oc_
Marine. Very
limited capacity
to regulate body
volume in low
salinity.

1 to l 9°C. 
Tolerates 
salinities down 
lo< 10°/oo 

Reproduction 

Breeds in 
summer. Free
living life about 
24 hours. 
Reduced salinity 
impairs 
reproduction. 

Breeds during all 
seasons in UK. 
Settles mainly 
during spring and 

early summer in 
native range 

Presence in Port Phillip 

Bay 

Found epifaunally in 
Hobsons Bay 

Recorded frot11 the Yarra 
River in 1976. No 
subsequent records. 

Co11rn1ents 

Introduced into USA 
and in some areas 
occurs as a 
competitive dominant 
in areas formerly 
dominanted by 

Mytilus 

Early and dominant 
member of fouling 
communities in its 
native habitat. Rapidly 
reaches sexual 
maturity. 
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