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EXECUTIVE SUMMARY

Port Phillip Bay is a large, temperate embayment in
southeastern Australia that borders the major metropolitan
areas of Melbourne and Geelong. The bay has been a focus
for shipping activity since the mid-1800’s and is currently

a major destination for a wide range of coastal and

international shipping. Post Phillip Bay has also been the

focus of a number of historical biclogical surveys, which
makes possible an evaluation of historical patterns of
invasion by exotic marine species.

A detailed analysis was undertaken of the introduced
(known and cryptogenic) organisms in Port Phillip Bay.
The analysis consisted of:

« reviews of the historical information, published
literature, and material in private and museum
collections for all groups for which local taxonomic
expertise was available;

« (detailed examinations, including new surveys
undertaken as part of this study, of the biota in high
risk areas;

+ documentation and re-analysis of the possible impacts
of exotic species on the ecology of Port Phillip Bay;
and

 an evaluation of the broad patterns of invasion and an
analysis of possible vectors for the introduction of the
exotic species recorded from the bay.

Although the scope of the analysis was restricted by
the taxonomic expertise available, coverage included all
major benthic phyla. However, for several major groups
(annelids, crustaceans, molluscs and echinoderms) the
narrow focus of earlier surveys limited the analysis to
the soft bottom biota.

The study identified 165 introduced and cryptogenic
species (99 and 66, respectively), one species that was
known to have been introduced but has subsequently
become locally extinct, and another 13 species identified
as ‘potentially’ introduced into Port Phillip Bay but whose
status could not be confirmed due to the absence of
voucher specimens or collections.

Depending upon the criteria used, therefore, we
identified between 99 (confirmed introductions with
voucher specimens) and 178 (all reports) introduced
species in Port Phillip Bay. For those groups for which a
comparison was possible, exotic species constitute 10—
20% of the benthic biota of the bay. From a comparison
of the total known biota of the bay and species numbers
obtained from the more limited taxonomic and habitat
coverage of this study, we estimate the actual number of
exotic marine species in Port Phillip Bay at 300400
species. We further estimate that 2-3 new exotic species
are establishing in Port Phillip Bay each year.

The major source region for these species is the North
East Atlantic and the historically dominant transport
vector is vessel hull fouling. However, there are exotic
species in Port Phillip Bay from all of the world’s major -
bioregions (except the Antarctic) and evidence for the
operation of a diverse range of introduction vectors. The
rate of invasions appears to have increased over the last
several decades; this increase coincides with an increasing
prominence of the North West Pacific as a source region
and ballast water ag an introduction vector. Several of the
most recent high profile introductions to the bay, however,
are the result of domestic translocations of species
introduced elsewhere in Australia and appear to be
mediated by vessel fouling.

The number of established exotic and cryptogenic
species in Port Phillip Bay is higher than reported by
similar studies anywhere else in the world. This reflects
at least in part the depth of the analysis we undertook,
but also the current and historical role of Port Phillip Bay
as a major domestic and international port, and its apparent
susceptibility to biotic invasion. Recent shifts in the
dominant source regions and introduction vectors suggest
arenewed potential for invasions and point o the need to
develop and implement effective measures to minimise
this threat and protect the bay’s marine communities.
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1 INTRODUCTION
R E Thresher

_.Centre for Research on Introduced Marine Pests, CSIRO Marine Research, GPO Box 1538, Hobart,

Tasmania 7001 Australia

11 BACKGROUND

As inhabitants of an island continent with a unique fauna
and flora, Australians have long recognised the threats
posed by exotic species. Australia has one of the world’s
most stringent biological barrier controls to minimise the
risks of new introductions of macrobiota and pathogens,
developed and administered by the Australian Quarantine
and Inspection Service (AQIS). For those species that
have breached the quarantine barrier, Australian scientists
have led the world in developing and applying remedial
actions including biological control. Some of these efforts
have been spectacularly successful (e.g. the introduction
of the moth Cactoblastis to control prickly pear Opuntia)
and constitute paradigms in the field of pest management.
Currently, every Australian state and territory and several
Commonwealth agencies support large research initiatives
aimed at minimising the impacts of exotic species.

Until recently, this effort was directed largely at
terrestrial pests such as rabbits, foxes and a range of exotic
plants. In the late 1980°s, however, a very conspicuous
exotic marine species was found in large numbers in the
Derwent Estuary in southeast Australia (Buttermore ef
al. 1994). This species, the northern Pacific seastar
Asterias amurensis (previously misidentified as a native
species it superficially resembles), brought home to
Australians that introduced pests also threatened the
environmental integrity of Australia’s marine ecosystems
and the viability of marine industries that depend on thern.
Since the discovery of A. amurensis, several other high
profile invaders (e.g. the Japanese kelp Undaria
pinnatifida, the Mediterranean fanworm Sabella
spallanzanii, and the Asian alga Codium fragile ssp.
tomentosoides) have been discovered in Australia,
engendering widespread concern among the public,
environmental managers and marine industries about the
number and impacts of such species.

In reality, scientists have been aware of exotic marine
species in Australian waters since the late 1800’s. The
first non-native species recorded from Port Phillip Bay
was Electra pilosa, a cosmopolitan bryozoan recorded
by P H MacGillivray in 1862 (MacGillivray 1869). The
first real ‘pest” species was probably the European shore
crab Carcinus maenas, which was recorded from Port

Phillip Bay in the late 1890’s (Fulton and Grant 1902). In

the 1940°s and 1950’s studies of subtidal fouling

communities {Allen 1950; Allen and Wood 1950; Wood

1950; Wisely 1959) led to the identification of a number

of species that were translocated to Australia as fouling

on ships’ hulls (Allen 1953). Subsequent workers
continued to document occurrences of introduced species

(Hutchings 1983; Williams et al. 1988), and by the late

1980°s Hutchings ef al. (1987) and Pollard and Hutchings

(1990a,1990b) were able to list 62 exotic marine species

that were known to occur in Australian waters. One or

more such introductions were found in almost all states
and territories of Australia.

In 1994, the Australian federal government provided
funds to the CSIRO to establish a national Centre to carry
out research on the impacts and management of exotic
marine species. As one of its first initiatives, the Centre
for Research on Introduced Marine Pests (CRIMP)
undertook to determine the scale of the introduced species
problem in Australian waters. CRIMP launched two major
initiatives to obtain this information. First, with the
financial support and cooperation of Australian port
authorities and AQIS, CRIMP surveyed representative ports
around Australia, using standard survey protocols {Hewitt
and Martin 1996). The data obtained provide a national
assessment of the scale of the problem and document for
the first time marine invasion patterns on a continental
scale. To date eleven ports have been surveyed by CRIMP
and a further eight by state agencies and universities.

The second major CRIMP initiative was the Port’
Phillip Bay survey. The aim of the Port Phillip Bay survey
was to provide the most detailed analysis possible of the
invasion history and introduced species status of a major
Australian port. The selection of Port Phillip Bay for this
survey was based on four factors:

+ The bay has a history of use by shipping extending
back to the earty 1800°s and currently contains some
of the largest port complexes in Australia, Port Phillip
Bay is bordered by the metropolitan areas of
Melbourne and Geelong and over the years has been
subject to almost all of the possible vectors thus far
reported that could introduce exotic species to the area
(Carlton 1992; see also Chapter 5);
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* Port Phillip Bay has been extensively studied,
including prior bay-wide biotic surveys in 1957-1963,
1968-1971, 1976-1977 and 1991-1996 (see
Chapter 4). These surveys would provide a sound basis
for the anaiysis of invasion patterns, and an invaluable
source of information on the taxonomy and
distribution of both exotic and native species;

* The various scientific institutions in the immediate
vicinity of Port Phillip Bay, including the universities,
the Museum of Victoria, and the Victorian Marine and
Freshwater Resources Institute (MAFRI), contain
marine taxonomists and ecologists who are very
familiar with the bay and its biota. These could
contribute the expertise required to evaluating known
and possible introductions to the bay; and

* CSIRO had previously worked extensively in Port
Phillip Bay, and had both experience and pre-existing
data relating to the taxonomy, distribution and ecology
of the biota.

1.2 APPRQACH TO THE STUDY

The Port Phillip Bay introduced species study involved
two parallel activities. First, CRIMP commissioned
reviews of all taxa for which taxonomic expertise was
locally available. The taxonomic experts (listed in Chapter
2) were asked to review all relevant literature, re-examine
existing museum and private collections, and undertake
field work, if necessary, to produce a comprehensive and
authoritative evaluation of the native and introduced status
of the Port Phillip Bay species within their areas of
expertise. We made no attempt to direct them in their
assignment of species to native, introduced! or
cryptogenic? categories, explicitly recognising that the
evidence for this assignment is often equivocal and that
differences of opinion exist as to the strength of the
evidence required. Using this approach, we were able to
include in the reviews most of the major macrobenthic
taxa, including as a group the fouling organisms, but not the
plankton. The absence of coverage of this biome is a major
weakness in the study. The ‘cosmopolitan’ nature of many
plankton species dictates that a taxonomic evaluation
at the level we required would entail extensive genctic
work, which was beyond the scope (and resources) of
the study. '

Information on the physical environment of Port
Phillip Bay was extracted from the recent Port Phillip
Bay Environmental Study (Harris et al, 1996); this
provides a comprehensive assessment of the
oceanography and nutrient dynamics of the bay (Chapter
3). MAFRI reviewed information pertaining to the basic
biology of Port Phillip Bay (Chapter 4), which provides
! Transported to a new location outsids its native range by
humans.

2 Neither native nor intreduced status can be confirmed, sensu
Carlton 1996.
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the essential habitat understanding against which invasion
patterns can be assessed,

The second activity was a field sampling program
designed to fill any apparent gaps in the coverage
(geographic or sampling) of previous surveys. This
program was carried out by CRIMP (1995-1996). This
field program was complemented by an introduced species
survey of the port of Geelong, in southwest Port Phillip
Bay, undertaken by MAFRI in 1997. The results of the
two field programs are reported in Chapters 14 and 15.

CRIMP also commissioned reviews of the ecological
impact of exotic species in Port Phillip Bay (largely
reports on work in progress on community dynamics of
selected species) and the nutrient dynamics of the bay.
The latter arose out of concerns expressed by Harris et
al. (1996) that introduced species could constitute a major
threat to nutrient recycling in Port Phillip Bay.

The final report of the Port Phillip Bay introduced
species study is a collaborative effort involving Victorian,
CSIRO and New Zealand scientists and represents the
most thorough evaluation to date of the introduced species
status of any marine system anywhere in the world. As
such, it constitutes a strong base for comparing a major
Southern Hemisphere port-complex with similar Northern
Hemisphere studies and provides a sound taxonomic and
ecological basis for examining the long term invasion
hisltory and invasion dynamics of other temperate
Australian ports,
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2  MATERIALS AND METHODS

21 INTRODUCTION

This evaluation of the intreduced and cryptogenic species
of Port Phillip Bay was designed to combine expert
advice, literature reviews, species collection reviews (by
museum and taxonomic experts) and new fieldwork to
provide an overall picture of the status of introductions
in the bay over time. The study is divided into five
sections: introduction and background information on the
bay; taxonomic reports; habitat and site surveys; impact
evaluations; and a synthesis and summary.

2.2 HISTORICAL EVALUATION: CHAPTER 5
(VECTORS)

Areview of the vectors for species transfer, historical trade
routes and shipping patterns into Port Phillip Bay was
conducted. The location or area in which a species
originates is considered to be its native region (potentially
spanning several bioregions or provinces). Here we use
the bioregion scheme developed by the IUCN
(International Union for Conservation of Nature and
Natural Resources) for the establishment of a global
representative system of marine protected areas (Kelleher
et al. 1995} to denote the source regions. These bioregions
are based on marine physical properties such as salinity
and temperature; no consideration is given to ecological
parameters such as habitat, species or communities
present. A further classification, Cosmopolitan (region 19)
has been added for species that are globally or widely

distributed and whose origins are unknown or uncertain

(potentially cryptogenic species sensu Carlton 1996).

Brief descriptions of the regions are given below; Figure

2.1 (from Kelleher et al. 1995) illustrates the regions.

1. Antarctica: bordered by the West Africa (8), South
Atlantic (9), East Africa (12), Scuth Pacific (14), and
Australia/New Zealand (18) bioregions. Includes
Heard, Kerguelen, McDonald, Crozet, Marion, Prince
Edward, Bouvet, South Sandwich, South Georgia,
South Orkney, South Shetland, Peter and Balleny
Islands.

2. Arctic: bordered by the North West Atlantic (4), North
East Atlantic (5), Baitic (6), North East Pacific (15),
and North West Pacific (16) bioregions. Includes
Iceland, Greenland and the West Coast of Norway to
the Bering Strait but not North America.

3. Mediterranean: bordered by North East Atlantic (5),
West Africa (8), and the Arabian Seas (11) bioregions.
Potentially broken up into east and west and the Black
Sea.

4. North West Atlantic: bordered by Arctic (2), Wider
Caribbean (7), and the North East Pacific (135)
bioregions, It covers the Atlantic coasts of North
America and Canada.

5. North East Atlantic: bordered by Arctic (2),
Mediterranean (3), Baltic (6), and West Africa (8)
bioregions. Includes the British Isles, the coasts of Spain,
France, Belgium, Netherlands, Germany and Denmark.

Table 2.1. Taxonomic experts, their target taxa and target habitais for the taxonomic review component of the Port

Phiflip Bay introduced species study.

Consultants Affiliation/Organisation

Target taxa Target habitat

J Lewis DSTO Aeronautical & Maritime Algae All
Research Laboratory

J Watson Marine Science and Ecology Hydrozoa All
S Boyd, Mollusca
R Wilson A Polychaeta

’ I b fv
G Poore & nvertebrates, Museum of Victoria Crustacea Soft substrates
T O’Hara Echinodermata
M Lockett &
M Gomon ichthyology, Museum of Victoria Figh All
M Keough & Zoology Department, University Fouling species Hard substrates
J Ross of Melbourne
P Bergquist School of Biological Science, Porifera All

University of Auckland
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6.

Baltic: bordered by the Arctic (2), and North East
Atlantic (5) bioregions. Includes the Gulf of Bothnia,
Gulf of Finland and the Gulf of Riga.

Wider Caribbean: bordered by the North West
Atlantic (4), West Africa (8), South Atlantic (9) and
South East Pacific (17; via the Panama Canal)
bioregions. Includes the Bahamas, Cuba, Jamaica,
Haiti, Dominican Republic, Puerto Rice, Virgin
Islands, Guadeloupe, Antigna, Grenada, Trinidad and
Tobago and ends at the southern end of French Guiana
and at South Carolina in the north.

West Africa: bordered by the Mediterranean (3),
North East Atlantic (5), Wider Caribbean (7), South
Atlantic (9), and East Africa (12) bioregions. Runs
from the Straits of Gibraltar to South Africa and
includes the Canary Islands, Cape Verde, Ascﬁension,
St. Helena, Martin Vaz and Trindade Islands.
South Atlantic: bordered by Antarctic (1), Wider
Caribbean (7), West Africa (8), and South East Pacific
(17) bioregions. Runs from the northern end of Brazil
to Ushuaia (Tip of Cape Horn) and includes the
Falkland Islands. *

. 10. Central Indian Ocean: bordered by Arabian Seas

(11), East Africa (12), the East Asian Seas (13) and
Australia/New Zealand (18) bioregions. Runs from
India to Thailand and includes Sri Lanka and the
Andaman and Nicobar Islands.

11. Arabian Seas: bordered by the Mediterranean (3; via

the Suez Canal), Central Indian Ocean (10} and East

Africa (12) bioregions. It includes the Red Sea, Gulf
of Aden and Persian Gulf.

12. East Africa: bordered by Antarctic (1), West Africa

(8), Central Indian Ocean (10), Arabian Seas (11), and
Australia/New Zeéaland. (18) bioregions. Runs from
South Africa to the Arabian Seas off Somalia and
includes Madagascar, Mauritius, Seychelles and
Amsterdam and St. Paul Islands.

13.East Asian Seas: bordered by Central Indian Ocean

(10), South Pacific (14), North West Pacific (16), and
Australia/New Zealand (18) bioregions. It includes
Malaysia, Cambodia, Vietnam, and Indonesia to the
Philippines and Irian Jaya.

14.South Pacific: bordered by East Asian Seas (13),
. South East Pacific (14), North East Pacific (15), North

West Pacific (16), and Australia/New Zealand (18)
bioregions. Includes the Hawaiian Islands, Papua New
Guinea, Solomon Islands, Federated States of

- Micronesia, Palau, Marshall Islands, Nauru, Kiribati,

Tuvalu, Vanuatu, Fiji, Western Samoa, Tonga, Cock
Islands, French Polynesia and Pitcairn and Easter
Islands.

15. North East Pacific: bordered by Arctic (2), North

West Atlantic (4), South Pacific (14), North West
Pacific (16), and South East Pacific (17) bioregions.
‘Runs from the Bering Strait, Alaska to the Mexican/
Guatemalan border and includes the Aleutian Islands.

16.North West Pacific: bordered by Arctic (2), East

Asian Seas (13), South Pacific (14), and North East
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Pacific (15) bioregions. Runs from the Bering Strait,
Russian Federation to China and includes some of the
Aleutian Islands (western end), Japan and Taiwan.

17. South East Pacific: bordered by Antarctic (1), Wider
Caribbean (7; via the Panarna Canal), South Atlantic
(9), South Pacific (14), and North East Pacific (15)
bioregions. Runs from Guatemala (Central America)
to Cape Horn and includes the Cocos and Galapagos
Islands.

18. Australia and New Zealand: bordered by Antarctic
(1), East Africa (12), East Asian Seas (13), and South
Pacific (14) bioregions. Includes Ashmore, Cartier,
Kermadec, Bounty, Antipodes, Campbell, Auckland
and Macquarie Islands. Also included are Norfolk,
Cocos and Christmas Islands though these are not
explicitly incorporated into the bioregional
subdivisions provided in the TUCN classification.

19. Cosmopolitan: Widely distributed in more than 6
bioregions typically in more than two ocean basins,
May be either extremely widely distributed or have
disjunct distributions.

2.3 TAXONOMIC REVIEWS

Anumber of taxonomic experts (Table 2.1) were consulted
to develop a target list of introduced species previously
recorded from Port Phillip Bay (Table 2.2). This was
achieved by literature review, and evaluation of both
private and museum collections in order to determine the
extent of introduced marine and estuarine species in
coastal areas in the state of Victoria, Australia, particularly
Port Phillip Bay. Information was sought on: the biology
and ecology, with respect to modes of transport from their
source populations; ecological effects on native species;
and potential methods of control of introduced species.
Some voucher specimens and other material (slides, video
footage and photographic film) of presumed and probable
exotics as well as closely related species was provided
by the consultants to CRIMP to enable the verification of
collected specimens. The short-term research needs
essential for understanding the scale of the problem of
introduced species in Port Phillip Bay were also identified
by some of the experts. The methods employed by each
expert are further described below,

Algae (Chapter 6)

Literature and algal collection were reviewed to establish
introduced and likely introduced species resident in Port
Phillip Bay. Comparisons of species descriptions and
materials in Port Phillip Bay, southern Australia and the world
provided an analysis of probable origin and status.
Hydroids (Chapter 7)

Extensive review of the literature including publications
by I F Mulder and R E Trebilcock on the hydroids from
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Port Phillip and the Bellarine Penninsula ocean coastline
from 1909 to 1916; P M Ralph (1966) and Watson &
Utinomi (1971) accounts of hydroids collected by the
National Museum of Victoria Survey (1957-1963) in Port
Phillip Bay; and later publications by Watson (1978, 1980,
1982, 1984, 1985, 1992a, 1992b, 1993, 1994). A review
of hydroid introductions on a global scale was undertaken
using information from CRIMP collections, the Museum
of Victoria {Aunstralian collection of W M Bale 1872—
1929; Kirchenpauer’s material collected in the 1860's;
type and voucher specimens deposited by R E Trebilcock;
the Mawson BANZARE Antarctic collection; and
collections deposited by J E Watson), the Australian
Museum and J E Watson’s private collection.

Polychaeta (Chapter 8)

Literature on introductions in Australia and the world were
reviewed to establish introduced and likely introduced
species in Port Phillip Bay. Recent collections of
polychaetes archived at the Museum of Victoria were also
examined to determine the presence of introductions.

Mollusca (Chapter 9)

Recent collections of molluscs archived at the Museum
of Victoria and literature on introductions in Australia and
the world were reviewed to establish introduced and likely
introduced species resident in Port Phillip Bay.

Crustacea (Chapter 10)

Recent collections of crustaceans archived at the Musenm
of Victoria and literature on introductions in Australia and
the world were reviewed to establish introduced and likely
introduced species resident in Port Phillip Bay.

Echinodermata (Chapter 11)

Collections of echinoderms from the Museum of Victoria
were reviewed. The echinoderms of Port Phillip Bay
Environmental Study phase 1 study were identified using
keys in Clark (1966) and voucher specimens identified
by Dr AN Baker of the Wellington Museum, New Zealand
{G Poore pers. comm.). The material was lodged in the
Museum of Victoria where it was re-examined as part of
this study. The identifications are mostly reliable (T
O’Hara pers. obs.). The few exceptions include the
specimens of Patiriella brevispina mis-identified as P,
gunni; Plesiocolochirus ignava misidentified as Pentacta
australis; and several specimens of Coscinasterias
muricata (until recently known as C. calamaria)
misidentified as Allostichaster polyplax. The only
additional echinoderm collected by the Port Phillip Bay
Environmental Study phase 3 was an undescribed
holothurian (Zaeriogyrus sp MoV 1643).

Chordata (Pisces) (Chapter 12)
A preliminary species list of fishes present in Port Phillip
Bay was prepared by extracting all records of fish sampled
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in the bay over a 100 year period from the Museum of
Victoria ichthyological database. Dubious identifications
were verified or corrected after examining relevant
specimens. Additions to the lst were made following a
literature review and the examination of previously
unpublished species lists (Coleman 1972; Hobday 1994).
Species that are continuously distributed along the
southern coast of Victoria and for which suitable habitats
occur within the boundaries of Port Phillip Bay were also
added. Special attention was. paid to large families such
as the Clinidae and Gobiidae that have many undescribed
species and for which distributional data is often
incomplete. Unidentified examples of these families in
the museum’s collection from Port Phillip Bay were
examined and identified. Many of these species are cryptic
and difficult to sample and may be misidentified when
collected. The species list was refined through peer review.
Species that could not be confirmed as occurring in Port
Phillip Bay either from previous sampling, Literature
review or personal observation, were deleted. Also deleted
were species erroneously reported as occurring in Port
Phillip Bay because of historically inaccurate
identifications.

Field sampling sites were chosen throughout Port Phillip
Bay with an emphasis placed on commercial areas. Sampling
was generally carried out in two broad habitat types: hard
substrate and soft substrate. In the commercial areas hard
substrate habitats were mostly represented by piers with
vertical and horizontal piles providing an attackment for
sessile organisms and thus, greater habitat complexity.
Depths at these piers are maintained at approximately
10—12 m by dredging and represent disturbed habitats.
Rocky reef of varying relief, characterises “non-disturbed”
hard substrate sites outside the ports and harbours, with some
reef areas extending into commercial sectors.

Hard substrates were sampled using the ichthyocide
rotenone. This method, while effective in enclosed
environments, is less effective at sites with high levels of
turbidity or water movement. Fish affected by rotenone
were collected using hand nets underwater by SCUBA
divers and on the surface by a snorkeler. Soft substrate
sites were sitnated off sandy beaches and had varying
amounts of seagrass and algae. Sampling at these sites
wag carried out using a 6 m beach seine net with a mesh
gize of 1 cm. Generally, two shots were conducted at each
site. Virtually all specimens collected were preserved,
identified, registered and incorporated into the Museum
of Victoria collection. '

-Initially, two field surveys were planned for
November—-December (Spring) and March—April
(Antumn) periods, to identify seasonal variations in fish
populations. Due to logistical constraints, however, this
was not possible and the second sampling period was

brought forward to February. As a result, definition of
seasonal influences on compésitions of fish communities
not possible and sites that were sampled twice are
combined for analysis and reporting.

Sampling for this project was restricted to the coastal
environments for several reasons. Given the current
knowledge of introduced species of fishes throughout the
world and their dispersal mechanisms, coastal habitats
and commercial zones are the likely sites of occurrence.
In addition, because pelagic exotics are rare (Carlton 1985;
Paxton and Hoese 1985) due to their biology and since
most of the offshore habitats in Port Phillip Bay have been
reasonably sampled over the last 20 years (Hobday 1994),
further investigation of this region was considered to be
less important. The rocky reefs around the entrance to
Port Phillip Bay were not included because of the
difficulty in sampling this area and because it was felt
that there was a low probability that exotic species would
oceur in this region. Sampling in regions such as these
which are subject to strong currents and open to diverse
weather conditions require a more specialised approach
that was beyond the financial limits of the present study.

2.4 HABITAT AND SITE SURVEYS

2.4.1 Port Phillip Bay Regions -

For descriptive purposes, Port Phillip Bay was divided into
five geographical regions; Port Melbourne; Geslong Arm;
the Heads; the Eastern Shore and; the Middle Bay (Figure
2.2). These regions are subject to different shipping (type
and movement), anthropogenic effects and prevailing
conditions. A brief description of each region is presented
below. '

Figure 2.2. Designated Port Phillip Bay regions. 1) Port
Melbourne; 2) Geelong Arm; 3) Heads; 4) Eastern
Shore; 5) Middle Bay. :
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Region 1. Port Melbourne

This region encompasses the major industrial region of
Melbourne, southwest from Port Melbourne to Werribee
South and southeast from Port Melbourne to Ricketts
Point. The suburbs of Sandringham, St. Kilda,
Williamstown, Altona, and Werribee are all included in
this region. Port facilities extend up into the Yarra River.
The wharves mostly deal with container vessels, port
maintenance vessels and naval vessels. Historically, most
overseas passenger ships berthed at Port Melbourne on
Station and Princes Piers (Priestley 1984).

Region 2: Geelong Arm

This region includes the Geelong Arm (Bellarine Peninsula),
the City of Geelong and industrial port and north towards
South Werribee. South of Werribee is dominated by market
gardens and light industry. The port of Geelong is industrial
with jetties and wharves dealing with a range of products
such as wheat and other grains, refinery products, alumina,
phosphate, explosives, steel, other dry bulk cargo, general
cargo, roll-on roll-off and port maintenance vessels. In
recent years there has been a shift in vessel types from
grain cargo to petroleum cargo vessels (Walters 1996).
Aquaculture and recreational uses dominate the Geelong
Arm. Historically, vessels berthed at Point Henry to
disembark passengers and unload cargo (Priestley 1984).

Region 3: The Heads

Encompasses both sides of the entrance to Port Phillip
Bay. The area is characterised by sandy sediments, strong
currents and tides, rocky shorelines, a well-mixed water
column and is oceanic in extent. Queenscliff is considered
a ‘resort’ and fishing town: historically, Sorrento was a
fishing village, which became a resort town (Priestley
1984; Kerr and Kerr 1979). Some recreational fishing
occurs in the area (mostly from shore) and a ferry
transports passengers and cars between Sorrenio and
Queenscliff. A small wharf used for fishing, recreational
and research needs is located at Queenscliff.

Region 4: Eastern Shore

This region is dominated by recreational (diving, boating,
fishing, etc) and commercial fishing activities.
Historically, suburbs like Hastings, Mordialloe, Rye,
Dromana, and Frankston were fishing villages that
sometimes supplied the city with firewood and burnt lime
(Priestley 1984) and mostly have remained as fishing
towns. This region has many rocky reefs and shallow
sandy regions.

Region 5: Middle Bay

The majority of the shipping channels are located in
this region. Four main navigation channels lead to
Melbourne and Geelong (Kerr and Kerr 1979). Large
channel markers and piles mark the channels.
Recreational activities in this area include fishing and
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diving. The sediments are often silty, but closer to the
heads the sediments become sandier, with the increased
tidal movement,

2.4.2 Fouling species (Chapter 13)
Information was drawn from published accounts,
collections at the Museum of Victoria, Melbourne
University field collections and settlement records, largely
from a few sites around Port Phillip Bay. Settlement data
are drawn mainly from Breakwater Pier, Williamstown
and from a series of recruitment collections over monthly
and bimonthiy intervals for four years at Williamstown,
Mornington, Sorrento and Queenscliff, in Port Phillip Bay
and more restricted series from Geelong, Point Wilson
and St. Kilda. In general, systematic records of fouling
species are available from only a handful of ecological
studies, from a very few locations in Port Phillip Bay,
with the strongest focus on Hobson’s Bay.

Museum of Victoria collections vary in the extent to
which the material has been sorted, and the identifications
verified. There is also substantial variation in the status
of taxonomic identifications between major fouling
groups. Our use of these collections, therefore, varied.
For ascidians, which are well catalogued and sorted, we
examined all material of species considered by Kott (1985,
1990a, 1990b) as potentially introduced. In contrast,
bryozoa have been collecied for many years, with a
substantially older literature, but many families are in dire
need of taxonomic revision. We targeted specimens of
known fouling species, to try and identify the oldest
material collected from Port Phillip Bay from museum
records and from 19 century publications. In other cases,
such as the sponges, the collections are not extensive,
and material is notoriously difficult to identify, so museum
collections were of limited use. Additional sponge
information was obtained from Bergquist’s (1996) report
to CRIMP.

Additional information on potential rates of spread of
some bryozoan species was also obtained from the New
Zealand review of Gordon and Mawatari (1992). These
authors located initial records for a range of introduced
bryozoans, and were fortunate to have a wealth of natural
history information that allowed them to be more precise
about timings of introduction and present distribution than
is possible for southern Australia.

2.4.3 MAFRI Port of Geelong survey
(Chapter 14)

A survey of the Port of Geelong, targeting exotic species,
was conducted in August and October 1997 by MAFRI.
The protocols for sampling and collection of iniroduced
marine species followed the methods outlined by Hewitt
and Martin (1996). Details of survey methods are given
in Chapter 14,
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2.4.4 CRIMP bay-wide survey (Chapter 15)
This survey aimed to detect the presence of introduced
species within Port Phillip Bay. The effectiveness of
detecting introduced species using the modified methods
of Hewitt and Martin (1996) was determined by
comparing the target list (Table 2.2) against the introduced
species collected by CRIMP. The protocols used were
those outlined in Hewitt and Martin (1996), with the
following exceptions: '

» Pile scrapings were performed in a destructive
qualitative fashion to represent the entire fouling
community across all depths, ensuring that depth
stratification and total fouling/encrusting comumunities
were adequately represented.

» Qualitative visual surveys also involved towing divers
(on a manta board) along 100 m transects.

e Three large cores were collected from inner and outer
regions at each wharf and along a beach transect. The
beach transect cores were taken from one transect that
ran perpendicular to the beach/coastline sampling at
depths of 0, 1, 2, 5, and 10 m. At each of these depths,
two replicate cores were taken and coring areas were
photographed.

* Beam trawl tows were made at depths of 1, 2, 5, and
10 m at a towing speed of no more than 25-30 m s
Tows were either of a known duration (5 min) or of a
Jknown length (100 m) but were reduced in areas where
algae, seagrass, or other benthic material causes rapid
filling of the trawl.

» A small version of a CSIRO-seamount sled was also
used to sample benthic infauna and benthic epifauna.
The sled was trawled at depths of 5, 10, 15, 20 and 25
m depending on the water depth at each site. Tows
were made in a similar fashion to the beam trawl. In
very soft or silty regions, tow duration was shortened
to avoid rapid filling of the nets. A video was mounted
upon the sled to film the region being sampled and
the samples being collected. Samples were recorded
as a qualitative measure of mobile epibenthos and
benthic infauna. Samples from the beam frawl and
benthic sled were randomly sub-sampled.

The field survey of Port Phillip Bay could never be a
systematic survey of all available habitats because of
logistical and financial constraints. Thus a number of areas
were targeted for a thorough survey (Geelong and Port
Melbourne), whilst a general qualitative overview of the
remaining arcas was performed. The sites that were
sampled using each method are shown in Figure 2.3a—i.
The sampling methods ensured a comprehensive coverage
of both hard and soft habitats.

All samples (quantitative and qualitative) were rough
sorted into sub-samples of representative fauna and flora.
The sub-samples were then sorted into groups of least

taxonomic unit by CRIMP and Australian Maritime
College (AMC) sorters. All sorted samples, with the
exception of algae and hydroids were transferred into 90%
ethanol. The completed rough sorted samples were fine
sorted and taxonomically identified at CSIRO.

Specimens that could not be classified were sent to
appropriate taxonomic experts for identification. If a
spectmen remained unidentified it was categorised to least
taxonomic unit (usvally genus level) and given a ‘type
number’. A reference collection for each phylum was
made and stored at CSIRO, with verification of these
species being conducted by taxonomic experts. A voucher
collection was established for each species at each site
and stored at CSIRO.

2.4.5 Target introduced species list

From Chapters 6 to 14, a target list of 182 introduced,
cryptogenic or possibly introduced species found on hard
or soft substrates were identified as being present in Port
Phillip Bay (Table 2.2). This target list was then used to
compare against recent surveys to validate collection
methods for the detection of introduced species.

2.5 IMPACTS OF INTRODUCED SPECIES
IN PORT PHILLIP BAY

2.5.1 Impacts of selecited species {Chapter 16)
Research students working on introduced species in Port
Phillip Bay were invited to write an abstract of their work.
The abstracis cover species’ biology, ecology and the
known and inferred impacts each species may have on
the bay’s ecosystem. The species examined are the
echinoderm Asterias amurensis, the bivalve Corbula
gibba, the algae Undaria pirnatifida and Codium fragile
ssp. tomentosoides, the crustacea Corophium spp., and
the polychaetes Euchone limnicola and Sabella
spallanzanii. Distributions of these species in the bay are
also provided.

2.5.2 Impact of introduced species on nitrogen
cycling (Chapter 17)

Existing models of Port Phillip Bay nutrient sinks and
cycling were used to attempt to answer three questions.
Firstly, what environments in Port Phillip Bay are more
likely be successfully invaded? Secondly, how successful
an invasion may be in the bay? Finally, what are the
possible disruptions to the biogeochemical/ecological
processes within the bay, if an invasion occurs? The case
history of Sabella spallanzanii in Port Phillip Bay is used
to illustrate the impact introduced species can have on an
ecosystem.
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Table 2.2. Target list of 182 introduced, cryptogenic and possibly introduced species identified from taxonomic
reviews. Substrate type: hard (H) and/or soft (S). Taxonomic consultants: 1) Lewis (algae); 2) Lockett and Gomon
{fish); 3) Keough and Ross (fouling organisms); 4} Watson (hydroids); 5) Boyd, Wilson, Poore and O'Hara
(molluscs, annelids, crustaceans and echinoderms); and 6) Bergquist (sponges). ! denotes not known from PPB.

Taxa and species Substrate Taxonomic consultant

type 2 3 4 5 6

—_

Algae - introduced
Antithamnionalla spirographidis
Asperococcus compressus
Chondria arcuala
Cladophora prolifera
Codium fragiie ssp. tomentosoides
Deucalion fevringii
Gymnogrongus crenilatus
Medsiothamnion lyaflf
Polysiphonia brodiaef
Polysiphonia senticulosa (pungens)
Schotiera nicaeensis
Solieria filiformis
Sorocarpus micromorus
Stictyosiphon soriferus
Ulva fasciata
Undaria pinnatifida

Porifera — introduced
Aplysilla rosea
Corticium candelabrum
Dysidea avara
Dysidea fragilis
Haliclona heterofibrosa
Halisarca dujardini

Chidaria: Hydrozoa — introduced
Amphisbetia operculata
Aniennella secundaria
Bougainvillea muscus (ramosa)
Clytia hemisphaerica
Clytia paulensis
Ectopleura crocea
Filellum serpens
Halecium deficatulum
Monotheca obliqua
Obelia dichotoma (australis)
Phialella quadrata
Plumuiaria selacea
Sarsla eximia (radiata)
Turritopsis nutricula

Annelida: Polychaeta — introduced
Boccardia proboscidea
Euchone limnicola
Hydroides norvegica
Mercierella enigmalicus
Neanthes succinea
Pseudopolydora paucibranchiata
Sabella spallanzani

Moliusca ~ introduced
Aplysiopsis formosa
Corbuila gibba
Janelus fyalinus
Musculista senhousia
Faeta puichella
Theora lubrica (fragilis)

Arthropoda: Crustacea — introduced
Balanus amphitrite
Carcinus maenas
Cirolana harfordi
Corophium acherusicum
Corophium insidiosum
Corophium sextonae
Jassa marmorata
Pyromaia tuberculata

Bryozoa — introduced
Aetea anguina
Amathia distans
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Table 2.2. continued.

Taxa and species Substrate _ Taxonomic consultant
type 1 2 3 4 5 6
Bowerbankia spp. H +
Bugula calathus H +
Bugula flabellata H +
Bugula neritina H +
Bugula simplex H +
Bugula stolonifera H +
 Celleporella hyalina H +
‘ Conopeum retictiurn H +
Cryptosula pallasiana H +
Flectra pilosa H +
Fenestrulina malusit H +
Membranipora membranacea H +
Microporelia ciliata H +
Schizoporella unicornis H +
Scruparia ambigua H +
Scrupoceliaria bertholetti H +
Scrupocellaria scrupea H +
Scrupocellaria scruposa H +
Tricellaria occidentalis H +
Waltersipora arcuata H +
Watersipora subtorquata (=subovoidea) H +

Echinodermata — introduced
Asterias amurensis H/S +
Chordata: Pisces — introduced
Acanthogobius flavimanus
Acentrogobius pflaumni
Forsterygion lapiffum
Tridentiger trigonocephalus
Urochordata: Ascidiacea — introduced
Ascidiella aspersa
Botrvlioides ieachi
Botryllus schiosseri
Ciona intestinalis
Molgula manhattensis
Styela clava
Styela plicata
Algae — cryptogenic and possibly introduced
Acinetospora crinita
Antithamnion cruciatum’
Antithamnionelia fernifofia
Arthrocladia villosa'
Audouinelia pacifica
Audouinella simplex
Bangia aifropurpurea
Bryopsis plumosa
Caulerpa filiformis'
Centrogeras clavulatum
Ceramium flaccidum
Ceramium rubrum
Chaetomnorpha aerea
Chaetomorpha capillaris
Chaetomorpha linum
Cladostephus spongiosus
Colpomenia peregrina
Colpomenia sinuosa
Cutleria multifida
Derbesia marina
Dictyota dichotoma
Discosporangium mesarthrocarpurm
Ectocarpus fasciculalus
Ectocarpus siliculosus
Elachista orbicularis’
Enteromorpha compressa
Enteromorpha intestinalis
Erythrotrichia carnea
Feldmannia globifera
Faldmannia irregularis
Feldmannia lebeli

+ 4+ 4+ ¥

IIITIIIIXIT IITTITXT

+ 4+ F o+ +

IIIXTITIILIIIIIEIIIIIIIIILZIIZIIEIIIIT
A T L K Tk T T T T e S S S S Ao

'CRIMP Technical Report Number 20




24 Materials and Methods

Table 2.2. continued.

Taxa and species

Substrate
type

Taxonomic consultant

2

3 4

Gelidjum pusilium
Gymnothamion elegans
Hildenbrandia occidentalis var. yessoensis
Hildenbrandia rubra
Hincksia granulosa
Hincksia mitchellae
Hincksia ovata
Hincksia sandriana
Kuckuckia spinosa
Leathesia difformis
Myrionema strangulans
Nemalion helminthoides
Petalonia fascia
Petrospongium rugosum
Peyssonnelia conchicola
Pilayelia littoralis
Polysiphonia subtilissima
Pterocladia capillacea
Functaria iafifolia
Scytosiphon lomentaria
Sphacelaria fusca
Striaria attenuata’
Stylonema alsidii
Ulva lactuca
Ulva rigida
Ulva stenophyila
Vaucheria piloboloides!
Porifera — ctyptogenic and possibly introtuced
Callyspongia pergamentacea
Darwinella australianensis
Darwinella gardiner?
Lissodendoryx isodictyalis
Phorbas cf. tenacior’
Tedania anhelans
Mollusca — cryptogenic and possibly introduced
Crassosirea gigas'
Kaloplocamus ramosus’
Okenia plana’
Polycera hedgpethi!

I I rXI I I I I IIITIIIIIZIIITIITIIIIIIT

IIITITIX

H/S
H
H
H

Arthropoda: Crustacea — cryptogenic and possibly introduced

Balanus variegatus

Caprella acanthogaster

Caprella equilibra

Caprella penantis

Caprella scaura

Eiminius modestus
Bryozoa ~ cryptogenic and possibly introduced

Aeverrillia armaia’

Anguinslia patmata’

Buguia avicularia'

Celleporaria aibirostris

Conopeum seurat

Elecira tenella!

Hippothoa aporosa’

Hippothoa distans’

Hippothoa divaricata

Membranipora savartii

Membranipora tuberculatat

Parasmiltina trispinosa

Zoobotryon verticellatum’

IITIILZTIIIITIII ITWwmwwnmT

Echinodermata - crypiogenic and possibly introduced

Amphipholis squamata’
Amphiura parviscutata’
Taeniogyrus sp.’
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3 THE PHYSICAL ENVIRONMENT OF PORT PHILLIP BAY
" Summarised from Harris et al. (1996). Port Phillip Bay Environmental Study Final Report, CSIRO,

Canberra 2601 Australia

3.1 INTRODUCTION

Port Phillip Bay is a large (1930 km?) sheitered, temperate
bay on the southern coast of Victoria, Australia (Figure
3.1). First “discovered” by Europeans in 1802, European
settlement began in 1834 and immigration in 1836. Today,
the shores of Port Phillip Bay host Australia’s second
largest metropolitan area (Melbourne, Geelong and
associated areas) with a total human population of about
3.5 million. It is therefore subject to a high level of
shipping and recreational boating use, commercial and
recreational fishing, mariculture, effects of urban run-off
and very high levels of coastal modification. About 11%
of the catchment has been urbanised.

Physically, Port Phillip Bay is a drowned river system,
formed about 8,000 years BP, when the eustatic rise in

sea level following the last ice age resulted in flooding of
the delta formed by the Yarra, Werribee and Little Rivers,
and the Kororoit Creek. Overall, the bay is relatively
shallow; maximum depth is ~100 m but most isless than
& m. The salinity over most of the Port Phillip Bay exceeds
32%s., the only real exception being near the mouth of the
Yarra River. Temperatures fluctuate seasonally from about
11° to 21° C and are relatively uniform across the bay.
As aresult of its large size, shallow depth, proximity
to urbanised areas and at times substantial freshwater run-
off, the bottom of Port Phillip Bay is predominantly silt,
fine sands and clay, with coarser sediments in shallower
areas and a high-organic loose floc in the deeper center
of the bay. Water movement is driven by tides, winds and
density differences, the latter due to sea water entry
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Figure 3.1. Locality map, southeast Australla.
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through the heads from Bass Strait and freshwater sources
from the river systems in general and the Yarra River in
particular. The general circulation pattern, driven by the
dominant west winds, consists of two large gyre systems
— a clockwise one in the north of the bay and an anti-
clockwise one in the south. Analysis of patterns of tidal
mixing and water movement suggest a residence time for
water in Port Phillip Bay of 10-16 months.

3.1.1 Previous surveys of Port Phillip Bay
Charles Robbins performed the first biclogical survey of
Port Phillip Bay in 1803 (Leggett 1949; Shaw 1997). The
first marine taxa to be reviewed and described were the
marine algae. A commitiee convened by the Council of
the Royal Society of Victoria then became responsible
for numerous other studies. One of the later Royal Society
studies, by Wilson (1894), examined flora and fauna
collected from his own dredging activities, which
concentrated at the Heads, but also included Corio Bay
and the eastern shore.

Subsequent, comprehensive studies of the bay
included the Port Phillip Study (PPS), from 1957-1963,
which focused on the physical properties of the bay, and
included a semi-quantitative study of the bay’s macroflora,
fauna, geology and geomorphology, terrestrial and marine
sediments, and the coastal vegetation, Samples were
collected using divers and dredges.

A more extensive survey carried out from 1968 to
1971, the Port Phillip Bay Environmental Study or ‘Phase
One Study’ (PPBES-1), was designed to provide baseline
data on the physics, chemistry, and the biology of the
bay. The initial objective was to determine the effects of
a proposed sewerage treatment plant at Carrum
(discharging effluent at Patterson River) would have upon
the flora and fanna of the bay. Ultimately, the effluent
discharge was diverted to Cape Schanck and the study
went ahead with a revised objective of providing baseline
information on the long-term effects of urbanisation on
the bay. The study concluded that there were high nutrient
levels adjacent to Werribee and in Hobsons Bay, but the
rest of the bay was “healthy”,

In 1977, the Port Melbourne study was commissioned.
The aim of this study was to assess the environmenta)
effects associated with the planned construction of Berth
No. 6 Webb Dock and at the same time, provide baseline
data on the marine environment of Hobsons Bay, The
study identified physical and biological patterns within
Hobsons Bay and concluded that the disturbance caused
by the construction of berth No, 6 Webb Dock would not
be detrimental to the physical and biological environment
of Hobsons Bay (Port of Melbourne Environmental Study
1979). The dominant fauna identified during the survey
were polychaetes and bivalves (Port of Melbourne
Environmental Study 1979). Interestingly, this study
provides the first mention of introduced species in Port
Phillip Bay stating that “‘the invertebrate fauna comprised
hardy estuarine species, many of which have been
introduced over the past century by shipping” (Port of
Melbourne Environmental Study 1979).

Corio Bay was surveyed in 1987 by the Victorian
Environmental Protection Authority using a Smith-
McIntyre benthic grab to sample the macrobenthos of
Corio Bay (Coleman 1993). A pattern analysis indicated
three major site groups that were partly related to sediment
type. Polychaetes, molluscs and crustaceans dominated
the fauna and constituted 85% of all individuals sampled
(Coleman 1993). Although population densities were low,
the number of species collected was comparable with
numbers collected from similar habitats in Victoria and
there was no clear evidence that pollution within the Bay
had adversely affected the fauna (Coleman 1993).

The most recent bay-wide survey occurred in 1996
and was coordinated by CSIRO Divison of Fisheries and
Division of Oceanography and involved a range of
participating Victorian organisations (Harris ef al. 1996).
The principal objective of this siudy was to assess the
health of Port Phillip Bay and to determine the extent to
which it could sustain the effects of continued urban
development, The principal compenents of the work
including hydrodynamic and nutrient modeling, which
was based on reviews of existing information, new data on
nutrient loads and processes, and the ecology of the bay.

Table 3.1. Amplitudes (metres) of the major tidal constituents for sites near and in Port Phillip Bay (reproduced from

Harris ef al. 1996, Table 2.2).

Gauge M2 K1 01 82 N2

Lorne 0.615 0.209 0.145 0.193 0.117
Point Lonsdale 0.438 0.144 0.102 0.128 0.084
Queenscliff 0.259 0.111 0.085 0.073 0.051
West Channel 0.205 0.098 0.067 0.048 0.035
Hovell Pile 0.202 0.096 0.070 0.049 0.035
Geelong 0.268 0.100 0.072 0.066 0.047
Breakwater Pier 0.236 0.098 0.068 0.054 0.039
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10 15 20
Depth (m})

Figure 3.2. Bathymetry of Port Phillip Bay. Areas
deeper than 20 m are shown in black. Goordinates on
this and other figures are in metres, referenced to AMG
Zone 55 (reproduced from Harris et al. 1996, Figure
2.2).

3.2 PHYSICAL ENVIRONMENT OF PORT
PHILLIP BAY

3.2.1 Bathymetry

Port Phillip Bay is a large, relatively shallow body of
water that has a restricted connection to Bass Strait. The
ain part of the bay is almost circular, sloping gently on
the western side and more steeply on the southern and
eastern sides (Figure 3.2). The maximum depth in the
center of the bay is around 24 m. To the south of the
main body of the bay lies the Great Sands region, a flood
tide delta consisting of substantial sand bars and shallows
dissected by deeper channels. This region greatly restricts
exchange between the Port Phillip Bay and Bass Strait.
Further south again lies the entrance to the bay, which is
about 3 km in width, and characterised by strong tidal
currents. The deepest parts of the bay are found in this
area (chart AUS158), with deep scour holes in the South
Channel (36 m) and in the Rip (almost 100 m). To the
west of the main bay lies the Geelong Arm and Cerio
Bay. Exchange between Corio Bay and the main body of
the bay is restricted by a shallow bar; a channel has been
dredged through the bar to allow shipping access to the
Port of Geelong. The Port of Melbourne at the northern
end of the bay is accessed by dredged channels that
traverse Hobsons Bay.

From coastline data, the area of the bay can be
calculated to be about 1930 km?. Bathymetric data
obtained from the Royal Australian Navy show that the
mean depth of the bay is about 13.6 m, so that the bay
has a total volume of about 26.3 billion (10°) m?.

wind (11.6 m/s)
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Figure 3.3. Mean currents measured for 17—18 May
1994, Data from lower metres are shown as grey
arrows, upper metres are shown as black arrows. Arrow
length is proportional to current speed. Mean wind
velocity (measured at Hovell Pile) is also shown
(reproduced from Harris ef al. 1996, Figure 2.4).

The most obvicus variations in water level in the bay are
caused by the tides. Tidal amplitudes in the bay are less than
half of those in northern Bass Strait, and there is a large phase
difference between the main body of the bay and Bass
Strait. Tides are semi-diwrnal (two tidal cycles per day),
with a large diurnal inequality. Most of the attenuation of
the tides takes place near the entrance to the bay.
Compared to its amplitude at Lorne, the M2 component
drops to about 70% at Point Lonsdale and about 40% at
Queenscliff (Table 3.1). The remaining attenuation occurs
across the Sands region. North of the Sands, the tides are
reasonably uniform throughout the bay, with some
increases in amplitude in Corio Bay and Hobsons Bay.

Variations of water level in the bay are also cansed by
lower frequency motions in Bass Strait, winds,
atmospheric pressure variations and horizontal density
gradients. A discussion of these effects can be found in
Hunter (1992), and Black and Mourtikas (1992). In
general, the low-frequency (periods of several days or
more) variations in water level in the bay are closely
correlated with those in Bass Strait. In effect, the Rip and
Sands act as a low-pass filter for sea level, so that the
relatively higher frequency tides are attenuated as they
enter the bay, but lower frequency variations are not.
Particularly high water levels in the bay are associated
with low pressure systems and winds with a strong
westerly component. Low pressure systems located over
Bass Strait will tend to raise sea level generally over the bay,
and westerly winds tend to raise the sea-level on the northern
side of Bass Strait (due to the rotation of the earth).

CRIMP Technical Report Number 20
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3.2.2 Currents

Tidal currents dominate the circulation in the southern-
most parts of the bay, with speeds over 2.5 m s°! during
peak flocd and ebb flows through the Rip, and up to 0.8 m s in
the major channels through the Sands. In the main body
of the bay, currents are weaker, typically 0.05t0 0.1 ms!,
and predominantly driven by the wind. These wind-driven
currents tend to show the following features (Hunter
1992):

40 Percent sand 100

Figure 3.4. Distribution of a) sand; and b} silt/clay in
sediments in Port Phillip Bay. These data were
interpolated to a 1km grid from sampling sites shown as
black dois. No data is present in and to the south of the
Sands region (reproduced from Harris et al. 1996,
Figure 2.10).
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horizontal gyres with the currents directed with the wind in
shallow areas and against the wind in deeper areas; and
* anoverturning pattern, with currents directed with the wind
near the surface and against the wind near the bottom.
Density driven currents may also be important in the
region affected by the Yarra River plume (Hunter 1992).
In 1994, CSIRO deployed current meters at five sites in
the bay for two periods, each of about six weeks, to
monitor the net (non-tidal) water movements around the
bay. Figure 3.3 shows mean velocity vectors at all meters
over a representative two-day preiod (17-18 May 1994)
when strong northwesterly winds prevailed. The plot
clearly suggests a gyre type circulation in the eastern half
of the bay, with cuzrents of about 0.1 m s!- directed with
the wind in the center of the bay. Somewhat surprisingly,
the mean currents at the deeper meters are stronger than
those nearer the surface over this period. Instantaneous
speeds are similar at lower and upper metres; this effect
seems primarily to be because the near surface currents
are more variable in direction over this period.

3.2.3 Sediments

The sediments of Port Phillip Bay are a mixture of fine
sands, silts and clays, with coarser sediments in shallow
areas and the Sands region, and finer sediments towards
the deeper central portion of the bay. Sediment studies
carried out prior to the CSTRO study are summarised in
Black and Mourtikas (1992),

Physical measurements of sediments undertaken by
Harris et al. (1996) included the collection and analysis
of cores from 80 sites in the bay. The cores were analysed
for grain size, density, porosity, viscosity, permeability
and consolidation characteristics. These data are
presented in Greilach ef al. (1995) and summarised in
Figure 3.4,

Particulates enter the bay from a number of sources.
No data is available for inputs from coastal erosion, or
from Bass Strait (which might provide sand to the
southern-most parts of the bay). Other inputs are
dominated by the Yarra river. The CSIRO study shows a
total non-filterable residue (NFR) input of about 145,000t
over the pertod January 1993 to October 1995 (inclusive),
which corresponds to an annual average of about 51,000t
Average figures do not give a good idea of the variations
in input, however, and closer examination of the data
shows that most input occurs in just a few short events.
Total particulate inputs amount to about 85,000 t y.. If it
is assumed that the material is deposited uniformly over
the bay, then the equivalent sedimentation rate in that araa
15 0.04 kg m* y1. Assuming grain density of quartz (2,650
kg m?), and a deposit porosity of 0.5, this is equivalent to
a build-up of sediment of 0.03 mm y .. This calculation is
likely to underestimate the actual sedimentation rate.
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Table 3.2. Mean flows for each year in the period 1980 to 1985. Values are in m? 7. 1985 data does not include
November or December (reproduced from Harris et al. 1996, Table 2.6).

Input 1980 1991 1992 1993 1994 1995
Yarra River (total) 23.9 22.5 36.4 39.0 18.3 30.0
Mordialloc Creek 2.0 2.0 2.8 21 2.0 -
Patterson River 4.2 5.4 7.1 6.6 2.0 -

13 14 15 16 17
Temperature (°C)

Figure 3.5. Temperature averaged between surface (0)
and 1 m depth, interpolated from a CTD survey of 85
sites occupied on 3—4 May 1994 {reproduced from
Harris et al. 1996, Figure 2.14).
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Figure 3.6. Surface temperature measured at & sites in
Port Phillip Bay from 1990 to 1996 (reproduced from
Harris et al. 1998, Figure 2.15).

a2 33 34 35
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Figure 3.7. Salinity averaged between surface (0} and
1 m depth, interpolated from a CTD survey of 85 sites
occupied on 3—4 May 1994 (reproduced from Harris ef
al. 1996, Figure 2.16).
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Figure 3.8. Surface salinity measured at site 11 (near
the Werribee River), 1990 to 1996 (reproduced from
Harris et al. 1996, Figure 2.15).
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3.2.4 Fresh water
On average, the amount of fresh water lost by evaporation
from the surface of Port Phillip Bay almost equals the
inputs to the bay from rivers, creeks and direct rainfall, so
that the net fresh water input to the bay is very small
(Hunter 1992). The total flow rate into the bay from rivers,
creeks and drains was estimated to be about 44 m®s?,
most of which enters the bay at the mouth of the Yarra
River. The data show that inflows vary substantially from
year to year. For example, Table 3.2 shows mean flows
from some of these inputs for each year in the period 1990
to 1995. Here the data for Chandler Highway, Keilor,
Moonee Ponds Creek, Merri Creek and Gardiners Creek
have been combined to give a single total flow for the
Yarra River. The last 2 months of 1995 were not available
at the time of these calculations were done, so that the
1995 figure for the Yarra River is an average over 10
months. Substantial variation is seen in all inputs, apart
from Mordialloc Creek, where the flow is controlled. 1994
was a dry year compared to other years in the 1990’s, but
the early 1980°s were much drier.

Groundwater inputs to the bay are estimated to be
greater than 5.5x10"m*y?, or 1:7 m®s (Otto 1992).

3.2.5 Temperature and salinity

The temperature of Port Phillip Bay varies spatially and
temporally as a result of a diverse mix of processes,
including solar radiation, evaporative heat loss and water
inputs. A typical spatial pattern is shown in Figure 3.5.

The Victorian Fisheries Research Institute (VFRIY)
have monitored a number of sites around the bay
fortnightly since 1990, conducting a range of
measurements. The seasonal signal in a compilation of
these data is obvious {(Figure 3.6), with water temperatures
ranging from 21° C in summer to 11° C in winter.
Temperature differences from site to site within the bay
are minor, relative to the seasonal signal.

Salinity in the bay is controlied by inputs of freshwater
from rain, rivers and creeks, loss of freshwater from
evaperation, and exchange with Bass Strait. Spatial
analysis, carried outin the CSIRO study (see Svenson and
Pattiaratchi 1994) indicate a number of relatively
consistent features (e.g. Figure 3.7). These include the
Yarra River plume in Hobsons Bay, and the influence of
Bass Strait water to the south of the Sands region.

Salinity measurements were also carried out at the
VFRI sampling sites. Observations for site 11 are shown
Figure 3.8. Data from other sites show broadly similar
features, but the behaviour at each site depends to some
extent on the location of the site with respect to river inputs
and to Bass Strait. Site 1 in the south of the bay, for

' VFRI, now Marine and Freshwater Resources Institute
(MAFRI).
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example, shows less variation int salinity than the other
sites due to the proximity of Bass Strait, whereas sites to
the north all show sudden drops in salinity associated
with the Yarra River plume and east coast inputs during
floods. Baywide, the salinity dropped markedly in late
1992 and again in late 1993, due to large freshwater
inputs. 1994 was relatively dry, so salinity increased
steadily, due to both exchange with Bass Strait and
evaporation.

3.2.6 Mixing and flushing

The freshwater from the Yarra River mixes with saline
bay water in the Yarra estuary and in Hobsens Bay to
form a buoyant surface plome?. The plume can be readily
discerned by its salinity, and to a lesser extent its
temperature (operation of the Newport Power Station
tends to locally increase water temperature in the plume).
The shape and extent of the plume depend strongly on
river flow, and wind speed and direction. Higher flows
increase the extent and thickness of the plume. Northerly
winds moved the plume to the western side of Hobsons
Bay, while during westerly winds the plume moved in a
southeast direction along the coast. Southerly winds have
a long fetch across the bay to this area and so have a
larger capacity for wind stirring. Mixing processes
observed in the area were associated with wind mixing,
interfacial shear and bottom boundary shear.

The ‘flushing time” of the bay depends on where it is
measured. For example, a water parcel originating in the
south of the bay near the Rip will exchange with Bass
Strait quite quickly, a water parcel located in the center
of the Bass will exchange with Bass Strait more slowly,
and one in Corio Bay more slowly still. Hunter (1992)
quotes several estimates of flushing time for the bay,
ranging from about 10 to 16 months.

In the CSIRO study, CTD surveys gave a detailed
picture of the movement of Bass Strait water and bay
water through the Sands region. The two water masses
were distinguished by their salinity, with Bass Sirait water
having a salinity greater than 35.3 PSU, and bay water
having a salinity of less than 34 PSU, at the time of the
surveys. Intermediate salinities were found in the Sands,
representing mixtures of Bass Strait and bay water. The
area is well mixed vertically, with horizontal salinity
distributions determined by the state of the tide. At the
end of the flood tide, Bass Strait water extends about 6 km
north and east past the entrances to the channels, but with
little reaching the main body of the bay. Similarly, littde
bay water reaches Bass Strait at the end of the ebb tide.

The flushing time of the bay was estimated over a
tidal cycle (observed on 10 May 1994). The cycle

* Editor's Note: Note the Yarra River plume in the Landsat
image (November 1993) on the cover.
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begins with Bass Strait water present at the start of the
ebb tide. As the ebb tide progresses, the salinity drops,
indicating the presence of bay water. At the end of the
ebb tide, the water is about 70% bay water. The flood
tide begins, and salinity rises. By halfway through the
flood tide, the water present is again Bass Strait water.
By integrating such curves for all channels, the net
amount of bay water lost can be calculated. The
resultant average flushing time for the example given
equals about 380 days (Pattiaratchi et al. 1995a). This
figure compares well with previous estimates, though
based on data from only two tidal cycles.
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4  PORT PHILLIP BAY: BIOLOGY, HABITATS AND DISTURBANCE HISTORY

N Coleman, G D Parry, B F Cohen, G Fabris and A R Longmore.
Marine and Freshwater Resources Institute, PO Box 114, Queenscliff, Victoria 3225 Australia

41 INTRODUCTION

Biologically, Port Phillip Bay is extremely diverse, with
nearly 500 species of benthic macro-algae, 12 species of
seagrasses, small mangrove forests, extensive hard bottom
and soft sediment communities with over 700 invertebrate
species, 68 species of fish, and a diverse assemblage of
seabirds (including penguins) and marine mammals. The
bay supports commercial fisheries worth Australian $30-
40 million per year, the bulk of which historically is based
on shellfish.

4.2 HABITAT TYPES AND ASSOCIATED
COMMUNITIES WITHIN PORT PHILLIP BAY

Soft, subtidal sediments provide the major benthic habitat
type in the bay (Figure 4.1). Sediments are sandy near
the edge of the bay and become progressively muddier
towards the deeper waters in the centre of the bay. Other
habitat types include subtidal reefs, intertidal sandy and
rocky areas and estuarine areas. While the distribution of
seagrass, algae and mangroves is related to physical
habitat type, these plant communities also provide a
distinct habitat type for the biota, both plant and animal,
that is associated with them.

Subtidal soft sediments

The soft-bottom macrobenthos of Port Phillip Bay is
diverse. A total of 713 species was collected during the
1969-73 survey (Poore et al. 1975) although this is not
considered to be exhanstive. Some groups are particularly
notable for their high level of within-genus species
radiation. Barnard and Drummeond (1978) described Port
Phillip Bay and nearby Western Port as ‘species packed’
because these areas contain unusually high numbers of
species of phoxocephalid amphipods.

The distribution of benthic infauna, epifauna and fish
communities associated with soft sediments are correlated
with depth and sediment type (Figure 4.2; Poore 1992;
Cohen et al. 1998). The centre of the bay consists of mud
and infaunal species richness is low. Species richness is
also low in the muddy sediments of Corio Bay. Species
richness is higher in the silt- and clay-sand sediments
which surround the central basin and extend into the
Geelong Arm. Species richness is also high in the coastal
sandy sediments around much of the bay, but low in the
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coarse sands near to the entrance to Bass Strait, Common
species in the muddy sediments include the polychaetes
Owenia sp., Lumbrineris sp., the molluscs Theora lubrica
(an introduced species), Notospisula trigonella and
Chioneryx cardivides and the crustaceans Neochallichirus
limosus and Dimorphostylis cottoni; and in sandy
sediments the polychaetes Protodorvillea sp., Magelona
cf. dakini, Lumbrineris sp and Phyllochaetopterus sp.,
the molluscs Chioneryx cardioides, Mytilus edulis
planulatus, and Etfaninolia vitiliginea and the crustaceans
Dimorphostylis cottoni, Euphilomedes sp., Elminius
modestus, Glyphocuma bakeri, Urohaustorius pulcus and
Paradexamine moorehousei (Wilson er al. 1998). Deposit
feeders predominate in the muddy sediments and
suspension feeders in the sandy sediments.

Data on annual and seasonal variability in community
composition and structure of the benthos are available
for three stations, one in Corio Bay, one in the centre of
Port Phillip Bay and one off Martha Point in the southeast
of the bay, that were monitored from 1973 to 1975 (Poore
and Rainer 1979). Year to year variation in community
structure was greater than seasonal variation. Only a few
species showed seasonal changes in abundance but several
were more abundant in some years than others. The
population density of common species and the identity
of rare species fluctuated irregularly. These fluctuations
could not be correlated with physico-chemical
characteristics of the overlying water, nor were there any
obvious environmental perturbations during the study
period.

Significant changes have occurred in the benthos of
the bay over the last 25 years (Currie and Patry 1999a;
Wilson ez al. 1998). During the 1970’s only one introduced
species, the bivalve Theora lubrica, was abundant in the
benthos. Since then an additional four introduced species:
the polychaetes Sabella spallanzanii and Euchone
limnicola, the bivalve Corbula gibba and the crab
Pyromaia tuberculata, have become abundant and
widespread. Other changes include a decrease in the
population density of particular species, an increase in
the relative abundance of polychaetes as compared with
crustaceans and molluscs, an increase in the proportion
of suspension feeders and a decrease in the proportion of
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Figure 4.1. Major marine habitat types in Port Phillip Bay (based on Land and Conservation Council 1993, map 2).

deposit feeders. The total number of taxa does not appear
to have decreased.

Except for those due to higher numbers of exotic species,
causes of the observed changes are not understood. However,
decreases in the number of individuals and in the proportion
of deposit feeders are consistent with the decrease in nutrient
input from the sewage treatment plant at Werribee that

occurred in the mid 1970°s (since which time the output has
remained fairly constant). In the absence of continuous
monitoring, it is not known whether changes represent long-
term trends or merely reflect interannual variation, but
changes over the past 25 years are within the range
encountered during the 3-year monitoring study carried out
during the 1970’s (Wilson et al. 1998).
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Figure 4.2. Distribution of marine communities and sediments in Port Phillip Bay. a) stations sampled for epifauna
in 1988 and their classification into four regions based on multidimensional scaling ordinations (MDS); b) sediment
distribution and bathymetry; ¢) MDS groupings of stations sampled for demersal fish in 1997; and d) MDS

groupings of infaunal communities fromstations sampled in 1975 (data derived from various sources and analysed

in Cohen et al. 1988).

Subtidal sediments alsc support an epibenthic
community. A depth-stratified survey (Cohen et al. 1998)
found that epifaunal abundance, biomass and species
richness were generally greater at shallow (7 m) stations
than at deeper (12—22 m) stations. These shallow stations
are dominated by the ascidian Pyura stolonifera that has
an average density of 648 individuals per 100 m?, and
forms small biogenic reefs, completely covering the
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sediment surface over several square meters. Pyura reefs
provide a stable anchorage for the mussel Mytilus edulis
planulatus and the anemone Actinia tenebrosa, a grazing
surface for the echinoid Heliocidaris erthyrogramma and
shelter and refuge for motile species such as the polychaete
Eunice laticeps and the crab Pilumnopeus serratifrons. Pyura
reefs also provide a suitable substratum for epizoic algae
(Light and Woelkerling 1992).
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Filter feeders dominate the epibenthos with around
95% of all individuals and biomass utilising this feeding
mode. This contrasts with the infauna where deposit
feeders dominate (Wilson et al. 1998). Ascidians
accounted for 65% of all species collected. The
importance of this phylum, and of P. stolonifera in
particular, to the dynamics of the bay may have been
underestimated previously because of the difficulty of
accurately sampling large ascidians.

Four epibenthic communities can be recognised in Port
Phillip Bay and their distribution patterns are similar to
those found in demersal fish and infaunal communities,
generally reflecting differences in sediment grain size and
depth (Figure 4.2). The ‘high diversity sands’ are found
around the shallow, sandy margins of the bay and are
dominated by Pyura stolonifera and the rich fauna this
ascidian supports. The ‘intermediate sediments’ are
located in the deeper areas of the southern end of the bay.
This community has the lowest epifaunal abundance and
biomass of the four communities but corresponds to the
area that traditionally produced the highest catches of the
scallop Pecten fumatus. The sediments of the ‘central
muds’, found in the central and northern body of the bay,
are similar to the sediments of the ‘western muds’ of the
Geelong Arm but the communities differ. The ‘central
muds' are dominated by exotic species (72% of fauna by
abundance) including the ascidians Stylea clava and
Ascidiella aspersa and the northern Pacific seastar,
Asterias amurensis, which has recently appeared in the
bay in considerable numbers. The ‘western muds’
community is characterised by the echinoderms
Echinocardium cordatum and Stichopus mollis and the
exotic ascidian Styela plicata.

4.2.1 Subtidal hard substrata
While soft sediments dominate the bay, the rocky reefs
in Port Phillip Bay support an abundant and diverse fauna
and flora (Black 1971). Reefs in the bay account for
approximately 1% of the substrata and are generally
limited to less than 12 m depth (Black 1971) but they
constitute an important fisheries resource. McShane et al.
(1986) mapped 8.4 km? of reef which produce about 50 t
of abalone per year (mostly blacklip abalone, Haliotis
rubra), worth a million dollars (Harris ez al. 1996). Most
of this abalone catch is from the low profile basalt reefs
along the west coast of the bay. This contrasts with the
reefs on the east coast of the bay, which are made of
sandstone in the north and granite near Mt Martha. The
extensive reefs at the entrance to Port Phillip Bay are
calcarenite and support a very rich community more
typical of open coast reefs (Black 1971).

Ecological research into the subtidal rocky reef
habitats within Port Phillip Bay is limited. The Marine

Research Group has documented intertidal invertebrates
found in the bay (Marine Research Group of Victoria
1984) and many of these species are also found subtidally.
The basalt reefs on the west coast have a high cover of
coralline algae and mussels are occasionally found in large
numbers (Dixon, MAFRI pers. comm.). The
comparatively soft nature of some of these basalt reefs
allows burrowing organisms, such as the mollusc Pholas
australasiae, to establish (Black 1971). Brown et al.
(1980) found that these basalt reefs supported more
species of algae than the surrounding soft sediments.
Womersley (1966) suggests that the overall poor species
richness of algae in the bay, compared with the adjacent
coasts, was in part attributable to the limited hard
substratum available. Interestingly, the largest biomass
of algae is not found attached to these rocky reefs but is
drift algae, including Botryocladia, Jeanerettia and
Polysiphonia (Chidgey and Edmunds 1997), which is
healthy and capable of growth. Chidgey and Edmunds
(1997) found that the distribution of these drift algae is
temporally and spatially distinct. On the soft sediments,
Harris et al. (1996) suggest that red algae dominate the
north-western areas of Port Phillip Bay and green algae
(Caulerpa) dominate the north-eastern areas. Light and
Woelkerling (1992) provide a detailed review of
information on the benthic flora of Port Phillip Bay.

Man-made structures such as piers and channel
markers also provide important substrata for epibiota in
Port Phillip Bay, especially given their proximity to
national and international shipping. Mussels dominate the
mature fouling community in the bay, except near the
entrance where sponges and ascidians dominate (Holmes
1982; Nicholson ef al. 1997; Currie et al. 1998a).

4.2.2 Seagrass, algal and mangrove
communities
Seagrasses
The distribution of seagrass is related to intertidal height,
depth, turbidity, water currents and sediment stability.
Seagrass beds are confined mainty to the southern part of
the bay, including Corio Bay, the Geelong Arm, Swan
Bay and the sandbanks near Port Phillip Heads at the
entrance to the bay (Bulthuis 1981; Figures 4.1 and 4.2).
Smaller, isolated patches of seagrass occur along the
eastern and northern shores, but these represent less than
5% of the total area of seagrass in Port Phillip Bay.
Major species of seagrass reported from the Bay are
Heterozostera tasmanica and Zostera muelleri, with
smaller amounts of Amphibolis antarctica, Halophila
ovalis, Ruppia tuberosa, Ruppia megacarpa and
Lepilaena marina' (Willis 1966; Black 1971; King et al.

Editor's Note: Lepilaena is generally not recegnised as
a seagrass (Roberison 1984).
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1971 Bulthuis 1981; Denning ef al. 1986). H. tasmanice
is the most abundant and widespread of these and occurs
from about the intertidal to a depth of 9 m below mean
water. Zostera muelleri generally occurs higher in the
intertidal zone than Heterozostera tasmanica and at low
tide may be exposed to air for up to 4 or 5 hours. A.
antarctica is confined to the area around Port Phillip
Heads. It is found subtidally and typically occurs in areas
of strong water movement but may also be found in rock
pools. H. ovalis is largely confined to the western side of
the bay and occurs subtidally, particularly around Corio
Bay and the Geelong Arm. Ruppia tuberosa, R.
megacarpa and L. marina are recorded from Swan Bay.

Seagrass beds provide a habitat for epiphytic algae
and epifaunal invertebrates, which are associated with the
shoots and leaf blades, and for infaunal invertebrates and
fish. Epiphytes include the brown algae Feldmannia and
Sphacelaria, the red algae Acrosoriwm uncinatum,
Antithamnion, Callithamnion, Ceramium, Champia,
Chondria, Dasya, Hypnea and Polysiphonia and the green
algae Enteromorpha and Ulva lactuca, but there are no
quantitative data on epiphyte abundance and distribution
(Watson 1979; Brown 1980; Brown et al. 1980; Light
and Woelkerling 1992).

Few details of invertebrate epifauna associated with
seagrass are available although Watson (1979) reports
seagrass beds harbouring colonies of up to 1680
individuals m? of the byssally-attached bivalve Electroma
georgiana, and Brown and Davies (1991) report an
abundance of grazing invertebrates in seagrass beds
around Werribee.

Based on studies of Heterozostera and Zostera beds
in Swan Bay, Denning et al. {1986) found that seagrass
beds contain higher numbers of individuals and species
than do sparsely vegetated areas nearby. While some of
the invertebrate species associated with seagrass in Swan
Bay were common throughout Port Phillip Bay, overall
the invertebrate community was not particularly similar
to communities reported from other Heterozostera and
Zostera beds in Victoria. They suggested that there is no
typical and widely distributed infaunal community
associated with Heterozostera and Zostera beds. Rather,
each bed supports a community that is determined by a
range of environmental conditions only one of which is
the presence of seagrass.

The abundance and species richness of fish in intertidal
and shallow subtidal areas, like that of invertebrates, is
also generally greater in ‘grassed’ than in ‘ungrassed’ areas
(Jenkins et al. 1997; Jenkins and Wheatley 1998).
However, the relationships with habitat type may be
complex. Several species which appear as juveniles in
seagrass beds subsequently recruit to reef-algal
communities. In the case of King George whiting,
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juveniles settle in both grassed areas and reef algal habitats
but with further growth show an increasing preference
for reef-algal habitats and eventually move into
unvegetated areas.

Algae

The major factors influencing the distribution of algae
within the bay are wave action, water depth, temperature,
salinity, turbidity, nutrient availability and the availability
of suitable areas for attachment. Most algae require a hard
substratum for attachment although species of Caulerpa
can grow anchored in unstable sediments and
monospecific stands of these species may cover large
areas (Womersley 1966; Light and Woelkerling 1992).

Species richness amongst subtidal algae is highest at
the entrance where wave action is stronger, and water
quality higher and more stable than within Port Phillip
Bay. Womersley (1966) described three groups of species
based on their distributions: those found fairly generally
within the bay (Ulva lactuca, Caulerpa remotifolia,
probably Codium harveyi and Cutleria multifida, Solieria
robusta, Griffithsia teges, Wrangelia protensa,
Polysiphonia cancellata, Dictymenia harveyana, and
Laurencia filiformis), those largely restricted to Corio Bay,
the calm western coast, and in some cases the northern
part of the bay (Caulerpa geminata, C. longifolia f.
crispata, Acetabularia peniculus, Dictyota dichotoma,
Caulocystis uvifera, Rhabdonia coccinea, Rhodoglossum
foliiferum, Botrocladia obovata, Lophothalia verticillata,
and Jeannerettia pedicellata); and those found around the
bay, excluding the central bay and very calm western areas
(Caulerpa brownii, Dictyopteris muelleri, Ecklonia
radiata, Cystophora retroflexa, Sargassum paradoxum,
and S. verruculosum).

The diversity of intertidal algae is also higher at the
entrance than within the bay. King et al. (1971) reported
171 species of intertidal algae from the bay and based on
their distribution were able to distinguish two areas, the
open coast area of the entrance to the bay and the bay
proper. This distinction was less marked on the eastern
side of the bay. The major difference between the regions
was the greater number of species around the entrance
with 68 species, many characteristic of rough coasts,
confined to this area. While many species found at the
entrance did not occur within the bay, the reverse was not
true and most of the species from within the bay were
also found at the entrance.

In addition to attached algae, large quantities of
unattached macroalgae occur in the bay. There have been
few studies of these communities and their extent,
distribution, biomass , productivity and general ecological
significance are largely unknown (Light and Woelkerling
19923,

Algal beds provide a habitat for a wide range of plants
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and animals. These include epiphytic algae, invertebrates,
either free-living or attached, infaunal invertebrates and fish.
Thirty eight species of plants and animals have been reported
as growing on the red alga Jeanerrettia Iobata (White 1982),
and free living species, such as the grazing molluscs Thalotia
conica and Phasianotrochus spp., are also found in
association with macroalgae. Grazing species may feed on
epiphytes attached to the weed rather than the weed itself.

Invertebrates may themselves provide a substratum
for macroalgae. In areas of soft sediment that are
otherwise unsuitable for algal growth, molluscs,
particularly the mussel Mytilus edulis planulatus, and the
large ascidian Pyura stolonifera may provide a site for
attachment. Acrosorium uncinatum, Phymatolithon sp.,
Tenarea sp., Caulerpa remotifolia, C. longifolia,
C. brownii, Ulva lactuca, Rhodoglossum proliferum,
Ceramium spp., Griffithsia teges, Dasya capillaris,
Polysiphonia spp. and Pterosiphonia pennata have all
been recorded growing this way. In some areas, the
amount of subtidal flora increases as the abundance of
invertebrate fauna suitable for algal attachment increases.
Mangroves

One species of mangrove, Avicennia marina, occurs
in Port Phillip Bay. Mangroves are found in Swan Bay, at
the mouth of Kororoit Creek and in Hovells Creek (Light
and Woelkerling 1992). They are not extensive at any of
these locations. In 1980, the population at Kororoit Creek
was limited to one tree 2 m tall and 6 smaller trees (Davey
and Woelkerling 1980). Five species of algae have been
recorded as associated with mangrove pneumatophores
(Davey and Woelkerling 1980). ‘

4.2.3 Intertidal communities

The predominant intertidal habitat type within the bay is
beach although rock platforms and rubble and shelly
beaches occur around the bay and areas of seagrass are
found, particularly in the south west of the bay.

The distribution of commeon intertidal species in the
bay is illustrated in Marine Research Group of Victoria
(1984). Most conspicuous are epifaunal species associated
with rocky areas. Communities can be divided into those
of the open coast area around the entrance to the bay and
those within the bay proper. More species are found near
the entrance than within the bay, but the distinction
between the bay and entrance communities is not clear
cut on the eastern side of the bay (King et al. 1971). There
is some ecological replacement of species within the bay.
The green alga Caulerpa scalpelliformis occurs at the
entrance and on the south-eastern coast of the bay but
elsewhere is replaced by Caulerpa remotifolia. Similarly,
the gastropod Bembicium nanum is found at the southern
end of the bay but is replaced by Bembicium auratum or
B. melanostomum in the north.

Intertidal zonation within Port Phillip Bay is not as

marked as at the entrance. This is partly because tidal
range within the bay (generally less than 1 m, with a mean
tidal amplitude ranging from 0.4 m at Point Lonsdale to
0.2 m at Williamstown) is much less than that at the
entrance (about 1.7 m). In addition, zonation becomes
less marked as shelter increases. Algae commonly found
intertidally are Enteromorpha, Porphyra, Ulva lactuca,
Caloglossa leprieurii, Gelidium pusillum, Chaetomorpha
darwinii, Hormosira banksii, Centroceras clavulatum,
Polysiphonia, Grateloupia filicina, Codium fragile,
Petalonia fasciata, and Caulerpa brownii. Invertebrates
commonly found, on rock surfaces or under stones, are
Nodilittorina unifasciata, Bembicium auratum, Cellana
tramoserica, Austrocochlea constricta, Austrocochlea
adelaidae, Austrocochlea odontis, Patelloida alticostata
(gastropods), Mytilus edulis planulatus (bivalve),
Galeolaria caespitosa (polychaete), Actinia tenebrosa
(anemone), Lepsiella vinosa, Montfortula rugosa,
Cominella lineolata, Cominella eburnea (gastropods),
Patiriella calcar, Patiriella brevispina and Tosia ausiralis
(seastars). Species have been listed in sequence with those
from the upper shore first and those from the Iower littoral
zone last, although the exact occurrence and zonation of
species will depend on locality and prevailing conditions,
For example, King et al. (1971) list 47 species as
contributing to zonation at the entrance to the bay but
only 16 species in the more sheltered waters of northem
Corio Bay.

There has been considerable recreational collecting
of intertidal molluscs for food and bait. Studies on three
commonly collected species of grazing mollusc, Cellana
tramoserica, Austrocochlea constricta and Nerita
atrementosa showed that all were significantly larger ata
protected site, where there was little or no collecting, than
at sites where collecting occurred. A fourth species, Turbo
undulatus, showed no size differences between sites. The
distribution of T. undulatus, unlike that of the other three
species, extends into the subtidal zone. The replenishment
of intertidal populations, by migration from the subtidal
population, may explain why intertidal collecting does
not appear to have affected the size distribution of this
species (Keough ef al. 1993). Removal of molluscs
through shellfish collecting also has indirect effects.
These may include changes in algal abundance (where
grazers are taken) or a change in the reproductive output
of the population since the larger individuals, which are
preferentially collected, may also be the more fecund
{Sharpe and Keough 1998). ‘ '

4.2.4 Estuarine environments

Estuarine conditions are localised to the immediate
vicinity of freshwater inputs as only small amounts of
water flow into Port Phillip Bay, and the salinity within
the bay is generally high.
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The Yarra River forms the largest estuary in Port
Phiilip Bay. The fauna of the Yarra River and associated
Port facilities includes the bivalves Arthritica helmsi and
Notospisula trigonella, oligochaete worms, the polychaete
worms Capitella capitata, Nephtys australiensis and
species of Lumbrineris, Malacoceros, Polydora and
Prionospio, amphipods belonging to the genera
Corophium, Gammaropsis, Limnoporeia and Tethygeneia,
the crab Halicarcinus australis and the ascidian Styela
clava. These species are indicative of an estuarine
environment (Poore and Kudenov 1978; Knuckey et al.
1997; Walker et al. 1998). By comparison with
communities in fully marine areas, those of the Yarra River
and nearby docks have a low species richness but a high
number of individuals, and show a higher degree of
dominance by one or two particularly abundant species.

One of the most abundant species during the 1978
survey of the Yarra River was the introduced bivalve
Theora lubrica (Poore and Kndenov 1978b). More recent
studies of the Yarra River, the Maribyrnong River, Victoria
Harbour and Webb Dock (Knuckey ef al. 1997; Walker
et al. 1998) show that T. lubrica remains abundant. In
addition, another exotic bivalve, Corbula gibba, is now
abundant and a third introduced bivalve, Musculista
senhousia, is also present. These species are all
widespread throughout Port Phillip Bay and, while not
typically estuarine, are all capable of withstanding some
degree of lowered salinity (Kikuchi and Tanaka 1978;
Jensen 1988, 1990). Other species that co-exist with
Theora in fully marine areas of the bay are absent in the
estuarine areas of the Yarra River.

Several estuarine species are found near the shore off
the Western Treatment Plant (WTP). These reflect the
influence of discharge from the treatment plant plus
freshwater discharge from the Little and Werribee Rivers
(Poore and Kudenov 1978a). Two species of the amphipod
family Corophiidae have been reported as abundant off
‘Werribee, and this family is often represented in polluted
estuaries in other paris of the world, Avaiiable evidence
{(Poore and Kudenov 1978a) shows that estuarine
influence and the effects of nutrient enrichment on infauna
in the Werribee area are localised.

4.3 MAJOR DISTURBANCES IN THE BAY
Port Phillip Bay is the major site of urban and industrial
development in Victoria. Melbourne, Victoria’s largest
city (population 3.5 million), is situated on the northern
shore of the bay, and its suburbs extend along the eastern
and north western shores. The WTP at Werribee, on the
west coast, discharges treated sewage effluent into the
bay. The area south of Werribee is mainly rural but
Geelong, Victoria’s second largest city (population
175,000), is sitnated on Coric Bay.

Because of the development around its shores, and of
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activity within the bay itself, the aquatic environment of
Port Phillip Bay has been subject to a number of major
disturbances and alterations. The changes seen in the bay
are typical of those seen as the result of urbanisation and
industrialisation world-wide. They include elevated inputs
of toxicants and nutrients and habitat modification through
fishing activity, channel dredging, spoil dumping and
beach replenishment. Such changes may have a direct
influence on the spread of introduced species since there
is some evidence that colonisation by exotic species is
most successful in disturbed or modified habitats (Herbold
and Moyle 1986; Ruesink et al. 1995).

Management strategies to reduce or ameliorate
adverse impacts due to development have been, and
continue to be introduced. These include increasingly
more stringent controls on the discharge of effluent to
the bay, tighter controls on dredging and spoil dumping,
and the banning of scallop dredging.

4.3.1 Chemical contaminants

Chemical contaminants from industrial and urban sources
have been introduced into Port Phillip Bay for over 100
years. Studies carried out since the late 1970°s provide
evidence of site-specific impacts from heavy metals,
hydrocarbons and organochlorines (Phillips ef al. 1992).
The major threat to the environmental quality of the bay
in the 1970’ and 1980’s was from gross pollution from
point source discharges. Several studies during this period
indicated concentrations of metals such as cadmium,
mercury, zinc and copper (e.g. Phillips 1976; Walker
1979), and polycyclic aromatic hydrocarbons (PAHs),
petroleum hydrocarbons, polychlorinated biphenyls and
organochlorines (e.g. Phillips er al. 1992; Nicholson ef
al. 1994) were elevated in nearshore sediments and biota
in the bay. Following the introduction of environmental
controls through a State Environmental Protection Policy
(SEPP) for waters of the bay in the 1970’s, point sources
of gross pollution have been reduced (EPA 1997). The
major sources of pollution to the bay are now limited to
discharges from the WTP located on the western shore
of the bay, urban stormwater, stream inputs and
atmospheric deposition. The impact of contaminants that
have accumulated in sediments, particularly along the
shoreline of the bay, and the capacity of the bay to
accommodate continuing contaminant inputs are
continuing environmental issues (Harris et al. 1996).

Inputs

Most of Melbourne’s industrial waste waters are now
discharged under licence to the sewage system and are
treated at the WTP. While the plant is a significant source
of heavy metals, particularly copper and nickel, to the
bay (Table 4.1), the concentrations of organic
contaminants in the effluent are low because most are
either removed by sedimentation or degraded by
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photolytic and microbial processes within the lagoon
system (Harris ef al. 1996).

However, inputs from the five major rivers, numerous
creeks and more than 300 stormwater drains collectively
represent the largest source of metals (chromium, copper,
iron, nickel, lead and zinc) and organics (petroleum
hydrocarbons, organochlorine insecticides (Harris et al.
1996). Of these, the Yarra River is the major contributor.

Waters _

The concentrations of heavy metals in bay waters have
been deceasing since 1988 (Harris et al. 1996) and are
now comparable to those found in relatively unpolluted
estuaries worldwide (Table 4.2).

Apart from some fluctuations near input sources (e.g.
Hobsons Bay), removal processes such as sedimentation
and bay flushing are effective in maintaining dissolved
metals at relatively pristine concentrations. Concentrations
of hydrophobic organic contaminants (petroleum
hydrocarbons, polychlorinated biphenyls, and
organochlorines) are extremely low in bay water, although
as with metals, highest concentrations occur near point
source areas such as the Yarra River mouth and oil
refineries (Good and Gibbs 1995a).

Sedimenis

Sediments are the ultimate sink for most contaminants in
the bay. Highest contaminant concentrations occur in
nearshore sediments, particularly near the mouths of rivers
and drains. Sediments from nearshore and input sites (e.g.

. Corio Bay and Hobsons Bay) have higher concentrations

of cadmium, copper, nickel, lead and mercury than do
sediments from the centre of the bay (Table 4.3). Similarly
nearshore sediments (e.g. Corio Bay and Hobsons Bay)
are contaminated with petroleum hydrocarbons (TPH),
while organochlorine insecticides (DDT), polynuclear
aromatic hydrocarbons (PAH) and tributyltin (TBT) are
elevated in Hobsons Bay (Fabris et al. 1995; Table 4.4).

Biota

Contaminant levels in fish and molluscs in Port Phillip
Bay have been monitored routinely over the past 25 years
(Phillips et al. 1992; Harris et al. 1996). Monitoring
surveys during the 1970°s and 1980°s showed that
mussels (Mytilus edulis planulatus) from many shoreline
areas of the bay were contaminated with cadmium, lead,
zinc, petroleum hydrocarbons (TPH), polynuclear
aromatic hydrocarbons (PAH) and polychlorinated
biphenyls (PCB), while fish indicated pollution by
mercury and organochlorine insecticides (OC). The
highest concentrations were often recorded in Corio Bay
and Hobsons Bay. Biomonitoring surveys carried out
during the 1990’s (e.g. Fabris et al. 1992) showed that
contamnination by these substances in the bay had declined
significantly although site specific differences were still
apparent (Table 4.5).

4.3.2 Nutrients

Nutrient inputs to Port Phillip have greatly increased over
the past century with urban development around the bay.
Foliowing the construction of a sewage treatment system
for Melbourne in the 1980°s, run-off of raw sewage
through drains into Hobsons Bay has been relaced by
the discharge of treated sewage near Werribee, Nutrients
discharged to the bay include various forms of nitrogen,
phosphorus, silicate and carbon.

Nitrogen is the nutrient of greatest concern, because
it has been shown to control plankton growth in the bay
(Parslow and Murray 1997). About half of the annual
nitrogen load of 7,000 t enters the western bay from the
WTP. Other significant inputs include the Yarra River
discharge into Hobsons Bay in the north and the Patterson
River-Mordialloc Creek discharge into the eastern bay.
Storm water also enters the bay through about 300 drains.
The seasonal pattern of nitrogen discharge varies between
sources. The WTP discharge is greatest in winter, while

Table 41 Heavy metal inputs to Port Phillip Bay {t y'} WTP: Western Treatment Plant (from Harris et al. 1996),

Rivers, creeks & drains I
cre Yarra River

Metal WTP {excluding Yarra River)
Fo 180 1235 1273
Cr 3.9 4.8 78
Cu 27 8.0 8.6
Ni 4.9 2.9 6.3
Pb 11 11 19
Zn 5.8 58 o3
As . 0.9 1.4
cd ' 0.02 0.14 0.17
Hg 0.02 0.04 0.04
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the Yarra discharge is usually greatest in spring-summer (either to Bass Strait, buried in the sediments or lost to
(Murray 1994), the atmosphere as N, (Parslow and Murray 1997). Highest

Nutrients enter the bay principally in dissolved forms  nutrient concentrations are found within a couple of
available for plankton growth. Nitrogen (N) is rapidly  kilometres of the shore near Werribee and Hobsons Bay.
assimilated into plankton biomass, and recycled back to Mixing of near-shore shallow waters with those of deep
inorganic N either in the water column or in the sediment  central Port Phillip Bay is rapid, and nitrogen

following death or grazing of the plankton. Inputs are  concentrations in the centre are low (Longmore et al.

recycled many times before eventual loss from the system 1996).

Table 4.2. Metal concentrations found in Port Phillip Bay compared with dissolved concentrations found elsewhere.

Units are mg L for all except Hg which is ng L' (from Fabris et al1999).”

Element Mean dissolved concentration in Concentration in other nearshore
Port Phillip Bay & estuarine areas

Cd 0.03+0.01 0.001-0.11
Cr 0.04+0.02 -

Cu 0.4710.05 0.06—1.3

Fe 0.76+0.44 "

Ni 0.70+0.14 0.02-2.5

Pb 0.06+0.02 0.006—0.16
Zn 0.47+0.21 0.01-3.3

Hg 1.740.7 0.7-3.0

As 2.8+0.3 1.0-3.3

Table 4.3. Metal concentrations (ug g7) in surface sediments from Port Phillip Bay (from Fabris et al. 1994).

Area Cd Cu Ni Pb Hg

Corio Bay 0.5-5.8 17-51 16-66 73-197 0.12-0.29
Hobsons Bay 0.1-1.0 9-62 13-42 52-113 0.22-0.51
Central Bay 0.1 1-12 4-40 3-26 0.05-0.16

Table 4.4. Concentration of organic compounds (ug g') in surface sediments from Port Phillip Bay {from Good and
Gibbs 1995b).

Area TPH PAH DDT PCB Hg BT

Corio Bay 120-820 1-3 <0.005 0.1-0.3 0.12-0.29 0.0004
Hobsons Bay 250-810 14 0.02-1.1 0.1-0.2 0.22-0.51 0.03

Central Bay <1040 <1 0.005-0.013 <0.1 0.05-0.16 0.0001-0.002

Table 4.5. Concentrations (ug g wet welght) of organic compounds and metals in fish (sand flathead) and mussels

from Port Phillip Bay (from Phillips et af. 1992; Nicholson ef af, 1994; Fabris 1995; Fabris and Theodoropoulos
1998).

Area/sample TPH PAH oG PCBE Hg Cd Pb Zn
Corio Bay

fish 0.1464 0.04-0.06 0.1 <0.01-0.03 0.17-0.74 - - -
mussel 0.64 0.17 30.7
Hobsons Bay

fish 0.1 - 0.2 <0.01 0.02-0.27 0.05 0.05 4.6
mussel 0.17 0.37 346
Central Bay

fish 1.5-18.4  <0.01-0.71 <01 <0.01-0.03 0.06-0.73 0.05 0.05 4.5
mussel 0.54 0.21 47.4
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Impacts of nutrient inputs occur on a range of spatial
and temporal scales, including bay-wide, regional and
local. Local impacts include seasonal, short-lived algal
blooms along the Werribee coast and in Hobsons Bay,
with chlorophyll concentrations increasing from a
background of 1-2 mg L™ to 10-20 mg L' (Longmore e#
al. 1996), increased macroalgal biomass along the western
coast (Chidgey and Edmunds 1997), and a reduction in
denitrification efficiency in Hobsons Bay sediments
(Berelson et al. 1998) when compared with sediments
from the rest of Port Phillip Bay. The last is a major
concern as the health of the bay depends critically on
maintenance of a high denitrification efficiency; declining
efficiency will lead to an increasing return of nitrogen to
the water column to drive algal production (Harris et al.
1996). The bacterial oxygen requirements associated with
decomposition of increased algal biomass will evenmally
drive bottom oxygen concentrations lower, impacting on
both infauna and fish. _ o 7

Reductions in N inputs are planned to reduce the
possibility of a decline in denitrification efficiency.

4.3.3 Channel dredging, spoil disposal and
beach replenishment
Physical disturbances caused by dredging, spoil dumping
and beach replenishment all cause similar effects on the
benthos. Typically they obliterate the bicta in the impacted
areas, but the biota re-establishes over the following months
or years. The regions in which each of these disturbances
has occurred in Port Phillip Bay are shown in Figure 4.3.
There are two regions of the bay that have been
significantly impacted by channel dredging and spoil
disposal. More than 100 million m? of spoil has been
dredged from approach channels and berths in the Port of
Melbourne since the 1880°s. Most of this spoil has been
placed in the Port of Melbourne spoil ground 15 km south
of the port (Figure 4.3). However, until the 194{’s spoil
was merely placed in the vicinity of the spoil ground rather
than actually within it. In the Port of Melbourne on
average 200,000 m? of spoil is deposited annually by the
Yarra River. Maintenance dredging is undertaken -as
needed and major dredging works occur every few years.
The Port of Geelong is sitnated well away from any
significant river or source of sediment input so
maintenance dredging of the shipping channel is less
frequent and is only required about every 10 years. A large
proportion of the Geelong Arm has been impacted by spoil
grounds resulting from capital dredging as the shipping
channel has been progressively deepened. High points
along a3 km and a 5 km section of South Channel require
dredging every few years (Figure 4.3). On average
150,000 m® of sand is removed annually from these two
sand wave fields.

The remaining dredging in Port Phillip Bay occurs in
the near shore zone and is necessary to remove sand
accumulated behind man made structures and to maintain
navigational channels for recreational boating. At.the
entrance to Queenscliff harbour 90,000 m? of sand are
dredged annually and a total of 75,000 m® of sediments
{sand and muds) are removed annually from rivers (e.g.
Werribee, Mordialloc and Patterson Rivers) and boat
harbours in the bay (St Kilda marina, Brigliton and
Sandringham yacht clubs).

Beach replensihment has been used to reduce coastal
erosion and restore beaches lost where seawalls have
diminished sand supply by preventing the erosion.of
adjacent sandstone cliffs. Beach replenishment results in
impacts at the site dredged to supply sand, on the beach
itself and usually at a temporary dump site in
approximately 7 m depth offshore from the replenished
beach. Usually sand of suitable grain size is dumped at
the temporary offshore site by a trailing suction hopper
dredge and subsequently pumped onto the beach by a
smaller cutter suction dredge.

4.3.4 Scallop dredging

Scallop dredging began in Port Phillip Bay in 1963 and
ceased in 1996 as a result of public concerns about its
environmental impact. The number of vessels engaged
in the fishery increased in the early years of the fishery
until nearly 200 vessels were involved when the fishery
first collapsed in 1968. Subsequently the number of
vessels engaged in the fishery was reduced and 84
vessels were licensed to dredge the bay for scallops
until the fishery ceased. Scallops were captured using
box dredges up to 3.3 m wide (mostly Peninsula
dredges, MMBW and FWD 1973). All but the
shallowest regions of the bay were dredged, but with
varying intensities. Most scallop dredging occurred
between 10 and 20 m, but after 1985 dredging was
illegal in areas shallower than 10 m in the east and

- shallower than 5 m in the west (Currie and Parry

1999b). Dredges remove on average 0.5 ¢m of surface
sediment (Black and Parry 1999), but removal of up to
6 cm of sediment has been measured (Black and Parry
1994). The area of Port Phillip Bay dredged varied
considerably between years, but on average in the
1980°s a dredge passed over 10% of the bay once
annually, and a further 4% of the bay had a dredge pass
over it at least twice (Currie and Parry 1996).

In an experimentally dredged area near St Leonards
dredging reduced the abundance of most infauna by 20—
30%, but impacted and control areas were difficult to
distinguish after 3.5 months (Currie and Parry 1996). The
long-term effects of dredging, particularly on epibiota,
are the subject of ongoing studies.
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4.3.5 Fishing
Commercial fisheries for finfish in Port Phillip Bay are
valued at more than $2 million annually, and each year
an estimated 2.7 million daytime angler hours are spent
in recreational fishing (Coutin ez al. 1995). Commercial
fishing methods used in the bay are line-fishing, seining,
trapping netting and squid-jigging. Trawling has never
been permitted. The major effects of finfish fisheries are
believed to be stock depletion of targeted species rather
than alterations or damage to the physical habitat.
Quantitative data on fish communities in the bay
before the 1970s are not available, but fishing pressure
must have changed these communities considerably from

their unfished state. Comparison of the results of surveys
conducted during the 1970’s and during 1991 (Hobday et
al. 1999} shows several changes in fish communities over
this period. A reduction in abundance of sand flathead,
yank flathead, tiger flathead and several other species
targeted by anglers and commercial fishers strongly
suggest that fishing has reduced the abundance of these
species. Over the same period there have been significant
increases in the abundance of non-target species (eastern
shovelnose stingaree, sparsely spotted stingaree, red
mullet), further suggesting that fishing has not only
reduced the abundance of some species but has increased
the abundance of their competitors.

1984
1984 P~ &
Geelong 2

1884-90

o

Key: o <20,000 m®
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Figure 4.3. Locations of dredged channels, spoil grounds and beaches subject to sand replenishment in Port Phillip
Bay. Far beach replenishment areas, the years in which replenishment occurred are given and the size of the

closed circles indicates the volume of sand used.
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5 VECTORS, SHIPPING AND TRADE
M L Campbell and C L Hewitt

Centre for Research on Introduced Marine Pes;(s, CSIRO Marine Research, GPO Box 1538, Hobart,

Tasmania 7001 Australia

5.1 INTRODUCTION

The link between introduction of exotic species into new
bioregions and the release of ballast water from shipping
is well documented (Smith and Carlton 1975; Carlton
1979: Carlton 1985; Simberloff 1986; Carlton et al. 1995;
Ruiz et al. 1997; Shigesada and Kawasaki 1997). Despite
the current recognition and acknowledgment of marine
introductions via modern vectors, the historic movements
of species by vessels may have led to the introduction of
species prior to biological surveys. The historical
movement of organisms was facilitated by wooden vessel
hull fouling and boring, early mariculture (due to a lack
of effective quarantine), and the discharge of semi-dry
and dry ballast. Hewitt (1993; unpub. ms) further
summarised the vectors into five groups: 1) hull fouling/
boring; 2) mariculture; 3) dry and semi-dry bailast; 4)
ballast water; and 5) intentional and unintentional (e.g.
the aquarivm trade) introductions. Changes in vessel
design, engines and structural stability over time have
resulted in reduced travel times. This may have led to an
increase in the number of recent introductions.

5.1.1 Vectors ,

Human mediated transport of species across
biogeographic barriers is not new (Carlton 1979, 1985,
1992; Crosby 1986; Carlton et al. 1995; Carlton and
Hodder 1995; Ruiz et al. 1997). The history of European
expansion however is linked with the modern era of
biological introductions (Crosby 1986; di Castri 1989).

Hull foufing and boring

Many fouling organisms (flora and fauna that attach to
the hull of vessels), and boring organisms (fauna which
bore into wooden hulls) are widely distributed with many
species having near cosmopolitan, though often disjunct
(e.g. present in harbours and ports) distributions. The fact
that most biological surveys were conducted long after
initial explorations and colonisation may have resulted
in a redistribution of the world’s fouling biota long before
specimen collections, thus obfuscating the origins and true
distributions of these species. The historic practice of
careening a vessel in order to scrape the hull and replace
rotten or damaged timbers may have significantly
contributed to the inoculation of hull fouling and boring

species. Hull fouling continues to act as a modern vector
for the introduction of numerous species (Coutts 1999;
Gollaseh and Leppakoski 1999). In contrast, boring
organisms relied explicitly on wooden hulls of vessels.
The advent of steel hulls reduced this vector to smaller
recreational vessels. Similarly the development and use
of various chemical based anti-fouling paints has acted
to reduce these vectors (however see Coutts 1999).
Maricufture

Mariculture transplants into Port Phillip Bay have a
limited history. The Pacific oyster, Crassostrea gigas, was
transferred to the bay in 1955 from Tasmania, where it
was originally introduced by CSIRO. As discussed in
Chapter 8, the Victorian populations of the oyster appear
to have failed, though recently a' population was detected
in Anderson Inlet (Coleman and Hickman 1986). The
blue mussel, Mytilus edulis, has been extensively farmed
in Port Phillip Bay since the 1970’s. There is no indication
that international imports of this stock have occurred.
Dry and semi-dry ballast

Ballast is required to stabilise vessels, providing trim and
stability. When used properly, ballast provides a vessel
with greater manoeuvrability and more efficient
propulsion. Vessels too light on ballast can have a greater
tendency to capsize, while vessels heavy on ballast may
lose speed and labour under excess weight. Before the
1840’s wooden vessels used dry ballast (rocks, shingle,
cobble, sand, or alternatively cargo such as timber, iron,
etc) but because ballast holds tended to accumulate water
either with uptake of the ballast materials, through
collection of bilge water, or through leaks in the wooden
huils, semi-dry conditions resulted leading to conditions
similar to intertidal habitats. As discussed below, the
discharge of dry ballast was significant during the 1800°s,
leading to regulations controlling its disposal during
deballasting. Dry and semi-~dry ballast has been implicated
in the introduction of a variety of species (see Chapters
9, 10, 15, 16 and 18).

Ballast water

By the mid-1840’s water ballast began to be used and
became more common in the 1850’s when colliers were
able to hold the water in purpose built compartments
(Carlton et al. 1995). Ballast water tanks started to become
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integrated with the refinement of vessel designs, Although
ballast water was used in the 1840’ the complete change-
over from dry/semi-dry ballast to water ballast occurred
more than 100 years later, in the 1950’s (Carlton et al.
1995). As discussed in depth elsewhere, ballast water is
an active modern vector (Carlton 1985, 1992; Carlton and
Geller 1993; Carlton et al. 1995; Williams ef al. 1988)
with numerous accounts of species introductions likely
to have been the result of ballast water transfers {e.g.
Carlton et al. 1990; Shushkina et al. 1990; Pollard and
Hutchings 1990a, 1990b).

Intentional and unintentional introductions

A variety of intentional introductions other than for
mariculture have occurred in Australian waters including
stock enhancements and wild fisheries establishment (see
Pollard and Hutchings 1990a, 1990b; Arthington and
McKenzie 1997). Few of these intentional intreductions
have occurred in Port Phillip Bay. In contrast, numerous
species are likely to have been transported and introduced
unintentionally in association with maricuiture activities
(Pollard and Hutchings 1990b; see also Chapters 6, 7, 8,
9,10, 12, and 13).

Vessel design changes

Wooden hulled sailing ships dominated world trade from
the 14" century until late in the 19 century (1860°s to
1870’s). Ship designs changed significantly during this
peried. The common vessel in the 14® century was square-
sailed with a single mast, commonly called a ‘cog’, used
by seafarers since early history. The cog was replaced by
the first truly ocean-going sailing ship, the caravel, which
were used for early exploration, This exploration was
largely motivated by the desire to find a sea route to the
Indies and Cathay when the Ottoman Empire began
blocking the land routes to the Orient (Macintyre 1972).
By the middle of the 15® century, square-rigged carracks
had replaced the carave] as the main trading vessel.
Alterations and improvements to the square-rigged
carrack focussed on warfare in the period ending with
the Napoleonic Wars (1815). This produced a variety of
ship types including the galleon; the ‘pinnace’; the frigate
(with sloop rig); and the brigantines such as the ‘snow’,
brig, galley, ‘shebek’, ‘turuma’ and ‘udema’ styles
(Macintyre 1972).

Merchant ships were also being refined, with ‘fluyt’ ships,
vachts and cat-built ships with a “hooker’ rig (e.g. Captain
Cook’s Endeavour) becoming common in the early 17%
century (Macintyre 1972). By the 1800’s, speed had become
an important focus in ship design. Speed was necessitated
by the Opium trade, where vessels needed to beat the
monsoons on passage from India to Europe (Macintyre
1972). The faster vessels (mostly schooners) gradually
became known as “clippers’ whose rig often denoted different
vessel types such as the barque and barquentine.
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The clipper sailing vessel eventually superseded older
vessel designs to become the dominant worldwide trade
vessel (Macintyre 1972), Clippers were softwood hulled
sailing vessels (often copper-sheathed to aid against
marine fouling and boring worms) capable of much
greater speeds than experienced previously {(Lubbock
1921; Macintyre 1972). The greater speeds were due to
their design and the use of lighter wood (Lubbock 1921;
Macintyre 1972). The new designs and speed afforded
the Clippers the ability to sail different, faster routes,
known as ‘great circle’ tracks and composite routes devised
by the American ‘wind expert’ Maury (Lubbock 1921).

One traditional route to Australia was the Admiralty
route where a vessel kept an eastward direction while
heading south, rounding close to the Cape of Good Hope
and then keeping north of the forties running their easting
down (Lubbock 1921). This passage would take, on
average, 120 days. In contrast, when using a Great Circle
Track, the Liverpool to Australia {(usually Melbourne)
trip was reduced by 1,000 miles, with a timesavings of
20-30 days (70-80 days transit time) (Lubbock 1921;
Bach 1976; Loney 1981). The Great Circle Track also
reduced the number of intermediate ports (e.g. Port
Elizabeth and St. Pauls Island) on the journey. Vessels
would leave Liverpool and sail non-stop, out of sight of
land until they landed at Cape Otway, en-route to
Melbourne (Bach 1976). Because of this speed, clippers
were goldrush vessels primarily used for passenger
transport (Bach 1976).

By the 1860’s softwood hulled clippers were showing
their age and fragility. The softwood, once seen as a great
advantage, was easily damaged and after a decade of use
was becoming dilapidated. Softwoods were soon replaced
by the new iron hull designs. Iron hulls initially began as
an iron/softwood composite, having iron frames and
timber planking (Macintyre 1972; Bach 1976). As
techniques were refined, all-metal hulls became more
common and were better suited to the long-distance
carrying trade that began to flourish in the 1870’s and
1880’s (Bach 1976).

A second major change in vessel design was the
introduction of steam power that resulted in increased
speeds and an alteration of trade routes since vessels no
longer had to rely on trade winds. Steam vessels began to
appear in the cargo trade in the 1860°s, becoming
established by the 1870’s due to the invention of the screw
propeller (Macintyre 1972; Bach 1976, Fitchett 1980).
Despite the advent of steam powered vessels, sailing
vessels continued to dominate the passenger and cargo
trades (especially the wool trade until 1880’s) until the
late 1890°s (Macintyre 1972; Bach 1976). This was in
part due to the depressed conditions in the world shipping
industry in the 1870’s (Bach 1976). Steam vessels
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however, quickly became prime carriers of the mail
because of their speed. The mail lines between Sydney
and Britain took approximately 43 days via the Pacific
route and 48 days via the Suez route by the end of the
187(rs. By the 1880’s, steam vessels were operating in
the passenger trade and by the end of the century steam
vessels had all but replaced sailing vessels on overseas routes.

Ship designs continued to be modified, as engine
designs became more efficient allowing greater storage
space and more speed (Fitchett 1980). By 1901 vessels
were capable of travelling between London and
Melbourne in 48 to 31.5 days (Bach 1976). Further engine
modifications occurred in the 1920°s with motor vessels
replacing steam vessels and hence fuels changed from
coal to oil (Dunn 1973). These changes greatly increased
cargo space and lowered operating costs. During the
19207, further changes that may have increased speed
were ignored because of the generzlly held belief that to
increase speed involved increasing length and draught.
Many of the ports were capable of handling increased
length but were too shallow for increased draught. Yet,
the expected increase in draught was never fully realised.
The next innovation was the diesel engine. From 1918 to
1939 a third of overseas tonnage entering Sydney and
Melbourne was diesel powered (Bach 1976).

World shipping trades were reduced somewhat during
World War I (WW I) and World War II (WW II), with a
depression in shipping activity which never really
vanished (Bach 1976). This depression halted the
introduction of new vessel types, however the wars saw
many vessel modifications that later became introduced
onto the world-shipping scene. The first such modification
was the bulk carrier, iniroduced into Australia by BHP
for domestic interstate trade in 1943, During the 1950°s,
the bulk carrier was said to have saved the interstate
shipping trade from extinction. Bulk carriers allowed a
great increase of both wet and dry cargoes and again
increased ship size. The 1940°s also saw the development
of the container ship developed to carry in the hull and
on the deck standardised cargo containers, which meant
that port equipment modified to handle containers could
save time through better cargo handling practices.

Cost reductions became paramount during the 19407
and innovations such as Roll-On Roll-Off vessels (RO-
RO), various forms of side loading ships, special purpose
carriers for liquid chemicals and barge-carrying ‘lash’
(lighter aboard ship} ships (Bach 1976). The first fuli-
cellular container ship service started in 1958, in Hawaii,
with Australia starting to use such vessels in 1964.
Container ships began making round trips between Britain
and Melbourne in 1967. This container ship route was
expanded in 1972 to include Europe, New Zealand and
the east coast of North America. Further expansion of

container ship routes occurred in 1975. By 1972, bulk
cargoes accounted for 73% of world trade. By mid-1973
tankers accounted for 40% of the world fleet, ore and
bulk carriers for 24%, general cargo for 27% and fishing
vessels for nearly 4% (Bach 1976). Lash vesscls were
first seen in Australia in 1973, where they operated
between the west coast of North America and Australia,
with Port Phillip being their first port of call (Bach 1976).
With the increase in bulk carriers the purely passenger
trade declined {from 40% in 196162 to-21% in 1967)
because alternative methods of travel proved faster,
cheaper and more comfortable.

From the 1970’°s on-wards many shipping innovations
have occurred. The primary aim of these innovations was
to reduce costs associated with carge handling and
increase profits through increased speed and cargo
carrying capacity. Numerous types of vessels arc on the
oceans today. Carlton ef al. (1995) was one of the first
publications that attempted to classify vessel forms
establishing three major divisions of vessels: passenger;
cargo; and specialised.

5.2 TRADE ROUTES

The following historical account of Port Phillip Bay and
the trade routes that developed during its history is by no
means comprehensive, but aims to give an overview of
the historical sequence relevant to biological invasions.
The history of Port Phillip Bay is grouped into four
periods, each associated with a significant shift in the
shipping activities and routes. While it is recognised that
Aboriginal history pre-dates this review, it is assumed
that the likelihood of introductions of marine organisms

was low during this period.

5.2.1 European exploration and
colonisation
The history of Eurapean influence in Australia is relatively
short (Crosby 1986). Tn 1768, the British lay claim to
‘discovering’ the Australian continent, despite previous
European contact much earlier by the Spanish, Portuguese
and French. Van Zanden (1997) discusses the Enropean
exploration by the Dutch explorer Willem Janszoon. Other
reposts suggest that the Portuguese landed within Port
Phillip Bay in 1522 but did not settle the area (Priestley 1984)
though this is considered to be unlikely by other historians.
The first recognised European activities in the region
were sealing and whaling that operated in the Bass Strait
since 1796 and often used Western Port as a home base
(Shaw 1997). The sealers and whalers were primarily
Americans who often had contact with vessels that
traveled vast distances, such as from China (Shaw 1997).
Contact with such vessels was not uncommon and as a
consequence, the port and city of Launceston was founded
in Tasmania in 1798 in order to capitalise the trade. The
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East India trade used this route around Australia to their
destination in Canton rather than a stopover in Sydney as
it shortened the Europe-Australia leg by 700 miles (Bach
1976).

Although Western Port was frequented regularly, Port
Phillip Bay was not subject to colonial exploration until
the threat of French accession of land in Australia
prompted the British to explore and establish Port Phillip.
This threat originated from the French explorer Nicolas
Baudin, who identified Western Port and surveyed the
coast west of Cape Otway but failed to explore Port Phillip
Bay (Leggett 1949; Shaw 1997). The fact that the Heads
of Port Phillip Bay were treacherous may have added to
the bay remaining unknown to colonial nations until the
British entry of the heads in 1802.

The British ‘discovered’ Port Phillip Bay in February
1802 when John Murray on the Lady Nelson entered the
heads (Shillinglaw 1972; Ruhen 1976; Loney 1981; Shaw
1997). In April, of that year Matthew Flinders entered
the bay on the Investigator and anchored near Sorrento.
The next vessel to visit the bay was the Calcutta, bringing
English convicts and settlers in 1803 (Shillinglaw 1972,
Bateson 1985). The journal of Reverend Robert
Knopwood recounts the voyage of the Calcutta as it sailed
the popular ‘Cape of Good Hope® Admiralty route used
by the British when travelling to Sydney (Shillinglaw
1972). Typically, vessels left from Portsmouth traveling
to St. Helens, on the Isle of Wight, then Yarmouth Roads,
Isle of Wight, anchoring at Santa Cruz roads, Tenerife,
sailing on to St. Jago (Cape de Verde Islands), passing
the equator and anchoring at Rio de Janeiro. If the vessel
needed either repairs or re-supply this was conducted here.
From Rio de Janeiro, the vessel would pass the Tropic of
Capricomn and anchor at Simon’s Bay in South Africa,
Simon’s Bay was often used as a layover in bad weather
or for careening and repair. From Simon’s Bay the vessel
then passed through St. Pauls Island, anchoring 19 days
later in Port Phillip. The Calcutta’s original voyage to
Port Phillip took 172 days and was disrupted by bad
weather, which forced a 20 day stop-over at Rio de Janeiro
and a 13 day stop-over at Simon’s Bay. After arriving in
Port Phillip a small settiement was established, which
1asted for three months (1803-1804) before moving on to
Hobart town (Shaw 1997). The next vessel to enter the
Bay was the Cumberland in February 1803, which was
the first vessel to sail around the entire bay and performed
the first bay-wide biological survey (Loney 1981).

From 1803 until 1835, only three ocean-going western
vessels were reported to have entered the Bay; two
government vessels needing shelter during travel from
Hobart to Sydney and one whaling vessel involved in
whaling in the Antarctic. This may be an underestimation
of visits during this time, as the Hobart built schooner
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Enterprize regularly sailed between Sydney and
Launceston, and was sold in 1835 to sail the Launceston-
Melboume route. However, historical records that were
reviewed indicate that no further ocean-going vessels
entered the bay (Shaw 1997),

In 1835 the Launceston settlers Batman and Fawkner
seftled at Indented Head and Melbourne, respectively, thus
beginning the Port Phillip District. Although, it wasn’t
until 1836 that colonial settlement was ‘officially’
allowed. Captain Lonsdale landed on Port Melbourne
beach in 1836, arriving from Sydney on the sloop HM
Rattlesnake. T1e bought with him the barque Stirlingshire
and the brig Martha (Priestley 1984; Shaw 1997). They
carried stores, building materials, surveyors equipment,
a detachment of 30 men, three surveyors with seven
convicts each, two customs officers, four constables and
a further 10 convicts to begin the building of the settlement
{Shaw 1997).

During these early years, the first two marine trade
routes were established: running from Launceston and
Hobart to Port Phillip (Pemberton 1979; Wild 1950; Shaw
1997). This initial trade was established for passengers
and shipment of livestock to Point Henry (Pemberton
1979, Priestley 1984). In 1835, a smaller intrastate run
between Melbourne and Geelong began (at Point Wilson),
which became permanent by 1839 (Pemberton 1979;
U’Ren and Turnbull 1983). A trade route soon began
operating between Sydney and Port Phillip. By 1839 the
trade routes had extended to encompass interstate routes
between Sydney, Hobart and South Australia; intrastate
routes between Geelong and Melbourne and international
routes to Great Britain and New Zealand (Pemberton
1979; Shaw 1997).

The East India Company’s monopoly of British trade
between the Cape of Good Hope and the Straits of
Magellan limited trade between British colonies (Staples
1966; Bach 1976). For the first three decades of Port
Phillip’s existence, these restrictions prohibited all British
ships not belonging to the company, nor enjoying special
concessions granted by the company, from trading with
any port within its prescribed limits (Bach 1976). The
British East India Company lost much of its power during
the Napoleonic Wars (1800—1815); by 1813 the company
also lost the Indian commercial monopoly and by 1834
had become a purely administrative authority (Staples
1966). The British/China trade monopoly thus ended in
1834, when the restrictions were repealed in Parliament.
However, the British Navigation laws restricting foreign
competitors, remained in place (Bach 1976).

Trade in Port Phillip Bay was primarily British at this
time, although trade with the East Indies, India (Madras
and Calcutta), China and Hong Kong started to develop
between 1835 and 1850 (Staples 1966; Bach 1976).
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Britain used three main trading areas in the Indian Ocean
Region: the Indian coastal waters; the Malay Peninsula
and Archipelago; and the coastal waters of Australasia.
Of these trading regions, there were six British territories
{Bombay, Bengal, Madras, Singapore, Ceylon-and New
South Wales) and the Dutch East Indies (e.g. Batavia,
Java, Moluccas spice islands, Dutch Timor, South Sumatra
and Banca). These territories typically .dealt with the
metropolitan ports of London and Amsterdam.. Britain
considered inter-territorial, American and other European
trade, as unimportant (Staples 1966). As a rule, British
ships dealt with the larger ports (such as Singapore and
Bombay), while coastal traders from the islands and
smaller ports brought their trade to these larger ports.

When British ships dealt with smaller ports such as Java,

the smaller port would often record the transaction,
however when arriving at the next larger port the vessels
last port of call would be ignored and instead it would be
recorded as arriving from its last large port {e.g. Australia)
(Staples 1966). Thus, port records of shipping through
the Indian Ocean Region during this period are imprecise
and ship’s logs must be consulted directly to determine
the actual trading practices.

Trading activity was influenced by the availability of
commodities from the Indian Ocean Region included tea
{China and Java), sugar and coffee (Mauritins and Java),
rice and tobacco (Java) and wheat (Chile) {Staples 1966;
Bach 1976). Java and India quickly replaced many
traditional commodity markets from the west.of Cape of
Good Hope, but manufactured goods continued to
otiginate from Buropean and North American markets.
External factors such as the Java Wars (1825-1830) and
the Opium Wars (1839-1842 and 1856) in China often
affected exports from the Indian Ocean Region (Staples
1966). Trading activity suffered from the worldwide
collapse of maritime trade from 1830-1833, proceeded
by another depression in the 1840’s (Staples 1966).
5.2.2 Immigration
The first British immigrants arrived in 1839, having been
sent on from Sydney in the barque Hope (Pemberton 1979;
Shaw 1997). This year also saw the first immigrant vessel
that sailed directly to Melbourne: the David Clarke from
overseas (Strahan 1994). During 1839, 11,500 immigrants
from British ports (London, Liverpoel, Plymouth and
ports in Ireland and Scotland), made the 3—4 month trip
to Port Phillip Bay. Immigrants went through the
quarantine station at Point Ormond on arrival in Port
Phillip and then moved on to Melbourne or Geelong
(Shaw 1997). ‘

During the increase in shipping between 1838 and
1839 a number of ships were lost to disasters (e.g. shoaling
and sinking) inside Port Phillip Bay. These losses initiated
the placement of buoys, channel markers and the building

of lighthouses. By 1840, Port Phillip and Geelong posted
their first ballast and port regulations developed to control
the discharge of dry ballast in order to prevent the creation
of shoals and other shipping hazards (Thompson 1841;
Kerr and Kerr 1979).

With the immigration of scttlers came the
establishment of port facilities. The first pier in Geelong
(Stony Pier) was built in 1840, followed by the Steam
Packet Wharf in 1847 (Holden and Loney 1969).
Melbourne port facilities began with the left bank of the
Yarra River used as a wharf (Ruhen 1976). By 1840, at
least 52 overseas vessels had visited the bay, primarily
by way of Sydney or Hobart (Thompson 1841; Ruhen
1976; Shaw 1997).

Immigration was high in 1841 and 1842, however the
depression in 1843 resulted in few migrants arriving in
Port Phillip. This shortage of migrants resulted in a
shortage of labour in the settlement. To overcome this
shortage the Melbourne Immigration Society brought over
Tasmanian men for labour in Melbourne and Geelong
(Shaw 1997). Immigration continued to rise and fall with
a general decline in numbers occurring after 1847,
Between 1846 and 1851 local and internaticonal
immigration increased the population by 32,000, In the
1840’s immigrants usually came by way. of Sydney or
Hobart on the Clonmel, Seahorse or Shamrock (Bach
1976).

Fewer new trade routes were opened, an exceptlon
being the development of a bay-wide shipping service,
trade with Manila and occasional trade across the Pacific
(Bach 1976; Pemberton 1979; Shaw 1997). The Manila
trade supplied Australia with sugar, coffee, cordage, cigars
and hats (Bach 1976). This trade followed the route to
Manila via Sydney and the Torres Strait, refurning around
the west via Cape Leeuwin and returning to Melbourne
{Bach 1976). Concurrently, trade with Calcutta expanded
to include: sugar, silk, rice, canvas sacks, hemp, rum and
horses.

A Pacific trade began by the late 1840’s, catering for
the demand of Newcastle coal in California (Bach 1976).
QOccasional trade for exporting whaling products was also
occurring with various islands (siill considered to be part
of Australia at this time) and South America (Bach 1976).
In 1849 the British Navigation laws were repealed,
allowing foreign competitors to challenge the British
meonopoly (Bach 1976).

As mentioned earlier, the Opium Wars (1839-1842 and
1858) affected shipping in Ausiralia. As a British colony,
Australia was involved in these conflicts through the supply
of enlisted of men and the use of vessels. The outcome of
the first war was the Treaty of Nanking, which ceded Hong
Kong to Great Britain and opened other Chinese ports to
British residence and trade (Wallbank et al. 1992). The

CRIMP Technical Report Number 20




50  Vectors, Shipping and Trade

French and Americans were soon (1844) afforded the same
provisions as the Nanking Treaty. The outcome of the 1856
Opium War was the Treaty of Tientsin. This treaty again
opened new ports to trading and allowed foreigners with
passports to travel in the interior (Lubbock 1967; Wallbank
et al. 1992). Thus, until the Opium Wars, Chinese ports had
restricted trade and access with foreign vessels.

Convicts started to arrive in Port Phillip during the
1840°s. Port Phillip received 13 convict ships between
1803 and 1849. The first convict ship was the Calcutta,
which arrived in 1803. After the Calcutta, convict ships
were not seen in Port Phillip until 1844. The majority of
convict ships came by way of Hobart (e.g. Sir George
Seymour in 1845; Stratheden in 1846; Marion in 1848;
Anna Maria in 1848; Eden I'in 1849 and Adelaide in 1849)
although two vessels came directly via the Cape of Good
Hope (Hashemy in 1849 and Randolph in 1849; Bateson
1985). Often convict voyages would take between 102 to
168 days. Convict shipping ceased by the end of the 1840’s
to Port Phillip, and by 1852 for Tasmania and New South
Wales due to areduction in labour shortages (Bach 1976).

5.2.3 The Gold Rush
In 1830, the Port Phillip District separated from New South
Wales (NSW) and became Victoria, An announcement of
gold at Clunes was made in 1851 shortly after separation.
Gold was suspected at Castlemaine as early as 1838 but an
announcement of the Clunes’ goldfind in 1849 was
suppressed until Victoria had separated from NSW (Shaw
1997). Meanwhile, the wool industry was aiso expanding,
becoming Geelong’s mainstay industry until the present
(Wild 1950). Australian wool began export to Britain in 1839
(Kerr and Kerr 1979) and became one of Britain’s biggest
imports, its value exceeding that of cotton (Staples 1966).
The population of Victoria swelled from < 40,000 to
416,000 in five years after the announcement of gold
(Bach 1976; Wild 1950). Immigrants came frot England,
Scotland, Ireland, China, Wales, Germany, United States,
France, Italy, Spain, Poland, Denmark, Norway, Sweden
and India to try their luck on the goldfields (Thompson
1841). Routes used to travel to Australia were still largely
based on Great Circle Tracks, with vessels traveling via
the Cape of Good Hope, Cape Horn or trans-Pacific.
Port facilities expanded with the incoming populace.
Developments in Geelong included: the devotion of the
Hutton wharf to ballasting vessels; the Yarra pier was built
in 1852; Conningham pier was built in 1855, only to be
replaced in 1864; the Moorabool Street Pier was built (it
fell into disuse in 1938 and was demolished in 1949); a
magazine jetty at Limeburners Point was built in 1856;
the Geelong yacht Club was established; and the bar
across Corio Bay was dredged for the first time in 1856
from 10 to 13 feet (Wild 1950; Holden and Loney 1969).
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The expansion of the mail service due to the gold rush
was an essential service enabling immigrants to keep in
contact with their homelands. The initial mail run, using
the Peninsular and Oriental (P & O) Company’s ships,
operated from Singapore to Sydney by way of Westemn
Australia (King George Sound) and started in 1852. A
second mail contract for every alternate month to Australia
via the Cape of Good Hope was tendered to the Australian
Royal Mail Steam Navigation Company (Bach 1976;
Fitchett 1980). P & O were offered a continuing contract
at the completion of their first term in 1858 that extended
their run to Aden, Mauritius, Point de Galle in Ceylon
until 1866 (Bach 1976). Although the mail run had existed
for many years, it was not until 1880 that a direct service
began from Melbourne to Britain (Jackson 1996). The
first trans-Pacific steamer service also began in 1866,
running from Panama to Sydney by way of Tahiti.

Coastal shipping (domestic inter- and intra-state)
expanded rapidly with the great influx of population.
Steamers and sailing vessels conducted a large passenger
trade between Launcesion and Melbourne (Bach 1976).
A run between capital cities began with 15 steamers
operating by the end of 1833. Services had extended to
the north with vessels travelling from Sydney to Curtis
Bay and Rockhampton and returning as far south as
Melbourne by 1860. A southern service also began that
ran from Sydney to Two Fold Bay (Eden), to Melbourne
and on to Tasmania. Melbourne’s coastal shipping also
extended out to Wilson’s Promontory in the West and east
to the Gippsland coast (Bach 1976).

The goldrush led to an increase in the number of
vessels abandoned in ports and on beaches. Some
abandoned ships were dismantled and others put to use
as coastal lighters and prison hulks (Ruhen 1976; Loney
1981). The ship Lysander was one such vessel, Abandoned
by her crew, it was converted by the government into a
prison hulk (Loney 1981). Between 1852 and 1855 five
prison hulks (Success, Sacramento, Deborah, Lysander
and President) became a common sight on the shores of
Hobson’s Bay (Loney 1981; Strahan 1994). This was
largely due to the failure of the tickets-of-leave system
(adopted after the Tasmanian and Norfolk Island prisons had
been abandoned) in controlling prisoners (Strahan 1994).

One of the changes seen in the 1850’s. was the
development of a Conference System. Shipping services
became divided into two categories (Conference and Tramp).
Conference shipping was concerned with regular voyages
on a specific route, while Tramp shipping had no specific
schedule or route. Conference shipping carried both
passengers and cargo, in accordance with a guaranteed usage
of particular routes resulting in a scheduled timetable. Tramp
shipping tended toward bulk cargoes of a single type, in order
to occupy the majority of the ship’s carrying capacity.
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By the end of the gold rush years, the townships of
Melbourne and Geelong had greatly expanded, yet their
ports were still lacking many services. For example, no
graving dock was available in Melbourne until the 1860°s
(Cook 1958). A small slipway existed on the river in
Melbourne, one small slipway existed at Williamstown
and a floating dock also existed at Williamstown, All
vessels drawing more than 8.5 feet had to anchor outside the
mouth of the Yarra and ighter their cargo ashore (Bach 1976).

5.2.4 Modern sh:ppmg

From 1860 until the early 1900’s, the majority (93%) of
total tonnage in Australian waters (and worldwide) was
British. Despite the majority of shipping under the British
flag, foreign vessels commonly entered Port Phiilip. For
example, the US Confederate Navy’s ship, Shenandoah
visited Melbourne in 1865. The Shenandoah was repaired
at the Williamstown slip and took on food, water and
recruited 42 Melbournians to aid in the US Civil War
{Cook 1958; Crompton 1993; J Cossum pers. comm.). A
direct trade route between New Zealand and Melbourne
began in 1860, This trans-Tasman route provided a service
to Otago and Canterbury, expanding in 1873 to include
Bluff, Otago, Lyttelton, Wellington, Nelson, Greymouth
and Hokitika (Pemberton 1979). This direct service
transported troops to New Zealand for the Maori Wars
(which lasted on and off for 12 years), then subsequently
transported diggers (Australian Army) to the Otago
goldfields in late 1862. A regular service between Sydney,
Nelson, Wellington and Dunedin was established
subsequently (Bach 1976). Since the 1849 abolishment of
the British Navigation Laws many foreign (British, French,
German, Ttalian, Norwegian and American) steamship lines
began to operate in Melbourne (Priestley 1984).

Coastal trade continued to develop, with P & O
running a service, from Melbourne to Albany by way of
Adelaide in 1862. Services also ran from Melbourne to
Geraldton, with extensions to Shark Bay and Carnarvon
until 1927. The interstate trade continued to grow in the
1860’s, with Gippsland being the most significant (Bach
1976). Melbourmne started to loose some of its importance
because of competition with roads and the development
of other more competitive ports on the coastline. With
this decline, Melbourne became aware of the problem of
having its city upstream. Two choices to improve their
situation were either to leave the ships in the bay and
transport the cargo to the city or to create a waterway to
the city. A decision was finally made in the 1870’s; the
ships would be taken to the city. ,

The Port of Geelong continued to develop and upgrade
their facilities. Limeburners jetty was replaced in 1866
with a wooden jetty. In 1889, Station Pier (originally
known as Railway Pier) had been deepened and was thus

opened to steamer vessels and vessels withlarge draughts
(Kerr and Kerr 1979). In 1893 the Geelong Channel was
finally opened, allowing more vessels into Corio Bay
(Wild 1950). This was a long awaited event, with the bar
across Corio Bay often being blamed for the fewer vessels
that visited Geelong (Kerr and Kerr 1979; Wild 1950).

The Suez Canal opened in 1869 creating a second
route for vessels traveling from England to Australia and
vice versa. Prior to the opening of a waterway, vessels
could take cargo to the Suez, unload and move the goods
across Egypt to the port of Alexandria, once again load
goods onto vessels and depart for northern destinations;
this route was risky and time consuming (Staples 1966;
Fitchett 1980). The British mail lines particularly favoured
this practice, with P & O keeping this service going, even
after the canal opened, although it was more costly.
Contrary to popular belief, the Suez only shortened the
Cape of Good Hope route to Australia by 900 statute miles
and was used primarily because it cut almost 4,400 miles
off the route to India, China, Smgapore and Malaysm
(Fitchett 1980). .

A new trade route opened to the-west coast of North
America in 1870 (Pemberton 1979). This trans-Pacific
roufe went from Melbourne to Honolulu, onto Vancouver,
down to Seattle, Tacoma, Portland, San Francisco and
Los Angeles before returning to Melbourne and was run
by the A.S.N. company (Bach 1976; Pemberton 1979).
The Fiji to Britain service ended in 1874, with the A.S.N.
Company stepping in to re-establish a route between
Sydney and Fiji. This route was maintained until 1928
(Bach 1976). A China trade was explored in the 1870’s, -
however it was decided that little profit could be made
and the idea of a service was shelved (Bach 1976). In
1875, the Suez Canal was deepened, although it-was still
shallower than the entrance into Port Phillip Bay (the Rip).
By the end of the 1870’s the mail lines from Sydney to
Britain took approximately 45 days via the Pacific and
approximately 48 days via the Suez (Bach 1976).

A Harbour Trust. was eventually established in 1876.
One of the first issues to be addressed was the extension
and deepening of the piers at the river entrance upstream
wharves. Secondly, the port facilities needed to be moved
upstrearn. In 1878, Sir John Coode recommended that
docks be set up as close as possible to railways and the
comimercial area of the city. This was agreed to by the
Harbour Trust in 1883 and work began by the 1890°s.

The first of the Boer Wars began in 1880-1881 due to
the repressive policies of the British Governor of the Cape.
The South African Boer Republics revolted against the
annexation of the Transvaal and the Orange Free State
and secured limited self-government. Tensions between
the Boers and British were further aggravated when gold
and diamonds were discovered in the Transvaal. Once
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again, the British policies created an untenable situation
leading to the Boers attacking the Cape Colony and Natal
in 1899. This second war lasted until 1902. During this
time, services to the Cape colony were disrupted. Australia
was obliged to send troops and provide vessels (such as
the White Line's Medic) in aid of the British. This
disrupted coastal and international shipping, with many
coastal vessels requisitioned to transport soldiers (Bach
1976). Merchant shipping was re-routed through the Suez
or around Cape Horn (South America), to avoid the
dispute, with the Cape of Good Hope route being re-
established after the completion of the second war.

The 1880°s saw the establishment of many direct trade
routes to Melbourne. As mentioned earlier, one of the first
direct routes to be established was that of the Melbourne/
Britain mail service. This was followed in 1881 with
routes to Fiji, Papua New Guinea, New Britain and New
Ireland (Pemberton 1979). Direct services to the European
continent and India also began (Bach 1976; Priestley
1984). In 1883 a French Line, Messageries Maritimes,
operated a direct shipping link between Europe and
Melbourne, which was soon followed by a German Line
in 1887 (Bach 1976). The India direct service began in
1889 and ran from Melbourne to Colombo, onto Madras
and finally to Calcuita before returning (Pemberton 1979).
Intrastate trade also expanded to a Lakes Entrance/
Melbourne tourist service. This service saw a slump
during the 1890’s but had recovered by 1900 and
continued to service the Lakes Entrance until the 1930°s
(Bach 1976).

As the amount of traffic increased, the diversity of
vessel types visiting Port Phillip Bay also increased. It
was soon realised that the entrance was too shallow for
many vessels to safely negotiate the Rip. Between 1881
and 1883 the reef at the Rip was blasted to deepen the
entrance channel. The Suez was still shallower than the
Rip and hence deepening did not have to be excessive.
However, plans to increase the depth of the Suez to 33
feet (11 m) by 1920 led to a long term channel plan (Bach
1976). Plans for future deepening and widening of the
Rip were made with the first stage to increase the entrance
draught implemented in 1901-1903. By 1913, vessels of
38 feet (12.6 m) draught began using the Cape route and
had trouble entering the bay since the Rip was blasted to
a maximum depth of 33 feet (11 m). Two additional
blastings in 1916 occurred. However, more blasting was
implemented in 1943 to deepen to Rip to 43 feet (14.3 m).
By 1969 the Rip was considered safe for vessels with a
draught of 38 feet (12.6 m) to enter (Bach 1976).

Expansion of shipping services continued in the
1890°s. A second direct service to New Zealand and a
trans-Pacific route to Canada began in 1893, By 1898 a
steamer service to Singapore had also started and Japan
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and China were also linked with Australia (Bach 1976;
Pemberton 1979). Port maintenance in Melbourne began
with the completion of the 96 acre Victoria Dock in 1892,
first used in 1893 (Bach 1976; Kerr and Kerr 1979). A
depression (probably linked to the Boer War and increased
tonnage) once again hit the port, holding up much of the
work on wharfage until 1903. The Princess Pier was
opened by 1915. Port improvements continued into the
1920°s with a rebuilt Station Pier opened in 1922 and the
Ferguson Street Pier in Williamstown opened in 1927
(Priestley 1984).

By the turn of the century, voyages from London to
Melbourne had been reduced from 48 days to 31.5 days.
The emphasis on the Cape of Good Hope trade rouie had
diminished, with the majority of Australian wool, meat,
fruit and butter being exported via the Suez Canal (Bach
1976). In 1913 the Cape route was still used by 75% of
the regular British steamers outward bound to Australia.
However, on the return journey 32% went by way of the
Cape of Good Hope, 28% carried on around Cape Horn
and 40% used the Suez Canal (Bach 1976). A brief direct
service to Calcutta began in 1902, This was followed in
1905 with a stearner service to Norfolk and Lord Howe
Islands and the New Hebrides (Pemberton 1979). Eight
years after the Boer War, an extended service was
established to South Africa, via Mauritius that visited
Delogoa Bay, Durban, East London and Capetown
(Pemberion 1979). A service to Japan began in 1912,
however this service and others were soon curtailed by
WWI (Pemberton 1979; Priestley 1984).

The Federation of the Australian States occurred in
1901 with celebrations around Australia. Melbourne
celebrated in typical fashion, hosting foreign ships from
around the world. Vessels such as the American USS
Brooklyn, the Russian Gromoboi, the German ships
Kormoran and Hansa, the Netherlands Navy’s
Noordbrabant, the Royal Australian Squadron with the
flagship Royal Arthur and HM ships St. George, Juno,
Ringarooma, Wallaroo and Mildura all visited Melbourne
to help with the celebrations. The entire US “White Fleet”
visited Melbourne in 1908 and again in 1921 (J Cossum
pers. COmim. ).

Up until 1914, two routes operated from England to
Australia: the Suez Canal and Cape of Good Hope. In
1914, a third route began across the Atiantic, through the
Panama Canal and onto Australia, across the Pacific
(Fitchett 1980). In 1914, six lines (Aberdeen Line, Blue
Funnel Line, Orient Line, P & O Line, P & O Branch
Line and White Star Line), with 42 vessels were operating
along these three routes (Fitchett 1980). Aberdeen, Blue
Funnel, P & O Branch and White Star operated on the
Cape of Good Hope route, whilst the Orient and P & O
operated via the Suez (Fitchett 1980). Each line offered
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different ports of call: The Aberdeen Line’s usual route
called at: Sydney and Melbourne, Australia; Durban and
Capetown, South Afvica; and Plymouth and London,
England. The Blue Funnel Liners called at Sydney,
Melbourne and Adelaide, Australia; Durban and Capetown,
South Africa; Liverpoo] and Glasgow, UK. P & O Branch
called at Sydney, Melbourne and Adelaide, Australia; Durban
and Capetown, South Africa; and London, whilst the White
Star liners ran via Sydney, Melbourne and Albany, Australia;
Durban and Capetown, Squth Africa; Plymouth, London and
Liverpool, UK (Fitchett 1980).

The First World War began in 1914 and lasted until
1918. Unlike other wars (Napoleonic, Maori, Opinm and
Boer), WWI interrupted trade across the globe. Similar

.to WWI, WII had major influences on Australian and

global shipping routes and services. Vessels were
requisitioned (such as the Esperance Bay (2), Jervis Bay
and Indarra) by the Australian and British governments,
which halted intrastate and interstate shipping trades
activities (Dunn 1973; Bach 1976; Fitchett 1980). Defence
force personnel were sent to war, leaving a depleted work
force. Coastal shipping remained under the wartime
control system until 1947, Immigration again escalated
with an exodus of refugees in the pre- and post-war era.
Australia took in the largest proportion of displaced
persons, with 75,000 refugees coming to Victoria between
1935 and 1954 (Strahan 1994).

In a bid to reduce Aunstralia’s reliance on foreign
shipping, after WWI, the government introduced state
owned/state controlled fleets (such as the Australian
Commonwealth Line and the Aberdeen and
Commonwealth Line Ltd). This was unsuccessful,
resulting in the fleets being sold to foreign investors during
the 1920°s (Bach 1976; Fitchett 1980). A new shipping
depression had begun triggered by excessive tonnage. This
depression lasted from 1918 to 1939. During this
depression tramp shipping suffered the most (Bach 1976).
Although a depression was occurring, new services
continued to develop. In 1921 a service to Java and
Singapore via Sourabaja and Samarang began (Pemberton
1979). This service was later (1935) extended to Hong
Kong and Saigon.

In 1932, the Australian Navigation Act provisions were
relaxed allowing overseas vessels to operate in the
interstate tourist trade (Bach 1976}, This further directly
opened up Australia to vessels that had operated in other
bioregions. Other changes soon took place on the
Australian port scene. For example, timber decking on
wharves was phased out as reinforced-concrete decks
replaced the old timber decks. Dry docks were established
in the Yarra and at Williamstown. The emergence of the
bulk carriage vessels, after WWII, required the
development of specially constructed berths, with

sophisticated equipment. The berths also required
dredging and approach channels needed widening and
deepening (Bach 1976). By 1969, Victoria and Appleton
Docks catered for vessels up to 31 feet (10.3 m) draught
and Port Melbourne Pier and the oil terminal at
Williamstown catered for vessels up to 37 feet (12.3 m)
draught (Bach 1976). ‘ )

World trade and shipping tonnage expanded greatly
after 1948. Australian trade developed East Asian markets,
particularly Japan. North American routes also expanded
while the traditional European and British trades have
been lost. Major services to Japan in 1969, included
vehicle-deck and container lines (Bach 1976; Pemberton
1979). A Japanese passenger trade also began in 1962
(Pemberton 1979). Three container lines between the East
Coast of North America using offset-ramp ships started
in 1969 (Bach 1976). By 1972, trade services included a
container ship route between Europe and Australia. This
new service traveled via the Cape of Good Hope to
Australia and then went on to New Zealand and back to
Europe via the Panama Canal and the East Coast of the
USA (Bach 1976). A trans-Pacific. service to the West
Coast of the USA was also operating. By 1975, a new
container ship service to the Philippines, South Korea,
Hong Kong and Kaohsiung had begun (Pemberton 1979).
A service to Malaysia also began in 1977.

Rationalisation and specialisation had saved the
coastal shipping industry in the 1960’s. This rational-
isation saw the disappearance of the small, short-haul
intrastate coaster and specialised passenger liners and the
development of the Coastal Shipping Comrnission, which
instigated the Coastal Shipping Agreement Act (Bach
1976). New interstate services also started with the 1959
Melbourne to Devonport passenger ferry, a four-weekly
service in 1960, from Melbourne to Mackay, Townsville
and Cairns, a general-cargo service between Melbourne
and Launceston, in 1961 and a Fremantle to Melbourne
container ship service in 1964. Other services started but
soon halted. For example, the Melbourne to King Island
supply run started in 1954 and stopped in 1963, resulting
in King Island having to rely on Tasmania for its supplies.

With the commencement of many new lines and
services, some e_rxtled. In 1928, the Fiji service started in
1881 halted. 1961 saw the end of the Tasman service and
the New Guinea service ended in 1968 (Pemberton 1979).
Pacific services operated by Bums Philps halted in 1970,
while services to the West Coast of North America expanded.

With the development of new vessel types and
improved engines, travel time has been reduced. In 1969
a line operating between Melbourne, Sydney, Brisbane
and four Japanese ports took only 28 days to complete a
round-trip. Port facilities have had to underge more
refurbishment’s to cope with the new vessel designs.
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Geelong has expanded from eight to 17 piers in 1979,
with further refurbishment occurring in the 1990°s. Whilst
Port Melbourne had 106 piers by 1952; 73 of these were
upriver. Docks such as Webb, Victoria and Swanson were
deepened and expanded in the 1960’s to cope with
overseas vessels, container-ships and RO-RO vessels
(Kerr and Kerr 1979; Priestiey 1984). Larger docks and
repair facilities have been slow to develop, with many
large vessels needing to be repaired elsewhere than
Australia (usually in Indonesia) (Bach 1976).

5.3 CURRENT TRADE PATTERNS

Two of Victoria’s largest shipping ports are located in
Port Phillip Bay: Melbourne and Geelong, Annuaily, both
these ports see numerous international (670) and dotnestic
(2,323) vessels, with an estimated 2.5 million tonnes
(832,000 international and 1.7 million domestic tonnes)
of ballast water being received, between August 1994 to
July 1995 (Walters 1996). The Port of Melbourne is
Australia’s largest general cargo/container port and
receives the second highest quantity of ballast water in
Victorian ports (Walters 1996). Geelong deals principally
with bulk and specialist cargo, such as petroleum and buik

grain. The primary vessel types have shifted from grain
to petroleum vessels, which discharge low amounts of
ballast. Presently, Melbourne and Geelong deal with
different trades and hence different vessel types, cargo
types and quantities, and amounts of exports and imports.
All these factors influence the actual quantity of ballast
discharged (Walters 1996).

Using the data provided by Walters (1996), for 1994 and
1995, the Port of Melbourne received vessels from 14
bioregions (see Chapter 2 for bioregion descriptions; Figure
2.1). The vast majority (50%) of traffic was trans-Tasman.
New Zealand, the East Asian Seas (15%) and the South
Pacific (14.5%) comprised 79.5% of all international traffic
into Melbourme (Figure 5.1). The remaining 20.5% of
international traffic was with the Wider Caribbean, the South
Pacific, the Mediterranean, the North East Atlantic, the
Arabian Seas, the South East Pacific, West Africa, South
Adlantic, the North West Atlantic and the Baltic. The Central
Indian Ocean, East Africa, Antarctic and Arctic are the only
bioregions that do not directly contribute to inbound traffic
in the port of Melbourne.

Domestic vessel traffic (2,110 domestic visits) into
Melbourne was more prolific than international traffic
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13. E Asian Seas
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18a. New Zealand only
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Figure 5.1. The Port of Melbourne trade (1994 and 1995) with bioregions 1-18 (after Kelleher et al. 1995; see

Chapter 2 for discussion of bioregions, Figure 2.1).
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(541 international visits). Domestically, 30.5% of inbound
traffic originated in Western Australia, followed by
Queensland (25.0%), New South Wales (16.7%),
Tasmania (13.9%), South Australia (11.1%) and other
Victorian ports (2.8%) (Walters 1996).

Unlike Melbourne, only a small percentage of
Geelong’s traffic deals. with containerships (Port of
Geelong Authority 1995; Walters 1996). Data from
Walters (1996) shows that the majority.(66%) of
Geelong’s traffic was with four bioregions: South Pacific
(24%); North West Pacific (18%); East Asian'Seas (13%);
and the Wider Caribbean (11%) (Figure 5.2). The remaining
44%% of traffic was with the Arctic, Mediterranean, North
East Atlantic, West Africa, Arabian Seas, North East Pacific,
New Zealand and domestic Australia (Figure 5.2). Seven
bioregions (Antarctica, North West Atlantic, Baltic, South
Atlantic, Central Indian Ocean, East Africa and South East
Pacific) were not represented in this data, however they may
have had contact with Geelong, via vessels visiting other
domestic ports before entering Geelong. Thus, the last port
of call would be registered as domestic, not international.

The largest proportion of visits into Geelong was
domestic (214 domestic visits versus 129 international

vigits; Walters 1996). Geelong domestic visits contrasted
vastly with Melbourne; with New South Wales (28.5%)
and other Victorian ports (27.1%) providing the majority
of traffic, followed by Tasmania (17.8%), Western
Australia (10.7%), Queensland (10.3%) and South
Australia (5.6%; Walters 1996). This reflects the different
trade commodities that each port deals with. Geelong’s
main imports are crude oil and petroleum products (61%),
fertiliser (129%), grain (11%), raw materials for aluminium
smelting (5%) and woodchips (5%) (Port of Geelong
Authority 1995; Walters 1996). For example, a large
percentage of petroleum products came from Western
Australia and all aluminium-smelting products are from
Western Australia (Port of Geelong Authority 1995).
The latest shipping data available (1996 and 1997)
are shown in Figures 5.3 and 5.4, and was provided by
the Victorian Channels Authority (A Blott pers. comm. ).
Data for Geelong was unavailable. During 1996 and 1997,
the Port of Melbourne received vessels from 13 bioregions
(Figure 5.3) and exported to 12 bioregions (Figure 5.4).
The vast majority of this is traffic is trans-Tasman. This
trend has not changed since 1994 and 1995. Inbound
traffic to Melbourne came primarily from domestic
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Figure 5.2. The Port of Geelong frade (1994 & 1995) with bioregions 1-18 (after Kelleher et al. 1995; see Chapter 2

for discussion of bioregions, Figure 2.1).
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Australia (82.1%). Of the remaining bioregions, 90% of
traffic were with the bioregions of New Zealand (55.5%),
the South Pacific (19.7%) and the East Asian Seas
(14.9%). The remaining 10% of inbound traffic originated
from the Antarctic, North West Pacific, North East Pacific,
South East Pacific, East and West Africa, the South
Atlantic, North East Atlantic and Mediterrancan and the
Wider Caribbean bicregions (Figure 5.3). This pattern is
similar to the 1994 and 1995 shipping data.

As well as recejving exotic species, Port Phillip Bay
is capable of infecting other bioregions. Current trade
(1996, 1997) indicates that 85.2% of traffic goes to
domestic ports in Australia (A Blott pers. comm.). Of the
international visits, 52.1% goes to New Zealand, 23.2%
to the east Asian seas, 10.2% to the northwest Pacific and
9.2% to the south Pacific. The remaining bioregions receive
only 14.5% of Melbourne’s traffic (Figure 5.4). Information
on export traffic during 1994 and 1995 was unobtainable.
However, the similarity between 1994 and 1995, and 1996
and 1997 inbound traffic suggests that export traffic may
also have been similar, over these periods.

Of the 19 worldwide bioregions (Kelleher ez al. 1995,
see Chapier 2, Figure 2.1), Port Phillip Bay has received

exotic species from ail but one bioregion: Antarctica. The
majority (60%) of introductions originate from the
combined bioregions of the Atlantic, the Mediterranean
and Baltic Sea. The Pacific region has contributed 17%
of introductions and the Central Indian Ocean, South
Pacific, East Asian and Arabian Seas have combined
contributions of 7%, with the remaining bioregions (New
Zealand, Arctic and Cosmopolitan bioregions)
contributing the final 16%,

5.4 WATERWAYS AND PORTS

5.4.1 Maintenance and management
Maintenance of port areas includes activities such as
dredging, development of new wharves and piers,
demolition of old wharves and piers, cleaning facilities
and land reclamation. These activities are managed by
several interests including port authorities, management
groups, and the Victorian Channel Authority.

Dredging facilitates vessel access and maintains safe
passage within a region. A number of channels within
Port Phillip Bay are continually dredged, maintaining
access into Geelong, Melbourne and into the bay. The
port areas are also dredged to maintain berth depths. Port
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Figure 5.3. The Port of Melbourne current trade (1996 and 1997} with other bioregions 1-18 (after Kelleher et al.
1995; see Chapter 2 for discussion of bioregions, Figure 2.1).
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dredging practices have been demonstrated to play a role
in the local translocation of introduced species within a
port environment (Carlton et al. 1990). Early dredge
tailings from Port Phillip Bay were dumped inland, with
taxonomists seizing the opportunity to document the
marine flora and fauna found in the speil (Wilson 1894).
In recent times, dredge spoil is dumped within the bay in
areas considered suitable for such activities.

The Victorian Channels Authority regulates this.
Offshore (onto the continental shelf) dredge spoil dumping
must meet legislative requirements specified within the
Commonwealth Environment Protection (Sea Dumping)
Act 1981 and is administered by the Environment
Protection Group of Environment Australia. This
legislation also follows the ANZECC Sea Dumping
‘Guidelines (ANZECC 1997). At present, offshore
dumping of dredge materials does not occur in Port Phillip
Bay (C Gibbs pers. comm.). Typically, dredge spoil is
disposed of at the Port Phillip Spoil grounds (marked on
‘all nautical charts for Port Phillip Bay) (C Gibbs pers.
comm.). Spoil grounds also exist for the recent deepening
of the Geelong channel; both in Corio Bay and an outer
spoil ground in Geelong Arm (C Gibbs pers. comm.).

Maintenance dredging has been highlighted as a high-
risk activity with the potential to re-distribute species such

as Sabella spallanzanii, Corbula gibba, Theora lubrica

and cysts of toxic dinoflagellates in Australian coastal
and estuarine waters.

Port enhancement activities {e.g. maintenance
dredging, berth development and revetment construction)
create disturbed and novel habitats that may lead to
increased invasion success. Many introduced species
appear to require some form of disturbance in order to
enter an existing native community (Fox and Fox 1986).
For example, S. spallanzanii is known to rapidly colonise
recently cleared or newly submerged hard surfaces
(Clapin and Evans 1995; C Hewitt pers. comm.; Chapter
16). Port maintenance activities may -influence the
establishment of some encrusting or fouling species within

‘Port Phillip Bay by clearing a space that may be colonised

by ballast water or hull fouling organisms.

Hull cleaning- activities .of both large, commercial
vessels and smaller recreational, either in-water (brush
cart cleaning) or drydock, can lead to the inoculation and
establishment of .exotic-species. A number of slipway
facilities and one drydock facility exists in Port Phillip
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Figure 5.4. The Port of Melbourne current trade (1996 and 1997) to other bioregions 1-18 (after Kelleher et al.
1995; see Chapter 2 for discussion of bioregions, Figure 2.1).
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(Table 5.1). All are involved in hull cleaning and painting
{especially the smaller marina’s, such as Runaway Bay
marina) and others are involved in construction and refit
activities. State environment legislation exists to ensure
that debris from drydock hull cleaning (Williamstown and
the Rippleside slipways) is correctly disposed (Walters
1996). Yet invariably, cleaning of vessels result in
inoculation into the port environs. In 1995, only 2% of
vessels in Australia, conducted in-water cleaning of hulls
at Port Melbourne, with 14% of these vessels using the
Geelong port (Walters 1996). Restrictions on in-water
cleaning are becoming common, with authorities (both
Augstralian and international} trying to dissuade this
practice (Walters 1996). Only two of the drydocks and
slipways in Port Phillip Bay deal with international traffic,
Wagland and Williamstown. However, Wagland floating
dock closed 5-6 years ago, leaving the Williamstown
Transfield facilities as the only facility dealing with
vessels that have had likely international experience.

In recent years, Geelong has implemented an
environmental monitoring study (EMS) to manage the
port’s operations and ensure compliance with its
environmental commitments. Before commencing
dredging activities, plans are submitted and must receive
approval, both planning and ministerial. The dredging
periods are preceded by a 12-month environmental
monitoring program and followed by a further five year
monitoring period (Port of Geelong Authority ]1995).
Development of wharves and piers must also be approved
and environmental studies must be done. Port Melbourne
has a similar EMS in place to ensure environmental
commitments are maintained (C Gibbs pers. comm.). The
Victorian Environmental Protection Authority also
provides environmental monitoring throughout the bay
{C Gibbs pers. comm.}.

In addition to port maintenance, the operation of
mariculture facilities in waterways near port facilities may
increase the likelihood of introduced species becoming
established and spreading. Maricuiture practices have the
potential to transfer exotics species from one region to

another (Hewitt and Martin 1996). Many exotic species
such as Turritopsis nutricula, Sabella spallanzanii and
Asterias amurensis are associated with mussel lines and
hence transfer of these lines from one region to another
will facilitate redistribution of these species. Portarlington
and Beaumaris Bay are aquaculture regions within the
bay that both have a number of established exotic species
(see Chapters 2 and 14). The transfer of mariculture
equipment is of prime concern and has been implicated
in the transfer of organisms within and between local,
national and international regions (Chew 1990; Grizel and
Héral 1991; Carlton 1992; Utting and Spencer 1992).

5.4.2 Ballast practices

Heavy “dry’ materials (such as sand, boulders, and chain) were
originally used for ballast. Thompson (1841; see also Kerr and
Kerr 1975) reported that as carly as 1840, dry ballast discharge
regulations existed in Port Phillip.

“Melbourne, April 15, 1840
The harbour-master of Port Phillip draws the attention
of all commanders of vessels proceeding either up or
down the harbour of Port Phillip to the Act (Wm. IV,
No. 6) prohibiting, under heavy penalty, the discharge
of ballast overboard in any of the channels leading to
the harbour.

Should any vessel happen to ground on the banks
of the channels, while passing through them, it is
required that the longboat shall be got out, and that
the ballast or other heavy materials should be landed
at high-water mark on the adjoining nearest reef.

Notice is hereby given that the harbour-master has
orders to proceed against any party who may after
the publication of this notice transgress from the above
regulations.

By order of
C.J. LATROBE.”

Although these regulations were more concerned with the
creation of shipping hazards, it was the beginning of
ballast regulations within the Port Phillip region. Dry

Table 5.1. Drydock and slipway facilities operating in Port Phillip Bay.

Operational status

Facility Vessel origin
Williamstown drydock (commercial)

Victoria slipways (commercial) Domestic
Appleton Dock slipways Domestic
Wagland floating dock International
Duke and Oars slipways (x2) Domestic
Anne 5t. slipways Domestic
Rippleside slipways (commercial}) Domestic

Mordialloc Creek slipways

Moonee Ponds slipways Domestic

Internationat & domestic (Navy)

Domestic (fishing fleets)

+ 4+ + + '+ 4+
3
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ballast began to be replaced by water ballast in the mid
184(r’s (Carlton 1985; Carlton ef al. 1995) and as early as
1908 ballast water was recognised as a potential vector
for marine organisms (Carlton 1985). Dry and semi-dry
ballast has been implicated in the transfer of numerous
species (Carlton 1989; Carlton 1992; Mills et al. 1993)
such as the New Zealand porcelain crab, Petrolisthes
elongatus (King 1997) and possibly corophiid amphipods,
such as Corophium acherusicum and C. sextonae (Storey
1996; see Chapter 16).

Ballast water can be carried in dedicated ballast water
tanks and in empty cargo holds, which are modified for
such purposes (Walters 1996). Ballast discharge is
associated with the loading and unloading activity of the
vessel while at berth. If a vessel loads a large volume of
cargo only (e.g. ore carrier), it will discharge ballast water
to maintain trim. Vessels that both load and unload cargo
(e.g. container vessel) at berth require minimal ballasting.
Thus, the type of vessel and its capacity to load and/or
unload cargo controls the potential discharge of ballast
water (Walters 1996). Presently in Australia, AQIS
manages ballast water from international vessels.
However, there are no standard ballast regulations for
coastal shipping in Australia (ENRC 1997).
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6 A REVIEW OF THE OCCURRENCE OF EXOTIC MACROALGAE IN
SOUTHERN AUSTRALIA, WITH EMPHASIS ON PORT PHILLIP BAY,

VICTORIA.
J A Lewis

DSTO Aeronautical & Maritme Research Laboratory, GPO Box 4331, Melbourne, Victoria 3001 Australia

6.1 INTRODUCTION

As with most sessile epibenthic or fouling organisms,
many macroalgae are potential candidates for transoceanic
transport. Algal spores are able to settle on bare substrates,
such as unprotected parts of ship hulls, and, once attached,
survive vegetatively in transit until conditions are found
in a foreign port which permit spore production or
vegetative propagation.

Early reports of macroalgal introductions were from
countries where the marine flora was comparatively well
known and new species thercfore more easily recognised.
One of the earliest reports is of the introduction of the
red alga Bonnemaisonia hamifera to Britain from Japan
in 1870 with the alga subsequently spreading to other parts
of Britain and then Europe (Jones 1974).

The red élgaAsparagopsis armata, considered native
to southern Australia and New Zealand, was first reported
in 1923 on the southern Atlantic coast, at Cherbourg,
France and in Algeria (Elton 1958). Over the next thirty
years this species spread widely along the Atlantic and
Mediterranean coasts of Europe and northern Africa and
to Ireland and Britain as far north as Scotland. Other
reported macroalgal introductions to Europe include
Antithamnionella spirographidis (1310}, C'blpomenia
peregrina (1906), Codium fragile (ssp. atlanticum 1808;
ssp. tomentosoides 1900), Grateloupia filicina var.
luxurians (late 1940s), Grateloupia doryphora (1968),
Undaria pinnatifida (1971) and Sargassum muticum
(1973).

Throughout the world, at least 95 species of
macrophyte are known to have spread regionally and at
least four large-scale invasions, between ocean basins and
between hemispheres, by temperate algae are known:
Codium fragile ssp. tomeniosoides, Sargassum muticum,
Undaria pinnatifida and Laminaria japonica (Trowbridge
1995). Replacement of dominant native macroalgae by
introduced species may result in shifts in communities
and their trophic food webs, but to date these effects have
not been well studied nor understood (Walker and
Kendrick 1998).

Although several deliberate attempts have been made
to introduce and domesticate exotic species for
aquaculture (Neushul ez al. 1989), the translocation of

macroalgae into geographically distant regions has
generally been considered “accidental” and attributed to
either transport with shellfish for mariculture or on
shipping. The large brown alga Sargassum muticum is
thought to have been introduced to western North America
in shipments of oysters from Japan in the early 1940°s
(Silva 1979). First collected in British Columbia in 1944,
it subsequently spread both northwards, and southwards
as far as southern California. The species was discovered
in southern England in 1973, and here the source was
considered to be shipments of Japanese oysters from
British Columbia.

Ship fouling was considered the likely means of
introduction of Codium fragile ssp. tomentosoides into
New Zealand (Dromgoole 1979). Charactéristics of the
subspecies considered to facilitate this process were its
propensity to grow on floating structures, its ability to
grow on surfaces with little surface relief, and its perennial
basal holdfast which would allow the plant to survive
transoceanic transport.

The rapid dispersal of the green alga Caulerpa
taxifolia through the Mediterranean Sea has also been
attributed to boat transportation (Sant et al. 1996) but not
necessarily on vessel hulls. The species is capable of
regeneration from small plant fragments and experiments
demonstrated that plants could resist emersion for periods
up to 10 days in conditions similar to that found in anchor
lockers or in a heap of fishing nets. '

A number of features appear common to macroalgae
which have colonised geographically distant locations.
These include broad physiological tolerances, rapid
growth rates, and high reproductive potential. In addition,
the plants appear to be either tolerant of lengthy periods
of emersion and able to regenerate from plant fragments
(e.g. Caulerpa taxifolia), or to have a microscopic phase
in the life history (e.g. Undaria pinnatifida) or a persistent
basal disc (e.g. Codium fragile ssp. tomentosoides) which
enables the species to withstand long sea voyages.

A full and accurate census of macroalgal introductions
to Australia is difficult for several reasons. First,
macroalgae have more than likely been arriving on ships
since the first explorers visited our shores. Antifouling
measures were far less effective during the 19" and early
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part of the 20™ century than they are today and the
potential for transport was therefore significant. The
second difficulty is the degree of knowledge of our marine
flora. Early botanists were, quite justifiably, more
fascinated with the unique and diverse flora found on our
open coastlines and scant attention was paid to our harbours
and embayments, the most likely sites for new colonists.

Much early taxonomic work also focussed on the
larger plants, the plants that persisted and were collected
as drift on beaches, plants that were also unlikely
candidates for transport. Only in relatively recent years
have there been comprehensive censuses and checlklists
produced for specific geographic areas which may be used
as reliable guides to determine more recent introductions.
Where species are now known to occur both within
Australia and at other, either widespread or disjunct
localities, it is difficult to determine whether the
distribution is natural or the result of transport by shipping
over the last century or two.

This report collates records of those macroalgae
which, all in relatively recent years, have been reported
as possible introduciions to southern Australian waters.
These are listed in two parts: the first for species reported
to occur in Port Phillip Bay; and the second for species
reported elsewhere in southern Australia but yet to be
found in Port Phillip Bay. In these two sections collection
locations in southern Australia are listed, relevant
literature including references to illustrations cited, and
a brief description furnished to assist in identification of
future collections. A third section lists species found in
Port Phillip Bay which have overseas type localities. Most
of these species now have a widespread distribution
through temperate seas but are possible introductions to
the Port Phillip Bay flora in the period since international
shipping first entered the region. A description of these
species is not furnished but references to descriptions and
illustrations are given.

The regions of the bay delineated in this report
(Northern, Corio Bay, South-western, Central, Eastern,
Southern and Port Phillip Heads (PPH) are those used in
reports on algal distribution in the 1957-1963 Port Phillip
Bay surveys (Womersley 1966; King ef al, 1971).

6.2 MACROALGAE CONSIDERED TO BE
POSSIBLE INTRODUCTIONS TO PORT
PHILLIP BAY

Phylum Rhodophyta

Order Gigartinales

Family Phyllophoraceae

Schottera nicaeensis (Lamouroux ex Duby) Guiry and
Hollenberg 1975: 153, Figures 4-9, 11-15. — Dixon and
Irvine 1977: 230, Figure 84, — Lewis 1977: 217; 1983:
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262.— Lewis and Kraft 1979: 226, Figures 2-7. — Lewis
and Womersley 1994: 263, Figures 83 C-F.

Synonymy and taxonomy

Halymenia nicaeensis Lamouroux ex Duby;
Gymnogongrus nicaeensis (Lamouroux ex Duby)
Ardissone and Strafforello;

Rhodymenia nicaeensis (Lamouroux ex Duby) Montagne;
Petroglossum nicaeense (Lamouroux ex Duby) Schotter.
Type

From Marseilles, France.

First recorded collection in Port Phillip Bay

1975: Gellibrand Pile Light, northern Port Phillip Bay
(O’Brien and Kraft, 30.x.1975, MELU, A39480).

Port Phillip Bay distribution

Northern: northern Port Phillip Bay, 5-9 m deep on
mussels and boulders under Gellibrand Light (Kraft and
Lewis, 18.1.1976, MELU, A23162; Lewis, 19.v.1976,
MELU, A39482). Pert Phillip Heads: Queenscliff, 1.5 m
deep on jetty piles (MeCauley, 10.11.1990, AD, A60173);
Portsea, 3-5 m deep on jetty piles (O’Brien and Kraft,
16.iii.1979, MELU, A39482); The Abyss, 28-30 m in
sponge (Kraft, Saunders and Strachan, 20.1i.1995,
MELU, K10,499).

Australian distribution .

Yictoria: Port Phillip Bay (see above); Portland, 5-7 m
deep on boulders (Kraft, 27.iv.1990, MELU, K8284);
Apolio Bay, 2-3 m deep in shade under jetty (Riddle,
6.ii.1990, AD, A60173). South Austraiia: Glenelg, on
Amphibolis (Kraft, 22.xi1.1970, MELU, K3056). New
South Wales: Jibbon Reef, off Port Hacking, 23 m deep
on sandstone (Watson, ix.1976, MELU, A23396).
Tasmania: Orford, 4-5 m deep (Kraft, 15.xii.1992,
MELU, A40590); Tinderbox, 6-9 m deep on shells (Kraft
and Sanderson, 7 %ii.1993, MELU, K10,133.
Extra-Austrafian disiribution

Native: Mediterranean, southern and western British Isles
to Portugal.

Possible introduction: South Africa.

Description

Light to medium brown-red, with flat, simple to
subdichotomous or irregularly laterally proliferous fronds,
14 cm high and 2-4 mm broad, arising from slender
branched stolons (often within sponge or sediment), apices
of main blades rounded (or with ierete proliferations),
proliferations basally constricted and terete to 2 mm broad.
Tetrasporophytes with sori of catenate rows of
tetrasporangia near frond apices. Life history triphasic,
with isomorphic sexual and tetrasporophyte generations.
[Lewis and Womersley 1994]

Comments

Lewis and Kraft (1979) considered S. nicaeensis to be a
likely introduction to Port Phillip Bay and speculated on
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its possible transport from the Mediterranean on a ship’s
hull. At its collection site at Gellibrand Light, Sckottera
was one of the few algal species to tolerate the combined
effects of siltation, low light and competition with the
mussel Mytilus.

Erect fronds of Schottera nicaeensis have the potential
to produce numerous terminal and marginal proliferations,
which can develop into creeping axes capable of
producing new erect fronds. This ability to perennate by
creeping axes enabled plants to compete with growing
mussels and to withstand periods of heavy siltation. These
characteristics may similarly have facilitated its transport
on ship hulls, enabling a stolon or blade to survive sub-
optimal conditions during trans-ocean transport, then to
generate a new fertile blade when environmental
conditions allowed. :

Annual sea temperature ranges measured at the
Gellibrand Light site (9°— 23° C) compared favorably with
reported ranges of 9°-17° C and 13°-25° C at Schottera’s
northern European limits and in the western
Mediterranean respectively (Lewis and Kraft 1979). Since
its first discovery in Australia at Gellibrand Light,
Schotiera has been found growing at a number of other
locations in southern Australia, often on piles or in shaded
areas under jetties, and also South Africa (Norris and Aken
1985; Wynne 1586).

Related or morphologically similar species -
Stenogramme interrupta (C. Agardh) Montagne. Lewis
and Womersley 1994: 260, Figure 82A-D; *
Rhodymenia spp. (Rhodymeniales, Rhodymeniaceac)
‘Womersley 1996: 68, Figures 24-30.

The above species all have similar flattened blades
and, in section, have a compact medulla of ovoid cells
with a smaller celled cortex. Certain identification often
requires having fertile plants, with cystocarps forming a
mid-rib like line' down the thallus in Sterogramme and
external pustules in Rhodymenia. Inthe Phyllophoraceae
tetraspores develop in chains in surficial nemathecia,
whereas in Rhodymenia they are scattered within the outer
cortex. The abililty of Schottera to produce stolonate
outgrowths from the margms and apices of erect blades
is distinctive.

Gymnogongrus crenulatus (Tumer) J. Agardh 1851:
320. —Dixon and Trvine 1977: 217, Figure 78, — Lewis
and Womersley 1994: 269, Figure 85A—C

Synon/my and taxonomy

Ficus crenulatus Turner;

Fucus viorvegicus sensu Turner;

Chondrus norvegicus J. Agardh (in part);
Gymnogongrus norvegicus I. Agardh (in part);

Fucus devoniensis Greville;

Gymnogongrus devoniensis (Greville) Schotter;

Chondrus celticus Kiitzing;

Actinococcus peltaeformis Schmitz.

Type

From Oporto, Portugal.

First recorded collection in Port Phillip Bay

1969: Portarlington (Corio Bay), sublittoral (ng,
16.x.1969, MELTJ, 4733).

Port Phillip Bay distribution

Northern: Kirk Point, Werribee (Brown, 20.1.1982,
MELU, A39455); Altona, 2 m deep (Brown, 6.ix.1983,
MELU, A39454); Williamstown, 2 m deep at Gloucester
Reserve (Brown, 13.viii.1974, MELU, A21815), upper
sublittoral on rocks below Breakwater Pier (Lewis,
1.x1.1976, MELU, A39456); St Kilda, 3 m deep (by diver,
23.i1.1976; MELU, A22272). Corio Bay: Portarlington
(see above); Pt. Wilson (King, 2.i1.1970, MELU 4863).
Australian distribution

Victoria: Port Phillip Bay (see above). South Australia:
Topgallant 1., 10 m deep (O'Leary, 20.1.1992, AD,
AG1673); Henley Beach, Adelaide, drift {C. and G. Kraft,
6.iii.1971, MELU, A39475); Port Noarlunga, lowest
eulittoral, shaded, just N of jetty (Ricci and Womersley,
8.ii.1973, AD, A61799); Robe, pocl near jetty {(Womersley,
7.xi1.1991, AD, A61543), New South Wales: Port Jackson
(Sydney), low intertidal in Botanic Gardens (Kraft
21.xi.1983, MELU, A39469).

Extra-Australian distribution

British Isles (southern and western shores) to Mauretania;
Mediterranean; and North West Atlantic (New Brunswmk
Canada to N. Massachusetts, USA) '
Description

Thallus medium to dark red-brown, 3-8 cm high,
cartilaginous, subdichotomous at intervals of 0.5-3 cm,
more or less complanately branched, branches flat, 2—4
mm broad, margins straight to slightly crenulate, slightly
narrower basally, axils broad, apices rounded, often with
small prolifercus fronds from lower parts; holdfast
discoid, with one to few fronds. Chains of 5-10
tetrasporangia, with 1-2 terminal sterile cells, formed in
pustules usuvally on lower branches, 1-3 mm across and
1-2 mom high [Lewis and Womersley 1994].

Comments .

"The Australian specimens attributed to G. crenulatus agree
well with British material and are considered by Lewis
and Womersley (1994) to be possible adventives, since
most collections are from nearby harbours. Until recently,
the genus Gymnogongrus included species both with erect
gametophytes and free-living crustose tetrasporophytes
and with a crustose tetrasporophyte developing directly
as a pustule on the surface of the female gametophyte,
apparently without the formation of an internal cystocarp.
In 1992, Silva and DeCew erected the genus Ahnfeltiopsis
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to accommodate the species with internal cystocarps and
free-living tetrasporophytes. G, crenulatus remains in the
genus Gymnogongrus, along with the type of the genus,
G. griffithsiae, which is also a European species now
reported from a number of locations in southern Australia
{Lewis and Womersley 1994),

Other species within the Phyllophoraceae have
previously been thought to be transported via shipping.
Maggs ef al. (1992) undertook a molecular and
morphological analysis of the Gymnogongrus
devoniensis (= Ahnfeltiopsis devoniensis) complex in
the northern Atlantic. Two distinct species were
identified: Gymnogongrus devoniensis, present only on
the North Atlantic coasts of Europe, and an unnamed
Gymnogongrus sp. which grew on both sides of the
Atlantic. The molecular similarity of populations of
the latter from the disparate locations, and the
observation that the populations could not have been
connected by continuous disiribution since 5-25
million years ago, suggested that one or other of the
North Atlantic populations represented a trans-Atlantic
introduction.

The probable vector was considered to be shipping
between Northern Ireland and Nova Scotia during the
early 19" century, when ships carried timber for
shipbuilding between these locations. Characteristics
considered to favour the transoceanic transport of this
species were its apomictic life history, the occurrence of
abrasion-resistant hypobasal tissue in the crustose phases,
and the ability of both crusts and blades of
Gymnogongrus sp. to remain alive for several weeks out
of water if kept cool and damp.

In a study of the resistance of intertidal communities
to sand movement, Daly and Mathieson (1977) discuss
morphological and reproductive adaptations common to
psammophytic (“sand-loving”) macroalgal species,
among which these authors include the phyllophoracean
species Gymnogongrus linearis (=Ahnfeltiopsis linearis),
Ahnfeltia concinna (=Ahnfeltiopsis concinna) and
Phyllophora spp. In southern Australia, Gymnogongrus
griffithsiae, Ahnfeltiopsis fastigiata and A. humilis have
all been found on intertidal rocks subject to sand scour,
and G. crenulatus is reported to be tolerant of sand cover
in Britain (Dixon and Irvine 1977).

As highlighted by Daly and Mathieson,
morphologically these plants are tough and wiry and
reproductively they can be capable of extensive
regeneration from basal holdfasts. In addition to the
characteristics discussed by Maggs ez al. (1992) this latter
character may also have facilitated the transport and
survival of phylloporacean species, including G.
crenulatus, on shipping,
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Related or morphologically similar species
Gymnogongrus griffithsiae (Turner) Martius. Lewis and
Womersley 1994: 269, Figure 84G, H;

Ahnfeltiopsis spp. Lewis and Womersley 1994: 265,
Figures, 34A-F;

Rhodymenia spp. (Rhodymeniales, Rhodymeniaceae)
Womersley 1996: 68, Figures 24-30,

G. griffithsiae differs from G. crenulatus in having
terete to slightly compressed branches less than 0.9 mm
broad, as does Ahnfeltiopsis fastigiata. A. humilis has
flattened branches but is a smaller plant, mostly 1-2 cm
high, which forms internal cystocarps. As with Schottera,
some Riodymenia spp. can appear morphologically
similar to G. crenulatus, and certain identification may
require fertile material. However, in colour G. crenulotus
is often a darker, more brownish red than species of
Rhodymenia.

Family Solieriaceae

Solieria filiformis (Kiitzing) Gabrielson 1985: 275.
Synonymy and taxonomy

Solieria tenera (J. Agardh) Wynne and Taylor 1973: 100,
Figures |-6. — Gabrielson and Hommersand 1982: 31,
Figures 2-4, 13-20, 2, 25, 28, 29, 31, 39, 40-45. —
Womersley 1994: 343, Figures 111B, C, 112H, 1.

Type

From the West Indies.

First recorded collection in Port Phillip Bay

1957: off Mentone (Eastern Bay) (Port Phillip Survey,
26.v.1957, MELU, unnumbered).

Port Phillip Bay distribution

Northern: Power Station Outfall, Hobsons Bay, 3 m deep
(Watson, 1.v.1972, AD, A42350); Williamstown, on rocks
in sand off Gloucester Reserve (Kraft; 19.i.1975, MELU,
K5109; Lewis, 1.iv.1975, MELU, A21966; Lewis, O’Brien
and Kraft, 7.1.1976, MELU, A22019); St Kilda, 5 m on
southernmost reef (Unnamed diver, 26.i1.1976, MELU,
A22,307). Eastern: (as above). Corio Bay: Werribee
Treatment Farm, drift at north end (Kraft, 13.x.1994,
MELU, K10,368).

Australian distribution

Victoria: Port Phillip Bay (see above).
Extra-Australian distribution :
Western Mediterranean, western Europe and tropical west
Africa and North Carolina, USA, to southern Brazil.
Description

Thallus medium red-brown, 10-20 c¢m high, much
branched irregularly with numerous laterals of varying
length, branches terete, 1-1.5 mm in diameter below,
decreasing to 200-400 mm in branchlets, basally
constricted and tapering gradually to acute tips. Holdfast
small, probably fibrous; epilithic on pebbles or shells.
[Womersley 1994],
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Comments

Only known in Australia from Port Phillip Bay,
Womersley considers 5. tenera (= S. filiformis) aprobable
adventive which may not have spread or established in
the area. The morphology and life history (isomorphic
alternation of gametophytes and tetraporophytes) of .
filiformis do not suggest any obvious characteristics which
would favour the transport of this species on shipping,
nor are any related species reported as introductions
elsewhere. Considering the morphology of the plant, with
its narrow, terete and irregularly branched thallus, a
possible mechanism may have been entanglement around
the grate of a seawater intake or other protrusion from
the underwater hull of a vessel. Release of spores from
such a plant, or regeneration from plant fragments, may
then have occurred when the ship moored or berthed in
Port Phillip Bay.

S.-filiformis (as S. tenera) is recorded as an adventive
in southwestern England (Farnham. 1980}, as are two other
solieriaceous algae, Solieria chordalis and Neoagardhiella
gaudichaudii. Farnham comments that, in all three of these
species, although spores have been discharged from fertile
material in culture, none has ever germinated. He
considers this could indicate that these species may
reproduce more by vegetative propagation than by spore
development. S. chordalis, in particular, has been observed
to fragment and undergo rhizoidal reattachment. This
would support the mechanism proposed above for
introduction of S. filiformis into Port Phillip Bay.
Related or morphologically similar species
Solieria robusta (Greville) Kylin, Womersley 1994: 340,
Figures 111A, 112A-G.

S. robusta is widely distributed in southern Australian
waters including Port Phillip Bay. Morphologically it
differs from . filiformis in having more robust branches
(2-5 mm in diam. cf. 0.2-0.4) and fewer small laterals.
Solieria spp. can be distinguished from other terete,
branched rhodophytes such as Rhabdonia coccinea,
Hypnea filiformis and Gracilaria spp. by their multiaxial
apices and lax medulla of longitudinal and cross-linking
filaments.

Order Ceramiales

Family Ceramiaceae

Antithamnionella spirographidis (Schiffner)
Wollaston 1968: 345, Figure 29. — Lewis 1977: 217,
1983: 262. — Maggs and Hommersand 1993: 17, Figure
5. — Athanasiadis 1996: 121, Figure 57. — Womersley
1998: 168, Figures 77C-E, 78J-8.

Synonymy and taxonomy

Antithamnion spirographidis Schiffner.

Type

From Trieste, lialy.

First recorded colfection in Port Phillip Bay

1976: Breakwater Pier, Hobsons Bay (Northern Bay),

3 m deep, in algal turf on mussels (Lewzs, 1.x1.1976,
MELU, A42535).

Port Phillip Bay distribution

Northern: see above, also: Gellibrand nght northern Port
Phillip Bay, 4-5 m deep in algal turf on mussels (Lewis,
21.i.1977, MELU, A42536). Corio Bay: Pt. Wilson, drift
(Brown, 11.1981, AD, A52041).

Australian distribution

Victoria: Port Phillip Bay (see above). South Aystralia:
Port Adelaide, on an anchored barge (Womersley,
11.vii. 1957, AD, A21323; 12.ix.1958, AD, A22033). New
South Wales: Rozelle, on intake screens of White Bay
Power Station (Collector not specified, 15.1x.1953, AD,
A20888).

Extra-Australian distribution

Adriatic Sea; Plymouth Sound, Britain; and Cherbourg,
France.

Description

Small, delicate, red filaments, with creeping, prostrate
axes bearing flexuous, free branches, up to 1 cm long,
from every 4th {occasionally 3rd) cell. Axial cells 3-6
times as long as broad, 180-230 pm by 30-50 pm, and
bear 2 (occasionally 1 or 3) opposite, unbranched (usually
distichously arranged) whorl-branchlets about 250 (-380)
1tm long when mature, Gland cells, 10-12 pm in diam.,
which curve partly around the parent cell, are cut off from
the upper side of the 2nd and/or 3rd cells of whorl
branchlets in the upper parts of the thallus. Attachment
of the prostrate axes is by the secondary development of
rhizoidal attachment filaments from the basal or second
cell of whorl branchlets. [Wollaston: 1968]

Camments

Wollaston’s record of Antithamnionella spirographidis
was the first from Australian waters and she considered
the species a likely introduction to Port Adelaide waters
via shipping from Eurcpe. The species had previously
been found associated with dockyards and harbour
activities at Devonport Dockyard, Plymouth Sound, on
the south coast of Britain where sea temperatures range
from 14° to 24° C (Westbrook 1934) and at Cherbourg,
France (Feldmann 1937). Water temperatures in northern
Port Phillip Bay have an annual range of approximately
9°to 22° C.

At Port Adelaide, tetrasporangial development
commenced in July, with an increase in the proportion of
tetrasporangial plants until November, when nearly all
plants were fertile and a few sexual plants were also found
(Wollaston 1968). In Port Phillip Bay, plants were
recorded from November to January, with tetrasporangial
plants found only in January (Lewis 1977).
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A. spirographidis is a diminutive, filamentous plant
with creeping prostrate axes that could easily be
transported on the hull of a vessel. The collection of plants
from the intake screens of a power station in NSW and
within the algal turf growing on mussels in northern Port
Phillip Bay supports the possibility of the plant being
introduced on the seawater intakes of ships or in fouling
growth. On arrival, colonisation could result from either
spore release triggered by favourable sea temperatures,
or the secondary attachment and growth of detached
fragments.

Although first described from the Adriatic Seain 1916,
its origin is not certain with Jones (1974) citing its origin
as from the Southern Hemisphere. The first European
collection of the species appears to be from around
Cherbourg in France in 1910 with no collections of the
species from the same area in the latter part of the last
century. It subsequently became quite abundant in this
area and also spread to the British Isles (1920’s) where it
is now considered to be a well-established member of the
marine flora (Farnham 1980).

Related or morphologically similar species
Antithamnionella ternifolia (Hooker and Harvey) Lyle.
Wollaston 1968: 340, Figure 28 (as A. iasmanica);
Antithamnionella glandifera Wollaston 1968: 347, Figuze 30;
Antithamnicae and Heterothamnieae spp. Wollaston 1968.
A. spirographidis and A. glandifera differ to A, ternifolia
in having lateral branches at regular intervals along axes,
usually every 3rd or 4th cell, rather than irregular intervals,
and whorl-branchlets in whorls of 1 or 2, sometimes 3,
rather than 3 or 4. Whotl-branchlets in A. spirographidis
are usually unbranched with gland cells on the 2nd or 3rd
cell, whereas in A. glandifera branches on the lower part
of the thallus are branched and can bear up to 20 gland
cells. Antithamnionella spp. are different to other southern
Australian genera of the Heterothamnieae in having both
prostrate and erect axes. Genera of the Antithamnieae with
prostrate and erect axes, Antithamnion and Acrothamnion,
bear whorls of 2 or 4 pinna-like branchlets on axial cells
and have cruciately, rather than tetrahedrally divided
tetraporangia.

Deucalion fevringii (Lindauver) Huisman and Kraft
1982: 178, Figures 2-20. — Lewis 1977: 218 (as
Propagula secunda); 1983: 262, — Millar and Kraft 1993:
39. — Adams 1994: 252, Plate 93. — Womersley 1998:
305, Figures 143G, H, 144.

Synonymy and taxonomy

Callithamnion levringii Lindauer.

Type

From Pihama, Taranaki, New Zealand.

First recorded coliection in Port Phillip Bay

1975: Gellibrand Light, northern Port Phillip Bay
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(Northern Bay), 4-5 m deep in algal turf on mussels
(Kraft, O°Brier and Lewis, vii. 1975, MELU,).

Port Phillip Bay distribution

Northern: see above, also: Gellibrand Light, 5-6 m on
mussels (Kraft, Lewis and O’Brien, 30.x.1975, MELU,
K5496). Port Phillip Heads: Portsea Pier (Huisman, K raft
and Ricker, 19.ix.1980, MELU, A23824).

Australian distribution

Victoria: Port Phillip Bay (see above); Portland, 1-2 m
deep in algal torf (Kraft, 30.xii.1976, MELU, K6303):
Flinders Pier, Western Port Bay (Huisman and
Gabrielson, 3.1x.1981, MELU, A24019). New South
Wales: Jibbon Bombora, Port Hacking, 23 m deep,
infrequent in tarf (Watson, ix.1976, MELU; also Millar
and Richards, 7.X.1989, NSW, A009652); Woreng Point,
Twofold Bay (Millar and Richards, 7.ii.1992, A010803
- A010806). Tasmania: Bicheno, in bryozoan turf, 20-22
m deep (Kraft, 18 xii.1992, MELU, A66649); Arch Rock,
Ninepin Point, 1-10 m deep (Andrews, 21.x.1994, AD,
A63905),

Exira-Australian distribution

New Zealand,

Description

Thallus to 10 cm high, filamentous, uncorticated, erect;
axis monosiphonous, alternately distichously branched
with branches arising from the distal end of each central
axial cell and curving away from the axis; laterat
branching mostly adaxially secund although terminal
segments may be alternate-distichous. Asexual
reproduction by three-celled, ovoid propagules borne on
sporophytes; sporophytes also producing polysporangia
containing 24-36 spores which, in culture, give rise to
procarpic and spermatangial gametophytes isomorphic
with the sporophyte generation. [Huisman and Kraft 1982]
Comments

Huisman and Kraft (1982) noted that all the Australian
collection localities were in, or in the vicinity of, enclosed
harbours or bays in regions of intense shipping activity.
On this basis they considered that the alga may have been
introduced comparatively recently from New Zealand
waters.

The small filamentous thalli may have facilitated
trang-Tasman transport of this alga, with the asexual
propagules enabling colonisation of the Australian sites.
The alga appears quite tolerant of environmental variables
occurring in Port Phillip Bay with sporophytes collected
throughout the year. In culture, germlings grown from
propagules tolerated a wide range of light and temperature
regimes. In contrast gametophytes, which had not been
found in the field, only grew beyond the 5-celled stage
under a single set of environmental conditions (Huisman
and Kraft 1982).
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Related or morphologically similar species
Anotrichium spp. Baldock 1976;

Mazoyeralla, Pleonosporium spp. Huisman and Kraft
1982,

Deucalion levringii is superficially similar to a variety of
monosiphonous, uncorticated- species within the
Ceramiaceae such as species of Anotrichium, Mazoyerella
and Pleonosporium. The 3-celled propagules and
branching pattern clearly differentiates D. levringii from
other species.

Medeiothamnion .'yah'l (Harvey) Gordon 1972: 59,
Figures 16-18, 56A. — Lewis 1977: 218; 1983: 260. —
Womersley 1998: 92.

Synonymy and taxonomy

Wrangelia lyalli Harvey.

Type

From Ruapuke Is., Foveaux Strait, New Zealand

First recorded colfection in Port Philfip Bay

1962 Rickett’s Point (Eastern Bay), (P. Halder, Oct. 1962,
MELU A677 (A372432).

Port Phillip Bay distribution

Northern: Brighton, drift (M. Cappelli, 18.vi.1965, MELU
A2191 (A37244)); Pt Ormond, drift (Price, 26.vii. 1965,
MELU A2215); Gellibrand Light, 5-6 m deep on south
boulder slope (Kraft, O’Brien and Lewis, 24.vii.1973,
MELU K5711; 12.ix.1975, MELU K5484), frequent in
turf on mussels, 5-6 m (Lewis, 19.viii. 1976, MELU
L0947; 23.xii.1976, MELU L0952); Lagoon Pier,
Hobsons Bay, dominant in drift and occasional on piles
below 2 m deep (Lewis, 13.x.1976, MELU L.0949).
Eastern: (see above).

Australian distribution

Victoria: Port Phillip Bay (see above). Tasmania: 7Sarah
L., Bathurst Channel, 2-5 m deep (Fdgar, 11.ii1.1995, AD
A64258) (see Womersley 1998, p. 92).
Extra-Australian distribution

South Island, Ruapake and Stewart Islands, New Zealand.
Description

Thallus filamentous, 10-20 cm long, sparsely to richly
branched, exhibiting several intergrading forms; one form
with branching alternate to subdistichous with up to 3
equally spaced whorl branchlets per axial cell, the whorl
branchlets regularly to irregularly pinnate; in other forms
the branching regularly opposite and distichens, with two
opposite whorl branchlets per axial cell, the whorl
branchlets mostly pinnate and distichous, with whorl
branchlets and indeterminate branches less distinct. The
main erect branches arising from prostrate, branched axes
attached to the substrate by haptera; intertwining of the
prostrate axes and the cortical rhizoids from the lower
parts strengthen attachment. Apical cells about 50 mm in
diam, axial cells to 4 mm long near the base of the plant;

median cells of the whorl branchlets 60-90 mm in diam.,
and 2— times as long as wide; terminal parts of the whorl
branchlets not tapering markedly. In lower parts of the
main axes, the basal cells of the whorl branchlets and
lateral branchlets each produce several rhizoids, which
form a loose cortication, the rhizoids adhering to the axis
by haptera. [Gordon 1972}

Comment

Medieothamnion lyalli is one of a number of species
recorded for the first time in Australian waters at
Gellibrand Light (Lewis 1983). The species was
subsequently also collected from jetty piles and in the
drift at Lagoon Pier in Hobsons Bay. The proximity of
Gellibrand Light to shipping lanes entering the Port of
Melboumne, and the occurrence of at least 8 putative exotic
species at this site, was considered to add further indirect
evidence for the introduction to Australian waters of exotic
macroalgae on ship hulls.

A check of specimens in MELU found several
specimens collected in the drift at several nearby sites in
the 1960’s. Initially identified as Antithamnion, these
plants were subsequently recognised to be
Medeiothamnion but not specifically assigned to M. lyalli.
These specimens, along with the more recent collection
of the species as a dominant component of the drift in
Hobsons Bay, suggest that the species is well established
in deeper waters in this region. However, the species
appears restricted to this relatively small area and has not,
for example, been collected at intensively studied sites
on the Williamstown coastline to the west of Hobsons Bay.
Related or morphologically similar species
Medeiothamnion protensum (Harvey) Gordon. Gordon
1972: 51, Figores 11-13, 55A;

M. halurum (Harvey) Gordon. Gordon 1972: 57, Figures
14, 15, 55B. _

M. lyall; differs to the above species of Medeiothamnion,
both of which are known from Port Phillip Bay; in having
2-4 rigid whorl branchlets per cell, not markedly inwardly
curved nor tapering, and tetrasporangia sessile on most
cells of the whorl branchlets.

Family Rhodomelaceae

Polysiphonia brodiaei (Dillwyn) Sprengel 1827: 349.
— Lewis 1977: 219; 1983: 262. — Womersley 1979:
496, Figure 11 A-E. — Fletcher 1980: 51, PL. 23 Figures
1-6. — Adams 1994: 325, Plate 110.

Synonymy and taxonomy

Conferva brodiaei Dillwyn.

Type

From Bantry Bay, Ireland.

First recorded coflection in Port Phillip Bay -

1959: Swan I. Naval Depot (South Western Bay), 0-0.5 m
deep on barge (Womersley, 8.iv.1959, AD, A22608).
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Port Phillio Bay distribution

Northern: 0—2 m deep on mussels growing on wooden
piles of Gellibrand Light (Kraft and O’Brien 30.x.1975,
MELU, K5510); Lagoon Pier, Hobsons Bay, 0-0.5 m deep
on piles (Lewis, 29.xi.1976, MELU, L1058). South
Western Bay: Swan 1. Naval Depot (see above).
Australian distribution

Victoria: Port Phillip Bay (see above); Apollo Bay, drift
(Womersley, 31.viii.1971, AD, A39481), 0-0.5 m deep
on pipeline in harbour (Kraft and Owen, 1.ix.1971, AD,
A39523). South Australia: St Vincent Gulf, 60 m deep
(AD, A1209); Robe, on ramp in boat harbour, low tide
level (Womersley, 24.viii.1973, AD, A44594), on slipway
reef, upper sublittoral (Womersley, 14.i1i.1978, AD,
A49156). Tasmania: Bellerive (Perrin, Nov.1940, MEL,
46013; Cribb, 28.iii.1950, AD, A16005); Blackmans Bay,
drift (Cribb, 22.ix.1950, AD, A16248); Tarcona, 1-3 m
deep (Shepherd, 19.i1i.1975, AD, A46224); Bicheno,
lower eulittoral (Skinner, 22.11.1978, AD, A49203).
Extra-Australian distribution

N Europe and Japan.

Possible introduction: Washington and California.

Description

Thallus filamentous, 4-12 (-17) cm high, profusely and
irregularly branched, with several percurrent main
branches, fastigiate above, dark red-brown in colour. Axial
cells surrounded by a ring of pericentral cells equal in
length to the axial cell, giving the filamenis a segmented
appearance. Pericentral cells 7-8, elongate throughout,
branches becoming completely corticate with filaments
cut off from the pericentral cells, cortical layer several
cells thick on lower branches and axes. [Womersley 1979]

Commenis

Womersley (1979) concluded that the Australian material
agreed well with material from Britain and, as it was
usually found in or near harbour areas, the possibility of
its spread by shipping deserved consideration. In northern
Port Phillip Bay, P. brodiaei was common on the wooden
piles supporting both Gellibrand Lighthouse and Lagoon
Pier (Lewis 1977, 1983). Hollenberg (1944), in describing
the occurrence of the species in central California,
observed that it was mostly collected from wharf pilings
and floats in harbours. He comments that as P brodiaei
was frequently found on boat bottoms it may have been
an introduction to the Pacific coast of North America,
although he felt its absence on the Atlantic coasi cast some
doubt on the proposition,

P. brodiaei also occurs in New Zealand (Adams 1991),
with all but two of the collections from busy ports where
the plants were growing on harbour structures. The
exceptions were records from Fiordland and Stewart
Island. Adams comments that these areas were regularly
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used by whalers and sealers in the early part of the 19th
century, particularly for repairing or careening sailing
vessels. P, brodiaei in New Zealand is therefore regarded
as an adventive. F. brodiaei is also considered to have
been introduced to Newfoundland (Hooper and South
1977). In his account of North Atlantic fouling algae,
Fletcher (1980) reports P. brodiaei as occurring on
moderately exposed floating substrates, especially during
spring and early summer.

The propensity of P. brodiaei to grow in harbours and
in particular on floating structures suggests the species to
be a prime candidate for transport on shipping. Rapid
growth rates and the short time required for the maturation
and release of spores would facilitate colonisation of new
harbour locations.

Related or morphologically similar species
Polysiphonia spp. Womersley 1979,

P. brodiaei differs to other southern Australian
Polysiphonia spp. in having 7 (—8) pericentral cells and
all of the plant except the wpper branchlets corticated.
Polysiphonia senticulosa Harvey 1862: 169. —
Nelson and Maggs 1996: 449, Figures 1, 2A-C.,
Synonymy and taxonomy

Polysiphonia pungens Hollenberg 1942: 774, Figures 1,
10. — Lewis 1977: 220; 1983: 262. — Womersley 1979:
472, Figure 3A-D. — O’Brien 1981: 189.

Type

From Orkas 1., Washington, USA.

First recorded collection in Port Phillip Bay

1969: Williamstown (Northern Bay), lower eulittoral
(King, 28.viii. 1969, MEL 45986, MELU 4613).

Port Phillip Bay distribution

Northern: Williamstown (see above); Hobsons Bay, on
mussels below Breakwater Pier (Lewis, 3.ix.1976, MELU
L1101); Lagoon Pier, Hobsons Bay, (1.5 m on piie (Lewis,
29.x1.1976, MELU L1105); Williamstown, 3-5 m deep
on boulders at seaward edge of Gloucester Reef (Kraft
and Cowling, 28.iv.1995, MELU 10,658). Eastern Bay:
Ricketts Point, lower eulittoral (King, 30.ix.1969, MEL
45988, MELU 4697). Corio Bay: Kirk Point, drift
(Womersley, 11.viii.1970, AD A36032 and 30.viii.1971,
AD A39519).

Australian distribution

Victoria: Port Phillip Bay (see above); Apollo Bay, on
Sargassum vestitum on pipeline in harbour (Owen,
1.ix.1971, AD A39494).

Extra-Australian distribution

Vancouver Is., Canada; and Alaska, USA.

Descriplion

Thallus filamantous, to 12 cm high, slender and lax, much
branched, arising from slight prostrate and entangled basal
filarments, dark red-brown in colour. Pericentral cells 4,
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ecorticate. Branches near apices arising every 2-5
segments, with most remaining as simple, determinate,
gently tapering and acurninate branchlets. [Womessley 1979]
Comments

Womersley (1979) found that “the Australian specimens
agree well in every way with Hollenberg’s descriptions
and illustrations, and with the type specimen in UC”. He
considered that the disparate distribution and the
occurrence in Australia in the proximity of harbours raised
the possibility of spread by shipping. The slender,
filamentous habit (consistent with rapid growth rates) and
recorded occurrence near the water surface on jetty piles
are characters suggesting potential for transport on
shipping.

Nelson and Maggs (1996) illustrate this species from
New Zealand for the first time and record it from
Wellington Harbour and Picton. They note that it has been
found growing both epiphytically and epilithically and
that it is particularly abundant in late winter/early spring.
Related or morphologically similar species
Polysiphonia spp. Womersley 1979.

P, pungens differs to other southern Australian ecorticate
Polysiphonia spp. with 4 pericentral cells in the virtual
absence of trichoblasts in vegetative parts, thizoids not
cut off from the pericentral cells, and the spinous tipped
branchlets of relatively limited growth with segments
distinctly shorter than those in the parent branch.
Chondria arcuata Hollenberg 1945: 447, Figures 2-4.
— Lewis 1977: 219 (as Chondria sp.); 1983: 262 (as
Chondria dasyphila). — Gordon-Mills and Womersley
1987: 551, Figures 24D, E, 27.

Type -

Laguna Beach, Orange County, California.

First recorded collection in Port Phillip Bay

1975: Gellibrand Light (Northern Bay), 6-8 m deep on
mussels (Kraft, 9.x11.1975, MELU, K5695).

Port Phillio Bay distribution

Northern: Gellibrand Light {as above), 4-6 m deep (Lewis,
25.%1,1976, MELU, L1036); Hobsons Bay, 1-2 m deep
at Breakwater Pier (Lewis, 27.i.1977, MELU, L1039);
off Gloucester Reserve, Williamstown, 3—4 m on
Mesophyllum (Kraft and Saunders, 3.iii.1995, MELU,
K10, 556).

Australian distribution

Victoria: Port Phillip Bay (as above); Apollo Bay, on
floating pipeline in boat harbour (Kraft and Owen,
2.ix.1971, MELU, K3718a).

Extra-Australian distribution

California and Pacific Mexico.

Description

Thallus pinkish red with many terete axes 3—7 cm high,
arising from intertwining stoloniform axes that

anastomose through small rhizoidal haptera. These lower
axes bind debris, other small creeping algae, bryozoa and
byssal threads of associated mussels. The branching may
be irregularly radial, or the terminal parts of erect axes
may be transformed into stoloniform axes by the
production of haptera along one side in the place of regular
laterals, while ordinary laterals emanate form the other
side. Terminal parts of main axes or ultimate branchlets
are frequently curved. Axillary branching absent and
apices depressed. [Gordon-Mills and Womersley 1987]
Comments

C. arcuata has been collected at the same two Victorian
localities as Polysiphonia pungens (also from Pacific
North America) and, as with this Jatter species, Gordon-
Mills and Womersley (1987) consider this Chondria as
probably introduced to southern Australia by shipping.
The occurrence of C. arcuata within mussel communities
and its ability to perennate by secondary attachments near
apices are characters that may have facilitated its transport
within fouling attached to ship hulls.

In northern Port Phillip Bay, C. arcuata fertile plants
were present from late spring through to autumn (Lewis
1977). ‘

Related or morphologically similar species
Chondria spp. Gordon-Mills and Womersley 1987.
Chondria arcuata differs to other Chondria spp. with fully
terete axes in its size, having upper axes mostly less than
250 mm in diameter, in having depressed apices, and
perhaps most distinctively in its ability to produce haptera
near the apices which transform into creeping axes.

Phylum Phaeophyta

Order Ectocarpales

Family Ectocarpaceae

Sorocarpus micromorus (Bory) Silva 1950: 256, —
King ef al. 1971: 116. — Clayton 1974: 799, Figure 32.
— Womersley 1987: 36, Figures 6B, 7TE-F.

Synonymy and taxonomy

Botrytella micromorus Bory,

Sorocarpus uvaeformis Pringsheim;

Ectocarpus siliculosus ssp. uvaeformis Lyngbye.

Type

From Hofmansgave, Denmark.

First recorded collection in Port Phillip Bay

1970: Mornington (Eastern Bay), rare in the upper
sublittoral zone (Clayton, 21.ix.1970, MELU 20519, AD
A35499), '

Port Phillip Bay distribution

Bastern: (as above).

Australian distribution

Victoria: Port Phillip Bay (as above).

Extra-Australian distribution

N Europe, North West Atlantic and N Japan.
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Description

Thallus of medium brown, tufted uniserate filaments, 1—
4 cm long, irregularly branched with bare lower main
branches. Plurilocular sporangia conical to ovoid, densely
clustered in groups along the branchlets or on short laterals
2-3 cells long and thus forming irregularly shaped to
subglobular sori. [Womersley 1987]

Comments

This species is only known from the record of King et al.
(1971) and is considered by Womersley (1987) to be a
possible introduction on shipping. As with other
ectocarpoid species, the small filamentous habit, fast
growth rates and rapid maturation would facilitate
introduction into new locations via shipping. The single
collection record for this species suggests that it has been
unable to successfully establish in Port Phillip Bay.
Related or morphologically similar species
Ectocarpoid spp. Womersley 1987: 26,

Sorocarpus differs from other genera of the Ectocarpaceae
in having sori grouped in irregular, lobed lateral sori.
Stictyosiphon soriferus (Reinke) Rosenvinge 1935:
9, Figures 9-19. — Lewis 1977; 214; 1983: 261. —
Skinner and Womersley 1983: 63, Figures 1B, 2G-1.. —
Womersley 1987: 314, Figures 109C, 113E-7,
Synonymy and taxonomy

Kjellmanin sorifera Reinke.

Type

From the West Baltic Sea.

First recorded collection in Port Phillip Bay

1969: Williamstown (Northern Bay) (King, 28.viii.1969,
MELU 4630).

Port Phillip Bay distribution .
Northern: Williamstown (as above); Gellibrand Light
(Lewis, 20.x.1976, MELU L0805). Corio Bay: Kirk Point,
uppermost sublittoral (Womersley, 30.viii.1981, AD
AS53230); Geelong, drift (Clayton, 4.ix.1970, MELU
21033). Southwestern Bay: Swan Bay (Clayton,
18.ix.1969, MELU 21054).

Australian distribution

Victoria: Port Phillip Bay (see above). Western Australia:
Princess Royal Harbour, Albany (Womerstey, 21.viii. 1979,
AD A51388). South Australia; Billy Lights Point, Port
Lincoln, 12 m deep on Pinna (Shepherd, 23.viii.1975,
AD A46532).

Extra-Australian distribution

North Atlantic and Mediterranean.

Description

Thallus light to medium brown, 10-15(-30) cm high,
slender, terete, much branched irregularly alternately,
tapering gradually from base to apices; with long,
uniseriate apices becoming polystichous below by
longitudinal cell divisions [Womersley 1987].
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Commentis

S. soriferus is considered a probable introduction from the
North Atlantic (Womersley 1987). Along with Striaria
attenuata and Arthrocladia villosa, Skinner and Womersley
(1983) considered that the three species, all well known as
European and British species and common in harbours, were
probable introductions to Australia on shipping as the
Australian collections are also near harbours. Stictyosiphon
has a heteromorphic life history with a pulvinate, filamentous
microthallus the alternate stage to the slender, branched
macrothallus, although the macrotballus can reproduce
directly. The microthallus would facilitate transoceanic
transport, but equally so too could the slender, fast growing
macrothaflus and capacity for direct development.
Related or morphologically similar species

Striaria attenuata Greville. Womersley 1987: 312, Figures
109B, 113A-D.

Both Striaria and Stictyosiphon have slender cylindrical
thalli with polystichous branches tipped by terminal
uniseriate filaments. Branches in Stictyosiphon remain
solid with a medulla of four large cells in sectional view,
unlike Striaria in which the branches become holiow and
the medulla is only 1(~2) cell(s) thick.

Family Punctariaceae

Asperococcus compressus Griffiths ex Hooker
1833: 278. — O’Brien 1981: 185. — Womersley 1987:
318, Figures 114B, 115E, F.

Synonymy and taxonomy

Haloglossum compressum (Griffiths) Hamel.

Type

From Sidmouth, England.

First recorded collection in Port Phillip Bay

1976: Gloucester Reserve, Williamstown (Northern Bay)
(Kraft, 27.1i.1976, MELU A35177, A35178).

Port Phillip Bay distribution

Northern Bay: (as above).

Australfian distribution

Victoria: Port Phillip Bay {as above); Flinders, ocean side
(Clayton, 11.viii.1986, MUCYV Algae 2306, AD A57205).
Extra-Australian distribution

Britain, Europe, Mediterranean and South Africa.
Description

Thallus medium-brown, flat, 10~20(-25) cm long,
(1-)1.5-3(—4) cm broad and 250-500 um thick with
slightly thickened margins, linear or tapering slightly
above with a rounded to truncate (often disintegrating)
apex, tapering below to a cuneate base and short slender
stipe 3-10 mm long, with 1-4(-8) fronds arising from a
small discoid holdfast. Internal structure with two
membranes, 3—4 cells thick, lying closely adjacent with a
slight central cavity crossed by irregular filaments of long
cells. [Womersley 1987]
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Comments

A. compressus is only known from the Port Phll].lp and

Flinders locations and thought by Womersley (1987) to

be a likely adventive which has become established in

- this part of Victoria. Asperococcus has a heteromorphic

life history with the macrothallus alternating with

branched, filamentous microthallus, potentially a

mechanism for ship-borne transport.

Related or morphologically similar species

Asperococcus bullosus Lamouroux. Womersley 1987:

320, Figures 114C, 116A,B, 117A,;

A. fistulosus (Hudson) Hooker. Womersley 1987: 322,

Figures 114D, 116C, D.

A. compressus differs from the other two species in having

a flat, not terete to irregularly inflated, thallus and a narrow

internal cavity crossed by filaments.

Order Laminariales

Family Alariaceae

Undaria pinnatifida (Harvey) Suringar 1873: 77, pis.

vi—vii. — Sanderson 1988: 13; 1990: 153. — Sanderson

and Barrett 1989: 1. — Hay 1990: 301, Figure 1. —

Adams 1994: 113, Plate 34. — Furlani 1996. —— Edgar

1997: 56 (illustr.). — Campbell and Burridge 1998.

Synonymy and taxonomy

Alaria pinnatifida Harvey.

Type

From Japan.

First recorded coﬂectfon in Port Phillip Bay

1996: 2 km northeast of Point Wilson (Coric Bay), on

basalt reef and rock/shell rubble in 2-4 m of water

(Campbell, 8.vii.1996).

Port Phillip Bay distribution

Corio Bay: (as above).

Australian distribution

Victoria: Port Phillip Bay (as above). Tasmama Orford,
1-2 m (Kraft, 15.xii.1992, MELU K9264); also Triabunna,

Coles Bay, Schouten Passage and southwards through the

Mercury Passage; Blackman Bay and Fortescue Bay;

Tinderbox and northern D’Entrecasteaux Channel.

Extra-Australian distribution

Japan, Korea and China.

Introduced to France, Spain, Italy, Britain, Argentma and

New Zealand.

Comments

Sporophyte stipitate, of a thin, golden brown,

membranous, pinnatifid blade, 1-2 {-3) m long, with a

strap-like, 1-3 cm wide midrib running the full length of

the thallus. Pinnae 50-80 cm long. Holdfast of

dichotomously branched, slender, root-like haptera.

Fertile plants with sporangia formed on lobed sporophylls

that coil around the main stem. Gametophyte microscopic,

filamentous.

Discussion

Hay (1990) discusses the 1ntroduct10n of Undaria to
Europe, Australia and New . Zealand. In France, U.
pinnatifida was first discovered in 1‘Etang de Thau, near
Séte on the French Mediterranean coast in 1971. This
lagoon is important for oyster cultivation and Undaria,
along with Sargassum kjellmanianum {(syn. S. muticum)
and Laminaria japonica, is thought to have been
introduced accidentally with the Pacific oyster.
Subsequently, Undaria was intentionally introduced to
the French Atlantic coast off Brittany in 1983 to assess
possibilities for commercial cultivation. By 1987, wild
populations had established and in 1988, the wild
population within one bay was estimated to contain about
20,000 plants. Undaria has also been found in Spain
(Santiago Caamano ef al. 1990), Italy (Curiel ez al. 1994),
Argentina (Piriz and Casas 1994; Casas and Piriz 1996)
and attached to floating pontoons of a marina in the Solent
region on the south coast of England (Fletcher 1995).

The first record of Undaria in the Southern
Hemisphere was in Wellington Harbour, New Zealand,
in 1987, at which time it was distributed almost
continuously along 7-8 km of shore at depths ranging
from the low intertidal to 57 m in Lambton Harbour, the
main commercial region of Wellington Harbour (Hay and
Luckens 1987; Hay 1988, 1990; Stapleton 1988). No
oyster cultivation occurs in this area and the introduction
was therefore thought to be in ballast water or as hull
fouling.

A search of other New Zealand harbours in 1988 found

the plant to be growing on wharf piles, retaining walls
and moorings at the port of Timaru on the east coast of
the New Zealand South Island. Local divers had observed
the plant to be present for several years and suggested it
may have been introduced into the area in the early 1980’s
when the hulls of Japanese fishing hulls that lay alongside
Timaru wharves were first cleaned with high pressure
hoses (Hay 1990).
_ Evidence was collected which suggested that Undaria
was being spread in New Zealand by coastal shipping
(Hay 1990). Undaria grows commonly on floating or
suspended objects including the hulls of vessels where
the plants usually grow at, or just below the waterline,
Observations on vessels fouled with Undaria
demonstrated that established plants could survive lengthy
ocean voyages, hull cleaning and short term emersion,
possibly in the form of germlings or at the microscopic
gametophyte stage, and were most likely to establish on
the hulls of vessels moored or laid up for extended periods
rather than fast turn around vessels.

Undaria pinnatifida was first discovered in Australia
in 1988 at Rheban, 10 km scouth of Triabunna, on
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Tasmania’s east coast (Sanderson 1988). Subsequent
surveys found the plant to occur aleng 10 km of coastline,
from Triabunna to Rheban, and anecdotal evidence
suggested the plant had been in the area since at least
1982 (Sanderson 1990). Ships transporting woodchips
from Triabunna to Japan are considered the most likely
source for the introduction.

The first record of Undaria in Port Phillip Bay was
reported more recently (Winkler 1996; Campbell and
Burridge 1998). Immature plants were first discovered in
July 1996 off Point Wilson, with mature, reproductive
plants collected from the same area in the following
month. Plants were generally restricted to hard or semi-
consolidated substrates: rock, consolidated sediment,
abalone and bivalve shells and encrusting algae. Some
very small plants were attached to seagrass blades and
unconsolidated large-grain sediments. Sporophytes were
not found in January 1997.

Characters listed by Hay (1988) which have favoured
the spread of Undaria are its weed-like behaviour, rapidly
colonising new or disturbed substrates, its ability to
preduce spores through most of the year, and its propensity
for colonising floating or suspended objects. Undaria can
also tolerate a wide range of environmental conditions
including wave exposure (sheltered marinas to the open
coast), depth (low intertidal to 18 m deep) and irradiance
(full sunlight to 5-6 m deep in silty harbour water) (Hay
and Villouta 1993).

Related or morphologically similar species
Ecklonia radiata (C. Agardh) J. Agardh. Womersley 1987:
332, Figures 120, 1211-K, Plate 4 Figure 2.

Laminarian kelps can be distinguished from other large
brown macroalgae by their much-divided holdfasts. Two
families are represented in southern Australia: the
Lessoniaceae (Macrocystis spp. and Lessonia corrugata)
and the Alariaceae. Blades in the Lessoniaceae are deeply
divided and several blades arise from a single holdfast,
whereas in the Alariaceae the blades do not have deep
longitndinal splits and only a single blade arise from a
single holdfast. The only native species of the latter family
is the common Ecklonia radiata. Undaria pinnatifida is
easily distingnished by its flattened stipe extending into
the blade as prominent midrib and in fertile plants by the
lobed sporophylls that coil around the stipe.

Phylum Chlorophyta

Order Ulvales

Family Ulvaceae

Ulva fasciata Delile 1813: 297, pl. 58, fig. 5. —
Womersley 1984: 146, Figures 46B, 47D-G. — Phillips
1988: 434, Figures 15-17. — Millar and Kraft 1993: 423.
Type

From Alexandria, Egypt.
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First recorded collection in Port Phillip Bay

1978: Station Pier, Hobsons Bay (Northern Bay) (Parish,
2.i.1978, MUCYV 1328},

Port Phillip Bay distribution

Northern: (as above),

Australian distribution

Victoria: Port Phillip Bay (as above). Western Australia:
Swan R. Estuary (Allender, 7.iii.1966, UWA A921);
Fremantle (Congdon, 8.1.1982, MUCV 1578, 1579).
South Australia: Wanna, near Port Lincoln {Womersley,
19.ii.1959, AD 22437, A22438); West Lakes
(MacFarlane, 10.xi.1980, AD A51836). New South
Wales: Byron Bay (Phillips, 5.vi.1980, MUCV 1575);
Hastings Point (Phillips, 27.1.1979, MUCYV 1576); Coffs
Harbour (Millar and Huisman, 6.1.1981, MELU AM446,
AM447); Tamarama Bay, Sydney (King, 28.iii.1984,
UNSW 16116); Turimetta Head (King, 20.x.1976, UNSW
13873, AD A53995).

Extra-Australian distribution

Tropical and subtropical seas.

Description

Thallus divided to the basal region into three to many
narrow, relatively flat, sometimes subdichotomously
branched lacinae; margin sometimes dentate. Cells in surface
view polygonal or quadrangular in shape, arranged in no
observable order. Cells in transverse section rectangular
throughout the thallus. Chloroplast parietal on the outer
face of the cell wall, covering half to whole of the cell
face in surface view. Pyrenoids one to four. [Phillips 1988]
Comments

With its disjunct distribution in the temperate waters of
southern Australia, and collection only in the summer
months in the vicinity of ports, Phillips (1988) considered
U. fasciata to be a probable introduction to this region on
shipping. Apparently it is a common species on the
northemn coastline of New South Wales, where it grows
on the vertical faces of basalt boulders and in rock pools
of the mid and lower intertidal zones in rough water
localities.

Related or morphologically similar species

Ulva spp. Phillips 1988. '

The linear thalli of Ulva fasciata distinguish it from U.
rigida and U. lactuca which both have orbicular, ovate
or lobed thalli. U. stenophylla and U. laeteverens can also
have linear thalli. The former has deeply ruffled margins
and, in transverse section, basal cells are bullet shaped;
the latter has undulating margins and conical basal cells.
U. fasciata has a relatively flat thallus and rectangular
basal cells,

Order Cladophorales

Family Cladophoraceae

Cladophora prolifera (Roth) Kiitzing 1843: 271. —
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van den Hoek 1963: 208, pl. 51, Figares 677-682, pl. 52.
— van den Hoek and Womersley 1984: 193, Figures 624,
63A,B.

Synonymy and faxonomy

Cladophora rugulosa Martens. Womersley 1956: 359. —
King ef al. 1971: 113.

Type

From the Mediterranean Sea.

First recorded coflection in Port Phillip Bay

1964: Pt Nepean (Port Phillip Heads), upper littoral rock
pool (Ducker, 5.1v.1964, MELU A1332).

Port Philfip Bay distribution

Eastern Bay: Beaumaris reef, growing on rocks (TP
Farrell, 31.v.1968, MELU A4308); Mount Martha (V.
Boater, 6.vii. 1969, MELU A 4915). Port Phillip Heads:
as above, also: Pt Lonsdale, low intertidal/upper subtidal
flats and pools, dominant green (Kraft and Millar,
25.i1i.1988, MELU K7823); Pope’s Eye, common on
southern side (O’ Brien, 20.1.1976, MELU A23,076); The
Rip, 16-23m deep along the sides of the channel off the
quarantine station on Point Nepean (Kraft, Saunders and
Strachan, 10.v.1995, MELU K 10,662); Point Nepean, on
sandy bottom in upper littoral rock pool on front beach
{Ducker, 16.1.1970, MELU A4828),

Australian distribution

Victoria: Warranambool, mouth of Hopkins R., mid-
littoral (Adams, 8.xii.1968, MELU A4165); Port Phillip
Bay (as above); Sorrento, Kbonya Beach, shaded intertidal
pool (Womersley, 15.1.1974, AD A44661); Flinders,
exposed and in low intertidal pools on Mushroom Reef
(Kraft and Botany 207 class, 14.i1.1997, MELU K10,523).
Western Australia: Rottnest I, lower littoral pools (Cribb
in AD); Esperance, upper sublitioral pools (Woelkeriing,
21.ix.1968, AD A33944). South Australia: Off St Kilda,
5 m deep (R. Lewis, 4.ix.1972, AD A42743); Granite 1,
Victor Harbour (Womersley, 16.1v.1976, AD A47202).
Extra-Australian distribution

Warm temperate Europe, Mediterranean, tropical Africa
and America, Solomon Is., and New Zealand.
Description

Thallus dark green, sometimes light brown-green in lower
eulittoral plants, forming dense spreading tufts to 15 cm
high, with many stipes from a matted rhizoidal holdfast;
filaments branched from almost every cell. Growth
entirely acropetal with lateral branches arising usually
from the subapical cell, and with one or commonly two
(and then opposite) or occasionally three to five laterals
(at acute angles) from each parent cell, less so in older
parts. Basal and Iower cells of stipes and older branches
each producing a descending rhizoid which may branch;
lower branch cells often with annular constrictions over
the lower 0.2-0.5 of their length.

Apical cells cylindrical with rounded to slightly
tapering tips (70-) 100-220 mm in diameter, L/B 3-13;
ultimate branch cells of similar diameter, L/B 2.5-13;
basal stipe cells slightly clavate, 350-420 mm in
maximum diameter, L/B 5-22, sometimes tapering into
a rhizoid; ratio of basal cell to apical cell diameters 1.5—
3 (-5) in plants with natrow apical cells); cell walls
relatively thin near apex (3—6 mm), below 10-12 mm thick
and 20-30 mm thick near base. [van den Hoek and
Womersley 1984]

Comments

Womersley (1956) considers a collection from Rottmest
Island, identified as C. rugulosa, to be the first Australian
record of this species. The first published records of the
species occurring in Port Phillip Bay are those of King ez al.
(1971) who refer to the specimens in MELU from Pt
Nepean, Beaumaris and Mt Martha. The species is well
established in the Port Phillips Heads region and is commonly
found intertidally and subtidally on the exposed sandstone
rock platforms on both sides of the Heads. _

The occurrence of Cladophora prolifera has been
linked with that of the introduced opisthobranch
Aplysiopsis formosa, considered to be an introduction
from the North Atlantic/Mediterranean (Fuhrer 1981; see
Chapter 9). The local distribution of this algae differs to

- that of many other recognized introductions in that it has

colonized and is locally abundant on exposed coastal rock
platforms and in deep water, such as around Port Phillip
Heads. However, these locations are close to international
shipping lanes and shipping must be considered a potential
vector for the species’ introduction. Vegetative
characteristics of the plant conducive to transpott in this
way are the filamentous thallus and rhizoidal holdfast.
Related or morphologically similar species
Cladophora spp. van den Hoek and Womersley 1984,
Cladophora prolifera is classified in Section
Longiarticulatae, species of which are characterised by
the basal and lower cells being many times longer than
apical cells. Two other southern Australian species, C.
bainesii and C. feredayi also belong in this section. C.
prolifera differs to these species in its dark, rather than
lighi to medium green colour and in having apical cells
mostly over 100 mm in diameter. Annular constrictions
are also absent from lower cells of the other two species.
Order Codiales

Family Codiaceae

Codium fragile (Suringar) Hariot ssp. fementosoides
(van Goor) Silva 1955: 567, text-Figures 2, 3. — Adams
1994: 47, Plate 13. — Furlani 1996.

Synonymy and taxonomy

Codium mucronatum J. Agardh var. tomentosoides van
Goor 1923: 134, Figure lc.
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Type
From Huisduinen, The Netherlands.
First recorded collection in Port Phillip Bay
1997: Corio Bay (36°6685S 144°2335E), in trawl (Parry,
25.ii.1997, MEELU 1.2882).
Port Phillip Bay distribution
Corio Bay (as above).
Australian distribution
Victoria: Port Phillip Bay (as above); Corner Inlet (R.
Williams, June 1995, MELU A042537, A(42538; AHG
8120 400 130, 8.x.1996, MELU L2876); Newhaven,
Western Port Bay (Campbell, 4.iii.1998, MELU L2883).
Tasmania: North West Bay, D’Entrecasteaux Channel
(C Trowbridge pers. comm.).
Extra Australian distribution
Japan, western Europe, Scandinavia, North West Atlantic
and New Zealand,
Description
Thallus of one to several erect robust fronds arising from
broad, spongy, basal disc; fronds 15-25 (-50) cm high,
dichotomously branched, branches terete (at times
flattened at base), tapering from base to apex. Utricles
irregularly cylindrical or more often clavate, frequently
with broad constriction at or just below middle, (105-)
165-325 (—400) mm max. Diam., 550-1050 mm long,
uwsually 2.5-5.5 x long as broad; apices rounded-apiculate;
wall of utricle approx. 1.5 mum thick, thicker at apex (—12 mm),
prolonging point into mucron up to 68 mm long. Hairs
(or hair scars) common, one or two per utricle, borne 160—
260 mm below apex. Gametangia ovoid, oblong, or
fusiform, 72-92 mm diam., 260-330 mm long, one or
two per utricle, each borne on protuberance near middle
of utricle (415-560 mm below apex). Medullary filaments
mostly 26-68 mm diam. [Silva 1955]
Comments
Silva (1955) considered that both Codium fragile ssp.
atlanticum and Codium fragile ssp. tomentosoides were
most likely introduced to Europe from the Pacific within
historical time. While collections of ssp. atlanticum are
known from the early 1800’s, ssp. tomentosoides appears
a more recent invader, being first collected in Holland in
1900, Denmark in 1920, Sweden in 1938, England in
1939, Atlantic France in 1946 and Norway in 1952. Silva
considered the most likely place of origin to be Japan.
The subsequent spread of ssp. fomentosoides to the north
east coast of North America has been variously attributed
to accidental importation with seed oysters (Wood 1962;
Taylor 1967) or on the hulls of European freighters
(Loosanoff 1975). Codium fragile ssp. tomentosoides was
first recorded from the west coast of North America, in
San Francisco Bay, by Silva in 1979.

Scattered small plants of Codium fragile ssp.
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tomentosoides were first found in New Zealand in 1973
on the seawall of a newly constructed container terminal
in Auckland Harbour (Dromgoole 1975). Twelve months
later plants had spread extensively over a distance of 70 m
and over the next 5 years spread to other locations in the
lower reaches of the Hauraki Guif (Dromgoole 1979).
By 1993 the plant was distributed widely in Hauraki Gulf
and had also spread to wave protected shores as far north
as the Bay of Tslands and southward to Taurangi Harbour
(Trowbridge 1995).

The rapid growth and spread of the plants and the high
population densities observed by Dromgoole were not
considered characteristic of the native form, and reflected
the ability of this subspecies to perennate from persistent
bases, to regenerate from plant fragments or even isolated
utricles (Ramus 1972), and to develop asexually from
released swarmers. Wherever studied, the populations
have been shown to be solely female, with the female
gametes capable of parthenogenetic development (Silva
1979). The percentage of swarmers which develop into
filaments was also found to be high (Dromgoole 1979).

Silva (1979) considered Codium fragile ssp.
tomentosoides to be a weed in the sociological sense of a
plant that grows rankly in unwanted places. This
“weediness” he attributed to its broad physiological
tolerance and unusually great reproductive capacity.

Dromgoole (1975) considered the subspecies’ ability
to tolerate a wide range of light and temperature conditions
and its ability to grow on many substrates as conducive
to its transport on shipping and considered this to be the
most likely means of introduction to New Zealand waters.
Dromgoole subsequently (1979} listed the features that
he considered made Codium fragile ssp. tomentosoides
eminently suitable for carriage on shipping. These were:
* its ability to colonise floating substrates which are

imperfectly coated with antifouling paints (e.g. marina

pontoons, navigation buoys);

= its ability to colonise substrates with little surface
relief; and

* its perennial basal holdfast which would allow plants
to survive the hydrodynamic stress of a transoceanic
voyage.

Codium fragile ssp. tomentosoides can also grow in
an undifferentiated “vaucherioid” stage that is known from
many hard substrata, including rocks, rafts, macroalgae,
barnacles, gastropods, and bivalves (Trowbridge 1998).
This juvenile stage may also facilitate transport on ship
hulls.

Trowbridge (1995) predicted that, because the
introduction of ssp, tomentosoides to New Zealand
signified its inadvertent dispersal across the equatorial
region, which often acts as a barrier for temperate zone
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species, the alga could readily spread to Australia, South
America and South Africa. Discovery of the alga in
Victoria and Tasmania has proven this true. The broad
temperature tolerance of the species suggests that the alga
could spread widely through wave-protected bays and
harbours in both New Zealand and Australia. However,
monitoring this spread may be complex given the
moderate to dense populations of the morphologically-
similar native ssp. novae-zelandiae in many Australian
and New Zealand harbours (Trowbridge 1995, 1996).
Trowbridge (1998) reviews aspects of the morphology,
physiology and ecology of invasive and non-invasive
subspecies of Codium fragile. The primary vectors for
spread of ssp. tomentosoides is considered to be shellfish
and ship hulls. Ballast water introductions are considered
highly unlikely given the short duration of gametes (< 1 day).
Related or morphologically similar species
Codium fragile ssp. tasmanicum (J.Agardh) Silva.
Womersley 1984: 238, Figure 80D;
Codium fragile ssp. novae-zelandige (J.Agardh) Silva.
— Womersley 1984: 238, Figure 80E;
Codium galeatum J. Agardh. Womersley 1984: 235,
Figures 77E, 78F;
Codium duthieae Silva. Womersley 1984: 235, Figures
77F,78G;
Codium harveyi Silva. Womersley 1984: 236, Figures
794, 80A;
Codium muelleri Kuetzing. Womersley 1984: 236, Figures
798, 80B;
Codium australicum Silva. Womersley 1984: 238, Figures
79C, 80C. '
Of the above erect, dichotomously branched Codium
species found in southeastern Australia, only Codium
fragile has mucronate utricles. The two native subspecies
differ to ssp. tomentosoides in having narrow, cylindrical
utricles mostly longer than 1 mm and without the
constriction often characteristic of utricles in the adventive
subspecies.

6.3 MACROALGAE CONSIDERED TO BE
POSSIBLE INTRODUCTIONS TO
SOUTHERN AUSTRALIA BUT ASYET NOT
RECORDED IN PORT PHILLIP BAY

Phylum Rhodophyta

Order Ceramiales

Family Ceramiaceae

Antithamnion cruclatum (C. Agardh) Nigeli 1847:
200. — Athanasiadis 1996: 168, Figure 81. — Womersley
1998: 117, Figure 51. -

Type

From Trieste, Italy.

Australlan distribution

South Australia: Whyalla, in channel with tidal flow, 0.5 mdeep
(Harbison, 10.v.1994, AD A63545).

Extra-Australian distribution

Widespread in temperate Atlantic and European waters.
Description _

Thallus filamentous, ecorticate, medium to dark red-brown,
densely tufted, 5-25 mm high, with limited prostrate axes
bearing much branched erect axes with opposite, decussate,
laxly branched whorl branchlets. Attachment by rhizoids with
digitate multicellular haptera, arising from basal cells of
whorl branchlets; epilithic. Apical cells 6-12 pum in
diameter, with densely tufted apices, enlarging to mature
axial cells 60-110 ym in diameter. Whorl-branchlets 700
1200 wm and 14-20 cells long, with opposite or unilateral,
mostly erect, pinnules 200500 pm long, pinnules simple
or occasionally with a short gland cell bearing branch;
gland cells borne on short 2—4-celled branches on the
pinnules, alongside 2 or 3 pinnule cells, ovoid when
mature. Lateral branches arising on basal cells of whorl-
branchlets. Tetrasporangia pedicellate. [Womersley 1998]
Comments

Womersley found these plants, sampled several times in
1994 from a single population, to agree well with
descriptions of A. cruciatum from Europe, and the
identification was supported by Dr C Maggs. Whyalla is
an industrial port and the species is considered by
‘Womersley to most likely be adventive.

Related or morphologically similar species
Antithamnion spp. Womersley 1998: 99 et seq.
Womersley (1998) describes 10 other species of
Antithamnion from southern Australia. A. cruciatum is
characterised by having decussately arranged whorl
branchlets, densely branched with relatively lax pinnae
and terminal cells with rounded ends, the pinnules
opposite below, often unilateral above, and separated on
the rachis. Tetrasporangia are pedicellate. Antithamnion
differs to other genera of the Antithamnieae in having
whorl-branchlets in single pairs per axial cell, and gland
cells on short 2—4 celled lateral branches on pinnules.
Phylum Phaeophyta

Order Chordariales

Family Elachistaceae

Elachista orbicularis (Ohta) Skinner 1983: 98, Figures
1-3; 1985: 155. — Womersley 1987: 78, Figure 21 A-C.
Synonymy and taxonomy :
Gonodia orbicularis Ohta.

Tvpe

From Tappi, Aomori Pref., Tapan.

Australian distribution

Western Anstralia: King Head, Rottnest Island, 34 m
deep (Engler and Clarke, 6.ix.1979, AD A50841),
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South Australia: Port Noarlunga, drift (Skinner and
Thomas, 28.v.1976, AD A47215); Rosetta Bay, Victor
Harbour, 5~6 m deep (Clarke and Engler, 20.1ii.1979, AD
A50315). New South Wales: Garie Beach, Royal National
Park (King, 27.iv.1983, AD, A54928).
Extra-Australian distribution

Japan.

Description

Thallus dark brown, tufted, with a pulvinate base
surmounted by long, free exserted filaments, 2-8 mm
across and high, epiphytic on Ecklonia radiata. Basal
layer of radiating, closely adjacent filaments, more or less
circular, sometimes with short projections between the
host cells. Medulllary filaments arising from each cell of
the basal layer, of two types: subdichotomous filaments
producing determinate cortical filaments and sporangia,
and unbranched filaments which continue as long
assimilatory filaments. [Womersley 1987]

Comments

This tufied filamentous alga is found in Australia as an
epiphyte on Ecklonia radiata. Womersley remarks that
E. orbicularis is common on Ecklonia at the cited
localities in South Australia throughout the year, but has
not been observed on herbarium sheets of Eckionia
collected before 1976. It is therefore considered a likely
introduction from Japan, where it grows on Undaria.
Related or morphologically similar species
Elachista claytoniae Skinner. Womersley 1987 78, Figure
21D-G;

Elachista australis T Agardh. Womersley 1987: 80,
Figures 22, 27A.

E. orbicularis differs to the other species of the genus
found in southern Australia in having long, unbranched
assimilatory filaments and the plurilocular sporangia
borne on separate, shorter branched filaments.

Order Sphacelariales

Family Choristocarpaceae

Discosporangium mesarthrocarpum (Meneghini)
Hauck 1885: 525, Figure 236. — Womersley 1987: 146,
Figures 45A, 46A-E.

Type

From Dalmatia, Adriatic Sea.

Australian distribution

South Anstralia: off Grange, 20 m deep on Micropeuce
growing on artificial tyre reef (Branden, 7.iii.1985, AD
A56425); off Glenelg, 18 m deep on tyres and epiphytic
(Reimers, 17.vi.1986, AD A57123; Branden, 20.v.1987,
AD A57486),

Extra-Australian distribution

Adriatic and Gulf of Naples, Mediterranean.
Description

Thallus greenish-brown, 3—15(—40) mm long, tufted and
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fastigiate, slightly to moderately branched irregularly
laterally and usually several cells apart, with branches
originating just below the cross wall. Growth apical, with
the apical of similar size to lower cells. Filaments slender,
(14-)16-25 mm in diameter, uniseriate, not tapering.
Reproduction by sessile, plate-like plurilocular sporangia
attached laterally to lower filaments. [Womersley 1987]
Comments

Prior to the South Australian collections, the monospecific
genus Discosporangium was only known from the
Mediterranean Sea. The deep-water collection sites are
unusuai for adventives introduced on shipping. However
the proximity of the sites to a major port and the
association of the alga with artificial substrata, in this case
tyre reefs, points to a possible link to shipping. Plants
agreeing well with Sphacella subtilissima Reinke, another
deep water brown alga previously known only from the
Mediterranean, have also been collected in South
Australian water (Womersley 1987, 1990). However, the
collection localities off Pearson Island and in the
Investigator Strait makes any link with international
shipping seem tenuous.

Related and morphologically similar species
Sphacella subtilissima Reinke. Womersiey 1987: 148,
Figures 458, 46F-H;

Sphacelaria spp. Womersley 1987: 150 et seq.
Discosporangium differs to species of Sphacella and
Sphacelariain the absence of subdivision of the subapical
cells. Cells in Sphacelaria also divide longitudinally. The
sessile, plate-like sporangia are particularly characteristic
of Discosporangium.

Order Desmarestiales

Family Arthrocladiaceae

Arthrocladia villosa (Hudson) Duby 1832: 18. —
Skinner and Womersley 1983: 65, Figures 1C, 3. —
Womersley 1987: 266, Figures 94C, 96F-I1.

Type

From Cornwall, England.

Australian distribution

South Australia: Port Stanvac, 4-5 m deep, but not
attached (Clarke, 28 xi1.1981, AD A52837).
Extra-Australian distribution

Temperate N Atlantic and Mediterranean.

Description

Thallus medium brown, 15-20 cm Iong, filiform, slender,
with long simple branches, Structure of a distinct axial
filament surrounded by a large-celled medulla and outer
small-celled cortex bearing whorled fascicles of filaments.
Growth trichothallic at base of a single filament
terminating each branch, Fronds terete, largely oppositely
branched, 0.5-1 mm thick below, tapering slightly to 0.1-
0.2 mm thick near the apices, bearing more or less
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whorled, determinate fascicles 0.4—2(—3) mm long, giving
the branches a fuzzy appearance. [Womersley 1987]
Comments

This species is only known from a single collection in
1981, when a number of plants were present (Womersley
1987). The plant is considered to have possibly arrived
on ships visiting the Port Stanvac Oil Refinery, but was
unable to establish in the area. The gametophyte of
Arthrocladia is filamentous and microscopic, possibly
facilitating ship-bome transport.

Related or morphologically similar species
Desmarestia ligulata (Lightfoot) Lamouroux. Womersley
1987: 264, Figures 94B, 96A-E.

The most closely related species to Arthrocladia villosa
in sonthern Australia is Desmarestia ligulata. The
Arthrocladiaceae differs to the Desmarestiaceae in having
laterals in whorls of four, not opposite, and sporangia in
maoniliform chains on branched filaments instead of in or
on the thallus surface. :
Order Dictyosiphonales

Family Striariaceae

Striaria attenuata Greville 1828 synop. 44, — Skinner
and Womersley 1983: 60, Figures 1A, 2A-F. —
Womersley 1987: 312, Figures 109B, 113 A-D. — Nelson
and Maggs 1996: 451, Figure 3.

Type

From the Isle of Bute, Scotland.

Australian distribution

South Australia: West Lakes, Adelaide, 1 m deep
(Steffenson, 20.x.1978, AD> A49759). New South Wales:
Pambula, in mangrove swamp (King and Wheeler,
28.ix.1983, UNSW 15243, AD A54426). Tasmania:
Southport, on jetty piles (Cribb, 23.ix.1950, AD A16249);
Coles Bay, uppermost sublittoral on Caulocystis
cephalornithos (Womersley, 19.x.1986, AD A57213).
Extra-Australian distribution

Temperate N Atlantic, southern New Zealand, South
America and Japan.

Description

Thallus light to medium brown, 10-15(-30) cm high,
much branched irregularly radially to oppositely, branches
terete, basally constricted, and tapering gradually to their
apices; attachment by a small discoid holdfast. Growth
of terminal filament trichothallic, with diffuse growth
below the uniseriate apex. [Womersley 1987].
Comments -

Womersley (1987) suggests that S. attenuata may be an
introduction to southern Australia which may not have
yet established itself at the collection localities. Again,
Striaria has a microscopic, filamentous gametophyte that
may have facilitated ship-borne transport. In New Zealand
the species is known from Otago Harbour and Stewart

Island and more recently has been found growing
subtidally near an old ship slipway in Wellington Harbour
(Nelson and Maggs 1996).

Related or morphologically similar species
Stictyosiphon soriferus (Reinke) Rosenvinge. Womersley
1987: 314, Figures 109C, 113E-1.

As discussed under Sticryosiphon both this species and
Striaria have slender cylindrical thalli with polystichous
branches tipped by terminal uniseriate filaments. Striaria
differs in having branches, which become hollow and a
medulla only 1(=2) cell(s) thick, unlike Stictyosiphon in
which the branches remain solid with a medulla of four
large cells in sectional view.

Phylum Chrysophyta

Order Vaucheriales

Family Vaucheriaceae

Vaucheria piloboloides Thuret 1854: 389. —
Womersley 1987: 452, Figure 169E.

Type

From Saint-Vaast-La Houge, Normandy, France.
Australian distribution

South Australia: O’Sullivan Beach, just south of Port
Stanvac, 2 m deep in harbour, epiphytic and on detritus
(Cannon, 18.ix.1986, AD A57153).

Extra-Australian distribution

Widespread in temperate seas.

Description

Thallus medium to dark green, forming loose tufts on detritus
or epiphytic, with erect filaments above. Filaments sparingly
branched, 45-90 mm in diameter, coenocytic. Monoecious,
with the sex crgans on adjacent branches of erect filaments,
the antheridia below the cogonia. [Womersley 1987]
Commenis

in southern Australia, this species of Vaucheria is only
known from the harbour at O’ Sullivan Beach, just south
of Port Stanvac, and Womersley (1987) therefore
considers the species a possible adventive.

Related or morphologically similar species
Vaucheria spp. Womersley 1987: 449; Entwisle 1988.

V. piloboloides differs to other species of Vaucheria in
having antheridia subtended by a basal, empty cell and
monoecious thalli with oogonia and antheridia adjacent
on vegetative filaments.

Phylum Chrysophyta

Order Caulerpales

Family Caulerpaceae

Caulerpa filiformis (Suhr) Hering 1841: 91. —
Papenfuss 1940: 201, Figure 2. — May 1976: 137, pl.
11. — Millar and Kraft 1993; 437. — Furlani 1996. —
Edgar 1997: 37 (illustr.).

Synonymy and taxonomy

Amphibolis filiformis Suhr;
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Caulerpa ligulara Harvey ex J. Agardh;

Caulerpa flagelliformis forma ligulata Weber van Bosse.

Type

From Algon Bay, Cape Province, South Africa.

Australian distribution

New South Wales: Collaroy, Port Jackson and Botany Bay.

Extra-Austrafian distribution

South Africa,

Description

Thallus with a creeping rhizome bearing dense, erect

fronds 30 cm or more in height. Fronds elongate, flat,

glabrous, sparingly dichotomously branched; petiole of

fronds somewhat terete, annulate; apical tips truncate or

somewhat obtuse. [De Toni 1889: 447]

Comments

This species appears to have a very localised distribution

and May (1976) reports a marked increase in abundance of

the species over a comparatively short period of time, She

considered that this may reflect either spread of the species

after introduction, or a response to local increased pollution.
The habit and life history of Caulerpa species do not

appear conducive to transoceanic transport on ship hulls,

The spread of Caulerpa taxifolia in the Mediterranean

was attributed to the plant’s ability to regenerate from

small fragments and resist emersion for extended periods

in damp conditions such as found in anchor lockers.

Similar characteristics in C. filiformis may have facilitated

its introduction to eastern Australia.

Related or morphologically similar species

Caulerpa spp. Womersley 1984: 254.

The linear, strap-like fronds of C. filiformis distingnish

this species from other southern Australian Caulerpa spp.

6.4 MACROALGAE IN PORT PHILLIP
BAY WITH COSMOPOLITAN
DISTRIBUTIONS WHICH ARE POSSIBLE
INTRODUCTIONS

Phylum Rhodophyta

Class Bangiophyceae

Order Porphyridiales

Family Porphyridiaceae

Stylonema alsidii (Zanardini) Drew 1956: 72. —
‘Womersley 1994: 24, Figure 1D, E.

Tvpe

From the Adriatic Sea.

Port Phillip Bay distribution

Northern: Lewis 1977: 215 (as Goriotrichum elegans).
O’Brien 1981: 186 (as G. elegans).

Distribution

Australia: WA, SA, Vic, Tas, NSW and Qld.

Elsewhere: Virtually cosmopolitan.
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Order Compsopogonales

Family Erythrotrichiaceae

Erythrotrichia carnea (Dillwyn) ], Agardh 1883: 15.
— Womersley 1994: 28, Figure 2A-D.

Type

From Wales.

Port Phillip Bay distribution

Southwestern: Womersley 1994: 28,

Distribution

Australia: WA, SA, Vic, NSW and Qld.

Elsewhere: Cosmopolitan.

Order Bangiales

Family Bangiaceae

Bangia atropurpurea (Roth) C. Agardh 1824: 76. —
Fletcher 1980: 46, P1. 18 Figures 1-3. — Womersley
1954: 34, Figure 3D-H.

Tvpe

From Bremen, Germany.

Port Phillip Bay distribution

Northem, Corio, Port Phillip Heads: (as Bangia fuscopurpurea)
King e af. 1971: 120. Lewis 1977: 215. (¥ Brien 1981: 186.
Distribution

Australia: WA, SA, Vic, Tas, NSW and Qld.

Elsewhere: Cosmopolitan.

Class Florideophyceae

Order Acrochaetiales

Family Acrochaetiaceae

Audouinella simplex (Drew) Garbary et al. 1983: 51, Figure
21. — Woelkerling and Womersley 1994: 50, Figure 8D-J.
Type

From Santa Monica, California.

Port Phillip Bay distribution

Northern: (as A. pectinata) Lewis 1977: 216; 1983: 261.
O’Brien 1981: 186.

Distribution

Australia- SA and Vic.

Elsewhere: Pacific coast of North America; and ?South
Africa.

Audouinella pacifica (Kylin) Garbary 1979: 490. —
Woelkerling and Womersley 1994: 58, Figure 11E-I.
Type

From Puget Sound, Washington.

Port Phillip Bay distribution

Northern: (as Colaconema pacificum) O’ Brien 1981: 186.
Distribution

Australia: WA, SA, Vic and NSW.

Elsewhere: Pacific coast of North America.

Order Nemaliales

Family Liagoraceae

Nemalion helminthoides (Velley) Batters 1902: 59,
— Womersley 1994: 78, Figures 13A, B, 19A-F.
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Type

From Portland, England.

Port Phillip Bay distribution

Eastern, Port Phillip Heads: King et al. 1971: 120,
Distribution

Australia; SA, Vic, Tas and NSW.

Elsewhere: Widespread in temperate waters.

Order Gelidiales

Family Gelidiaceae

Gelidium pusillum (Stackhouse) Le Jolis 1863: 139.
— Womersley and Guiry 1994: 133, Figures 35E, 39E-K.
Type

From Sidmouth, England.

Port Phillip Bay distribution

Northern, Eastern, Corio, Port Phillip Heads: King et ai.
1971; 120. O'Brien 1981: 186.

Distribution

Ausiralia: WA, SA, Vic, Tas and NSW.

Elsewhere: Cosmopolitan.

Pterocladia capillacea (S.G. Gmelin) Bornet in Bornet
and Thuret 1876: 57, pl. 20 Figures 1-7. — Womersley
and Guiry 1994: 139, Figures 40C, 41F-J.

Type

From the Mediterranean.

Port Phillip Bay distribution

Northern, Port Phillip Heads: Wommersley 1966: 145. King
et al. 1971: 120. O’Brien 1981: 186. '
Distribution

Australia: WA, SA, Vic, Tas, NSW and QId.

Elsewhere: Widespread on temperate and sub-tropical
coasts. :

Order Hildenbrandiales

Family Hildenbrandiaceae

Hildenbrandia rubra (Sommerfelt) Meneghini 1841:
10. — Womersley 1994: 143, Figure 42A.

Type

From Venice, Italy.

Port Phillip Bay distribution

Northern: (as H. prototypus) O Brien 1981: 187,
Distribution

Australia: SA and Vic.

Elsewhere; Widespread in temperate and tropical waters.
Hildenbrandia occidentalis var. yessoensis
(Yendo) Ardré 1959: 227,

Type

From Japan.

Port Phillip Bay distribution

Northern: O’Brien 1981: 187.

Distribution

Australia: Vic.

Elsewliere: Japan and Portugal.

Order Gigartinales

Family Peyssonneliaceae

Peyssonnelia conchicola Piccone and Grunow in
Piccone 1884: 317, plL. VIL Figures 5-8. — Cribb 1983: 40,
Plate 9, Figure 3.

Type

From Massawa, Ethiopia.

Port Phillip Bay distribution

Northern: O'Brien 1981: 187,

Distribution

Australia: Vic and Qld.

Elsewhere: Red Sea, Tropical Indo- West Pacific and West
Indies.

Order Ceramiales

Family Ceramiaceae

Gymnothamion elegans (Schousboe ex C. Agardh)
1. Agardh 1892: 28, pl. I Figures 11-14. — Millar and
Kraft 1993: 41, — Womersley 1998: 130, Figure 57B-E.
Type

From Tangier, Morocco.

Port Phillip Bay distribution

Port Phillip Heads: Millar and Kraft 1993: 41. —
Womersley 1998: 130.

Distribution

Australia: Vic and Tas.

Elsewhere: Widespread in warmer seas.
Antithamnioneila ternifolia (Hooker and Harvey)
Lyle 1922: 350. — Maggs and Hommersand 1993: 19,
Figure 6. — Athanasiadis 1996: 128, Figure 61.— Nelson
and Maggs 1996: 451, Figure 4A-D. -— Womersley 1998:
166, Figures 76, 77A, B, 78A-L

Type

From St Martin’s Cove, Cape Horn, Chile.

Port Phillip Bay distribution

Northern: (as Antithamnionella tasmanica) Lewis 1977:
217; 1983: 262. — O’Brien 1981: 188.

Distribution

Australia: WA, SA, Vic, Tas and NSW,

Elsewhere: Europe, South Africa, New Zealand,
Macquarie Is., and South America.

Cenfroceras clavulatum (C. Agardh) Montagne 1846:
140. — Price and Scott 1992: 81, Figure 25A-E. —
Adams 1994; 276, Plate 96.

Type

From Callao, Peru.

Port Phillip Bay distribution

Northern, Corio Bay, Port Phillip Heads: King et al. 1971:
123. — Lewis 1977: 218. — O’Brien 1981: 188.
Distribution

Australia: WA, SA, Vic, Tas, NSW, Qld and NT.
Elsewhere: Widespread in temperate and tropical waters.
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Ceramium flaccidum (Kiitzing) Ardissone 1871: 40.
— Womersley 1978: 234, Figures 4A-D, 14E-H. —
Womersley 1998: 410, Figures 188E-H, 190A-D.
Type

From Kilkee, Co. Clare, Ireland.

Port Phillip Bay distribution

Northern: O’Brien 1981: 188.

Distribution

Australia: WA, SA, Vic, Tas and NSW.

Elsewhere: Widespread in cold temperate to tropical
s5€as.

Ceramium rubrum (Hudson) C. Agardh 1811: 17. —
Fletcher 1980: 49, P1. 21 Figures 1-4. — Womersley
1979: 217, Figures 2A, 7. — Womersley 1998: 389, Plate 2
Figure 3, Figures 179, 182A.

Tvpe

From Britain.

Port Phillip Bay distribution

Northern: (’Brien 1981: 188.

Distribution

Australia: WA, SA, Vic and Tas.

Elsewhere: Widespread in temperate seas, especially in
the Northern Atlantic.

Family Rhodomelaceae

Polysiphonia subtilissima Montagne 1840: 199, —
Womersiey 1979: 469, Figure 2.

Type

From Cadiz, Spain.

Port Phillip Bay distribution

Northern, Corio: Lewis 1983: 262, Womersley 1979: 469.
Distribution

Australia; SA, Vic, Tas and NSW,

Elsewhere: Tropical and subiropical Pacific coasts of
America; and Hawaii.

Phylum Phaeophyta

Order Ectocarpales

Family Ectocarpaceae

Acinetospora crinita (Carmichael) Kornmann 1953:
205. — Fletcher 1980: 37, pl. 10 Figures 1-3. —
Womersley 1987: 46, figs 104, 11A-E.

Type

From Appin, Scotland.

Port Phillip Bay distribution

Eastern, Corio, Southern, Port Phillip Heads: King et al.
1971: 115. Clayton 1974: 749,

Distribution

Australia: SA, Vic and NSW.

Elsewhere: Europe, western North Atlantic, Japan.
Ectocarpus siliculosus (Dillwyn) Lyngbye 1819: 131,
Pl 43B,C. — Fletcher 1980; 38, pl. 11 Figures 14. —
Womersley 1987: 33, Figures 2D, 5A-E.
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Type
From England.

Port Phillip Bay distribution
Northern, Bastern, Southern, Port Phillip Heads:
Womersley 1966: 139 (as E. confervoides). King et al.
1971: 115. Lewis 1977: 213; 1983: 261. O’Brien 1981: 184.
Distribution
Australia: WA, SA, Vie, Tas, NSW and QId.

Elsewhere: Widespread in tropical and temperate seas.
Ectocarpus fasciculatus Harvey 1841: 40. —
Fletcher 1980: 38, pl. 11 Figures 5-6. — Womersley 1987:
34, Figures 2E, 5F-1.

Type
From Britain.

Port Fhiflip Bay distribution
Eastern, Port Phillip Heads: King et al. 1971: 115,
Distribution
Australia: 8A, Vic and Tas.

Elsewhere: Widespread in temperate and colder waters.

Feldmannia globifera (Kiitzing) Hamel 1939: xvii,
Figare 61G. —— Fletcher 1980: 37, pl. 10 Figures 4-6. —
Womersley 1987: 43, Figures 6F, 9A-D.

Type
From Spalato (Split), Yugoslavia.

Port Phillip Bay distribution
Northern, Eastern, Southern: Womersiey 1966: 139. King
et al. 1971: 115. Lewis 1977: 213.

Distribution
Australia: SA, Vic and Tas.

Elsewhere: Widespread in temperate seas.
Feldmannia Irregularis (Kiitzing) Hamel 1939: xvii,
Figure 61F. — Womersley 1987: 42, Figures 6D, 8A-C.

Tvpe
From the Adratic Sea.

Port Phillip Bay distribution
Eastern, Southwestern, Corio, Port Phillip Heads (as
Giffordia irregularis): King et al. 1971: 115. Clayton
1974: 777.

Distribution

Australia: WA, SA, Vic, NSW and Qld.

Elsewhere: Widespread in temperate seas.
Feldmannia lebelii (Cronan and Cronan) Hamel 1939:
xvii. — Womersley 1987: 44, Figure 9E-J.

Type
From Brest, France.

Port Phillip Bay distribution
Port Phillip Heads: King ef al. 1971: 115.

Distribution

Australia: SA, Vic and Tas.

Elsewhere: Europe and the Mediterranean.

Hincksia granulosa (1 E Smith) Silva 1987: 130. —
Fletcher 1980: 39, pl. 12 Figures 1-3 (as Giffordia
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granulosa), — Womersley 1987: 54, Figures 10E, 13A-D
(as G. granulosa).

Type

From England.

Port Phillip Bay distribution

Northern, Bastern, Corio, Port Phillip Heads (as G.
granulosa), King et al. 1971: 115. Clayton 1974: 771.
Lewis 1977: 213; 1983: 261.

Distribution

Australia; SA, Vic and Tas.

Elsewhere: Widespread in temperate seas.

Hincksia mitchellae (Harvey) Silva 1987: 130. —
Fletcher 1980: 40, pl. 13 Figures 56 (as Giffordia
mitchellae). — Womersley 1987: 52, F1gures 10D, 12E-G
6 (as G. mirchellae).

Type

From Nantucket, Massachusetts.

Port Phillip Bay distribution

Northern, Eastern, Port Phillip Heads (as G. mitchellae):
King et al. 1971: 115, Clayton 1974: 779. Lewis 1977:
213, 1983: 261. O’ Brien 1981: 1584,

Distribution

Australia: WA, SA, Vic, Tas, NSW and Qld.

Elsewhere: Widespread in temperate and tropical seas.
Hincksia ovata (Kjellmann) Silva 1987: 130, —
Womersley 1987, 54, Figures 14A~C (as Gzﬂ‘ordza ovata).
Tyvpe

From the Swedish west coast.

Port Phillip Bay distribution

Northern, Eastern (as G. fuscata or G. mtermedza) King
et al. 1971: 115, Clayton 1974 767. Lewis 1977: 213
1983: 261. :
Distribution

Australia: Vic.

Elsewhere: Northern cold temperate to subarctic waters.
Hincksia sandriana (Zanardini) Silva 1987: 130. —
Fletcher 1980: 40, pl. 13 Figures 1-4 (as Giffordia
sandriana). — Womersley 1987: 50, Figures 10C, 12A—
D (as G. sandriana).

Tvpe

From the Adriatic Sea.

Port Phillip Bay distribution

Northern, Eastern (as G. sandriana): King et al. 1971:
116. Clayton 1974: 782. Lewis 1977 213; 1983: 261.
(’Brien 1981: 184.

Distribution

Australia: SA, Vic and NSW.

Elsewhere: Widespread in temperate seas.

Kuckuckia spinosa (Kuetzing) Kuckuck 1958: 172,
Figures 1-4. — Womersley 1987: 32, Figures 2C, 4D-L
Type

From Spalato, Italy.

Port Phillip Bay distribution

Eastern, Corio: King et al. 1971: 116. Clayton 1974: 794,
Distribution

Australia: SA, Vic and Tas.

Elsewhere: Mediterranean.

Pilayella litloralis (Linnaeus) K_‘[Bllman 1872: 99, —
Fletcher 1980: 40, pl. 14 Figures 1-3. — Womersley 1987:
38, Figures 6C, 7G-L.

Type

From Europe.

Port Phillip Bay distribution

Eastern, Corio: King efal. 1971: 116. Clayton 1974: 798,
Distribution

Australia: SA, Vic, Tas and NSW.

Elsewhere: Widespread in temperate and cooler seas.
Order Chordariales

Family Myrionemataceae

Myrionema stranguians Greville 1827: pl. 300. —
Womersley 1987: 62, Figures 15A, 16A-C.

Type

From Appin, Scotland.

Fort Philfip Bay distribution

Southwestern, Corio, Port Phillip Heads: King er al. 1971:
117.

Distribufion

Australia: SA, Vic and Tas. -

Elsewhere: Widespread in temperate seas.

Family Leathesiaceae

Petrospongium rugosum (Okamura) Setchell and
Gardner 1924: 12. — Womersley 1987: 100, Figures 28A-C.
Tvpe

From Japan.

Fort Phillip Bay distribution

Port Phillip Heads: King ef al. 1971: 117,

Distribufion .

Australia: Vic and NSW.

Elsewhere: Japan, North East Pa<:1f1c and New Zealand.
Leathesia difformis (Linnaeus) Areschoug 1847: 376.
— Womersley 1987: 102, Figures 27C, 29D-F.

Type

From Sweden.

Port Phillip Bay distribution

Port Phillip Heads: King et al. 1971: 117.

Distribution

Australia: SA, Vic, Tas and NSW.

Elsewhere: Widespread in cool temperate seas.

Order Sphacelariales

Family Sphacelariaceae

Sphacelaria fusca (Hudson) Gray 1821: 333, —
Womersley 1987: 168, Figures 51E, 54H-J.

Type

From Sidmouth, England.
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Port Phillip Bay distribution

Northern: Lewis 1977: 214; 1983: 261. — O'Brien 1981: 184,
Distribution

Australia: WA, SA and Vic.

Elsewhere: Widespread in temperate seas.

Family Cladostephaceae

Cladostephus spongiosus (Hudson) C. Agardh 1817:
xxvi. — Womersley 1987: 183, Figures 60D, 62F-G.
Type

From England.

Port Phillip Bay distribution

Northern, Southern, Corio, Port Phillip Heads: Womersley
1966: 140 (as C. verticillatus). — King et al. 1971: 116
{as C. verticillatus). — O’Brien 1981: 184.
Distribution

Australia: WA, SA, Vic, Tas, NSW and QId.

Elsewhere: Widespread on temperate coasts of the North
Atlantic and Southern Hemisphere.

Order Dictyotales

Family Dictyotaceae

Dictyota dichotoma (Hudson) Lamouroux 1809: 42,
— Fletcher 1980: 43, PL. 16 Figures 1-3. — Womersley
1987: 194, Figures 6411-M, 63A, B.

Type

From England.

Port Phillip Bay distribution

Northern, Eastern, Southern, Corio: Womersley 1966:
140. —King et al. 1971: 116. —Lewis 1977: 214; 1983:
261. O’Brien 1981: 184.

Distribution ‘

Australia: WA, SA, Vic, Tas, NSW and Qld.

Elsewhere: Widespread in temperate seas and extending
into subtropical and colder waters.

Order Cutleriales

Family Cutleriaceae

Cutleria multifida (Smith) Greville 1830: 60, pl. 10.
— Womersley 1987: 260, Figures 944, 95,

Type

From Yarmouth, England.

Port Phiflip Bay distribution

Northern, Eastern, Corio: Womersley 1966: 139. ——King
et al. 1971; 116, — Lewis 1977: 214; 1983: 214. —
O’Brien 1981: 184 {Aglaozonia stage).

Distribution

Ausiralia: WA, SA, Vic, Tas and NSW.

Elsewhere: Widespread in temperate seas.

Order Scytosiphonales

Family Scylosiphohaceae

Petalonia fascia (Miiller) Kuntze 1898: 419. —
Fletcher 1980: 42,P1. 15 Figures 1-4. -— Womersley 1987:
292, Figures 106A, 108A,B.
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Type

From Christiansund, Norway.

Port Phillip Bay distribution

Northern, Eastern, Corio: King ef al. 1971: 118. —Lewis
1877 214,

Distribution

Australia: WA, SA, Vic, Tas and NSW.,

Eisewhere: Widespread in temperate seas.
Scytosiphon lomentaria (Lyngbye) Link 1833: 232.
— Fletcher 1980: 41, PL. 14 Figures 4-6. — Womersley
1987: 294, P1. 3 Figure 3, Figures 106B,C, 108C, D.
Type

From Quivig, Faroe Is.

Port Phillip Bay distribution

Northem, Bastern, Corio: King et al, 1971: 118. —Lewis
1977: 214; 1983: 261. — O’Brien 1981: 185.
Distribution

Australia: WA, SA, Vic, Tas and NSW.

Elsewhere: Widespread in temperate seas.
Colpomenia sinuosa (Mertens ex Roth) Derbés and
Solier 1851: 95. — Womersley 1987: 297, Figures
107A, 108E, F.

Type

From Cadiz, Spain.

Port Phillip Bay distribution

Northern, Eastern, Southern, Southwestern, Corio, Port
Phillip Heads: Womersley 1966: 142. —King et al. 1971:
118.

Distribution

Augtralia: WA, SA, Vic, Tas, NSW and Qld.

Elsewhere: Widespread in most seas.

Colpomenia peregrina (Sauvagean) Hamel 1937: 201,
— Womersley 1987: 298, Figures 107B, 108G, H.
Type

From Brittany, France.

Port Phillip Bay distribution

Northern, Corio, Port Phillip Heads: King et al, 1971:
118. —O’Brien 1981: 185. — Womersley 1987: 208..
Distribution

Australia: WA, SA, Vic, Tas, NSW and Qld.

Elsewhere: Widespread in temperate seas.

Order Dictyosiphonales

Family Punctariaceae

Punctaria latifolia Greville 1830: 52. — Womersley
1987: 316, Figure 114A, 115C,D.

Type

From Sidmouth, England.

Port Phillip Bay distribution

Northern, Eastern, Corio: King et al. 1971: 118, —Lewis
1977: 214; 1983: 261. —O’Brien 1981: 185.
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Distribution

Australia: SA, Vic and Tas.

Elsewhere: Widespread in cool temperate seas.
Phylum Chlorophyta

Order Ulvales

Family Ulvaceae

Enteromorpha compressa (Linnaeus) Greville 1830
180. — Womersley 1984: 158, Figures 50B,C 51D-F.
Type

From Hoburgen, Baltic Sea.

Port Phillip Bay distribution

Northern: Lewis 1977: 214; 1983: 261, — O’'Brien 1981:
183.

Distribution

Australia: WA, SA, Vic, Tas, NSW and Qld.

Elsewhere: Widespread in all seas.

Enteromorpha intestinalis (Linnaeus) Link 1820: 10.
— Fletcher 1980: 32, P1. 7 Figures 1, 2. — Womersley
1984: 161, Figures 50D, 51G, H.

Type

Locality uncertain.

Port Phillip Bay distribution

Northern: O’Brien 1981: 183.

Distribution
‘Australia: SA, Vic and Tas.

Elsewhere: Reported to be widespread in all seas.

Ulva lactuca Linnaeus 1753: 1163. — Fletcher 1980:
33, P1.-8 Figures 1,2. — Womersley 1984: 141, Figures
44A, 45A—C. — Phillips 1988: 437, Figures 18-20.
Type

From the west coast of Sweden.

Port Phiflip Bay distribution

Northern: Womersley 1984: 141..

Distribution

Australia: Vic.

Elsewhere: Reported to be widespread in all seas.

Ulva rigida C. Agardh 1823: 410. — Eletcher 1980: 33,
Pl. 8 Figures 3-6. — Womersley 1984: 142, Figures 44D,
45G-]. - Phillips 1988: 445, Figures 2, 3, 24-26.
Type

From Cadiz, Spain.

Port Phiflip Bay distribution

Northern: Lewis 1983: 261.

Distribution

Australia: WA, SA, Vic, Tas and Qld.

Elsewhere: Widespread in temperate and tropical seas,
Ulva stenophylia Setchell and Gardner 1920: 282,
Plates 26, 29. — Phillips 1988: 450, Figures 5, 27-29.
Type |

Monterey, California.

Port Phillip Bay distribution

Port Phillip Heads: Phillips 1988: 450.

Distribution

Australia: SA and Vic.

Elsewhere: Pacific North America and New Zealand.
Order Cladophoraceae

Family Cladophoraceae

Chaetomorpha aerea (Dillwyn) Kiitzing 1849: 379.
— Womersley 1984: 172, Figures 54B, 55H-J.

Type !

From Cromer, England.

Port Phillip Bay distribution -

Northern, Eastern, Southern, Corio, Port Ph1111p Heads:
King et al. 1971: 112. — Lewis 1977: 212. — O’Brien
1981: 183,

Distribution

Anstralia: WA, SA, Vic, Tas, NSW and QId.

Elsewhere: Widespread in all seas.

Chaetomorpha capillaris (Kitzing) Boergesen 1925:
45, Figure 13. — Fletcher 1980: 28, PL 4 Figures 5,6. —
Womersley 1984: 178, Figures 56C, 57E, .

Type '

From Nice, France.

Port Phillip Bay distribution

Northern: Lewis 1983: 261.

Distribution |

Australia: SA and Vic.

Elsewhere: Mediterranean and North Atlantic.
Chaetomorpha linum (Miiller) Kiitzing 1843: 204, —
Fletcher 1980, 28, pl. 4 Figures 1-4. — Womersley 1984:
176, P1. 13 Figure 2, Figures 54D, 57A.

Type 4

From Lolland, Denmark.

Port Phillip Bay distribution

Northern: O’Brien 1981: 183.

Distribution

Aunstralia: WA, SA and Vie.

Elsewhere: Widespread in all seas.

Order Derbesiales

Family Bryopsidaceae

Bryopsis plumosa (Hudson) C. Agardh 1823: 448. —
Fletcher 1980: 35, PL. 9 Figures 1,2. — Womersley 1984:
282, Figures 96C, 97A.

Type .

From Exmouth, England.

Port Phillip Bay distribution

Northern, Corio: Womersley 1966: 136; 1984: 282. King
et al. 1971: 113. Lewis 1977: 214; 1983: 261. O'Brien
1981: 183.

Distribution

Australia: WA, SA and Vic.

Elsewhere: Widespread in temperate seas.
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Family Derbesiaceae

Derbesia marina (Lyngbye) Solier 1846: 453, —
Fletcher 1980: 35, PL. 9 Figures 5-6. — Womersley 1984:
288, Figures 98C-G, 99A.

Type

From Quivig, Faroe Is.

Port Phillip Bay distribution

Northem: Lewis 1977: 214; 1983: 261, O'Brien 1981: 183,
Distribution

Anstralia: SA, Vic and Tas.

Elsewhere: Widespread in cold temperate seas.

6.5 DISCUSSION

The relatively recent discovery of Undaria pinnatifida
and Codium fragile ssp. tomentosoides in southern
Australia has attracted considerable attention and concern.
However, a search of the literature has found another 20
species of macroalgae which are thought to have been
introduced to southern Australia from overseas in recent
times. Further records are also possible, as groups such
as the red algal family Ceramiaceae are more ciosely
examined. Sixteen of the southern Ausitralian
introductions have been collected within Port Phillip Bay.
A further 50 species collected in Port Phillip Bay have
overseas type locations and many of these species may
also represent introductions.

The introduction of macroalgae is therefore unlikely
to be a new phenomenon. For marine macroalgae, the
most likely vector for introduction has been within fouling
communities on the underwater hulls of ships. Macroalgae
are a common component of the near surface fouling
community on both artificial structures and on shipping
with ineffective or spent antifouling protection.

Shipping has been visiting Port Phillip Bay for nearly
two centuries and for much of this time antifouling
measures were less than optimal. Even in recent years
vessels painted with antifouling paints containing
effective antifouling biocides, such as the organotins, can
be fouled at the water line by algae such as Enteromorpha.
Furthermore, the faster speed of modern shipping subjects
attached organisms to shorter periods at sea when
unfavourable conditions may be encountered, such as
passage through tropical waters for temperate species
(Farnham 1980).

Various vegetative and reproductive characteristics
appear to contribute to an algal species’ ability to initiafly
attach to a vessel’s hull, to survive transoceanic transport,
and to then successfully colonise a foreign port. A
comparison of the species reported as introductions
suggesis four life form characteristics may be important
in this regard: a fast growing filamentous, or sheet-like
thallus facilitating rapid maturation, a crustose habit, a
heteromorphic life history with a microscopic filamentous
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or encrusting phase in the life history, and the ability to
perennate vegetatively from basal crusts or stolons.

A recent detailed study of fouling scraped from ship
hulls visiting Tasmania has found algal filaments, crusts
and microscopic life history phases all to occur within
the fouling communities (Coutts and Lewis unpub. data).
The presence and absence of these characters in
macroalgal species reported as introductions are
summarised in Appendix A (Table A1.1), and species with
overseas type localities in Appendix A (Table A1.3). These
tables also indicate whether the species has previously
been reported as a fouling species.

The origin of the macroalgae introduced to Port Phillip
Bay is worthy of some discussion. The type localities and
distribution in the major ocean regions of species reported
as known or likely introductions are summarised in Appendix
A (Table A1.2). The majority of type locations are in the
North Atlantic (mostly European coasts) with a significant
number also from the Mediterranean and the northern
Pacific.

In his consideration of aliens in the marine flora of
southern England, Farnham (1980) comments that many
of both the established and recent introductions to this
region originated in the Pacific. He adds that movement
of immigrant species is not a one-way process, citing the
introduction of the barnacle Balanus amphitrite and the
alga Schottera nicaeensis from the Atlantic into the
Pacific, and this process is also clearly illustrated in the
present review.

For the Port Phillip Bay species with exotic type
Iocations that have not been generally classified as
adventives because of their widespread distribution and
longer history of occurrence in southern Australian waters,
the region of origin is less clear. However, looking at their
type localities (Appendix A, Table A1.3), by far the
greatest proportion is from Burope. If these species, or at
least a significant proportion of these species, are indeed
long established adventives, then their presence in Port
Phillip Bay corresponds with historical shipping activity
as the majority of international ship visits, in all but
comparatively recent years, would have originated in
Europe. The greater northern Pacific origin of species
recognised as relatively new to the southern Australian
marine fiora (Appendix A, Table Al.4) would fit with the
increasing trade with Japan and other north-western
Pacific countries in recent decades.
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7  REVIEW OF HYDROIDS INTRODUCED TO VICTORIAN WATERS

J E Watson

Marine Science and Technology, 35 Tilba Street, Essendon, Victoria 3040 Australia

7.1 INTRODUCTION

7.1.1 Hydroid collections in Australia

Major hydroid collections are held in the Australian
Museum, the Queensland Museum, the Western
Australian Museum, the South Australian Museum, the
Museum of Victoria and in the private collection of the
author (J E Watson).

Of these, two are the most historically and
geographically important. The Museum of Victoria holds
a world-class collection including much type and voucher
material dating from last century, notably the Australian
collection of W M Bale who published on Hydrozoa
between 1872 and 1929. The Australian Museum holds a
substantial Bale collection, much of it preserved
specimens whereas the Museum of Victoria collection is
permanently (Canada Balsam) mounted microslides. The
Natural History Museum of London also holds some
duplicate Bale microslide material.

The Museum of Victoria also holds a substantial dried
collection of original Kirchenpauer material collected in
the 1860’s, donated some years ago by the National
Herbarium, Melbourne. The Museum of Victoria also
holds type and voucher microslides of local hydroid
species deposited by R E Trebilcock and schizoholotypes
of some Challenger material also donated by Trebilcock.
The Museum of Victoria holds the Mawson BANZARE
Antarctic collection on lean from the Natural History
Museum London.

The Museum of Victoria holds type and voucher
specimens of the Australian hydroid fauna deposited
by J E Watson. An extensive collection including
contemporary material from shallow to deep water from
around Australia, Papua New Guinea and New Zealand
is held privately by the author.

7.1.2 Early southern Australian records
The earliest records of hydroids from southern Australia
are those of Lamarck (1816), Lamouroux (1824), Busk
(1852), Hincks (1861) and Kirchenpauer (1864). Most
species described by these authors are large, hardy
colonies easily collected by dredging or found among the
drift on beaches. '

W M Bale, a microscopist, was pre-eminent in
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Australian hydroid taxonomy at the end of last century
and into the early years of this century. Bale was the Senior
Inspector of Excise in the colony of Victoria, with
headquarters on the esplanade at Williamstown (Smith
and Watson 1969). His position allowed him access to
boats and the Hobsons Bay foreshore for collection of
specimens. His interests ranged throughout the bay to Port
Phillip Heads where he aiso collected hydroids from the
John Bracebridge Wilson dredging expeditions.

Later researchers included J F Mulder and R E
Trebilcock from Geelong, who published on hydroids
from Port Phillip and the Bellarine ocean coastline from
1909 to 1916. Ralph (1966) and Watson and Utinomi
(1971) published accounts of hydroids collected by the
National Museum of Victoria Survey (1957-1963) in Port
Phillip Bay. Some later publications by and Watson (1978,
1982, 1984, 1985, 1992a, 1992b, 1993, 1994) include
descriptions and records of species collected in Port
Phillip Bay. There has however, been no comprehensive
account of the hydroid fauna or its distribution in Port
Phillip Bay or in Bass Strait waters.

7.1.3 Means of introduction

There are a number of potential means of introduction
for hydroids into Australian waters. Introduction of exotic
marine species to Victorian waters is listed as a potentially
threatening process under the Victorian Government's
Flora and Fauna Guarantee Act, 1988.

Shipping

Ships from the Northern Hemisphere have regularly
visited southern Australian waters since the late 18
century. Any hydroids that may have been introduced to
Port Phillip Bay in the early years of settlement would
have arrived as colonies among the fouling community
on ships” hulls. Since early this century, ballast water has
been a potential vector for dispersal of species (Williams
et al. 1988).

The most likely hydroid candidates for transport on
ships’ hulls are small, cryptic, epiphytic or epizoic species
tolerant of currents and turbulence generated by
movement of the hull through the water. Candidates for
hull transport would also need to be tolerant of
temperature exiremes as the ship passes through cool
temperate to tropical regimes, and must have a reasonably
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long life history. Being static predators, most hydroids
prefer habitat with good water movement and thus easily
fulfill the first criterion. There is information on life
histories of some species; however, thermal tolerance of
most species apart from seasonality is virtually unknown.

Transport in ballast water offers a further pathway for
dispersal. In this context, introduction is more likely to
be through larval or medusoid stages, rather than by
colonies. Nevertheless it is possible that fragments of
fertile colonies could be discharged in ballast water and
still be able to colonise and reproduce in a new habitat.

Semi-dry ballast is an unlikely vector for introduction
of exotic hydroids since being delicate organisms,
colonies, larvae and medusae would be intolerant of any
degree of hypersalinity induced by processes of
evaporation. Furthermore, as there is no encystment phase
in the hydroid life cycle, there is no likelihood of hydroids
surviving dessication.

Mariculture

There are no reports in the literature of mariculture being
a vector for transport of hydroids either locally or
regionally. However there is no reason why this should
not occur with transport of consignments of aquaculture
organisms from one site to another. For example, cryptic
hydroids and their larvae could possibly survive for
several days in favourable microhabitat provided by
crevices in molluscan shells transported in seawater.

Such may have occurred some 50 years ago when
living oysters together with their associated cryptic fauna
were introduced into the D’Entrecasteaux Channel in
Tasmania from New Zealand. Within a few years,
burgeoning populations of the gastropod Maoricolpits
roseus, probably introduced with the oysters, irrevocably
changed the community structure of the channel. Although
hydroids may well have been among the fauna transported
to the channel there is no prior information upon which
to base comparisons.

Mariculture in Port Phillip Bay is limited to farming
of mussels Mytilus edulis and experimental farming of
Pacific oysters (Crassostrea gigas). As cultured mussel
stocks are taken from indigenous wild stocks in the bay
there is no possibility of introduction of exotic species.
The hydroid predominantly associated with M. edulis is
Obelia dichotoma, a species that may have been
introduced last century.

" Pacific oysters have been cultured for several years in
abandoned salt evaporation pans at Avalon in the Geelong
Arm of Port Phillip Bay. As the saltpans are isolated from
Port Phillip Bay and the oysters spawn only in hypersaline
water, there is no escape of oysters to the bay, It is most
unlikely that any hydroid fauna is associated with the oyster
project as the oysters were imported as spat, and hypersalinity
in the pans would be deleterious to most hydroid species.

Marine aquaria

There are no reports in the literature of introduction of
hydroids from one region to another through the medium
of the aquarium trade. While possible, such a vector seems
unlikely since marine aquarists fall into two groups: those
interested in temperate water aquaria and those who
maintain tropical aquaria. Temperate water aquarists
usually stock their tanks from locally collected marine
species, hence no introductions would occur from tank
contents being returned to the sea. Should any tropical
hydroids be introduced to local waters by tank cleaning,
thermal shock would immediately kill any species.

7.1.4 Published reports of possible
hydroid introductions
The only means of determining whether a species may
have been introduced is to examine the records from last
century. However, these records are of Jimited use, since
the earliest introductions, if such occurred, would have
preceded the first reports of hydroids by some 70 years.
Until the upsurge of interest in marine introductions
in recent years, there was little information and few
references in world scientific literature to hydrozoans
transported by shipping (e.g. Allen 1953).

South Africa
The hydroid fouling community on ships™ hulls was
investigated by Millard (1952, 1959) who examined 26
ves'sel_s in dry dock at Cape Town, South Africa between
the years 1946 and 1950. She recorded five speciés
(Tubularia warreni, Sarsia eximia, Obelia bicuspidata,
Obelia dichotoma and Kirchenpaueria pinnata) from
ships that had visited ports outside South Africa. Some
families such as the Bougainvilliidae, Tubulariidae and
Campanulariidae were well represented in numbers but
not in species, while other families were absent.
Although Millard was unable to give a reason for the
absence of many hydroid families from the fouling
community it seems logical to assume that athecate or
cryptic species, which incInde those recorded by her, are
more suited to transport on ships’ hulls than larger, more
robust species belonging to other families.

USA

References from the USA include survival of unidentified
hydromedusae for four days in transit in ballast water in Carlton
(1985). Alist of 11 species (Ectoplenra crocea, Sarsia tubulosa,
Blaclkfordia virginica, Cladonema uchidai, Clava multicornis,
Corymorpha sp., Garveia franciscana, Gonothyraea clark,
Maeotias inexspectaia, Obelia ?bidentata, Obelia ?dichotoma
and Cordylophora caspia) are listed from San Francisco Bay
{(Cohen & Carlton 1995) and six species (Ectoplewra croced,
Gonothyraea clarki, Blackfordia virginica, Sarsia tubulosa and
Cordylophora caspia) have been recorded from Coos Bay,
Oregon (C Hewitt pers. comm. ).
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Coles ef al. (1997) recorded seven species (Clytia
hemispherica, Obelia bidentata, Obelia dichotoma,
Plumularia goodei, Garveia humilis, Pennaria disticha
and Turritopsis nutricula) from Pearl Harbour in Hawaii.
Britain
Present records from British waters include only two
species (Gonionemus vertens and Clavopsella navis; Bno
et al. 1997). '

New Zealand

Eight athecate hydroids (Sarsia eximia, Sarsia japonica,
Amphinema dinema, Coryne pusilla, Ectopleura larynx,
Eucodonium brownei, Pennaria disticha and
Cordylophora lacustris) have been suggested as possible
introductions into New Zealand waters and therefore may
also occur in Port Phillip Bay (Cranfield et al. 1998).

Of the species on this list, only Sarsia eximia (= Sarsia
radiata) is recorded from Port Phillip Bay. It is possible
that some of the other species may also be present in the
bay but because of their generally cryptic habit and
especially the lack of specialists working on the group,
they could easily be overlooked. Pennaria disticha is a
large, warm waler species restricted in Australia to
latitudes north of 35°S and thus does not occur in Victorian
waters (J E Watson unpubl. data).

Cordylophora lacustris is a fresh to brackish water
species that does ngt oceur in Port Phillip Bay. As it is
abundant in some fresh and brackish water lakes of the
Western District of Victoria (J E Watson pers. obs.) it is
thus quite likely to also occur in the estuarine reaches of
the Yarra and Maribyrnong river systems.

It is interesting to speculate upon the mode of
introduction to Australia of this cosmopolitan species: is
it a geologically ancient species that drifted with the
forming Australian continent during the break-up of
Gondwanaland or did it arrive in the water casks of the
earliest explorers from the old world? Since it has left no
fossil record, the question canmnot be answered.

Australia

There is only one report in the literature of possible
introduction of a hydroid to Australian waters. Briggs
(1931) reported Bougainviilia ramosa (= Bougainvillia
muscus) from Sydney Harbour, remarking on the gradual
spread of the species around the harbour and its invasion
of the fouling community on wharves since 1918. Briggs
speculated on the possibility of recent transport of
B. ramosa to Sydney Harbour on ships’ hulls. However,
in his description of a new medusoid species, Margelis
trinema from Sydney Harbour, von Lendenfeld (1885)
considered that it may be conspecific with, and a
developmental stage of the medusa of Bougainvillia
ramosa. Von Lendenfeld’s comment, which implied that
B. ramosa was already well established in the harbour by

CRIMP Technical Report Number 20

the 1880’s, was overlooked by Briggs. Allen (1953)
considered these records indicative of two separate
invasions of Sydney Harbour by B, ramosa. It is more
likely however, that the absence of records for the
intervening four decades was due to Iack of collectors
with expertise in the Hydrozoa.

In their investigation of ballast water introductions
between Japan and Australia, Williams ef al. (1988) give
four instances of living, but unidentified cnidarian
medusae found in ballast water of vessels at Eden NSW,
and one occurrence at Triabunna, Tasmania, These may
have been hydrozoan medusae but the species were not -
identified,

There is only one report in the literature on the
detection of an Australian hydroid in the Northern
Hemisphere. This is a report of a fragment of Stereotheca
elongata found drifting off the Scottish coast (Ritchie
1907). This southern Anstralian species has an extremely
durable, feathery perisarc and the photograph
accompanying the report clearly shows the colony
attached to a stem of the endemic southern Australian
seagrass Amphibolis. As S. elongata was extensively
used in popular seaweed montages last century (J E
Watson unpubl. data) the specimen was probably
somehow lost from a ship returning to England from
Australia,

7.1.5 Potential for introduction

The major problem in deciding if a species is exotic or
indigenous is that the most likely candidates are already
cosmopolitan in distribution, have estuarine affinities and
to be an introduction in ballast water must have a fairly
long-lived medusoid or larval phase in the life cycle. These
criteria are generally those which have mediated natural
spread of species around the globe over geological time.

Taxonomic uncertainties

The morphological similarities between certain species
considered endemic to Australia with species from the
northern hemisphere, opens the taxonomically vexing
question of whether a local species has been introduced
and is displaying rapid speciation or if it is a closely related
but nevertheless endemic species. Three such examples
are the hydroids Sarsia radiata, Obelia australis and
Tubularia ralphi, regarded as endemic to southern
Australia. Sarsia radiata is considered in this report as
conspecific with the cosmopolitan Sarsia eximia, known
from Western Australia (Watson 1997) and New Zzaland
(Schuchert 1996). Obelia australis is here regarded as a
synonym of Obelia dichotoma and Tubularia ralphi is
provisionally considered to be a variant of Ectopleura
crocea, a common fouling organism in Northern
Hemisphere estuaries and ports and now also reported
from New Zealand (Schuchert 1996). '
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Criteria for introduction

The primary criterion for transport by ships is that a

species must be known from estuarine and coastal habitats

in other parts of the world. For transport on ships™ hulls a

species must:

e have colonies with flexible, low-growing stems;

+ have a tendency towards a cryptic life-style;

« have areasonably long colonial life-span;

« be known from other parts of the world;

« be able to tolerate a wide temperature range; and

» have no obligate association with any invertebrate or
algal species known to be endemic to Australia.

To be transported in ballast water medusae or larvae must:

+ have arelatively long-lived larval or medusa stage;

+ have the ability to survive darkness during transport;
and

* be able to tolerate a wide temperature range.
These criteria eliminate the majority of Southern

Australian hydroid species.

7.1.6 Hydrozoan charactersitics relevant to
introductions

Hydrozoan morphology relevant to introduction is
discussed briefly below.

The colony

Since hydroids have no hard skeleton the stems are thus
highly flexible, permitting adaptation to sirong currents.
Ships’ hulls, especially slow-moving vessels, thus offer
an attractive habitat for colonization. )

Cryptic species are those which are small enough to
be hidden among other larger, huli-fouling organisms.
Many smaller epizooitic or epiphytic hydroids and larval
stages of larger species are cryptic. As all hydroid colonies
begin life from a single hydranth, juvenile colonies of
taller-growing species could potentially enter the fouling
community. At port, fertile colonies or colony fragments
may be released into the water column by abrasion at the
berth or during hull-cleaning operations; receptive
physical environs would encourage colonisation of port
structures by such species.

Hydroids are attached to the substratum by a
superficial rooting system, the hydrorhiza. Stems can
break off from the hydrorhiza and fertile fragments could
be drawn into ballast water and be released into new
habitat at the port of destination. However, there is no
information as to whether this has ever occurred.

Life history

The life cycle of hydroids includes a colonial (polyp)
phase and reproduction either by release to the plankton
of free-swimming medusae or ova, planula or actinula
larvae. QOva may be fertilized while in the colony or soon
after release and planulae and actinulae may live from

hours to days before metamorphosis in suitable habitat.
Medusae are the sexual phase and may live from days to
weeks in the plankton.The complete life histories of
relatively few hydroid species and their medusae or larval
stages is known. Some common medusa are reasonably
documented, e.g. Turritopsis nutricula which spends
several months in the plankton. :

Growth rates can vary from production of a few to
many hydranths per day. Some larger species that develop
slowly live for many years (pers. obs.). In general, the
smaller species are usually those with the fastest growth
rates and it is these which are also the best candidates for
transport. Many faster-growing species with seasonal
life-histories become reproductive as the colonies grow.
Such strategies may be an advantage in migration, it being
possible that some could pass through more than one
life-cycle during hull transpozt. '

The life of planulae is probably a matter of days, and
of some actinula larvae, only hours (Watson 1580, 1983,
unpub. data). Such reproductive strategies lend themselves
to parochialism, the pathway to endemicity. Species with
long larval stages are better candidates for transport in
ballast water. Species with a medusoid phase tolerant of
short periods of darkness are also likely candidates for
introduction by this means; however there is no
information on the effects of prolonged darkness on
hydrozoan medusae.

Distribution

To meet the criteria for transport, a hydroid species must
have been kniown from another part of the world prior to
its being reporied from Australia. Most of the hydroids
recorded from Australian type localities by the earliest
workers (e.g. Lamarck 1816; Lamouroux 1824) can thus
be reasonably assumed to be endemic. Cryptogenic
species are likely to be cosmopolitan in distribution
{Carlton 1996). The best candidates for transportation are
those tolerant of a range of salinities and high water
turbidity such as found in estuaries and many ports around
the world. These criteria substantially reduce the number
of candidate species for introduction.

Temperaturs tolerance
Many hydroids are seasonal in occurrence and are thus
adapted to a narrow band of summer or winter
temperatures. Others with a life span of years are
obviously able to withstand a larger annual differential
in temperature. '
Some species have a short colonization period over a
parrow temperature range. An example is Obelia
dichotoma which in Port Phillip Bay colonises mussels
and other substrates over winter to late spring in water
temperatures of 9°-17° C, virtually disappearing over
surnmer after release of medusae (Watson unpubl. data).
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Obligate associations

Many species enter into obligate or near-obligate
associations with a particular species of substrate or range
of substrates (Shepherd and Watson 1970; J E Watson
pers. obs.}. If the obligate substratum, whether algal or
invertebrate is an Australian endemic, it is probable that
the hydroid species is also endemic, thus eliminating many
possible candidates. Conversely, it is also possible that
an introduced species could arrive together with its
introduced obligate substrate. However, there is no
information in the hydroid literature or from observations
(I E Watson) that this may have ever occurred in
Australian waters.

7.2 POSSIBLE INTRODUCTIONS

Based on the above considerations, the most likely
candidates for introductions to the Victorian coastline and
to Port Phillip Bay in particular, are listed in Table 7.1.
Species listed in Table 7.1 are described and figured with
notes given on their ecology and distribution. Authors of
original descriptions and relevant synonymies are given
in the reference list. Diagrams showing basic descriptive
terms used in hydrozoan taxonomy are provided.

7.2.1 ldentification of species

Colonies of some larger species are sufficiently unique
in morphology and colour to be readily recognisable in
the field. Smaller species (several of which are included
in Table 7.1) are not often easily recognisable and
therefore must be examined in the laboratory under sterco
and 