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EXECUTIVE SUMMARY
INTRODUCTION

This volume is the marine counterpart of Yen and Butcher's (1997) overview of the conservation of
non-marine invertebrates. These animals represent the great bulk of marine biodiversity and the
consequences of not properly managing and conserving them will be profound. Conservation as a
whole suffers from an imbalance in favour of vertebrates, but marine conservation, in general (with
the exception of some marine mammals, birds and reptiles) is typically (and given where humans live,
not surprisingly) seen as less of a priority than its terrestrial counterpart. One of several reasons for the
general lack of interest and action regarding marine invertebates is the lack of accessible information
about them and issues relating to their conservation. In developing this report we have been mindful of
these matters and have attempted to provide not only an overview of the issues but a resource that will
be a useful starting point for the study and conservation of marine invertebrates in this region.

This overview encompasses all aspects of marine invertebrate conservation in Australia and its
territories, including the current state of knowledge, conservation issues and approaches, details of
threatening processes, recommendations for conservation strategies, information resources, gaps
and shortfalls and recommendations, including research needs, necessary to overcome these
shortcomings. Appendices detailing collection resources and marine societies are also provided.

Scope, limitations and time frame of the overview

This report was completed in draft format in July 2000, after almost two years of compiling data
and information. Individual draft chapters were reviewed by many relevant experts (see
Acknowledgements). The availability of the draft report was then widely advertised in the scientific
literature and Environment Australia distributed copies upon request. A list of people and agencies
that reviewed the draft report is given in the acknowledgements. In the meantime, largely due to
administrative reorganisation in Environment Australia, the final production of the report lapsed for
more than a year and a half. A contract for the incorporation of the comments and the updating of
literature was finally let in mid May 2002 with a completion date of the 30th June, 2002. Given this
short time frame, we have been selective in the new literature and information incorporated into the
final report and, with limited time for literature searching, have undoubtedly overlooked some
important contributions. Appendix 1 has not been updated since July 2000 - it contains details on
museum collections and the degree to which these collections have been identified and databased,
as well as details on the number of taxonomic specialists. While we have tried to ensure that the
other information in the report is as up to date as possible, time constraints have not allowed these
updates to be as comprehensive as we would have wished. Some matters with respect to the latest
legislation, regulations and policy papers may have been overlooked or will have changed since the
completion of this report and users should consult the relevant web pages of the various agencies
and government departments for the latest information.

Winston Ponder and Pat Hutchings, 23 June 2002

SUMMARY OF MAIN FINDINGS

1. Australian marine environment
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1.1. Australia’s marine jurisdiction, including the Exclusive Economic Zone (EEZ), is about
twice the size of the Australian mainland and ranges from the sub-Antarctic to the tropics.
1.1.1. Tt includes a wide range of habitats including estuaries, coastal lagoons, supralittoral,
intertidal and subtidal habitats, the continental shelf and slope and abyssal depths.

1.1.2. The diversity of substrates is huge, including soft sediments, rocky reefs, coral reefs
and vegetated substrates (including seagrasses, saltmarshes, mangroves and algal
beds).

1.2. Organisms are found throughout the water column from the sea surface to the seafloor and
into the substrate.

1.3. There is a high degree of connectivity in marine ecosystems, including the integration of
inshore shelf waters and offshore waters, and the land-sea interface. Thus, artificial
administrative/ political boundaries are not a good a basis for management.

2. The invertebrate fauna

2.1. Invertebrates comprise all members of the animal kingdom except vertebrates. They are not
a natural grouping but consist of many major groups of vastly different organisms.

2.2. The seas contain all but one of the known animal phyla and invertebrates comprise the
great majority of marine biodiversity.

2.3. Invertebrates range in size from microscopic to several metres in length and some colonial
organisms (e.g., corals, sponges) are particularly conspicuous.

2.4. All exploited marine taxa depend on invertebrates either directly or indirectly and marine
ecosystems would collapse without their services.

2.5. Invertebrates, especially corals, are a major source of tourist income, and many others (e.g.,
prawns, abalone, scallops, oysters, lobsters, squid) are commercially important, as are
products from some (e.g., pearls).

2.6. Of the known fauna, a large percentage of the invertebrates found in Australian waters
(including the EEZ) are endemic to the region.

3. State of knowledge
3.1. The state of taxonomic, biological and ecological knowledge regarding marine
invertebrates is generally poor. It is most comprehensive in shallow coastal waters in SE

Australia and least known in deeper waters. Knowledge varies with location, habitat and

taxonomic group.

3.1.1. There are large gaps in our understanding of even the relatively well-studied
macrofaunal groups while many taxa are very poorly known to virtually completely
unstudied.

3.1.2. Many more marine invertebrate taxa remain undescribed than have names.

3.1.3. Reasons why our marine invertebrate fauna is so poorly known include:

3.1.3.1.Many studies of marine organisms typically focus on fishes with, at best, only
the largest of the invertebrates being considered.
3.1.3.2. There are very few experts on marine invertebrates in Australia, despite the
diversity of the fauna.
3.1.3.3. Little funding is available for research. The lack of biological information
frequently necessitates the use of exemplars (often from the northern hemisphere)
when attempting to extrapolate biological features or predict ecological outcomes.
3.2. The available knowledge is not readily accessible, the few guidebooks dealing with only a
small fraction of the common species and most of the literature is in relatively obscure
scientific publications. For most groups there is not even and up to date, authoritative list of
species available.
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3.3. The intertidal and shallow water faunas are best known, while the deep-sea fauna is
virtually unknown. Most parts of the Australian marine environment are poorly sampled or
unsampled for invertebrates, especially the deep-sea, offshore islands, seamounts and
banks.

3.3.1. In general, the faunas in tropical ecosystems are more poorly known than temperate
ones. Coral reefs are relatively well studied compared with most other ecosystems, but
this is only true with regards to corals and fish, not for other invertebrates or inter-
reefal areas.

3.3.2. The microscopic fauna in all habitats is very poorly studied, especially the interstitial
fauna (meiofauna).

3.4. The majority of data relating to marine invertebrates resides in museum collections.

3.5. There is great variation in the data (and thus our knowledge) available between groups of
organisms, regions and habitats.

3.6. There is a need to synthesise existing data and collate biological data with
physical/oceanographic data.

4. Impediments

4.1. There is a serious lack of resources in the provision of taxonomic studies and services

4.1.1. Funding for taxonomic studies has declined, as has the number of taxonomists
working on marine invertebrates (in museums and universities) and many currently
employed are approaching retirement.

4.1.2. University courses have reduced appropriate courses at undergraduate level.

4.1.3. Consequently, there are usually significant difficulties with identification.

4.1.4. Few keys and guides are available to identify Australia’s marine invertebrates and
those available are restricted to only a few groups.

4.1.5. There are no checklists for many groups.

4.1.6. There are very few specialists in Australia and several significant groups have no
specialists

4.2. There is a serious lack of information about virtually all marine ecosystems and
communities, including their composition, natural variability, biological processes within
them etc.

4.3. There is little or no information on the ecology and basic biology of most marine
invertebrates, even for many abundant, ecologically or commercially important taxa.

4.4. The lack of infrastructure is impeding research effort.

4.4.1. A major problem (for marine science in general) is the very small number of
research vessels available to Australian scientists. The high cost and high demand on
the very limited facilities available makes it almost impossible for most “basic”
offshore and deep-sea research work to be undertaken.

4.4.1.1. There is also little funding available to utilise the existing research vessels and
these are difficult to access by non-CSIRO scientists.

4.4.2. Much ecological research is focussed around urban centres and marine stations on
the GBR. Islands and external territories (with the possible exception of Antarctica)
are, overall, not well studied.

4.4.2.1. This is in large part due to a lack of accessible marine stations in most
bioregions, a lack of which also hinders research and teaching.

4.4.2.2. Other stations located around Australia include fisheries research stations and
field stations for particular universities and access to these by outside workers and
students can be difficult. With the exception of the fisheries research stations, all,
including those on the Great Barrier Reef (GBR), lack access to guaranteed long-
term funding to ensure that facilities are maintained and upgraded over time.
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4.4.2.3. Research in areas lacking a marine station markedly increases costs and
precludes many research activities.

4.4.3. There is a serious lack of access to existing information. Knowledge sharing and
access to information are key issues that need to be addressed as quickly as possible by
the facilitation of programs that will increase public access through the production of
printed and web-based information.

4.4.3.1. While there is a considerable amount of information about Australia’s marine
invertebrate fauna, much of this is only accessible to a few experts.

4.4.3.2. Some programs (such as The Global Biodiversity Information Facility - GBIF)
are global in scope but Australian input will be vital (the Australian component of
GBIF is ABRS’s ABIF, which currently receives very little funding).

4.4.3.3. Museums are struggling to maintain reasonable curatorial standards and do not
have the resources to database their collections (the repository of most of the
basic information on marine invertebrates) so that information can be
electronically available via the WWW for:
o Use by decision makers and the community at large.
o The identification of sampling gaps so that surveys could be more effectively

planned.

o The provision of an historical record.

4.4.3.4. University, museum and other relevant institutional libraries, are continually
forced to make cuts in journal and book acquisitions so it is often difficult to
obtain specialist literature.

5. Consequences of our lack of knowledge

5.1. While a large number of threats (ranging from local impacts to global; e.g. global warming)
have been recognised as impacting on the marine invertebrate fauna, in reality it is difficult
to assess the magnitude of the problem because:

5.1.1. Changes to the fauna in most locations have not been adequately documented.

5.1.2. The dynamics of natural variation are not well understood.

5.2. Loss of components of the invertebrate fauna may lead to losses of processes and functions
with the eventual possible collapse of the ecosystems.

5.2.1. Flow on effects could occur throughout the marine system with impacts on
commercial stocks, loss of tourism and recreational uses.

5.3. Managing marine ecosystems will be largely guesswork without better knowledge. The
objective of an adequate conservation policy for marine biodiversity cannot be realised
without a much better knowledge of the components of that diversity, the habitats it
occupies and what its biological requirements are.

5.3.1. The stated aim of marine protected areas is to maintain biodiversity but decisions are
made regarding the placement and management of these areas in ignorance of the
composition and biological requirements of the majority of the fauna.

5.4. Many potential resources are currently under-utilised as a result of our ignorance of the
fauna.

6. Threats and conservation

6.1. Threats to the marine environment are at very different scales ranging from local
disturbance to the worldwide impacts of global warming. Thus, strategies for dealing with
identified threats must often be multifaceted and range from local to global in scale.

6.1.1. Many threatening processes (and solutions to them) are still very poorly understood.
6.1.2. Synergistic effects are probably common.
6.1.3. Threats can be indirect and complex.

10
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6.1.4. Solutions would often require substantial changes to current practices (e.g.,
reduction of sediment load in nearshore environments would require changes in
farming practices; drastic alteration of communities on the continental shelf would
require substantial changes in some commercial fishing practices).

6.1.5. Threatening processes that affect marine invertebrates typically impact generally on
all marine life forms (e.g., pollution, habitat modification through development), but
some have more serious impacts on invertebrates (e.g. dredging, benthic trawling).

6.1.5.1. For bottom communities trawling is extremely damaging through its destruction
of the epifaunal communities (sponges, corals, echinoderms, molluscs,
crustaceans etc.) on the seafloor. Much of the Australian continental shelf is
probably already heavily impacted by this activity and the communities markedly
changed as a result, probably to the detriment of the sustainability of fish stocks.

6.1.5.2. Scallop dredging destroys epifauna and shallow infaunal communities and has
been shown to be unsustainable.

6.1.6. Most obvious impacts related to pollution, developments etc. are in coastal areas.

6.2. Offshore oil and gas exploration and extraction are currently minor impacts compared with
the fishing industry, and tends to be more rigorously controlled.

6.2.1. Offshore mining for sand or minerals can be very damaging at local scales.

6.2.2. The extraction of minerals from the deep-sea is potentially very damaging to a
largely unknown habitat and fauna.

6.3. Conservation measures must consider the interconnectiveness of the coastal region with the
land and freshwater systems.

6.3.1. The often vulnerable, narrow transitional habitats (particularly semi-terrestrial
areas), and their faunas, tend to be ignored or forgotten by both researchers and
management agencies, who are commonly divided according to a terrestrial / marine
dichotomy.

6.4. There are considerable differences in the levels of conservation concern for, and the
legislative recognition of, invertebrates between the Commonwealth, states and territories.
This lack of a consistent or coordinated approach to marine biodiversity conservation in
Australia is a serious hindrance to implementing national strategies.

6.4.1. As with terrestrial ecosystems, there are many different agencies that have
jurisdiction over the marine environment, or parts of it leading to often ill-informed ad
hoc decisions and the inability to develop comprehensive, long term, co-ordinated
strategies.

6.4.1.1. While the complete removal of inter-departmental/ inter-agency/state-
Commonwealth boundaries and rivalry is probably unrealistic, increased levels of
cooperation would greatly increase efficiency.

6.4.1.2. Problems include conflicting approaches to, or uses of, marine resources, even
within single agencies (e.g., exploitation vs conservation).

6.5. Due to the difficulty of dealing with the conservation of all threatened marine invertebrates
on a species basis, there is a need to focus on protecting and managing identified threatened
systems at a variety of scales, from assemblages and communities (including habitats)
through to larger scales such as “ecosystems”, bioregions, etc.

11
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RECOMMENDATIONS

1.

Policy

1.1. While the Australian Government has adopted the Oceans Policy, the Marine Science and
Technology Plan and the Coastal Marine and Planning Program which all relate to the
conservation of marine biodiversity (of which invertebrates are the substantive part),
funding and resources for the implementation of these polices needs to be made available.

Conservation

2.1. The taxon approach for conserving marine invertebrates is generally neither a practical nor
cost effective strategy for the great majority of taxa. However, it can be a useful approach
in some circumstances, such as for:

2.1.1. Taxa harvested (including by collectors) or impacted indirectly by other exploitative
activities (can be managed by specific controls on numbers taken or methods and/or
effort employed);

2.1.2. Taxa that have narrow geographic ranges (once identified, specific measures can be
implemented); and

2.1.3. Taxa that live in highly specialised environments threatened by specific,
manageable, threatening processes (targeted reduction in, or cessation of, impact(s)
may be possible).

2.2. Commonwealth, State and Territory agencies should attempt to coordinate threatened
species listing and management through the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act), with the goal of moving towards uniform threatened
taxon legislation and a single national threatened taxon list.

2.2.1. The listing of threatened species is not practical for many marine invertebrates,
where high heterogeneity and poor knowledge do not generally provide sufficient data
to assess their status according to current [IUCN or similar criteria.

2.2.2. A category of “insufficiently known” may need to be used to enable listing of those
taxa suspected to be at risk, but which lack adequate quantitative data to assign them
with certainty to another category.

2.2.3. Australian taxa listed by IUCN should be assessed and considered for listing by the
relevant agencies.

2.2.4. Expert panels should be established to recommend appropriate conservation
strategies for major taxonomic groups, especially those in which taxa have been
identified as being vulnerable or at risk.

2.3. We recommend that, in general terms, encouraging the adoption of habitat-based
conservation strategies, based on IMCRA's, are more effective than taxon-based
approaches.

2.3.1. However, if the focus is restricted mainly to readily identifiable, high profile
habitats, a large proportion of marine invertebrate diversity will be neglected.

2.3.2. Conservation of large areas encompassing a range of habitats is the most desirable
Sstrategy.

2.3.3. Such areas should be carefully placed to maximise their inclusiveness of taxon
diversity and to cover geomorphological and environmental regimes.

2.3.4. A minimal requirement would be one or more such marine protected area(s) in each
bioregion. Duplication is essential to ensure effective monitoring.

2.3.5. Conserved habitats may deteriorate over time given likely anthropogenic impacts so
long-term monitoring is necessary.

2.4. Effective management of threats that affect marine invertebrates will require a coordinated
approach from management agencies.
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2.4.1. Because trawling is identified as a serious threat to the benthic epifauna of coastal
and offshore (Continental Shelf and Slope, seamounts, banks etc.) areas we
recommend that:

2.4.1.1.Gear be modified to decrease damage;

2.4.1.2.Restrict the areas where trawling is allowed;

2.4.1.3.Multiple no-go areas (e.g., as part of marine protected areas) that extend across
the shelf and slope should be set up in each bioregion. Such areas need to be
effectively policed with adequate deterrents in place.

2.4.2. More attention should to be given to preventing habitat destruction- and changes to
catchments which then impact downstream in terms of changed hydrography and
increased rates of run off.

2.4.3. The tourism industry should be even more aware that it too impacts marine habitats
by its activities. These impacts need to be continually reviewed and the activities
causing them revised.

2.4.4. Environmental impact statements concerning mining activities should give greater
attention to impacts on the benthic and pelagic invertebrate communities likely to be
affected.

2.4.5. The aquaculture industry needs to be effectively regulated to ensure that it does not
impact adversely on natural habitats and the invertebrates they contain.

3. Research

3.1. Basic research is necessary for the gathering of adequate information for the formulation of
informed conservation and management strategies.

3.1.1. This report highlights the large gaps in our knowledge base - even in the dominant
invertebrate groups, and very large parts of Australian waters (including the EEZ) that
remain unsampled. To obtain a better understanding of the marine invertebrate fauna
the following are necessary:

3.1.1.1.Increased basic taxonomic research (will require increased funding, ideally
through ABRS) on marine invertebrates, especially in those currently poorly
known groups.

3.1.1.2.Determine biodiversity baselines by surveys and inventories.

3.1.1.3.Identify areas of high diversity and endemism (and hence of conservation
significance) by accessing data in museum collections, by survey and by
phylogenetic and genetic research.

3.1.1.4.Increased general and specialist inventory of marine invertebrates in Australian
waters, especially in those areas (or for those groups) currently extremely poorly
sampled — e.g., in deep-waters and the tropics (especially NW Australia), or the
meiofauna, and other small-sized marine animals from most habitats.

3.1.1.5.Such surveys should include all bioregions and transitional zones.

3.1.2. Increased basic research (and therefore funding) on the basic biology (feeding,
breeding, habitat preferences, behaviour etc.) of marine invertebrates, especially the
ecologically important groups.

3.1.2.1.Greater encouragement of whole-animal studies on marine invertebrates in our
universities.

3.1.3. Increased basic research (and therefore funding) on the ecology of marine
invertebrates.

3.1.3.1.Encouragement and funding of ecological studies on marine invertebrates and
marine ecosystems in universities.

3.1.3.2.Test the robustness of using surrogates (such as physical features — e.g.,
sediment, or other biota such as marine vegetation or other animals — e.g., corals)
as the basis for predicting benthic invertebrate communities.
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3.1.3.3.Examine the effects of anthropogenic changes in ecosystems (e.g., increased
nutrients, reduced freshwater runoff, effects of global warming etc.), especially in
bays, estuaries and shallow coastal waters.
3.2. Assessment and monitoring are activities that provide essential information for informed
management.

3.2.1. They require well-formulated methodology with rigorous scientific standards.

3.2.2. In order that assessments can be expedited, baseline inventories should be
conducted.

3.2.2.1.Faunal inventories using rigorous sampling protocols and covering a wide range
of invertebrates should be conducted in representative habitats (especially on
major bays and estuaries) in major biogeographic areas around Australia. These
will serve as benchmarks for assessing change in faunal composition, assisting in
the detection of introduced taxa and community change due to anthropogenic
impacts.

3.2.3. Survey for introduced species should be against a background of comprehensive
faunal inventory with the involvement of specialist collectors and taxonomists.

3.2.4. Initiate long term monitoring sites in locations around Australia, in at least one
location representative of each of the major bioregions.

3.2.4.1.There is a need to establish that marine parks really work. Long term monitoring
is needed with comparisons using control sites in the same general area.

3.2.4.2.Set up a national register of coastal wetlands so that changes can be monitored.

3.2.4.3.Community groups could play an important role in monitoring changes in
benthic communities but, to be effective, such work must be undertaken with the
involvement of appropriate scientists.

3.2.5. Given that there are relatively few marine ecologists or other marine biologists
capable of undertaking detailed assessments, this expertise should be developed at
regional levels as a matter of urgency.

3.3. Marine research infrastructure is generally inadequate.

3.3.1. The provision of additional facilities for all of facets of marine research should be a
high priority for the Commonwealth Government, especially given the aims and
objectives of the current Government marine policy objectives.

3.3.1.1.The lack of access to research vessels is a major impediment to offshore and
deep-sea marine research in Australia.

4. To maximise the range of research outcomes, Commonwealth research vessels should be more
accessible to scientists from universities and agencies than they are at present.

5. Outcomes from individual cruises should be maximised by ensuring that sampling and other

activities are of benefit to as wide a range of scientists and research areas as possible.

5.1.1.1.There is a chronic shortage of marine research stations in most parts of Australia
(with the exception of the GBR).

There should be research stations in representative areas around the Australian coast.

They should be collectively regarded as a national facility.

8. All such stations, including those established on the GBR, need to have guaranteed sources of
funding — the current ad hoc system prevents long term planning and regular updating. The
recent financial support for research stations on the GBR run by Universities will help in the
short term, but funding should be given to all such facilities regardless of which Institution runs
them.

N

9. Management

14



Conservation of marine invertebrates

9.1. There is a need to resolve the differences in levels of conservation concern and recognition
of invertebrates between the Commonwealth, states and territories to overcome the lack of
a consistent or coordinated approach to marine biodiversity conservation in Australia.

9.1.1. Develop procedures to increase cooperation and dialogue between all the
management authorities and agencies involved directly or indirectly in marine systems.

9.1.1.1.Develop cooperation between land and marine based agencies because terrestrial
inputs are critical to the health of coastal marine invertebrates.

9.1.1.2.Agencies should be aware of, and attempt to reduce, the cumulative effects of
impacts - the "tyranny of small decisions" - made by different authorities that
have little or no communication.

9.1.2. Some agencies with a primary role of exploitation of resources are also charged with
the conservation of the marine environment. This will lead to conflicts of interest so,
where possible, these functions should be separated.

9.1.3. Transitional marine-non-marine habitats (particularly semi-terrestrial areas) and their
faunas need to be incorporated in management strategies.

9.2. There is a need to review the effectiveness of the controlling regulations intended to abate
threats from over-harvesting — e.g., bag limits; restricted seasons etc., and the effects that
these moderated activities are having on associated taxa.

9.2.1. Regulations controlling harvesting/collecting should not unnecessarily inhibit
activities by school groups, hobbyists, interested parents with children etc.

9.3. Develop consultation processes where all available data and expertise is used to maximise
input.

9.3.1. Regulations should consider traditional uses and allow access to marine invertebrates
by indigenous people.

9.4. Lack of, or minimal involvement in, invertebrate studies, or consideration of them, by state
and Commonwealth agencies responsible for marine and fisheries research needs to be
addressed.

9.4.1. Staff or consultants with appropriate expertise in marine invertebrates should be
employed to advise on issues relating directly or indirectly to marine biodiversity.

9.5. It is vital that coastal planning instrumentalities consider the impacts of development
proposals on all aspects of the marine environment (including marine invertebrate habitats
and communities) and introduce regulations that minimise these.

9.5.1. While developments in enclosed bays and estuaries are likely to cause the most
damage, all developments leading to the loss of supralittoral, intertidal and shallow
subtidal habitats should undergo assessments that include:

10. Their direct impact on marine invertebrates and their habitats;
11. The consequences of these impacts at ecosystem and species levels in the general area.

12. Education and Community Involvement

12.1. There is an urgent need to develop public awareness programs regarding the need to
conserve marine invertebrates, and the nature and consequences of threats to the marine
environment. This could be achieved by:

12.1.1. An increase in content on invertebrates, and their importance for our well-being, in
school curricula and university courses.

12.1.2. Development of tools and material that will assist in highlighting marine
conservation issues in educational arenas.

12.1.3. Training of teachers and teacher trainees in issues relating to invertebrates and their
conservation.

12.2. Attitude surveys should be conducted to assist in the development of campaigns to
promote awareness of marine invertebrates and of the need for their conservation.
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12.3. Conservation and public interest would by enhanced by abandoning the word
"invertebrates" because it encompasses such a huge, totally artificial grouping of animals
with vastly different morphology, biology and ecology.

12.3.1. Where possible, specific, readily identifiable taxon or ecosystem labels should be
used.

12.4. Reverse reduction in, or sidelining of, basic invertebrate biology and diversity
courses in universities.

12.4.1. There is a trend in universities utilise the expertise in museums leading to a healthy
synergy between these institutions with students exposed to museum expertise and
research. However, the development of reciprocal funding arrangements is essential to
ensure the long-term viability of such arrangements.

12.5. Encourage the consideration of invertebrates in local conservation issues or
planning.

12.5.1. Develop information and material that will empower local conservation or other
interest groups or individuals to be advocates for invertebrate causes and issues.

12.6. Development of resources (see below) that will give the community access to
relevant information.
12.7. Establish a field studies network in Australia, using as a starting point available

facilities run by schools, education groups, national parks, and universities.

12.7.1. Establishment of a number of suitable teaching facilities in coastal locations (ideally
in conjunction with marine research stations) so that they can participate in marine
studies courses.

13. Improving access to information

13.1. Provision of information utilising the worldwide web should be given a very high
priority.

13.1.1. Australian museums and university collections already contain a huge amount of
biodiversity information that is under utilized and difficult to access by
planners/managers etc.

o Web-based museum databases that provide basic information need to be linked,
initially at a national level and, eventually, to other similar international databases.

o Provision of funding to facilitate databasing of collections in state museums.

13.1.2. Development of ABRS’s ABIF facility is a means of providing single source web-
based information on marine invertebrates.

o Completion of ABIF to at least to checklist stage as a first step. These should be
regularly updated and should serve as a means of ensuring that taxonomic
consistency is achieved.

o Incorporation of biological data, illustrations etc. to ABIF.

o Link with point data from museum collections for dynamic distributional data.

13.2. Provision of information, ideally via the worldwide web, on the ecology and biology
of invertebrates and the ecosystems that they live in.

13.2.1. The production of identification guides (including interactive keys (web based or on
CD), handbooks etc.) for at least the major groups of shallow-water marine
invertebrates should be encouraged and supported.

13.2.2. Provide a searchable, comprehensive literature database on the ecology, biology and
taxonomy of marine invertebrates.
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PART 1 - INTRODUCTION

CHAPTER 1 - OVERVIEW

1.1 QOutline and scope of the document

1.1.1 Aims

This volume is intended to be a companion to Yen and Butcher's (1997) overview of the
conservation of non-marine invertebrates. As with that work, we see one of our major
roles as addressing the “perceptual and practical imbalance” in the current approach to
conservation, and facilitating the conservation of marine invertebrates in Australia and its
Exclusive Economic Zone (EEZ). Not only is there an imbalance in favour of vertebrates
over “the other 99%”, but also an imbalance in favour of the terrestrial environment at the
expense of the marine realm.

This overview of marine invertebrate conservation in Australia and its territories

encompasses:

The current state of knowledge;

The conservation issues and approaches;

Details of threatening processes;

Recommendations for conservation strategies;

Information resources, gaps and shortfalls;

Recommendations, including research needs, necessary to overcome these

shortcomings;

An extensive bibliography;

e A list of the institutions, individuals and conservation and professional societies that
provided information for this volume;

e Appendices detailing collection resources and a list of relevant societies.

1.1.2 Scope and definitions

The scope of this document is huge, both in terms of the geographic area involved and
the diversity of organisms and habitats covered. Australia has one of the world’s longest
national coastlines. It also has one of the largest marine jurisdictions, approximately
twice the size of the Australian mainland, ranging from the sub-Antarctic to the tropics.
However, these are measurements only in surface area — marine organisms live in all
available habitats extending throughout the water column to the floor of deep ocean
trenches. Australia also has a unique and extraordinarily diverse invertebrate fauna, much
of which is still unknown or only poorly known to science but is considered to be mega-
diverse. Consequently, this overview must be, of necessity, somewhat superficial in some
areas.
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We define “marine” as encompassing all oceanic and coastal environments, including
estuaries, brackish or saltwater coastal lagoons, mangrove and saltmarsh habitats (see
extended definition below).

We define “invertebrates” as all members of the kingdom Animalia other than the

Subphylum Vertebrata of the Phylum Chordata. Thus, invertebrates are not a natural

grouping phylogenetically but consist of many groups of vastly different organisms (see

below). The use of this term has several unfortunate connotations (see also Chapter 9),

including:

e The perception that invertebrates and vertebrates may be roughly equivalent
groupings; in fact, the invertebrates actually comprise about 95-99% of all animals;
and

e The use of the prefix “in” implies inferior status (Lunney and Ponder 1999).

Despite the fact that they comprise most of animal diversity, and a significant proportion
of “biodiversity” as a whole, conservation organisations have unfortunately given
invertebrates little or no priority. This may be because “invertebrates” are:

e Widely viewed as insignificant, small-sized organisms of little or no interest;

e Seen as too poorly known or too difficult;

Unlikely to attract public sympathy, money or votes; or

Believed to be catered for if vertebrate and plant habitats are conserved.

Invertebrates

The term “invertebrates” is not a natural grouping, being a “grab bag” for over thirty
metazoan animal phyla with very different features and evolutionary histories delineated
by the absence of a backbone. In contrast, the vertebrates (mammals, birds, reptiles,
amphibians and fish) are a phylogenetically related grouping — the Vertebrata. Marine
invertebrates include animals as diverse as molluscs (e.g., snails and clams, seaslugs,
squid and cuttlefish), crustaceans (e.g., crabs, barnacles, shrimp), many different types of
worms comprising several phyla (e.g., bristle worms, flatworms, acorn worms, spoon
worms), cnidarians (jellyfish, sea anemones and corals), and echinoderms (sea stars, sea
cucumbers, sea urchins etc.). They include several groups that, because of their sessile
habitat and colonial organisation, are not recognised by many people as even being
animals or are even often thought to be plants (e.g., corals, bryozoans and sponges).
Invertebrates range in size from less than a millimetre to several metres in length, the
latter including enormous animals such as the giant squid and the nemertean worm
Lineus longissimus that reaches 30 m in length. We do not regard protozoans and other
unicellular groups as invertebrates, although the former group at least is sometimes
included (e.g., Yen and Butcher 1997). It can be argued that the use of such a catchall
term is detrimental to invertebrate conservation and this idea is developed further in
Section 9.1.1. An outline of each of the major groups of invertebrates found in Australian
waters is given in Section 2.2.
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Figure 1.1: The relationships of invertebrate phyla are still unresolved in detail and

are the subject of considerable current scientific debate. This strict consensus tree is
from Eernisse et al. (1992).
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Invertebrates are geologically ancient, with a history stretching back to the Pre-Cambrian.
Knowledge of the taxonomy and phylogenetic relationships of the invertebrates is far
from complete. One interpretation of the relationships between the different invertebrate
groups is shown in Figure 1.1. However, it must be emphasised that invertebrate
phylogeny is in a constant state of flux, with many conflicting ideas about the diagnosis
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of, and relationships between, groups. Molecular studies are increasingly being used to
compliment analyses made based on morphological studies, developmental data etc.

The marine environment

The sea comprises more than 99% of the biosphere permanently inhabited by plants and
animals. It covers more than twice the area of the terrestrial realm in a permanently
inhabited layer more than 100 times as thick (the average depth being nearly 4000 metres
— Norse 1997, with a maximum depth of about 5000m in Australian waters and about
11,000m in the world’s deepest trenches). While the general concept of the marine
environment is fairly clear (the sea; salty water), the lack of a clear demarcation line
between marine and terrestrial environments (on the shore), or between marine and
freshwater environments (e.g., in estuaries and coastal lagoons) necessitates some
definition of the habitats to be included in this overview.

We consider all habitats with a reasonable degree of marine influence, ranging from
intertidal shores and estuaries to the deep (abyssal) sea, and including semi-terrestrial
habitats such as the supralittoral zone, saltmarshes and the shoreward side of mangroves,
as well as brackish environments found in estuaries, coastal lagoons and other water
bodies with both freshwater and tidal influences. These transitional habitats (particularly
semi-terrestrial areas), and their faunas, tend to be ignored or forgotten by both
researchers and management agencies, who are commonly divided according to a
terrestrial / marine dichotomy. Hence, it is seen as important that they be included in the
present overview. It also should be stressed that the boundaries between terrestrial and
marine environments or between marine and freshwater are not static, changing during a
tidal cycle, seasonally and between years. For example, the terrestrial boundary of
saltmarshes changes over time with fluctuations in sediment deposition. While some of
the fluctuations are natural, others are induced by anthropogenic impacts such as
changing freshwater flows of rivers, changing sediment supply or sea level rises due to
global warming. A diagram of the different regions of the seabed and oceans, together
with some of the terminology commonly used to describe them, is provided in Figure 1.2.

Marine invertebrates are found in all marine habitats ranging from shorelines and
estuaries down to the barely explored habitats of the abyssal sea that reaches depths of up
to 11,000 m in some of the deepest ocean trenches. In addition to well-known habitats
such as rocky shores and rock pools, coral reefs and seagrass beds, marine invertebrates
can be found in the interstitial spaces between grains of sand, around hydrothermal vents,
on floating debris such as algal mats and driftwood, attached to other animals, on the
peaks and slopes of sea mounts, and swimming or floating in the water itself.
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Figure 1.2: Schematic diagram of the different regions of the seabed and oceans
(based on Levinton 1995; Hammond and Synnot 1999).
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Australia and its territories

Australia’s coastline is one of the world’s longest national coastlines. There are about 30
000 km of mainland coast, including Tasmania, with an equal amount contained in
surrounding islands and in the several hundred estuaries and coastal lagoons, lakes and
bays, the total coastline measuring around 70 000 km (ABS 1992).

Australia has the right to explore and exploit resources within its Exclusive Economic
Zone (EEZ), a zone that extends up to 200 nautical miles from the coast of Australia and
its offshore islands and territories (except where reduced by proximity to an adjacent
jurisdiction, e.g., New Zealand, Indonesia). Australia also has a claim over that part of the
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continental shelf extending beyond the EEZ outer boundary'. The total Australian Marine
Jurisdiction (AMJ), which includes the EEZ, covers a total surface area of around 16
million km® — roughly twice the size of the Australian mainland. However, a large
proportion of the extra territory within the AMJ surrounds the Australian Antarctic
Territory rather than the Australian mainland. A preliminary map of the Australian
Marine Jurisdiction is given in Figure 1.3.

Figure 1.3: Australia’s marine jurisdictional zones (preliminary) (from
Commonwealth of Australia 1998b)
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" A case to confirm Australia’s rights over the 5.1 million square kilometres of the shelf that extend beyond
the EEZ as part of the AMJ must be lodged with the United Nations Commission on the Limits of the
Continental Shelf (UNCLOS) by November 2004 (Marine Science and Technology Plan Working Group
1999). Under UNCLOS, Australia must show that it can look after this extra territory responsibly if it is to
uphold its claim. Australia must prove that it is acting appropriately within the EEZ and that it has the
scientific understanding to extend this stewardship throughout the AMJ (Luntz 1999).
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Included within Australian territorial waters are:

Australian Antarctic Territory

Macquarie Island

Heard Island and McDonald Islands

Christmas Island

Cocos (Keeling) Islands

Lord Howe Island

Norfolk Island (including Philip Island)
A brief description of each of these areas, with an introduction to their fauna, is provided
in Section 2.3.

Australia has sovereign rights within its EEZ over its natural resources and jurisdiction
over offshore installations, marine scientific research and the protection and preservation
of the marine environment (Newton 1999). In addition to the EEZ, Australia has
sovereign rights on its ‘Legal Continental Shelf” over non-living resources (e.g., oil, gas,
minerals) of the seabed and ‘subsoil’, as well as the ‘sedentary living organisms’ (i.e.,
mainly benthic invertebrates). While the Legal Continental Shelf overlaps with the EEZ,
it also extends considerably beyond it in some places, although its outer limit can never
extend beyond 350 nm, or 100 nm beyond the 2500 m water depth contour (Newton
1999).

1.1.3 Approaches

As stated above, the major role of this review is to complement the overview of non-
marine invertebrates by Yen and Butcher (1997). In line with Yen and Butcher, this
overview is divided into three parts. Part 1 provides an introduction and some
background information on marine invertebrate conservation and the marine invertebrate
fauna; Part 2 covers approaches to marine invertebrate conservation ranging from taxa to
systems and threatening processes, and Part 3 looks at information and implementation.

Part 1 begins by defining the aims and major concepts (this chapter), and then gives a
summary of the state of knowledge of the Australian marine invertebrate fauna (Chapter
2) before discussing the issues involved in the conservation of these animals (Chapter 3).

The range of possible approaches to conservation is covered in Part 2 which begins with
taxa (typically species) as the primary focus (Chapter 4), followed by systems at different
scales ranging from species assemblages or communities to ecosystems (Chapter 5).
Another approach, the identification and management of the threatening processes that
impact on marine invertebrates, is covered in Chapter 6.

Part 3 looks at the existing situation and future requirements in terms of knowledge and
the research base (Chapter 7), and legislation, policy, administration and implementation
(Chapter 8). This Section concludes with a discussion of the essential issues of education,
provision of better information, and promotion of the need to conserve marine
invertebrates (Chapter 9).
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Recommendations are presented in all but this chapter and are summarised in the
Summary of Recommendations at the beginning of this document.

1.2 Marine invertebrates and biodiversity

1.2.1 What is biodiversity?

Biodiversity is defined by the Biodiversity Convention as “the variability among living
organisms from all sources including inter alia, terrestrial, marine, and other aquatic
ecosystems and the ecological complexes of which they are part; this includes diversity
within species, between species and of ecosystems”. Thus, biodiversity is not just species
diversity, although it is often thought of as such. Species are but one level in the
hierarchy and it is important to consider other levels such as genetic diversity and higher-
taxon-level diversity (e.g., numbers of classes, phyla etc), as well as functional diversity,
ecosystem diversity etc. The economic values of ecosystems, ecosystem function and
biodiversity are also only now being realised and various attempts have been made to
translate these into dollar figures (see overview by Daily et al. 2000).

Useful summaries of biodiversity in relation to marine organisms are provided by Gray
(1997a) and GESAMP (1997), who discussed genetic, species, phyletic, functional,
community / ecosystem and habitat diversity. Patterns in marine biodiversity, and the
processes responsible for these, are the subject of a book edited by Ormond et al. (1997).

As pointed out in the Interim Marine and Coastal Regionalisation for Australia (IMCRA
Technical Group 1998), biodiversity can be understood, conserved and managed at a
range of spatial and temporal scales. At the macro-scale (e.g., major oceanic and pelagic
ecosystems), it is defined by large-scale oceanographic processes (e.g., currents,
upwellings), trophodynamics, coastal physiography and basin topography. Biodiversity
also occurs at the micro- or pica-scales of ecosystems (e.g., open coasts and gulfs),
habitats (e.g., reefs, estuaries and bays) and biological communities (e.g., mangroves,
seagrasses, kelp forests and coral reefs). At these scales, patterns in biodiversity may be
dominated by small-scale physical processes such as the type of substratum, cyclones,
storm events, tidal range and changes in wave exposure, or by biological processes such
as competition and predation. It is at this scale, and smaller ones, that human impacts are
particularly obvious. Smaller scales can be identified that affect distinct communities
within larger ecosystems, impacts relevant to these scales perhaps operating within a few
square metres.

1.2.2 How diverse are marine invertebrates?

Although fewer species appear to inhabit the ocean than the land, based on numbers of
currently known species, consideration just of the numbers of species alone can be a
misleading measure of biodiversity. At higher taxonomic levels (class, phylum etc.),
marine ecosystems have a significantly higher degree of diversity (e.g., Ray 1985; Earle
1991; Ray and Grassle 1991; Williamson 1997) (see Figure 1.4).
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Figure 1.4: Distribution of invertebrate phyla by habitat (based on Ray and Grassle
1991).
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Examples of large-scale diversity are readily apparent in most marine habitats. For
example, a single small boulder may be covered with representatives of at least 10
invertebrate phyla - sponges, corals (or other cnidarians such as hydroids or anemones),
nematodes, brachiopods, bryozoans, arthropods, molluscs, polychaetes, sipunculans,
crinoids etc. (Earle 1991).

In the sea, as on land, most animal life is small. Many biologists tend to ignore the small-
sized taxa, reflecting another human bias. Humans are among the upper 5% of living
organisms in size, yet most of the essential ecological processes are accomplished by
microscopic organisms (Wilson and Peter 1988; Earle 1991; Ponder 1992; New 1995b).

Reaka-Kudla (1995) compared the biodiversity of coral reefs and rain forests and noted
that there were 193 000 described macroscopic marine animal species. The ambitious
Census of Marine Life’ (Malakoff 2000) aims to document all marine life but at present

? http://www.coreocean.org/Dev2Go.web?anchor=coml_home page
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the number of marine invertebrate species cannot be accurately estimated because many
groups, particularly those that are very small or obscure, have not been well studied and
even the better known groups still have many undescribed species.

Tens of thousands of Australian marine invertebrates have already been described, many
more thousands are known and await description, while very many more still await
discovery. Even within those relatively well-known groups, there may be many sibling
species awaiting discovery — those species difficult or impossible to distinguish based on
morphological characters. Such taxa are common, a large number of abundant, well-
studied or economically important marine taxa have recently been shown to be
complexes of sibling species (Knowlton 1993). While the unravelling of sibling species
complexes may involve using sophisticated techniques, for many groups of marine
invertebrates all that is required is careful work by a competent taxonomist using
morphological information. Hutchings (1998a), for example, indicated that many
polychaete taxa previously considered to be very widespread are actually species
complexes. In the more poorly known groups there are numerous readily distinguishable
taxa awaiting description.

While it is generally accepted that there are many more species in terrestrial ecosystems,
due to the large numbers of certain groups of insects, recent studies (e.g., Grassle 1991;
Grassle and Maciolek 1992; Poore and Wilson 1993; Bouchet 2000; Bouchet et al. 2002)
have shown previously unsuspected very high species-level diversity in marine
ecosystems, although the jury is still well and truly out on even the right order of
magnitude for these estimates (see Section 7.6.2).

1.2.3 How diverse are marine ecosystems?

The large number of fundamentally different life forms may confer high ecological
complexity to marine and coastal ecosystems, this relating to how ecosystems are
structured functionally (Ray 1991). Hypotheses about marine environments and
ecosystem function (for a recent review see Loreau 2000) and comparisons with
terrestrial systems are discussed by Ray and Grassle (1991). Norse (1997) argued that the
marine ecosystem diversity exceeds that of the land and Knowlton (2001) and others
have argued that coral reefs are the marine equivalent to rainforests in species diversity.
The sea has equivalent habitats to forests, grasslands, montane and insular ecosystems,
caves and hot springs, in addition to ecosystems without terrestrial analogues, such as the
sea-air interface, the underside of pack ice and the water column. All these habitats are
home to diverse assemblages of life-forms (including neuston, plankton, nekton) as well
as functional guilds such as filter-feeding substrate dwellers entirely or largely absent on
land. Marine ecosystems include those with the highest measured primary production
(NE Pacific intertidal kelp beds Leigh et al. 1986), but they also include vast, sparsely
inhabited spaces in which there is no autochthonous primary production, as well as
ecosystems based wholly on chemosynthesis rather than photosynthesis.
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1.24 Patterns of biodiversity in the marine environment

Besides alleged large-scale patterns of biodiversity (e.g., latitudinal and depth clines (but
see below, this section)), biodiversity patterns relate to environmental gradients at smaller
scales (e.g., ecotones — see Section 5.2.3). Most marine habitats, like many of those on
land, are not discrete units but are the intersections of multiple environmental gradients

(Ray 1991).

Biogeographic studies are based on patterns of taxon distribution. However, attempts to
develop pictures of marine diversity are hampered by the small number of key studies,
the different sampling methods they employ, the different measures of diversity utilised
and the varying levels of taxonomic resolution (Clarke and Crame 1997). The notion of a
latitudinal diversity cline (e.g., Pianka 1966), with increasing diversity towards the
tropics, was previously well entrenched. There is some supporting evidence, particularly
in the Northern Hemisphere (e.g., Thorson 1957; Clarke and Crame 1997; Gray 1997b),
particularly for some taxa ( bivalves, Stehli and Wells 1971; gastropods and mangroves,
Huston 1994; e.g., sponges, corals, molluscs, echinoderms and decapod crustaceans,
Poore 1995a; taxa with calcareous skeletons, such as gastropod and bivalve molluscs,
Foraminifera (Protista) and hermatypic corals, Clarke and Crame 1997). However, the
same trends are not necessarily so obvious in the Southern Hemisphere or in other taxa.
For example, Price et al. (1999) found little evidence to support the notion of increasing
diversity towards the tropics in Atlantic asteroids. Poore (1995a) noted that the diversity
of marine amphipod crustaceans in the southern hemisphere was greatest in the lower
latitudes, Hutchings (1998a) indicated that some of the highest polychaete diversities for
soft sediments have been recorded from southern Australia and Hooper et al. (1999; in
press) noted the complete absence, if not the inverse, of latitudinal biodiversity gradients
in sponges. Thus, evidence for a cline in latitudinal diversity in non-calcareous marine
taxa remains equivocal, and there is no evidence “for a cline in with-in habitat diversity
for shallow-water soft-bottom infaunal communities” (Clarke and Crame 1997). Data
from the deep-sea (e.g., Rex et al. 1993) appear to confirm the idea of increasing
diversity with decreasing latitude although patterns are far from clear-cut (Gray 1997b).
However, the Antarctic has high diversity for many taxa (Clarke 1992; Arntz et al. 1997),
and diversities recorded from southern Australia (Poore and Wilson 1993; Coleman et al.
1997) are as high as the highest values for soft sediments anywhere. Thus, while it seems
that there is a cline of increasing diversity from the Arctic to the tropics, the cline from
the Antarctic to the tropics is far less well established if it occurs at all (Gray 1997b).

A shallow to deep-sea increase in diversity was originally suggested by Sanders (1968)
who collected samples from different habitats ranging from the boreal to the tropics and
from estuaries to the deep-sea slope. While much new data have been obtained since
Sanders’ study, this has mainly been from the deep-sea (e.g., Rex 1981; Grassle and
Maciolek 1992). In the western North Atlantic, the most thoroughly sampled ocean
region of the World, species diversity is low on the shelf, increases to a maximum at
intermediate depths, and then decreases in the abyssal plain (Rex et al. 1997). However,
analyses of diversity in other deep basins of the Atlantic suggest that this pattern may not
be universal (Svavarsson et al. 1990; Blake and Grassle 1994). Because our knowledge of
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large-scale diversity patterns in the deep-sea is still based on a few major taxa and on
very limited sampling and geographic coverage (Rex et al. 1997), it is uncertain as to
whether the observed patterns are universally applicable.

Roy et al. (1998) discussed the causal hypotheses for latitudinal trends in biodiversity and
tested these using data on Recent and fossil marine snails from the Atlantic and Pacific
coasts of America. They found that their data did not agree with three of the major
hypotheses — Rosenzweig’s habitable space hypothesis (in this case, area of continental
shelf); Rapoport’s rule (species packed more tightly in the tropics, with smaller range
sizes and more specialised niches); and the idea that the tropics have been undisturbed
during ice ages and therefore have had more time to develop higher diversity. Instead,
they found a significant relationship between the number of snail species and the
temperature of the ocean surface along coasts (especially outside the tropics), and a
probable influence of seasonality in nutrient supply, associated with the stability of the
water column.

Pelagic systems are the largest on earth but have relatively few species, typically with
vast distributions. Zooplankton diversity, in general, decreases with increasing latitude,
both for oceanic and for neritic species (Pierrot-Bults 1997). The greatest concentration
of zooplankton is in the upper 200 m of the water column, but maximum species richness
occurs at about 800-900 m (Pierrot-Bults 1982; Angel 1993). Pelagic diversity patterns
are largely determined by the large-scale physical and chemical environment of the
ocean, such as oceanic circulation, and the observed latitudinal and bathymetric gradients
do not necessarily correlate with factors such as productivity (Angel 1993, 1997).

The biogeography of Australian marine organisms is discussed in Section 2.4.2.

1.3 Conservation

1.3.1 What is conservation?

Conservation is defined (in an anthropocentric and utilitarian way) by the World
Conservation Strategy (IUCN 1980) as “The management of human use of the biosphere
so that it may yield the greatest sustainable benefit to present generations while
maintaining its potential to meet the needs and aspirations of future generations”. Other
definitions are more straightforward; for instance, Erzinclioglu (1990) defined it simply
as “the carrying of the maximum genetic diversity into the next century”.

Conservation — i.e. protecting biological diversity and ensuring that essential ecological
processes and life-support systems are maintained — is a key objective in the National
Strategy for Ecologically Sustainable Development (Commonwealth of Australia 1992),
National strategy for the conservation of Australia's biological diversity (Commonwealth
of Australia 1996) and Australia's oceans policy (Commonwealth of Australia 1998a).

28



Conservation of marine invertebrates

1.3.2 Similarities and differences between marine and terrestrial
conservation

Comparisons between marine and terrestrial conservation from various perspectives have
been made by several writers (Kenchington and Agardy 1990; Ray and Grassle 1991;
Angel 1993; Norse 1993, 1997; Hutchings and Ponder 1999). While there are some
obvious differences that can be emphasised, there are few fundamental differences. Norse
(1997), for example, pointed out that some principles from terrestrial conservation
biology will probably apply to the marine realm and gives the following examples: small
populations are at greater risk than large ones; large species with low fecundity are at
special risk; endangerment, phyletic distinctness and ecological importance are useful
criteria for establishing priorities for species conservation; removing guilds such as high-
level predators or grazers can profoundly affect organisms at lower trophic levels; greater
structural heterogeneity allows species diversity; and certain areas (including areas of
high diversity, high endemism, or high productivity, spawning areas, nursery grounds,
and migration corridors and stopover points) merit special protection.

However, Norse (1997) argued that some conservation concepts and mechanisms that

apply in terrestrial systems are not always applicable to the sea without modification

because marine and terrestrial species and ecosystems function differently. He gave as
examples:

e Planktonic dispersal stages in many marine taxa, with (potential) dispersal distances
greater on average than for terrestrial species. Thus, the existence of allochthonous
population sources and sinks can have implications for conservation and
management.

e Ex situ conservation of marine species is not a viable option for the foreseeable
future.

e Marine ecosystems are most productive and diverse at the edges of the sea, where
human population densities, growth and impact are greatest.

e Time scales in the marine realm are different - the dominant primary producers are
phytoplankton that can have doubling times of days, rather than large plants with
doubling times of months or years.

e Producers and consumers of organic materials are often geographically distant,
whereas on land materials tend to be produced and decomposed in close proximity;
thus human activities that affect oceanic biogeochemistry may not become manifest
for a long time.

1.3.3 Invertebrate conservation

This document is concerned primarily with the conservation of marine invertebrates.
General issues relating to the conservation of invertebrates have been discussed by a
number of writers in recent years but most of these approach the subject from a terrestrial
perspective and are usually mainly focused on terrestrial arthropods and insects in
particular (e.g., New 1993; New 1995b, etc. — see also Section 9.1; Yen and Butcher
1997). As outlined above, the following chapters discuss in detail various aspects of the
marine invertebrate fauna, its conservation and the threats it faces.
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CHAPTER 2 - THE AUSTRALIAN MARINE INVERTEBRATE FAUNA

2.1 State of knowledge of Australian marine invertebrates

The main points are:

e Taxa - state of taxonomic, biological and ecological knowledge: there are many
knowledge gaps in even the relatively well-studied macrofaunal groups whereas
many other taxa are very poorly known to virtually completely unstudied. This lack
of knowledge results in:

e A serious taxonomic impediment; and

e The necessity to use exemplars, often (most inappropriately) from the northern
hemisphere, when attempting to extrapolate biological features or predict
ecological outcomes.

e State of knowledge of fauna by habitat:

e Intertidal and shallow water fauna best known;

e Deep-sea fauna is virtually unknown;

e Coral reefs are relatively well studied compared with most other ecosystems,
although only with regard to the most conspicuous taxa (hard corals and fish), not
other invertebrates or inter-reefal areas;

e Microscopic fauna in all habitats very poorly studied, especially the meiofauna;

e Commensal and parasitic taxa often ignored and generally very poorly known.

e State of knowledge by geographical location:

e Much ecological research is focussed around urban centres and marine stations on
the GBR;

e Islands and external territories are, overall, not well studied.

The vast expanse of ocean in the Australian Marine Jurisdiction, extending from
Antarctica to the tropics, contains a large proportion of the southern hemisphere’s marine
biological diversity, much of which is endemic to Australian waters. Due to the size of
the area involved, and the limited resources allocated’, even information concerning the
nature of the sea floor is limited. Our understanding of the biological diversity of marine
invertebrates and extent of the marine resource that they represent is very limited (e.g.,
Marine Science and Technology Plan Working Group 1999). This lack of knowledge is
highlighted, for example, by the relatively recent investigation (since the late 1980s) of a
large number of seamounts south of Tasmania (Koslow and Gowlett-Holmes 1998;
Koslow et al. 2001). Information about Australian marine invertebrates is generally poor
and very patchy, being largely concentrated in a few highly visible, relatively common,
or commercially important taxa. Even for the relatively well-studied dominant
macrofaunal groups, there remain numerous gaps in the understanding of their taxonomy,
biology and ecology; many of the minor groups are hardly known at all.

3 Marine research comprised about 1.3% of R & D expenditure in Australia in 1996/7 - and yet marine
resources contribute about 9% of gross national product in 1995/6, a figure that is rapidly increasing each
year (Marine Science and Technology Plan Working Group 1999).

30



Conservation of marine invertebrates

The cost and difficulty of accessing marine habitats has meant that accessible intertidal
and shallow sublittoral systems are best known, whereas the fauna of deep-sea habitats
remains largely unknown. Some habitat types — such as coral reefs — have been relatively
well studied with regards to a few groups and processes, but there much remains to be
done (particularly for the largely ignored but ecologically important inter-reefal areas). In
all habitat types, the macrofauna has been best studied, whereas smaller components of
the fauna — particularly cryptic fauna, the microscopic animals inhabiting the interstitial
spaces between grains of sediment (i.e., meiofauna) and the myriad of commensal and
parasitic taxa— are generally very poorly known or completely unknown.

Issues of accessibility have also led to something of a geographical bias, with research
effort being largely concentrated near the coast, in the southeastern part of the mainland
(especially in the vicinity of population centres), and in the Great Barrier Reef region.
There is a significant lack of data from remote areas, such as north and northwestern
Australia, the outer continental shelf and slope and even the outer slopes of the GBR, the
deep-sea, the seamounts and around the islands and territories. However, even in the
better-studied regions of Australia, there are very few locations where the invertebrate
fauna has been sufficiently surveyed to enable reasonable baseline data to be obtained.
The exceptions include Port Phillip Bay in Victoria and Botany Bay and Jervis Bay in
NSW, each of which has been the subject of fairly extensive surveys, mainly in response
to proposed large-scale developments. On the other hand, the only list of marine
invertebrates from Sydney Harbour is that of Whitelegge (1889), and only recently has a
survey been undertaken of the port of Sydney Harbour for introduced species by the
Australian Museum (Australian Museum Business Services 2002). Aside from the issue
of taxonomic knowledge, almost nothing is known of the biology or ecology of the vast
majority of marine invertebrates.

2.1.1 The taxonomic impediment

Lack of taxonomic knowledge hampers advances in biological and ecological research,

and this is particularly true in the marine environment (Marine Science and Technology

Plan Working Group 1999) and has led to many ecologists identifying fauna only to

higher taxonomic levels (family, order, class, or even phylum). This ‘taxonomic

impediment’ exists because:

e Many groups of marine invertebrates are so poorly known and difficult to work with
that they cannot be identified even to morphospecies with any certainty.

e The number of undescribed taxa far exceeds those named in many groups.

e Most groups have only one or a few authorities worldwide that can identify the taxa
with any certainty; some groups currently have no accessible or active authoritative
workers. Even when authorities exist, they are often unwilling to work outside their
particular geographic region of expertise.

e The number of taxonomists in marine invertebrates is currently at its lowest level in
decades and is declining4 (see below).

* This decline in the number of taxonomists is a global phenomenon and applies to all groups, even the
better studied taxa (vertebrates, vascular plants). However, it is perhaps more critical for the little-known
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This “taxonomic impediment” to environmental monitoring and ecological understanding
has been identified many times over the last few years in reviews of marine science and
policy (e.g., in “Biodiversity Conservation” - Issues Paper 7 of Australia’s Ocean Policy
(Ward et al. 1997) and “Environmental Indicators for National State of the Environment
Reporting on Estuaries and the Sea” (Ward et al. 1998a).

While the taxonomic impediment and the decline in the numbers of systematists are
worldwide phenomena (e.g., Holden 1989; Nash 1989; Cotterill 1995; Cracraft 1995;
Cotterill 1997; Hutchings 1999a), unlike other so-called developed countries, the
Australian fauna is particularly poorly known, especially in comparison with Europe and
the USA. For many groups, particularly the “minor” ones, there are no dedicated
Australian taxonomists and there is consequently a reliance on overseas experts. Even the
larger, most conspicuous groups have very few active workers in Australia (see Section
7.2.1). The problem is further exacerbated by the quantum of difference between North
American and European versus Austral-Asian magnitudes of marine biodiversity.

The ABRS (see below) carried out a survey in the early 1980s on the state of taxonomic

knowledge of the Australian fauna. Richardson (1984) presented the results of this

survey, which included, but was not limited to, marine invertebrates. These results

highlighted the seriousness of the “taxonomic impediment” as it relates to certain

segments of the Australian fauna. The survey was distributed to taxonomists from around

Australia and asked for information on 3971 families known or expected to occur in

Australia. The responses showed that:

e For vertebrates and insects information was available on basically all families;

e For other groups, more than 40% of families were without data, this being especially
true for the ‘lower phyla’ (cnidarians, sponges and “protozoans”);

e For non-vertebrate coelomate groups, only about half of the species estimated to be
present had been described;

e For acoelomate groups, it was not even possible to obtain accurate estimates of the
number of families, let alone species, in Australia.

It should be emphasised that these conclusions related to the Australian fauna as a whole;
the taxonomic impediment is generally far more significant for invertebrates than
vertebrates, and for marine organisms compared to terrestrial ones.

Further highlighting the skewed distribution of taxonomic knowledge and research effort

towards vertebrates and terrestrial groups, Richardson (1984) noted that the Directory of

Australian Taxonomists (Bureau of Flora and Fauna 1981) listed:

e 29 mammal taxonomists (i.e. one for each family),

e 73 insect taxonomists (one for each 8 families), and

e 18 taxonomists studying helminthes, cnidarians, sponges and “protozoans” (one for
each 86 families).

groups (including most marine invertebrate phyla) given that there have never been sufficient experts or
resources available for their study, even before current downward trends, and a diminishing capability to
effectively train and recruit successors.
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This situation has, if anything deteriorated since 1984 when Richardson’s overview was

published.

For instance, ABRS conducted a survey of the number of taxonomists employed in

museums, herbaria and universities, which showed some fairly disturbing trends

(Richardson and McKenzie 1992; Hutchings 1999a). For example:

e There were about 450 practising taxonomists (in zoology and botany) in 1991 in
Australia compared to 28,000 in North America — which has about half of our
biodiversity. 57% of those in Australia did not have full time paid positions as
taxonomists.

e In 1974 there were 193 practicing taxonomists in Australian universities, compared to
64 in 1991. As taxonomic training is primarily carried out in universities, this has
serious implications for the future.

e Many museum taxonomic specialists have already retired and many more are
approaching retirement age. For instance, in 1991 the average age of museum
taxonomists was 44.3 years, compared with 38.8 in 1974. As people retire or leave,
they are often not being replaced. In 1974 taxonomists under 30 constituted 12% of
the workforce in museums, in 1991 they constituted only 3% (Richardson and
McKenzie 1992; Hutchings 1999a).

With little taxonomic expertise or training now provided in universities and ever
declining funding for museums, there is a prevailing pessimism regarding the likelihood
of their replacement by a new generation of systematists (e.g., Hutchings 1999a).

Australian Biological Resources Study (ABRS)

The Australian Biological Resources Study (ABRS) is an excellent but poorly funded
Commonwealth program with the objectives of coordinating work on the collection,
description and classification of Australian plants and animals, determining their
distributions and publishing this information. It provides the main source of taxonomic
research funding in Australia and also produces the Zoological Catalogues and
(previously) the Fauna of Australia volumes. It is recently undergone a major
reorganisation with the result that much of its output is now web-based, revolving around
the online Australian Biological Information Facility (ABIF)’, with the aim of making
this information more readily and widely accessible.

Biology versus quantitative ecology

The need for ecological data, long term monitoring and assessment is briefly discussed in
Chapter 7. While there is a justifiable emphasis in contemporary studies on the collection
of quantitative ecological data there are very few studies being undertaken on the biology
(natural history) of Australian marine invertebrates. With the exception of some
commercial species, data being used to surmise the biology (e.g., feeding, life history, life
span, role in ecosystem) of Australian taxa are often based on one or a few studies often
carried out on (presumed) related taxa on the other side of the world.

> http://www.ea.gov.au/biodiversity/abrs/abif/index.html
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2.2 Marine invertebrate taxa found in Australia

The sea has a much greater high-order diversity (phyla, classes and orders) than terrestrial
or freshwater habitats (Figure 1.4). In terms of diversity, size and numeric dominance, the
major groups of macroinvertebrates are the crustaceans, molluscs, and polychaetes.
Echinoderms are also of large size and ecologically important but less diverse. On hard
substrates, such as rocky and coral reefs, sessile organisms such as sponges, bryozoans,
hydroids and ascidians are often abundant or even dominant. There are many different
worm phyla, ranging from extremely abundant and ecologically important groups (e.g.,
polychaetes, nematodes), to those that are little known (e.g., Loricifera, first described in
1983). The marine meiofauna have pivotal nutrient recycling roles. Despite this, they
comprise the least known component of the fauna, consisting of minute, specialised
representatives of many phyla, including some exclusively meiofaunal.

In this section, a brief overview of the diversity and state of knowledge of each of the
major groups of Australia’s marine invertebrate fauna is provided. This includes a brief
description of each major group and — where available — numbers of described and
estimated total numbers of species, and a short discussion of biogeographical patterns,
endemism and trophic roles. This account is intended to highlight the great diversity of
our fauna, as well as summarising the relative state of knowledge for each of these
groups. For example, while the Nematoda is a huge group of undoubted ecological and
biological significance with many thousands of parasitic and free-living taxa, this group
remains very poorly known in Australia compared with most of the larger free-living
taxa.

2.2.1 Porifera (Sponges)

The phylum Porifera (sponges) comprises the simplest multicellular animals, with little
(or no nervous) co-ordination between individual cells, with huge numbers of different
types of cells that do not form well-defined tissues or organ systems. They are
predominantly marine with a small number of freshwater taxa. A general account of
sponges is given by Bergquist (1978), and a synopsis of the higher taxonomy by Hartman
(1982- albeit greatly out of date).

The Porifera is divided into three classes, the Demospongiae (siliceous sponges),
Calcarea (calcareous sponges) and Hexactinellida (glass sponges). Worldwide, there are
about 5000-6000 described species, although three times this number may be extant
(Hooper and Wiedenmayer 1994).

The Zoological Catalogue of Australia (Vol. 12) records over 1350 Australian species,
including representatives from extra-territorial waters (Hooper and Wiedenmayer 1994).
The ABRS on line catalogue’ has updates of this fauna, and includes about 1700
described species. About another 4000 species exist in museum collections (J. Hooper,

% http://www.anbg.gov.au/abrs/abif-fauna/vols.www.htm
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pers. comm.). An estimated 500-600 species occur in the Antarctic and sub-Antarctic
regions, and 25 or so in the Christmas and Cocos Islands; Norfolk and Lord Howe Islands
have not yet been systematically investigated (J. Hooper pers. comm.). A ‘living fossil’
Mesozoic sponge fauna has previously been found on the Norfolk Rise off New
Caledonia; there is a need to investigate deeper water species (200-500m), especially
those associated with seamounts, to determine the presence, magnitude and affinities of
this fauna in Australian waters.

Sponges are cosmopolitan, and are found from tidal areas to the abyssal depths (>6000
m). Adults are sessile and most attach themselves to any suitable surface, although many
bore into rocks or calcareous substrates such as coral reefs or shells (Laverack and Dando
1987). The shape may be massive (i.e. an irregular lumpy shape without a regular
outline), branched or encrusting, although this provides no indication of phylogenetic
relationship as it can vary greatly within species and is determined in large part by the
physical environment (Bergquist and Skinner 1982). For instance, encrusting species can
live attached to rocks in relatively shallow water on the open coast, while the larger,
upright forms are unable to withstand violent water movement and are found in depths
below about 20 m or under ledges and in pools. In some cases these ecomorphotypes
consist of a single species with a large morphological plasticity, conferring a capability to
survive across a broad range of environmental extremes. In most cases, however, species
appear to have very strict niche requirements and are found only in very narrow-range
physical and geochemical regimes (J. Hooper pers. comm., Hooper and Wiedenmayer
1994).

Being sessile filter feeders, sponges flourish in areas where currents are strong. They are
ecologically important, with large sponges being host to multitudes of commensal
invertebrates (e.g., crustaceans, molluscs, worms and echinoderms) as well as huge
numbers of micro-organisms, including bacteria and Cyanobacteria (Bergquist and
Skinner 1982) and many species of the Archaeal Domain (e.g., Fuerst et al. 1999). Some
species have lost their filter-feeding abilities (lacking an important sponge character,
choanocyte cells - see below) adopting instead a carnivorous mode of feeding (e.g.,
Vacelet and Boury-Esnault 1995), but this is uncommon and appears to be confined to
some deep-water species where carnivory has become a secondary adaptation.

Sponges are also of economic significance both as undesirable colonisers of man-made
structures (and destructive pests of oysters, e.g., Wesche et al. 1998), and because of their
pharmaceutical potential (Hooper et al. 1998). Interest in the phylum has escalated during
the last decade or so, largely as a result of the rapidly growing marine natural products
industry and the abnormally high proportion of “biologically active” members compared
with other phyla (Hooper and Wiedenmayer 1994; Hooper et al. 1998).

With probably less than 30% of the fauna described, the discovery and documentation of
poriferan diversity will be a major challenge (Hooper et al. 1999). There are also
considerable difficulties with sponge identification and taxonomy, given that
morphological characters are conservative and morphology is plastic, yet the current
systematics is almost completely morphologically based. There are also problems with
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existing museum collections, as it is often impossible to equate many preserved
specimens with living examples, and much of the material is unsuitable for use in
molecular studies having been either preserved in formalin or dried. Yet, the few data
from molecular studies indicate that allopatric ‘sibling’ species barely distinguishable
morphologically are genetically very distinct (J. Hooper, pers. comm). The development
of a stabilised, workable systematics based on objective phylogenetic criteria is thus an
important objective.

The mechanisms for dispersal and recruitment of sponges also need to be investigated —
for example, most species allegedly have limited demersal larvae, and appear to be very
restricted in their distributions, yet about 5-15% of tropical morphospecies are widely
distributed across the Indo-West Pacific Ocean (Hooper and Lévi 1994; Hooper 1998).

The Queensland Museum has identified contemporary collections (i.e., documented in
situ) of 131 species of marine sponges from the Sydney region collected for the shallow
subtidal ‘storm water’ studies (AWT Ensight) and deeper water sewerage outfalls (EPA).
A further 69 species are known from the Byron Bay region (QM surveys), although many
of these could not be assigned to a known taxon given the poor descriptions of earlier
authors (Hooper et al. 1999). By way of contrast, 760 species have been recorded from
the southern GBR, 45% of which are endemic (J. Hooper, pers. comm.).

The existence of sponges that lack the single-most important synapomorphy of the
phylum, choanocyte cells, presents a conundrum in terms of defining what constitutes a
sponge (Vacelet 1999). It is conceivable that each of the major poriferan groups, extant
and extinct (Demospongiae, Calcarea, Hexactinellida, Stromatoporoidea, Archacocyatha,
Verticillatida and so on) might legitimately constitute taxa recognisable as distinct phyla,
with some preliminary support from genetic evidence (J. Hooper pers. comm.), whereas
based on grades of morphological construction all these groups are now presently
recognised within a single phylum Porifera (e.g., Wood 1990).

Demospongiae (Siliceous Sponges)

This class comprises the siliceous sponges. While mostly marine, a few have invaded
brackish and freshwater habitats. They are found from the intertidal to hadal (> 6000 m)
depths. The Demospongiae account for the majority of described sponge species — about
5000 — worldwide, with probably three times as many yet to be described, and about
1300 ‘valid’ species described so far for Australian waters (Hooper and Wiedenmayer
1994). Approximately 1000 southern Australian species, belonging to about 200 genera,
have been described, although many are clearly synonyms (Bergquist and Skinner 1982).
The fauna is not very well known and it is still difficult and often impossible to put a
name on any but a few dozen species, due partly to the lack of knowledge of sponges as a
whole, but mainly to a lack of knowledge of the Australian fauna in particular (Bergquist
and Skinner 1982). In contrast to many invertebrate groups, the deeper water (abyssal,
hadal) fauna is possibly better known than that of shallow waters (Hooper and
Wiedenmayer 1994) as a result of the early exploration of the deeper seas during global
expeditions. In addition, there is an allegedly relatively lower diversity of macrobenthic
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species in deeper seas than in shelf, shallow-water and intertidal regions, and an alleged
‘cosmopolitanism’ of the deeper water species (as compared to confirmed genetic
heterogeneity between often closely adjacent sister species or populations of
morphospecies in shallower habitats) (J. Hooper pers. comm.). However, with more
deep-water collections the so called "widely" distributed sponge taxa are being found to
be geographically heterogenous with distinct southern provincial trends (J. Hooper, pers.
comm.).

Calcarea (Calcareous Sponges)

This class comprises the calcareous sponges, an exclusively marine group most common
in relatively sheltered waters of less than 1000 metres. They are predominant in
temperate regions, and in the tropics they are associated mainly with coral reefs. There
are about 400 described species worldwide, with 163 ‘valid’ species recognised in
Australian waters pre-1930s (Hooper and Wiedenmayer 1994), and nine new species
published more recently (Worheide and Hooper 1999). Another approximately 50 new
species from the Great Barrier Reef currently await formal description (J. Hooper pers.
comm.). Moreover, genetic analysis of allegedly widely distributed taxa (eg GBR,
Vanuata, Fiji) confirm the existence of genetically distinct sibling species some very
cryptic, emphasizing that substantial genetic differences are not necessarily manifested at
the morphological level in this highly enigmatic class.

Hexactinellida (Glass Sponges)

This Poriferan class comprises the glass sponges. These are exclusively marine and
predominantly found in waters deeper than 200 m, although in boreal and austral seas
many species may extend into shallower waters. While there are about 600 named species
worldwide, there are only an estimated 450 living species and only 35 species recorded
from Australian territorial waters to date (Hooper and Wiedenmayer 1994). This fauna is
virtually unknown in Australian waters given the poor record of deep-water exploration.

2.2.2 Cnidaria (Corals, Hydroids, Jellyfishes, Sea Anemones,
Bluebottles etc.)

Cnidarians are exclusively aquatic, predominantly marine, radially symmetrical animals
with tentacles encircling a mouth at one end of the body. They include the hydroids,
medusae (“jellyfish”), sea anemones and corals. All cnidarians possess nematocysts
(stinging capsules) used primarily for food capture and defence, but also to assist in
locomotion or adhesion to the substrate. Members of the phylum are highly polymorphic,
the two main forms being the polyp (or polypoid or hydroid form) and the medusa.
Although there are exceptions, the polyp stage is typically sessile, benthic, usually
colonial and can reproduce asexually. Members of colonies are connected through
extensions of the body cavity and different members may be specialised for different
functions such as feeding, defence and reproduction. Medusae are nearly always solitary,
free-swimming and sexual, thus aiding (where they occur as part of the life history) in
dispersal (Southcott and Thomas 1982).
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All but a few known species of cnidarians are carnivorous, though many rely heavily on
symbiotic algae in their tissues for much of their nutrition. They prey largely on
planktonic animals and plants that touch their stinging tentacles. While most medusoid
forms (jellyfish) are harmless to humans, some species, especially of cubomedusae, are
highly venomous, and their sting may be fatal.

The phylum is divided into 3-4 classes, the Hydrozoa, Scyphozoa, Cubozoa (sometimes
included within the Scyphozoa) and the Anthozoa. In the Hydrozoa, polyps are generally
more conspicuous than medusae; in the Scyphozoa and Cubozoa the reverse is the case;
in the Anthozoa the animal is polypoid and there are apparently no medusae. However,
there are many exceptions to these generalisations, such as hydrozoans that lack a polyp
stage (Barnes et al. 1988). The generalised term “jellyfish” refers to the medusoid phase
in the life cycles of the Scyphozoa and Cubozoa as well as some Hydrozoa.

Hydrozoa (Hydroids, Hydrocorals, Bluebottles etc.)

The class Hydrozoa includes the hydroids and hydromedusae. Alternation of generations
occur in most genera, although one or the other generation may be suppressed or lacking.
Medusoids are often retained on the polyp, polyps are usually colonial, reproduced by
budding; and the medusae are mostly small and transparent (Brusca and Brusca 1990).

The class is divided into seven orders, including Hydroida (hydroids and their medusae),
Milleporina and Stylasterina (hydrocorals), and Siphonophora (siphonophorans), as well
as some lesser-known medusoid and polypoid orders.

The so-called hydrocorals are colonial hydrozoans that have a hard calcified supporting
skeleton. The millepore hydrocorals are commonly known as fire or stinging corals (they
can inflict a serious sting). Hydrocorals are essentially warm water animals and are
extremely rare in southern Australia (Watson 1982). The hydroids are best known from
the sessile colonial stage, which is more easily collected than the usually small medusae,
which may measure only a few millimetres in diameter. The colonies take many growth
forms, including flower-like (on a stem), tree-like or feathery. Hydroids are best
represented in cool temperate southern Australian seas, where they are known from the
intertidal zone to the deep-sea. They may comprise 20% of the total species of sessile
organisms in some reef communities, although due to their generally small size, they
form only a minor part of the total biomass of living reef organisms (Watson 1982). As
sessile carnivores, they are most abundant in places where there is a good supply of
water-borne food, such as reefs in fast-flowing tidal channels (Watson 1982). The
siphonophores are hydrozoan colonies composed of both polypoid and medusoid
individuals, with as many as 1000 zooids in a single colony (Brusca and Brusca 1990),
and include some of the most dramatic examples of polymorphism among polyps. This
order contains a great variety of unusual and poorly understood forms, including the
famous ‘Portuguese man-of-war’ or ‘blue bottle’ (Physalia), which consists of a gas float
(modified medusa) and trailing stinging tentacles arising from clusters of variously
modified polyps (Barnes et al. 1988). Physalia is an important stinger along the open
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oceanic beaches of Australia, and occasionally in more sheltered waters (Southcott 1982).
The group also includes Velella, commonly known as the ‘By - the - Wind Sailor’, which
often washes ashore on ocean beaches with Physalia.

About 2,700 hydrozoan species have been described worldwide. Most families are
represented in Australian seas. Many genera are confined to either tropical or temperate
zones, although some are cosmopolitan circum-tropical or circum-temperate.
Approximately 600 species have been described from the waters around the Australian
mainland, although perhaps two-thirds as many again have yet to be described (J. Watson
pers. comm.). Around 120 species have been described from the Antarctic region (J.
Watson pers. comm.). While the Christmas Island fauna is only poorly known, and that of
the Cocos Keeling island group completely unknown (Watson 1996), there are perhaps
20 described species for that region (J. Watson pers. comm.). There are many endemics,
more so than in any comparable area except South Africa, as far as is known (P.
Cornelius pers. comm.).

Knowledge of the taxonomy, biology and ecology of some hydroids is still poor although
some information on the southern species is provided in Watson (1982) and western
Australia (Watson 1996). However, little is known of the Hydromedusae in Australian
seas, the group being without a dedicated Australian taxonomist and much in need of
research (J. Watson pers. comm.).

Scyphozoa (Jellyfish)

In the scyphozoans the medusoid stage (the “jellyfish”) dominates, the polypoid being
small and inconspicuous or even absent. In general, scyphozoan medusae are larger, more
complex and more conspicuous than the hydromedusae, although there are exceptions,
notably among the siphonophores (Southcott 1982).

Scyphozoan jellyfish occur worldwide, although there are more species in tropical seas.
Almost all appear to have wide geographic ranges; their long life spans and drifting habit
are presumed to promote pan-ocean genetic mixing and low speciation, but also
phenotypic variation. Some moderate-sized mid-water oceanic species are assumed to
occur almost worldwide, with enormous total biomass (P. Cornelius pers. comm.).

Scyphozoans occur at all depths from shallow to deep-waters, but are most speciose
coastally (P. Cornelius pers. comm.). The majority are planktonic but they may also be
demersal or attached. Some have more restricted habitats, being found, for instance, only
at the water-air interface, among seaweeds, or on or near the sea bottom (Southcott
1982).

Scyphozoans play a significant ecological role as pelagic predators and carnivores. They
are often generalists with voracious appetites, capable of consuming any organisms,
living or dead, in the water column (L. Gershwin pers. comm.). In addition, some species
bloom in massive numbers, which can have a significant impact on the larvae and micro
food sources of other species. Blooms can also, in some cases, have a considerable
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economic impact, as seen for example in the losses to Tasmanian salmon fisheries in
January 1999 and the obstruction of power plants in the northern Kimberley during
September 1999 (L. Gershwin pers. comm.).

There are approximately 200 species of scyphozoan jellyfish known worldwide (Brusca
and Brusca 1990). Currently around 50 species have been recorded from Australian
waters, almost all of which have wide geographic ranges and none of which is endemic
(P. Cornelius pers. comm.). Currently only two nominal species, in just one genus, are
known to be endemic to the Southern Ocean, with ranges extending from the South
Atlantic to about the Falkland Islands (P. Cornelius pers. comm.).

Estimates of the proportion of the fauna that has been described vary among specialists.
While P. Cornelius believes that “conspicuous forms..., excepting in the deep-sea, have
probably mostly been described by now”, L. Gershwin “strongly suspect(s) there is a
huge undescribed medusan fauna in Australian waters”, having recently found 38 new
species of large and conspicuous medusae, mostly in museum collections, that were
previously misidentified or unidentified. She also has purported evidence of many more
taxa, either in anecdotal descriptions, photos, or fragments, and believes that many
species are probably endemic to Australia, having been previously misidentified as
northern hemisphere taxa. If this is the case, endemicity of coastal species could, in fact,
be very high; at least 50% for Australian waters and perhaps almost 100% for Antarctic
waters (L. Gershwin pers. comm.). However, P. Cornelius notes that while some local
‘races’, and some apparently well-marked species, may be genuine, so far no such full
species have been recorded locally in the Australian literature, although “molecular
taxonomy may elucidate the frequency of morphologically very similar ‘sibling species’
in some genera” (P. Cornelius pers. comm.). In any case, it appears that the scyphozoan
fauna of Australia (whether widespread or endemic) is, as yet, incompletely documented.
In northern Australia, for instance, it is likely that several widespread tropical species
have yet to be recorded. P. Cornelius added two species “the size of footballs” to the
Australian faunal list in a visit to northern Australia of only a few weeks, and noted that
many quite large species are virtually or completely unknown — “an absurd situation in a
rich country in which jellyfish are of such high profile to bathers” (P. Cornelius pers.
comm.).

Existing research knowledge was summarised by Arai (1997) but this did not deal with
taxonomy. The most recent monographs are by Mayer (1910) and Kramp (1961) and
both have many shortcomings. Southcott (1982) summarised the southern Australian
fauna. P. Cornelius’ (in London) is undertaking a world revision with G. Jarms
(Hamburg) doing the coronate (mostly deep-sea) species.

One species of Australian jellyfish Catostylus mosaicus is edible and there is a small
fisheries for them and recently their reproductive biology has been studied with
reproduction occurring throughout most of the year, although at some locations may
cease during the winter months (Pitt and Kingsford 2000b, a).

" Recently retired.
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Cubozoa (Box Jellyfish)

The Cubozoa, treated either as a separate class (Cubozoa) or as an order (Cubomedusae)
within Scyphozoa, are commonly known as box jellyfish or sometimes, “sea wasps”.
Medusae are small (15-25 cm tall), largely colourless and square in cross-section. They
have a number of tentacles that in large species may be two metres in length or more
(Southcott 1982), and a sting that, in some cases, is fatal to humans (Edmonds 1989). For
this reason they have attracted much research and publicity, particularly in tropical
regions.

Cubozoans occur in all tropical waters but are especially abundant in the Indo-West
Pacific region (Brusca and Brusca 1990). There are approximately 17 known species
worldwide, with about five species undescribed. Around nine species have been recorded
from Australian waters, with possibly two more still to be described (P. Cornelius pers.
comm.). Cubozoans are typically recorded as pan-Indo-Pacific. Some have been recorded
from the Atlantic also, although the influence of possible transport, in historical times, in
ballast water or on ships’ hulls is unclear. None occur in the Antarctic region. While one
or two have been described uniquely from Australia (or nearly so), this almost certainly
reflects lack of collecting (P. Cornelius pers. comm.).

Knowledge of cubozoans is scant, and the group was not included in Arai’s (1997)
monograph. The taxonomy is chaotic, with probable multiple redescriptions across wide
geographic ranges. Molecular taxonomy may elucidate the frequency of morphologically
very similar ‘sibling species’ in some genera (P. Cornelius pers. comm.). There is a great
need for a better understanding of the group (as for other stinging cnidarian medusae) in
Australia and other tropical Pacific regions, in both taxonomy and other aspects of
biology, to promote identification, first aid, clinical treatment, public awareness, and
prevention (P. Cornelius pers. comm.). A very useful, albeit clinical analyses of both
scyphozoan and cubozoan biodiversity, is presented by Williamson (1985; Williamson
1996).

Anthozoa (Corals and Sea Anemones)

In the Anthozoa the polyp is dominant, though larger and more complex than polyps in
other classes, and there is no medusoid phase. There are both solitary and colonial forms.
The class includes the familiar sea anemones, stony corals and octocorals. Three
subclasses are recognised; Ceriantipatharia (solitary semi-burrowing anemones and black
corals), Hexacorallia (=Zoantharia; comprising the sea anemones and scleractinian or
stony corals), and Octocorallia (=Alcyonaria; comprising the soft corals, gorgonians or
sea fans, seapens etc.). Much of even the southern Australian fauna remains undescribed.
See Edgar (1997) for a list of the older literature.
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Ceriantipatharia (Burrowing Anemones)

The only Australian representatives in this primitive group are solitary, semi-burrowing
anemones of the order Ceriantharia. They live in a soft mucous tube and are typically
found on sandy or muddy bottom in deeper water (15-50 m) in places with water
movement. Due to the burial of the base some 60 cm or more below the substrate surface,
they are difficult to collect without benthic suction apparatus. A number of species occur
in Australia but as of the early 1980s, these had not yet been identified (Thomas and
Shepherd 1982b). Two new species were recently described from Sydney Harbour
(Carter 1995).

Hexacorallia (=Zoantharia) (Anemones and stony corals)

The Hexacorallia, members of which all display a six-rayed symmetry (i.e. six tentacles),
includes the anemones and the stony or scleractinian corals.

Sea anemones — orders Zoanthidea, Corallimorpharia and Actiniaria (the sea
anemones proper) — are familiar, solitary anthozoans and occur throughout the world in
coastal waters. They live at all depths on the sea floor and are abundant on most rocky
shores. A few species live in sand or mud but they are generally attached to rock or shell
below the surface. They should be considered carnivores rather than suspension feeders,
since they actively capture plankton (mostly tiny crustaceans) with their tentacles after
paralysing them with the nematocysts. However, many have zooxanthellae and a few
species are also detritus feeders, using their tentacles to trap drifting organic matter
(Thomas and Shepherd 1982b). Some animals have commensal relationships with
anemones; these include small fishes which gain protection from living among the
tentacles, cleaning shrimps, snapping shrimps, brittle stars, etc. Anemones also attach to
other animals (scyphomedusae, ctenophores and the shells occupied by hermit crabs),
offering protection and gaining from being moved around to new feeding areas (Barnes et
al. 1988).

The sea anemone fauna consists of approximately 950 described species worldwide. The
Australian anemone fauna is rich, with around 200 actiniarian and 20 corallimorpharian
anemone species recorded from Australian waters, and perhaps a third as many again yet
to be described (D. Fautin pers. comm.). Anemones have been described from the
Antarctic region (c. 60 described, with possibly 20 undescribed species), Christmas and
Cocos Islands (c. 40 described species), Norfolk (c. 20) and Lord Howe (c. 20) Islands.
An estimated one-fifth of species are probably endemic to Australian waters (D. Fautin
pers. comm.).

Sea anemones are moderately well known in some parts of the world but Australia’s sea
anemone fauna is very poorly known. Although some papers have been published on
Australian sea anemones, Australia has never had a dedicated anemone taxonomist, and
there is not even a rudimentary overview of the fauna (D. Fautin pers. comm.).
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The stony or scleractinian corals (order Scleractinia) consist of polyps connected
laterally and have a hard calcareous ‘exoskeleton’, into which the polyps can retract,
providing support and protection. Most species form sessile colonies of small polyps 1-20
mm in diameter, but there are also solitary corals, which typically have much larger
polyps and can be sessile or free-living (Jackson 1991). Corals are well known and
important as one of the primary reef-builders in coral reefs, although there are also
ahermatypic (non-reef-forming) species. Coral growth is indeterminate, with no
indication of senescence. Some corals may grow up to five or ten metres in diameter and
live for centuries or millenia (Jackson 1991). Colony shapes range from simple
encrusting sheets, to massive mounds, to various erect forms most commonly branching
(like small trees) or foliaceous (horizontal or vertical plates attached at one end). Most
corals can propagate asexually by breaking apart into clonal fragments, which may
disperse short distances across the reef, as often occurs during cyclones. The other second
important means of reproduction and dispersal is by sexually produced larvae. Most
species spawn gametes fertilised in the ocean and develop into drifting planktonic larvae,
but around a quarter of coral species are brooded by their parents (Jackson 1991). As with
other cnidarians, corals have nematocysts and are carnivorous, using their tentacles to
capture small planktonic organisms and other suspended organic material. The reef
building (hermatypic) species also contain symbiotic zooxanthellae (minute algae) in
their tissues which fix carbon photosynthetically and transfer some of it to the host coral,
substantially increasing the growth and calcification of the coral (e.g., Trench 1979;
Muscatine 1990).

The requirement for light by the autotrophic zooxanthellae limits reef building to clear,
shallow waters. Although the great majority of stony corals are found in tropical and
subtropical seas, a few — particularly the ahermatypic species — are found in temperate
waters (Shepherd and Veron 1982), and can be abundant enough to form reef-like
structures. Scleractinians show a variety of distribution patterns. Some genera — such as
Acropora — occur in reef systems worldwide but the vast majority are found either in the
Indo-Pacific region (a global centre of coral diversity) or the Caribbean. Cornell (2000)
discuss the factors that determine coral diversity.

Around 390 scleractinian species have been described from the waters surrounding the
Australian mainland, 25 from the Christmas and Cocos (Keeling) Islands, 60 from
Norfolk Island and 83 from Lord Howe (Harriott et al. 1995). Southern Australian
species were reviewed by Cairns and Parker (1992). None have been recorded from the
Antarctic or sub-Antarctic regions (J. Veron pers. comm.). Very few species are
cosmopolitan; many are Indo-Pacific and others have more restricted distributions. The
Australian fauna was discussed in detail by Veron (1986), who provided an overview of
the systematics, biogeography and evolutionary history of the tropical Australian and
Indo-Pacific coral fauna. The major patterns in faunal distributions were summarised
briefly by Veron (1995a).

By far the largest extant genus of reef-building corals, and among the most widespread, is

Acropora, the staghorn corals. This group includes the most obvious and important corals
on coral reefs throughout the world. The world fauna comprises 114 described species,
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including 63 species recorded from Australian waters. A comprehensive revision of the
group is provided by Wallace (1999a; Wallace 1999b).

Corals are the subject of considerable popular and scientific interest, due in large part to
the productivity, biodiversity and economic (e.g., fisheries and tourism) values of the
coral reef ecosystem, as well as the threats facing it, particularly from global warming
(see Section 6.7.1) and pollution from terrestrial runoff (see Section 6.6.1). Undoubtedly,
hermatypic scleractinarian corals are the most significant and high-profile of all marine
invertebrates — the only taxon to be recognised as a world heritage icon forming one of
the “wonders of the natural world”, the Great Barrier Reef. Consequently, they are
generally well researched and well known, and there are probably relatively few
undescribed species (J. Veron pers. comm.). Nonetheless, the taxonomy and
identification of scleractinian corals remain difficult due to morphological variation, even
within a single colony, and in response to habitat.

Octocorallia (Alcyonaria) (Octocorals, Soft Corals, Sea Fans, Sea Pens and Sea
Whips)

The octocorals are easily distinguished from all other Anthozoa by the eight-rayed
symmetry of their polyps, each of which bears eight tentacles. Colonies consist of polyps
united to various degrees by a common tissue mass, the coenenchyme, with an internal
skeleton of calcareous structures. There are an extremely wide variety of colony shapes,
from a few polyps extending from a membranous base, to fleshy encrusting masses many
square meters in area, to huge tree-like colonies several metres tall (P. Alderslade pers.
comm.).

Octocorals are cosmopolitan and found from intertidal to abyssal depths, but are most
diverse in shallow, warm water, even occurring in estuarine conditions if the salinity is
not too low (P. Alderslade pers. comm.). As adults they are sessile, the majority attaching
themselves to solid structures such as rocks, harbour piles, jetties, mollusc shells and the
like (Grasshoff and Verseveldt 1982). Sea pens, however, are obligate colonisers of soft
bottom environments, anchoring in the substrate with a muscular foot or peduncle. In
general octocorals feed on planktonic organisms (both animal and plant), but many
shallow water forms supplement this by hosting zooxanthellae, while some others appear
to rely totally on these photosynthetic symbionts. They use both sexual and asexual
reproduction strategies, sexual reproduction including broadcast spawning, internal
fertilisation, and brooding (P. Alderslade pers. comm).

Currently only 3 octocorallian orders are generally recognised: Coenothecalia, blue
coral, Alcyonacea, the soft corals and gorgonians (sea fans and sea whips), and
Pennatulacea, the sea pens (P. Alderslade pers. comm.).

Bayer (1980) reviewed the systematic status of octocorals of the world, and more recently
groups of Australian taxa have been researched by Alderslade (e.g., Alderslade 1998).
Fabricius and Alderslade (2001) have produced a generic level field guide for the broader
Indo-Pacific region. Worldwide, there are an estimated 2500 described octocoral species,
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with probably a similar number yet to be described (P. Alderslade pers. comm.). Around
700 species have been recorded from Australian continental waters, close to half of which
may be Australian endemics, and about 10 species from Australian Antarctic and sub-
Antarctic regions. Octocorals have also been collected from the Christmas and Cocos
(Keeling) Islands and Lord Howe Island. The diversity in these regions is unknown, but
an estimate for the Christmas and Cocos island region is 250 species, and for Lord Howe
50 species (P. Alderslade pers. comm.).

In general, the world’s octocorals are very poorly known, despite much interest in the
potential for useful biologically active compounds. There are only 3 scientists,
worldwide, employed full-time to research the taxonomy of the group, and only one is
stationed in the diverse Indo-Pacific. Only the taxonomy of the Mediterranean and
Caribbean octocorals is close to complete. In Australia and its territories, there are
estimated to be a large number of genera and species still undescribed. Most of the
Australian tropical and subtropical coastal regions have never been surveyed, and apart
from a few isolated areas of the Tasman seamounts, the deep-water regions around the
country are virtually untouched. The biology and ecology are likewise poorly known,
with most studies having been conducted on Caribbean and Red Sea fauna (P. Alderslade
pers. comm.) although recent work by Fabricius and De'ath (2001) is beginning to rectify
this for Australian species.

2.2.3 Ctenophora (Comb Jellies)

The members of this phylum are known commonly as comb jellies. They are carnivorous
and exclusively marine. While they resemble some cnidarian (hydrozoan) medusae, and
were formerly placed together with the Cnidaria in the phylum Coelenterata, they have a
number of important distinguishing features. For instance, virtually all lack nematocysts,
but possess specialised cells called colloblasts, which on contact throw out long threads
with adhesive tips with which they can entangle small prey. They also have comb rows;
eight radially-arranged bands of cilia partly fused in transverse rows like tiny combs
(Southcott and Thomas 1982). They are also notable for their luminescence (Barnes et al.
1988).

The Ctenophora is a small group with only about 100 species known worldwide (Barnes
et al. 1988). Approximately five to ten species have been described from Australian
waters, and nine from the Antarctic / sub-Antarctic region (L. Gershwin pers. comm.),
with the most recent local review being that of O'Sullivan (1986). However, Australian
ctenophores are poorly studied, and examination of museum collections has revealed
numerous new species, most of them apparently endemic (L. Gershwin pers. comm.).
There may in fact be 50 or more undescribed species from coastal Australian waters, plus
a number from the Antarctic region (L. Gershwin pers. comm.).

2.24 Platyhelminthes (Flatworms, Flukes and Tapeworms)

The Platyhelminthes are a large group comprising around 25,000 species (Edgar 1997).
They have bilaterally symmetrical, soft, flattened bodies that lack segmentation. They
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lack a circulatory system, their digestive system consists of a single opening (mouth)
leading to a body cavity and they usually have separate sexes. The group consists of four
major classes, Turbellaria, Monogena, Trematoda and Cestoda, the last three wholly
parasitic. The parasitic groups can have very complex life cycles involving two to several
hosts. In general the group is very poorly known.

Turbellaria (Flatworms)

Turbellarian flatworms inhabit a variety of marine, freshwater and moist terrestrial
habitats, and range from interstitial species in marine muds and sands to benthic and
pelagic species. The class is very diverse, with several thousand species having been
described worldwide (L. Cannon, A. Faubel pers. comm.). In Australia, around 200
marine species have been recorded and up to 50 from the Antarctic / sub-Antarctic
region. However, the fauna is generally very poorly known and it has been estimated that
an enormous number of species (e.g., 1-2,000 for Australian waters; 50,000 worldwide)
remain to be discovered and/or described (L. Cannon pers. comm.). The number of
species occurring in the waters surrounding the Christmas, Cocos, Norfolk or Lord Howe
Islands is not known (L. Cannon pers. comm.), though presumably they do occur there.

Data on other aspects of the biology are likewise unknown or very sketchy (L. Cannon,
A. Faubel pers. comm.). There are currently only a few specialists worldwide dealing
with the taxonomy of free-living Platyhelminthes, and large areas of the world have not
been studied (E. Schockaert pers. comm.).

There are 12 recognised orders of Turbellarians. Among the more common or more
important of these are the Polycladida, Tricladida, Rhabdocoela, and Acoela. A guide to
the families and genera is provided by Cannon (1986).

The Polycladida (polyclads) are a diverse group of relatively large turbellarians, with a
flattened body up to 15 cm in length. They are predominantly marine, benthic and free-
living, although a few are pelagic or symbiotic. They are common in the littoral and
sublittoral zones throughout the world, but especially in the tropics; in polar regions there
are only about a dozen species (Prudhoe 1982; Brusca and Brusca 1990). They may be
found in a variety of benthic habitats and pelagic species may live among surface
plankton or floating weed (Prudhoe 1982a). In Australia, they are found throughout the
Great Barrier Reef region on sublittoral coral reefs (A. Faubel pers. comm.) but are also
found on all other Australian coasts. Polyclads are carnivorous and readily feed on dead
or dying animals; many species also feed exclusively on sessile animals such as
bryozoans and alcyonarians (Prudhoe 1982a).

Despite being conspicuous inhabitants of shallow water reefs, surprisingly little is known
about either their biology or diversity (Newman and Cannon 1994). Around 150 species
have been recorded from Australia and the Indo-Pacific, with probably thousands of
species yet to be described (L. Newman pers. comm.). From 1989 to 1993, Newman and
Cannon documented 134 species of polyclads (over 90% new) from two locations in the
southern GBR, indicating that the diversity of tropical marine polyclads is much greater
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than was previously thought (Newman and Cannon 1994). No species have been
described from any of the islands or territories, although they must occur there, including
a small number in the Antarctic / sub-Antarctic region (L. Newman pers. comm.).
Southern species are documented by Prudhoe (1982a; Prudhoe 1982b).

Polyclads form associations with soft corals, brittle stars, molluscs, crustaceans,
echinoderms and corals, are important predators of commercial bivalves and are known
to accumulate many pharmaceutically important compounds and yet remain very poorly
known (Newman and Cannon 1994; L. Newman pers. comm.).

The Tricladida (triclads) are marine or freshwater, with some terrestrial species. Most
are free-living, including the familiar planarians. The marine taxa of the world are
reviewed by Sluys (1989) and those of Australia by Sluys and Ball (1989). Nevertheless,
the Australian marine triclad fauna is very poorly studied, with few species having been
described and few records available on their distribution. For instance, there are only four
described species of the suborder Maricola from Australia (three endemic), and six from
the Antarctic and sub-Antarctic regions, from a world total of 70 described species (R.
Sluys pers. comm.). The faunas of Christmas, Cocos (Keeling) and Lord Howe Islands
are unknown (R. Sluys pers. comm.).

The Acoela (acoels) are small (1-5 mm) common flatworms which inhabit marine and
brackish water sediments; a few are planktonic or symbiotic (Brusca and Brusca 1990).
Little is known of the Australian acoel fauna, although a couple of papers, based mostly
on specimens collected opportunistically from hard and soft corals, have been published
(Winsor 1988, 1990).

The Rhabdocoela are an extremely large and diverse group with both free-living and
symbiotic taxa found in marine and freshwater habitats. Relatively little is known of this
or any of the remaining free-living marine turbellarian orders present in Australian
waters, although some groups (particularly the Rhabdocoela and Proseriata) have been
studied by E. Schockaert. Of these groups, there are around 15-20 species recorded from
Australian waters, of a total world fauna of approximately 6500 known species.
However, about 200 species have actually been observed, and there are undoubtedly
many more (E. Schockaert pers. comm.). For instance, sampling in a limited area of coast
near Townsville and between Sydney and Brisbane has resulted in the collection of about
150 species, most of them new, and most yet to be described; this may only be a fraction
of the total undescribed fauna (E. Schockaert pers. comm.).

The other relatively common or important orders are (Brusca and Brusca 1990):
Nemertodermatida — small turbellarians inhabiting subtidal marine muds and sands;
one genus is parasitic in sea cucumbers
Catenulida — elongate, freshwater and marine
Macrostomida — small and predominantly interstitial; marine and freshwater
Lecithoepitheliata — a small group of about 30 species worldwide
Prolecithophora — small, free living, marine and freshwater
Proseriata — most are free living, marine
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Turbellarians form a component of the marine meiofauna, and considerable work has
been done recently in Australia on these previously understudied animals by Dr Anno
Faubel (Leigh Winsor pers. comm.). Although little published information is currently
available, Faubel et al. (1994) described the Macrostomida from eastern Australia.

Monogenea (Flukes)

Monogeneans are parasitic flukes with a reduced or absent oral sucker and a life cycle
involving only one host. Most are ectoparasitic, usually on fishes but occasionally on
turtles, copepods, squids and some terrestrial animals; a few are endoparasitic in warm-
blooded vertebrates (Brusca and Brusca 1990). Whittington (1998) suggests that as their
are approximately 25,000 species of fish worldwide, and as the Monogenea are believed
to be among the most host-specific of parasites, and if each species of fish are host to a
different species of monogenean, there could be almost 25,000 monogenean species, of
which between 3000 to 4000 are described. Australia has about 3500 species of fish and
thus potentially 3500 species of host specific monogeneans, although to date only about
300 + species have been recorded from Australia. At Heron Island, where there has been
a focus of sustained research on these parasites, only about 85 species have been
described from 40 of the most common, easily caught species of fish, indicating that
several species may be found on a single host. Although many monogeneans have been
recorded from Heron Island, many have only been identified to genus, family or even to
class (Lester 1989).

Trematoda (Flukes)

Trematodes are another class of parasitic flukes. Those of the subclass Digenea have two
or three hosts during the life cycle, the first intermediate host being a mollusc or,
occasionally, a polychaete, and the final a vertebrate; those of the subclass Aspidogastrea
mostly have a single host (a mollusc), with a second, when present, being a fish or turtle.

Cribb (1998) has reviewed the diversity of the Digenea from Australian animals , both
marine and terrestrial. Asexual reproduction occurs in the first intermediate hosts, in
generations of sporocysts, rediae and then to the sexual generation (cercariae). The
cercariae leave the intermediate host and infect the definitive host or may encyst in a
second intermediate host to be finally eaten by the definitive host. Digeneans occur in
numbers where molluscs are abundant. Curently the approx. 600 species (all habitats) are
included in about 360 genera with 82 families in Australia with many vertebrates acting
as final hosts. Cribb (1998) suggests that based on current knowledge and extrapolation
there may over 6000 species of digeneans in Australia.

Cestoda (Tapeworms)
Tapeworms are exclusively endoparasitic, in the guts or coelomic cavities of various

vertebrates. General references on marine parasites, including parasitic flatworms,
include Rohde (1993) and Rohde et al. (1995). L. Cannon at the Queensland Museum has
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a database (ASPIC) of all Australian museum holdings of parasites. Beveridge and Jones
(2002) have reviewed the biodiversity and biogeographical relationships of the Australian
cestode fauna.

The Australian cestode fauna is poorly documented with 342 species described to date
(Beveridge and Jones, 2002). The best-studied group for these internal parasites is the
elasmobranchs (although only about 32% of species examined). Currently all but two of
the orders of cestodes are found in Australia. Some endemic species occur in Australian
fish and a high percentage of known cestodes occur in a single host species suggesting
that considerable numbers of cestode species remain to be documented.

2.2.5 Nemertea (Ribbon Worms, Proboscis Worms)

Nemerteans — commonly called ribbon worms — are unsegmented, usually flattened,
solid-bodied (i.e. ‘acoelomate’) worms with highly extensible bodies; many can stretch
easily to several times their contracted lengths. Larger species are often leaf or ribbon
shaped. They vary greatly in size, ranging from less than a millimetre to more than 30
metres in length, though most species (even the larger ones) are less than about 6-8 mm
wide (Gibson 1997). The phylum includes the longest of known animals: Lineus
longissimus, from European waters, regularly attains 30 m and some individuals can
probably achieve twice this length when fully extended (Barnes et al. 1988).

Nemerteans are predominantly benthic and marine, although a few freshwater and
terrestrial species are known. A few are planktonic, and some are symbiotic in molluscs
or other marine invertebrates (Brusca and Brusca 1990). They typically dwell under
stones and boulders, burrow into softer muddy or sandy sediments, or live amongst algae,
between colonial sessile invertebrates or in rock and coral crevices and cavities (Gibson
1997). Some species are common members of the intertidal benthos, but most are found
in shallow coastal waters, while a few have been trawled from extreme depths of 3000 to
4000 metres or more (Gibson 1997). Almost all species are predatory, capturing
organisms ranging in size from protists to molluscs, arthropods and fish (Barnes et al.
1988).

Worldwide, approximately 1200 species and 250 genera are currently recognised as valid
(Gibson 1997; R. Gibson pers. comm.). Around 60 species have been recorded from
Australian waters, 24 from the Antarctic / sub-Antarctic region, and although none have
yet been recorded from the Christmas, Cocos (Keeling), Norfolk or Lord Howe Islands,
they presumably do occur there. There is estimated to be a very large undescribed fauna,
consisting of perhaps 200 or more species in Australian waters, and 5,000-10,000
worldwide (R. Gibson pers. comm.).

There are huge gaps in our knowledge of the nemertean fauna from most parts of the
world, with few serious nemertean taxonomists globally (see review of world fauna by
Gibson 1995) and none based in Australia. There is a reasonable (though not complete)
knowledge of the nemertean fauna of some parts of the world — such as northwest
Europe, the USA, some of Brazil, parts of New Zealand, some coastal areas of Russia
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and Japan, and parts of Australia (Gibson 1979a, 1979b, 1981a, 1981b, 1982, 1983; and
southern WA,Gibson 1990, 1993; Sundberg and Gibson 1995; Burgman and
Lindenmayer 1998). However, for most parts of the world, nemertean records are either
completely unknown or sporadic (R. Gibson pers. comm.).

2.2.6 Gnathostomulida

Members of the phylum Gnathomulida are minute (< 1 mm length), transparent
meiofaunal worms and the phylum was only named in 1969 (Barnes et al. 1988; Brusca
and Brusca 1990). This late discovery was not due to rarity of these animals, which can
achieve densities of 600 000 m™, but to previous lack of investigation of the anoxic layers
of marine sediments, and the extent to which these animals distort on preservation.

Gnathostomulans are found interstitially in marine sands, often occurring in high
densities in anoxic sulphide-rich conditions, from the intertidal zone to depths of
hundreds of metres (Brusca and Brusca 1990). They feed on bacteria and protists
occurring either free in the interstitial water or in association with particles of organic
detritus (Barnes et al. 1988). They have been found worldwide, with about 80-100
described species (Brusca and Brusca 1990). However, as with other meiofaunal groups,
virtually nothing is known of the Australian fauna.

2.2.7 Gastrotricha

The gastrotrichs constitute a phylum of small marine, brackish or freshwater animals with
a more or less transparent, flattened body. They may reach 3-4 mm in length, although
most species are less than 1 mm. Many bear a superficial resemblance to rotifers or even
large ciliate protozoans (Brusca and Brusca 1990).

Many gastrotrichs live in the interstitial spaces of loose sediments. Others are found in
surface detritus or among the filaments of aquatic plants; a few are planktonic (Brusca
and Brusca 1990). There are around 450 known species worldwide but virtually nothing
is known of the Australian fauna.

2.2.8 Nematoda (=Nemata) (Round Worms, Threadworms)

The nematodes, or threadworms, are one of the most abundant and successful metazoan
phyla, being known from virtually every habitat in the sea, freshwater and on land. There
have been estimates that 80% (Bongers 1988) or 90% (Jairajpuri and Ahmad 1992) of all
metazoa are nematodes. However, most of the enormous literature on the nematodes
deals with the parasitic species of economic or medical importance (Brusca and Brusca
1990).

Free-living marine nematodes are among the most common and widespread groups of
animals, occurring from the shore to the abyss. Most free-living species are very small, of
the same order of size as the gastrotrichs and gnathostomulans. Wherever they are found,
they are often the most numerous metazoans, in both numbers of species and individuals;
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some environments yield as many as three million threadworms per square metre (Brusca
and Brusca 1990). Ecologically, some are generalists, but many require very specific
habitats. Many free-living nematodes live interstitially and feed on bacteria or protists
ingested as a suspension or on detritus. Some, however, are predators, especially of other
nematodes and microorganisms, and have developed a variety of piercing tooth or jaw-
like plates (Barnes et al. 1988).

Despite their abundance, the free-living nematodes are poorly known, and thus their
importance in marine benthic systems is little appreciated (Brusca and Brusca 1990).
Much of the ecological work on nematodes involves identification of the fauna only to
family level.

Worldwide, there are about 20,000 described species of nematodes (both free living and
parasitic, from marine and non-marine habitats) worldwide (Boucher and Lambshead
1995), but probably many times that number undescribed. Around 5000 free-living
marine species have been described, and there are probably at least 20,000 in total (W.
Nicholas pers. comm.). Lambshead’s (1993) estimate of many millions of species, based
on the diversity of several studies of the benthic fauna of the deep Atlantic, has not
received much support, being a huge extrapolation (W. Nicholas pers. comm.).

Greenslade (1989) published a checklist of the free-living marine nematodes of Australia
and Macquarie and Heard Islands. The sublittoral nematode fauna of Australia is virtually
unknown. The littoral and estuarine fauna is better known, with taxonomic records going
back to the 1890s. Recent studies on the fauna of mangroves and estuaries include Hodda
and Nicholas (1985; Hodda and Nicholas 1986a; 1987) and Nicholas et al. (1991; 1992).
Faubel et al. (1994), Blome and Riemann (1994) and Nicholas and Hodda (1999) also
discussed the free-living nematodes of the sandy beach meiofauna of southern
Queensland and NSW, including recent species descriptions.

There is little information on the affinities of the Australian nematode fauna and little
agreement on how worldwide the distributions of species are. There is a tendency to
ascribe all the specimens found to species described from Europe and North America
because these are the only published descriptions (W. Nicholas pers. comm.).

2.2.9 Nematomorpha (Horsehair Worms)

Members of this phylum are commonly called horsehair worms on account of their
thread- or hair-like shape. The nematomorphs are somewhat similar to nematodes in body
plan, and generally measure 1-2 mm in diameter and up to a metre in length (Brusca and
Brusca 1990). The majority of species occur in freshwater or moist soil, but members of
one genus (Nectonema, in the monogeneric class Nectonematoida) are pelagic in coastal
marine environments, their larvae parasitising decapod crustaceans.

In total there are about 230 described species in the phylum worldwide (Barnes et al.
1988; Brusca and Brusca 1990). Little is known of Australian nematomorphs and there
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are few identified in the AM marine invertebrates collection (P. Berents pers. comm.). G.
Poiner at Oregon State University works on Australian nematomorphs.

2.2.10 Kinorhyncha

The kinorhynchs, sometimes called the Echinodera (“spiny neck”) or Echinoderida
because of their spiny cuticle, are a little-known phylum of marine meiofauna. Since their
discovery in the mid-1800s, about 150 species have been described, nearly all less than 1
mm in length. Most live in marine sands or muds, from the intertidal zone to a depth of
several thousand metres. Some are known from algal mats, holdfasts, and sandy beaches,
while others live on hydroids, ectoprocts, or sponges. They are probably deposit feeders
(Barnes et al. 1988; Brusca and Brusca 1990). As with other members of the marine
meiofauna, little or nothing is known of the Australian species.

2.2.11 Loricifera

Loriciferans are a little-known phylum of very small (225-383 um long) interstitial
animals that, like the gastrotrichs, bear a superficial resemblance to rotifers or to
priapulan larvae. They were first described in 1983, based on a single species found in
marine shell gravel. A few dozen species have since been described or are in the process
of being described, and they are now known to depths of several thousand metres where
they live in mud.

These tiny animals cling tightly to sediment particles, or possibly other organisms, and
are therefore not susceptible to standard extraction techniques used to collect interstitial
marine species. The larvae have been observed alive and are free-living. The adults are
probably also free-living, but the biology of this newest phylum is poorly known (Barnes
et al. 1988; Brusca and Brusca 1990).

2.2.12 Priapula

This is a small but characteristic phylum of marine worms whose affinities are unclear
(Barnes et al. 1988). They are cylindrical or cucumber-shaped and range from 0.55 mm
to 20 cm in length. Priapulans are uncommon in most parts of the world’s oceans. The
larger priapulans are infaunal burrowers in relatively fine marine sediments and appear to
be restricted to boreal or cold temperate seas. The meiofaunal species may burrow or live
interstitially among sediment particles. The majority prey on various soft-bodied
invertebrates such as polychaete worms (Brusca and Brusca 1990). Their burrows are
also the home for commensals.

Worldwide, there are about 15 extant species (Theroux and Wigley 1998). Priapulans are

present in Australia, being common for example on intertidal beaches in northern NSW
and Queensland, although little is known of them.
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2.2.13 Rotifera

The phylum Rotifera (="wheel bearer”) consists of minute animals characterised by a
crown of cilia in the anterior part of the body. They may reach 2-3 mm but are mostly
less than 1 mm long. Most live in freshwater or in damp soil but there is one marine
genus (Seison, in the monogeneric class Seisonidea) which live on the gills of crustaceans
(Brusca and Brusca 1990).

2.2.14 Sipuncula (Peanut Worms)

Sometimes called “peanut worms”, members of this phylum are soft-bodied,
unsegmented, worm- or sac-like animals. They are exclusively marine. The body consists
of two parts, a slender, extensible introvert and a thicker, sausage-shaped trunk.
Sipunculans range in length from 1 cm to about 50 cm, but most are 5-10 cm long
(Brusca and Brusca 1990).

Sipunculans are found in great abundance in some habitats and have a wide distribution
in many parts of the world ocean (Theroux and Wigley 1998), being found from the
intertidal zone to depths of over 5000 metres. They are usually reclusive, either
burrowing into sediments or living beneath stones or in algal holdfasts. Some inhabit
abandoned gastropod shells, polychaete tubes and other such structures. In tropical waters
sipunculans are common inhabitants of coral and beach rock communities, where they
often burrow into hard calcareous substrata (Brusca and Brusca 1990). In southern
Australia they occur mainly in the roots of seagrass beds, in burrows in limestone reefs,
under rocks, in thick masses of the tubeworm Galeolaria and in beds of mussels
(Edmonds 1982a). Their burrows may be shared with a number of commensal associates
that share food resources and shelter (Manning and Morton 1987; Morton 1988). They
are predominantly non-selective detritivores or deposit feeders (Brusca and Brusca 1990),
though others are suspension feeders or graze on the fine layer of algae that grows on
marine surfaces (Edmonds 1982a).

Taxonomically they are a small group, comprising about 250 species (worldwide) in 17
genera in a single class and order (Barnes et al. 1988; Brusca and Brusca 1990). Edmonds
(1980) revised the Australian species. Current knowledge on Australian sipunculans is
reviewed by Edmonds (2000b).

2.2.15 Echiura

The echiurans are also soft-bodied, unsegmented, sac-like worms related to sipunculans
and resemble them in several ways. They have an extensible proboscis with a food-
collecting tip. Many are quite large; the trunk may be from a few mm to 40 cm long, but
the proboscis may reach lengths of 1-2 metres (Brusca and Brusca 1990).

Echiurans live exclusively in marine or brackish-water habitats where they are known

from intertidal regions to about 10,000 m. Like the sipunculans, they have a sedentary,
deposit-feeding lifestyle, typically burrowing in sand or mud, or living in surface detritus
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or rubble. Some species inhabit rock galleries excavated by boring bivalves or other
invertebrates (Brusca and Brusca 1990). They may also share their burrows with a range
of commensals (Boxshall and Humes 1987; Morton 1988). Most echiurans feed on
epibenthic detritus. There are about 150 known species. Only a few species are known
from Australia (Edmonds 1982b). Edmonds (1987) listed and described the Australian
species, and current knowledge on echiurans is reviewed by Edmonds (2000a).

2.2.16 Annelida (Segmented Worms)

The phylum Annelida contains the segmented worms. The body has a coelomic space, a
gut running through the length of the body, a closed circulatory system, well-developed
nervous system and specialised excretory structures (Brusca and Brusca 1990). There are
about 20,000 named species (Edgar 1997), representing only a small proportion of the
total living species.

The phylum consists of two main groups, the Polychaeta (Bristle Worms) and the
Clitellata (ecarthworms and their allies and leeches). The relationship between these two
groups is currently in a state of flux, and although the Annelida is considered
monophyletic, Rouse and Fauchald (1997) found weak support for the group.

Polychaeta (Bristle Worms)

Polychaetes (commonly known as “bristle worms”, “sand worms”, “tube worms” etc) are
multisegmented worms typically with segmental parapodia and chaetae (bristles)
arranged in distinct bundles. They exhibit a wide range of sizes and species vary from
less than 1 mm for some interstitial species to over 3 metres for some Australian beach
worms (Family Onuphidae). They also exhibit a great range of morphological and
functional diversity, as well as reproductive strategies (Beesley et al. 2000; Glasby et al.
2000a; Rouse and Pleijel 2001).

Polychaetes are mostly marine, although a few species have successfully invaded
freshwater and fewer still are parasitic or terrestrial (albeit living in moist habitats)
(Hutchings 1998a). In the marine environment, they occur from the intertidal zone to
abyssal depths of the ocean, as well as in brackish waters, in all types of habitat and
substrata. They range from those that inhabit soft sediments, to others that bore into hard
substrates such as limestone, corals and mollusc shells, to interstitial and planktonic
forms. Some have colonised very specialised habitats such as deep-sea hydrothermal
vents. Many species produce a tube either of cemented mud or sand grains and some
(serpulids) secrete a calcareous tube. Others move through the sediment without a
permanent tube, just with a fine mucous sheath. Some live individually but many are
gregarious, forming dense colonies (e.g., Sydney "coral", Galeolaria caespitosa, and
some of the sabellariids). Polychaetes exhibit a wide range of feeding strategies,
including carnivory, herbivory, omnivory, mud swallowing, filter feeding and surface
deposit feeding (Glasby et al. 2000a).
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In soft substrates, they often dominate the benthic community, both in terms of numbers
of individuals and numbers of species, and contribute significantly to the benthic
productivity as many species exhibit high rates of turnover (Hutchings 1998a). Some
species are able to successfully exploit organically polluted areas; these are often highly
opportunistic, with some such as the Capitella capitata species complex able to rapidly
build up numbers after an area has been depopulated, for instance after an oil spill
(Grassle and Grassle 1974; Hutchings 2000b). Others can live in sediments highly
contaminated with heavy metals (Ward and Hutchings 1996).

The Polychaetes are a diverse group, with about 13,000 species belonging to over 80
families having been described worldwide, although only 8000 of these are considered as
‘reasonable (Hutchings and Fauchald 2000). Snelgrove et al. (1997) suggested that
polychaete biodiversity may be as high as 25 000 to 30 000 species. Although Rouse and
Fauchald (1997) have recently designated a group of clades to which they have assigned
families, it is common practise to refer to individual polychaete families rather than
clades (Rouse and Fauchald 1997; Rouse and Pleijel 2001, purposely avoid the use of
ranks). The majority of families occur worldwide and most are represented in Australian
waters. The group was check listed by Day and Hutchings (1979) and an ABRS
catalogue of the Australian fauna has recently been completed with over 1000 known
species, including new species still to be formally named (Hutchings and Johnson 2001).
Certainly many more remain to be described, especially from more remote areas and
deeper waters. In addition, there are an estimated 150 or so described species occurring in
Australian, Antarctic and sub-Antarctic territorial waters (C. Glasby pers. comm.).

Chisholm and Kelley (2001) speculated that the activities of eunicid polychaetes might
provide the initial firm substrate for reef-building corals to grow by accumulating pieces
of hard substrate and gluing them together.

Pogonophorans are a deep-water (>200m) group of around 145 species that lack a gut and
live in long chitinous tubes. They have been the subject of taxonomic and phylogenetic
debate (Brusca and Brusca 1990) since their discovery in 1900, having previously being
treated as a separate phylum (Pogonophora), but are now considered members of the
Polychaeta, and are referred to as the siboglinids. One group, known as the
Vestimentifera, are found associated with deep-sea hydrothermal vents. 146 species of
pogonophorans are known worldwide from all oceans, but they are not well known from
Australian waters; only a few collections of unnamed species of pogonophorans have
been made, and as yet no members of Monilifera or Vestimentifera have been recorded
(Southward 2000) from Australia.

Our knowledge on the biogeography of Australian polychaetes is restricted to recently
revised families, and several patterns of distribution appear to be present. A few species
occur throughout Australia, others have either a northern or southern distribution, and
some have very restricted distributions (Glasby et al. 2000b). While many polychaete
genera have widespread distributions, individual species often have more restricted
ranges. Glasby and Alvarez (1999) recently examined the distribution of selected
polychaete families in the Southern Hemisphere and found some evidence of Gondwanan
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distributions, with the highest level of species endemism — 67% — occurring in southern
Australia, a similar pattern to that seen in molluscs and crustaceans (e.g., Poore 1995a).

In general, as for many other marine invertebrate groups, Australian polychaetes are
much less known than the relatively well-studied faunas of Europe and North America. In
Australia, about half a dozen families are well-known taxonomically, with the remaining
45-50 poorly known. There are major gaps in our knowledge of deep-water forms,
meiobenthic forms, and the fauna of parts of northern Australia and the sub-Antarctic and
Antarctic regions (C. Glasby pers. comm.). The recent Fauna of Australia volume on
Polychaetes and Allies (Beesley et al. 2000) highlights both our knowledge and gaps in
the systematics and ecology of the Australian polychaete fauna. It also lists the literature
detailing the extensive more recent studies on Australian polychaetes.

Clitellata (Earthworms and Leeches)

The Clitellata consist of two groups usually treated as separate classes within the
Annelida — the Hirudinea (leeches) and the Oligochaeta ("earthworms"), both with many
marine taxa. The clitellates have the first segment similar in structure to the rest of the
body, with segments lacking parapodia (although chaetae are often present) and the
peristomium forming a complete ring.

Oligochaeta (Earthworms etc.)

These worms have elongate cylindrical bodies and differ from polychaetes in lacking
appendages (although they have minute chaetae) and a distinct head. While they are best
known because of the diverse earthworm fauna, there are also many small freshwater and
marine taxa. Marine oligochaetes are particularly abundant in shallow, nutrient-rich
sediments.

Marine oligochaetes have been described from Victoria (Erséus 1990a), Darwin (Coates
and Stacey 1997; Erséus 1997; Healy and Coates 1997), and southwestern Australia
(Coates 1990; Erséus 1990b; Coates and Stacey 1993; Erséus 1993).

Erséus (1997) suggested that the genera of tubificids found in the tropics and subtropics
are widely distributed in the world, and that endemicity occurs at the specific level. He
also suggested that the distribution of genera differs around Australia with the genera
present being determined by the available habitats (see the above papers for further
discussion). While oligochaetes are present in most coastal habitats they are often not
collected by routine benthic surveys using 0.5mm sieves or larger. Far smaller mesh size
and other sorting techniques are required to adequately sample this fauna.

Hirudinea (Leeches)
Leeches have flattened bodies and a sucker at each end. They lack chaetae or appendages.

Leeches live on the land, in freshwater and in the sea, and are parasites on marine
vertebrates such as fish and turtles. The marine leech fauna of Australia is poorly known.

56



Conservation of marine invertebrates

Dr Gene Burreson, of the Virginian Institute of Marine Sciences, USA is currently
working on Australian marine leeches as part of a world revision and has a PEET grant
from NSF, he is also collaborating with Dr Ron Davies of the University of Calgary,
Canada in preparing a catalogue of Australian leeches for ABRS.

2.2.17 Kamptozoa (=Entoprocta)

Kamptozoans are tiny, sessile, mainly marine, suspension feeding animals, which bear a
superficial resemblance to bryozoans (with which they were originally placed). However,
they differ in fundamental ways, such as their adult and larval body plan, and their closest
living relatives may be polychaetes. They reproduce asexually by budding, and are
therefore usually found as clonal aggregations of separate zooids or as colonies of
interconnected zooids. The zooids have a characteristic bending movement, which has
given rise to both the scientific name (Greek: kamptozoa = bending animals) and the
common name (nodding heads).

Except for one freshwater species, all kamptozoans are marine. A few species can
tolerate brackish conditions and dwell in bays and harbours. Kamptozoans are known
from the low intertidal zone to deep-water (Wasson and Shepherd 1997).

About 150 species have been described worldwide, but kamptozoan diversity probably
exceeds 500 species (Nielsen 1989). While they are widespread and are quite abundant in
some microhabitats, most of the world's kamptozoans are poorly characterised or not
known at all, because most species are tiny and easily overlooked (K. Wasson pers.
comm.). Little is known of Australian kamptozoans, with published reports and museum
specimens of this group being very scarce (Wasson 1994), and only a few detailed
taxonomic investigations (Wasson 1995). There are 18 described species recorded from
Australian waters, 14 endemic to the Australian / New Zealand region, plus 17 known
undescribed species; there may be 100 or so species as yet undescribed (K. Wasson, pers.
comm.). Wasson (1997) provided a key to 10 described species known from southern
Australia.

2.2.18 Phoronida (Horseshoe Worms).

Phoronids — or ‘horseshoe worms’, as they are sometimes called — comprise one of the
least diverse and least familiar of the larger-bodied marine phyla. Their closest relatives
are the bryozoans and the brachiopods, and the three are sometimes grouped as the
lophophorate phyla because they all possess a probably homologous structure called a
lophophore. Phoronids are elongated and worm-like in general appearance and lack
appendages. They secrete and inhabit a membranous tube, from which the lophophore,
used in suspension feeding, normally protrudes (Shepherd 1997a).

The different species of phoronids occur in a wide range of habitats and their tubes may

be found embedded in substrate or adhering to hard surfaces such as rock or mollusc
shells. Some live commensally. The ability of most to reproduce asexually results in them
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being clustered in small to large groups. Despite the small size of the phylum, phoronids
may be abundant in shallow marine sediments at certain localities (Shepherd 1997a).

Worldwide, there are only about 12 known species in two genera (Brusca and Brusca
1990), seven recorded in Australian waters (Emig and Roldan 1992). The Australian
species have been reviewed by Emig et al. (1977) and Emig and Roldéan (1992).

2.2.19 Bryozoa (Moss Animals, Sea Mats, Lace Corals)

Bryozoans — known commonly as “moss animals”, “sea mats”, or (for some forms) “lace
corals” — are aquatic, sessile, colonial animals most frequently found attached to hard
substrates. Colonies of bryozoans are generally small and inconspicuous, but
morphologically are very variable (Bock 1982). They are comprised of a few to many
millions of individual zooids, and colonies range from millimetres to metres in size,
although the individual zooids are rarely larger than a millimetre (Waggoner and Collins
1999). The majority of living bryozoans are encrusting, forming flat sheets that spread
out over the substrate, but others grow upwards into the water column and may be
massive, sheet-like, branchlike or reticulated. They are often mistaken for hydroids,
corals, or even seaweeds (Waggoner and Collins 1999).

The majority of bryozoans are marine, although there is one group of freshwater forms.
They are typically attached to hard substrates; rocks, shells, ship’s hulls, pilings, outer
surfaces of other animals or algal fronds (Theroux and Wigley 1998; Waggoner and
Collins 1999), and some form colonies on sediment. Most are sessile and immobile, but a
few colonies are able to creep about, and a few species of non-colonial bryozoans live
and move about in the spaces between sand grains (Waggoner and Collins 1999). One
species forms floating golf-ball sized colonies in the Antarctic (Peck et al. 1995). All
species are filter feeders, so they thrive in waters rich in microplankton (Bock 1982).
They feed on small microorganisms, including diatoms and other unicellular algae,
trapped by the ciliated feeding tentacles, or lophophore. Bryozoans form the prey of
grazing organisms such as sea urchins, molluscs and fish, and are subject to competition
and overgrowth from sponges, algae, and tunicates (Waggoner and Collins 1999).

Bryozoans are important in the fossil record, sometimes being so abundant that they form
limestone rocks (Bock 1999; Waggoner and Collins 1999). Recent species have been
found at depths of up to 8200 metres (Waggoner and Collins 1999), although most
inhabit much shallow water, and are common components of the littoral and sublittoral
benthos (Bock 1982). There are at least 5000 described living species, with several times
that number of fossil species (Waggoner and Collins 1999). In Australia, bryozoans are
numerically and taxonomically abundant (Campbell in press), comprising the dominant
organisms in some marine benthic (and fossil) assemblages (Gordon 1999a). Australia
and New Zealand together have the richest bryofauna in the world, closely approached by
that in the Philippine-Indonesian area (Gordon 1999a), but it is very poorly known (P.
Hayward pers. comm.). There are over 900 described and known undescribed species in
Australian waters, and more than 200 from Antarctica and the sub-Antarctic islands (D.
Gordon pers. comm.). However, since the continental shelves — especially those of
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Western Australia — have yet to be fully explored for bryozoans, these figures must be
regarded as conservative. The Australian deep-sea bryofauna is likewise poorly known
(Gordon 1999a). The recent fauna is possibly 60-70% described (Gordon 1999a), with at
least 500 (D. Gordon pers. comm.), and perhaps as many as 2,000-3,000 (P. Cook, P.
Bock pers. comm.) undescribed species for all Australian territorial waters. The southern
fauna is the most distinctive, with a high proportion of endemic species and geologically
ancient taxa (P. Hayward pers. comm.). Perhaps 50% of all species, plus many genera
and some families, are Australian endemics (Gordon 1999a; D. Gordon, P. Cook, P. Bock
pers. comm.). There are probably many, as yet unsampled, areas similar to Port Phillip
Heads, which has a more diverse fauna than that of Europe (P. Cook, P. Bock pers.
comm.).

Bryozoans are economically important as fouling organisms on man-made structures
such as boats and water pipes (Bock 1982). Some species, particularly those resistant to
antifouling paints, are important components of the fouling population and provide a
suitable settlement surface for other types of fouling organisms. Some bryozoans can
become pests in commercial shellfish production (Bock 1982). Pollard and Hutchings
(1990) listed five non-indigenous bryozoan species introduced to Australia, most
probably through hull fouling. On the other hand, bryozoans are an important source of
marine natural products, producing a remarkable variety of chemical compounds, some
of which may find uses in medicine. For instance, one compound produced by a common
marine bryozoan (the drug bryostatin 1) is currently being assayed as an anti-cancer drug
(Waggoner and Collins 1999). Bryozoans are also ecologically important as providers of
habitat and food for other species.

While many species of Australian bryozoans appear to have a cosmopolitan distribution,
which could be explained in certain cases as due to dispersal by shipping, further revision
may prove that some of the local records of overseas species have been based on
incorrect identifications (Bock 1982).

2.2.20 Brachiopoda (Lamp Shells)

Commonly called lamp or lantern shells, the brachiopods are solitary, benthic, sessile or
burrowing marine organisms with a bivalve shell and pedicle (stalk). On account of their
bivalve shell they may superficially resemble bivalve molluscs, but are totally different in
their anatomy and are not related to molluscs. While they are now uncommon and often
considered to be nearing extinction, they have a long and rich fossil history, having been
extremely abundant and diverse during the Palacozoic (Collins 1995).

Although they are known from all ocean depths, brachiopods are most abundant on the
continental shelf. Since substrate appears to be the principal factor governing distribution,
the range of latitude, longitude and depth occupied by any one taxon may be extensive.
Brachiopods usually live attached to the substrate by a pedicle, or by the cementation of
one valve to the substrate itself, or burrowing with an elongated pedicle sheathed in sand
(Brusca and Brusca 1990). They are filter-feeders, using their ciliated lophophore to
capture fine phytoplankton (e.g., diatoms), and dissolved and colloidal material.
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The phylum is divided into two classes — the Articulata and the Inarticulata — on the basis
of how the two valves of the shell are joined (by a tooth-and-socket hinge, or simply by
muscles, respectively). Most inarticulate species are widely distributed and cosmopolitan,
whereas articulate genera are locally more common but more restricted in distribution.
These differences appear to be related to the reproductive strategies of each group;
inarticulate larvae being pelagic with a probable life span of up to six weeks, whereas
articulate larvae are brooded in the lophophore and settle and metamorphose within hours
of their release, mostly on or close to members of the parental population (Richardson
1997).

There are approximately 330 living brachiopod species, which represent only a small
fraction of the more than 12,000 species that were once extant (Brusca and Brusca 1990).
The Australian fauna is, with the possible exception of Japan, more diverse than that in
any other part of the world, containing about 38 species including representatives of all
living orders and most families (Richardson 1997). While brachiopods are generally
described as being a sedentary group living predominantly on hard surfaces, in Australia
only nine species are exclusively sedentary and restricted to hard substrates. The majority
(29 species) are found on soft sediments of the continental shelf, and have the capacity to
move in response to changes in levels of sediment (Richardson 1997).

The Australian brachiopod fauna is poorly known and has been little studied, most work
having been undertaken by Dr J. R. Richardson, who concentrated on the southeastern
Australian fauna, from the 1970s to the early 1990s (R. Craig, pers. comm.). The known
taxa are now catalogued and this information will be available on the ABIF website in
late 2002. They have no commercial value, are not targeted by shell collectors, and, with
the exception of Lingula, are considered inedible (Richardson 1997).

2.2.21 Mollusca (Snails, Slugs, Limpets, Squid, Octopuses, Cockles,
Oysters, Clams, Chitons etc.)

Molluscs are soft-bodied animals without an internal skeleton, with no standard shape
and most have a hard, protective shell. The general structure consists of four body parts; a
head (carrying the mouth and sense organs), a muscular foot (used for locomotion or
attachment), a visceral mass (containing the major internal organs) and a mantle or
pallium that secretes the shell (when present). They are the second largest phylum of
animals (after the arthropods) and are economically one of the most important groups of
invertebrates. The Australian fauna has recently been extensively reviewed (Beesley et al.
1998) so we only provide a very brief outline of the group.

The molluscs show great structural and ecological variability and are found in a wide
range of habitats. They may burrow in soft substrates (e.g., many bivalves, some snails),
attach themselves to hard surfaces (e.g., mussels, oysters), clamp to rocks (e.g., limpets,
chitons), crawl or glide (most snails, slugs), or swim, some by jet propulsion (e.g.,
squids). They range from herbivorous to carnivorous and from microphagous to active
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predators to parasites. Most (with the notable exception of the bivalves) feed using a row
of teeth attached to a moveable ribbon - the radula.

The economic significance of molluscs, including their role as pests and disease carriers
and the commercially exploited species such as abalones, scallops, pearly oysters,
mussels, squid and abalone, are reviewed in Boray and Munro (Boray and Munro 1998).

The Mollusca_are generally classified into seven or eight classes. Of these, the Bivalvia
(clams, oysters, mussels) and Gastropoda (snails, limpets, slugs) are also found in
freshwater habitats, while only the Gastropoda have colonised the land. Other classes are
the Cephalopoda (squids, octopuses), Scaphopoda (tusk shells), Polyplacophora
(chitons), Monoplacophora and Aplacophora (spicule worms).

Approximately 120,000 species of molluscs have been described to date, and the
Australian marine molluscan fauna comprises around 10,000 described species with
perhaps the same number yet to be described. Most mollusc families are represented in
the Australian fauna. While the diverse, large shelled groups are relatively well known
because their shells can be collected, a great many smaller species are poorly known.
Around two-thirds of described species are tropical (with less than 10% endemic), and
one-third temperate. Approximately 10% of the larger species are endemic to either the
east or west coast (F. Wells pers. comm.), and a large proportion (about 95%) of
temperate Australian species are endemic. The shallow seas of southern Australia support
a unique regional molluscan fauna having its origin largely in the faunas of the southern
basins formed in the Tertiary after the separation of Australia from Antarctica (Wilson
and Allen 1987; Ludbrook and Gowlett-Holmes 1989a).

Some endemic genera are relicts of once widespread Tethyan groups that have become
extinct elsewhere; these include the single representatives of the endemic families
Trigoniidae, Campanilidae and Diastomatidae, and are most conspicuous in the
southwest. Other endemic genera have lineages in the southeast dating back to the early
Tertiary suggesting that they are relicts of the ancient Palacoaustral fauna (Wilson and
Allen 1987; Poore 1995a).

A recent major, comprehensive family-level treatment of the Australian Mollusca can be
found in Beesley et al. (1998), Volume 5A in the Fauna of Australia series produced by
ABRS. In addition, several groups of marine molluscs are available on the ABIF web site
and a major program is currently underway to checklist all of the Indo-West Pacific
molluscan taxa (Middelfart 2000).

Aplacophora (Spicule “Worms”)
The Class Aplacophora contains worm-like marine molluscs without a shell and covered
by a cuticle with numerous calcareous spicules. There are two distinct groups, often

treated as separate classes, Neomeniomorpha and Chaetodermomorpha (=Solenogastres
and Caudofoveata, respectively). Most species are small, often less than 5 mm in length,
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but some reach 300 mm. They are mostly found on the continental shelf and in the deep-
sea.

These worm-like molluscs have been poorly collected in Australia, but even so, 11
families, 17 genera and 33 species have been described from the continental shelf of
Australia and Macquarie Island (Scheltema 1998). There is undoubtedly a large
undescribed fauna, with most of the large collections from the upper continental shelf off
southeastern Australia having not yet been identified (Scheltema 1998). Aplacophorans
have also been described from the Australian Antarctic Territory, but none have been
reported from Lord Howe, Cocos (Keeling), Christmas or Norfolk Islands, although a
few species are known from the vicinity of Heard Island (Scheltema 1998). The fauna
was recently catalogued (Scheltema 2001). There are no Australian workers on this

group.
Polyplacophora (Chitons)

Polyplacophora, the chitons or coat-of-mail shells, have a flattened body and a broad
foot, and a shell of (usually) eight articulated calcareous plates or valves. These plates
allow the animal to either fasten itself tightly to an irregular surface or roll itself into a
ball if detached, and like limpets, they are able to withstand considerable force before
they can be dislodged. Chitons are usually found attached to hard surfaces such as rocks
or seaweed blades, particularly in intertidal or shallow coastal waters, although some
groups are found in deeper waters. Most chitons are generalist grazers (herbivores and
omnivores), feeding on algae or small encrusting animals. A review of the group and the
Australian families can be found in Beesley et al. (1998) and there is a catalogue of the
Australian fauna by K. Gowlett-Holmes (2001).

Chitons occur worldwide, but are most diverse in Australasia and along the tropical
Pacific coasts of America. There are around 750 living species worldwide, of which at
least 180 are known from Australian waters (Kaas et al. 1998). This includes around 15
species known from the Antarctic and sub-Antarctic, and 10-15 from each of Christmas,
Cocos (Keeling), Norfolk and Lord Howe Islands (K. Gowlett-Holmes pers. comm.).
Almost all temperate species are endemic. Most shallow-water tropical species are also
known from Indonesia, New Guinea and neighbouring waters, although those occurring
in deep-waters are mostly endemic (K. Gowlett-Holmes pers. comm.).

Tropical chitons are relatively poorly known, particularly the deep-water species, of
which there may be as many as 40 undescribed. In general, the biology and ecology of
chitons are inadequately known, although from the little work done, Australian chitons
appear to display greater diversity in feeding habits than recognised elsewhere, and
comprise a much more significant component of rocky reef faunas than in other parts of
the world (K. Gowlett-Holmes pers. comm.). Despite the diversity of the Australian
fauna, there is only one Australian specialising in this group, although she is not
employed to undertake this work.

Monoplacophora
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Monoplacophorans are a class of simple, primitive, mostly tiny bilaterally symmetrical
molluscs with a simple cap-shaped shell. The few living species are known from the
deep-sea and none are yet recorded from Australian waters (a reflection of our poorly
sampled our deep-sea fauna), although a few living monoplacophorans have been found
in Antarctica and New Zealand (Ponder 1998a).

Gastropoda (Snails, slugs, whelks, limpets)

The gastropods form by far the largest and most diverse class of molluscs, comprising
more than half of all mollusc species. They include the sea and land snails and slugs,
limpets, abalones, cowries, whelks and cones. Most have a single coiled shell but in some
the shell is limpet-like, rudimentary, or lost. Gastropods use a wide variety of feeding
methods and occur in many types of marine, freshwater and terrestrial habitats. While the
majority of marine gastropods are benthic, a few groups have adopted a wholly
planktonic mode of life, two groups being swimming carnivores. A comprehensive
overview of Australian gastropods and each of the families is provided in Beesley et al.
(1998).

Gastropoda have traditionally been divided into three subclasses, the Prosobranchia,
Pulmonata and Opisthobranchia, but this classification has now been substantially revised
(Ponder and Lindberg 1997) with the following groups (rank unassigned) currently
recognised: Patellogastropoda (true limpets); Vetigastropoda (top shells, abalones, turban
shells, keyhole limpets, slit shells etc.), Neritopsina (nerites), Caenogastropoda (many of
the marine snails, including periwinkles, whelks, cowries, cones, balers, etc.) and
Heterobranchia (land snails and slugs, seaslugs etc.). Patellogastropods and
vetigastropods are all marine, while the neritopsines and caenogastropods are mostly
marine, including a few freshwater and terrestrial groups. These groups comprise most of
the “prosobranch” gastropods, although a few “prosobranchs” are now included in the
Heterobranchia, which also encompasses the opisthobranchs and pulmonates. In all, there
are around 6300 described species of marine gastropods in Australian waters and perhaps
another 35 — 40% undescribed, with most of the southern fauna being endemic. There is
one full-time taxonomist working on marine gastropods (a specialist in Opisthobranchia)
in Australia, although three other scientists employed in museums carry out some
taxonomic studies on marine gastropods.

A small, deep-water group of limpets (Cocculinoidea), comprising at least two families,
are of uncertain affinities, as are a number of families found mainly associated with hot
vent habitats.

Patellogastropoda (True Limpets)
Australia has a rich fauna of true limpets, with typically several taxa present in most
intertidal areas, with the highest diversity on temperate rocky shores. In all, there are

about 40 species in five families in Australian waters, including a couple known only
from the sub-Antarctic region (Lindberg 1998). The group has an important functional
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role as grazers and scrapers on intertidal rocky shores. Many of the Australian species are
illustrated and described in Wilson (1993).

Vetigastropoda (Top Shells, Abalone, Keyhole Limpets, Turban Shells, etc.)

Vetigastropods are diverse and conspicuous members of the intertidal and sublittoral
fauna around Australia, being dominated by families such as Trochidae (top shells,
Trochus), Turbinidae (Turban shells, cat's eyes) and Fissurellidae (slit and keyhole
limpets), the former two families containing commercially exploited 7rochus and Turbo
respectively. Another vetigastropod family, the Haliotidae, is commercially valuable,
comprising the abalones, of which there are around 25 Australian species, all but a few
non-commercial tropical species being endemics. There are also eight other families of
less well-known and/or inconspicuous snails. Vetigastropods are exclusively marine and
most are grazers specialised to feed on a wide range of substrates including detritus,
algae, and colonial animals. A few taxa, like Bankivia, a colourful snail abundant in the
surf zone off temperate ocean beaches, are filter feeders. Some taxa, such as some
trochids, are very abundant in the rocky intertidal and there is a diverse but very poorly
known fauna of small and minute taxa. Many of the larger Australian species are
illustrated and described in Wilson (1993). There is no Australian scientist specialising in
the taxonomy of vetigastropods.

Neritopsina (Nerites)

This group is comprised of six families in Australia (Beesley et al. 1998), two terrestrial.
Members of the major family, the Neritidae, are conspicuous on most intertidal shores in
temperate and tropical Australia and other tropical areas. They are mostly marine, feeding
on algae and detritus, there being only about 24 Australian species (Scott and Kenny
1998), most illustrated and described in Wilson (1993). There is no Australian scientist
specialising in the taxonomy of neritopsines.

Caenogastropoda (Winkles, Whelks, Cowries, Cones, Balers etc.)

This is the largest group of marine snails. There are 88 families recognised in Australia
(see Beesley et al. 1998 for details) in two orders, most of them marine, and these show a
wide range of shell morphologies (coiled shells, worm-like shells, limpets, a few shell-
less), feeding strategies (grazing, predation, parasitism, filter feeding) and habits. Most
are benthic crawlers, some burrow, others are sessile, and a few are permanently attached
to the substrate. One group (Heteropoda) are highly modified swimmers and active
carnivores, and are permanent members of the zooplankton. Another group (Janthinidae)
are pelagic drifters that feed on siphonophores. The diversity of this group is considerable
and while accurate figures are not available there are several thousand species found in
Australia. While this group includes the largest snails (balers and some large whelks), the
majority are small or even minute (to about 1mm in size) and these taxa are generally
very diverse but poorly known. The caenogastropods include cowries, cones, balers
(volutes), mitres and several other groups of interest to shell collectors. Many of the
larger Australian species are illustrated and described in Wilson (1993; Wilson 1994).
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The group includes whelks, winkles, and many other common snails found in the
intertidal and shallow sublittoral and a huge, very poorly known fauna of small to minute
species. There are currently only two Australian scientists undertaking some taxonomic
studies on marine caenogastropods in Australia, although one is primarily working with
freshwater taxa and the other is mainly doing ecological studies.

Heterobranchia (Seaslugs, Bubble Shells, Air-breathing Limpets etc.)

This morphologically very diverse group includes forms with coiled or limpet-like shells
to a wide variety of shell-less slugs. They range in size from less than Imm to several
tens of cms in length. The most primitive members of the group were previously included
in the “Prosobranchia” and contain a diverse group (12 families) of marine taxa mainly
with coiled shells, some of very small size and very poorly known.

The seaslugs (including nudibranchs) and bubble shells comprise the Opisthobranchia,
with most being benthic although two groups (“pteropods”) and two species of seaslugs
are pelagic. While a few opisthobranchs are detritus feeders or herbivores, most are
carnivorous, preying upon sessile organisms such as sponges, hydroids, actiniarians, and
bryozoans. They are found in almost every marine habitat. 76 families in nine orders are
recognised in Australia (Beesley et al. 1998). Estimates of the opisthobranch fauna of
Australia range as high as 5000 species (Rudman and Willan 1998), with temperate
southern Australia having more than 300 species with probably at least another 100
species awaiting discovery (R. Burn pers. comm.). However, assiduous collecting has
been undertaken in only a few areas and many of the smaller taxa in particular are very
poorly known. About 50 species have been recorded from the Christmas and Cocos
Islands (C. Bryce pers. comm.), but the fauna is undoubtedly much larger. Guides to the
species of Australian opisthobranchs include Willan and Coleman (1984) and (for
Western Australia) Wells and Bryce (1993). There are currently two museum-employed
specialists on opisthobranchs in Australia and a third scientist also has an interest in the
group. A considerable amount of information is available on opisthobranchs on the
Seaslug Forum®.

The Pulmonata comprise marine groups but the majority are freshwater or terrestrial.
The marine members comprise six families in three orders, including the mangrove
onchidiid slugs (Onchidiidae), air breathing limpets (Siphonariidae and Trimusculidae)
abundant in the rocky intertidal, and the estuarine ear shells (Ellobiidae) and mud snails
(Amphibolidae), found abundantly associated with mangroves and saltmarsh habitats.
There are currently no Australian scientists undertaking research on the systematics of
marine pulmonates. A calalogue of the Pulmonata will be available through the ABIF
website in late 2002

Scaphopoda (Tusk Shells)

Commonly known as tusk or tooth shells, these are a small class of bilaterally
symmetrical, marine burrowing molluscs with a long curved, tubular, tapering shell open

¥ http://www.seaslugforum.net/
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at both ends. They inhabit all types of unconsolidated sediment from the shallow
sublittoral to abyssal depths. All are benthic micro-carnivores, feeding on detritus or
microscopic animals such as foraminiferans. Worldwide there are 11 families and 500-
600 living species; Australia has more than 150 named species (fossil and extant) from
eight families (Palmer and Steiner 1998), of which 46 were named as recently as 1997
(Lamprell and Healy 1998b). The Australian fauna has recently been catalogued by K.
Lamprell and J. Healy (2001).

Bivalvia (Oysters, Clams, Mussels, Cockles etc.)

The bivalves are aquatic, laterally compressed, typically bilaterally symmetrical molluscs
with a shell composed of two hinged valves. They are an economically important group
including the scallops, oysters, cockles, mussels and clams — all major sources of food for
humans — as well as less obvious forms such as the destructive shipworms. An overview
of the bivalves and a review of the Australian families is provided by Beesley et al.
(1998) and many of the Australian species are described and illustrated in Lamprell and
Whitehead (1992) and Lamprell and Healy (1998a).

A few bivalve families are found only in freshwater, but most are marine. They are nearly
all sedentary, and many burrow in sediment; some, like the shipworms (Family
Teredinidae - world fauna reviewed by Turner 1966) can bore into wood, while others
(e.g., Pholadidae) bore into rock. Many others are epifaunal, living attached by
proteinaceous threads (byssus) or cement to the surface of stones or other organisms.
Most are ciliary suspension feeders, although some are deposit feeders; a few are
microcarnivores and some others rely partially or wholly on symbiotic bacteria in the
gills for their nutrition.

Approximately 1640 bivalve species have been described from Australia, with about
1000 known from southern Australia. Another 500 or so may still be undescribed. While
the majority of the 84 families known from Australia are cosmopolitan, there is high
(90%+) endemism for southern Australia at the specific level. While the southern
Australian fauna is relatively well known, the tropical bivalve fauna is still poorly
understood. There is only one Australian taxonomist employed in a museum that is
publishing on marine bivalves. Some additional work is being carried out through a
couple of small grant-funded projects.

Although the phylogeny of bivalves is still in a state of flux, five subclasses are
recognised in Beesley et al. (1998). These are Protobranchia (Nut Shells, Date Shells
etc.), comprising two orders and six families; Pteromorphia (Ark Shells, Oysters, Pearl
Oysters, Mussels, Scallops etc.) comprising five orders and 23 families;
Palaeoheterodonta (Brooch Shells; Freshwater Mussels) comprised of two orders and two
families; Heterodonta (Clams, Cockles, Shipworms, etc.) made up of two orders and 42
families, the largest group; and Anomalodesmata (Lantern Shells, etc.) with one order
and 11 families.
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Cephalopoda (Squids, Cuttlefish, Octopuses, Nautilus)

The Cephalopoda are a group of highly organised, exclusively marine molluscs that
include the familiar squids, octopus, cuttlefish and nautilus. With the exception of the
Pearly Nautilus (Nautilus), which has a heavily built chambered external shell,
cephalopods either have a greatly reduced internal shell (squid and cuttlefish) or no shell
at all (octopuses). The head bears a pair of well-developed eyes (which, except for
Nautilus, show development analogous with that of the vertebrates) and one or two
circles of tentacles (numbering 8 orl0 in most forms) around the mouth. They are
adapted for swimming (although some are secondarily sedentary), with a foot modified as
a funnel for jet propulsion which is used primarily as an escape response. Most
cephalopods are active predators, capturing prey with their arms and tentacles, injecting it
with salivary toxin, and tearing it apart with beak-like jaws. They also have much more
highly developed nervous, circulatory and reproductive systems than the other molluscs,
and their large and complex brain and ability to perceive and respond quickly to cues
make them the most highly developed and intelligent of all invertebrates. Cephalopods
vary in size from small planktonic forms to giant squid such as Architeuthis that reaches a
total length of 18 m (Zeidler and Norris 1989).

The Cephalopoda consists of about 130 known living genera and about 650 species,
divided into four orders. A review of the group, and of the 34 Australian families, is
provided in Beesley et al. (1998). Relatively little is known about the Australian fauna
and the systematics of some groups, such as the octopuses, is confused. Except for a few
commercially important species such as Nototodarus, virtually nothing is known about
their biology. As they often occur in large numbers, they are a potential food resource
and deserve more attention. Many more species are likely to be found, particularly in the
deeper waters of the continental shelf and slope (Zeidler and Norris 1989). At present few
researchers are studying cephalopods in Australia; only two (M. Norman - octopods, and
A. Reid - sepiids) are actively working on cephalopod taxonomy, and neither are
currently supported by full time research funding (A. Reid pers. comm.). There is a recent
catalogue of Australian cephalopods by C.C. Lu (2001) that updates the previous
checklist of Lu and Phillips (1985). There is also a popular guide to the cephalopods of
Australia (Norman and Reid 2000).

Nautilida (Pearly Nautilus)

This group is well represented in the fossil record but only five living species, belonging
to two genera, Nautilus and Allonautilus, are known and, for this reason, they are
considered “living fossils”. Their most distinctive feature is a chambered external
nacreous shell. Living species are confined to the tropical Indo-Pacific, occurring from
the Philippines to New Caledonia, Samoa and northern Australia. Live populations of two
species have been documented from the Great Barrier Reef and the Coral Sea, with one
of these also having been found off Western Australia; drift shells of a third species have
also been found on the GBR. The presence of drift shells in other parts of Australia
suggests that Nautilus may be widespread on Australian deep reef slopes (Saunders
1998). The natural history of Nautilus is discussed in Ward (1987).
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Sepioidea (Cuttlefish, Dumpling Squids)

Includes the cuttlefish (Sepiidae) and dumpling squids (Sepiadariidae and Sepiolidae).
Cuttlefish inhabit the continental shelf and upper slope to a maximum depth of about 500
metres. They are very common in shallow inshore waters, and their internal shells
(cuttlebones) are familiar objects on beaches. Cuttlefish are primarily bottom-dwellers
over a range of habitats including rocky, sandy and muddy bottoms to seagrass, seaweed
and coral reefs. The total world fauna of cuttlefish is currently 112 described species.
Over a third of the world fauna — at least 40 species — have been described from
Australian waters (A. Reid pers. comm.), giving Australia the largest fauna of cuttlefish
in the world. None of these species are cosmopolitan, and most of those occurring on the
southern, eastern and western margins of the continent are endemic to these regions. No
cuttlefish have been described from the Antarctic or Sub-Antarctic and none are expected
to be found there (A. Reid pers. comm.). A synopsis of the Sepiidae in Australian waters
was published by Lu (1998). The three other families in this group (including the two
named above) known from Australia contain a small number of small-sized species.

Teuthoidea (Squids)

Comprises the shallow water (Suborder Myopsida) and oceanic (Suborder Oegopsida)
squids. Shallow water squid usually come into inshore waters to breed in vast, closely
packed schools and at such times are fished commercially. The oceanic squid include a
wide variety of species from very small to the largest known, and occur from the surface
to great depths. Australian records are relatively scant and it is only in recent years, with
an increasing interest in offshore and deep-sea fisheries, that more specimens have been
obtained. The most recent species checklist for most families is Lu and Phillips (1985).

Octopoda (Octopuses)

The octopuses are probably the most specialised of all the cephalopods and are
considered the most neurologically sophisticated. They have lost all trace of a shell,
although the Paper Nautilus (4rgonauta) produces a secondary shell as a brood chamber.
Most octopods are benthic and shallow-water, but a number are specialised for a pelagic
habit while others are deep-sea forms. Most are solitary, usually hiding under rocks or
deep in rock crevices during the day and coming out at night to feed. Generally they are
carnivorous. Knowledge about Australian octopods was scant but recent work has shown
the existence of a diverse fauna with many endemic species (e.g., Stranks 1988; Norman
1992). The largest family, Octopodidae, includes around 29 species described from
Australian waters and eight from the Antarctic and sub-Antarctic region, although there
are various undescribed species (M. Norman pers. comm.). The other octopod families
are small with few described species (Lu 1998). The mid- to deep-water fauna has been
barely surveyed or sampled, and though many species are harvested as bycatch, and some
specifically targeted, there is negligible biological information available for most species
(M. Norman pers. comm.).
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2.2.22 Arthropoda (Jointed Limbed Animals - Crustaceans, Insects,
Spiders etc.)

The arthropods constitute by far the largest and most abundant animal phylum, with
around a million described species and several million more (especially among the
insects) yet to be named. They have colonised virtually every habitat on land, in
freshwater and the oceans, although only the crustaceans are well represented (i.e.
diverse, numerous and ecologically important) in the sea. Arthropods share certain
characteristics such as a segmented body, each segment bearing a pair of jointed
appendages, and a hardened outer skeleton (cuticle) that is generally shed during
successive moults to allow growth. The major divisions of living arthropods, usually
given subphylum status, are Cheliceriformes (comprising the Chelicerata — horseshoe
crabs, spiders, scorpions, mites, ticks etc.; and the Pycnogonida — “sea spiders”),
Myriapoda (centipedes, millipedes and symphylans); Hexapoda (insects and their
flightless allies), and Crustacea (crabs, lobsters, shrimps, as well as many diverse,
generally small-sized groups such as ostracods, copepods and amphipods).

Cheliceriformes (Horseshoe Crabs, Spiders, Mites, Ticks, Sea Spiders etc.)
Chelicerata (Horseshoe Crabs, Spiders, Mites, Ticks)

The only living fully marine group in this class are the “horseshoe crabs” (Subclass
Merostomata, Order Xiphosura), of which there are five described living species (Brusca
and Brusca 1990), but with an extensive fossil history. None are known from Australian
waters.

There are a few spiders found on Australian shores - two species of the Anyphaenidae
(both southern Australia/Tasmania) and two members of the Desidae — an undescribed
species from tropical Australia and one from Tasmania and Victoria (M. Gray pers.
comm.).

The mites (Order Acarina) are the largest group of chelicerates and are mostly terrestrial.
One family, Halacaridae, has many marine taxa with faunas from southwestern Australia
(Bartsch 1993a, 1993b, 1993c) and Queensland (Bartsch 2000; Otto 2001b; a and
references therein). Some members of the family Oribatidae, the largest terrestrial family,
are also found in intertidal or shallow marine habitats (Edgar 1997).

Pycnogonida (Sea Spiders)

The pycnogonids are a relatively small and little-known class of marine arthropods
which, though not closely related to the true spiders, are commonly referred to as “sea-
spiders” due to their spider-like appearance. Pycnogonids have extremely reduced bodies
in which the abdomen has almost disappeared, while the legs are long and clawed. They
are found in all oceans but are more abundant in temperate waters and range from the
intertidal zone down to abyssal depths. Although some do swim, most are bottom-
dwellers. Intertidally they live among algal mats or beneath boulders but are rarely seen
due to their typically small size and cryptic colouring (Staples 1997). Pycnogonids are
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predators on a variety of invertebrates including polychaetes, anemones, bryozoans,
sponges and hydroids (Staples 1997). There are about 600 known species (Theroux and
Wigley 1998), including 41 shallow-water species recognised from southern Australian
waters, but many others remain to be described (Staples 1997). The only revision of
Australian species is very dated (Clark 1963).

Uniramia (Insects, Centipedes, Millipedes)

Millipedes are found in the supralittoral zone but are probably members of the truly
terrestrial fauna whereas some centipedes are restricted to this habitat. However, insects
and centipedes have specialised members of this community.

Chilopoda (Centipedes)

A few centipedes are found exclusively in the supralittoral and upper littoral zone in
Australia and elsewhere (e.g., Jones 1998).

Insecta

In contrast to their extraordinary abundance and diversity on land, the insects are poorly
represented in the marine environment. The only fully marine insects are tropical, these
being the sea-skaters (Halobates spp.) and the limnichid beetle (Hyphalus) (Cheng 1976;
Matthews and Queale 1997). The sea skaters (or “coral treaders”; Hermatobates) live on
the surface of the water. The majority are found on coasta