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Executive Summary

knowledge of Australian shellfish reefs and identifies
knowledge gaps and future research priorities with
the aim of supporting restoration efforts.

This report describes the historic extent and current

Shellfish reefs are complex, three-dimensional living
structures, which provide food, shelter and protection for
a range of other invertebrate and fish species. They occur
in bays, estuaries and nearshore coastal waters in both
tropical and temperate regions across every state within
Australia. Shellfish reefs largely occur in the intertidal and
upper subtidal regions of bays, estuaries and nearshore
waters with the exception of the native flat oyster (Ostrea
angasi) which can form reefs at depths of up to 30 m.
There are more than 2000 bivalve species likely to occur in
Australian coastal waters, yet only eight oyster and mussel
species are known to form clearly defined reef structures
across multiple locations and at scale.

Prior to the 20th century, shellfish reefs were common
features of estuarine and coastal systems and were of
importance as a food source for Indigenous Australians,
with considerable quantities of reef-forming species
occurring in coastal food middens. Early maritime explorers
such as Cook, Flinders, Eyre and Vancouver regularly
referred to extensive shellfish reefs in voyage reports and
journals. From early European settlement of Australia,
vast quantities of oysters and mussels were harvested for
food and as a source of lime for mortar used in the early
construction of roads and buildings.

Throughout the 1800s and early 1900s, dredge and hand-
harvest oyster fisheries were likely to have occurred in
over 150 locations across eastern and southern Australia,
including major coastal embayments such as Moreton
Bay, Sydney Harbour, Port Phillip Bay, Gulf St Vincent,
Derwent River and Princess Royal Harbour. As shellfish
resources closest to Australia's first settlements rapidly
became depleted, shellfish fisheries expanded to include
more distant bays and estuaries. Whilst the total State or
Australia-wide catch for any one year is unknown, records
from single estuaries (e.g. 10 tonnes per week for Western
Port, Victoria; 22 million oysters per year from 5 estuaries
in Tasmania) indicate oyster fishing constituted some of the
largest and most valuable fisheries, and indeed one of the
most valuable marine industries, of the 1800s.

From historical fishery reports and media articles it is clear
that early harvesting efforts were unsustainable, which
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led to the regulation of shellfish fisheries from as early as
1853 in Tasmania and South Australia. The oyster industry
was the first (of any) fishery to be regulated by legislation
in South Australia, Tasmania and Victoria, with New South
Wales, Queensland and Western Australia to follow within
30 years. Yet the regulation of shellfish harvesting did little
to halt the destruction of shellfish reefs and by the late 20th
century, shellfish reefs had all but disappeared, with all
major oyster fisheries closed by 1960.

Today, only a fraction of natural shellfish reefs still
survive, notably in Hinchinbrook Channel (Queensland)
Sandon River (NSW) and Georges Bay (Tasmania). Poor
water quality and sedimentation as a result of catchment
clearance, urbanisation and industrial pollution and
diseases such as Queensland Unknown (QX) and Bonamia
likely exacerbated the loss of historic shellfish reefs and
may hinder their natural revival.

Examples from the United States and elsewhere have
demonstrated that when restoration occurs at large
scales, ecological function can be repaired and ecosystem
services can be restored. The process of restoring shellfish
reefs can provide both short- and long-term employment
opportunities and established reefs can provide long-term
economic gains for coastal communities, particularly

in fishing tourism and coastal protection. The benefits
provided by shellfish reefs include food provision, water
filtration, fish production, coastal protection and habitat for
other species. Several projects (in Queensland, New South
Wales, Victoria, South Australia and Western Australia)
have recently begun the process of restoring shellfish reefs
for the purpose of recovering a near extinct habitat and to
improve fish habitat, water quality and coastal protection.
Momentum is continuing to build, with a number of other
shellfish reef restoration projects expected to begin across
Australia within the next 12-24 months.

Given the need for further knowledge on the ecology and
function of Australian shellfish reefs, increasing public
awareness of their historic loss and growing appetite for
restoration, we recommend 12 key actions that can be
undertaken by government, researchers, not-for-profit
organisations and the community in order to ensure their
conservation and long-term success of shellfish reef
restoration efforts:



Communication, engagement and
learning

1. Improve community knowledge and awareness of the
value of shellfish reef habitat through the development of
communication campaigns and materials;

2. Increase Indigenous engagement in restoration activities
by capturing and communicating Indigenous knowledge
and stories and invest in programs which support the
inclusion of Traditional Ecological Knowledge in shellfish
reef management and restoration;

3. Promote the exchange of knowledge and develop
partnerships with international organisations,
governments and universities involved in shellfish reef
restoration.

Research and science

4. Quantify the ecosystem service benefits and ecology
of Australian shellfish reefs (including nitrogen cycling,
filtration capacity, fish production, shoreline protection
and biodiversity) to better understand their ecological,
social and economic value;

5. Develop the business case to articulate the potential
environmental, social and economic return on investment
for shellfish reef restoration;

6. Develop routine shellfish health monitoring protocols
for restoration to assess disease prevalence and
determine disease risk to restoration projects and
aquaculture;

7. Undertake an assessment of genetic diversity in existing
shellfish populations to determine threat of ‘genetic
bottlenecks'.
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Management

8. Invest in the development of early restoration projects
to build momentum, expertise and capacity in Australia’s
marine restoration community;

9. Review marine habitat data to determine extent of
remaining shellfish reefs, why they still exist and
key threats to determine nomination for “threatened
ecological community” evaluation processes;

10. Update relevant Federal and State government agency
marine wetland definitions to include shellfish reef
habitat;

11. Consider the designation of new Ramsar wetland sites
to include shellfish reefs and prioritise the inclusion
of shellfish reef habitat surveys when updating the
Information Sheet on Ramsar Weltands (RIS) for existing
sites;

12. Undertake a sustainability review of current wild
harvest oyster and mussel fisheries to determine level
of risk to shellfish reef communities.

These actions combined with long-term financial and
community support for individual restoration projects will
serve to underpin the repair and conservation of Australia’s
shellfish reefs and will improve the overall health and
resilience of Australia's environmentally, socially and
economically important bays and estuaries.

EXECUTIVE SUMMARY 7



TABLE 1. SUMMARY OF HISTORIC SHELLFISH REEF
FISHERIES AND CAUSES OF DECLINE

| State  __ Tasmania | North Queensland/GBR SE Queersland

Main fishery species

O. angasi

S. cucullata;
S. glomerata

S. glomerata

Evidence of Indigenous use
(shell middens, cultural

Yes (O. angasi;
M. galloprovincialis) throughout

Yes (S. glomerata; T. hirsute; |.
ephippium; S. cucullata; O. angasi)

Yes (S. glomerata; T. hirsute;
Pteriidae spp.)

references) coastal Tasmania
Number of estuaries/coastal 16+ n 30+
areas with historic shellfish
fishery
Peak harvest years 1860-1870 S. cucullata 1920-1946; 1860-1910
S. glomerata 1870- 1920
Highest reported number of Unknown 14 >200 (Moreton Bay)
people employed in single
estuary
Highest reported number of 17 (double handed boats, Spring = 4 (Mackay 1945) >127 (Moreton Bay)

vessels in single estuary

Bay)

Date of first oyster legislation

1853 (Opyster Fisheries Act, TAS)

1863 (Oyster Act, QLD)

1863 (Oyster Act, QLD)

Date of first spatial closure

1853

Unknown

Unknown

Time between first colonial
settlement and first oyster
legislation

49 years (Hobart settled in
1804)

30 years (Brisbane settled in
1823)

30 years (Brisbane settled in
1823)

Date of first fishery closure

1908

Never closed

Never closed

Highest peak harvest recorded

22 million oysters from

In 1946, 1,500 sacks of oysters

21,000 sacks in 1891 (at 90 kg/

(per year) 5 estuaries (around 135 tonnes) from sack = 1890 tonnes)
Rockhampton region
Earliest attempt at restoration 1885 No attempts known No attempts known

Number of estuaries/locations
with existing shellfish reef(s)

Five known reefs of I. ephippium.
S. cucullata and S. echinata still
exist in low numbers throughout
GBR coastline

Not known, subtidal reefs
thought to be functionally
extinct

Key causes of decline
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Overharvest, disease,
sedimentation

Overharvest, destructive fishing
methods, sedimentation
associated with flood events

Sedimentation and water quality
decline causing disease and
recruitment failure, plus
dredging of subtidal reefs



S. glomerata

O. angasi; M. edulis
galloprovincialis

EXecUTIVE SUMMARY [

O. angasi

New South Wales m South Australia Western Australia

O. angasi

Yes (S. glomerata; O. angasi;
T. hirsuta)

Yes (O. angasi; M. edulis
galloprovincialis)

Yes (O. angasi;
M. galloprovincialis)

No, considered taboo

21+ 4 67 3

Up to 1860s Oysters: 1840-1860, Mussels: 1850 (?)-1900 1850 (?)-1880
1970-1987

Unknown 100 (Western Port 1850s) 50 Unknown

64 (Clarence River, 1883) Oysters: unclear but 100 25 Cutters Coffin Bay (2 people  Unknown

possibly overall, mussel/scallop
fishery in Port Phillip Bay: 80-90
boats 1980s.

per boat)

1868 (Oyster Beds Act, NSW)

1859 (Oyster Fisheries Act, VIC)

1853 (Oyster Beds Act, SA)

1881 (Oyster Fisheries Act, WA)

Prior to 1864

1859

1873

1881

80 years (Sydney settled in
1788)

24 years (Melbourne settled
1835)

17 years (Adelaide settled in
1836)

52 (Perth settled in 1829)

1868 1886 Western Port; 1888 Port 1895 was recommendation of In-  Never closed but collapse by
Albert; 1996 Port Phillip spector to suspend all dredging 1890
Historical unknown, 1976-77 Opysters: estimate of 10 tonnes/ 3549 bags (approx. 1,242,150 Unknown
aquaculture production = 9166 week in 1850s at Western Port, individuals) in 1890, believed to
tonnes Mussels: Port Phillip Bay approx. = be higher prior to these catch
1000 tonnes in 1975 and in 1986  statistics
1883 1860s - 1900, many leases 1887 1895
granted to attempt cultivation
and reseeding, under the Oyster
Act of 1859
6+ (but varying condition) Oysters = none, although 0 Unknown

oysters still present,
Mussels = at least Gipplsand
Lakes, probably some small
areas in Port Phillip Bay

Historical overharvest, disease,
sedimentation, water quality

Overharvest, habitat
modification, sedimentation,
water quality, chemical pollution,
disease

Overexploitation (overharvest
and degradation of hard sub-
strate). Sedimentation and poor
water quality may have limited
recovery

Overharvest, habitat
modification, sedimentation,
disease

EXECUTIVE SUMMARY 9



Introduction

By Chris Gillies

The Nature Conservancy, Carlton, Victoria.

Shellfish reefs: the ‘forgotten’ habitat

In 2009, The Nature Conservancy released a report entitled
Shellfish Reefs at Risk (Beck et al. 2009) which heightened
international attention on the stark loss of shellfish reef
habitat across the globe. The report documented that over
85% of shellfish reefs have been lost from coastal areas
globally, with 99% of shellfish reefs ‘functionally extinct’ in
Australian coastal waters (Figure 1). For many, this report
highlighted for the first time the very existence of a once
common marine habitat and alarmingly, its near total loss
across several continents, including Australia.

The near extinction of a valuable resource that sustained
early Australian colonial expansion for 100 years and
which has gone largely unnoticed by the general public
and researchers alike, makes for an intriguing story that

is not only important to the ecological history of Australia
but to its cultural and economic identity as well. The lack
of living memory of the extent of shellfish reefs and the
value they once provided to Australia’s economic and
cultural development can potentially undermine long-
term progress towards shellfish reef recovery. Hence,
further work is required to determine the historic extent
and current distribution, the benefits provided by shellfish
reefs and their capacity to support productive and

unique marine ecological communities and threatened
species. Such information is useful for not only planning
and implementing restoration and coastal management
objectives but can also serve as a ‘hook’ in which to garner
support and capture the attention of the broader public in
marine conservation.

Shellfish reefs: natural risk
management

The loss of shellfish reef habitat, in addition to the loss
and degradation of other important marine habitats such
as seagrass meadows, saltmarshes and mangrove forests,
greatly inhibits our ability to manage the health of coastal
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environments and ensure they remain environmentally,
economically and socially productive. Traditional coastal
management often concentrates on minimising the
amount of pollution, nutrients and sediments entering

our coastal waterways, yet without healthy habitats,

the course of processing nutrients and sediments into
clean waters, abundant fish, food and habitat for other
species cannot occur. The repair and restoration of marine
habitats, therefore, is critical to the success of long-term
management of coastal systems and the scaling-up of
marine habitat restoration will enhance recreational
opportunities, fish abundance and water quality for the
benefit of future generations. The cost of undertaking such
repair for Australia’s natural blue infrastructure - marine
habitats such as shellfish reefs, seagrasses and saltmarshes
- is relatively modest (AU $350 million) in comparison to
the cost of upgrading typical grey infrastructure projects
such as roads or rail. The return on investment can be
reached in just five years, based on improvements to
fisheries alone (Creighton et al. 2015). Such an investment
would not only improve the environment but would provide
economic benefits in terms of jobs and long term income
to many coastal communities in need (see section 10.2,
Edwards et al. 2013).

This report synthesises the available information on the
historic extent and current knowledge of shellfish reefs
across Australia and identifies knowledge gaps and future
research priorities for shellfish reef restoration. This
information will be an important ‘first step’ to underpinning
the scale-up of current and future restoration efforts across
Australia and support the repair of Australia’s socially and
economically valuable bays and estuaries.
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Reef condition

Ecoregion

# Good

- Fair

% Poor

5 Functionally extinct

historical abundance of oyster reefs: < 50% lost (good); 50-89 % lost (fair); 90-99% lost (poor); > 99% lost (functionally

I Figure 1. The global condition of oyster populations, with condition ratings based on the current abundance divided by the
extinct; Adapted from Beck et al. 2011).

INTRODUCTION 11



Shellfish reefs: their

role in ensuring a
healthy and productive
coastal Australia

By Chris Gillies

The Nature Conservancy, Carlton, Victoria.

2.1 Types of shellfish reefs

Oysters and mussels are considered ecosystem engineers
(Jones et al. 1994) creating, modifying and maintaining
habitat for a range of other species at a system-wide

scale (Gutiérrez et al. 2003; ASMFC 2007). When
occurring in dense aggregations they form reef structures
comprised of both living assemblages and/or dead shell
accumulations. Shellfish reefs are created when individuals
cement or join, with additional hard surfaces with habitat
complexity forming when these are colonised by associated
organisms such as other shellfish, bryozoans, barnacles
and calcareous polychaetes (Kennedy and Sandford 1999).
Shellfish reefs vary in nature from consolidated structures
with a high vertical profile (often termed ‘reefs’) to low
profile structures with little differentiation in relief from
their surrounds (‘aggregations’ or ‘beds") and also include
shell-rich muddy bottoms (‘accumulations’; ASMFC 2007;
Beck et al. 2009; Todorova et al. 2009). Shellfish reefs have
a global distribution, occurring in tropical and temperate
waters from intertidal to full subtidal depths, in enclosed
waters such as bays and estuaries and on the open coast
(Beck et al. 2011).

2.2 Shellfish reef definition

Recent definitions of shellfish reefs are provided by Baggett
et al. (2014) and Kasoar et al. (2015). For the purpose of
this report and to suit the Australian context, we defined
shellfish reefs as:

“Intertidal or subtidal three-dimensional habitats formed
by oysters and/or mussels at high densities".

Shellfish reefs can vary in appearance depending on the
dominant reef-forming species (Plate 3A-H) but they share

12 Shellfish Reef Habitats - TropWATER Report No 15/60 2015

a number of common attributes:

* They provide habitat for other species by creating a
hard substrate with high surface complexity, acting as
attachment sites for sessile organisms and refuges for
mobile organisms, supporting high levels of species
diversity and unique assemblages (Wells 1961; Dame
1979; Coen et al. 1999; ASMFC 2007);

* They accrete dead shell material such that the reef
grows in size and mass over time (except where
restricted by tidal exposure or when harvested) with
decay occurring at varying rates (Powell et al. 2006,
Powell and Klinck 2007; Waldbusser et al. 2013);

* They provide food for other organisms, either when
consumed directly or through the species assemblages
they support (Peterson et al. 2003; ASMFC 2007).

Shellfish reefs can be created by a single shellfish species
(e.g. Saccostrea glomerata, Plate 3G), or comprised of
several reef-building species (for instance where Pinctada
albina sugillata co-occurs with Pinna bicolor Plate 3E)

We define a shellfish reef system as:

“An area dominated by interconnected shellfish
reefs interspersed with sand, mud, seagrass or
rocky reef habitats".

2.3 Australian shellfish reef-forming
species

Little information is available on the ecology of Australian
shellfish reefs with only Sydney rock oyster (Saccostrea
glomerata) and the introduced Pacific oyster (Crassostrea
gigas) studied in some detail (Minchinton and Ross 1999;
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Mitchell et al. 2000a; Krassoi 2001; Summerhaze et al.
2009; Bishop et al. 2010; Wilkie et al. 2012). Only one study
is published describing the ecology of reef-forming mussels
(Mytilus (edulis) galloprovincialis; Chapman et al. 2005).
Most Australian shellfish research focuses on describing
life history, feeding, husbandry and disease in cultivated
species (e.g. C. gigas, O. angasi and S. glomerata) in support
of shellfish aquaculture (Nell 1993; Nell 2001; Saxby 2002;
Nell and Perkins 2005).

Over 2000 species of marine bivalves occur within
Australian nearshore waters (Lamprell and Whitehead
1992) yet only a handful are considered reef building
according to the definition in Section 2.2. Below we list those
species known to build reefs across multiple locations and
at scale:

Crassostrea gigas (Thunberg, 1793) Pacific oyster
(introduced)

Primarily an intertidal species with a distribution from
Tasmania, Victoria, South Australia and New South Wales.
Introduced from Japan in 1947 for aquaculture. Occurs

in intertidal to subtidal zones. Aquaculture fishery in
Tasmania, South Australia and New South Wales (Plate
3A).

Isognomon ephippium (Linnaeus, 1758) leaf oyster, rounded
toothed pearl shell

Primarily an intertidal species with a distribution from
New South Wales to Queensland and northern Western

Plate 3A. Crassostrea gigas (Pacific oyster - introduced) reef at Georges Bay, Tasmania. C. Gillies

Australia. Occurs in association with mudflats, sandy
bottoms and hard substrates. No recorded fishery or
aquaculture within Australia (Plate 3B).

Mytilus (edulis) galloprovincialis (Lamarck, 1819) bay
mussel, blue mussel

An intertidal to subtidal species with a distribution from
southwest Western Australia to northern New South Wales.
Occurs on hard surfaces and sandy/muddy bottoms. A
dredge fishery occurred in Victoria's Port Phillip Bay from
1960s to 1990s (Hamer et al. 2013). Aquaculture current in
Tasmania, New South Wales, Victoria, South Australia and
Western Australia (Australian Mussel Industry Association
2015; Plate 3C).

Ostrea angasi (Sowerby, 1871) native flat oyster, mud oyster,
Port Lincoln oyster

Primarily a subtidal species with a southern distribution
from New South Wales to Western Australia including
Tasmania. Occurs from low intertidal areas to a depth of
30 meters. Ostrea angasi reefs can also form mixed reefs
in association with M. galloprovincialis and Pinna bicolour.
Dredge fishery occurred from mid 1800s to mid 1900s

in Tasmania, New South Wales, Victoria, South Australia
and Western Australia. Aquaculture current or previously
attempted in Tasmania, New South Wales, Victoria, South
Australia and Western Australia. Small-scale wild harvest
fishery still present in Tasmania (Plate 3D).

Pinctada albina sugillata (Reeve, 1857) pearl oyster

SHELLFISH REEFS 13
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Plate 3B. Isognomon ephippium (Leaf oyster) reef at Hinchinbrook Channel in north

Queensland. R. Johnson

Occurs from Northern Territory to New South Wales and
Upper Spencer Gulf, South Australia on hard surfaces in
the lower intertidal as well as subtidal zones to depths of
at least 50 meters. P. albina sugillata forms reefs in Upper
Spencer Gulf (Rutherford and Miller 2011) and possibly
near Groote Eylandt, Northern Territory (Hynd 1960) and
southern Queensland (B. Diggles pers. comm.). Can form
mixed species reefs with P. bicolor in South Australia or S.
glomerata in Queensland (plate 3E).

Saccostrea cucullata (Born, 1778) coral-rock or milky oyster

Primarily an intertidal species with a distribution extending
from Queensland to Northern Territory and Western
Australia. Occurs on hard surfaces, including mangroves
and dead coral. Often forms mixed reefs with Saccostrea
echinata, becoming more dominant with increasing shelter
(Lewis et al. 2015). Previously formed an important local
hand harvest fishery in central and southern Queensland.
Current small-scale harvest and aquaculture trials (Beattie
2001; Nell 2007; Plate 3F).

Saccostrea glomerata (Gould 1850) Sydney rock oyster

Primarily an intertidal species with a distribution extending
from southern Queensland to northeast Victoria. Occurs

in mid to low intertidal areas on hard substrates and can
form extensive reefs subtidally. Dredge and hand fishery on
the east coast of Australia from early 1800s (Kirby 2004),
aquaculture in New South Wales, Queensland and Western
Australia (Nell 2001; Plate 3G).

Trichomya hirsuta (Lamarck 1819) hairy mussel

An intertidal and subtidal species with a distribution
from South Australia east to Victoria, northern Tasmania,
NSW and Queensland. Occurs on hard surfaces, often in
bands below oysters (Dakin and Bennett 1987; Plate 3H).
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It is a prominent component of aboriginal middens along
Australia’s east coast.

In addition to those species listed above, a number of

other bivalve species are known to develop reefs systems
or dense aggregations but generally only under unique
conditions or single geographies. For instance, the southern
hammer oyster (Malleus malleus meridianis, Cotton 1930),
eroded mussel Brachidontes erosus (Lamarck 1819) and
razor clam (Pinna bicolour, Gmelin 1791) can form dense
aggregations but these occur only within a restricted range
along the southern temperate coastline including the South
Australian gulfs and embayments, including those on the
far west coast and Kangaroo Island (Plate 4A). The black
lip oyster (Saccostrea echinata, Lamarck 1819) can form
dense aggregations in Queensland but generally only forms
reefs in association with other, reef-forming species such as
Saccostrea cucullata.

Other aggregating bivalves such as the Mesodesmatidae
(surf clams) Cardiidae (cockles) and Donacidae (pipis)
and some species of mussels (e.g. Limnoperna pulex,
Xenostrobus inconstans) which can also be considered
ecosystem engineers, are largely endobenthic and thus are
not considered ‘true’ reef forming species (according to
the definition in Section 2.2). Further research is needed to
clarify which species and in what conditions other bivalve
species may form reefs, particularly pearl oyster species
such as Pinctada maxima (gold lipped pearl oyster), Pinctada
margaritifera (black lipped pearl oyster) and Pinctada fucata
(Akoya pearl oyster).
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Plate 3C. Mytilus (edulis) galloprovincialis (blue mussel) reef.
Lakes Entrance, Victoria. P. Hamer

Plate 3D. Ostrea angasi (native flat oyster) reef. Georges Bay, Tasmania. C. Gillies
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Plate 3E. Pinctada albina sugillata (pear| oyster) reef. Upper Spencer Gulf,
South Australia. H. Alleway

Plate 3F. Saccostrea cucullata (milky oyster). Hinchinbrook Channel, ¢ . _ d
Queensland. I. McLeod \
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Plate 3G. Saccostrea glomerata (Sydney rock oyster) reef. Port Stephens,
New South Wales. E. Lebrault

Plate 3H. Trichomya

hirsuta (hairy mussel) reef

with S. glomerata. Pumicestone
Passage, Queensland. B. Diggles
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2.4 The ecological, social and
economic value of shellfish reefs

Shellfish reefs have value beyond those related directly to
the management of species. Recent reviews of their benefits
have been conducted by ASMFC (2007); Grabowski and
Peterson (2007) and Grabowski et al. (2012). These values
include:

Food provision - underpinning livelihoods

The harvest of natural shellfish reefs has supported
civilisations for millennia (Mackenzie et al. 1997) and was a
stable food source for coastal Aborigines (Bailey 1975) and
early colonialists (Kirby 2004; Alleway and Connell 2015).
Although the collapse of Australia’s wild shellfish fisheries
had occurred by the late 1950s (Kirby 2004; Hamer et al.
2013; Alleway and Connell 2015) small commercial wild
harvest fisheries for adult oysters and mussels still occur
in Tasmania, New South Wales and Queensland for S.
glomerata, S. cucullata, O. angasi and M. galloprovincialis.

In some regions, wild oyster and mussel populations
provides benefits for aquaculture because natural spat fall
from these populations may reduce or negate the costs of
producing shellfish spat in hatcheries (Australian Mussel
Industry Association 2015).

With the exception of I. ephippium and T. hirsuta there were,
or are, commercial fisheries and/or aquaculture for all reef-
building shellfish species.

Water filtration - improving water quality

Oysters and mussels are suspension feeders, consuming
plankton and non-living material from the water column
down to a size fraction of ~ 3 um (Newell 2004). The
filtration of suspended matter in the water column by
shellfish can cause a reduction in turbidity, improving
light penetration and growing conditions for submerged
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vegetation (Wall et al. 2008), whilst the consumption of
phytoplankton releases ammonium as a waste product
supporting aquatic vegetation growth (Everett et al.

1995; Newell and Koch 2004). Oyster reefs are also

likely to reduce eutrophication through the reduction in
phytoplankton and cycling of nutrients, particularly the
removal of nitrogen through denitrification (Dame et al.
1984, 1985). Grabowski et al. (2012) estimated the valued
of removing nitrogen by oysters from one hectare of
oyster reef habitat at USD $1385-$6716 per year in 2011
dollars and the value towards shellfish reefs promoting the
recovery, productivity, and maintenance of seagrasses in
estuaries between USD $1292 and $2584. Where shellfish
reefs are important components of the estuary system,
their capacity to filter water can be significant, in many
cases filtering the entire volume of the estuary within the
residence time of the water (Zu Ermgassen et al. 2012).

Fish production - supporting recreational and
commercial fisheries

Shellfish reefs are considered functionally important
habitats for many recreationally and commercially targeted
fish species and their prey items (Breitburg 1999; Coen

et al. 1999). The abundance, biomass and diversity of
finfish species can be higher on shellfish reefs than nearby
unstructured habitats and they can harbour unique prey
species (Lenihan et al. 2001; Grabowski et al. 2005;
Scyphers et al. 2011; McLeod et al. 2013). The mechanisms
by which shellfish reefs support fish production include:
providing refuge from predation and thereby increasing
survival (Zimmerman et al. 1989; Posey et al. 1999; Tolley
and Volety 2005), by increasing the amount of available
prey items augmenting growth (Coen et al. 1999; Peterson
et al. 2003; ASMFC 2007; McLeod et al. 2013) or by
providing habitat for spawning (typically for gobies and
other resident demersal fish (Plate 5) - Tolley and Volety
2005).

In northern New Zealand, mussel (Perna canaliculus)

Plate 4A. Brachidontes erosus
aggregations in Gulf St Vincent, South
Australia. S. Dittmann



reefs were found to have a distinct assemblage of
macroinvertebrates, which had 3.5 times the density,

3.4 times the biomass and 3.5 times the productivity

of surrounding areas (MclLeod et al. 2013). The
macroinvertebrate community was dominated by small
crustaceans, which are an important food source for small
fishes (0.1-100 g). Indeed, the density of small fishes was
13.7 times higher associated with mussel reefs than in
surrounding areas. Peterson et al. (2003) estimated that
10m? of shellfish reef on the east coast of the United States
produces 2.6kg/yr of fish and large mobile crustaceans for
the duration of the reef life. Grabowski et al. (2012) used
this data to calculate the value of 1 ha of shellfish reef as
$USD 4123 per year in 2011 dollars.

Little information is available to determine the association
between Australian shellfish reefs and recreational and
commercially important fish species or their prey items.
However, oysters and mussels reefs were likely important
foraging areas for snapper (Pagrus auratus; Hamer et

al. 2013) and other estuarine species such as bream
(Acanthopargus sp.), King George whiting (Sillaginodes
punctatus), estuary perch (Macquaria colonorum), tailor
(Pomatomus saltatrix) and tarwhine (Rhabdosargus

sarba) with recreational fishers often detailing anecdotal
associations between shellfish reefs and fishing success
(author's pers. obs.). Further research is required to
determine the role that Australian shellfish reefs play

in supporting the food chain, fisheries production and
fisheries aggregation.
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Coastal protection - reducing coastal erosion

Shellfish reefs can act as natural barriers reducing coastal
erosion and protecting other habitats such as saltmarshes
by baffling waves, reducing water velocity or by increasing
sedimentation (Meyer et al. 1997). The use of natural
habitats such as shellfish reefs as shoreline protection is
termed ‘living shorelines’ and seen as a preferred option

in many cases to traditional ‘grey’ infrastructure such as
seawalls, bulkheads and rip-rap because of its dual capacity
to support species, filter water and reduce wave energy
(National Research Council 2007). Shellfish reefs reduce
rather than deflect energy unlike hardened seawalls, which
can further erode coastal habitat located at the end of the
hardened structure. The biogenic nature of shellfish reefs
means they may be able to keep pace with sea level rise
and they have the capacity to naturally rebuild within a few
years after storm damage. Grabowski et al. (2012) suggests
that their capacity to protect coastlines from eroding is
their most valuable trait, estimated between USD $860 -
$85,998 (per hectare per 