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NON TECHNICAL SUMMARY

1997/2001 Development of an integrated management program for the control of spionid mud
worms in cultured abalone

PRINCIPAL INVESTIGATOR: Dr Judith Handlinger
ADDRESS: Tasmanian Aquaculture and Fisheries Institute

Fish Health Laboratory
PO Box 46
Kings Meadows  TAS 7249
Telephone: 03 63 365 289
Fax: 03 63 443 085
Email: Judith.Handlinger@dpiwe.tas.gov.au

OBJECTIVES:

1. In general, to develop methods for the control of mud worms in farmed abalone, based on the
principles of sustainable aquaculture.

2. To thoroughly investigate the ecology and reproductive biology of spionid mud worms and their
interaction with abalone, through monitoring, field and laboratory experiments.

3. To gather long term data on the efficacy of the chemical treatment(s) (including antifoulants)
throughout the production cycle.

4. To develop a protocol of chemical treatment within the production cycle to optimise the efficiency
of chemical control in relation to abalone survival, growth and marketability, cost and responsible
chemical use.

5. To gather information on the epidemiology of mud worm infestation in relation to ecological and
hydrodynamic characteristics of sites, cage design and deployment and stock husbandry.

6. To use information collected to refine culture methods so as to minimise the level and
consequences of mud worm infestation, preferably without the use of chemical treatments.
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NON TECHNICAL SUMMARY:

BACKGROUND AND NEED

Early sea based abalone grow out facilities in Tasmania were severely compromised by stock
mortality in the mid 1990’s. Affected stock were found to have large shell blisters caused by marine
worms known as spionid polychaetes or mud worms. Two major species were identified and one of
these, Boccardia knoxi, was especially common at the farm with the greatest stock losses. As a result
of the mud worm infestations many marine farms abandoned attempts at commercial abalone culture
in the sea. The overall objective of this project was therefore to devise strategies by which mud worm
infection could be minimised.
          To achieve this objective several research avenues were explored, including:

• Study of mud worm reproductive cycles and strategies with an emphasis on the Boccardia
knoxi species. By this means it was hoped that any seasonal variation in mud worm
reproduction could be identified and exploited to avoid initial infection.

• Ways by which mud worm infection might be treated. This involved testing many anti-
parasitic drugs commonly used in aquaculture and agriculture. Environmental treatments
such as fresh water soaking and air exposure were also tested as a preferred treatment option.

• Other aspects of the research involved examination of stock and environmental
characteristics that might contribute to mud worm infestation. These included stock size and
species, fouling organisms present on abalone, rearing cage design and depth in the water.

• Finally the effect of mud worm infection on abalone health was examined at regular
sampling periods. Mortality rates, growth, flesh weight and blister characteristics were
measured as were changes in abalone physiology. From this work we sought to define
indicators of abalone health that would be useful as diagnostic tools in abalone farming
generally.

AVOIDANCE STRATEGIES

Study of mud worm reproduction showed that the Boccardia knoxi species produced larvae
only in the spring months. Larvae were released into the plankton at approximately 0.5 mm and after
a few weeks settled on abalone and burrowed in the shell. Therefore a simple avoidance strategy for
this mud worm species was devised. Abalone placed in the sea in December or later remained free of
this mud worm species for approximately 9 months � allowing a good start to the grow out phase.

Another species of mud worm, Polydora hoplura, was found to settle on abalone in the
spring and summer and infestations could be substantially avoided by December to January stocking
of culture systems. Control of P. hoplura infestations older than 6-9 months is difficult, as local
settlement occurs in all months. Thus it is critical for farms husbandry to ensure stocks are monitored
and treated early.

TREATMENTS

 Testing of mud worm treatments found that several chemicals and drugs were capable of
killing mud worms removed from the abalone shell. However, mud worms present in their shell
burrows were well protected from drug treatments given as a bath. Such treatments had a minimal
effect on mud worms in burrows or were harmful to abalone at doses high enough to kill the worms.
The best treatment for mud worm in abalone was found to be simple air-drying of stock, as has been
traditionally used by oyster growers to fight mud worms. Antifoulant paints supplied by the CRC for
biofouling were tested but as they lacked a suitable application method for abalone no long term
efficacy study of these was conducted. As air drying of abalone was found to be a superior treatment
option to chemical immersion, long term efficacy studies focused on this treatment.

Two to four hours out of water at about 15 to 20 °C was found to reduce mud worm numbers
by up to 90% or more. Treatment was especially effective if abalone had been infected for less than
six months. The older the infections, the longer the exposure time required to kill a significant
proportion of the mud worms. Appropriate conditions to ensure effective drying are considered to be
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temperatures >15°C and humidity less than approximately 63%. These conditions are not uncommon
on sunny days in Tasmania outside the period late autumn to early spring. Where shells did not fully
dry treatment was ineffective. Lack of drying was associated with high humidity, larger stock and
severe shell fouling. The difficulty of treating heavily infected stock also emphasises the need to treat
early.  Such treatment was considered safe for abalone but had potential to reduce the growth rate of
stock and should therefore be used as a second line of defence rather than the main management tool.

STOCK HUSBANDRY

It is recommended that in mud worm susceptible areas abalone be transferred to leases after
December then checked for mud worm infection about a year later and treated then if necessary. A
single treatment would then give the best part of a year’s relief from infection, generally allowing
enough time for abalone to reach market size.

Study of mud worm settlement patterns (to achieve objective 5) showed that the mud worm
larvae, especially those of B. knoxi, were attracted to certain fouling organisms sometimes present on
abalone shells. The main risk enhancers were tube building polychaete species such as spirorbids that
did not themselves burrow through the abalone shell but simply colonised the surface. Heavy fouling
with such tube building polychaetes could enhance mud worm settlement by 500%. Transfer of
abalone to sea leases post spring would avoid substantial natural spirorbid settlement.

Stock placed at < 35 mm remained substantially mud worm free even as they grew to
approximately 60 mm, whereas stock placed at about 50 mm became relatively heavily infested.

Thus if there is a requirement to transfer stocks to spionid susceptible sea based sites during
or soon before mud worm dispersal periods the use of smaller and relatively spirorbid free animals
would minimize risk. It would be prudent to place larger abalone after the completion of the spring
settlement period. Heavily fouled hatchery stock should be avoided by farms in mud worm
susceptible areas, but if they are to be used, they should also be placed after the spring settlement
period. While this would minimise the mud worm infection in the first summer, such animals would
provide some enhancement of P. hoplura infestation and would still attract larger numbers of B.
knoxi as well as further tube-building polychaetes in the subsequent spring. Unless animals are close
to harvest after their second summer in the sea, treatment of this infection could well be required, but
could be of limited effectiveness given the larger size and heavy fouling of these animals. Thus stock
growth rates and cost structures for sea based sites will determine which hatchery stock are
acceptable and whether individual farms use these sites for all or part of the grow-out phase.

REARING SYSTEM DESIGN

Rearing container design with respect to mesh area for water exchange had an effect of mud
worm settlement and the progression of the infestation. Cage design should take into account the
need for containment, adequate water exchange (especially in summer) and ease of removal of dead
abalone to maintain water quality, and suitability for air-drying in situ for practicality of treatment.
Restricted water flow restricted mud worm settlement from the spring larval dispersal, but favoured
local spread of P. hoplura at other times. Removal of fouling only after this period but prior to
summer has some advantages with regard to this. Lidded trays provide good drying exposure.
Abalone reared near the bottom (1 m clearance) were found to have greater infection with the P.
hoplura mud worm but not B. knoxi than stock reared higher in the water column (4 m). Thus mud
worm infestation can be minimised by taking into account these risk factors.

ABALONE HEALTH

        In relation to abalone health, mud worm infestation was shown to reduce the growth rate and
abalone with larger mud worm blisters tended to be smaller than less affected stock. Mud worm
affected abalone had less energy reserves than non infected stock. This was consistent with the
observed transfer of effort into shell healing.

Lack of energy reserves was indicated by histological changes to the right kidney and
digestive tubules, particularly pigment accumulation consistent with increased cell turnover; with
depletion of glycogen and protein tissue reserves; reduction in haemolymph glucose and with
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increased oxygen consumption. Such changes were likely the result of mobilization and direction of
host resources to shell repair, at least in part, though more direct effects from surface tissue damage
and possibly reduced appetite have not been excluded. Low energy reserves may have been
manifested as reduced growth, and in some instances death. Spionid infestation was also associated
with reduced capacity to regulate potassium and in severely impacted abalone with significantly
lowered circulating haemocyte counts. Similar low levels of haemocyte counts were seen in �runted�
stocks and animals starved experimentally for 3 months, suggesting lack of haemocyte production
may contribute to this. Haemocyte counts are considered potentially useful as a general indicator of
health status.
       The widespread mortality seen in the mid 1990’s was not repeated in field studies from August
1998 to January 2001. Mud worm settlement levels during field studies from 1998-2001 were
generally very low compared to those observed in abalone surviving the original outbreaks of 1995
and 1996. This suggests mud worm infection of farmed abalone may not be a consistent problem for
farmers in the future but that monitoring of stocks will be required. The research has shown that mud
worm infestation can be managed by avoidance strategies in the first instance and treatment if
required.

OUTCOMES ACHIEVED

The major knowledge outputs are that mud worm infestations can be substantially avoided in
the first instance and treated if necessary. The major project outcome from this knowledge and
a new sense of perspective regarding the risk of severe infestation has been a rise in investor
confidence leading to renewed interest in sea based abalone farming. This has contributed to the
development of at least three new sea based abalone farms in Tasmania. Project findings have
been made available directly to industry and specific discussions held on risk minimisation with
some individual farms.

KEYWORDS: abalone, mud worm, spionid, aquaculture, parasitism, treatment.
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1. BACKGROUND

1.1 General Introduction

Abalone culture in Australia commenced in the mid 1980’s with land based farms in
Tasmania and South Australia. The primary culture species were the blacklip abalone Haliotis
rubra Leach and the greenlip abalone H. laevigata Donovan. In the mid 1990’s there were
five sea based experimental or pilot scale farms in southern Tasmania. By 1996 these farms
had experienced stock mortality levels in excess of 50% which were associated with blisters
to the inside of the abalone shell. Both greenlip and blacklip abalone were affected as were
hybrids of the two species. Preliminary investigation showed that two-spionid polychaete
"mud worm" species were present within the blisters of infested abalone. Mud worms are
noted pests of farmed bivalve molluscs and consequently considerable research exists on their
impact on this group (Blake and Evans 1972, Lauckner 1983).

The spionid species present in the shells of live and deceased abalone were identified
as Polydora hoplura Claparede and Boccardia knoxi Rainer. The former species was
previously recorded from Tasmanian farmed and wild oysters (Wilson et al., 1993) but B.
knoxi was only previously known from New Zealand (Rainer 1973, Read 1975). This species
was the dominant spionid at the culture facility with the greatest number of infested stock
and there was some concern that B. knoxi  may have been an introduced and particularly
destructive mud worm.

By November 1997 when this study commenced, some marine farms in southern
Tasmania had abandoned abalone culture trials or relocated facilities and all farms had
discontinued transfers of new stock to their leases. It was apparent that a loss of confidence in
sea based abalone farming had occurred and strategies to minimize the economic impact of
spionid infestation would be required before further investment could occur.

1.2 General background: spionid biology and impacts

Mud worms belong to the family Spionidae, one of the largest families of marine
annelid worms in the class Polychaeta. The family is very common in all marine
environments and its members include free-living forms in sand and mud as well as species
that build permanent burrows in soft substrates (Fauchald 1977). Several genera of spionids,
including Boccardia and Polydora, are capable of boring in calcareous substrates including
the shells of molluscs. Boring is achieved by the production of acid secretions (Zottoli and
Carriker 1974, Almeida et al. 1996). The name �mud worm� may derive from the often-
muddy appearance of blisters formed in molluscs as a result of burrowing activity, though
large blisters in these abalone were often filled with clear fluid.

Because of the economic importance of oyster cultivation world-wide, there have
been many studies on spionid impacts (see reviews by Blake and Evans 1972, Skeel 1979,
Lauckner 1983, Handley 1997). In Australia, oyster culture industries have been severely
impacted in the past. Early mud worm infestations were investigated by Whitelegge (1890)
and from about 1870 in NSW were so severe that the industry changed  from sub-tidal
dredging to the present intertidal culture system (Smith 1984, Nell and Smith 1988). By
about 1900 mud worm infestation in Queensland had devastated sub-tidal production in that
state (Smith 1982, Nell and Smith 1988). Potential treatment of spionid infestation in oysters
has been previously investigated (Whitelegge 1890, Korringa 1952, Mackenzie and Shearer
1959, Bailey-Brock and Ringwood 1982, Nel et al. 1996).  The species most often associated
with damage to commercially important bivalve species are P. ciliata Johnston, P. hoplura
and P. websteri Hartman (Blake and Evans, 1972).
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There is considerably less literature on the incidence and effects of spionids in
abalone. Mud worms have been reported from wild haliotid species by: Sinclair (1963),
Shepherd (1973), Clavier (1989), Horne (1996) and Grindley et al. (1998). In Japan, Kojima
and Imajima (1982) found that more than 10 Polydora per shell significantly decreased the
flesh weight of wild H. diversicolor Reeve. References to mud worm incidence in cultured
abalone have been fewer. Ruck and Cook (1999) note that Polydora is a potential problem in
H. midae and McCormick (1999 pers. comm.) described incidents of severe mud worm
infestation in H. discus hannai.

In addition to impacts on molluscs there have been many studies on the reproduction
of spionids (Wilson 1928, Hopkins 1958, Dorsett 1961, Blake 1969, Anger et al., 1986). A
dichotomy in larval feeding and dispersal modes have been described (Radashevsky 1994)
where spionids either obtain nutrition from yolk supplies (lecithotrophy) growing to a
relatively large size with reduced dispersal capabilities or feed in the plankton
(planktotrophy) and potentially disperse widely. These variations in spionid reproductive
strategies may in part explain how different spionids impact on molluscs to differing levels.

1.3 The original Tasmanian abalone mortality episode

During the period 1995-1997 various abalone culture facilities within Tasmania
contacted the State Government Fish Health Laboratory to report cumulative mortality levels
of up to 50% or more associated with mud worm blisters. Heavily blistered abalone were
examined from four sea based grow out farms in the south of the state and similarly infested
scallops from a further farm. Mortality at one of the southern sea farms was in excess of 95%,
involving the loss of more than 30 000 animals by late 1997 (O�Brien 2001, pers. comm.).
Hindrum (1996) reported approximate 40% mortality between November 1995 and April
1996 at one site. Infested abalone at the southern farms, mainly located in the
D’Entrecasteaux Channel, showed the presence of B. knoxi and P. hoplura but no attempt was
made at the time to quantify spionid numbers until late 1997. Stock from three of the southern
farms were made available for study. Two of the farms (Huon Aquaculture Company Pty Ltd,
and Aquatas Pty Ltd) subsequently became study sites for this research. A small number of
remnant stock from Tasmanian Tiger Abalone were made available for study. Mud worm
associated mortality was also reported from a sea-based farm outside the south of the state
and the same two-spionid species recovered from blisters. A further history of mud worm
associated mortality was reported in remnant 5-6 year old, long term infested stocks at an east
coast land based farm. Samples from this source revealed P. hoplura but not B. knoxi was
present in severe blisters. Samples obtained from a land-based farm in South Australia also
showed solely P. hoplura infestation in blistered older stock with a history of mortality.

Some mortality records for the period 1994 to April 1996 were available for Huon
Aquaculture Company stock (Appendix 3, 1A) and showed a high death rate during the
austral summer 1995/1996. Infested stock from this source examined in 1996 had extensive
blister damage that was associated with almost exclusively
B. knoxi infestation. The ventral surface of many shells was characterized by thick, soft,
blisters devoid of nacre and apparently failing to heal. By 1997 approximately 1000 shells of
dead and mud worm infested live stock remained and these were made available for
experiments on spionid treatment options (Sections 5.2 and 5.3).  A subjective shell damage
assessment was made on a sample of these abalone (Appendix 3, 1B) using the method
described in Section 4.9. An estimate of spionid infestation made using the method developed
by late 1997 (Section 4.6) found a mean B. knoxi count of 36.5 (SD=19, n=40).  Mean
percentage flesh weight of remnant heavily blistered stock from Tasmanian Tiger Abalone
was 52.6% (SD = 3.1%, n=10).
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1.4 Previous and preliminary data on  spionids in Tasmanian molluscs

In addition to abalone, mortality episodes involving spionid blisters in farmed
scallops and Pacific oysters Crassostrea gigas Thunberg were also reported to Tasmanian
aquaculture health authorities in the mid 1990’s. Annual data on blister prevalence in farmed
oysters was collected by the Fish Health Unit as part of research and surveillance programs
(Appendix 3, 1C). These data indicate that blister rates for oysters may vary considerably
year to year. Additionally, the surveillance program showed the southern region of the state
where affected abalone farms were also located had consistently higher levels of oyster
blistering than other regions of the state (Unpublished DPIWE Fish Health Unit data). Wilson
et al. (1993) found 3 species of spionids in Tasmanian oysters. In order of prevalence these
were P. websteri, P. hoplura and B. chilensis Blake and Woodwick. Although B. knoxi was
not found in the survey by Wilson et al. (1993) its presence at that time cannot be ruled out
since most oysters surveyed were intertidal and B. knoxi appears to have a sub-tidal
distribution in New Zealand (Handley 1997).

Following the identification of B. knoxi in cultured abalone stock Tasmanian
aquaculture health authorities commenced sampling of wild abalone populations. Surveys
showed the presence of B. knoxi in wild stocks from the south, south-east, and east coasts but
not in a small number of samples from the north-west (DPIWE unpublished data). No mud
worm associated mortality from wild stocks has been reported. Re-examination of shells from
wild abalone collected by abalone fishery research staff at DPIWE Taroona Laboratories over
a number of years showed that shell damage in wild stocks was common (Appendix  3, 1D).
Most of the damage was attributed to spionid polychaetes but boring sponge damage was also
present in many shells. Anecdotal evidence from abalone divers and processors suggests that
there are populations of stunted abalone with shells considered too damaged to be used for the
jewelry trade. These are typically located in very sheltered area such as the lees of islands and
peninsulas. Analysis of samples from such areas present in the shell collection at the Taroona
Laboratories indicated they had higher rates of shell damage than larger abalone (Appendix 3,
1E).

1.5 Background: Project development

The Tasmanian abalone farming industry, through the growers association (TAGA)
sought support for research into mud worm problems as a result of the initial outbreaks
described above. In the first instance TAGA, in collaboration with the Tasmanian
Department of Primary Industries, Water and Environment (DPIWE) commenced a program
to identify mud worm species present and their distribution in farmed and wild stocks around
the state.

The Cooperative Research Centre (CRC) for Aquaculture provided funding for a 12
month study into development of chemical control methods for spionids in farmed abalone.
This project (CRC project number A.2. 6) commenced in November 1997. The FRDC
funded  component of the research (98/307) commenced  November 1998 with the aim of
producing an integrated approach to spionid management. Thus the biology, including
reproduction of the mud worms was studied, as was the epidemiology of infestation and the
effects on abalone health.

2. NEED

Abalone culture is an expanding industry with commercial farming under way in all
the southern states. To date most farms are land based facilities but sea based culture offers
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lower capital investment and provides a broader range of industry options. There are
currently sea based farms in Tasmania and Victoria.  Although land based farms are not
immune from mud worm infestation the most serious problems have occurred in sea based
facilities in southern Tasmania. Advances in mud worm management strategies are essential
if sea based farming in Tasmania is to be viable and will benefit the abalone farming sector
generally.

3. OBJECTIVES

1. In general, to develop methods for the control of mud worms in farmed abalone, based on
the principles of sustainable aquaculture.

2. To thoroughly investigate the ecology and reproductive biology of spionid mud worms
and their interaction with abalone, through monitoring, field and laboratory experiments.

3. To gather long term data on the efficacy of the chemical treatment(s) (including
antifoulants) throughout the production cycle.

Note: that air drying of abalone was found to be a superior treatment option to chemical
immersion so long term efficacy focused on this. Antifoulant paints supplied by the CRC for
biofouling were tested but lacked a suitable application method for abalone. Thus long term
testing was not conducted.

4. To develop a protocol of chemical treatment within the production cycle to optimise the
efficiency of chemical control in relation to abalone survival, growth and marketability, cost
and responsible chemical use.

Note: as above, air drying rather than a chemical treatment was used.

5. To gather information on the epidemiology of mud worm infestation in relation to
ecological and hydrodynamic characteristics of sites, cage design and deployment and stock
husbandry.

6. To use information collected to refine culture methods so as to minimise the level and
consequences of mud worm infestation, preferably without the use of chemical treatments.
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4. METHODS

4.1 Experimental Animals

The majority of abalone used in the research were blacklip (H. rubra) stock
from a land based culture facility located on the east coast of Tasmania (farm 1).
Many abalone used in experiments were from a year class spawned in the summer of
1997/1998. These were approximately 20 mm shell length when first transfers to
study sites were made in spring 1998, growing to 40 mm by late 1999 when the last
intake of this age cohort was used. The subsequent year class (summer 1998/1999
spawning) was used in December 1999 and 2000. No evidence of any mud worm
species was seen in these year class stocks during the research.

Another important experimental group from this farm was a remnant
population approximately three years’ old in mid 1998. These abalone had low
incidence (< 5% of population) along with a low severity (generally < 3 worms) of B.
knoxi infection. This group was used in some treatment experiments as described in
Sections 4 and 5 using the presence of characteristic B. knoxi chimneys to select for
infested animals. Further abalone from the group were used in some transfers to study
sites selecting  B. knoxi negative animals on the basis of lack of chimneys and drying
them to kill any mud worms present (Section 5.3).

Where abalone other than blacklip stock were used in specific experiments, or
animals were obtained from culture facilities other than farm 1, this is noted in the
appropriate section of the report.

4.2 Study Sites

A field study site was located in North West Bay at Simmonds Point (DPIWE
lease number 154) and owned by Aquatas P/L, (Figures 4.1 and 4.2). The site is 17-
18 m deep, with sediments described as ranging from very fine dark brown sand to
muddy sands dark grey in colour. The current speed is 20 cm.s-1 and the tidal range
1.2 m (from D�Entrecasteaux Channel Marine Farming Development Plans for
Tasmania, February 1997). Aquatas was predominantly involved in salmon farming
during the course of the research but had investigated sea based abalone farming in
the early and mid 1990�s. This previous history of mud worm infestation prompted
the use of the site for the current research. Abalone were originally housed in culture
vessels hung in 3-4 m of water from a barge on the lease but later moved to a long line
200 m north of the barge.

A second southern Tasmanian study site was located in the Huon River at
Hideaway Bay (DPIWE Farm Number 93) and belonged to the Huon Aquaculture
Company P/L (hereafter referred to as Huon Aquaculture). (Figures 2.1 and 2.2). The
environment is estuarine with a pH range of 7 - 8 and variable salinity. Average
monthly temperature range is 11-19 °C. The study site was located in that part of the
lease (MF 93) where the depth ranges from 8-12 m and current speed ranges from 1-
20 cm.s-1. The sediments are fine sands (DPIWE Lease Monitoring Baseline data
provided by Huon Aquaculture Company P/L). During the research this was
predominantly a salmon farming company but with an interest in shellfish including
Pacific oysters and abalone. The site was chosen because of its past history of mud
worm infestation in abalone. Abalone were housed in culture vessels suspended at a
depth of 3-4 m from the collars of an empty salmon cage moored in 10-12m of water.
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A third sea-based study site was located on the east coast of Tasmania (Figure
4.1). This is referred to as Site 3, or Site 3 (East Coast). Stock were reared on a
commercial scale at this site, suspended from long-lines in 20 m of water.

4.3 Holding Conditions

Field Trials

Various types of rearing vessels were used to contain abalone during the
research. When mud worm infestations were originally recorded, abalone at several
culture facilities were held in vessels constructed from 250 mm PVC pipe fitted with
6 mm mesh ends. These were referred to as �tubes�  (Figure 4.3A) and measured 1500
mm in length. Monthly intakes of �clean� abalone were housed in tubes from August
1998 to November 1998. Most abalone were eventually removed from tubes and
housed in other types of rearing containers described below. This was because there
were insufficient tubes to house all the abalone required for the research and because
tubes were relatively expensive to manufacture and heavy to handle.

Nearly all intakes of abalone subsequent to summer 1998/99 were housed in
�basket type� culture vessels. These were modified polyethylene laundry baskets
fitted with oyster mesh and plastic inserts to increase mesh free substrate area (Figure
4.3B). The baskets were approximately cylindrical, 800 mm high with a diameter of
400 mm. A third type of rearing vessel was the Aquatek Aquatray� (Figure 4.3C)
measuring 900 mm on each side and 10 mm deep. Bases of these were solid with a 12
mm mesh lid and sides. Abalone maintained in the long term were transferred to these
from tubes and baskets in late summer 1999 and 2000 respectively. This was to group
abalone with similar levels of mud worm infection together in a smaller number of
rearing vessels to reduce maintenance time.

Abalone held at the southern study sites were generally treated in the same
way as when the original mud worm problems arose in the mid to late 1990�s.
Feeding was weekly or bimonthly using Adam and Amos (Mt. Barker, S. Australia)
sea cage formulated abalone food.

Laboratory Holding Conditions

Abalone were moved from field sites to the Animal Health Laboratory (Mt.
Pleasant Laboratories, Department of Primary Industry Water and Environment,
Launceston, Tasmania) for analysis. Transportation was in water to minimise stress to
abalone and polychaetes. Abalone were held for no more than two weeks in a 650 l
recirculating system. This consisted of a fibre glass tank with a conical base and a 400
l sump containing 50 l of �bioballs� as a biological filter medium. The system was
aerated and temperature control maintained by use of a 250 W aquarium heater and/or
reverse cycle air conditioning. Water temperature was maintained at that of the study
sites (–2 °C). Ammonia and nitrite measurements were made on occasion using
Aquasonic (Ingleburn, NSW) aquarium test kits and pH was measured using Sigma
(range 4.5-10) indicator paper. Salinity was measured using a Shibuya S-10
refractometer. Ten to twenty percent of tank volume was exchanged on a weekly
basis. Abalone samples were separated within the system by placement in mesh bags
or plastic aquaria with mesh lids through which air stones were fitted.
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Figure 4.1 Map of Tasmania showing study sites and source farms
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Figure 4.2 Map of D’Entrecasteaux Channel, southern Tasmania showing study
sites at Huon Aquaculture Company P/L and Aquatas P/L.



Mudworm control in abalone__________________________________________

FRDC Final Report Page 14

             A. Tube                                                            B. Basket

                                  C. Tray

                       Figure 4.3 Abalone containment vessels


