8 February 2019

Att: Richard Hook
Development Assessments
Environment Protection Authority
GPO Box 4395, Melbourne VIC 3001
Sent via email: Richard.hook@epa.vic.gov.au

Dear Richard,

I am writing to you in response to the letter received from a delegate of the Environment Protection
Authority on 18 January 2019. The letter received by Yumbah Aquaculture Pty Ltd (Yumbah) is in
response to a works approval application for the proposed development of an abalone farm at Lots 1
and 8, 315 Dutton Way Bolwarra, Victoria.
The letter from EPA requests additional information pursuant to Section 22(1) of the Environment
Protection Act 1970. Please find the response from Yumbah to satisfy the information request.
Do not hesitate to contact me on 0419899696 if you have any questions.

Yours sincerely,

Tim Rudge
General Manager
Yumbah Narrawong

Attachments
Attachment 1: Yumbah Aquaculture formal response to VAIC submission
Attachment 2: Response to s22 Notice Conditions 2 to 4 - Biosecurity
Attachment 3: Response to s22 Notice Conditions 5 to 7 – Footprint, environmental risks and
decommissioning
Attachment 4: Response to s22 Notice Conditions 8 – Fact sheets
Attachment 5: Response to s22 Notice Conditions 9 and 10 – Comparable facility and sand bypassing
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Attachment 1
Yumbah Aquaculture formal response to
VAIC submission

Yumbah Nyamat Formal Response to s22 Notice dated 18 January 2019

4 February 2019
Att: Richard Hook
Development Assessments
Environment Protection Authority
GPO Box 4395, Melbourne VIC 3001
Sent via email: Richard.hook@epa.vic.gov.au
Dear Richard,
Introductory remarks
Yumbah has reviewed the submission made by the Victorian Abalone Industry Committee (VAIC).
The three documents making up the VAIC submission misinterpret materials submitted by Yumbah and contain
information which is incorrect and unreliable. The submission also makes unsupported and unjustified
criticisms of Yumbah and its personnel.
Problematic material included in the submissions by the AIC includes but is not limited to the following:
Document 1: 1126 Letter EPA Hook
1. Assertion: It is of great concern that Yumbah Aquaculture acknowledges that in time it is almost certain
that their facility will be impacted by AVG and yet the biosecurity protocols documented do not
adequately address this risk nor do they lay down actions for mitigation.
Fact: There is no reference in any document that Yumbah is ‘almost certain' to get AVG. Yumbah has
made no such concession.
2. Assertion: What is not acknowledged here or elsewhere in these documents is that best practice for
biosecurity management in abalone farming in Australia (as outlined in the latest National Biosecurity
Plan Guidelines for Abalone Farming, see Spark et al. 2018) has recently evolved to identify treatment
of intake water and treatment of effluent water as critical risk management measures in current best
practice biosecurity arrangements for abalone farms in Australia (Table 8 on page 20 in Spark et al.
20181).
Fact: The National Biosecurity Plan Guidelines (the National guidelines) do not require treatment of all
discharge water. The guidelines specify the appropriate treatment of incoming water and provide
examples. An extract of the best practice management measures is presented below as Table 81.
Yumbah is treating intake water with screens on intake pipes, which is considered best practice. The
National guidelines recommend treatment of effluent water for quarantine facilities only. Yumbah is
achieving industry standards and achieving best practice according to the National guidelines and is in
accordance with AHAP accreditation.
3. Assertion: In this regard it should be noted that following outbreaks of AVG in Tasmanian waters the
Tasmanian government introduced legislation to ensure that all discharge water from land based
aquaculture operations should be treated, prior to discharge, to ensure that disease could not be
transferred to the receiving environment. This legislative requirement has now been accepted as best
practice by the National Biosecurity Plan Guidelines for Abalone Farming and, as Yumbah Aquaculture
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4. says it employs best practice, it should be incorporated into Yambah Aquaculture’s biosecurity
arrangements to treat all its effluent in accordance with these guidelines.
Fact: Tasmanian legislation has been introduced for discharge of wastewater from abalone
processors, not abalone farms2. Similar to the point above, the National guidelines do not require
treatment of all discharge water. Yumbah is treating intake water with screens on intake pipes, which
is considered best practice. The guidelines recommend treatment of effluent water for quarantine
facilities only. Yumbah is achieving industry standards and best practice according to the National
guidelines and is in accordance with AHAP accreditation.

4. Assertion: Like our engaged experts we have concerns about the ability of Yumbah’s employees to
discern the difference between natural mortalities (as occur in all aquaculture operations) and
mortalities arising from the introduction of disease.
Fact: Yumbah employs a range of highly qualified people including aqua-culturalists and marine
biologists, all staff undergo continual training and professional development. There is no basis for the
criticism of Yumbah and its employees.
5. Assertion: As an example, if feeding and inspection occurred early one day and then not until the
afternoon of the following day it is possible that one or two mortalities (due to disease) could extend to
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a full outbreak in a matter of hours due to the distribution of virus mucous before a potential disease
was identified and the facility put into re-circulation mode.
Fact: There is no factual basis for this 'example' which displays a complete lack of awareness about
aquaculture practices. Yumbah staff are trained and expected to be vigilant with checks and biosecurity
practices.
6. Assertion: In the documentation Yumbah Aquaculture minimises the risk to wild catch abalone by using
transects in Portland Bay that do not accurately reflect the abalone populations off shore and also it
should be noted that naturally occurring populations were significantly greater prior to the 2005-2006
AVG outbreak and over time industry expects the Portland Bay populations to recover.
Fact: There is no factual basis for the criticism of the transect dives used by Yumbah’s qualified
contractors. The abalone population decline in Portland Bay is not related to AVG. The habitat is not
productive abalone habitat. Portland Bay has been and continues to be heavily overfished (see excerpt
from the FRDC Status of Australian Fish Stocks Report below, an average catch of 100 kg p.a. during
the 2001-05 era is not a commercial fishery). Gorfine et al. (2018) states that “Greenlip abalone
stocks in western Victoria were generally poor in quality and infrequently exploited prior to the disease
outbreak. Their low productivity rendered them vulnerable to the sudden increase in exploitation
pressure, which could not be sustained once CPUE declined to 40–50 kg h⁻¹, after which fishing
activity ceased”. This article is presented as Attachment 1 of this letter.
Furthermore the Victorian Western Zone Fishery Greenlip (FRDC, The Status of Australian Fish Stocks
Reports) states “Population abundance and size structure estimates from data collected during the
late-1980s–90s indicated that the stock was small and mostly concentrated in Portland Bay. Surveys
conducted almost a decade later showed potential for a limited fishery on Julia Bank, as well as
Minerva and Hospital Reefs. Prior to the implementation of the 2002 Victorian Abalone Fishery
Management Plan, a TACC of 280 t was allocated for both Greenlip and Blacklip Abalone combined.
The reported catches for Greenlip Abalone were small, with an average annual catch of only 100 kg
during 2001–05. A separate Greenlip Abalone TACC of 4.2 t was set for the 2006–07 quota year
(1 April–31 March) and maintained for the next 2 years. During this period, the TACC was caught.”
7. Assertion: Industry notes Yumbah Aquaculture’s statement that they will be subject to annual audits by
government veterinary officers and industry would contend that this is nowhere enough, spot
inspections should be instigated at least quarterly, maybe more often in development stages.
Fact: Yumbah is compliant with National and State biosecurity protocols and regular audits are at the
discretion of the regulators.
Document 2: Brian Jones submission
1.

Assertion: It is noted that there are options to purchase more land to the east to further expand the
farm so potentially the farm will be even larger.
Fact: Yumbah does have an option to purchase a long narrow parcel of land to the east of the
proposed building envelope. The land is earmarked as a buffer and or as a potential site for
complementary aquaculture such as algae production, but there is currently no business case to
support such a venture. There is no intention to use this land as an extension/expansion of the
proposed abalone facility to the east.

2.

Assertion: Yumbah has identified the likelihood of AVG occurrence on the farm as “Almost certain”
which is defined as “Very likely to occur during the life of the proposed construction and operation
period”.
Fact: There is no reference in any application document that Yumbah is ‘almost certain' to get AVG on
the facility. Yumbah has made no such concession. Presumably, this is thought to follow from the
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assessment made as to the likelihood of disease occurring in grow out tanks. Mr Jones has incorrectly
and misleadingly misconstrued the wording in the risk assessment.
3.

Assertion: It would seem from the documentation that Yumbah has no specific plans to prevent the
release of virus into Portland Bay other than relying on recirculation of the water in the affected zone
upon confirmation of the virus.
Fact: As detailed in the environmental risk assessment (ERA), Yumbah has identified a range of
measures across the entirety of Yumbah Nyamat to mitigate potential effects on the environment
including (but not limited to) the release of virus into Portland Bay. Mitigation and management
controls listed in the ERA present a range of options that may be considered to reduce the risk of
those potential identified effects. The fact that there has not been one significant disease outbreak in
abalone farming since 2010 is indicative that the management decisions employed by the Yumbah
board hasmitigated the risks, particularly of AVG outbreaking in the company’s abalone farms.

4.

Assertion: that the “consequences” of an AVG detection in the wild can be reduced to “negligible” for
the farm after communication with Fisheries Victoria is also of concern.
Fact: Yumbah has not identified communication with Fisheries Victoria as the only defence against an
AVG detection in the wild.

5.

Assertion: In the draft Yumbah Biosecurity Document there is no summary of farm production and farm
activity details, nor are the internal and external contact details listed and there appears to be no
provision for links to Standard Operating Procedures that are essential to translate the Plan into
everyday farm work instructions.
Fact: The current draft of the Biosecurity Plan simply presents the context for the plan. The level of
detail reflects the current stage of the project. Additional information will be incorporated on finalisation
of detailed designs and operational details for the facility.

Document 3: DigsFish Yumbah Aquaculture
Digsfish Services Pty Ltd was engaged by the VAIC to compile a report that attempts to refute the rigor of
Yumbah Aquaculture disease and biosecurity performance at exiting farms and also the proposed Yumbah
Nyamat. It must be noted that Digsfish was engaged by Yumbah Aquaculture (formerly known as South Seas
Abalone) in 2011 to review the biosecurity procedures and inform the Yumbah Aquaculture Board of
management on necessary decisions to improve biosecurity across the company’s farms. The report
completed by Digsfish for the Yumbah Board in 2011 is presented as Attachment 2 of this letter.
The findings in Digsfish (2011) indicated the Yumbah Bicheno farm (formerly known as Abalone Farms
Australia (AFA)) was infected by AVG from a nearby abalone processing facility. Digsfish (2011) stated that
the likelihood of release of AVG within the Bicheno abalone farm under normal conditions, with no processing
effluent near the water intake is Extremely low, indicating the proximity of an abalone farm to an abalone
processing facility increases the risk of exposure to disease via intake water. The close proximity of the
abalone farm to the abalone processor appeared to be the precursor to disease identified in the Bicheno
abalone farm.
Following completion of the Digsfish (2011) report, Yumbah implemented several recommendations made by
Digsfish to improve biosecurity across the farms. Since 2011 there has not been one outbreak of AVG,
following the last outbreak almost nine years ago at Yumbah Bicheno. Therefore, the general assertions in
Digsfish (2018) that treatment of intake and discharge water should be a mandatory requirement at abalone
farms is inconsistent with previous work by the same author.
The fact that there has not been one significant disease outbreak in abalone farming since 2010 is indicative
that the management decisions employed by the Yumbah board, based on Digsfish’s recommendations in
2011 have mitigated the risks, particularly of AVG outbreaking in the company’s abalone farms. It must also be
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noted the control measures of treating effluent water required by the Tasmanian Fisheries Biosecurity Order
(No.1) 2011 has not been applied anywhere else across the abalone farming or processing areas in Australia.
This indicates increased biosecurity measures introduced in abalone farms and processors across Australia
since 2011 have achieved protection of both land-based and wild stock abalone.
The Digsfish report of 2011 is in contradiction to the most recent report completed by the same author on
behalf of the VAIC (Digsfish 2018). Digsfish (2018) specifies that treatment of intake and outlet water should
be mandatory in abalone farming and claims this is recognised as ‘best practice’. This is inconsistent with both
national and state best practice guidelines across universally recognised across Australia. It must also be
noted that a large amount of information in Digsfish (2018) completed for VAIC has been directly copied from
the report completed for Yumbah in 2011.
The following statements in Digsfish (2018) completed for VAIC are either in direct contraction with the report
completed in 2011 for Yumbah, misleading and or incorrect.
1. Assertion: The prevalence and virulence of AVG and Perkinsis is likely to increase with increased
temperature and climate change.
Fact: The potential for increased temperature in Victorian waters leading to an increased prevalence or
virulence of AVG and Perkinsis is speculative. In any event, Yumbah already farms abalone in
considerably warmer water at Port Lincoln and Kangaroo Island. There has been no significant
disease outbreak in these warmer water farms.
2. Assertion: Similarly, risk assessments done by the Tasmanian Government found that untreated
discharge of water from abalone farms and holding facilities into the marine environment was a high
risk activity with potential for high (regionally significant) consequences, including spread of AbHV
viruses into the environment adjacent to abalone farms which potentially could result in outbreaks of
AVG disease in wild abalone populations (Tasmania DPIW 2007, Baulch et al. 2013, OIE 2018b).
Fact: Yumbah has significant doubts as to the relevance to information in the references noted in this
submission. For example, the reliance on OIE (2018b)3. It is difficult to draw a direct link with the
references to the above statement and other statements in the Digsfish (2018) document as a large
number of statements are untrue.
3. Assertion:
(1) Surveillance is showing that AbHV is relatively common in abalone processing facilities
(Ellard et al. 2011, Department of Agriculture 2014), increasing the risk of AVG outbreaks
within these facilities.
(2) The increased frequency of outbreaks of AVG in abalone processors in Tasmania suggests
that holding of wild caught abalone at high densities in processing plants is a high risk activity
likely to stress abalone that are latently infected with AbHV. The stress increases viral
replication and shedding, resulting in outbreaks of AVG disease within the holding facilities
which, if effluent water is discharged into the environment untreated, greatly increases the risk
of backspill AbHV infection within adjacent wild and cultured abalone populations (Ellard 2011,
Ellard et al. 2011, Diggles 2011a, Baulch et al. 2013)
(3) During an outbreak of AVG in captive abalone, levels of herpesvirus in the water can get
very high because viral levels in infected molluscs can quickly increase to exceed 1 x 107 viral
DNA copies per mg of tissue (see Corbeil et al. 2012a, 2012b). T
Fact: Abalone processing is not going to occur on the Yumbah Nyamat site. It is inappropriate to draw
a direct comparison between aquaculture farming and processing. Abalone processing facilities usually
maintain live abalone where conditions such as stocking density, water temperatures and increased
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handling stress abalone. Stressed stock is more susceptible to disease. Farming practices aim to
reduce or eliminate stress in maintained stock.
4. Assertion: backspill of AbHV into the environment via effluent water from abalone farms causing AVG
disease outbreaks in adjacent abalone stocks has occurred on at least 2 occasions
Fact: The Supreme Court did not confirm this occurred following years of litigation and presented
evidence. The cause of the outbreak in both wild and farmed populations has and cannot be
confirmed.
5. Assertion: all existing and proposed new abalone farms … embrace current best practice for treatment
of intake and effluent water (Sparks et al. 2018) and acknowledge that sub-standard biosecurity on
abalone farms poses a significant risk to populations of wild abalone
Fact: Yumbah is achieving industry standard and applying recognised best practice across all its farms.
Best practice must be achieved in order for an abalone farm to be AHAP accredited, of which all
Yumbah farms maintain AHAP accreditation.
6. Assertion: In other words, the biosecurity plan does not aim to “prevent disease entering farms in the
first place”, but only aims to restrict disease outbreaks once they are detected by moving to recirculated
water
Fact: The draft Biosecurity Plan has not been finalised. The ERA identifies various measures to
prevent disease entering the abalone farm including those addressing the key identified risks of cross
contamination through contact with wild broodstock.
7. Assertion: The Supreme Court decision (Regent Holdings vs State of Victoria) centred around a
question of whether the Victorian government did all that was considered reasonable (by a reasonable
(non-expert) person) to prevent spread of the disease at the time, given the knowledge then available.
Fact: The Supreme Court considered the question of causation which was not established despite the
views expressed by aquatic disease experts who investigated the matter. At the time Supreme Court
Justice Beach stated: “One can only speculate how and when the disease came into the wild” and
therefore causation was not established.”
The decision was appealed but all claims were discontinued on 18 August 2015 when a settlement was
approved by the Supreme Court and the plaintiff (the wild abalone sector) was ordered to pay the
State’s costs.
8. Assertion: So clearly the existing AAHP does not effectively mitigate all biosecurity risks, does not meet
current best practice as outlined in Spark et al. (2018), and there is significant room for improvement in
critical biosecurity areas, such as the need for treatment of discharged water, as required in other
jurisdictions in Australia (Baulch et al. 2013).”
Fact: Yumbah’s mitigation measures do meet current best practice as outlined in the National
guidelines. If mitigation/biosecurity measures didn’t meet the best practice guidelines, Yumbah’s farms
would not be AHAP accredited. A farm must achieve the requirements of the National guidelines to
become AHAP accredited. The requirement outlined in Baulch et al. 2013 for treatment of discharge
water is for abalone processors only.
9. Assertion: Digsfish (2011) and again in the 2018 report confirmed that the infection and establishment
of AVG in new hosts occurs only if sufficient viable viral particles are introduced into an area where
susceptible abalone are present.
Fact: The concentration of AVG in effluent water that could result to clinical expression of AVG disease
in abalone is unknown. Stress of exposed abalone, such as intensified stocking densities and elevated
temperature appear to increase the virulence of AVG. It is unknown what the virulent concentration of
AVG is. The additional biosecurity measure that will be employed at Yumbah Nyamat of ceasing
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discharge and relying on recirculation capabilities provides a significant opportunity to reduce the
concentration of AVG entering the ocean. As highlighted in trials performed by Yumbah, Yumbah
Nyamat can sustain abalone survival for weeks, if not months on water in recirculation reservoirs.
Summary
As highlighted throughout this formal response by Yumbah to the VAIC submission, Yumbah considers the
VAIC submission misinterprets materials submitted by Yumbah and contains information which is incorrect,
unreliable or unfounded. The details in the VAIC submission cannot be relied on to accurately inform the
audience of the rigors in biosecurity that will be applied at Yumbah Nyamat.

Yours sincerely

Tim Rudge
General Manger Narrawong
Yumbah Aquaculture
Attachment 1: Gorfine et al. 2018
Attachment 2: Digsfish 2011
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ulations in southern Australia had a much smaller impact
on the region's less-abundant greenlip abalone populations.
Decreases in total allowable commercial catch (TACC) for
blacklip abalone were partially oﬀset by a transient increase
in greenlip abalone TACC that peaked in 2010 and reduced
to zero in 2013. A hypothesis that the greenlip abalone stock
had declined was supported by a Bayesian analysis of catch
rates (catch per unit eﬀort, CPUE, as a proxy for biomass).
The estimated decline is consistent with depletion of the relatively small and fragmented greenlip stock as an indirect
consequence of the disease impact. Our analysis demonstrates a need to jointly monitor and manage substitute ﬁsheries when one of the ﬁsheries experiences depletion as a
result of a natural disturbance event.
Considerations for Management
(i) Hierarchical Bayesian models can determine whether
a shock to a natural resource indirectly aﬀects related
resources via a transfer of exploitation eﬀort;
(ii) Greenlip abalone stocks in western Victoria were
generally poor in quality and infrequently exploited
prior to the disease outbreak. Their low productivity
rendered them vulnerable to the sudden increase in
exploitation pressure, which could not be sustained
once CPUE declined to 40–50 kg h−1 , after which ﬁshing activity ceased;
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(iii) A CPUE of 40 kg h−1 could be a precautionary limit
reference point for triggering future greenlip abalone
ﬁshery closures;
(iv) An increase in greenlip abalone legal minimum length
(LML) to at least 140 mm would improve quality and
proﬁt;
(v) It is important to protect substitute resources from
secondary exploitation when imposing restrictions on
exploitation of resources that are adversely impacted
by natural disturbance events.
KEYWORDS
AVG, Bayesian, blacklip abalone, CPUE, greenlip abalone

1

I N T RO D U C T I O N

During May 2006 diseased abalone were ﬁrst observed among wild blacklip abalone (Haliotis rubra)
populations in western Victoria, Australia. The disease outbreaks in the wild populations were subsequent to outbreaks on two land-based abalone farms in the region that were discharging seawater eﬄuent into the ocean (Gavine, Ingram, & Doroudi, 2009; Mayﬁeld et al., 2011). One of these farms had
their discharge pipe close to nearshore reefs with abundant stocks of blacklip abalone (38◦ 23′ 20.8″ S
142◦ 10′ 47.8″ E), whereas the other farm 53.8 km to the west was discharging into a mostly sandy region
of seabed (38◦ 16′ 10.2″ S 141◦ 40′ 25.7″ E) less proximal to sparsely distributed greenlip abalone (Haliotis laevigata). There was also an exchange of abalone between these two farms during late 2005 prior
to the outbreaks (Gavine et al., 2009). The actual cause and precise details of what occurred remain
undiscovered and contentious. An attempted litigation by the abalone industry during 2013 failed when
a judge of the Supreme Court of Victoria found that the plaintiﬀ had failed to prove a causative connection between the outbreaks in the cultured abalone on the farms and the infected wild populations
(Saville 2014; online). Regardless of cause, the disease spread both westwards and eastwards aﬀecting
predominantly blacklip abalone populations along about 300 km of coast (Crane, Corbeil, Williams,
McColl, & Gannon, 2013), with ﬁshery independent underwater surveys revealing substantial but
spatially variable mortalities throughout most but not all of the region (Gorﬁne et al., 2008). In contrast
with blacklip abalone, the less abundant greenlip abalone populations remained mostly unaﬀected, not
because of any immunity or resistance (Crane et al., 2013), but presumably because their fragmented
spatial distribution and the prevailing coastal hydrodynamics greatly reduced their chance of exposure
to the infectious agent. Disease-aﬀected reefs were either closed oﬃcially (Victorian Government,
2008, 2010) or abandoned by industry due to their reduced productivity and concerns by divers that
they may inadvertently spread the virus via their equipment (Gavine et al., 2009).
Historically both blacklip and greenlip abalone species had come under the one total allowable
commercial catch (TACC) quota. Although catches were reported by species, ﬁshing eﬀort was not
and greenlip abalone was ostensibly a bycatch that in many instances accounted for only a small
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proportion of the total daily take (Mayﬁeld, Mundy, Gorﬁne, Hart, & Worthington, 2012). Days during
which greenlip abalone was the sole species landed were infrequent and sporadic. Indeed there is some
speculation that small quantities of greenlip abalone may have been recorded as blacklip abalone for
diver reporting convenience (Gorﬁne & Dixon, 1999). During the 1990s, with the introduction of the
Victorian Fisheries Act 1995 and implementation of its provisions via the Fisheries Regulations 1998
S.R. No. 23/1998, the integrity of the quota system was strengthened. This reduced the likelihood
of underreporting or reporting the two species as one. Under these new regulations abalone of each
species had to be placed in separate bins with lids secured by uniquely numbered tamper-proof tags
and the bins had to be weighed accurately at the place of landing. From 2000 onwards, the two species
came under separate quotas, but the greenlip abalone quota was set to zero at that time as it was
regarded as having limited productivity with low catch rates and commensurately lower proﬁtability.
This situation changed when the blacklip abalone quota was reduced, ﬁrstly during 2003 due to stock
depletion (mostly in the western part of the management zone), and then subsequently from 2006
onwards following the disease outbreak (Mayﬁeld et al., 2012).
The substantial decreases in annual catch quotas for blacklip abalone in the Western Zone abalone
management region and associated industry income losses were partially oﬀset by progressively
increasing the catch quota for greenlip abalone, from zero in 2005 until it peaked at almost 20 tons in
2010. The increase in greenlip abalone catch was thereafter not sustained, with the TACC decreasing
once ﬁshing for blacklip abalone progressively resumed on a limited number of disease aﬀected reefs
(Victorian Government, 2011). In addition, whereas the legal minimum length (LML) for blacklip
abalone was increased from 120 mm to 130 mm throughout most of the zone when ﬁshing either
continued or resumed post-disease, the greenlip LML remained at 130 mm (Victorian Government,
2008) until 2011–2012. During the 2011–2012 and 2012–2013 ﬁshing seasons, voluntary greenlip
size limit increases to 132 mm, and in one area for 2011–2012 to 135 mm, were implemented in
conjunction with large reductions in quotas.
From April 2013 onwards, the greenlip abalone ﬁshery essentially ceased, as it became unproﬁtable.
There are several plausible explanations for the situation becoming economically unviable to continue
ﬁshing for greenlip abalone (Victorian Government, 2013); one is that catch rates reduced due to
depletion of the legal biomass; another is that the beach price paid for abalone declined; and a third
possibility is that the cost of eﬀort became too expensive. Any combination of these factors could
have rendered the ﬁshery unproﬁtable.
The circumstantial evidence from temporal patterns of catch and eﬀort between the two species
pointed towards the possibility of serial depletion among species as a consequence of the reduced
exploitable biomass of blacklip abalone. A similar depletion was observed among seven commercially
exploited abalone species in California during the 1980s (Davis, Richards, Haaker, & Parker, 1992).
This is analogous to a “second round eﬀect,” an expression coined by market economists to describe
situations where a change in market conditions for one commodity creates a spill-over eﬀect on another
(see https://www.bundesbank.de/Redaktion/EN/Glossareintraege/S/second_round_eﬀect.html).
In the case of natural resources comprised of multiple stocks of the same or related species, such as
with wild catch ﬁsheries or native forests, disturbance events or spatial closures that impact directly
on one subset of stocks or species can redirect economic exploitation activity to undisturbed stocks
or species (Abbott & Haynie, 2012; Greenstreet, Fraser, & Piet, 2009). In our case we postulated that
the disease caused a decrease in monetary income from ﬁshing for blacklip abalone which was partly
replaced by shifting eﬀort (the spill-over eﬀect) to greenlip abalone, causing this second resource to
become depleted. In other words, a secondary or indirect consequence of a disease which largely did
not infect the greenlip abalone populations within the study area.
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Among the anecdotal evidence, commercial diver observations and Industry comments were
recorded in a summary of the “Western Zone abalone reef assessment and TACC advisory forum”
held on 23 January 2012 ahead of the 2012–2013 ﬁshing season. In reference to Julia Bank, a key
reef complex where greenlip abalone were ﬁshed within the study area, it was documented that
this location was “Fished to provide ﬁnancial support to the zone which is now not practical due to
declining catch rate…” Information, albeit limited, was also available to look for signals of potential
market-related eﬀects, but more deﬁnitive analysis was needed to test the hypothesis that the greenlip
abalone stock had declined and hence constituted a secondary impact from the disease outbreak. The
challenge was to ﬁnd a method that was robust but not overly complex to reliably detect trends in
CPUE as a proxy for exploitable biomass over the relatively short duration of several years of targeted
ﬁshing for greenlip abalone.
In the past, assessments of CPUE in the Victorian abalone ﬁshery have relied on generalized linear
modelling to account for seasonal, spatial and ﬁsher eﬀects on trends (Gorﬁne, Taylor, & Smith,
2002). Whereas this frequentist approach, most recently in the form a generalized linear mixed model,
seems appropriate for blacklip abalone CPUE (Giri & Gorﬁne, 2018), the paucity of data in the
extended series available for greenlip abalone rendered this kind of analysis problematic. Instead, a
Bayesian approach was adopted that could deal with the spatial heterogeneity among observations
during a relatively brief period of intensive ﬁshing with not all reefs ﬁshed in every year of the
observation series. Bayesian approaches are often used to deal with complexity and uncertainty in
ﬁsheries assessments (Clarke, 2006) and are not new to assessments of abalone resources, having
formed the basis of abalone stock assessments in New Zealand (Breen, Kim, & Andrew, 2003).

2

BLACKLIP AND GREENLIP A BA LONE

Abalone are marine gastropods in high demand in predominately Asian markets. Commercially remunerative abalone ﬁsheries are generally located in cooler temperate waters where rocky reefs support
an abundance of macroalgal and seagrass communities that provide food and shelter favoring abalone
growth and productivity (Shepherd, 1973). Increasingly over the past two decades abalone aquaculture
has eclipsed global wild ﬁsheries production with annual cultivation during 2015 estimated at 129,287
tons compared with commercial catches of wild abalone totaling only 6500 tons (Cook, 2016). Australia is now the main supplier of wild-caught abalone at 3529 tons in 2015 (a reduction since the 1990s
of about one third; see https://www.ﬁsh.gov.au/Reports), whereas Australian cultured production in
2015 was 900 tons, an increase of 80% on production 5 years earlier. As would be expected, aquaculture,
with its improving capacity to consistently supply a high quality product that has broad market acceptance, has dampened wild-catch demand thereby negatively impacting on prices paid for wild abalone.
A common characteristic among the 60 or so extant species of abalone (see WoRMS
https://www.marinespecies.org/aphia.php?p=taxdetails&id=138050) is their ear-shaped shell perforated with tremata (respiratory pores) along the dextral (counterclockwise) spiral of its margin. Despite
this commonality, each species has a distinctive shell and features suited to its particular habitat, with
blacklip and greenlip abalone diﬀering in their coloration, shell morphology, habitat and somatic
growth pattern. Blacklip abalone have reddish-brown crenulated shells with distinctive dendritic ridges
and raised tremata. The epipodium of their muscular foot is black or variegated with alternating cream
colored stripes (a variant referred to as “tiger”). In contrast, greenlip abalone possess light colored
shells, tinged with green-grey and sometimes pinkish hues, which have a smooth surface with ﬂush
tremata, and a distinctive light green epipodium. Although shell growth rates exhibit high heterogeneity in both species, greenlip abalone typically grow at a faster rate and to a larger maximum size than
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FIGURE 1

Victorian statewide greenlip abalone annual catch history (Victorian Fisheries Authority (VFA) contemporary and historic data series)

blacklip abalone (Shepherd & Hearne, 1983). Hybrids are not uncommon, and are utilized extensively
in aquaculture, e.g., the Tiger-Jade variety (Mateos, Lewandowski, & Su, 2010), but occur at low
frequency in the wild. Whereas blacklip abalone inhabit kelp dominated communities subjected to
strong oceanic swells, greenlip abalone are found adjacent to seagrass beds in more sheltered or deeper
waters on lower proﬁle reefs often subject to strong currents from tidal ﬂows. Current ﬂow is known
to be important for growth and productivity of some abalone species (Tissot, 1992; Voltzow, 1983). In
Victoria there is much less habitat that is suitable for greenlip abalone than in South Australia and
Western Australia (Shepherd, 1999).
Greenlip abalone ecology renders this species more vulnerable to capture and overﬁshing because
they are less cryptic and patchier than blacklip abalone (Dowling, Hall, & McGarvey, 2004; Shepherd,
1973, 1999). Victoria is the easternmost limit of their distribution along the mainland coast of Australia
and the populations in this State are sparser with greater fragmentation, further increasing the likelihood of overexploitation as exhibited by the long-term catch history for Victoria (Fig. 1). The Western
Zone greenlip abalone resource has generally been viewed as only marginally productive by some of the
pioneering divers who remain active as license holders in the ﬁshery (pers. comm.). They suggested
that there are a few small areas with greenlip abalone that were larger in size and of better quality
than typiﬁed the zone and that they would occasionally take them as a by-catch. These former divers
viewed the aforementioned Julia Bank as particularly problematic with poor quality low relief habitat
comprising expanses of cobbles and rubble in relatively deep water frequented by Great White sharks.

3
3.1

METHODS
Study area

The statistical analysis was restricted to data acquired from within the Western Zone abalone
ﬁshery management area, deﬁned as those coastal reefs westwards from longitude 142◦ 31′ E to the
Victorian-South Australia border at longitude 140◦ 58′ E and up to three nautical miles oﬀshore. Within
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this area are 38 reef codes used as statistical blocks for catch and eﬀort reporting, grouped into four
spatial management units (SMU). The grouping of reef codes into SMU did not exist until recently
and is more applicable to blacklip than greenlip abalone stock assessment and ﬁsheries management
(Department of Economic Development, Jobs, Transport & Resources, 2014). Only several of the reef
codes had relatively numerous quantities of greenlip abalone, which when compared with blacklip
abalone historically, only accounted for a small proportion of the total annual catch. One of these
reef codes, Julia Bank, was further subdivided to form two additional codes, one at its western side
(Minerva Reef 2.16) and the other on its eastern ﬂank (Yambuk 2.15). The reef codes are relatively
large areas and a subdivisional grid of about 350 cells of 1 km × 1 km was created to provide higher
spatial resolution to the main area encompassed within Julia Bank.
A review of economic information relevant to market and proﬁtability required the inclusion of
sources of economic data beyond the study area due to a paucity of local data. Anecdotal information
about operating costs and diver remuneration was sought directly from a couple of commercial
abalone divers. Incorporating these data into the statistical modeling was beyond the scope of the
work undertaken.

3.2

Data

Several datasets were available for the study period, including:
(i) market and economic data, comprising:
a. monthly greenlip abalone beach price data for the study area limited to February 2011 to June
2013, i.e., quota years 2010–2013 (Victorian Fisheries Authority);
b. annual average beach price for Western Australian greenlip abalone (Department of Primary
Industries and Regional Development);
c. annual average beach price combined for all species from all abalone-producing states
(Australian Bureau of Agricultural Resources and Science);
d. consumer price index (CPI; Australian Bureau of Statistics);
e. fuel and motoring costs(Australian Bureau of Statistics);
f. verbal estimates from two divers about amounts paid to divers and location-speciﬁc daily
operating costs;
(ii) logbook catch and eﬀort reported by commercial abalone divers as an ongoing regulatory
requirement sourced from a contemporary database and historic archives; and
(iii) electronically logged shell length measurements, individually time-stamped and geo-referenced,
with data ﬁles submitted in accordance with special permit conditions during 2006–2009, and
aggregated by reef code during 2010–2011. The logbook data were used in the modelling of
trends whereas the electronic data were used to provide detailed spatiotemporal information to
augment the statistical results from the modelling.
Prior to analysis data were validated and outlying values were omitted. In those instances where
a landed catch comprised both blacklip and greenlip abalone the data were excluded from analyses
because greenlip abalone catches may have been incidental to taking blacklip abalone as the target
species, and had lower catch rates than would have been the case if targeted exclusively. This primarily
aﬀected the Discovery Bay reef code (1.10) and is the reason this reef code does not appear among
the analytical results despite accounting for about 1% of the cumulative greenlip abalone catch during
2006–2012.
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Market

Economic information sourced from Government was summarized to facilitate visual comparison of
temporal patterns indicative of the market situation. Average daily catches by reef code by year were
used in conjunction with rates of payment and costs for commercial abalone divers contracted by ﬁshery
access license holders. As costs are incurred daily and are not a function of hours of eﬀort, catch-perday was the fundamental unit of interest. Assuming that the amounts reported by the two commercial
abalone divers we interviewed were typical of what was being paid my license owners more generally,
then divers were paid a ﬁxed rate of $12/kg, and there was a payment of $1.50/kg to deckhands. Daily
fuel cost estimates varied according to the distance travelled, with ﬁshing activity in the Julia Bank reef
complex incurring a higher cost ($165/day) than the other reefs in the Portland Bay area ($120/day).
Fuel costs were higher again for Discovery Bay ($360/day) due to this reef code being the farthest from
port. In some instances, such as Discovery Bay, the calculation produced a loss reﬂecting that most of
the eﬀort was expended targeting blacklip abalone and that greenlip abalone catches were incidental.
These “losses” were excluded from the annual estimates of proﬁt. Given that costs were assumed to be
ﬁxed, the inter-annual variation in proﬁt was a direct function of daily landings and average beach price.

3.2.2

Logbook catch and eﬀort

Upon landing each diver operating under one or more ﬁshery access licenses is required by regulation
to record their daily catch (kg) and eﬀort (hh:mm) from each reef code for each license. This is transacted using a mobile telephone to call an Integrated Voice Response (IVR) service. A virtual docket
is created for each catch per license and is subsequently corroborated with information submitted via
a paper docket. Any anomalies detected are investigated by authorized ﬁsheries enforcement oﬃcers.
Although the total daily catch can be readily veriﬁed this does not necessarily apply to the eﬀort, nor
does it apply to the attribution of catch to reef codes. Detection and successful prosecution of oﬀences
of this nature are uncommon because the gathering of evidence requires many hours of direct surveillance by authorized ﬁsheries oﬃcers. One such example was in 2016 when the Magistrate's Court of
Victoria found two commercial abalone divers and a license holder operating in the Victorian Central
Zone management area guilty of 22 charges revolving around catch splitting and misreporting of blacklip and greenlip abalone catches (https://sgst.com.au/2016/11/commercial-ab-divers-caught-locally/).
In a limited number of instances when multiple licenses are ﬁshed together catch splitting can confound
the reporting of eﬀort among reef codes. Datasets from historic records were able to be sourced back to
1968 from two diﬀerent coding systems that predate the currently active database. Some catches were
assigned to zone only and others required “mapping” of current codes to past codes via reef names.

3.2.3

Electronically logged data during ﬁshing operations

A mechanical shellﬁsh measuring board, connected via a transducer to an inbuilt electronic data
processor integrated with a small GPS unit and internal clock, was required to be used aboard each
vessel to measure every greenlip abalone taken under permits issued to Western Zone license holders
during 2006–2009. The temporal and spatial data acquired from this apparatus relate to when the
abalone were measured and the concurrent position of the vessel as opposed to precisely when and
where the catch was taken. The GPS coordinates enabled the locations of ﬁshing operations and
catch numbers from these locations to be overlayed on GIS shapeﬁles of the aforementioned grid
and adjacent reef codes. The data were combined with those for blacklip abalone, identiﬁable by
a speciﬁc suﬃx in the reef code entered by the diver or their deckhand. Filtering out the blacklip
abalone records left 11,112 observations, of which only 6565 or 59% could be used due to date and
GPS errors that could not be resolved. Jalali, Ierodiaconou, Gorﬁne, Monk, and Rattray (2015) found
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a similar proportion of unusable logged data for commercial blacklip abalone catches from the same
area during 2008–2011. The reasons for these errors may have included operator mistakes in setting
the date and time incorrectly, mechanical problems when operating the apparatus, or failure of the
GPS to link to satellites to obtain a ﬁx on the vessel position.
A spatial join was used to combine ﬁltered data from the measuring board with the grid and reef
code assignments, after which the data were exported for graphical exploration of patterns in the catch
within and among reef codes over time. The electronic data were from a shorter time period than the
catch and eﬀort data because commercial divers ceased to provide the data upon the expiration of
the permit requirements in 2010. Harvesting of greenlip abalone subsequently continued for a further
3 years under the normal regulatory arrangements for logbook reporting, with the measuring of
individual abalone becoming voluntary. This meant that none of the GPS data were accessible for the
year of peak catch, and subsequently when catches declined. The statistical information aggregated by
reef code was inadequate for investigating catch patterns at high spatial resolution immediately prior
to the quota reverting to zero for the 2013 ﬁshing season (quota year). Nevertheless the GPS data
were used to illustrate the intensity of ﬁshing and areas of the main reefs being accessed for the period
2006–2009, as well as the distribution of these observations among months for each year of the series.
To determine the market grade of the catch, logged shell lengths were used to estimate the average
length of individuals for each reef code and the study area as a whole using the equation 𝑊 = 𝑎𝐿𝑏 .
The parameters a = 3.34 × 10−4 and b = 2.857 were from Management Strategy Evaluation (MSE)
modelling of postdisease recovery of blacklip abalone biomass for the Western Zone (Helidoniotis &
Haddon, 2014). These values nevertheless fell within the range of published values estimated from
sampling Victorian blacklip abalone populations during the 1980s (McShane, Smith, & Beinssen,
1988). The use of blacklip abalone parameters was due to an absence of morphometric data for
greenlip abalone in Victoria. Shucked weight was estimated by assuming a meat recovery rate of one
third of whole weight (see Mayﬁeld, 2010).

3.3

Statistical analysis of CPUE trends

A Bayesian model (Thomson et al., 2010) was formulated to estimate potentially nonlinear trends in
abalone CPUE. The model is a piecewise linear trend model which can accommodate an unknown
number and timing of changes in trend, or “change-points” if there is a suﬃciently long series
of observations with one or more clear disjunctions. In the Bayesian framework, the number and
location of change-points are assigned vague prior distributions and estimated from the data. Posterior
distributions are averaged over all possible change-points and if there are no distinct change-points, as
was the case with the data from this study, then the model produces smooth nonlinear or linear trends.
We used a hierarchical model to estimate parameters simultaneously for all reefs within a speciﬁed
grouping based on disease status and species. This hierarchical approach can improve precision
of parameter estimates when sample sizes are small, because data from all reefs contributes to the
estimation of shared parameters (e.g., diver eﬀects, annual variability). The approach also provides
robust estimates of overall mean trends (and change-points) for each group of reefs. Groupings in
this instance comprised greenlip abalone producing reefs that remained unaﬀected by disease, which
aﬀected mostly blacklip abalone producing reefs, during 2006–2007.
Reef-speciﬁc trends can be modeled hierarchically or independently. The hierarchical trend
model assumes that reef-speciﬁc trend parameters are drawn from a common distribution, which
is estimated as part of the model. This approach provides robust estimates of overall mean trends
(and change-points) for each management unit. Trend estimates tend towards the overall category
grouping mean trend, especially for reefs with scarce data. While this “borrowing strength” property
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is generally desirable (maximizing the information content of available data), caution is warranted
in interpreting results for individual reefs that have scarce data. Therefore the model code provides
an option to model reef-speciﬁc trends independently (other parameters, including diver eﬀects are
estimated using data from all reefs in a management unit). Although in the absence of a strong data
signal the model eﬀectively assumes that reef codes and years with scarce data have the management
unit mean trend, which may be false, the high level of uncertainty in instances with scarce data will
generally be reﬂected in wide credible intervals (CIs).
In its application for CPUE data analysis the hierarchical model imputes historical values for reef
codes and years where data are scarce or absent (40% of reef code × year for all greenlip-producing reef
codes, and 32% for those in the Portland Bay area), by assuming trends in sparse data periods can be
approximated by the mean trends from reef codes and years where data are more prevalent. A baseline
period was deﬁned from the ﬁrst year of data for any reef code within a management unit, and therefore
probability values of being at or above the baseline, i.e., P(≥B) and derived quantities would be omitted
for reefs for which data were unavailable until after that period. Therefore P(≥B) values were calculated
for all reef codes, based entirely on imputed values for reefs with no CPUE data during the baseline
period and based on a mix of observed and imputed values for reefs with incomplete baseline surveys.
In the hierarchical trend model, the trend function, fj (t), was modeled as an additive function of an
overall mean trend for each management unit, fm (t), and a reef-speciﬁc trend component gj (t). Both
group category and reef-speciﬁc trend components were ﬁtted as piecewise linear functions, allowing
for common (all reefs) and/or reef-speciﬁc change-points:
Nreef
∑
1
𝑔𝑟 (𝑡) ,
𝑓𝑗 (𝑡) = 𝑓𝑚 (𝑡) + 𝑔𝑗 (𝑡) −
Nreef 𝑟
𝑚

𝑓𝑚 (𝑡) = 𝛽0𝑚 +

𝐾
∑
𝑛=1

𝑚

𝐽
) ∑
(
)
(
) (
𝛽𝑛𝑚 𝑡 − 𝜃𝑛𝑚 𝐼 𝑡 − 𝜃𝑛𝑚 > 0 +
𝛿𝑛𝑚 𝐼 𝑡 − 𝜙𝑚
𝑛 >0 ,
𝑛=1

𝑗

𝑔𝑗 (𝑡) =

𝛽0𝑗 𝑡 +

𝐾
∑
𝑛=1

𝑗

𝛽𝑛𝑗

𝐽
) ∑
(
)
(
) (
𝛿𝑛𝑗 𝐼 𝑡 − 𝜙𝑗𝑛 > 0 .
𝑡 − 𝜃𝑛𝑗 𝐼 𝑡 − 𝜃𝑛𝑗 > 0 +
𝑛=1

Here, the 𝛽0 terms are the initial linear trends, the K subsequent 𝛽’s are changes in slope at times
𝜃 (change-points), and the 𝛿’s are changes in intercept (step changes) at times 𝜙; the superscripts m
and j correspond to management unit mean and reef speciﬁc parameters, respectively. Thus, 𝜃 𝑚 and
𝜙𝑚 are vectors of Km and Jm change-points (trend and step changes, respectively) common to all reefs
in the management unit, and 𝜃 𝑗 and 𝜙𝑗 are vectors of Kj and Jj change-points speciﬁc to reef j. The
inclusion of step changes is optional (i.e., Jm and Jj can be ﬁxed at zero); if excluded, the resulting
spline is a continuous function of time. The numbers (K, J), timing (𝜃 𝜙) and magnitudes (𝛽, 𝛿) of all
change-points are assigned vague prior distributions. For example: 𝐾 ∼ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝐾max , 0.5); 𝜃 ∼
Uniform(𝑚𝑖𝑛, 𝑚𝑎𝑥); 𝛽 ∼ Normal(0, 𝜎 2 ); 𝜎 ∼ Uniform(0, 1). Where Kmax is the (user-deﬁned) maximum number of change-points allowed, presently set at ﬂoor(years in record/5) to allow up to 1
change-point every 5 years on average (some can occur more frequently), and min and max are the
ﬁrst and last possible years for a change-point to occur, which are the second and penultimate years of
the survey period, respectively. In the hierarchical trend model, the reef-speciﬁc trend functions are
constrained to sum to zero across all reefs at each time (Nreef = number of reefs in a management unit),
ensuring identiﬁability of the overall mean trend. In the independent trend model, the mean trend fm (t)
term is omitted, and the sum-to-zero constraint for reef-speciﬁc trends is removed: thus, 𝑓𝑗 (𝑡) = 𝑔𝑗 (𝑡).
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Covariates can be added to the model via a model selection submodel that used Bayes factors (ratios
of marginal likelihoods) to evaluate the relative weights of evidence that each candidate covariate is
a linear predictor of the response. Bayes factors naturally penalize additional free parameters, greatly
reducing the risk of overﬁtting. Estimates of trends and other key parameters are integrated over all
possible combinations of candidate predictors via Bayesian model averaging. The linear predictor for
the covariate model becomes:
𝑄
∑
)
(
𝛾𝑞𝑗 𝑥𝑞𝑗𝑡 + reef𝑗 + diver𝑘 + 𝑦𝑒𝑎𝑟𝑡 + 𝜀𝑗𝑡 + 𝜌𝜀𝑗(𝑡−1).
log 𝜆𝑗𝑘𝑡 = 𝛼 + 𝑓𝑗 (𝑡) +
𝑞=1

Here, xqjt is the value of the qth covariate at reef j in year t, and 𝛾𝑞𝑗 is the model averaged linear coeﬃcient for that covariate in reef j. The model also calculates the posterior probability that each coeﬃcient
is nonzero, Pr(𝛾𝑞𝑗 ≠ 0). The priors for covariates are similar to those for trend parameters, i.e., prior
2 ); 𝜎
Pr(𝛾𝑞𝑗 ≠ 0) = 0.5, 𝛾𝑞𝑗 ∼ 𝑁(0, 𝜎𝑐𝑜𝑣
𝑐𝑜𝑣 ∼ Uniform(0, 1). Note that when covariates are included
in the model, the trend components f() are conditional on covariate eﬀects; that is, they describe the
temporal patterns in residual CPUE, after accounting for variation attributable to covariate eﬀects.
The intercept and autoregressive parameters are assigned vague independent prior distributions, 𝛼 ∼ Normal(0, 1000), 𝜌 ∼ Normal(0, 1). All other parameters are assigned exchangeable normal prior distributions, with ﬂat priors on the corresponding standard deviations, e.g.,
); 𝜎
∼ Uniform(0, 5).
diver𝑘 ∼ Normal(0, 𝜎 2
diver diver
Inferences about trends are based on the posterior distributions of estimated reef-speciﬁc parameters
and derived quantities. We deﬁne the “instantaneous” (or “current”) trend for year t as the proportional
change from year t-1 to t, Trendt = 𝑒𝑓𝑗 (𝑡) − 1, and the mean trend over a period from year a to b as the
∑𝑏
1
𝑓𝑗 (𝑡)
− 1). The posterior distributions
mean rate of change over that period, Trend[a,b] = (𝑎−𝑏+1)
𝑡 = 𝑎 (𝑒
are used to calculate posterior probabilities that trends are positive, e.g., Pr(Trend2013 ≥ 0). In addition
we calculate the posterior probability that the mean CPUE at a reef in each year (especially the last
year) equals or exceeds the geometric mean CPUE for that reef over a predeﬁned baseline period,
∏
Pr(Ct ≥ Cbaseline ), where Ct = exp(𝛼 + 𝑓𝑗 (𝑡) + 𝑟𝑒𝑒𝑓𝑗 + 𝑦𝑒𝑎𝑟𝑡 ), and Cbaseline = ( 𝑏𝑡=𝑎 𝐶𝑡 )−(𝑎−𝑏+1) ,
where a and b are the ﬁrst and last year of the baseline period, respectively. Because change-points
are prohibited in the ﬁnal year of a time series, the “instantaneous” trend for the ﬁnal year (2013 here)
is actually the mean rate of change over the ﬁnal 2 years.
Models are ﬁtted using WinBUGS software (v 1.4, Lunn, Thomas, Best, & Spiegelhalter, 2000)
with the reversible jump Markov chain Monte Carlo (MCMC) add-on of Lunn, Best, and Whittaker
(2009). Posterior distributions (and derived quantities) are estimated over a minimum 10,000 MCMC
iterations after a 10 000 iteration burn-in period (or more if practical). MCMC mixing and convergence can be checked by viewing chain history plots in WinBUGS and by Gelman-Ruben-Brooks
diagnostics (Brooks & Gelman, 1998), which are calculated automatically and returned to R as “Rhat”
values. We found 10,000 iterations to be generally suﬃcient to achieve convergence in the Western
Zone greenlip abalone CPUE, but more may be need with covariate models involving a diﬀerent
species and more reef codes than we tested in this study.
Posterior predictive diagnostics may be used to assess model adequacy (Gelman, Meng, & Stern,
∑
1996). For each model, a summed discrepancy measure Sobs = (observed − expected)2 ∕expected
is calculated which reﬂects the overall goodness-of-ﬁt. A reference distribution for the discrepancy
measure, Ssim , is generated from simulated data drawn from the posterior distribution of the model.
If the posterior distributions of Sobs and Ssim overlap, such that 0.1 < Pr(Sobs > Ssim ) < 0.9, then the
ﬁtted model is capable of generating the observed data, indicating an appropriate model structure. The
Pr(Sobs > Ssim ) values, called posterior predictive p-values (PPP), were calculated automatically for all
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FIGURE 2

Composite of Victorian statewide greenlip abalone catches (VFA) and estimated average market values
(national all species—ABARES; Western Australian greenlip abalone WA Dept. Fisheries; Victorian Western Zone
greenlip abalone), overlaid with scaled estimates of diver daily proﬁt (median values for Western Zone greenlip abalone)
during 2001–2016

models. Values close to 0.5 indicate an excellent ﬁt (i.e., the model structure is appropriate), whereas
values <0.1 or >0.9 may indicate that distributional assumptions are not met. The model may also be
ﬁtted to ﬁshery independent count data with negative binomial or Poisson-lognormal error structures,
although in testing to date PPP values for Poisson-lognormal models were consistently close to 0.5,
and always closer to 0.5 than PPP values for negative binomial models. The use of the reversible jump
MCMC necessitates case-speciﬁc random errors to be included in all models with distributions in the
exponential family. Without random variation on the log-scale the integrals are not available in closed
form and the reversible jump MCMC algorithm fails.

4

RESULTS

The results overall show relatively broad-scale spatial and interspecies shifts in catch and declining
CPUE from 2008 until ﬁshing ceased in early 2013. Market data show a consistently lower than
expected beach price, but apart from an increase in otherwise ﬂuctuating fuel costs, there was an
absence of any economic trend which could be clearly aligned with the decrease in catch quotas after
the peak catch in 2010.

4.1

Market and economic indicators

Beach prices paid for Australian abalone generally reduced from $40–50/kg in 2001 to $25–40/kg during 2008–2009, but thereafter were stable to increasing (Fig. 2). The limited series of prices reported for
greenlip abalone ﬁshed from the Western Zone of Victoria showed a slight decrease between 2010 and
2011 with no change from then onwards. In general the prices paid for greenlip abalone from the study
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F I G U R E 3 Quarterly changes in indices for fuel and motoring costs (Australian Bureau of Statistics ABS), and consumer price (Reserve Bank of Australia - RBA) aﬀecting the cost of ﬁshing eﬀort during 2001–
16 abalone ﬁshing (quota) years. Sources: ABS http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/6401.0Sep%
202017?OpenDocument, RBA https://www.rba.gov.au/inﬂation/measures-cpi.html#year_ended

area were mostly 15–25% lower than those paid for blacklip abalone, and 26–34% lower than prices
paid for greenlip abalone from Western Australia (Fig. 2). Estimated median diver daily proﬁt for greenlip abalone taken from the study area increased during 2006–2008 and then decreased steadily by 62%
during the 4 years thereafter before ﬁshing for greenlip abalone ceased in the Western Zone in 2013.
The Australian nationwide CPI was relatively steady, but tending towards lower values at the end
of the study period and subsequently (Fig. 3). In contrast, quarterly fuel and motoring costs ﬂuctuated
markedly with decreases during 2008–2009, followed by increases of around 9–13% during 2010–
2011, although these were not as large as the increases which occurred prior to the disease outbreak.
Increases in fuel prices were small (<5%) from the March quarter of 2012 onwards, i.e., during the 2012
quota year, and fell during the ﬁrst quarter of the 2013 quota year. Much larger increases of around 25%
for fuel and 9% for motoring occurred just prior the disease outbreak and when greenlip abalone catches
were in their brief escalation phase (Fig. 2) immediately after the diseases’ abatement (Fig. 3).

4.2

Logbook catch and eﬀort

Historic catches of greenlip abalone during the early developmental years of the Western Zone abalone
ﬁshery from the late 1960s until the early 1970s were small but not insigniﬁcant with a peak of 13
tons taken in 1973 (Fig. 4). Catches were negligible for most of the 1980s and 1990s.
There was a shift in catch proportions from disease-aﬀected (AVG) to unaﬀected (no AVG) and
from blacklip abalone (no AVG) to greenlip abalone (no AVG) producing reef codes from 2006
onwards. The total catch declined from 266 tons in 2003 to stabilize in the vicinity of 50 tons from
2008 to 2013, with greenlip abalone accounting for somewhat more than one third of the total catch in
2010. Fishing progressively resumed on disease-aﬀected blacklip abalone stocks from 2009, whereas
greenlip abalone quotas were reduced from 2011 (Fig. 5).
Mean rates of CPUE initially appear to have increased numerically in conjunction with increasing
greenlip abalone catch during the ﬁrst few years and then to have decreased thereafter. In the absence
of modelling, however, the large standard deviations and single observations for some reef codes in
some years preclude a deﬁnitive statistical interpretation (Fig. 6).
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FIGURE 4

Catch history for greenlip abalone from the Western Zone of the Victorian ﬁshery, 1969–2013
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FIGURE 5

Total abalone catch of both greenlip and blacklip abalone and their relative proportions among infected
and uninfected areas in the Western Zone management region before, during and after the outbreak of abalone viral
ganglioneuritis (AVG) during 2006–2007 (bars with orange borders)

4.3
4.3.1

Electronically logged data during ﬁshing operations
Spatial and temporal patterns

Whereas most of the greenlip abalone catch initially came from within the Julia Bank reef code during
2007–2010, in 2011 the number of abalone taken from there halved and almost one third was taken
from Hospital Reef, an area where there was limited catch (6% of total) in 2010 and none during
2007–2009 (Table 1).
A majority of ﬁshing events were logged in the vicinity of the main part of the extensive reef complex of Julia Bank 2.14 along with several more isolated grid cells oﬀshore and inshore within this reef
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FIGURE 6

Mean catch-per-unit eﬀort (CPUE) for greenlip abalone at four reef codes in the Western Zone management region over a 7-year period, calculated from raw data acquired via logbooks. Error bars represent standard
deviations and asterisks indicate single data points

TABLE 1

Summary of numbers and proportions of shell length measurements electronically logged for each greenlip abalone-producing reef code in the Western management zone as provided by the commercial abalone operators for
the period 2007–2011. No GPS coordinates were included with this dataset
Reef code name

Reef ID #

2007

Fishing quota-year
2008
2009
2010

2011

Total

Proportion

Discovery Bay

1.01

0

0

264

63

243

570

1%

0%

0%

6%

0%

1%

0

0

0

2188

5612

7800

28%

0%

0%

0%

6%

31%

0

0

0

1973

1586

3559

8%

0%

0%

0%

5%

9%

744

3463

4357

31,582

7484

47,630

38%

99%

100%

94%

87%

42%

0

0

0

534

2166

2700

11%

0%

0%

0%

1%

12%

0

0

0

0

809

809

4%

1%

0%

0%

0%

5%

744

3463

4621

36,340

17,900

63,068

100%

Hospital Reef
Dutton Way
Julia Bank
Yambuk
Minerva
Totals

2.12
2.13
2.14
2.15
2.16
Zone

code. Only one grid cell (max 100 Ha of potential reef) was accessed within Minerva Reef 2.16 and
ﬁshing in Dutton Way 2.13 and Hospital Reef 2.12 were similarly concentrated on only several locations (Fig. 7). No greenlip abalone ﬁshing events were logged via GPS within the Yambuk reef code
2.15 (Fig. 7) although catch and eﬀort data for this species were available from logbook records. The
small proportion of records for Discovery Bay relate to only 660 kg taken during 2006–2012 representing 2% of the total abalone catch for this code and 1% of the greenlip abalone catch for the Western
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FIGURE 7

Composite map showing the study area with reef code boundaries delineated and grid cells from which
greenlip abalone were taken (shaded pink) from late 2006 until mid 2009 identiﬁed, overlaid with ﬁshing vessel GPS
locations (red dots), relative to the State of Victoria (red dots in upper right panel) and the Australian continent (red dots
in upper left panel)

TABLE 2

Monthly catch distribution in the Western Zone greenlip abalone ﬁshery from electronically logged

records
Year

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

2007

0%

0%

0%

0%

0%

0%

0%

100%

0%

0%

0%

0%

2008

0%

0%

0%

37%

15%

0%

17%

0%

0%

0%

0%

32%

2009

0%

0%

0%

17%

6%

54%

10%

0%

0%

3%

0%

10%

2010

2%

0%

5%

15%

36%

4%

9%

6%

0%

12%

5%

6%

2011

11%

7%

3%

22%

14%

14%

9%

20%

1%

0%

0%

0%

All

4%

2%

4%

18%

26%

10%

9%

10%

0%

7%

3%

6%

Zone during the study period. Only two records for this reef code were for greenlip abalone taken in the
absence of blacklip abalone, in each instance taken at very low CPUE of 13.9 kg h−1 and 19.7 kg h−1 .
Catch patterns during 2007–2011 varied among years, but with two-thirds or more of the catch
taken during the cooler months during autumn to spring. Catches during summer ranged from zero to
32% in 2008, averaging 12% overall (Table 2).

4.3.2

Catch size structure

With the exception of Julia Bank, median individual meat weight decreased over time, as did the 80th
percentile. The largest abalone were from Julia Bank, Minerva, and Yambuk (Table 3). As the last two
reef codes were included in Julia Bank prior to 2010, this might explain the higher values for Julia
Bank during 2009. None of these catches would have been classed as the premium Grade 1 category
applied to marketing greenlip abalone from South Australia and in most instances about half the catch
would have been classed as Grade 3 and half as Grade 2 (Table 3).
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T A B L E 3 Individual meat weight (g) values (median and 80th percentile) estimated from electronically measured
and logged shell lengths of greenlip abalone in the Western Zone ﬁshery of Victoria, Australia
Reef

Percentile

2009

2010

2011

ALL

Discovery Bay

50th

157

148

145

148

80th

181

177

167

173

50th

157

148

151

80th

187

173

177

Hospital Reef
Dutton Way
Julia Bank
Yambuk
Minerva

2007

2008

50th

154

142

148

80th

184

167

177

50th

145

148

173

157

160

157

80th

168

173

217

191

194

194

50th

163

160

163

80th

198

194

194

50th

170

170

80th

209

209

Back-calculating shell length from weight using the same parameters as for the tabled weight
estimates, Grade 3 abalone would be equivalent to a shell length <140 mm, Grade 2 would fall within
the range 140–161 mm, and Grade 1 ≥ 162 mm.

4.4

Statistical analysis of CPUE trends

All models were ﬁtted for 10,000 MCMC iterations, which was suﬃcient to achieve adequate mixing
and convergence.
With the exception of Minerva Reef (2.16) the PPP values fell well within the range 0.1–0.9 and were
within 0.25 of the ideal value of 0.50 (Table 4). Minerva Reef had a PPP of 0.1 which is considered
borderline for an acceptable model ﬁt to the data. The values for Yambuk and all reef codes combined
were particularly close, indicating that the model structure was appropriate and that distributional
assumptions were met. The hierarchical trend model, which assumes similar trends among reefs within
each management unit, still allows reef-speciﬁc trends where justiﬁed by the data. We accounted for
diﬀerences among divers and assumed a ﬁrst-order autocorrelation structure for the process error.
In each instance the recent 2-year and mean (2007–2012) trends were negative across all reef codes
showing a rate of reduction of 0.02–0.07 per annum (Table 4).
The strongest evidence of a trend in either direction is provided by 95% CIs that do not include
zero (equivalent to a 2-tailed test), but an advantage of the Bayesian approach is that the posterior
distributions of parameters allow direct probabilistic statements about parameter values, e.g., the
probability that a trend is negative (or positive). Although all of the CIs included zero, based on
the posterior probability 95% CIs, there was at least a 67% probability that the 5-year mean trends
were negative. Similarly, between the last 2 years of the series there was also a >67% probability of
decline among the individual reef codes and a >84% probability of decline overall. The probability
that the CPUE in 2012 was both negative in trend and below the 2006 value ranged from 0.45 to 0.88
among the reef codes, and overall it was 0.85 (Table 2).
The proportional change per year showed a steady decrease from 2008 onwards of about 5% per
annum (Fig. 8) representing an overall decrease in CPUE from around 50–65 kg h−1 for the middle
half of the range of values at the start of the series to 40–48 kg h−1 at its end (Fig. 9).

2.12

2.13

2.14

2.16

Dutton Way

Hospital Reef

Julia Bank

Minerva

All Reef Codes

Code#

Reef code

0.13

0.03

0.02

0.85

(–0.14, 0.08)

−0.04

(–0.16, 0.09)

−0.06

0.73

−0.06

0.07

(–0.33, 0.10)

0.12

(–0.33, 0.11)

0.16

0.83

−0.07

0.00

−0.02

0.00

(–0.09, 0.08)

0.17

(–0.18, 0.09)

−0.05

0.45

−0.01

0.20

−0.05

(–0.11, 0.13)

0.33

0.88

Mean trend 2007–2012

(–0.15, 0.17)

0.33

0.00

P(-, < B)

−0.02

0.00

P(+,≥B)
(−0.13, 0.07)

0.12

−0.07

P(≥B)

(−0.19, 0.07)

P(+ve)

Trend 2012

0.16

0.19

0.24

0.33

0.14

P(+ve Mean trend)

0.53

0.10

0.60

0.71

0.66

PPP

T A B L E 4 Summary of trends in greenlip abalone catch-per-unit-eﬀort (CPUE) among reef codes in the Western Zone management region of the Victorian commercial
ﬁshery. Trend 2012 = posterior mean (95% CI) of the estimated “current” trend, i.e., the mean rate of change (proportional change per year) over the ﬁnal two years of record.
P(+ve) = posterior probability that the current trend (Trend 2012) is positive (i.e., counts are stable or increasing): 1-P(+ve) = probability that counts are declining. P(≥B) = posterior
probability that the mean CPUE in 2012 is equal to or above a baseline value B, deﬁned here as the geometric mean of the estimated annual CPUE for the ﬁrst four years of the
series. P(+,≥B) = the posterior probability that greenlip abalone stocks within a reef code are above (or equal to) the baseline value and are not in decline, i.e., P(≥B) × P(+ve).
P(–, <B) = the posterior probability that greenlip abalone CPUE within a reef code is both below the baseline value and in decline, i.e., (1-P(≥B)) × (1-P(+ve)). Note that the
baseline period was deﬁned from the ﬁrst year of contemporary ﬁshing in any reef code within a management unit. Mean Trend 2007–2012 = the mean trend (annual rate of change)
over the period 2007 to 2012 (95% CI). PPP = posterior predictive p-values P(Sobs > Ssim )
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F I G U R E 8 Trend (proportional change per year) in catch-per-unit-eﬀort estimated from the hierarchical Bayesian
model with quartiles and 95% credible intervals (CI) for greenlip abalone logbook data from the Western Zone management region of the Victorian ﬁshery
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Bayesian estimates of catch-per-unit-eﬀort (CPUE; kg. h−1 ) curves with median (mid-line), interquartile (dark grey region) and 90% credible (light grey region) intervals overlaid on observed data points (grey dots) for the
hierarchical model of greenlip abalone logbook data from the Western Zone management region of the Victorian ﬁshery

FIGURE 9

5

DIS CUSSION

The 7 years of ﬁshing for greenlip abalone that occurred in the wake of the AVG disease outbreak
showed an escalation in the proportion of greenlip abalone in the catch. The greenlip catch increase
eﬀectively stabilized total annual abalone catches at around 50 tons after the large reduction in
blacklip abalone quotas from 266 tons, which occurred over the period 2003–2008. Following the
peak greenlip abalone catch in 2010, resumption of ﬁshing for blacklip abalone on disease-impacted
reefs oﬀset the reduction in greenlip abalone catches. Greenlip abalone CPUE is typically lower
than that for blacklip abalone, but usually compensated by higher beach prices (Stobart, Mayﬁeld,
& McGarvey, 2013), especially for larger live abalone destined for domestic restaurant and overseas
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export markets. The much lower beach prices reported for greenlip abalone than blacklip abalone
taken from the study area during the latter part of the study period apparently support suggestions from
industry; that the rapid catch reduction and subsequent cessation of ﬁshing for greenlip abalone in the
Western Zone reﬂected market conditions rather than stock status. The implication is that the greenlip
ﬁshery became progressively less proﬁtable and it was no longer worthwhile ﬁshing there at the same
catch rates prevailing during the brief period in which the greenlip abalone catch quota was increased.
Although this is a plausible explanation, it is not one for which there is compelling evidence given that
ﬁshing for greenlip abalone continued in Western Australia and Victoria's Central Zone ﬁshery. Prices
for abalone did fall during the period covered by this study, but this decrease commenced during
2008 when greenlip catches were increasing and has been attributed to the Global Financial Crisis
rather than to a global oversupply and associated market response (Cook, 2016). Despite lower catch
rates for greenlip abalone, that they were being taken under a separate quota meant that additional
blacklip abalone with potential to be taken at a faster (more proﬁtable) catch rate could not be accessed
to simply replace greenlip quota that had been foregone, as might have occurred had both species
remained part of the one quota allocation. Increases in the blacklip abalone quota were in response to
abatement of disease and stock improvement and not a reduction in the availability of greenlip abalone.
Another factor which aﬀects proﬁtability is the cost of eﬀort. Although CPI was low at around
2%per annum, during the study period, fuel and motoring costs, which are a substantial expense for
a ﬁshery that relies on high-powered trailerable boats, did increase around the time of peak greenlip
abalone catches. Fuel and motoring costs increased by a much larger proportion (25% and 9%,
respectively) during 2007–2008. This implies that targeting greenlip abalone would have been more
proﬁtable during the latter, but not the initial, part of the brief phase of increased ﬁshing eﬀort.
The Bayesian model ﬁtted the data well and demonstrated that there was a high probability of
decline in greenlip abalone stocks, which was particularly evident for Hospital Reef and the Julia
Bank reef complex where most of the ﬁshing occurred. CPUE often tends towards hyperstability,
especially with sedentary mollusks such as abalone where divers are able to make spatial adjustments
to their ﬁshing patterns to maintain catch rates despite decreases in total biomass (Dowling et al.,
2004; Kahui & Alexander, 2008; Stobart, Mayﬁeld, & Carroll, 2016), a corollary being that the stock
may be hyper-depleting even when catch levels are maintained (Hilborn & Walters, 1992). In eﬀect,
the relationship between biomass and catch rate exhibits an asymptotic relationship (see Miller, 1990).
Diver eﬀort comprises time spent searching and swimming between clusters of abalone and time
involved in prizing the abalone from reef and bagging them (Beinssen, 1979). When abalone are very
dense the majority of eﬀort will be expended through handling time, whereas as densities decrease
or aggregations are progressively removed from reefs, search time will eventually increase such that
the relationship between catch rate and exploitable biomass (stock abundance) will steepen and tend
toward linearity. This implies that whereas search time is inversely proportional to overall abundance
of a stock, handling time has a much weaker relationship and becomes uncoupled at high densities.
There will be a limit to how much individual abalone divers are able to increase their ﬁshing power
to counter an increase in search time as the biomass depletes.
Collectively, these factors aﬀecting the relationship between exploitable biomass and CPUE imply
that the actual decline in exploitable biomass in our study might have been steeper than what was
observed in the CPUE trend. The potential limitation in detecting the true trend in exploitable biomass
might have been at least partly overcome via more highly resolved estimates of catch rates throughout
each day of ﬁshing instead of reliance on daily CPUE from logbook data. The lack of available GPS
data for 2010–2011 and the need to discard 41% of the observations for 2006–2009 meant that it was
not feasible to interpret changes in ﬁshing patterns within reef codes over time, although the mapped
data provided some indication that ﬁshing was intensely focused on only a small proportion of the area
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encompassed within each reef code. Jalali et al. (2015) investigated highly resolved spatial patterns of
CPUE for blacklip abalone stocks within the same study area (excluding Hospital and Minerva reefs
where blacklip abalone were in very low abundance) during the same period, including 2010–2011
after industry provided them with access to all of the GPS data. Moran's Index, a measure of cluster
intensity, showed speciﬁc areas of highly clustered CPUE which varied temporally. The index score
values were higher in 2010 and 2011 compared to 2008 and 2009 for Julia Bank, Discovery Bay
and Julia Percy Island located south of Julia Bank. The statistical results indicated that the observed
clustering patterns in CPUE arose from an accumulation of grid cells with high values of ﬁshing
eﬀort intensity. The results clearly showed that commercial divers targeted certain sites across the
four study years, with hotspot regions being temporally concentrated in the center of both Julia Bank
and Discovery Bay, and to the south west of Julia Percy Island. Although blacklip abalone are more
proliﬁc throughout the zone, populations of this species at Julia Percy Island had become heavily
depleted and were patchier in Discovery Bay and on Julia Bank (Gorﬁne, 2007). It seems reasonable
to speculate that similar patterns of temporal shifts among hot spots within reef codes may have
prevailed for greenlip abalone in the wake of AVG.
The log book data showed that there was a noticeable shift in eﬀort and catch among reef codes
between 2010 and 2011 with 45% out of the 87% contribution from Julia Bank being taken up by the
remaining reef codes. Anecdotally, Hospital Reef, Dutton Way and Minerva Reef, as well as reefs
west of Port Fairy that were not ﬁshed during the study period, produce better quality greenlip abalone
products. There is some doubt about the accuracy of data for Yambuk because it has been suggested
by some divers that there is little or no productive greenlip abalone habitat within this reef code and
it did not have any logged GPS data during 2006–2009.
It is certainly a reasonable expectation that after increasing during the early developmental phase
of a new ﬁshery when progressively more substocks are discovered, that CPUE will then decline as
the accumulated preﬁshed biomass among the substocks is reduced. This does not necessarily mean
that a ﬁshery has become unsustainable provided that the decline abates before the biomass becomes
depleted to the extent that recruitment is impaired. This might be the case in our study given that the
Western Zone had no recent ﬁshing for greenlip abalone; but although the study focuses on the contemporary period either side of the disease outbreak, the greenlip abalone catch history for the Western
Zone ﬁshery shows that catches during the early 1970s were almost as high as the recent peak. It is
possible that despite intervals of many years between catches, periodic episodes of ﬁshing mortality
on relatively long-lived species such as abalone can either progressively deplete biomass by allowing
only partial recovery or at least prevent recovery beyond current levels. Dowling et al. (2004) describe
a situation in Waterloo Bay, South Australia where there have been cycles of greenlip abalone stock
collapse and ﬁshery closure interspersed by pulses of ﬁshing. The recovery phase is due to a breeding
population inaccessible to ﬁshing which is thought to have given rise to a source-sink larval supply
that replenishes the reefs accessible to ﬁshing. Their study illustrates the cyclical nature of abalone
responses to ﬁshing mortality under a particular set of circumstances. It also highlights the importance
of scale when designating an area as unﬁshed, since at a microlevel many areas could be considered
as “unﬁshed” despite widespread ﬁshing nearby. Julia Bank had seldom been ﬁshed for either blacklip
or greenlip abalone, but there were some scattered log book records of relatively small catches of both
species over the past decades. The lack of much previous ﬁshing is understandable given the poor
quality of greenlip abalone taken during the study period, the distance of the area from port compared
with other greenlip abalone habitats, and the hazardous nature of the location due to increased
hyperbaric exposure in deeper water and an increased possibility of attack by Great White sharks.
The Bayesian hierarchical model provided evidentiary strength to subjective inferences drawn from
patterns in catch and eﬀort, and eﬀectively dealt with the heterogeneity in the nominal CPUE data that
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makes interpretation equivocal for spatially patchy species like abalone (Kahui & Alexander, 2008).
In a study to estimate the biomass of an unexploited greenlip abalone population in South Australia,
Mayﬁeld, McGarvey, Carlson, and Dixon (2008) found that catch rates from controlled ﬁshing surveys
by commercial divers varied considerably among diﬀerent spatial blocks and that relatively few blocks
produced most of the catch. This patchy pattern of production in which catches are only taken from
relatively small areas within statistical reporting blocks with high variability among blocks, as evident
from logged vessel positions in our data, illustrates why the predictor variable “reef” is an important
factor in the Bayesian model that we used. The inclusion of “diver” as an additional eﬀect was also
important because commercial abalone divers have been shown to diﬀer in the ﬁshing strategies that
they employ, thereby increasing the heterogeneity in their ﬁshing eﬀort (Gorﬁne & Dixon, 2001).
Apart from variation among divers, another explanation for declining CPUE could be a trend
towards increasingly adverse sea conditions which impeded diver eﬀort. The potential for hyperdepletion in CPUE caused by weather eﬀects of wind and swell is valid and has been investigated by Stobart
et al. (2016) for both greenlip and blacklip abalone in South Australia. Although their study revealed
that swell height aﬀected CPUE for blacklip abalone catches on shallow reefs, there was no evidence
of hyperdepletion in greenlip abalone CPUE, largely because commercial divers avoided ﬁshing
during adverse weather. These researchers concluded that rather than reduced ﬁshing power due to
adverse sea conditions, in their case the evidence pointed towards the observed declines in CPUE
arising as ﬁshing reduced the stock. This implies that the exploitable biomass in South Australia had
been reduced to a level where CPUE was shifting into the initial linear phase of the asymptotic curve
describing the relationship. Indeed, Hart, Fabris, and Caputi (2009) included the technology factors of
GPS and Internet Weather Service (IWS) in addition to diver and season as predictive variables in a
GLM of greenlip abalone CPUE. They found that the eﬀect sizes for GPS use in the two management
regions in their study were 8 and 9%, whereas the eﬀect was 13% for IWS in one instance and there
was no eﬀect in the other. These factors rendered CPUE values higher than they would have been
without the use of this technology and following discussion with Western Australian abalone divers
CPUE values were adjusted downwards for GPS, but not IWS, prior to standardization.
Bench-marking the catches at 2006 was a reasonable decision not only because of an absence of
ﬁshing during the immediately preceding years, but also because the mid-range values estimated by
the model for the start of the series were similar to the lower end of the range of those observed
among the most productive greenlip abalone reefs (range 60–100 kg h−1 ) in the South Australian
abalone ﬁshery (Mayﬁeld et al., 2008). That ﬁshing ceased after a decrease in CPUE of about one
third indicates the existence of a proﬁtability limit. One generalization in ﬁsheries is the construct
that economic failure will precede population collapse (Grafton, Kompas, & Hilborn, 2007) and
by implication that this is protective of the ecosystem as it averts the threat of biological extinction
(Wilson, 2009, p. 169). In contrast, discussing the relationship between proﬁtability and overﬁshing
Hilborn and Walters (1992) p. 189 provide examples where “Severe overexploitation resulted from
the very low economic threshold for proﬁtable ﬁshing.” The notion of a proﬁtability threshold
being protective has not been borne out in many abalone ﬁsheries where population recovery
has not materialized following stock collapse despite decades of no or limited ﬁshing (Campbell,
2000; Cook, 2016; Huchette & Clavier, 2004; Lessard & Campbell, 2007; Searcy-Bernal, RamadeVillanueva, & Altamira, 2010). Indeed, among the seven Californian abalone species referred to
in the Introduction which were exploited prior to total closure of the commercial ﬁshery in 1997,
there are two, white and black, which are now listed as endangered under the US Endangered
Species Act, and three others (pink, green, pinto) which have been identiﬁed as “Species of Concern”
(https://www.westcoast.ﬁsheries.noaa.gov/protected_species/abalone/abalone.html).

22 of 27

Natural Resource Modeling

GORFINE ET AL.

Our relatively crude estimates of daily proﬁtability showed a sizeable 62% decrease and it is possible
that divers shifted their eﬀort in a bid to ﬁnd better quality abalone (see Jalali et al., 2015), but if this
was the case then it was not reﬂected in the prices reported by the local processing factory. The much
lower prices which were paid for greenlip abalone from the study area are contrary to expectations for
this species (Mayﬁeld, 2010; Stobart et al., 2013) which at a premium grade is fetching beach prices of
$40–50/kg when destined for the live export markets of Asia (pers. comm. WZ divers). The small proﬁt
margin associated with the low prices during the study period would have been sensitive to even modest
decreases in CPUE. Premium grade greenlip abalone in South Australia are those with individual meat
weights >230 g which typically equates to a shell length of at least 155 mm (Mayﬁeld, 2010). The
equivalent estimate for Victoria's Western Zone was 162 mm, indicating a lower whole weigh per
unit shell length within the study area. Applying the categories used in South Australia (Mayﬁeld,
2010), half the Western Zone catch would have been in the lowest quality Grade 3 category and none
would have been in the premium Grade 1 category. As well as varying with shell size, meat yield for a
given shell size may also vary temporally with Stobart et al. (2013) demonstrating seasonal variation
characterized by lower yields from greenlip abalone during the late winter to early summer period.
Avoiding this period (in South Australia) they found that premium grade abalone accounted for 85% of
the catch and the larger size meant 13% less individual abalone were taken for the same weight. Fishing
for optimum yield may not accord with ideal weather conditions nor would the timing be optimal for the
lead up to the Chinese New Year in late January to early February (Stobart et al., 2013). Divers in the
Western Zone of Victoria took most of their catch during the autumn and winter which favored yield,
although one third of the catch was taken during early summer in 2008. Only a small amount of catch
was taken during spring, which is the period leading up to spawning and generally tends to be windier in
western Victoria (see https://www.weather-climate.com/victoria.html, accessed on 12 February 2018).
The information available for this study was insuﬃcient to determine whether or not the reduction
in exploitable biomass indicated by the observed decline in CPUE was large enough to have caused
the Western Zone greenlip abalone stock to become recruitment overﬁshed. In other words, whether
reproductive output was impaired to the extent that population recruitment had become insuﬃcient
to replenish losses caused by ﬁshing and natural mortality. Greenlip abalone populations are more
spatially fragmented than blacklip abalone in Victoria and in combination with their preference for
less cryptic habitat are likely to be more vulnerable to intense ﬁshing pressure (Gorﬁne, 2002). This
implies that greenlip abalone have less resilience to rebound from severe depletion than blacklip
abalone populations as indicated by the state-wide catch history dating back to the late 1960s when
annual catches peaked at around 100 tons for this species.
A total allowable catch quota of 1.4 tons was set for the Western Zone ﬁshery for the 2017–2018
quota year at the behest of industry with a size limit increase to an LML of 135 mm in order to provide
additional protection for the residual breeding population (Bedford, Hearne, Wang, Gorﬁne, & Taylor,
2013). These arrangements have remained unchanged for 2018–2019 due to mixed reports from divers
regarding their perceptions of the state of greenlip abalone stocks. It remains to be seen whether the
CPUE for this relatively small amount can be relied upon to provide any indication of stock recovery.
Anecdotal reports from divers who have recently ﬁshed the near coastal region from Hospital Reef to
Minerva Reef in Portland Bay have been unfavorable, with better reports for Julia Bank and a reef called
The Cutting, located east of Port Fairy. A larger TACC would certainly provide more chance of detecting a change due an associated increase in data, but at a greater risk of either eroding any legal biomass
that might have recovered in the absence of ﬁshing during 2013–2016 or suppressing further increases
that would support a larger TACC in the future. Given the poorer quality and lower meat recovery from
smaller greenlip abalone and competition from smaller high quality cultivated greenlip abalone from
land-based farms, a larger size limit closer to the 145 mm and 150 mm LML values which apply in the
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Victorian Central Zone ﬁshery should be considered. A LML of 140 mm would be necessary to ensure
that Western Zone greenlip abalone met the 150 g minimum weight for Grade 2 quality. A higher size
limit would focus ﬁshing onto stocks more suited towards obtaining premium prices for the live market.
If more highly resolved catch and eﬀort data acquired electronically had been made available for
the entire period covered by this analysis rather than only when permits were in force, and if the
equipment had worked more reliably, then this might have revealed more about the dynamics of the
interaction between stock biomass and changes in CPUE.

6

CONC LU SI ON S

The Bayesian hierarchical model was an eﬀective alternative to traditional frequentist approaches in
examining hypotheses about trends in an exploitable biomass of greenlip abalone from a paucity of
catch rate data (CPUE).
The trend model conﬁrmed that there was a high probability (87%) of an almost one-quarter
decrease in CPUE associated with the switch to targeting of greenlip abalone as a partial substitute
for the reduction in blacklip abalone catches.
A review of market indicators including annual beach prices and eﬀort-related costs indicated that
although there was no change in market conditions coinciding with the decrease in catches after 2010,
proﬁts were marginal due to the poor quality of the greenlip abalone on the reefs that were ﬁshed. In
2012, proﬁts had decreased by an estimated 62% from their peak and although increased fuel prices
may have contributed sporadically to losses in proﬁtability, the estimated loss is based exclusively on
annual changes in daily catch rates and monthly beach prices.
It is unclear if the resource will recover to the extent that it can support more than a very low TACC
in the future, and the generally poor quality of greenlip abalone warrants an increase in LML to at
least 140 mm shell length to focus catches on areas which provide the best yields.
The ﬁshery ostensibly became unproﬁtable in 2012 when the mid-range of values estimated from
the model decreased to 40–48 kg h−1 . In a healthy abalone ﬁshery 50 kg h−1 is typically regarded as
a lower limit below which proﬁtability becomes marginal.
Although CPUE is only a proxy for biomass and the true ecological status of the resource cannot be
inferred from catch and eﬀort data alone, in the absence of any suitable alternative 40 kg h−1 would be
a precautionary limit reference point that managers could choose for future ﬁshery closures. Industry
became concerned in early 2012 when nominal CPUE was at around 45 kg h−1 to the extent that quota
was substantially reduced, and size limits were marginally increased voluntarily. It was falling catch
rates, not market considerations, which divers nominated as the main reason for wanting these changes.
Electronic logging of catch and eﬀort has much potential to improve the accuracy, precision and
spatial resolution of CPUE (Jalali et al., 2015), but this must be done consistently and reliably and
the data made available to regulatory agencies for analysis, which was not the case in this instance.
Discarding 41% of observations due to errors represents a considerable loss of information.
Management decisions aimed at addressing the direct impacts of a shock to a natural resource such as
abalone when accompanied by resource users’ motivation to oﬀset lost income can give rise to indirect
eﬀects on otherwise unimpacted species such as the greenlip abalone resource considered in this study.

7

S OURCE COD E

The source code for the Bayesian analysis described in this paper is available on GitHub
(https://github.com/search?q=ABSOLVER%2FBayes_abalone_hier_trend).
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Executive Summary
DigsFish Services Pty Ltd conducted a biosecurity assessment and disease risk analysis for the Abalone
Farms Australia (AFA) facility at Bicheno, Tasmania to provide the Board of Southseas Abalone (SAL) with
information upon which to base informed management decisions.
AFA was affected by an outbreak of abalone viral ganglioneuritis disease (AVG) (caused by Abalone
Herpesvirus 1 - AbHV-1) in January 2011, after which discharge ceased, and the farm was emptied of all
stock, cleaned and dried out. Investigations by local authorities suggest the most likely source of the AVG
outbreak was via untreated intake water that was contaminated by effluent from a nearby abalone processing
facility. Since this incident, the Minister for Primary Industries and Water has issued legislation relating to
water discharge from abalone live holding facilities that requires processors who hold live abalone from out
of their zone to treat their effluent water to achieve a minimum 3 log10 reduction in heterotrophic bacterial
levels and maintain discharge bacterial concentrations of ≤ 999 bacterial colony forming units per mL.
Outbreaks of AVG are increasing in frequency in Tasmanian abalone processing plants, but at AFA,
outbreaks of AVG are classified as incidents with high or extreme consequences which pose an unacceptable
risk to ongoing operation. An onsite biosecurity inspection of the AFA facility found it is in a unique
situation as its intake water may experience as little as 1 order of magnitude dilution of the outflow from the
effluent pipe from the nearby (<100 m) abalone processing facility under average wave and current
conditions.
A qualitative risk analysis was performed using a standard methodology that is internationally recognised as
appropriate for assessment of risks posed by diseases of aquatic animals. The method used examines both
the likelihood of disease events occurring and their consequences, in order to establish a risk rating ranging
from negligible to extreme. For aquaculture operations such as AFA, the appropriate level of protection
(ALOP) is usually considered to be acceptable when the risk is maintained at a “very low” level.
The risk analysis suggested that the conditions prescribed in the new legislation may provide AFA with
appropriate protection against abalone pathogens such as AbHV-1 originating from the nearby processing
facility under some, but not all, operational circumstances. Situations which may exceed the ALOP
included:
•

Significant disease outbreaks within the processing facility

•

Breakdown of equipment within the processing facility

•

Failure of the processing facility to meet discharge requirements due to lack of statutory scrutiny

The risk analysis also identified several other pathogens of abalone, besides the AbHV-1 virus, for which the
present levels of risk exceeded the ALOP and for which risk mitigation was recommended. The risk analysis
highlighted several potential risk mitigation methods for AFA that could effectively mitigate risk of
_________________________________________________________________________________________________________________________________________________________________________________
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introduction of not only AbHV-1, but also the other significant disease agents of abalone, to levels
equivalent or below those experienced at SAL owned farms at other locations.
The key mitigating processes included:
•

Effective quarantine of broodstock

•

Filtration of incoming water

•

UV irradiation of incoming water.

Each of these items will reduce risk by varying amounts for varying diseases. For example, filtration alone
will likely reduce the risk to an acceptable level when considering some protozoan and metazoan disease
agents. However, in the case of viruses (including AbHV-1 which causes AVG), all the above mitigants are
likely to be required in combination to achieve an acceptable risk level. The most appropriate water
treatment specification for the water volumes required appears to be filtration of incoming water to a
nominal 50 microns followed by UV irradiation to a dose around 60 mJ/cm2, which should mitigate the risks
posed by all significant disease agents of abalone to acceptable levels, while still allowing algal biofilm
formation.

Case studies exist showing that aquaculture ventures regularly experience improved productivity following
the introduction of biosecurity measures similar to those described above.

It is therefore likely that

productivity would also be enhanced at AFA under this water treatment regime, but it is not possible at this
time to quantify the likely extent of this outcome.
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1.0 Introduction
Abalone farming in the southern hemisphere has increased in scale significantly over the last 10 to 15 years.
The expansion of the industry has been accompanied by increased understanding of disease agents of
abalone. Bacterial, fungal, protozoan, metazoan and, most recently, viral disease agents have been recorded
from wild and cultured abalone in many parts of the world (Lester and Davis 1981, Goggin and Lester 1995,
Friedman et al. 2000, Moore et al. 2001, 2007, Diggles et al. 2002, Hine et al. 2002, Chang et al. 2005,
Diggles and Oliver 2005, Hooper et al. 2007, Hills 2007, Corbeil et al. 2010). While bacterial and fungal
disease agents are (with a few exceptions) ubiquitous opportunistic pathogens, the usual source of other
obligate disease agents (virus, protozoa, metazoa) when they appear in abalone farms is generally through
cross contamination of cultured abalone with wild broodstock held on site, or through exposure of cultured
abalone to untreated water containing infective stages that originate from wild molluscs or other carrier
species living adjacent to the facility (Diggles et al. 2002).

Abalone Farms Australia (AFA) at Bicheno, Tasmania, was affected by abalone viral ganglioneuritis disease
(AVG) caused by abalone herpesvirus (AbHV-1) in January 2011 (Ellard 2011, Ellard et al. 2011). The farm
was issued with an order to cease discharge and was emptied of all stock and disinfected. Investigations by
local authorities have suggested the most likely source of the virus was via untreated intake water that was
contaminated by effluent from a nearby processing facility that had suffered an outbreak of AVG (Ellard
2011, Ellard et al. 2011). Since this incident, the Minister has issued Fisheries Biosecurity Order (No. 1)
2011 (Green 2011) requiring processors who hold abalone from out of their zone, to treat their outgoing
water so as to achieve a prescribed reduction in virus and bacterial levels (Baulch and Ellard 2011).

The Board of Southseas Abalone currently requires more information about AbHV-1 and other disease
threats to abalone culture in order to procure a greater understanding of the risks associated with a restart of
AFA. DigsFish Services Pty Ltd was engaged to undertake a biosecurity assessment and disease risk
analysis in order to provide the Board with information upon which to base informed management decisions.
The assessment was designed to ascertain:
•

The farm risk prior to contraction of the virus

•

The risk in the current environment

•

The risk following the introduction of the Ministerial Order.

Expected outcomes from the biosecurity assessment and risk analysis were to include:
•

Advise further risk mitigants and where possible quantify their risk reduction potential

•

Advise what mitigants are required to bring the risk to a level equivalent with other SAL group
farms

•

Where it exists, provide case studies of industries that have successfully re-established following
similar events
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2.0 Biosecurity Assessment
An onsite inspection of the AFA facility was undertaken on the Thursday 1st and Friday 2nd of December
2011. This was done to inspect the layout of the facility, and determine the proximity of its intake to
potential sources of infection such as the effluent pipe of the adjacent abalone processor, and the effluent
from shellfish hatcheries and abalone holding facilities in “the Gulch” (Figure 1). Other objectives were to
meet and interview staff, ascertain operational details such as intake water volumes, learn about operational
protocols used in the hatchery, nursery and growout areas, and so on.

G

Ep

I

Ea

Figure 1. Layout of Abalone Farms Australia (bottom left) and distance from its intake pipe (I) to the
effluent pipe from the abalone processor (Ep) and the hatchery and farm in the Gulch (yellow line). The
yellow line is 1.5 km long. Prevailing current direction is from the north (arrow). Ea = AFA effluent pipe.
AFA intake and effluent water flow
The location of the intake water for AFA is approximately 90 to 100 meters to the south of the effluent pipe
from the adjacent abalone processing plant, and around 1.5 km as the crow flies from effluent pipes
originating from the shellfish hatchery and abalone holding facility in the Gulch (Figure 1). Site manager
Dean Broughan advised that a typical flow value for both intake an effluent water at AFA during normal
operation is 300 L/second, with an annual temperature range of between 10 and 22°C (Figure 2). The
_________________________________________________________________________________________________________________________________________________________________________________
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prevailing current in the area is from the north (Ho 2006) and the most common prevailing winds are either
calm (15% of the time), or from the North (8% of the time) or NNE (15% of the time) (Ho 2006). Hence
under normal circumstances the intake pipe at AFA will be exposed to relatively concentrated effluent from
both the abalone processor immediately to the north, as well as much more dilute effluent from the shellfish
hatchery and abalone holding facility in the Gulch. Intake water is pumped unfiltered through the growout
raceways but water for the hatchery is passed through sand filters with a capacity to filter to a nominal 80 to
100 µm. Water for larval rearing tanks is then filtered through cartridge filters to 25µm, 10µm and then 1µ m
before being UV irradiated using a UVS Ultra Pure 5000 UV system (dose rate unknown) rated at a nominal
flow of 11 L/min. Water for the nursery area is passed through sand filters only (nominal 80 to 100 µ m).
Plume mapping from the AFA effluent pipe performed by Ho (2006) using Rhodamine dye shows a peak
effluent concentration of 64% immediately around the pipe outflow, with elevated concentrations of dye in
the southern area of the intertidal region compared to the northern area, with dye concentrations reducing to
around 7 to 9% of original effluent concentration around 80 meters to the south, and around 16% of the
original concentration of effluent at points 30 meters seaward (Figure 4.4 in Ho 2006). In the conditions
during his study (light SE wind, 5-15 knots), Ho (2006) found that around 3.7% of the original effluent
concentration was found as far north as the AFA intake pipe. Based on the data of Ho (2006), AFA can
expect to be exposed to effluent from the abalone processing plant immediately to the north at around 10%
of its original concentration, but depending on flow characteristics in the AFA intake, this may be diluted
further to some extent due to the disparity between the ratio of the effluent flow from the processor outlet to
the intake flow of AFA (AFAs flows are likely to be significantly higher than those of the processor).

Figure 2. Data logging for intake water temperature measured at AFA from early 2006 to 2010, showing an
annual range from 10 to around 22°C.
A smaller water pipe (1300 L/min) channels effluent water from the hatchery, nursery, and broodstock
holding areas to sea around 50 meters south of the AFA intake. Both the growout ponds and settling ponds
were empty at the time of my visit, and the growout ponds were bare and did not have bird netting installed.
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3.0 The methodology used in this Risk Analysis
This risk analysis (RA) was undertaken mainly to determine the risk of introduction of diseases into AFA
prior to the AVG outbreak, but also to determine and compare the levels of risk in the normal environment
(without adjacent abalone processors), and the current environment at AFA, against those that could be
expected following the introduction of Fisheries Biosecurity Order (No. 1) 2011. The overall objectives of
the on-site biosecurity assessment and risk analysis were to examine the existing levels of risk, compare
these to those expected to occur at other SAL group farms, and identify the potential options for risk
mitigation (quantifying their risk reduction potential where possible). A qualitative RA was performed using
a standard methodology that is internationally recognised as appropriate for assessment of risks posed by
diseases of aquatic animals (Biosecurity Australia 2009, Diggles and Arthur 2010).

3.1

Hazard Identification

The first step in the RA is to identify the potential hazards known to occur in cultured abalone. The criteria
for consideration during the hazard identification process was identification of significant disease agents
which have caused economic harm through being responsible for morbidity or mortality in cultured abalone
either in Australia or overseas. Disease agents that are not considered likely to cause a distinct pathological
effect in affected populations, and/or economic harm were considered to represent a negligible risk, and were
excluded from further assessment.

3.2

Release and exposure assessment

The release and exposure assessments examine the likelihood of abalone cultured in the AFA facility at
Bicheno being exposed to the hazards and determines the likelihood of establishment of each hazard. The
release pathway will be exposure of cultured abalone to infective stages of the disease agents through the
intake water or through contact with infected broodstock or other carriers. The likelihood of exposure will
depend on several factors relating to the capacity of the disease agent to survive in the environment in an
infective form, the ease of infection of susceptible hosts, and the likelihood of subsequent transmission of
infection to others within the population of abalone at the AFA facility. In determining the likelihood of
exposure, the following key factors were considered relevant:
1. Route of Infection (Oral/Contact): Viable disease agents must be ingested or otherwise come into
contact with susceptible abalone. Infection may occur via the digestive tract, or through direct
contact with contaminated water via the skin and gills.
2. Infective Dose: There must be sufficient quantities of viable disease agents to induce an infection
following ingestion or contact with contaminated water. This factor was considered in light of not
only the present environment at AFA, but also in environments without nearby abalone processing
plants as well as the environment that would be reasonably expected following the introduction of
the ministerial order.
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Once a hazard is released into the environment within AFA, the likelihood of whether the disease agent
would survive, infect susceptible hosts, and become established within a population was expressed
qualitatively using the likelihood estimations supplied in Appendix 1. The categories chosen were based
mainly on information available in the scientific (and other) literature, but also on the professional judgment
of the analyst. The likelihoods for the release and exposure assessments were then combined using the
matrix of rules for combining descriptive likelihoods (Table 1), to arrive at a single estimate of the combined
likelihood of release and exposure (Jones and Stephens 2006, Biosecurity Australia 2009, Diggles and
Arthur 2010).
Table 1. Matrix of rules for combining descriptive likelihoods for the release and exposure
assessments.

Likelihood of release

Liklihood of exposure
High

Moderate

Low

Very Low

Extremely low

Negligible

High

High

Moderate

Low

Very Low

Extremely low

Negligible

Moderate

Moderate

Low

Low

Very Low

Extremely low

Negligible

Low

Low

Low

Very Low

Very Low

Extremely low

Negligible

Very Low

Very Low

Very Low

Very Low

Extremely low

Extremely low

Negligible

Extremely low

Extremely
low

Extremely
low

Extremely
low

Extremely low

Negligible

Negligible

Negligible

Negligible

Negligible

Negligible

Negligible

Negligible

Negligible

The risk assessment for a particular hazard was concluded if the exposure assessment determined that the
probability of establishment was negligible.

3.3

Consequence assessment

The consequence assessment estimates the likely magnitude of the consequences of establishment and/or
spread of a hazard into the AFA, and the possible effects of the disease agent on the business, the
environment and other socio-economic yardsticks. The qualitative terms used in this RA to describe the
consequences of establishment of an unwanted disease agent in the AFA facility are defined in the
consequence descriptions that can be found in Appendix 1. The estimate of the magnitude of the likely
impacts of each disease agent were based on information available in the scientific literature, unpublished
data, previous experience at AFA as well as the professional judgment of the analyst.
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For each hazard of concern, the consequence assessment determined the likelihood of occurrence and the
associated impact for each of two main outbreak scenarios. Either:
1. The disease agent becomes established and spreads throughout populations of abalone in the AFA
facility, or;
2. An index case occurs and infection may even spread to co-habiting animals, but the agent does not
persist in the environment.
Only the first scenario was considered to represent establishment of the disease agent, because the second
scenario would go undetected. The risk assessment for a particular hazard was concluded if the consequence
assessment determined that the consequences of introduction were negligible.

3.4

Risk estimation

Risk estimation is the final step involved with each assessment and was used to determine whether the extent
of the unrestricted risk presented by each disease agent to the operations at AFA were sufficient to require
risk management. ‘Unrestricted risk’ means the estimated risk to the facility without any additional risk
management measures in place. Risk was assessed using the risk estimation matrix in Appendix 2 which
uses a combination of the qualitative answers given for the combined likelihoods of release and exposure and
the significance of the consequences of establishment of a disease agent to provide an estimate of the risk
involved, ranging from ‘negligible’ through to ‘extreme’.
The appropriate level of protection (ALOP) adopted in this RA is expressed in qualitative terms. The ALOP
for aquaculture facilities is usually expressed as providing a high level of sanitary or phytosanitary protection
whereby risk is reduced to a very low level, but not to zero. An illustration of the ALOP in relation to a
description of the risk of establishment and spread of unwanted disease agents at AFA can be found in the
risk estimation matrix found in Appendix 2.

3.5

Risk mitigation – option evaluation

Risk mitigation is indicated as being required whenever the unrestricted risk presented by each disease agent
is determined to be unacceptable (that is exceeding the ALOP of “very low”). Under these circumstances,
the disease agent will require additional risk mitigation measures in order to reduce the risk estimate back to
within the ALOP. The risk mitigation component of this RA process will relate only to option evaluation to
inform the Board of Southseas Abalone of some practical management options which are available to
effectively reduce disease risk to an acceptable level, in order for them to make informed management
decisions regarding the operational future of AFA.

_________________________________________________________________________________________________________________________________________________________________________________

.
www.digsfish.com

11

4.0 The risk assessment
4.1

Hazard identification – the disease of concern to be considered in the RA

Table 2 outlines the known host(s) and geographic location for each disease of concern, whether the hazard
is exotic to Australia and whether it is an internationally notifiable (OIE or NACA listed) disease. Table 3
shows which of the abalone diseases known to be endemic to Australia are listed in State or National lists of
reportable diseases of aquatic animals. In addition to the list of the most important disease agents (Table 2)
it is normal for healthy abalone to be naturally infected by a variety of protozoan and metazoan parasites and
symbionts (Handlinger et al. 2006). These are generally not expected to cause significant disease or
pathological effects, and hence do not meet the criteria required for inclusion as hazards in the RA.
Similarly, a wide range of the normal microbial (viral/bacterial/fungal) flora of aquatic animals are also
considered to be ubiquitous in the marine environment. Many of these agents are not expected to cause
disease or even significant pathological effects, while a smaller number (e.g. Vibrio spp., Flavobacteria) are
common opportunistic pathogens which are associated with disease only when the host is compromised or
stressed (Roberts 2001, Austin and Austin 2007). Because of this, they are not included as potential hazards
in Table 2, except for a significant disease of abalone in New Zealand which is caused by a particular fungal
agent with affinities with the Deuteromycotina. Of course, there are large knowledge gaps in relation to
disease agents that infect aquatic animals in Australia, including abalone (Handlinger et al. 2006). Because
of this, there remains a significant risk of emergence of as yet unknown disease agents, even in the absence
of their identification (Gaughan 2002).
There is also an unquantifiable risk that biosecurity leaks could allow exotic diseases to be introduced into
Australia at the border (e.g. via ballast water), and/or that new endemic diseases could emerge in abalone
aquaculture in Australia at some time in the future (Gaughan 2002). Because of this, it was considered
useful to examine whether biosecurity arrangements at AFA would be effective in reducing or eliminating
the risk of introduction of selected important OIE listed diseases of abalone that are exotic to Australia at this
time. The exotic disease agents chosen included:
A putative virus, namely amyotrophia disease of abalone in Japan (Nakatsugawa et al. 1999); the prokaryote
bacterium Xenohaliotis californiensis, aetiological agent of withering syndrome of abalone in the USA,
Mexico, Europe, China and Thailand (Moore et al. 2001, Balserio et al. 2006, Wetchateng et al. 2010); a
deuteromycote fungal infection of abalone shell from New Zealand (Friedman et al. 1997, Grindley et al.
1998); haplosporidian parasites such as those found in cultured abalone in New Zealand (Diggles et al.
2002, Hine et al. 2002) and Europe (Balserio et al. 2006), and; infection with sabellid polychaetes that cause
disease in abalone from the USA, Mexico, Europe and South Africa (Kuris and Culver 1999, Finley et al.
2003, Moore et al. 2007) (Table 2).
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Infection with Sabellid polychaetes

Worldwide
New Zealand, Europe
Worldwide

Haliotis rubra, H. laevigata, H. scalaris, H. cyclobates
Haliotis iris, H. tuberculata
Haliotis rubra, H. laevigata, H. scalaris, H. cyclobates, H.
iris, H. australis, H. virginea , and probably all species of
abalone are susceptible
Haliotis rufescens, Haliotis fulgens, Haliotis corrugata,
Haliotis midae, and probably all species of abalone are
susceptible

USA, Mexico, Europe, South Africa,
South America

New Zealand

USA, Mexico, Europe, China, Thailand

Haliotis cracherodii, H. sorenseni, H. rufescens, H.
corrugata, H. fulgens, H. diversicolor supertexta and others.
Haliotis iris, H. australis, H. virginea

Victoria, Tasmania
China, Taiwan
Japan

Geographic range

Haliotis laevigata, Haliotis rubra, H. laevigata x rubra
Haliotis hannai, H. diversicolor
Haliotis discus discus, H. discus hannai

Species affected

Abalone viral ganglioneuritis
Abalone viral mortality
Bocardia knoxi (mudworm)
Haplosporidosis, Haplosporidium nelsoni, H. costale, H . sp.
Infection with Perkinsus olseni
Infection with Xenohaliotis californiensis



no
no



QLD


no
no



NSW



no




VIC

.
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no
no
no

no


ACT


no
no




TAS








SA



no




WA








Listed regionally
by OIE / NACA

Table 3. State lists of reportable diseases of aquatic animals (ie. Known diseases of abalone that are under official control in each State).

9.

Fungi
5. Deuteromycote fungal infection of abalone shell
Protozoa
6. Infection with Perkinsus olseni
7. Infection with haplosporidians
Metazoa
8. Infection with Mudworms

Viruses
1. Abalone viral ganglioneuritis (AbHV-1)
2. Abalone viral mortality
3. Amyotrophia –like viruses of abalone
Bacteria
4. Infection with Xenohaliotis californiensis

Significant diseases of cultured abalone

Table 2. Significant disease agents that have cause economic harm in cultured abalone.



no


no

NT









?


Exotic to
Australia

4.2

Detailed risk assessment

4.2.1 Abalone Viral Ganglioneuritis (AVG)/Abalone Viral Mortality
Aetiologic agent: The abalone herpes-like virus (AbHV-1) that is the second member of the genus
Haliotivirus (Family Malacoherpesviridae)(see Savin et al. 2010).
OIE List: Yes

NACA List: Yes

Australias status: AVG infections have been reported from Victoria and Tasmania, and the disease is
reportable in all States except the ACT (Table 3). It is likely that the herpesvirus responsible for the
outbreaks of abalone viral mortality reported in China and Taiwan is the same, or a very closely related,
virus.
Epidemiology
In December 2005 a disease outbreak in greenlip abalone (Haliotis laevigata), blacklip abalone (H.
rubra) and hybrid abalone (Haliotis laevigata × H. rubra) due to a novel herpes-like virus occurred in
three abalone aquaculture facilities, two landbased farms in western Victoria and one sea based farm in
central Victoria (Victoria DPI 2006, Hooper et al. 2007, Hills 2007, Corbeil et al. 2010). The virus was
associated with inflammation and necrosis of neural ganglia (mainly those in the cerebral and buccal
regions), but also in nerve bundles and pleuropedal ganglia within the foot muscle (Hooper et al. 2007).
The ganglioneuritis was associated with sudden high levels of mortalities up to 90% within 14 days of
onset (Hooper et al. 2007). All sizes of abalone were affected and exhibited external signs including
swollen mouths and prolapse of the radula, and loss of righting reflex (Hooper et al. 2007). Electron
microscope and genetic studies confirmed the disease agent causing abalone ganglioneuritis (AVG) was
a neurotrophic herpes-like virus (Tan et al. 2008, Corbeil et al. 2010, Savin et al. 2010) closely related
to herpes-like viruses responsible for mortalities in abalone in Taiwan (Chang et al. 2005, Corbeil et al.
2010, Savin et al. 2010). Indeed, it is possible that the herpesvirus responsible for abalone viral
mortality in China and Taiwan originated from Australia and was translocated with the large volumes of
live H. laevigata and H. rubra that are exported into these countries from Australia each year.
The sea based farm in Westernport Bay central Victoria which had received stock from one of the
landbased farms noted increased mortality rates due to AVG, and voluntarily destocked and
decontaminated the facility (Hills 2007, Hooper et al. 2007). However a 4th farm in Westernport Bay,
located 640 meters away from the 3rd farm, became infected in late April 2006 and was depopulated and
decontaminated by early May 2006 (Victoria DPI 2006, Hills 2007). Both landbased farms pumped
seawater into the facility, through their tanks then back out into the ocean via settling ponds. The
landbased farms did not immediately destock and in early May 2006, diseased abalone with AVG were
detected in wild populations of abalone on reefs adjacent to one of the affected facilities at Port Fairy
(Victoria DPI 2006). Since then AVG has spread from this point easterly and westerly along the
Victorian coast, initially at rates of up to 5 - 10 km/month (Hills 2007), significantly impacting wild
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abalone populations and substantially reducing commercial catches and recruitment in the wild fishery
(Mayfield et al. 2011).
In mid 2008, wild caught abalone sampled from a commercial processing facility in Tasmania that was
recording low levels of mortality were positive for AbHV-1 by PCR at a prevalence of 39% (Crane et
al. 2009, Corbeil et al. 2010). Further research found that the disease agent occurs naturally at very low
prevalences (3 out of 1625 abalone = 0.18% prevalence) in latent, subclinical infections of wild
populations of abalone in Tasmania (Corbeil et al. 2010, Ellard et al. 2011), however the sensitivity of
the earlier AbHV-1 surveys was confounded by the fact that the PCR test used did not detect certain
strain variants of the virus (MJ Crane, personal communication). Also, latency characterised by low
viral production and/or an abortive viral cycle is well recognised in aquatic herpesvirus infections
(LeDeuff et al. 1996, Eide et al. 2011) and in such cases viral particles may not be sufficiently numerous
to detect even using PCR (Batista et al. 2007). Hence the prevalence of subclinical AbHV-1 infection in
wild populations of abalone in Tasmania is likely to be somewhat higher than surveys suggest.
AbHV-1 was detected again at another abalone processing plant in Tasmania in 2009, but in both this
case and in 2008, the outbreaks occurred within closed-loop systems and were therefore contained
within the infected premises (Ellard 2011). However, in October/November 2010 another outbreak of
AVG occurred in several processing facilities, including a processing facility in Bicheno, and in this
case AbHV-1 contaminated effluent water was released into the environment within 90-100 meters of
the intake of AFA, resulting in the AVG disease outbreak at AFA in January 2011 (Ellard 2011, Ellard
et al. 2011). Outbreaks of AVG in abalone processors in Tasmania are now being reported at increasing
frequencies (Ellard 2011), with 2 more detections occurring in 2011 (Dean Broughan, personal
communication), confirming that holding of wild caught abalone at high densities in processing plants is
a high risk activity likely to stress abalone that are latently infected with AbHV-1, increasing the
chances of viral replication and resulting in outbreaks of AVG disease.
Release assessment
AbHV-1 is endemic in wild abalone populations in Tasmanian waters at low prevalences, and another
strain of the virus also occurs in the coastal waters of western Victoria at moderate prevalences (Crane
et al. 2009, Corbeil et al. 2010, MJ Crane, personal communication). The disease agent is only known
to infect abalone at this time, and it has not been reported in wild abalone from any other regions of
Australia, although it has been detected in onshore holding tanks in Western Australia following
movements of abalone from Tasmanian processors (Ellard et al. 2011).
AbHV-1 is transmitted horizontally via the water or by mucus trails and infection is by direct exposure
of abalone to viral particles (Crane et al. 2009). Elevated water temperatures appear to be the major
environmental risk factor associated with disease outbreaks due to herpesviruses in other molluscs
(Elston 1997, Renault and Novoa 2004, Garcia et al. 2011), as rates of viral replication increase with
increasing water temperature. Other stressors such as reduced water quality, reduced oxygen levels and
increased production of metabolites such as ammonia are also more likely to occur when water
temperatures are high. This suggests that in light of the continuing detection of sub-clinical AbHV-1
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infections in abalone in live holding tanks at abalone processors at water temperatures >15°C (Ellard et
al. 2011, Dean Broughan, personal communication), the period of greatest risk of AVG outbreaks in
abalone processing facilities is likely to be during late spring and over the summer months.
Surveillance is showing that AbHV-1 is relatively common in abalone processing facilities (Ellard et al.
2011), increasing the risk of AVG outbreaks. AVG outbreaks amplify the disease agent, and because of
this they pose a high risk to wild abalone wherever effluent is discharged into the environment (Ellard
2007). Because of this the Tasmanian Government has issued Fisheries Biosecurity Order (No. 1) 2011
(Green 2011) which requires processors who hold abalone from outside of their zone, to treat their
outgoing water so as to achieve a minimum 3 log10 reduction in heterotrophic bacterial levels, and
maintain discharge bacterial concentrations of ≤ 999 bacterial colony forming units per mL (Baulch and
Ellard 2011, Green 2011). However the methods by which these levels of indicator organisms are to be
achieved is being left up to individual processors, and without regular enforcement or AFA having
control over internal biosecurity processes at the adjacent processing facility, there are no guarantees
that the discharge conditions prescribed in the new legislation will be achieved 100% of the time.
One situation where exceedences of discharge conditions are considered likely is during an outbreak of
AVG in an abalone processing plant when bacterial and viral titres in effluent water could approach
108/ml and >106/ml, respectively. This level of virus is achievable based on data from the closely
related Ostreid herpesvirus of Pacific oysters (OsHV-1), for which the amount of viral DNA measured
in seawater during controlled experiments increased to over 1 x 109 viral DNA copies/L (1 x 106 viral
DNA copies/ml) after 102 hours (Schikorsky et al. 2011a). The minimum infective dose required for
transmission of either OsHV-1 or AbHV-1 horizontally via the water is not known, though the 1 x 105
viral DNA copies/ml of OsHV-1 in the seawater used in the cohabitation experiments of Schikorsky et
al. (2011a) successfully achieved transmission. Levels of herpesvirus in the water during disease
outbreaks can get very high, because viral levels in infected oysters can quickly increase to over 1-4 x
107 viral DNA copies per mg of oyster tissue (Degremont 2011). In a 5 gram (5 x 103 mg) juvenile
oyster, this equates to >5 x 1011 viral DNA copies per moribund oyster, which, (assuming a minimum
lethal dose of 1-2 x 107 viral DNA copies per oyster, see Schikorski et al. 2011a, 2011b) means that one
moribund 5 gram oyster theoretically contains sufficient virus to provide infective doses for upwards of
20,000 other oysters of the same size, assuming the viral particles remain viable long enough to be
transferred to the water after the death of the host. There is no reason to suspect that viral burdens in
abalone clinically affected with AbHV-1 would differ markedly from those known to occur for OsHV1, and therefore approved water treatment equipment (that we must presume would have been sized to
achieve a 3 log10 reduction in heterotrophic bacterial levels during normal, ideal operating conditions
only) may be unable to reduce the levels of indicator organisms to below around 105/ml during a disease
outbreak, and it can only be assumed that levels of AbHV-1 may also be reduced by this same amount.
Another instance where exceedences are likely is if water treatment equipment in the abalone processing
plant broke down. Based on the data of Ho (2006), AFA can expect to be regularly exposed to effluent
from the abalone processing plant immediately to the north at around 10% of its original concentration,
perhaps more concentrated at some times (e.g. onshore NE winds), but this may then be diluted further
to some extent by the ratio of the effluent flow from the processor outlet to the intake flow of AFA
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(AFAs flows are likely to be significantly higher). However, depending on whether the flow in AFAs
intake pipework is turbulent or laminar, it is not inconceivable that “boluses” of c. 10% diluted effluent
from the abalone processing plant could find their way into individual raceways, and indeed the
seemingly random pattern of infection of the AFA raceways during the January 2011 AVG outbreak
suggests that this may indeed have been what happened. Together with data from the effluent plume
studies undertaken at the facility (Ho 2006), these observations confirm that AFA is in a unique
situation in that under certain circumstances, its intake water may experience as little as 1 order of
magnitude dilution of the outflow from the effluent pipe from the nearby abalone processing facility
under average wave and current conditions.
Of course, the new Fisheries Biosecurity Order (No. 1) 2011 does not apply to abalone farms, including
the abalone farm in the Gulch, which is less than 1.5 km away to the north in a position that is both
upcurrent and, generally, upwind of AFAs intake. During the original outbreak of AVG in Victoria,
AbHV-1 was transmitted horizontally at least 640 meters between farms in Westernport Bay (Victoria
DPI 2006, Hills 2007). AFA is a little over twice this distance away from the nearest abalone farm
(Figure 1), but wind and current are favourable for assisting movements of viral particles from the
Gulch towards the AFA intake. Experience from viral disease agents of finfish (Infectious Pancreatic
Necrosis Virus and Infectious Salmon Anaemia) suggests that risk of disease transmission increases
significantly within 5 km of an aquaculture establishment (Jarp and Karlsen 1997, Scheel et al. 2007,
Wallace et al. 2008). Clearly the abalone farm in the Gulch, is much less than 5 km away, so its
contribution to increasing risk of disease transmission in relation to AbHV-1 must be considered to be
non-negligible. Broodstock abalone on site at AFA at the present time were sourced from the abalone
farm in the Gulch, and without screening of broodstock for AbHV-1 together with stringent quarantine
and biosecurity protocols on site, there remains a risk of introduction of the virus via this route. The
shellfish hatchery in the Gulch only produces Pacific oysters at this time, and given the fact that AbHV1 has only been recorded from abalone, and that OsHV-1 from oysters does not seem to infect abalone
(MJ Crane, personal communication), the shellfish hatchery does not appear to pose a significant risk of
disease transmission to AFA at this time.
The existing water treatments used at AFA would not prevent entry of viruses in intake water pumped
onto the site, and water temperatures are suitable for transmission of the virus at least during the
summer months. Based on the information in the semi-quantitative release assessment outlined above,
the likelihood estimations for the release of AbHV-1 into the environment adjacent to the AFA water
intake are non-negligible, and are assessed below.
Release assessment for Abalone viral Ganglioneutritis (AbHV-1)/ Abalone viral mortality

Likelihood of release

Normal condition – no

Existing condition in

Condition with

processing effluent near

the current

Ministerial order

water intake

environment

in place

Extremely low

Moderate

Low
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Exposure assessment
In Tasmania and parts of Victoria, cultured abalone in landbased farms that use water pumped in from
the sea are already at risk of exposure to AbHV-1 under normal conditions. However, as discussed
above, data from effluent plume studies undertaken at AFA by Ho (2006) indicate that AFA is in a
unique situation in that its intake water may experience as little as 1 order of magnitude dilution of the
outflow from the effluent pipe from the nearby abalone processing facility under average wave and
current conditions.
Infection and establishment of AbHV-1 virus in new hosts occurs only if sufficient viable viral particles
are introduced into an area where susceptible abalone are present (i.e. they receive an infective dose). It
appears from the random pattern of the original AVG disease outbreak at AFA, that there may not be
complete mixing of abalone processing plant effluent in the AFAs intake pipework, hence “boluses” of
c. 10% diluted effluent from the abalone processing plant could find their way into individual raceways.
Certainly, abalone of all sizes can become infected with AbHV-1 horizontally via the water. Crane et
al. (2009) used viral homogenates from clinically diseased abalone in a dilution series to find the LD50
by injection into the pedal muscle, and found the LD50 to be 10-6.39 of the stock solution, suggesting that
AbHV-1 is highly virulent for abalone. When AbHV-1 was added to the water, the LD50 increased to
around 10-2 of the stock solution and after a 3 to 8 day prepatent period, death occurred over a period of
7 to 16 days (Crane et al. 2009). AbHV-1 was also transmissable horizontally by co-habitation with
infected abalone with 100% mortality observed within 8 days (McColl et al. 2007, Crane et al. 2009).
In the existing condition, a large amount of virus originating from the adjacent processing plant could be
introduced into the intake water at AFA and history has shown that this can result in successful
transmission of disease to cultured abalone. In the new condition with the Ministerial order in place, the
release assessment concluded that effluent water from processing facilities experiencing outbreaks of
clinical AVG could still contain relatively large quantities of viable viral particles, perhaps in the order
of 103 to 104/ml. This would then be further diluted by the movement of water from the processors
effluent pipe to the AFA intake, but the dilution factor may be less than 1 order of magnitude. The
minimum infective dose for successful horizontal transmission of AbHV-1 is not known, although
AbHV-1 is highly virulent for abalone and a 1/100 dilution of viral homogenates from diseased abalone
was sufficient to cause infection via the water route (Crane et al. 2009). It is also not known whether
chronic/cumulative exposure to low concentrations of viral particles predisposes abalone to subclinical
infection with AbHV-1, which could later revert to clinical expression of AVG disease once the animals
are stressed. There is also a risk that broodstock abalone bought on site for breeding purposes could
carry the virus. Taking these various factors into consideration, the risk of exposure and establishment
of AbHV-1 at AFA in both the current environment and with the Ministerial order in place remains nonnegligible, and the likelihood of exposure and establishment of AbHV-1 is considered to be Low.
Consequence assessment
The outbreak of disease due to AbHV-1 in abalone at AFA had a very serious impact on the
productivity and profitability of the business. Since AbHV-1 is a notifiable disease agent, and there are
previous instances where the agent has spread from affected abalone farms into wild populations of
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abalone, the Tasmanian Governments response to minimise risks to the environment and wild fisheries
from outbreaks of AVG in landbased abalone farms will most likely continue to be serving orders to
cease discharge into the receiving environment. While management at AFA may be able to allow for an
effective emergency harvest (e.g. reduction of intake water flow and drainage of the settlement ponds
for their use to receive effluent water at a reduced flow rate to allow sufficient time for an emergency
harvest to be completed), the process of shutdown, dry out and testing of sentinel animals prior to restart
will always have a significant impact on the businesses bottom line. Taking these factors into
consideration, the consequences of establishment of AbHV-1 in abalone at AFA are considered to be at
least High and are most likely Extreme.
Risk Estimation
The unrestricted risk associated with AbHV-1 is determined by combining the likelihood of entry and
exposure (from Table 1) with the consequences of establishment (Appendix 2). The unrestricted risk
estimate for AbHV-1 exceeds the ALOP for both the existing condition, and also with the ministerial
order in place, suggesting that additional risk management is required for this disease agent at AFA.
Risk estimate - Abalone viral Ganglioneutritis (AbHV-1)/ Abalone viral mortality
Normal condition – no

Existing condition

Condition with

processing effluent

in the current

Ministerial order

near water intake

environment

in place

Likelihood of release and exposure

Extremely low

Low

Very low

Consequences of establishment

Extreme

Extreme

Extreme

Risk estimation

Very low risk

Moderate risk

Low risk
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4.2.2 Amyotrophia-like agents of abalone
Aetiologic agent: Virus-like agents that affect abalone, including the retrovirus-like viral agent
associated with amyotrophia.
OIE List: No

NACA List: No

Australias status: Amyotrophia is considered to be an exotic disease in Australia, but new endemic or
introduced viruses may continue to emerge in the future.
Epidemiology
Amyotrophia disease was first observed in cultured juvenile Haliotis discus discus in Japan in the early
1980s (Nakatsugawa et al. 1999). The disease was characterised by glioma and tumor-like lesions in the
nervous tissues of both H. discus discus and H. discus hanni , with the lesions being associated with
virus-like particles which are observed in the cytoplasm of cells near the nerve trunk (Nakatsugawa et
al. 1988, Harada et al. 1993, Otsu and Sasaki 1997). Abalone with amyotrophia developed muscle
atrophy in the mantle and foot which impeded feeding and adhesion to the substrate, followed by
impaired shell growth and mortality (Nakatsugawa et al 1999). Epizootic mass mortalities attributable to
this disease have been observed in juvenile abalone during seed production and subsequent nursery
stages at several facilities in Japan. Amyotrophia disease usually occurs among juvenile abalone reared
at 18 to 20°C. Amyotrophia could be experimentally transmitted between H. discus discus with a filtrate
(0.22 µm membrane filter) from diseased abalone, suggesting that the agent is a virus (Nakatsugawa et
al 1999).
Release and exposure assessments
Amyotrophia disease has only been recorded in Japan and is considered exotic to Australia. Very little
is known about it, but it is included here as an example of an exotic disease that could be potentially
introduced via ballast water etc. Also, other new endemic viral agents of abalone could emerge in the
future. Given the viral nature of these disease agents, if similar diseases emerged in Tasmania at some
stage in the future, they would be likely to emerge in abalone processing facilities or abalone farms at
some stage, hence the liklihood of release and exposure would be similar to those assessed for AbHV-1
in Section 4.2.1.
Consequence assessment
Outbreaks of a new and/or potentially exotic viral disease such as amyotrophia-like agents in abalone at
AFA would likely have significant impacts on the productivity and profitability of the business. Since
emergence of an amyotrophia-like agent would result in disease and mortality, there would be financial
losses, however the Tasmanian Governments response to such an event cannot be determined,
potentially ranging from no action to moves to minimise unknown risks to the environment and wild
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fisheries by serving another order to cease discharge into the receiving environment. The situation in
relation to the need to develop a standard operating protocol for water and effluent management under
these circumstances to allow an effective emergency harvest would be virtually identical to those
discussed above for AbHV-1. Taking these factors into consideration, the consequences of
establishment of amyotrophia-like agents in abalone at AFA are considered to be High.
Risk Estimation
The unrestricted risk associated with outbreaks of a new and/or potentially exotic viral diseases such as
an amyotrophia-like agent is determined by combining the likelihood of entry and exposure (from Table
1) with the consequences of establishment (Appendix 2). The unrestricted risk estimate for an
amyotrophia-like viral agent exceeds the ALOP for both the existing condition, and also with the
ministerial order in place, suggesting that additional risk management is required for new viral disease
agents at AFA.
Risk estimate – Amyotrophia-like agents of abalone
Normal condition – no

Existing condition

Condition with

processing effluent

in the current

Ministerial order

near water intake

environment

in place

Likelihood of release and exposure

Extremely low

Low

Very low

Consequences of establishment

High

High

High

Risk estimation

Very low risk

Moderate risk

Low risk
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4.2.3 RLOs including Withering Syndrome (Infection with Xenohaliotis californiensis)
Aetiologic agent: Obligate intracellular, prokaryotic Rickettsia-like Organisms, including Xenohaliotis
californiensis
OIE List: Yes

NACA List: Yes

Australias status: Exotic disease.
Epidemiology
Rickettsia –like organism (RLOs) are intracellular, gram negative, pleiomorphic prokaryotes that have
been reported from a range of fish, molluscs and crustaceans (Brock et al. 1986, Brock and Lightner
1990, Bower et al. 1994, Friedman et al. 2000, Moore et al. 2001). Arguably the most significant RLO
in mollusc aquaculture is the prokaryote bacterium Xenohaliotis californiensis, aetiological agent of the
OIE listed disease Withering syndrome of abalone in the USA, Europe, China and Thailand (Gardner et
al. 1995, Friedman et al. 2000, 2002, Moore et al. 2000, 2001, Balserio et al. 2006, Wetchateng et al.
2010). The dimorphic rod-to-spherical-shaped bacterium divides by binary fission and reproduces
within intracytoplasmic vacuoles 14–56 µm in diameter within gastrointestinal epithelia (OIE 2009a).
Infection is direct via horizontal transmission (Friedman et al. 2002), and heavily affected abalone
display metaplastic changes to the gastrointestinal epithelia (Gardner et al. 1995). Elevated
temperatures accelerated disease progression and decreased survival, with affected abalone dying from
starvation within a month of first exhibiting clinical signs at 18 to 20°C (Moore et al. 2000). The
severity of the disease can be reduced by decreasing the water temperature to 15°C or less (Moore et al.
2000), and by treatment with antibiotics (Friedman et al. 2003). The emergence of WS in wild and
cultured abalone along the west coast of the United States has been linked with climate change,
particularly increased water temperatures associated with El Nino events (Moore et al. 2000).
Similar rickettsial inclusions occur in the gastrointestinal epithelia of abalone in Australia (Handlinger
et al. 2006) and New Zealand (Diggles and Oliver 2005), however the inclusions are much smaller and
occurred at lower infection intensities than those associated with withering syndrome, and their presence
in wild and cultured abalone was not associated with clinical disease. The inclusions in the New
Zealand abalone did not react with gene probes specific for X. californiensis, confirming that they were
not due to the presence of the withering syndrome agent (Diggles and Oliver 2005). However, with the
predicted global warming process, it remains to be seen whether rickettsial diseases could emerge in
wild or cultured abalone in Australia and New Zealand.
Release assessment
The release pathway for introduction of RLOs like X. californiensis into the AFA facility is horizontal
and direct via infected abalone broodstock held on site, or horizontally through the water via bacteria
originating from wild abalone or other molluscs living inside or adjacent to the sites water intake. The
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existing water treatments used at AFA would not prevent entry of RLOs in the intake water pumped
onto the site, and water temperatures are >15°C for around half of the year and are over 18-20°C for
several months during summer (Figure 2), thus a wide window of infection exists where conditions
would be suitable for transmission by RLOs. The likelihood estimations for the occurrence of RLOs are
listed below.
Release assessment for RLOs including Xenohaliotis californiensis

Likelihood of release

Normal condition – no

Existing condition in

Condition with

processing effluent near

the current

Ministerial order

water intake

environment

in place

Moderate

Moderate

Moderate

Exposure Assessment
Infection with RLOs is direct via horizontal exposure to bacteria in the water (Friedman et al. 2002), but
little is known regarding the minimum infectious dose required to initiate infection. RLOs are obligate
intracellular disease agents which are relatively fragile and cannot survive for long periods outside the
host, but the high volumes of untreated water used by AFA means that if RLOs occur in the water or
populations of molluscs adjacent to the facility, in the absence of holding ponds to age the water there
would be minimal time between release of the bacteria in the intake pipe and exposure of abalone in the
nursery or raceway areas of the farm. Wild caught or cultured broodstock bought on site may also
introduce RLOs in the absence of effective quarantine procedures and these could be spread to other
areas of the facility if biosecurity protocols are not strictly adhered to with regard to movements of
personnel and equipment. Hence the liklihood of exposure for RLOs like X. californiensis remains nonnegligible, and overall is considered to be Moderate.
Consequence assessment
Infections by endemic RLOs in abalone culture in Australia and New Zealand to date have been
relatively benign, and the consequences of establishment of these sorts of endemic disease agents in
abalone at AFA are considered to be Low at this time. However, in contrast, the introduction of an
significant pathogenic RLO such as X. californiensis in abalone at AFA would likely have significant
short term impacts on the productivity and profitability of the business. However, diseases caused by
RLOs can be treated using antibiotics, and it is therefore likely that the disease outbreak could be
controlled to some extent. Nevertheless, since X. californiensis is a notifiable disease agent, there
would likely be significant impacts on trade, and there would also be a risk of spread of the disease
agent to wild abalone adjacent to the facility. The Tasmanian Governments response to such an event
cannot be determined, potentially ranging from no action to moves to minimise unknown risks to the
environment and wild fisheries by serving another order to cease discharge into the receiving
environment. The situation in relation to the need to develop a standard operating protocol for water
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and effluent management under these circumstances to allow an effective emergency harvest would be
virtually identical to those discussed above for AbHV-1. Taking these factors into consideration, the
consequences of establishment of a new pathogenic RLO or the exotic X. californiensis in abalone at
AFA are considered to be Moderate.
Risk Estimation
The unrestricted risk associated with outbreaks of RLOs is determined by combining the likelihood of
entry and exposure (from Table 1) with the consequences of establishment (Appendix 2). The
unrestricted risk estimate for endemic RLOs does not exceed the ALOP for any of the conditions,
however the unrestricted risk estimate for exotic or pathogenic RLOs such as X. californiensis exceeds
the ALOP under all conditions.
Risk estimate – Endemic RLOs

Normal condition – no

Existing condition

Condition with

processing effluent

in the current

Ministerial order

near water intake

environment

in place

Likelihood of release and exposure

Low

Low

Low

Consequences of establishment

Low

Low

Low

Risk estimation

Very Low Risk

Very Low Risk

Very Low Risk

Risk estimate – Emerging or exotic RLOs including Xenohaliotis californiensis

Normal condition – no

Existing condition

Condition with

processing effluent

in the current

Ministerial order

near water intake

environment

in place

Likelihood of release and exposure

Low

Low

Low

Consequences of establishment

Moderate

Moderate

Moderate

Risk estimation

Low Risk

Low Risk

Low Risk
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4.2.4 Deuteromycote fungal infection of abalone shell
Aetiologic agent: A fungus with affinities with the Deuteromycotina.
OIE List: No

NACA List: No

Australias status: Exotic disease.
Epidemiology
Abalone (Haliotis iris, H. australis and H. virginea) in New Zealand are susceptible to infection with a
fungus which has affinities with the Deuteromycotina. The fungus infects the tissue near the apex of the
shell causing brown, jelly-like lesions composed of conchiolin deposition and fungal hyphae (Friedman
et al. 1997, Grindley et al. 1998, Nollens et al. 2002, 2003, 2004). In severe cases, the fungus may
undercut the adductor muscle, resulting in shell loss and death (Grindley et al. 1998). Prevalence of the
shell lesions range up to 70% in wild H. iris in some areas of the South Island, with populations of
infected abalone having slower growth, a lower average size, elevated levels of circulating haemocytes
and haemolymph glucose, compromised reproduction and double the mortality rates compared to
uninfected abalone (Grindley et al. 1998, Nollens et al. 2002, 2003, 2004). Lesions involving a similar
fungus have also been observed in cultured abalone (Diggles and Oliver 2005).
Release assessment
The release pathway for introduction of fungal disease agents such as the Deuteromycote fungi into the
AFA facility is horizontal and direct via infected abalone broodstock held on site, or through the water
via spores originating from wild abalone or other molluscs living inside or adjacent to the sites water
intake. Water temperatures at AFA are suitable for transmission of the fungus all year round. The
likelihood estimations for the release of fungi in abalone at AFA are listed below.
Release assessment for Fungal infections of the shell

Likelihood of release

Normal condition – no

Existing condition in

Condition with

processing effluent near

the current

Ministerial order

water intake

environment

in place

Moderate

Moderate

Moderate

Exposure Assessment
Infection by fungi is direct via horizontal exposure to infective spore stages in the water, but little is
known regarding the route of infection or minimum infectious dose for the Deuteromycote fungi in
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abalone. Fungal spores are relatively tolerant of environmental conditions and can survive for long
periods outside the host, hence the high volumes of untreated water used by AFA means that if fungi
like the Deuteromycote fungus occured in the water or within populations of molluscs adjacent to the
facility, there would be a high chance of exposure of abalone in the nursery or raceway areas of the
farm. Wild caught or cultured broodstock bought on site may also introduce pathogenic fungi in the
absence of effective quarantine procedures and these could be spread to other areas of the facility if
biosecurity protocols are not strictly adhered to with regard to movements of personnel and equipment.
Hence the liklihood of exposure for fungi such as the Deuteromycote fungus remains non-negligible,
and overall is considered to be Moderate.
Consequence assessment
The presence of fungal diseases of the shell in abalone held on site at AFA would be of concern because
of the chronic progressive nature of the disease, which would become problematic for broodstock
health, or for juveniles if they are spawned and raised on site (Diggles and Oliver 2005). Under these
circumstances, the value of production of infected abalone spat would be significantly diminished, and
while the disease is not notifiable, its presence affects marketability and would be likely to adversely
affect trade. The Tasmanian Governments response to such an event cannot be determined, but in the
case of a fungal outbreak, it is considered unlikely that an order to cease discharge into the receiving
environment would be issued. Taking these factors into consideration, the consequences of
establishment of fungi such as the Deuteromycote fungus in abalone at AFA are considered to be Low.
Risk Estimation
The unrestricted risk associated with outbreaks of fungal disease is determined by combining the
likelihood of entry and exposure (from Table 1) with the consequences of establishment (Appendix 2).
The unrestricted risk estimate for fungal diseases such as the Deuteromycote fungus does not exceed the
ALOP for any of the conditions, suggesting that additional risk management for these disease agents is
not warranted at this time.
Risk estimate – Fungal infections of the shell

Normal condition – no

Existing condition

Condition with

processing effluent

in the current

Ministerial order

near water intake

environment

in place

Likelihood of release and exposure

Low

Low

Low

Consequences of establishment

Low

Low

Low

Risk estimation

Very Low Risk

Very Low Risk

Very Low Risk
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4.2.5 Infection with Perkinsus olseni
Aetiologic agent: Perkinsus olseni and other parasitic protozoa within the Family Perkinsidae
OIE List: Yes

NACA List: Yes

Australias status: Perkinsus olseni infections have so far been reported from all states except
Tasmania, and the disease is reportable in all States except the ACT (Table 3).
Epidemiology
Members of the genus Perkinsus within the Family Perkinsidae are closely related to dinoflagellates
(Reece et al. 1997). These obligate protistan parasites are known to infect a wide range of marine
molluscs in many regions of the world (Goggin and Lester 1987, Villalba et al. 2004). The life cycle of
Perkinsus spp. involves vegetative proliferation within the host by trophozoites that undergo successive
bipartitioning (Goggin et al. 1989). When host tissues infected by Perkinsus spp. are incubated in fluid
thioglycollate medium (FTM), the trophozoites enlarge and develop a thick cell wall, becoming easy to
visualise after staining with lugols iodine (Ray 1966). When these enlarged hypnospore stages are
transferred into seawater, they form zoosporangia and production of hundreds to thousands of zoospores
occurs within the original cell wall (Villalba et al. 2004). The biflagellated zoospores 3-5 µm in size
leave the zoosporangium through discharge tubes and enter the water to reinfect new hosts via the gills,
palps and digestive tract (Villalba et al. 2004). Infection of susceptible molluscs can occur horizontally
through the water by cohabitation via contact with zoospores, but trophozoites and hypnospores have
also been shown experimentally to cause infection (Goggin et al. 1989), and the disease can be
transmitted via vectors such as ectoparasitic snails (White et al. 1987).
Perkinsus olseni was originally described from blacklip abalone Haliotis rubra near Port Lincoln in
Spencer Gulf, SA (Lester and Davis 1981), but was subsequently associated with severe mortalities in
greenlip abalone Haliotis laevigata around 140 km away in the western side of Gulf St Vincent (Lester
1986, O’Donoghue et al. 1991; Goggin and Lester 1995) in SA. More recently the same parasite has
been associated with significant mortality events in abalone along the central and southern coast of
NSW (Lester and Hayward 2005). The presence of P. olseni in infected abalone of all sizes was
characterized by the presence of macroscopic necrotic nodules (0.5-8.0 mm in diameter) in the adductor
muscles and mantle (O’Donoghue et al. 1991), and the disease process is facilitated by high water
temperatures >20°C (Lester 1986, Lester and Hayward 2005). Perkinsus-like parasites have also been
reported from 30 out of 84 species of molluscs examined from the Great Barrier Reef (Goggin and
Lester 1987), from pearl oysters Pinctada maxima from Torres Strait (Norton et al. 1993) as well as
several species of molluscs from WA (Hine and Thorne 2000). To date the Perkinsus –like parasites
from Australian molluscs have all been identified as P. olseni (see Murrell et al. 2002, Lester and
Hayward 2005). Perkinsus olseni has also been recorded in many other regions worldwide, including in
cockles (Austrovenus stutchburyi) in the North Island of New Zealand, where its distribution is probably
limited by temperature (Hine and Diggles 2002). Perkinsus olseni has also been associated with mass
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mortalities of the Manila clam Tapes philippinarum in South Korea and has been detected in clams from
Japan, China , Vietnam, Europe and Uraguay (Villalba et al. 2004, Park et al. 2005). Four other species
of Perkinsus are currently recognised, including, including P. qugwadi, P. chesapeaki, P. andrewsi and
P. mediterraneus, all of which are parasites of molluscs (Villalba et al. 2004).
Release assessment
The release pathway for introduction of protozoans like P. olseni into the AFA facility is horizontal and
direct via infected abalone broodstock held on site, or horizontally through the water via protozoans
originating from wild abalone or other molluscs living inside or adjacent to the sites water intake. The
existing water treatments used at AFA would not prevent entry of protozoan infective stages pumped in
the intake water onto the site. Perkinsus olseni has not been recorded from Tasmania to date, and
appears to require minimum water temperatures of around 20°C in order to facilitate transmission and
cause disease. The water temperatures at AFA exceed 20°C for only 2 or 3 months of the year (Figure
2) thus only a small window of infection exists where conditions would be suitable for transmission of
P. olseni. However, the global warming trend may increase the likelihood of establishment of P. olseni
in Tasmania at some stage in the future, and its emergence is considered most likely to occur first in
either live holding tanks at abalone processors or in abalone farms. Considering all of these factors, the
likelihood estimations for the release of P. olseni at AFA are listed below.
Release assessment for Perkinsus olseni

Likelihood of release

Normal condition – no

Existing condition in

Condition with

processing effluent near

the current

Ministerial order

water intake

environment

in place

Extremely low

Very low

Very low

Exposure Assessment
Zoospores of P. olseni can survive in seawater at temperatures of 20-25°C for up to 28 days (Chu and
Greene 1989), but under natural circumstances, susceptible molluscs need to be in close proximity to
diseased molluscs for horizontal transmission to occur, possibly due to the fact that a relatively high
numbers of infective stages (zoospores, and/or trophozoites and/or hypnospores) are required to initiate
infection (around 1 x 105 infective stages/oyster for P. marinus, see Andrews 1996). However, dead
molluscs can liberate very large numbers of infective stages (Andrews 1996), which can then be
concentrated within the digestive tract of filter feeding bivalves as well as many other species of filter
feeding invertebrates which could act as mechanical vectors. Perkinsus is known to be excluded from
aquaculture facilities by using filtration and UV irradiation (Ford et al. 2001) and it is susceptible to
disinfectants (Hine 1996, Goggin et al. 1990). However, there will be no guarantees that treatment of
effluent water from the adjacent abalone processor would be sufficient to inactivate P. olseni, as
protozoans are larger organisms than viruses and bacteria and require larger doses of treatments like UV
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irradiation in order to inactivate them (Kasai et al. 2002, Yoshimizu et al. 2005, Yoshimizu 2009). As
water temperatures > 20°C appear to be required to increase the chances of infection by P. olseni, there
is only a small window of infection, suggesting that the liklihood of exposure of abalone at AFA to P.
olseni would be non-negligible, and overall is considered to be Low.
Consequence assessment
Outbreaks of disease due to P. olseni in abalone at AFA would likely have significant short term
impacts on the productivity and profitability of the business. The disease is not treatable and can cause
mass mortality as well as reduction in the marketability of surviving abalone. Since P. olseni is a
notifiable disease agent in all States, as well as internationally, there would likely be significant impacts
on trade. As there would also be a risk of spread of the disease agent to wild abalone adjacent to the
facility, the Tasmanian Governments response to such an event cannot be determined, potentially
ranging from no action to moves to minimise unknown risks to the environment and wild fisheries by
serving another order to cease discharge into the receiving environment. The situation in relation to the
need to develop a standard operating protocol for water and effluent management under these
circumstances to allow an effective emergency harvest would be virtually identical to those discussed
above for AbHV-1. Taking these factors into consideration, the consequences of establishment of P.
olseni in abalone at AFA are considered to be High.
Risk Estimation
The unrestricted risk associated with outbreaks of P. olseni is determined by combining the likelihood
of entry and exposure (from Table 1) with the consequences of establishment (Appendix 2). The
unrestricted risk estimate for P. olseni exceeds the ALOP for both the existing condition, and also with
the ministerial order in place, suggesting that additional risk management is required for this disease
agent at AFA.
Risk estimate for Perkinsus olseni

Normal condition – no

Existing condition

Condition with

processing effluent

in the current

Ministerial order

near water intake

environment

in place

Likelihood of release and exposure

Extremely low

Very low

Very low

Consequences of establishment

High

High

High

Risk estimation

Very low risk

Low risk

Low risk
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4.2.6 Infection with haplosporidians
Aetiologic agent: Infection of abalone by members of the genera Haplosporidium, Minchinia,
Urosporidium and other parasites (excluding Bonamia spp.) within the Phylum Haplosporidia.
OIE List: No

NACA List: No

Australias status: Infection by Haplosporidium montforti and the New Zealand abalone parasite
(NZAP) would be considered to be an exotic disease, however other haplosporidians have been reported
from diseased molluscs in Western Australia, and these disease agents are reportable in all States except
QLD and NSW (Table 3).
Epidemiology
The Phylum Haplosporidia is composed of histozoic and coelozoic parasites that infect a wide variety of
freshwater and marine invertebrates worldwide. Infection of molluscs by haplosporidian parasites has
resulted in economically and ecologically significant mass mortalities in many parts of the world. For
example, in the USA, the haplosporidian parasite Haplosporidium nelsoni causes MSX disease which
has resulted in massive epizootics of eastern oysters (Crassostrea virginica) along the east coast of the
United States (Andrews 1968, 1996, Haskin and Ford 1982, Burreson et al. 2000). This parasite was
probably translocated to that region from Japan through imports of live seed oysters (Friedman 1996,
Burreson et al. 2000, Kamaishi and Yoshinaga 2002). Reports of H. nelsoni from Crassostrea gigas in
France (Renault et al. 2000) provide further evidence this parasite has been moved with translocation of
infected oysters, despite the fact H. nelsoni is thought to have an indirect lifecycle that requires an
intermediate host (Barber and Ford 1992, Ford et al. 2001).
In New Zealand, a new haplosporidian parasite emerged in cultured abalone (Haliotis iris) resulting in
mortalities of up to 90% in affected raceways (Diggles et al. 2002, Hine et al. 2002). The
haplosporidian caused disease at the affected farm during the summers of 1999/2000 and 2000/2001
when water temperatures exceeded 20°C (Diggles et al. 2002, Hine et al. 2002, Reece and Stokes 2003).
The New Zealand abalone parasite (NZAP) contained rickettsiales-like prokaryotes in its cytoplasm
(Hine et al. 2002) and molecular and ultrastructural analysis suggests that it falls at the base of the
Phylum Haplosporidia (Reece et al. 2004, Hine et al. 2009). The inability to transmit infection
horizontally (Diggles et al. 2002) suggests that an intermediate host is required for completion of the
lifecycle of the NZAP. The lack of subsequent reports of the NZAP in other abalone culture facilities or
wild abalone, even after national abalone disease surveys may suggest that it is either extremely rare,
and/or that abalone may not be a normal host of the NZAP (B.K. Diggles and P.M. Hine, personal
observations). The haplosporidian was apparently excluded from the affected aquaculture facility by
implementing basic broodstock quarantine arrangements and rudimentary (25 µ m) filtration of the
incoming water (Diggles and Oliver 2005), and has not been reported since that time. In Europe,
Balserio et al. (2006) reported an outbreak of disease in cultured H. tuberculata that was associated with
systemic infection with a new disease agent called Haplosporidium montforti. Mortalities due to the
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infection exceeded 90% and reached 100% in some affected raceways (Balserio et al. 2006). The
abalone in the affected facility also were infected with the withering syndrome agent X. californiensis,
but mortality was attributed to the haplosporidian due to the massive systemic infections it caused
(Balserio et al. 2006).
In Australia, haplosporidians of the genus Haplosporidium and Minchinia have been associated with
sporadic but heavy mortalities in wild rock oysters (Saccostrea cuccullata) and hatchery reared pearl
oysters (Pinctada maxima) in Western Australia (Hine and Thorne 1998, 2000, 2002, Jones and Creeper
2006). The parasite in pearl oysters was identified as Haplosporidium hinei and is considered to
represent a serious risk to the pearl industry (Bearham et al. 2008b, 2009). The parasite in the rock
oysters has been associated with mortalities of up to 80% and was identified as Minchinia occulta (see
Bearham et al. 2007, 2008a, 2008c). Mixed infections of M. occulta and H. hinei have also been
recorded in P. maxima (see Bearham et al. 2009).
Release assessment
One release pathway for introduction of haplosporidians into the AFA facility is via introduction of
infected abalone broodstock on site followed by completion of unknown lifecycles that are presumed to
include a putative invertebrate intermediate host which liberates the infective stage for the abalone.
Another potential release pathway is horizontally through the water intake via infective stages
originating from putative intermediate hosts living inside or adjacent to the sites water intake.
Haplosporidians have not been recorded from Tasmania to date, and the NZAP appeared to require
minimum water temperatures of around 20°C in order to facilitate transmission and cause disease. The
water temperatures at AFA exceed 20°C for only 2 or 3 months of the year (Figure 2) thus it is possible
that only a small window of infection exists where conditions would be suitable for transmission of
these haplosporidians parasites. However, H. montiforti in Europe caused disease in abalone held in
water that did not exceed 17°C (Balserio et al. 2006), hence the window of potential transmission may
be wider if new species of haplosporidians emerge in temperate regions. Regardless, the existing water
treatments used at AFA would not prevent entry of haplosporidian infective stages (Ford et al. 2001) or
even putative invertebrate intermediate hosts anywhere on site where unfiltered water is used (e.g. the
growout raceways). Taking these factors into account, the likelihood estimations for the release of
haplosporidians at AFA are listed below.
Release assessment for haplosporidians

Likelihood of release

Normal condition – no

Existing condition in

Condition with

processing effluent near

the current

Ministerial order

water intake

environment

in place

Very low

Very low

Very low
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Exposure Assessment
Haplosporidian parasites likely require an intermediate host (Diggles et al. 2002), and in New Zealand
the NZAP was excluded from the affected aquaculture facility by implementing basic broodstock
quarantine arrangements and rudimentary (25 µ m) filtration of the incoming water (Diggles and Oliver
2005), which may have broken the lifecycle of the parasite by separating abalone from direct or indirect
contact with intermediate hosts. However, at AFA there is currently no treatment of intake water for the
majority of abalone stock on site, being those held in growout raceways. This situation would be
insufficient to inactivate haplosporidian infective stages or separate abalone in raceways from direct or
indirect contact with intermediate hosts. A risk therefore remains of introduction and spread of
haplosporidian disease agents between abalone held on site via completion of the lifecycle in potential
intermediate hosts in the biofouling present in raceways or in the intake pipework. There will also be no
guarantees that treatment of effluent water from the adjacent abalone processor would be sufficient to
inactivate haplosporidian infective stages, as protozoans are larger organisms than viruses and bacteria
and require larger doses of treatments like UV irradiation in order to inactivate them (Kasai et al. 2002,
Yoshimizu et al. 2005, Yoshimizu 2009). As water temperatures may not necessarily need to approach
20°C to increase the chances of infection by haplosporidians, there may be a reasonably wide window
of infection, suggesting that the liklihood of exposure of abalone at AFA to haplosporidians would be
non-negligible, and overall is considered to be Low.
Consequence assessment
Outbreaks of disease due to haplosporidians in abalone at AFA can cause mass mortalities during the
summer months and would likely have significant short term impacts on the productivity and
profitability of the business. The disease is not treatable and during the cooler months it can cause
chronic disease characterised by reduced growth (Diggles et al. 2002). Since haplosporidians are
notifiable disease agents in Tasmania, as well as several other Australian States and internationally,
there would likely be significant impacts on trade. As there would also be a risk of spread of the disease
agent to wild abalone adjacent to the facility, the Tasmanian Governments response to such an event
cannot be determined, potentially ranging from no action to moves to minimise unknown risks to the
environment and wild fisheries by serving another order to cease discharge into the receiving
environment. The situation in relation to the need to develop a standard operating protocol for water
and effluent management under these circumstances to allow an effective emergency harvest would be
virtually identical to those discussed above for AbHV-1. Taking these factors into consideration, the
consequences of establishment of haplosporidians in abalone at AFA are considered to be High.
Risk Estimation
The unrestricted risk associated with haplosporidian infection is determined by combining the likelihood
of entry and exposure (from Table 1) with the consequences of establishment (Appendix 2). The
unrestricted risk estimate for haplosporidian infection exceeds the ALOP for all conditions of operation,
suggesting that additional risk management is required for these disease agents at AFA.
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Risk estimate –Haplosporidians

Normal condition – no

Existing condition

Condition with

processing effluent

in the current

Ministerial order

near water intake

environment

in place

Likelihood of release and exposure

Very low

Very low

Very low

Consequences of establishment

High

High

High

Risk estimation

Low risk

Low risk

Low risk
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4.2.7 Polychaete infections of the shell (mudworms and sabellids)
Aetiologic agent: Spionid polychaetes (including the genera Boccardia and Polydora), and sabellid
polychaetes (Terebrasabella heterouncinata, subfamily Fabracidae) that infect the shells of molluscs.
OIE List: No

NACA List: No

Australias status: Mudworm infections have been reported from all States, and certain species of these
agents are reportable in SA. The sabellid polychaete Terebrasabella heterouncinata is considered to be
exotic to Australia.
Epidemiology
Spionid polychaetes are predominantly free living organisms that are found in soft muddy estuarine
sediments worldwide, however several species are commonly associated with molluscs, using the shells
of bivalve molluscs and abalone as settlement substrates (Read 2010, Walker 2011) as they feed on
suspended or resuspended particles or plankton (Dauer et al. 1981). The main species that are usually
reported to be problematic in mollusc aquaculture include Polydora websteri, P. haswelli and P.
hoplura, Boccardia knoxi and B. chilensis) (see Nell 2001, Lleonart et al. 2003a, 2003b). Low intensity
infections are innocuous and usually confined to the shell, however some species may cause unsightly
mud blisters in the shell, and abscesses in the adductor muscle if the blister contacts the tissue
(Handlinger et al. 2004). Light mudworm infection rarely causes mortalities, however heavy infections
of mudworms in cultured abalone can cause significantly reduced growth, reduction in weight and
increased mortality (Kojima and Imajima 1982, Lleonart et al. 2003a, 2003b, Handlinger et al. 2004,
Diggles and Oliver 2005). Larval mudworms cannot survive drying in air for as little as 2 to 4 hours
(Lleonart 2003a, Handlinger et al. 2004), while adult mudworms also cannot survive drying for more
than 4 or 5 days out of the water (Nell 2001).
A sabellid polychaete Terebrasabella heterouncinata has caused problems in many abalone culture
facilities in California, Mexico, South Africa, South America and Europe (Kuris 1997, Kuris and Culver
1999, Finley et al. 2003, Moore et al. 2007). Heavy infestations by this polychaete can significantly
reduce growth rates, decrease meat yields, increase background mortality rates and results in grossly
deformed and brittle shells with the absence of respiratory aperture (gill pore) formation on the leading
edge of the shell, substantially reducing marketability (Moore et al. 2007). It has been speculated that
this sabellid was introduced into the USA with cultured abalone from South Africa that were not
quarantined on arrival in California in the late 1980s. The sabellid polychaete infects a wide range of
abalone species as well as many other species of marine gastropods including snails and limpets, but not
bivalves (Kuris 1997, Kuris and Culver 1999). Sabellid infestations in cultured abalone were reported
to build up to a damaging level within 60 days, indicating a brief generation time for this polychaete.
Leighton (1998) reported that high temperatures (48 h uninterrupted exposure to 28.5 °C) killed all
stages of the sabellids with only minor mortalities among abalone species tolerant to these temperatures,
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while Moore et al. (2007) found that larval and adult sabellids were killed by exposure to freshwater for
63 seconds and 16 hours, respectively.
Release assessment
The release pathway for spread of polychaetes such as mudworm and sabellids from infected hosts into
the AFA facility is likely to be horizontal via infective larvae shed into the water by infected broodstock
abalone, as well as from infective stages originating from carrier species living inside or adjacent to the
sites water intake. Disease of cultured abalone due to mudworm has been problematic in Tasmania in
the past (Lleonart et al. 2003a, 2003b, Handlinger et al. 2004), and heavy mudworm infections were
evident in many broodstock abalone that were on site at AFA during the biosecurity inspection in late
November 2011. The infected broodstock abalone originated from the abalone farm 1.5 km to the north
in the Gulch, demonstrating that mudworm larvae occur naturally in the wild adjacent to the AFA water
intake. Sabellid polychaetes have not been known to be problematic in culture of abalone in Australia
to date, however their mode of infection is identical to that of mudworm. Some species of mudworm,
such as Boccardia knoxi, only produce larvae during the spring months, and abalone stocked after
December were not infected for around 9 months (Handlinger et al. 2004). Thus it appears possible that
only a small window of infection exists where conditions are suitable for transmission of mudworm to
cultured abalone in Tasmania. However, the existing water treatments used at AFA would not prevent
entry of polychaete larvae wherever unfiltered water is used (e.g. the growout raceways). Taking these
factors into account, the likelihood estimations for the release of polychaetes that may infect the shell of
cultured abalone at AFA are listed below.
Release assessment for Polychaete infections of the shell

Likelihood of release

Normal condition – no

Existing condition in

Condition with

processing effluent near

the current

Ministerial order

water intake

environment

in place

High

High

High

Exposure assessment
Mudworm and sabellid eggs and larvae are >150 µm and can be excluded by coarse filtration, but no
filtration is used in the areas of the AFA where the majority of abalone reside (growout raceways).
Further, if quarantine of broodstock abalone is not completely effective, a risk would remain of
introduction and spread of polychaete infestations introduced via infected broodstock, unless effective
biosecurity protocols were adhered to. There will also be no guarantees that treatment of effluent water
from the adjacent abalone processor would be sufficient to inactivate polychaete infective stages, as
protozoans are larger organisms than viruses and bacteria and require larger doses of treatments like UV
irradiation in order to inactivate them (Kasai et al. 2002, Yoshimizu et al. 2005, Yoshimizu 2009). As
some species of mudworm only release infective larvae during the spring months, there may be only a
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small window of infection. Even so, the liklihood of exposure of abalone at AFA to polychaete
infestations would be non-negligible, and overall is considered to be Moderate.
Consequence assessment
Outbreaks of disease due to polychaete infestations of the shell can cause reduced growth and result in
significant losses in abalone culture. The infestations can be treatable, but this is difficult and labour
intensive and even with treatment heavy polychaete infestations would likely have some short term
impacts on the productivity and profitability of the business. The presence of these parasites on site
may therefore be problematic, however they are not notifiable disease agents in Tasmania, though B.
knoxi is a notifiable disease agent in South Australia (Table 3), so adverse impacts on trade would be
unlikely. Taking these factors into consideration, the consequences of establishment of polychaete
infestations at AFA are considered to be Low.
Risk Estimation
The unrestricted risk associated with outbreaks of shell infesting polychaetes is determined by
combining the likelihood of entry and exposure (from Table 1) with the consequences of establishment
(Appendix 2). The unrestricted risk estimate for shell infesting polychaetes exceeds the ALOP for all
conditions of operation, suggesting that additional risk management is required for these disease agents
at AFA.
Risk estimate – Polychaete infections of the shell

Normal condition – no

Existing condition

Condition with

processing effluent

in the current

Ministerial order

near water intake

environment

in place

Likelihood of release and exposure

Moderate

Moderate

Moderate

Consequences of establishment

Low

Low

Low

Risk estimation

Low risk

Low risk

Low risk

_________________________________________________________________________________________________________________________________________________________________________________

.
www.digsfish.com

36

5.0 Risk Mitigation
The results from the risk analysis process are presented in Table 4. The analysis identified that several
disease organisms exceeded the ALOP and require additional risk management. These included:
1.

Under normal conditions with no processing effluent near the water intake (i.e. equivalent
conditions to other SAL farms):
Infection with shell infesting polychaetes such as spionid mudworm and sabellids, Rickettsia-like
organisms (RLOs) (including the agent of withering syndrome), and Haplosporidians

2.

Under the existing condition in the current environment:
As above, but also including abalone viral ganglioneuritis (AbHV-1), other novel viral agents (e.g.
amyotrophia disease), and Perkinsus olseni

3.

Under the new condition with the Ministerial order in place:
As for 2 above.

The remainder of this section of the risk assessment process will review some of the various options
available for mitigating risks of pathogen introduction at AFA to levels equivalent to those experienced
at other SAL group farms.

5.1

Exclusion of significant disease agents by filtration of intake water

Biosecurity in the context of aquaculture is the practice of exclusion of specific pathogens from cultured
aquatic stocks in broodstock facilities, hatcheries, and farms, or from entire regions or countries for the
purpose of disease prevention (Lightner 2005). Water treatments that result in pathogen free water are a
fundamental component of aquaculture biosecurity programmes which aim to exclude important
pathogens for improved growth and survival and/or achievement of outcomes such as development of
specific pathogen free spat (Wyban 1992, 2009, Brock and Bullis 2001, Matson et al. 2006). A wide
range of protozoan and metazoan disease agents can be eliminated from water supplies through
relatively coarse filtration, while bacterial and viral pathogens cannot be filtered in any practical way for
aquaculture purposes due to their small size compared to the large volumes of water used (Table 4).
Large volumes of water (1000 - >60,000 L/min) can be treated using sand or drum filters (nominal
particle size removed usually = 40 to 100 µ m), while lower volumes can be treated using bag filters
(particle size removed = 10 to 50 µ m) and cartridge filters (particle size removed = 1-20 µ m). The
filtration required to exclude the various pathogens examined in this risk analysis is found in Table 4.
From these data it is apparent that infective stages of polychaetes as well as copepod eggs (a nuisance in
the nursery) and most potential intermediate hosts for protozoans, would be excluded by filtration of
incoming water to a nominal 50µm or less at all times.
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Yes

No
Yes
Yes
No
Yes

Endemic Metazoa
3. Mudworm infection (Polydora, Boccardia)

Exotic diseases
4. Amyotrophia-like viral agents
5. Withering syndrome/Xenohaliotis californiensis
6. Infection with haplosporidians
7. Deuteromycote fungi in paua
8. Infection with sabellid polychaetes
Yes
Yes
Yes
No
Yes

Yes

Yes

Existing
condition
Yes

Yes
Yes
Yes
No
Yes

Yes

Yes

Ministerial
order
Yes

Not practicable
0.2 µm
c. 25 µm
1 µm
75 µm

100 µm

1 µm

Not practicable

Filtration

?
?
30
10-250
?

?

4.7- 60

Published
effective range
972

?
>30
>30
>30
?

?

60

Minimum
recommended
>30

UV irradiation (mJ/cm2)

?
>10 mg/L calcium hypochlorite
Salinity < 15 ppt
?
Heat, >28.5°C for >48 hours, Freshwater for 63
sec (larvae), 16 hours (adults),

Desiccation for 2-4 hours at >15°C@ <63%
relative humidity, freshwater for 12 hours

freshwater for >6 hours, sodium hypochlorite 6
mg/L for 30 min

Heat, 60°C for 60 min, desiccation/sunlight 48
hours, 540 mg/L chlorine for 30 min

Physical / Chemical Treatment

.
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** Normal conditions would be equivalent to conditions normally experienced at other SAL farms. However, this RA was based on the environment at Bicheno. Other
SAL farms with higher intake water temperatures may have higher risks of release of some pathogens, e.g. Haplosporidians and P. olseni compared to AFA.

References: 1 (Robin and Rodrigue 1980, Kasai et al. 2002, Yoshimizu et al. 2005, OIE 2009b), 2 (Goggin and Lester 1989, OIE 2009c). 3 (Handlinger et al. 2004), 5 (OIE
2009a), 6 (Ford et al. 2001), 7 (Chevrefils et al. 2006, Yoshimizu 2009), 8 (Leighton 1998, Finley et al. 2003, Moore et al. 2007).

No

Normal
condition**
No

Requires risk mitigation under which
conditions ?

Endemic Protozoa
2. Infection with Perkinsus olseni

1. Abalone viral ganglioneuritis (AbHV-1)

Endemic Viruses

Significant disease agents of
cultured abalone

Table 4. Summary of the outcomes of the risk analysis and potential risk mitigation methods for significant diseases of abalone

5.2

Exclusion of significant disease agents by effective quarantine and testing of broodstock

Avoidance of introduction of disease agents by use of effective quarantine measures is a concept
fundamental to biosecurity in aquaculture (Kent et al. 2009). Quarantine involves isolation of animals
of unknown disease status (usually broodstock and/or new arrivals) from other animals in the facility,
testing to examine for the presence of disease agents and both prophylactic and focussed treatments to
remove or inactivate any disease agents that may be present in order to ensure that they are not
introduced into the facility (Kent et al. 2009). Most of the common quarantine procedures used for
mollusc aquaculture (bath and dip treatments) are useful for reducing or eliminating external fouling
organisms (e.g. mudworm) and symbionts, but in the absence of rigorous disease screening and
surveillance these steps alone are unlikely to eliminate the risk of introduction of many significant
disease agents, particularly micro-organisms (viruses, bacteria and protozoa) that infect the internal
organs. Testing of broodstock for pathogens of concern using PCR on tissue biopsies is one potential
way to reduce risk in this regard, provided those animals that test positive are removed from the facility.
However, for pathogens such as AbHV-1, PCR testing of biopsies may not detect latent carriers due to
low levels of non-replicating virus. Because of this, disinfection of the effluent water from broodstock
(as is usually done at AFA using filtration to 1µm and UV irradiation – Dean Brougham, personal
communication) and/or treatment of inflow water (see Section 5.3 below) are effective risk mitigation
measures for broodstock held on site at AFA.
Washing of fertilized eggs to decontaminate them using iodophors, chlorine and so on is also an
effective way to reduce the risk of vertical transmission of some pathogens between infected broodstock
and their progeny (Lightner 1999, Bovo et al. 2005), though I am unaware of anyone routinely doing
this for abalone at this time. All this notwithstanding, quarantine is seldom a perfect process, and this is
why broodstock molluscs sourced from the wild need to be considered as potential vectors of disease at
all times (ie; as “dirty” stock). Because of this, biosecurity principles with respect to treatment of
effluent water from broodstock and disinfection and isolation of equipment in contact with broodstock
are important fundamentals to observe at all times (Torgersen and Hastein 1995).

5.3

Inactivation of significant disease agents by UV irradiation of intake water

Germicidal ultraviolet (UV) light in the UV-C spectral region (190-280 nm) is effective for inactivating
a variety of microorganisms by disrupting their cellular membranes and damaging their DNA or RNA
(Maisse et al. 1980, Liltved et al. 1995, 2006, Kasai et al. 2002, Chevrefils et al. 2006). The optimum
wavelength for germicidal UV irradiation is around 253 nm, which causes paired thymine molecules in
DNA to dimerize. The thymine dimer is very stable, and if enough of these defects accumulate on a
microorganism's DNA its replication is inhibited, resulting in effective UV disinfection by rendering the
microorganisms harmless (= deactivation or inactivation). Total microbicidal UV dosage is usually
calculated in mJ/cm² based on the relationship of 1 mJ/cm² = 1,000 µW/cm² per second, i.e:
total dose in mJ/cm2 = intensity (µW/cm²) x duration of exposure (sec)
1000
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Treatment of water with UV irradiation is an effective means of reducing or eliminating pathogen loads
without leaving toxic residues (Brown and Russo 1979, Kasai et al. 2002, Yoshimizu et al. 2005,
Liltved et al. 2006). It is particularly useful for deactivating viral and bacterial disease agents that are
too small to remove by filtration, and indeed smaller disease agents are generally more vulnerable to
UV irradiation than are larger protozoa and metazoa (Kasai et al. 2002, Yoshimizu et al. 2005,
Yoshimizu 2009). Nevertheless, water should always be settled and/or prefiltered to remove as many
particles as possible before UV disinfection, thereby reducing shading and improving the overall
bacterial removal efficiency by reducing the risk of introducing UV-shielded bacteria (Liltved and
Cripps 1999). The range of UV doses required to exclude the various pathogens examined in this risk
analysis is summarized in Table 4.
Herpesviruses are known to be sensitive to UV irradiation (Wolff and Schneweis 1973, Robin and
Rodrigue 1980, Kasai et al. 2005). If the objective of a UV disinfection protocol is to reduce the risk of
exposure to aquatic herpesviruses such as AbHV-1, in the absence of dose information for this particular
virus at this time, it is pertinent to examine the dose rates required to inactivate other aquatic
herpesviruses. These include the 4 mJ/cm2 reported by Kasai et al. (2005) to be effective for
inactivation of Koi Herpesvirus (KHV), and the 20 mJ/cm2 required to inactivate channel catfish
herpesvirus (Robin and Rodrigue 1980, Kasai et al. 2002, OIE 2009b). While there is no information
regarding the UV dose required to inactivate AbHV-1 at this time, the study of Schikorski et al. (2011b)
reported inactivation of the closely related OsHV-1 from Pacific oysters by exposure to a very large UV
dose (15 min exposure to 1080 µW/cm² = 972 mJ/cm2). In the absence of a dose response curve for UV
irradiation for OsHV-1 and AbHV-1, it is difficult to determine whether exposure to 4, 40, 60 or even
120 mJ/cm2 UV will result in their complete inactivation. However, given that 20 mJ/cm2 is the highest
reported dose required for inactivation of other aquatic herpesviruses in the literature, it is assumed that
a minimum dose of 30 - 40 mJ/cm2 would be sufficient to provide an approximate 3 log10 reduction in
viral titres (or more), as this is a high dose sufficient to inactivate a wide range of bacteria, protozoa and
viruses (Chevrefils et al. 2006). If levels of virus and/or bacteria were in the vicinity of 103-104/ml at
the AFA intake, further treatment of this water with UV at >30 mJ/cm2 would be likely to reduce the
levels of pathogens to c. 101/ml, which is a low dose similar to the number of OsHV-1 viral copies seen
in healthy Pacific oysters in the latent carrier state (Dundon et al. 2011).
Larger protozoans are more difficult to kill using UV irradiation (Kasai et al. 2002, Yoshimizu et al.
2005, Yoshimizu 2009). For example, Perkinsus olseni is relatively stable because of its thick cell wall,
requiring a minimum dose of >28 mJ/cm2 to inactivate P. marinus trophozoites and 60 mJ/cm2 has been
shown to be required to kill P. olseni hypnospores (OIE 2009c). Other protozoans such as
haplosporidian infective stages can also be inactivated by exposure to around 30 mJ/cm2 (Table 4).
Fungi range widely in their susceptibility to UV irradiation depending on the species and life history
stage (Kasai et al. 2002, Bovo et al. 2005), however the small zoospore infective stage can usually be
effectively inactivated at doses > 30 mJ/cm2 (Table 4). Rickettsia-like organisms are obligate
intracellular disease agents which are relatively fragile and are susceptible to UV irradiation (Kasai et al.
2002, Yoshimizu et al. 2005) as well as antibiotics (Friedman et al. 2003).
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So a UV dose of >30 mJ/cm2 is likely to be a sufficient minimum dose to provide protection (c. 3 log10
reduction) against the vast majority of known significant disease agents of abalone (excluding P. olseni
hypnospores, which require 60 mJ/cm2). The UV dose needs to be carefully chosen, however, and
safety factors should not be set unnecessarily high because of the potential downsides of excessive UV
treatment which include increased running costs, and reduced biofilm formation by microalgae such as
diatoms that are needed for nursery rearing and provide a useful supplementary feed source in the
growout raceways. Also, changes in the microbial balance of the water can occur due to bacterial
activity after UV treatment due to increased availability of dead organic matter in the absence of those
species of bacteria that were sensitive to the UV treatment (Gregg et al. 2009).
Marine microalgae (diatoms and other phytoplankton) are UV sensitive (Litchman and Neale 2005,
Liltvelt et al. 2011), but UV effects on microalgae are species-specific, with some species more
susceptible to UV damage than others (Wulff et al. 2008). In general, microalgae require higher UV
dosages for complete inactivation than bacteria and viruses due to their larger size and pigmentation
(Rigby and Taylor 2001, Liltvelt et al. 2011), and they also can have DNA repair mechanisms that allow
them to recover photosynthetic activity after UV exposure (Wulff et al. 2008). Nevertheless, the higher
UV doses used for deactivation of microorganisms can be lethal to some diatoms , resulting in 90% (1
log10) reduction in viable cells of diatoms at doses around 45 mJ/cm2 and a 3 log10 reduction (99.9%)
at 3 times this dose (135 mJ/cm2 see Siemens (2011). However, Gregg et al. (2009) and Liltvelt et al.
(2011) showed that for some microalgae such as Tetraselmis spp. and Prorocentrum minimum, UV dose
rate can be as high as 100-120 mJ/cm2 before 1 log10 reductions in algal cell viability were observed.
These data suggest that if the aim is to disinfect the water to inactivate AbHV-1 and other abalone
pathogens, while retaining reasonable microalgal growth in biofilms, it would seem appropriate to keep
the UV dose to c. 60 mJ/cm2 to allow a certain margin for error as insurance against abalone pathogens
(or increase in flow rates in the future once more information is available on UV sensitivity of AbHV1), without completely stopping colonisation of biofilms by diatoms during the treatment process.
Further, given that the majority of pathogens of cultured abalone appear to pose a risk of disease
introduction only when water temperatures approach or exceed 20°C, if running costs of UV units are
prohibitive, cessation of use of UV irradiation during the winter months when water temperatures are
below 15°C could be considered to save running costs.

5.4

Inactivation of significant disease agents by ozonation of intake water

Ozonation can be a very useful method of inactivating disease agents in both freshwater and seawater
(Liltved et al. 1995, 2006), however in seawater the presence of transient residual oxidants such as
bromine and other halogens can be hazardous for marine animals (Liltved et al. 2006). Because of this,
treatment units for removal of residual bromine need to be included whenever seawater is ozonated in
the intakes of aquaculture systems (Liltved et al. 2006). This complicates the installation compared to,
say, UV, and because of the potential issues with toxicity due to residual oxidants, use of ozone is
particularly suited to treatment of effluent water (Jacobsen et al. 1989) where control of these transient
(and carcinogenic) byproducts of ozonation is not so critical.
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5.5

Inactivation of significant disease agents by physical or chemical treatments

Chemical and physical treatments are substances or procedures which prevent infection of aquatic
animals by inactivation of pathogenic microorganisms, except when those chemicals are being used as
therapeutic agents (Torgersen and Hastein 1995). So technically, disinfection involves use of chemical
disinfectants to inactivate pathogens on all surfaces except living tissues (Torgersen and Hastein 1995).
The range of disinfection treatments that can be used in aquaculture is large, and includes physical
treatments such as heat, freezing, dessication (via sunlight), hypersalinity, hyposalinity, ozone and UV
irradiation, and chemical treatments such as quaternary ammonium compounds, calcium oxide (lime)
and calcium cyanamide, calcium hypochlorite (chlorine) and sodium hypochlorite (bleach),
formaldehyde, potassium permanganate, potassium hydroxide, iodophors, sodium hydroxide, organic
acids, commercial products such as Virkon, Chloramine T and so on. These can be used in a variety of
manners, including in footbaths (Amass et al. 2000), for routine cleaning of tanks and equipment, as
well as sanitising facilities following disease outbreaks (Torgersen and Hastein 1995). A range of the
physical and chemical treatments effective for inactivation of the various pathogens examined in this
risk analysis is summarized in Table 4.

5.6

Covering of raceways to exclude potential vectors (particularly birds)

The Fisheries Biosecurity Order (No. 1) 2011 (Green 2011) declared by the Minister was designed to
reduce the risk to the environment posed by discharge of water into the environment from live holding
tanks in abalone processing facilities (Baulch and Ellard 2011). The Ministerial order does not,
however, reduce the risk of outbreaks of AVG in these facilities, and it appears the frequency of reports
of AVG outbreaks in abalone processing facilities is increasing (Ellard et al. 2011).
During AVG outbreaks, abalone processors are required to destock their facilities and dispose of
infected abalone, usually in burial pits dug on site. Given the close proximity of AFA to the adjacent
abalone processing facility, even if the Ministerial order reduced the risk of exposure of AFA to AbHV1 somewhat via its water intake, the risk remains of exposure of AFA to infected abalone products that
may be left temporarily uncovered in the burial pits via scavengers such as rats and birds (particularly
seagulls), which can act as vectors. It would take a seagull only a few seconds to fly the distance
between AFA and any burial pits that may be dug on the adjacent property, and hence there is a real risk
of introduction of infected material with viable AbHV-1 on the feet or beaks of any birds that may visit
the burial pit and then alight on the open raceways at AFA. Based on information for the closely related
OsHV-1 in Pacific oysters, as little as 1 mg of infected tissue from a diseased oyster could contain
sufficient herpesvirus to act as an infective dose if it was introduced into 1 litre of water (Schikorsky et
al. 2011a, 2011b). Because of this, it would appear appropriate to invest in covers for the outside
raceways to reduce access scavengers such as birds may have to water containing cultured abalone, or to
the abalone themselves.

_________________________________________________________________________________________________________________________________________________________________________________

.
www.digsfish.com

42

6.0 Case Studies
DigsFish Services was also instructed to provide case studies of industries that have successfully reestablished operations following similar events to those experienced at AFA in January 2011. One
example of another instance where an abalone farm was shut down and dried out following an outbreak
of disease was the outbreak of the abalone haplosporidian (NZAP) in New Zealand (Diggles et al 2002,
Hine et al. 2002). Chronic mortalities of up to 90% of stock occurred in two successive growing
seasons, and there is no treatment once haplosporidian infection occurs, so NZ authorities eventually
required the farm to shut down, disinfect and dry out. Haplosporidian parasites likely require an
intermediate host (Diggles et al. 2002), but none of the lifecycles of haplosporidian parasites infecting
commercially important molluscs are known. Hence in this instance the only option available to the
farmers (besides selling out) was to try to exclude the NZAP, and it was apparently excluded from the
affected aquaculture facility by implementing basic broodstock quarantine arrangements (Separation of
wild caught broodstock abalone from water supplies which fed into raceways containing juveniles) and
rudimentary filtration (inclusion of filter bags upstream of each of the raceways to filter the incoming water
down to around 25 µm) (Diggles and Oliver 2005). It appears that implementation of these two
relatively simple biosecurity measures interrupted the lifecycle of the parasite by separating abalone
from direct or indirect contact with intermediate hosts. Because of this, the owners of the facility were
able to restart and the NZAP has not been recorded there since.
Another example of successful application of biosecurity measures can be seen by perusal of the range
of biosecurity strategies developed by the penaeid shrimp aquaculture industry to combat a succession
of catastrophic outbreaks of viral diseases including White spot disease, Taura Syndrome, Yellowhead
disease, and so on (Lightner 1999, 2003, 2005). The industry responded with development of effective
biosecurity strategies that included increased disease surveillance, exclusion of diseases of concern from
water supplies of broodstock and larval rearing facilities and development of specific pathogen free
(SPF) stock through elimination of disease agents carried by wild caught broodstock and breeding from
selected F1 generations within the hatchery environment (Wyban 1992, 2009, Wyban et al. 1992,
Lightner 1999, 2005). Selection of F1 and subsequent generations of progeny for desirable
characteristics such as improved growth rates (Wyban 1992, Wyban et al. 1992), or resistance to
pathogen challenges has resulted in development of shrimp lines that are resistant to challenge by
specific pathogens (Specific Pathogen Resistant (SPR), see Wyban 1992, Wyban et al. 1992). Use of
SPF and SPR methodology in conjunction with effective on farm biosecurity strategies has transformed
production outcomes in the global shrimp aquaculture industry (Wyban 2009).
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Very low impact (2)

Low impact (3)

Moderate impact (4)

High impact (5)

Extreme impact (6)

Event occurring only under
exceptional circumstances
(0.9-0.1%)

Event possible but would be unlikely
to occur
(1-19%)

Event that may occur at some time
but will be infrequent
(20-45%)

Event likely to occur periodically
(50:50%)

Event would be expected to occur
frequently.
(>55%)

Extremely low (2)

Very low (3)

Low (4)

Moderate (5)

High (6)

First Aid

Medical Treatment
cases

Irreversible
disability/lost time
injury

Permanent total
Disabilities/single
fatality

Multiple fatalities or
irreversible effects to
multiple persons

Minor impact, affecting only an
individual tank or consignment of
abalone. Financial Impact of
>$0.1 million and <$0.25
million.
Localised disease outbreak
restricted to a single farm, single
processor or a single well
defined area of water. Financial
Impact of >$0.25 million and
<$0.5 million.
Disease outbreak affecting
multiple sites but restricted to a
local area. Affecting several
adjacent reefs, farms, holding
facilities or processors within a
small area. Financial Impact of
>$0.5 million and <$1 million.

Regional consequences, disease
outbreak spread across a single
region within the state. Financial
Impact of >$1 million and <$2
million.

State-wide or interstate
consequences, outbreak of
disease. Financial of greater
>$2 million of GVP. Loss of
international Market Access
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No first aid required

People

No perceivable consequences
for either wild or farmed stocks.
No Financial Impact.

Description Definition
Industry
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Negligible impact (1)

Consequences

Negligible (1)

Description Definition

Chances of event occurring so small
as to be considered practically nil
(0.1%)

Likelihood

Social

environmental incident
requires clean up,
large loss of stock.

Significant damage
requiring long term
restoration work.
Impact to surrounding
environment and
restricted public
access.

Very serious
environmental impacts
- irreversible pollution
and widespread
ecosystem damage.

Ongoing serious social issues.
Public/media outcry causing
headlines in major paper.
Court Action and fine. Staff
layoffs are >5% but <10%
local employment market.

Ministerial Censure/loss of
credibility. Class action and/or
significant prosecution and
fines. Staff layoffs are >10%
local employment market.
Closing of enterprise(s).

Minor incident, no
significant impact.
Monitoring result not in
compliance,

No lasting effect.
Rectified by immediate
corrective action

No perceivable
consequences to the
environment

Environment

On-going social issues. Local
public and media compliant,
causing headline in local
paper. Compliant lodged with
legislative body, time and
assets allocated to assist with
investigation. Staff Layoffs.

Local Community complaintwritten and phone. Visit by
legislative body. Casual staff
layoffs.

Local public compliant. No
jobs losses.

No community complaint. No
job losses

Appendix 1 – Definitions of likelihood and consequence descriptions used in the RA

Negligible Risk
(8)

Negligible Risk
(6)

Negligible Risk
(4)

Negligible Risk
(2)

Negligible Risk
(4)

Negligible Risk
(3)

Negligible Risk
(2)

Negligible Risk
(1)

Low Likelihood

Very Low Likelihood

Extremely Low Likelihood

Negligible Likelihood

Negligible Risk
(3)

Negligible Risk
(6)

Negligible Risk
(9)

Very Low Risk
(12)

Low Risk
(15)

Low Risk
(18)

Low Impact
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Very Low Risk
(10)

Very Low Risk
(12)

Negligible Risk
(6)

Negligible Risk
(5)

Very Low Impact

Negligible Impact
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Negligible Risk
(4)

Negligible Risk
(8)

Very Low Risk
(12)

Low Risk
(16)

Moderate Risk
(20)

Moderate Risk
(24)

Moderate Impact

Consequence of establishment and spread

Moderate Likelihood

High Likelihood

Risk Estimation Matrix

Appendix 2 – Risk estimation matrix used in the RA

Likelihood of establishment and spread

Negligible Risk
(5)

Very Low Risk
(10)

Low Risk
(15)

Moderate Risk
(20)

High Risk
(25)

High Risk
(30)

High Impact

Negligible Risk
(6)

Very Low Risk
(12)

Low Risk
(18)

Moderate Risk
(24)

High Risk
(30)

Extreme Risk
(36)

Extreme Impact

Attachment 2
Response to s22 Notice Conditions 2 to
4 - Biosecurity

Yumbah Nyamat Formal Response to s22 Notice dated 18 January 2019

(2) Provide further information on the biosecurity risks associated with the proposed development, including
a draft of the emergency response plan to be approved by a DEDJTR Veterinarian officer (referred to in
section 5.4 of the draft Biosecurity Plan), ensure consistency across documents (Risk Assessment and Draft
Biosecurity Plan), and detail how reduction in biosecurity risks are best practice

S22 Notice Condition 2

EMERGENCY
RESPONSE
PLAN
Yumbah Nyamat

YUMBAH AQUACULTURE

Yumbah Nyamat Emergency Response Plan

Draft – 24 January 2019

Introduction
This Emergency Response Plan is a draft document. Its intention is to outline guidelines and
procedures for the proposed Yumbah Nyamat (YN) abalone farm staff to allow them to
respond if an abalone disease outbreak is suspected on the farm.
The plan is consistent with:
1. AQUAVETPLAN – Disease Strategy Manual – Abalone Viral Ganglioneuritis
2. AQUAVETPLAN – Disease Strategy Manual – Withering Syndrome of Abalone.
Electronic and hard copies of the above mentioned manuals, this plan and associated YN
Standard Operating Procedures (SOPs) documents will be made available in the Yumbah
Nyamat office once the farm is operational.

Aim
This Emergency Response Plan aims to achieve the following key outcomes:
 Controlling the spread of infectious disease within the farm;
 Controlling the spread of infectious disease beyond the farm; and
 Determine the cause of an unusually high and unexplained mortality as soon as
possible.
Staff should refer to this document regularly to check that they are performing tasks properly
and safely. Annual emergency response refresher training will be provided to all staff.

Responsibilities


All staff – understand this protocol, be knowledgeable of husbandry issues and
recognition of disease (mortality) concerns. Report to Farm Manager or supervisor.



Production Manager (PM) and Biosecurity Officer (BO) – coordinate initial response
by all staff to minimise any cross contamination. Report extent to General Manager.



General Manager (GM) – responsible for deciding on response actions, report and
liaise with relevant State government authorities.

Plan Trigger


Suspected or confirmed notifiable disease.



Or unusually high >1% per day, unexplained mortality.



Unexplained mortality refers to instances when there is no apparent reason for high
mortality as opposed to incidents of explained mortality e.g. high mortality due to water
flow problems due to pump failure or high mortality due to high water temperatures.

YUMBAH AQUACULTURE
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Emergency Response Procedure
1. Staff to report mortality or moribund abalone to PM or supervisor.
2. GM and PM to inspect sick and dead abalone personally.
3. Record the number of tanks affected, disease signs observed and proportion of animals
affected.
4. Record water quality parameters: flow, DO and temperature.
5. In the event of a suspected infectious or notifiable disease outbreak, isolate the affected
tank/s immediately. Cease discharge from the affected tank and de-stock the tank/s.
Closely monitor neighbouring tanks.
6. In the event that the outbreak is spread across multiple tanks in the module, isolate
affected module by recirculating water from the recirculation reservoir. Cease discharge to
the receiving environment. In the event that the outbreak is spread across multiple tanks
in the module, isolate affected module by recirculating water from the recirculation
reservoir. Cease discharge to the receiving environment.
7. Birds and other rodents must not have access to any sick abalone so insure buildings are
secured.

GM to notify relevant government agencies immediately and follow all

instructions as directed. At the time of this draft, the relevant government agencies are
Agriculture Victoria and Victorian Fisheries Authority, within the Department of Jobs,
Precincts and Regions (DJPR)
8. Quarantine the area, restrict access to only authorised personnel. Install and use footbath
and hand sanitiser. Identify affected tanks and mark with coloured tape.
9. No personnel, equipment, machinery or stock to leave the farm until authorised.
10. Cease all movements of stock and non-essential husbandry/maintenance activities, only
emergency and essential husbandry procedures to be carried out by authorised staff.
11. Restrict farm access to visitors:
-

Site access closed - gates locked

-

Deny access of non-essential visitors

-

Postpone any routine repair/maintenance

-

Postpone any non-essential deliveries, including any stock

12. PM, BO or GM to collect, package and submit samples for pathology as advised by
relevant government agencies (see procedure below).
13. PM to inform all staff about the actions being taken and their individual responsibilities.
14. Restrict staff access to farm production areas. Only essential stock management and
husbandry procedures are to be carried out by authorised staff.
15. Advise all customers/processors immediately affected.
16. Remove live abalone from drains and quarantine.
17. Check sentinels.
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18. Compile a list of all movement over the preceding 2 weeks – including stock, personnel,
equipment and machinery.
19. Tanks to be cleaned daily with mortalities removed.
20. Arrange a dive inspection at and around the inlet and outlet to the farm to ascertain whether
there are signs of the disease in the wild population. Report to relevant government
agencies immediately.

Sample Collection, Packaging and Dispatch
Unless advised otherwise by relevant government agencies, the following fresh samples are
to be submitted. Do not submit dead animals unless specifically requested to do so, submit
live (preferably moribund) samples from affected tanks.

1. Sample collection


First, collect 15 healthy looking abalone from tank nearest to the mortality site. Place the
abalone into a sealed plastic bag.



Then, collect 15 moribund/sick abalone. Place the abalone into a new sealed plastic bag
(do not mix samples).

2. Sample labelling


Use a permanent marker to label bags with:
-

Health status (e.g. “sick” or “healthy”)

-

Tank identification

-

Farm and contact details

-

Number of abalone

-

Date

3. Packaging samples


Samples must be carefully packed to avoid breakage, leakage or contamination.



All sample bags should be placed on ice and sealed in a foam esky. Ensure there is
sufficient ice to keep samples cool throughout transport.



Packaging instructions are as per normal for live abalone.

4. Sample submission – under direction of the relevant government agency


Immediately send (via express courier) samples to:
AgriBio
Sample Reception, Main loading dock
5 Ring Rd La Trobe University, Bundoora, Victoria 3083.
T: 03 9032 7515
The AgriBio Laboratory may choose to send samples on to:
CSIRO Australian Animal Health Laboratory
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Attn: Nick Moody
5 Portarlington Road, Geelong, VIC, 3220
Ph: 1300 363 400 or (03) 9545 2176
Email: nick.moody@csiro.au


The relevant government agencies will ensure appropriate diagnostic testing is performed,
this will usually include:
-

AVG rule out (PCR)

-

Histopathology

- Culture and sensitivity testing.

Results from Testing and Husbandry
If a notifiable or emergency abalone disease is confirmed (e.g. Perkinsus olseni,
AVG)


The relevant government agencies will activate the state and national emergency
response operation.



The relevant government agencies together with GM will take appropriate actions in
accordance with the state and national emergency disease response plans. These plans
describe the possible actions as treatment, de-stocking, emergency harvest, disposal
and/or decontamination.



Key Response Plans:
-

For AVG: AQUAVETPLAN – Disease Strategy Manual – Abalone Viral Ganglioneuritis
and Disease Response Plan: Abalone Viral Ganglioneuritis (AVG)

-

For Withering Syndrome (infection with Xenohaliotis californiesnsis): AQUAVETPLAN
– Disease Strategy Manual – Withering Syndrome of Abalone.



Enhanced biosecurity measures to be implemented under direction of relevant government
agencies. These measures will depend on the disease and response plan undertaken.

If a non-notifiable/non-emergency disease is confirmed


Ensure careful monitoring and keep records – of disease behaviour on farm if the identified
disease (e.g. bacterial infection) has not previously been diagnosed on the farm



Treatment - will be prescribed by an aquatic veterinarian.



Implement enhanced husbandry until disease ceases, this should include:



-

Daily cleaning

-

Reduce feeding to limit waste and uneaten food in the tanks

-

Remove all dead abalone daily or more frequently if required.

-

Increase water flow until the mortality returns to usual numbers.

Consider harvesting - if the problem is in a tank of harvestable fish consider harvesting all
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or some stock to remove sick abalone and reduce stock numbers.



Maintain quarantine procedures - until advised otherwise, by management, assume all sick
abalone are contagious.

Abalone Disease Information
Common Non-notifiable Diseases
A common non-notifiable disease is a bacterial infection caused by Vibrio spp.
Bacterial species common to abalone are: Vibrio vulnificus biotype 2, Vibrio harveyi, Vibrio
parahaemolyticus, Vibrio alginolyticus and Aeromonas hydrophila. Bacterial infection is
common on farms during periods of elevated water temperature. It is often a secondary
disease resulting from heat stress, stock movement or other stresses such as low water flow.
Classic Bacterial Infection Symptoms
Blisters like lesions in the foot

Notifiable Diseases
1. Abalone Viral Ganglioneuritis (AVG)
It is a mandatory requirement for suspected cases of AVG to be reported to the state
government. AVG has the potential to cause devastating losses to abalone fisheries and
aquaculture industries. AVG was first detected in Victorian abalone aquaculture farms and
subsequently in the wild fishery in near Port Fairy, Victoria. Later, AVG has been confirmed in
several processing facilities and a farm in Tasmania. In all cases the infected abalone
processing plant and farm had to destroy all the stock and disinfect their facilities before
restocking.
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Classic AVG Symptoms
Swollen and protruding mouth parts, curled foot margins

2. Perkinsus olseni
Associated with mass mortality of wild blacklip and greenlip abalone in Australia. Disease has
not affected farmed abalone in Australia but has occurred in farmed abalone in New Zealand.
Officially reported in NSW, SA and WA, and not reported in Tasmania or Victoria in abalone.
Classic Perkinsus olseni Symptoms
Round brown abscesses with creamy-brown deposit in the foot and mantle

3. Infection with Xenohaliotis californiensis (Withering Syndrome of Abalone)
Withering syndrome is a bacterial disease of abalone EXOTIC to Australia. The bacteria attack
the lining of the digestive tract causing starvation and ‘withering’ of the foot.
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Classic Withering Syndrome Symptoms
Wasting of body mass, retraction of mantle, atrophy of the foot muscle
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Yumbah Nyamat Environmental Risk Assessment
Design, Construction and Operation

Note: * Proposed mitigation/comments are indicative only and will be refined during completion of the final Yumbah Nyamat Biosecurity Plan

Project Phase

Risk

Disease

Biosecurity

Specific Impact

Diseased abalone are evident in waters
offshore

Receptor

Environment

Biosecurity

Waterborne disease outbreak offshore, enters
Environment
via inlet water

Disease

Growout

Disease outbreak occurs in growout tanks,
Environment
e.g. Bacteria, Perkinsis, tube worm (Sabellid)

Disease

Growout

AVG outbreak occurs in growout tanks

Disease

Operation

Project
Activity

Environment

Consequence

Moderate

Major

Likelihood

Almost Certain

Category

ModerateAlmost
Certain

Pre-mitigation
Risk Rank

HIGH

HIGH

Likely

MajorLikely

Major

Almost Certain

MajorAlmost
Certain

HIGH

Extreme

Unlikely

ExtremeUnlikely

HIGH

Disease

Nursery

Disease outbreak occurs in nursery tanks, e.g.
Economic
Bacteria, Perkinsis, tube worm (Sabellid)

Major

Almost Certain

MajorAlmost
Certain

HIGH

Disease

Hatchery

AVG outbreak occurs in the hatchery
impacting larvae

Negligible

Rare

NegligibleRare

LOW

Disease

Disease

Disease

Disease

Broodstock

Broodstock

Escapees

Biosecurity

Broodstock entering the farm are diseased

Broodstock housed at the farm are diseased

Abalone escapees exit the farm with
discharged water, mixing with wild
populations

Visitors entering the farm introduce
contamination or diseases

Economic

Environment

Environment

Environment

Environment

Minor

Major

Moderate

Major

Rare

Unlikely

Unlikely

Likely

LOW

MinorRare

MEDIUM

MajorUnlikely

ModerateUnlikely

MEDIUM

HIGH

MajorLikely
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Proposed Mitigation/Comments*

Consequence

No wild stock will be brought on site, biosecurity protocols will be
enforced for staff and visitors. Regular monitoring of potential issues
and communictions with VFA, DJPR, and commercial and rec divers.
Negligible
Increased monitoring of farmed abalone will be conducted to identify
any early onset of disease.

Likelihood

Category

Residual Risk
Rank

Almost Certain

NegligibleAlmost
Certain

Likely

MajorLikely

HIGH

Likely

MajorLikely

HIGH

Unlikely

ExtremeUnlikely

HIGH

Major

Likely

MajorLikely

HIGH

Negligible

Rare

NegligibleRare

LOW

Minor

Rare

MinorRare

LOW

Likely

ModerateLikely

MEDIUM

Adequate controls in place to minimise escapees. Several points
along the farm that limit escapee journey, travel path very long. Staff
awareness, removal of all escapees from the drains and areas
outside tanks. All tanks will have screens to prevent escapees. Any
escapees that do migrate from the tank into drains will be picked from
the drain walls and destroyed or placed into quarantine tanks before Moderate
being harvested and processed. The inlets to the internal lateral
drains will contain baskets that will capture abalone escapees, and
eliminate abalone migrating beyond the settlement treatment system.
This basket will be observed for abalone escapes daily.

Unlikely

ModerateUnlikely

MEDIUM

Movement of people onto and through the farm will be limited. All
visitors will be directed to the administration for risk assessment and
sign in. Farm biosecurity rules will be explained to all visitors. Visitors
will change into farm gumboots at the reception, where hand sanitiser
and footbath will be used before and after touring the farm. All visitors Major
will be accompanied by a staff at all times during their visit on the
farm. Movement of visitors on the farm will be unidirectional from least
to greatest risk areas.

Unlikely

MajorUnlikely

MEDIUM

The farm will be established with recirculation reservoirs that will
provide the opportunity to recirculate water in a closed system. The
ponds can isolate the farm water supply, reducing reliance on ambient
Major
waters. In the event of a disease outbreak in the farm, accredited
aquatic veterinarians will be referred to. VFA and DJPR will be
contacted immediately. Biosecurity Plan will be enacted on site.
Biosecurity protocols enforced for staff and visitor. Recirculation of
water from settlement chambers can isolate farm water supply,
Major
reducing reliance on ambient waters. Tanks hygiene will be
increased. Regular cleaning, staff training, staff awareness, increase
water supply, decrease feed rates.
Biosecurity protocols will be in place. Proactive measures such as
staff vigilence will be required, disease workshops and training will be
regularly performed, regular cleaning of tanks. Emergency
Management Plan and Biosecurity Plan will be enacted in the event of Extreme
a suspected outbreak. Regular communication with Fisheries
Victoria and DJPR will be maintained.
Biosecurity protocols enforced for staff and visitor. Recirculation of
water from settlement chambers can isolate farm water supply,
reducing reliance on ambient waters. Tanks hygiene increased.
Regular cleaning, staff training, staff awareness, increase water
supply, decrease feed rates.
Hatchery can be isolated, shut water off, dispose larvae batch,
sanitise hatchery, biosecurity protocols enforced for staff and visitor
Broodstock sourced from known suppliers, i.e. Narrawong. Vet
certificate for any broodstock sourced from offsite. No wild stock
broodstock on site, broodstock sourced solely from onshore abalone
farms with disease-free clearance.

Broodstock are held in isolated tanks, with greater biosecurity. Held at
reduced stocking densities, temperature regulated. Regular supply of
Moderate
broodstock, numbers can be restocked from existing farm stock

MEDIUM

(3) Demonstrate what and how biosecurity treatment options have been considered across the proposed
farm and in particular the water intake and outlet systems, and how biosecurity management will be
continuously improved in the staged development of the Yumbah Nyamat farm
Biosecurity is front and centre in the design considerations for the proposed Yumbah Nyamat farm. Across
the Yumbah group, biosecurity is viewed as the biggest threat to the business and an area of continual
improvement and investment. Yumbah has engaged the services of a leading aquatic veterinarian to review
and provide recommendations as the Yumbah Nyamat project progresses. Many of the proposed biosecurity
measures planned for the site are in conceptual stage and will be subject to further scrutiny and trials if the
project is approved. The modular design of the farm provides scope for staged implementation of these
systems and technology during and beyond the construction phase.
Yumbah employs a range of biosecurity measures to protect both its farms and wild stocks from disease.
One of the main considerations for siting of Yumbah Nyamat is that there are no commercial abalone stocks
in the immediate facility of the proposed farm (Gorfine et al. 20181) and the suction points to the farm are to
be located over sand, not reef.
The design and engineering of Yumbah Nyamat has identified that the recirculation reservoirs proposed have
direct benefit across what would be a state-of-the art abalone farm. The four large recirculating reservoirs
will functionally provide quarantine and water treatment features that would enhance the biosecurity of
Yumbah Nyamat. Each of the four growing modules will have their own separate discharge drain, settlement
channel and recirculating reservoir. This isolation of the discharge network is seen as a critical part of the
site’s biosecurity and will allow retrofitting of future technology to further optimise Yumbah Nyamat’s
performance. Along with the latest physical technology, Yumbah is equally committed to evolve and improve
its systems with focus on staff training, nutrition, stock health and controlled movement of stock between
farms and within farms.
The option of water treatment has been considered during engineering and design of Yumbah Nyamat. To
be 100% effective UV and ozone treatment units require ultrafiltration of incoming water. For UV treatment,
direct exposure is required to kill the bugs; if an organism is attached to or shaded from the UV light it will not
be killed. For ozone, the varying organic load and solid material in unfiltered water reduces the effectiveness
of the gas, making it unreliable and unviable.
In 2011, Digsfish Services Pty Ltd was engaged by Yumbah Aquaculture (formerly known as South Seas
Abalone) to review the biosecurity procedures and inform the Yumbah Aquaculture Board of management on
necessary decisions to improve biosecurity across the company’s farms. The report completed by Digsfish
for the Yumbah Board in 2011 is presented as Attachment 2 of the response to the VAIC. The report
recommended, amongst other biosecurity options, UV filtration as a possible risk mitigation for the Yumbah
Bicheno farm. A full investigation into the treatment of intake water was conducted by Yumbah Aquaculture
in 2012 and a comprehensive quotation was submitted by MAK Water. This report has been submitted to
EPA to support this response and is a Commercial in Confidence document.
Sterilisation of incoming and or discharge water for pump ashore aquaculture farming was deemed unviable
for Yumbah Bicheno at the time of the report completed by MAK Water because of the large volume of water
requiring treatment, the high treatment requirements and the prohibitive capital and operational costs,
estimated to be in the tens of millions of dollars. The investigations by Yumbah completed in 2012 for
Bicheno only involved pre-filtration of the water down to 53m meaning it was not guaranteed to sterilise or
kill all incoming bugs. The up-front capital cost, if translated to Nyamat’s flow rates, is about $6,000,000 in
pre-filtration to 53m and UV equipment fitted and commissioned. The operating costs would be in excess of

Gorfine, H.,1 Thomson, J., Spring, D. and Cleland, M. (2018). Modelling trends including effects of natural
disturbance in an abalone dive fishery in Australia. Natural Resource Modelling, 31(3), p.e12175
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$9,000,000 p.a. This adds a 50% increase to cost of abalone production without achieving a guaranteed
outcome of eliminating disease in incoming water.
To be effective, incoming water needs to be pre-filtered to 3m. The upfront capital costs for pre-filtration at
Yumbah Nyamat of 6000l/s of raw sea water down to the recommended effective concentration of 3 m,
which includes UV treatment, would cost in the order of $80,000,000. The operating costs are equally as
excessive and unviable. The following advice was received from Membrane Systems Australia on 8
February 2019:
As discussed this is a huge flow rate and to put this into perspective the Adelaide Desal is 273ML/Day and
the daily flow rate you are looking at is 518 ML/Day. The only way you would get a 100% kill rate you would
need to install multi-media filtration which would hopefully get you a UVT of 70% so you would have a
realistic UV intensity requirement. This size of plant would be way to big for us but to give you a ball park you
would not get any change out of $80 Million and that may even be too low of an estimate time you add civils
etc.
The primary biosecurity control of the stock on any aquatic farm anywhere in the world is ensuring animals
moved onto the farm are disease free. Fish farms including abalone farms cannot control the presence of
disease in the wild that may or may not enter farms. Yumbah has invested in biosecurity treatments across
its existing farms and will do so at its proposed Yumbah Nyamat site. Yumbah has a system of continual
improvement and is routinely conducting inhouse trials on new biosecurity improvement options, and
regularly training staff to maintain awareness and knowledge of national and international system
improvements. These are highlighted in more detail below.
Seawater and Wastewater Treatment and Solids Handling facilities Options Study and Concept
Design, CEE Pty Ltd Environmental Engineers and Scientists, October 2018.
As part of the investigation and design of the waste water settlement process, Yumbah engaged waste water
specialist CEE Pty Ltd Environmental Engineers and Scientists (October 2018) to undertake a
comprehensive study of water filtration options for both intake and outlet systems at Yumbah Nyamat.. This
work is presented in Appendix D of the works approval application.
The table below is a summary of the various filtration methods that were reviewed. It is again noted that
disinfection such as UV and ozone is only possible if a suitable pre-filtration is applied to water first to remove
suspended organics down to 30m. While the findings of the summary below discuss a filtration requirement
of 150m, which does offer some improvement in biosecurity ,the technologies have the capacity to filter
down to 30m but the upfront capital investment and operational costs are highly prohibitive.
Table 5-1 is an extract from the CEE report (October 2018) and highlights the options considered for water
treatment.

Table 5‐1: Assessment of solids removal options
Option
Description
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1A

1B

Solids Settling Channels on
inlet @ 1 cm/s

Solids Settling Channels
on discharge @ 1 cm/s

Four 35 m long x 3.6 m
wide x 1.2 m SWD

Four 35 m long x 3.6 m
wide x 1.2 m SWD

Detention time 98 sec @
peak flow 1.55 m3/s &
velocity 0.36 m/s

Detention time 98 sec @
peak flow 1.55 m3/s &
velocity 0.36 m/s

Regular cleaning (TBA)

Regular cleaning (TBA)

2

3

Vortex Solids
Settling Tanks
(on inlet or
discharge)

Manual screen
baskets at end of
Internal Lateral
Drains

Four 10‐14 m
dia x 10 m high
concrete tanks
with coated MS
internals and
associated
hopper

Forty SS 316L
baskets with 3
mm apertures
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Manually cleaned
daily

4
Mechanical step
screens with 3
mm apertures at
end of Southern
Collection
Channels
Four 2 m wide x
2m deep SWD
inclined step
screens with
associated screw

1A

Option

1B

2

3

Solids removal
with pump to
classifier/dewat
erer
Technology
status

Conventional grit removal
technology

Conventional grit removal
technology

Current best
practice grit
removal
technology

4
press to
dewatering solids
removed

Non‐conventional
wastewater
screenings
removal
technology

Current best
practice
wastewater
screenings
removal
technology

Performance
Sand
removal

90% removal of sand
particles down to 150 um

90% particles removed
down to 150 um

Nil removal

~100% removal pellets
(settling rate >6.5 cm/s)

~100% removal
pellets (settling
rate >6.5 cm/s)

Pellets
removal
Advantages

90%‐95%
removal of sand
particles down
to 150 um

Provides cleaner more
hygienic abalone
environment
Reduces handling sand in
pipes, tanks and channels

High removal of sand and
pellets
Simple, robust and
reliable

Segregates and simplifies
removal of pellets
downstream

Highest removal
of sand and
pellets
Lowest
footprint
Continuous
mechanised
solids removal

~20% removal of
sand

~20% removal of
sand

Up to 100%
removal pellets
(settling rate >6.5
cm/s)

~100% removal
pellets (size 7 mm
x 5 mm x 3 mm)

Low footprint

Segregates
removal of pellets
and sand

Lowest Capex
Potential to
remove
undissolved
abalone faeces on
filter matt

High sand removal
efficiency
Infrequent sand removal
Disadvantages

Continuous
mechanised solids
removal
Potential to
remove
undissolved
abalone faeces on
filter matt
Low footprint

No removal of pellets

Large floor area to clean

High civil costs for large
elevated concrete channels

Large footprint

Large footprint

Raised structure
if on inlet to
avoid expensive
pressure rated
system
Difficult and
expensive deep
excavation
required if
located on
discharge

Labour intensive
daily cleaning of
multiple baskets
Potential clogging
of screens and
bypassing

Low removal of
sand
Increased head
loss through
system

Low sand capture

CAPEX

~$1.5 million

~$1 million

~$2‐4 million

< $0.5 million

~$1 million

OPEX

Low

Medium

Low

Highest

Low

Offers improved abalone
habitat and potential in‐
house labour savings

Achieves objectives at
lowest cost

3

1

Assessment

Ranking
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Lowest capex
Attractive option
5

2

3

Effects of diluted chemical disinfectants on abalone followed by the disinfectants neutralisation in
seawater
A trial was conducted in the Yumbah Narrawong laboratory and is part of a larger project which aims to identify
a chemical disinfectant that inactivates Haliotid herpesvirus 1 (HaHV). An effective chemical is deemed one that
is not harmful to abalone and can be used in an emergency recirculating aquaculture system. The viability of an
effective disinfectant for abalone farming is in its infancy and is yet to be approved by the Australian Pesticides
and Veterinary Medicines Authority (APVMA). While the trial shows promise, a high treatment efficacy against
HaHV needs to be achieved without compromising the health of abalone, staff and the receiving environment.
Based on the results of the present trial, there are number of chemicals that offer potential application as a
therapeutic treatment in an outbreak situation, assist with quarantine and water treatment, and act as a
preventive treatment. The products deemed effective in this early stage include:




Calcium hypochlorite,
Hydrogen peroxide,
Iodophors Buffodine and Ovadine.

Further trials are planned for 2019 that will involve CSIRO and the broader abalone farming industry to
investigate how potential chemical treatments could be best applied to improve biosecurity in abalone. Any
chemicals will require approval by APVMA prior to use in a commercial farm.
AquaNor Trade show August 2017
In 2017 Yumbah sent a representative to the AquaNor conference in Norway. AquaNor is the world’s largest
Aquaculture trade show. This provided an opportunity for Yumbah to increase awareness of the latest
aquaculture technology, forge relationships and connections with global companies that can assist Yumbah
with technological advancements and industry improvements into the future. The focus of attendance by
Yumbah was to seek new opportunities in;
1. Automation: Feeding, cleaning and harvest.
2. Water Quality: Filtration and treatment to improve disease control and reduce potential recirculation of
pathogens, disease or waste nutrient.
3. Innovation: investigate new technology that can be integrated into existing infrastructure to enhance
efficiency, cost of production and system security.
Yumbah will continue to attend national and international conferences that provide the opportunity for its farms
to excel in all aspects of abalone farming.
Implementation of National Biosecurity Plan Guidelines for the Land Based Abalone Industry
Yumbah is committed to adhering its abalone farming practices to the National Biosecurity Plan Guidelines for
the Land Based Abalone Industry (National guidelines) and also maintaining accreditation with the Abalone
Health Accreditation Program (AHAP). The following table outlines the biosecurity options outlined in the
National plan and how they will be applied at Yumbah Nyamat.

National Biosecurity Plan
Guidelines Risk Mitigation
Measures
R1. The farm has a secure
perimeter and well-defined
boundary which defines a
biosecurity zone.
R2. Main production area entrance
can be closed to vehicle traffic if
emergency response plan is
activated.
R3. Access gates are locked when
no company personnel are on site.
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Proposed applications that will be applied at Yumbah Nyamat
All farm boundaries will be fenced (ring lock) and in good condition.
There will be one main entrance and exit point with lockable
security gate. Code operated electronic gate that closes/locks
automatically. Camera and/or night watchman will provide
surveillance after hours.
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National Biosecurity Plan
Guidelines Risk Mitigation
Measures
R4. Entry signage is clearly visible,
provides direction for visitors and
includes company contact details.

Proposed applications that will be applied at Yumbah Nyamat
Entrance signs will indicate that YN farm is a biosecurity area with
limited public access. Signage will direct visitors to the
administration offices where sign in and induction will occur.

R5. Divide the farm into biosecurity
zones with zone-specific
requirements relating to access,
entry and exit procedures, and
dedicated equipment.

All zones will have unique and permanent identifier: Hatchery,
Broodstock, Nursery, Growout modules, Quarantine,
Sediment Entrainment Channels, Mortality Storage and drain
network.

R6. Clearly display signage,
consistent with biosecurity zone
definitions and ensure all personnel
understand.

Biosecurity zone signage will be displayed around the farm all staff
will be trained in Yumbah Nyamat’s Biosecurity Policy.

R7. Obtain health status information
and appropriate permits for stock
before it enters the farm. Ensure the
health status of any introduced
stock is equal to or better than that
of stock already present.

The health status of any introduced stock will be equal to or better
than that of stock already present. Stock will not be introduced if
health status is unknown.
Health status information, translocation approvals and appropriate
permits will be obtained for stock prior to farm entry. All appropriate
documentation and stock movement records (hard and electronic
copies) will be kept in administration.
No wild abalone will be brought on the farm. Stock will not be
introduced if health status is unknown or lower.

R8. Permanently quarantine
introduced stock of unknown (for
example, wild) or lower health
status. This includes isolation in
separate water from all other farm
stock in separate production
units/dedicated quarantine facilities
with appropriate biosecurity
measures.
R9. House multiple marine
aquaculture species (for example,
oysters and abalone) separately,
with appropriate biosecurity
measures and do not share water
across species.

No other marine species will be cultured on the farm.

R10. Inspect stock on introduction
to the farm and clean if required.

The arriving stock will be inspected on introduction and placed in
separate part of the farm.

R11. Dispose of mortalities or
unwanted stock in an appropriate
manner that is approved by the
relevant jurisdictional authority.
Ensure dead or unwanted stock is
not returned to the environment or
accessible to scavengers (for
example, birds).

Mortalities will be disposed in a mortality storage approved by the
Environment Protection Authority (EPA) of Victoria. The mortality
storage will be emptied by a waste management company on an as
needs basis.

R12. Investigate health problems
(suspected diseases) with
assistance from aquatic animal
health professionals.

Health problems (suspected diseases) will be investigated with
assistance from aquatic animal health professionals, veterinarians
and relevant State government agencies. Samples will be sent for
laboratory analysis if needed. If a treatment is required, it will be
prescribed by the veterinarian.

R13. Ensure staff responsible for
managing abalone husbandry are
trained in, and aware of, their role

All staff responsible for management of abalone husbandry will be
trained in and aware of their role and responsibility in reporting
signs of disease and high mortality.

5|Page

s.22 Notice Condition 3

National Biosecurity Plan
Guidelines Risk Mitigation
Measures
and responsibility in reporting signs
of disease and high mortality.

Proposed applications that will be applied at Yumbah Nyamat

R14. In accordance with
jurisdictional requirements,
immediately inform relevant
authorities of any significant,
unexplained mortality event or
suspected reportable disease.

Relevant State government agencies, particularly Victorian
Fisheries Authority will be informed of any significant, unexplained
mortality event or suspected reportable disease.

R15. Keep stock stress to a
minimum by ensuring appropriate
water quality, hygiene, stocking
density, nutrition and handling.

Stock stress will be kept to a minimum by ensuring appropriate
water quality, hygiene, stocking density, nutrition and handling.
Abalone tanks will be cleaned daily during warm months and three
times a week during cold months.

R16. Prevent escapees.

Escapees will be prevented. All tanks will have screens to prevent
escapees. Any escapees that do migrate from the tank into drains
will be picked from the drain walls and destroyed or placed into
quarantine tanks before being harvested and processed. The
sediment entrainment channels (SEC) will contain baskets or
screens that will capture abalone escapees, and eliminate abalone
migrating beyond the SEC.

R17. Control birds or exclude them
from production areas.

Whole farm will be covered with shade structure or hothouse tunnel
covers which will help to keep the birds and other animals away. All
compartments will have doors which will be closed to prevent entry
of wild animals in the farm. Outside drains, ponds and channels will
be covered by bird netting or drain covers.

R18. Inspect abalone health,
mortality and behaviour daily.
Record this information.

Abalone health, mortality and behaviour inspections will occur daily.
This information will be recorded.

R19. Remove mortalities twice
weekly (at a minimum).

Mortalities will be removed daily during warm months and three
times a week during cold months.

R20. Ensure domestic animals (for
example, cats and dogs) do not
have access to production areas at
any time.

No unrestrained pets are allowed on the farm.

R21. Bait vermin as necessary (if
you observe live rodents, droppings
or nests).

Rodent bait stations will be distributed around the farm to control
rats and mice.

R22. Do not permit staff to visit
other aquaculture sites or seafood
processors before entering the farm
(unless they have been
appropriately decontaminated).

All staff must not visit other aquaculture sites or seafood
processors for 24 hours prior to farm entry unless they have had a
full head to toe shower and changed into clean, laundered clothes
and shoes.

R23. To ensure effective
disinfection at all times, locate
footbaths (or provide
the opportunity to change into zonespecific boots) and hand sanitation
stations at the farm entrance/exit
and between biosecurity zones.

Footbaths and hand sanitation stations will be located at the
reception and at strategic points around the farm.
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National Biosecurity Plan
Guidelines Risk Mitigation
Measures
R24. Ensure boots worn in
production areas are not worn or
taken outside their designated
production area.
R25. Ensure staff attend work in
laundered, clean clothes each day.
R26. Only permit designated staff to
routinely enter farm quarantine
areas.

Proposed applications that will be applied at Yumbah Nyamat
Staff will not take boots worn in a specific production area outside
the production area to which they are designated.

Staff will attend work in clean, laundered clothes. Especially after
recreational activities, such as diving, surfing and swimming, prior
to farm entry.
Staff working at quarantine areas will follow the procedures
described in specific SOPs for quarantine.

R27. Ensure work flow is
unidirectional (from low- to high-risk
zones) when staff need to access
multiple zones during a day. Make
sure you have an appropriate
procedure when this is not possible.

Work flow will be unidirectional (from low to high risk zones) when
multiple zones need to be accessed during a day. PM to ensure
work will be completed with higher health animals first before
moving to lower health or diseased animals (last), with
appropriate cleaning and disinfection protocols followed between
visits.

R28. All visitors must complete a
biosecurity induction on arrival to
ensure you assess their risk to farm
biosecurity. Consider refusing entry
to high-risk visitors.

All visitors and contractors will be directed to the administration for
risk assessment and sign in. Farm biosecurity rules will be
explained to all visitors. All visitors will be accompanied by a staff at
all times during their visit on the farm. Movement of visitors and
contractors on the farm will be unidirectional from lowest to highest
risk areas.
Movement of people onto and through the farm will be limited.

R29. Limit movement of people onto
and through the farm, in particular
restrict visitor access to quarantine
zones.
R30. Appropriately disinfect all
visitors on production area entry
and exit using footbaths (or provide
the opportunity to change into zonespecific boots) and hand sanitation
stations.
R31. Visitors must sign-in on arrival
(by completing the farm visitor log)
and undergo a farm biosecurity
induction.
R32. Clearly display farm entry
requirements to visitors at the signin point.

Visitors will change into farm gumboots at the reception, where
hand sanitizer and footbath will be used before and after touring the
farm.

All visitors and contractors will be directed to the administration for
risk assessment and sign in. Farm biosecurity rules will be
explained to all visitors. All visitors will be accompanied by a staff at
all times during their visit on the farm. Movement of visitors and
contractors on the farm will be unidirectional from lowest to highest
risk areas.
Farm entry requirements will be clearly displayed to visitors during
the sign in.

R33. Ensure contractors conduct
routine maintenance work within
quarantine area(s), where possible,
between batches and before final
disinfection.

PM and Maintenance Manager will ensure contractors conduct
routine maintenance work within quarantine area(s), where
possible, between batches and before final disinfection.

R34. The farm manager must
approve all visitors and visits must
be unidirectional from lowest to
highest risk areas.

Movement of visitors and contractors on the farm will be
unidirectional from lowest to highest risk areas.

R35. Accompany visitors at all times
when on site.
R36. Do not permit equipment,
vehicles or vessels that have been

All visitors will be accompanied by a staff at all times during their
visit on the farm.
All equipment/vehicles/vessel will be assessed for biosecurity risk
and, if required, disinfected. Disinfection will involve chemical
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National Biosecurity Plan
Guidelines Risk Mitigation
Measures
in contact with off-site abalone or
water used to hold or process offsite abalone to enter the farm. In
exceptional circumstances, make
sure you can appropriately clean
and disinfect such equipment,
vehicles or vessels, or those of
unknown origin or status, before
using on the farm.

Proposed applications that will be applied at Yumbah Nyamat
treatment (e.g. chlorine, detergent) and/or physical treatment (e.g.
drying in direct sunlight).

R37. Use specific equipment,
clearly labelled, per zone.
R38. Do not remove equipment
from its dedicated zone and use
elsewhere on the farm.
R40. If moving equipment between
zones or species (for example, an
expensive item), ensure you clean
and disinfect it appropriately.

Area/zone specific equipment will not be removed from the
dedicated area and used elsewhere on site. If movement of
equipment between zones is required, it will be cleaned and
disinfected.

R39. Keep equipment used for
multiple aquatic marine species (for
example, oysters and abalone)
species specific and do not share.

Not applicable. No other marine species will be cultured on the
farm.

R41. Keep equipment properly
maintained and appropriately
decontaminated as required.
Ensure maintenance records are
maintained and up-to-date.

UTE car and tubs used during transport of farmed live abalone will
be washed with freshwater and soap before returning to the farm.
Records will be kept in the car logbook.

R42. Park visitor vehicles in a
dedicated parking area.

Visitor vehicles will be parked in a dedicated parking area.

R43. Ensure the farm has a
dedicated delivery and loading area.

The farm will have dedicated delivery and loading areas.

R44. Regularly clean all farm areas
and keep free of rubbish and clutter.

All farm areas will be regularly cleaned and kept free of rubbish and
clutter.

R45. Clean contractor tools before
entry and ensure they are free of
dust/ organic matter.

If contractor tools will be used inside tanks holding abalone (in
contact with the water), they will be washed before doing the job.

R46. Treat incoming water
appropriately (for example, screens
on intake pipes, filtration) to
minimise the risk of disease/pest
entry.

Intake water will be treated with screens located at the entrance to
the intake pipes to minimise pest plant and animals entering the
farm.

R47. Treat discharge water from
dedicated quarantine facilities
appropriately to minimise the risk of
disease/pest establishment in the
marine environment.

Wild broodstock will not be introduced nor maintained on site and
as such dedicated quarantine facilities will not be necessary.

R48. Ensure water intake and
outflow avoid cross contamination.

Water intakes and outlets will be separated and located sufficient
distance apart, avoiding cross-contamination.
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National Biosecurity Plan
Guidelines Risk Mitigation
Measures
R49. Ensure water flow within the
farm minimises disease spread
between biosecurity zones.

Proposed applications that will be applied at Yumbah Nyamat

R50. Dispose of other waste
appropriately (for example, used
water filters, fouling, faeces).

Waste will be appropriately disposed.

R51. Regularly service and maintain
filtration equipment and keep a
record.

Filters will be regularly serviced and maintained.

R52. Ensure potable water is
available for cleaning and
disinfection procedures.

Freshwater will be available for cleaning and disinfection
procedures.

R53. Only use manufactured or
appropriately treated feeds.
R54. Ensure the farm has a
biosecurity manager responsible for
creating, maintaining and
reviewing the biosecurity plan,
associated documents and activities
including staff training.

Only manufactured or appropriately treated feeds will be used.

Water flow will pass a tank only once and will not be used in
another tank.

Farm will have a Biosecurity Manager.

R55. Ensure that staff can readily
access the farm biosecurity plan
and all associated documents at all
times.

Electronic and hard copies of the farm biosecurity plan and all
associated documents (i.e. Emergency Response Plan and
Standard Operating Procedures (SOPs)) will be made available in
the Yumbah Nyamat office.

R56. Provide all staff with a farm
biosecurity induction and ongoing
biosecurity training relevant to their
role.

All staff will receive training on aspects of the farm biosecurity plan
relevant to their work and have access to the farm biosecurity plan
and supporting procedures. All staff will understand disease risks to
the farm, the role of the farm biosecurity plan in managing disease
risks and their responsibilities for its implementation. Annual
biosecurity refresher to all staff.

R57. Maintain detailed records
about stock movements and
inventory and keep them readily
accessible.

All movements will be recorded on stocking movement sheets and
Abtrack (date, tank numbers, biomass), including information on
stocking density, size and growth rates.

R58. Maintain detailed stock health,
mortality and water quality records
and keep them readily accessible.

Daily inspections of all stock and number of mortality will be
recorded. All abalone testing will be recorded under Gribbles and
CSIRO laboratories and their reports.

R59. Ensure the farm has an
emergency response plan.

The farm will have an emergency response plan approved by a
relevant State government Veterinarian officer. This document will
contain procedures for the response to a suspected emergency
biosecurity incident.

R60. Adhere to applicable import
requirements and obtain
translocation permits for all stock
and equipment movement.
R61. Undertake batch testing or
surveillance requirements in
compliance with jurisdictional
regulations or the Abalone Health
Accreditation Program.

Stock translocation requirements
Apply for a Translocation of Live Aquatic Organisms in Victoria
permit.
In accordance with the Victorian Abalone Aquaculture
Translocation Protocol, the stock must be issued with a
certificate of stock health provided by an approved veterinarian,
and as well a freedom of notifiable disease
declaration issued by the farm (supplier).
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National Biosecurity Plan
Guidelines Risk Mitigation
Measures

R62. Only keep commercially
farmed species on site in
accordance with license conditions

Proposed applications that will be applied at Yumbah Nyamat
National Abalone Health Accreditation Program (AHAP)
requirements
 Farm must have a biosecurity plan approved by relevant
State government agencies.
 Farm must have a surveillance program which includes an
initial health testing of farm stock and an ongoing
monitoring of the farm stock using sentinel populations.
Only commercially farmed species will be kept on site.

R63. Ensure any veterinary
medicines provided to stock are
compliant with relevant state and
national legislation (including the
Commonwealth regulator,
Australian Pesticides and Veterinary
Medicines Authority)

Only medication approved by APVMA will be held on site, and used
in accordance with protocols.
Medicines stored on site and used will be assessed as part of the
independent audit.

R64. Ensure you regularly review
the farm biosecurity plan (annually
at a minimum).
R65-Regularly audit your farm
biosecurity plan (annually at a
minimum) to ensure you are
implementing it effectively and
improving on it as appropriate.

Yumbah Nyamat BP will be a living document and will be regular
reviewed and independently audited, and updated as required.
The Yumbah Nyamat Biosecurity Plan will be reviewed annually.
Yumbah Nyamat will be subject to a mandatory annual audit
carried out by a relevant State government Veterinarian officer.

R66 - Clearly identify supporting
documents (for example, SOPs,
checklists and templates)
associated with the farm biosecurity
plan and keep them readily
available.

SOP-B01 Biosecurity – Nursery
SOP-B02 Biosecurity – Growout
SOP-B03 Biosecurity – Hatchery and Broodstock
SOP-Q01 Quarantine – General Farm
SOP-Q02 Quarantine – Incoming Stock
SOP-M01 Collection and Disposal of Abalone Mortalities
SOP-M02 Emergency Procedure for High Mortalities
SOP-D01 Freight Risk Assessment and Disinfection
SOP-D02 Incoming Equipment Risk Assessment and Disinfection
SOP-D03 Disinfection – Footbath Procedure
SOP-E01 Prevention and Collection of Escapees
SOP-C01 Inspection/Cleaning of Drains and Ponds
SOP-C02 Recording/Cleaning of Cannery UTE Car and Tubs
SOP-RA01 Biosecurity Risk Analysis
SOP-I01 Biosecurity Induction – Visitor and Contractor
SOP-I02 Biosecurity Induction – New Staff
Yumbah Biosecurity Commandments poster
Yumbah Biosecurity Ratings for Farm Zones poster
Yumbah Nyamat Emergency Response Plan
Visitor Registration Form
Contractor Registration Form
Pre-employment Biosecurity Declaration
Staff Training Record
Employee Handbook
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(4) detail previous biosecurity incidents which have occurred at any abalone farms now owned and
operated by Yumbah Aquaculture Ltd, and the best practice measures that have been implemented since to
prevent such incidents reoccurring, and which would be employed at reduce biosecurity risk at the Nyamat
Farm
Two biosecurity incidents occurred at two abalone farms that are now owned and operated by Yumbah
Aquaculture. Yumbah Narrawong was affected by abalone viral ganglioneuritis disease (AVG) caused by abalone
herpesvirus (AbHV-1) in 2005. Yumbah Bicheno, previously Abalone Farms Australia (AFA), located in Bicheno,
Tasmania, was affected by AVG in 2011. Both farms were emptied of all stock and disinfected. For the Yumbah
Narrawong case, the actual cause and precise details of what occurred remain undiscovered and contentious. An
attempted litigation by the wild abalone industry during 2013 failed when a judge of the Supreme Court of Victoria
found that the plaintiff had failed to prove a causative connection between the outbreaks in the cultured abalone on
the farms and the infected wild populations.
While it is impossible to determine the exact pathway in which the disease entered the farm, an extensive
epidemiolocal review of the outbreak was undertaken by Dr Paul Hardy-Smith. This report and other expert reports
provided in depth investigation into the possible source of the disease and made recommendations to strengthen
biosecurity across the wild harvest, aquaculture and processing sectors.
These reports include but are not limited to the following:






Handlinger J. (2007) Report to Western Abalone Divers Association of Victoria on the Ganglioneuritis
outbreak. Prepared for WADA, PO Box 5330, Geelong North, Victoria 3305.
Hardy Smith P. (2006). Report on the events surrounding unusually high mortalities of farmed abalone in
Victoria. 26 January 2006. Panaquatic Health Solutions.
Hardy-Smith, P. (2006b) Report on the events surrounding the disease outbreak affecting
farmed and wild abalone in Victoria. 29 August 2006. Panaquatic Health Solutions.
Mouton A (2006). Review of the disease investigation relating to a herpes like virus infection of abalone in
Victoria. Box 967, Stanford, 7210 South Africa.

The above information has been incorporated into the Victorian Abalone Aquaculture Translocation Protocol, and
the Abalone Health Accreditation Program (AHAP) which form the basis of Yumbah’s biosecurity plans.
The Biosecurity Control Measures for AVG - Code of Practice (Gavine et al. 20091) was published by the Federal
FRDC and reflects the learnings and recommendations of various expert studies between 2006 and 2009 including
those listed above. The Code of Practice outlines a code of practice for all abalone sectors including wild harvest
sector, recreational divers and fisherman, aquaculture and processors. Of all the abalone sectors, abalone
aquaculture is the only one that is 100% compliant with all the biosecurity control measures for AVG as
recommended in the Gavine (2009) report.
The Code of Practice states that the following measures are effective at preventing disease agents from exiting
abalone aquaculture farms:




preventing escapes
disposal of mortalities
Effluent treatment:
- The discharge of effluent from abalone aquaculture farms is licensed by the EPA. The EPA regulates
the volume of effluent that can be discharged and the quality of the effluent as part of the farm’s licence
conditions.
- Most land-based aquaculture farms have a settlement pond or tank to remove solid debris from the
effluent flow prior to discharge. These tanks or ponds must be cleaned regularly to maintain efficient
removal of solids from the effluent flow.
- The settlement tanks or ponds can also provide habitat for abalone that have escaped from the culture
units. Grates should be placed at the outlet to prevent escape to the wild. Settlement tanks and ponds
should be regularly treated to kill escaped abalone.

1

Gavine, F. M., Ingram, B. A., Hardy‐Smith, P., and Doroudi, M. (2009). Biosecurity Control Measures for
Abalone Viral Ganglioneuritis: A Code of Practice. Prepared as part of FRDC Project No. 2006/243.
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The Code of Practice does not require effluent treatment with filtration, UV, chemical or ozonation. Similarly, the
National Biosecurity Plan Guidelines for the Australian land-based abalone industry2 also does not require effluent
treatment.
In regard to the Yumbah Bicheno (previously known as Abalone Farms Australia (AFA)) AVG case, investigations
by local authorities suggested the most likely source of the virus was via untreated intake water that was
contaminated by effluent from a nearby processing facility that had suffered an outbreak of AVG. Since this
incident, the Tasmanian government issued Fisheries Biosecurity Order (No. 1) 2011 requiring abalone processors
to treat their outgoing water to achieve a prescribed reduction in virus and bacterial levels.
Yumbah Aquaculture Pty Ltd, previously known as South Seas Abalone (SAL) commissioned Digsfish Services Pty
Ltd in 2011 to complete the report, Abalone Farms Australia, Biosecurity Assessment and Disease Risk Analysis
(presented as Attachment 2 in Yumbah’s response to the VAIC submission). DigsFish Services Pty Ltd conducted
the biosecurity assessment and disease risk analysis for the Yumbah facility at Bicheno, Tasmania to provide the
Board of Southseas Abalone (SAL) with information to base informed management decisions on biosecurity.
This report made several biosecurity recommendations for South Seas Abalone (now Yumbah) as listed below:


Improved biosecurity on the farm - Done



No wild broodstock brought on the farm- Done



Entire farm is covered & protected from birds and other potential vectors. Baiting to control rodents – Done



Filtration of intake water - Done



UV treatment of intake water - Not deemed viable as explained in s22 response Part 3.

The following best practice measures have been implemented by Yumbah across all their abalone farms since
these AVG outbreaks to prevent a similar recurrence. The following practices will be employed to reduce
biosecurity risk at the Yumbah Nyamat farm:










Adopting the Victorian Abalone Aquaculture Translocation Protocol, which states that the stock to be
translocated must be issued with a certificate of stock health provided by an approved veterinarian, and
also a freedom of notifiable disease declaration issued by the farm;
Accreditation by Abalone Health Accreditation Program (AHAP), which means compliance with every state
Risk Assessment and Best Practice
Ceasing the introduction of wild abalone to the farm as broodstock;
Creating a biosecurity plan, emergency response plans and associated SOPs;
Regular audits, engaging independent and government aquatic veterinarians;
Preventing abalone escapees
Having sentinels’ populations
Regular training and staff education programs.
Continuing to invest and support AVG research.

Yumbah has been an integral part of the Australian Abalone Growers Association (AAGA) since its inception in
1998 and has contributed substantially to AAGA’s efforts to research and implement abalone health, disease risk,
surveillance and biosecurity practices across our industry. AAGA has sponsored / supported many biosecurity and
disease/health projects (see attached supporting letter from AAGA).
AAGA has been working with the Federal Department of Agriculture and Water Resources (DAWR) and other
aquaculture (salmon, barramundi, prawns, pearls etc.) and fishery sectors to develop an Aquatic Emergency
Animal Disease Response Agreement (Aquatic Deed). At AAGA’s insistence the Aquatic Deed has a strong focus
on emphasis on disease prevention to lessen the likelihood of an Emergency Aquatic Disease Response occurring
in the abalone aquaculture industry. Abalone was chosen as a test case for the Deed and AAGA has invested
heavily in its development.

2

Spark, E., Roberts, S., Deveney, M., Bradley, T., Dang, C., Wronski, E., Walker, M., and Savva, N., PIRSA Fisheries and
Aquaculture, 2018. National Biosecurity Plan Guidelines for the Land Based Abalone Industry. Department of Agriculture and
Water Resources, Canberra August 2018. CC BY 3.0.
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2011/003 Aquatic Animal Health Subprogram: Investigations into the genetic basis of resistance to infection
by abalone herpes-like virus



2012-708 Quantifying physiological and behavioural responses of cultured abalone to stress event



2013/001 Aquatic Animal Health Subprogram: Determination of susceptibility of various abalone species
and populations to the various known AbHV genotypes



2016-002 Perkinsus olseni in abalone – Development of fit-for purpose tools to support its management



2016-245 National Biosecurity Plan Guidelines for the Australian Land Based Abalone Industry.



2017-117 Aquatic Animal Health and Biosecurity Subprogram: Identification of differentially expressed
innate immune genes in the New Zealand paua (Haliotis iris) and the Australian hybrid abalone (H.
laevigata X H. rubra) upon immersion challenge with the abalone herpesvirus-1 (HaHV)

AAGA has also contributed to technical forums on aquatic disease and biosecurity with AHA (Animal Health
Australia) and AABHS (Aquatic Animal Health and Biosecurity Subprogram)
AAGA is currently working with DAWR to establish an Abalone Surveillance Program across all AAGA farms.
All AAGA member farms have had biosecurity plans in place since 2006. More recently AAGA member farms have
updated their biosecurity plans to nationally recognised standards. Yumbah played an important role in the
establishment of the AHAP (Abalone Health Accreditation Program) and has adopted standardised state
recognised Biosecurity Plans for Land Based Abalone Farms across its sites in Victoria, South Australia and
Tasmania.
Most recently Yumbah has been working with the Victorian Skills Commission and Seafood Maritime Training
(based in Tasmania) and South West TAFE to develop an industry training package that will have a specific unit on
biosecurity.
Yumbah/AAGA’s research and investment into biosecurity will be a primary motivator and driver of the final
biosecurity plan for Yumbah Nyamat.
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Attachment 3
Response to s22 Notice Conditions 5 to
7 – Footprint, environmental risks and
decommissioning

Yumbah Nyamat Formal Response to s22 Notice dated 18 January 2019

(5) Provide justification for maximising the development’s footprint and consider providing
setbacks to enable greater separation of the proposed development from sensitive receptors
The development of Yumbah Nyamat has been proposed in accordance with the submitted plans to
date following a number of design considerations on the footprint of the Dutton Way property. From a
site layout perspective, the preferred location of the settlement system is on the eastern side of the
property where there is sufficient free area and where it would be at a greater distance from sensitive
receptors. However, this location was dismissed early in the design process, as it became apparent
that the location was not practicable.
Locating the settlement system on the eastern side would have a significantly higher cost due to the
additional length, width and depth of drainage channels. However, the reasoning behind rejecting this
location on the site was due to technical constraints rather than financial alone. Although this
technical analysis is relatively complex, an outline of the technical constraints that have resulted in the
footprint proposed is below.

















The main area of the grow tanks site is located at an average level of 3.25m AHD (Australian
Height datum).
The seawater exits the site via gravity through the drainage and settlement system. For water
to gravity flow it is vital that there is a difference in height between the water level at point A
and point B.
The maximum design sea level for the site is 1.35m AHD. This gives an overall design fall
available of approximately 1.9m from the grow area to the ocean.
The internal drains require at least 1 in 200 fall to provide a degree of self-cleaning. This
means that for every 200 metres of drain length, the base of the drains must lower by 1m.
In the proposed layout, the internal drains are approximately 335m long and drop by 1.675m
to achieve the 1 in 200 fall required. The ground level in this location is 3.68m AHD. This is
430mm higher than the average ground level, however this can be accommodated by using
fill from the southern end of the area. i.e. no major import or export of fill from the site.
If the internal drains were located on the eastern side, the internal drains would be
approximately 515m long and would need to drop by 2.575m to achieve the 1 in 200 fall
required. The ground level in this location would be 4.265m AHD. This is 1015mm higher than
the average ground level, which cannot be accommodated using fill on the site.
Approximately 20,500m² of additional fill would be required on site which will require
approximately 1500 truck loads of fill to enter the site.
The above only discussed the internal drains. There is a corresponding increase in fall
needed due to the length of the settlement system and the channels and pipe to the ocean.
The proposed concepts have very short discharge lengths (approximately 50m- 80m
max) from the settlement system to the ocean outfalls. This reduces the amount of fall
required. e.g. using 1 in 750 (effective fall), this equates to approximately 66mm of fall.
If the ponds were on the eastern side, the outlet channels would be significantly longer, i.e.
approximately 750m to 1000m (depending on easement location). An additional 1m of fall
would be required.
This means the end point of the internal drains would need to be 1m higher, therefore 1m of
fill would be required across the entire grow tank area. This would be approximately
172,525m² of fill entering the site, or 12,600 truck loads of fill.
This additional height would be required at the western side of the property, with the south
west corner being approximately 1.6m higher than the current concept. Aesthetically, this may
be considered more visually intrusive than the current design of settlement system.
The additional height would significantly increase the electrical consumption of the pump
system. It is estimated that approximately an additional 100kW of power would be required for
normal running, equating to 876,000kWHr per annum (equivalent to 695T of CO2 emissions
per year).
Based on the above, it is not considered practicable to locate the settlement system on
eastern side (or any side other than the southern side) of the facility.
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(6) clarify how it will manage potential environmental risks in the event of a significant event requiring
a temporary or permanent shutdown of operations (e.g. due to disease, fire, offshore pollution, lack of
cash flow or liquidity.
The environmental risks associated with Yumbah Nyamat are predicted to be minimal. Abalone farming does
not use toxic chemicals or pollute the environment. In the event that the business is closed, and the site is no
longer used as an abalone farm the risk of residual contamination is highly unlikely. The site will be capable of
being returned to rural farming or other activities.
Risk – Mass death and dying abalone create odour, water quality issues and abalone disease risk.
In the event of a mass mortality (death) and shut down associated with a disease outbreak the “State and
national Emergency disease response plan” will be enacted and the Victorian State government will have
responsibility for the clean-up and disinfection operation.
The Recirculating Reservoirs (Dams) and other similar infrastructure are intended to provide emergency water
flow if the farm is ordered to stop pumping water back into the ocean. A wide-ranging trial conducted at Yumbah
Narrawong has verified that stock can survive for weeks possibly months under the emergency recirculating
arrangement proposed at Yumbah Nyamat. The system provides for a timely emergency harvest of farm stock if
a permanent shut down was required.
If the abalone are too small to harvest, there are mechanical methods that can be used for rapid removal and
disposal of dead abalone.
If the incident resulted in complete de-stocking and disinfection of the farm the “State and national Emergency
disease response plan” would determine the specific details of this would be carried out. Post disinfection as per
the case in other disease destocking events there would be a dry out period followed by a sentinel trial prior to
any commercial re-stocking.
Risk - Switch Board fire, partial loss of pumping capacity resulting in temporary water failure in part of
the farm.
The main risk associated with fire is primarily isolated to a switchboard fire which would result in damage to the
pumping system. It is unlikely that fire would result in a permeant shut down of the farm and the backup
equipment including redundant pumping capacity and recirculating system would support the farm until the
problem was resolved.
If part of the farm was forced to de-stock as a result of fire related pumping failure, all market sized abalone
would be harvested and stock that are too small to sell would be mechanically removed from the tanks and
taken off site. The tanks would be restocked when the system was again functional.
Risk - Offshore pollution such as an oil spill
The Recirculating Reservoirs (Dams) and other similar infrastructure are intended to provide emergency water
flow if the farm is forced to stop pumping water from the ocean. An event such as an offshore pollution incident
is an event that may require emergency action. A wide-ranging trial conducted at Yumbah Narrawong has
verified that stock can survive for weeks possibly months under the emergency recirculating arrangement
proposed at Yumbah Nyamat. The system also provides for a timely emergency harvest of farm stock if a
permanent shut down was required.
All losses associated with a pollution incident should be recoverable under insurance and it would be anticipated
these recovered funds would support re-stock of the farm.
Risk - lack of cash flow or liquidity
Yumbah Aquaculture, the winner of the 2017 Australian Exports Awards Agribusiness of the Year is a wellresourced professional 100% Australian owned company. Lack of cash flow or liquidity of individual Yumbah
farms is not a cause for concern the company has strong financial backing and is managed using a range of
measures including:







Utilising the cash flow into the business from the other four abalone farms in the group.
Extending credit terms for items such as feed.
Delayed capital expenditure and some R & M items.
Bring forward sales.
Short-term bank finance
Discount sales.
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(7) clarify how it proposes to decommission the farm, and the end state it proposes to return the site to in the future.
If the farm was decommissioned and ceased to operate as an abalone farm there are a range of other aquaculture
sectors that could utilise the infrastructure, including finfish, oysters, mussels, cockles, lobster, etc. There may also
be some horticulture applications that may be applicable for the redundant infrastructure.
Alternatively, the concrete tanks, shade cloth and other plant could be demolished/removed and the site could be
returned a rural paddock. There are no residue toxins or pollutants associated with the farm and all the fill is
generated from within the site meaning the same dirt that is there now would remain.
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Attachment 4
Response to s22 Notice Conditions 8 –
Fact sheets

Yumbah Nyamat Formal Response to s22 Notice dated 18 January 2019

(8) Develop plain English, transparent, fact sheets about the proposal, answering outstanding questions, as
detailed in the Environment Protection Act 1970 Section 20B Conference Report for this Application prepared
by Kismet Forward dated January 2019. Efforts should be made to ensure the documents are not written
from a public relations perspective but are developed with the purpose of building community understanding.
In particular, the following should be explained:
8a. the rationale for proposing the development at this location given the concerns that community
members have expressed
Site selection for shore based abalone farming includes the following key criteria:
1. Low lying land ideally between two and five metres above sea level for effective pumping and gravity
drainage.
2. Access to clean, oceanic water (salinity 35 parts per million) with a temperature range of 10°C to 20°C.
(see fig 3 & 5)
3. Ideally the farm should not draw or discharge its water near highly productive abalone reefs. (See below
extract from Victorian Western Zone Fishery FRDC, (The Status of Australian Fish Stocks Reports)
4. Ideally drawing from partially protected water greater than 5m in depth. See fig 3 & 5.
5. Land suitably sized and manageable for earthworks.
6. Access to labour and service providers such as trades people and technicians.
7. Access to three phase power.
8. Access to services such as roads, freight networks.
9. Land that is suitably zoned for the intended use.
The Dutton Way site meets all nine criteria highlighting how unique and ideal this piece of land and adjacent
marine water is for shore based abalone aquaculture.
Large scale expansion at the Narrawong site is not possible for the following reasons:
 Land to the north is very low lying and classified as a water way. It would be extremely difficult to drain
and build on and it is not viable to bring in fill to raise the ground level. Also, it would not facilitate gravity
flow back to the ocean (See figs 1 and 2, areas marked in light blue).
 Land to the west is limited by the size of parcels and it runs into an area protected by a Cultural Heritage
Overlay. See figures 1 & 2.
 Sites further east of the Surry River are along a very exposed and high energy coastline with no means
of protecting pipes. Large amounts of clearing of coastal vegetation would be required and much of the
land is classified as a waterway or coastal reserve.
 There is not enough suitable elevated land to the east and it is subject to planning restrictions,
inundation from the ocean and seasonal flooding.
 Access to deeper water is very restricted in the area of ocean outside the Narrawong and neighbouring
farms especially to the west. (See figs 4 & 5)
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Extract Victorian Western Zone Fishery FRDC, (The Status of Australian Fish Stocks Reports)
Population abundance and size structure estimates from data collected during the late-1980s–90s Indicated
that the stock was small and mostly concentrated in Portland Bay8. Surveys conducted almost a decade later
showed potential for a limited fishery on Julia Bank10, as well as Minerva and Hospital Reefs11.
Prior to the implementation of the 2002 Victorian Abalone Fishery Management Plan, a TACC of 280 t was
allocated for both Greenlip and Blacklip Abalone combined. The reported catches for Greenlip Abalone were
small, with an average annual catch of only 100 kg during 2001–05. A separate Greenlip Abalone TACC of
4.2 t was set for the 2006–07 quota year (1 April–31 March) and maintained for the next 2 years. During this
period, the TACC was caught.
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8b. potential night time lighting impacts
Abalone are sensitive to light especially at night so there would be no lighting in or around the abalone
culture modules. The remainder of the site will require basic security lighting consistent with the street lights
that are staggered along the Dutton way and the lighting at the Caravan Park.
Given principal operating hours of the business are daytime most work is carried out using natural light
reducing the need for supplementary night time lighting. Lighting at the Narrawong is minimal and a similar
set up is expected for the proposed Yumbah Nyamat farm. It is highly unlikely that night time lighting will in
impact on neighbouring residence to level whereby their sleep patterns are interrupted. We are not aware of
any complaints made in relation any night time lighting at any abalone farm in the country including those in
more built up residential areas than the Dutton Way.
It is also expected that landscaping including vegetation screening and bunding will assist in mitigating this
potential impact and Yumbah is happy to investigate other treatments and siting of lights to minimise
neighbouring concerns.
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8c. How noise, vibration, odour, dust (including silica) and effluent discharge will be managed to
ensure compliance with regulated limits (including management of waste and sediment);
Construction
Construction across the site will be managed to minimise environmental impact associated with (but not
limited to) noise, vibration, odour, traffic, hydrology, groundwater, dust and erosion, etc. Yumbah has
significant experience in construction in sandy coastal environments and is well aware of the potential
impacts associated with construction. To mitigate any potential risk, major earthworks will be staged to
minimise environmental impact.
The construction has been designed in four stages and the entire site is forecast to take between 3-4 years
to finish. The first stage would include the main office, staff amenity building, the pump pit and the ocean inlet
pipes. The second stage would involve earthworks and building of the water pump system.
The third stage would be the grow out tanks. The shade cloth area will be constructed before the tanks.
Each of the four grow out modules will be built within the shade cloth area and each grow module will take
about one month to build. The discharge pipe easements will be laid with each corresponding grow out
module. Easements for the intake and discharge water should take between one and three weeks to build.
The ancillary solar power plant may be built during the fourth stage or earlier.
A Construction Environment Management Plan (CEMP) will be developed by Yumbah when the Yumbah
Nyamat project is approved. The engineers will finalise the design and construction techniques and this will
inform the content in the CEMP.
The construction activities will be guided by the CEMP, which must be approved by EPA, Glenelg Shire
Council and Department of Environment, Land, Water and Planning (DELWP). The CEMP will provide a
framework of policies and procedures to assist with managing potential impacts and risks during
construction, and controls to mitigate and minimise potential environmental impacts, particularly those
highlighted in the stakeholder submissions. The CEMP will include specific commitments, actions and
conditions necessary to ensure the environmental protection requirements are managed effectively including
any potential off-site environmental impacts that may result because of construction.
The CEMP will outline mitigation measures including (but not be limited to), dust suppression measures,
stormwater controls, marine works to minimise impacts to marine ecology, and vehicle access and timing to
reduce nuisance traffic and noise.
Dust deposition and noise monitoring will be conducted during construction to confirm that sensitive offsite
receptors are not impacted during construction. The objective of Yumbah will be that offsite environmental
and social impacts will be minimised and or avoided during construction.
Operation
Odour
EPA requires that odour is not emitted beyond the property boundary and this is evident in documentation
presented as part of the works approval application (Appendix F). Victorian Fisheries Authority (VFA) states1
Land based aquaculture facilities typically create very little odour as live fish in water don't smell. Potential
odour sources are minimal. The assessment completed by GHD confirmed the activity of abalone farming is
not a significant generator of odour. This is also evident at other abalone farms across southern Australia.
The likely sources of odour in abalone farming were assessed by GHD using the Yumbah Narrawong farm
as a comparison. Though Yumbah Narrawong is smaller than Yumbah Nyamat, the potential odour sources
are deemed to be the exact same to those at Yumbah Nyamat and is an appropriate comparison. The
volume of abalone produced at Yumbah Nyamat will be greater, but the operation will be equivalent or
improved when compared to Yumbah Narrawong.

1

Department of Primary Industries (2005). Planning Guidelines for Land Based Aquaculture in Victoria. Fisheries
Victoria Report Series No.21.
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There is no default odour buffer for land-based aquaculture or abalone farms under the Glenelg Planning
Scheme or EPA guidelines. Therefore, there are no statutory requirements that Yumbah Nyamat must
comply with regards to odour.
Odour is not commonly generated in an abalone farm’s nursery, hatchery or open channels. GHD modelled
potential odour generating sources at Yumbah Nyamat and concluded the only potential odour sources are
dead abalone within grow out tanks and water birds frequenting the open water structures, i.e. channels and
reservoirs where water is pooled. Bird management will be improved at the new Yumbah Nyamat facility with
all water chambers and recirculation ponds being covered in a bird mesh, preventing birds from settling
onsite at these locations.
Management of mortalities through the Abalone Mortalities and Storage Facility (located in a designated
work shed) will eliminate odour at Yumbah Nyamat. The facility will be regularly emptied and taken off-site to
an approved facility. Odour will not be noticeable beyond the property boundary.
Other potential odour generating sources that may exist at Yumbah Nyamat include domestic waste and
sediment removed from channels and lagoons. Domestic waste bins will not be stored or located close to
the property boundary and will be located within work sheds well away from any sensitive receptor.
A Sediment Management Plan that will be developed in consultation with EPA. This will outline procedures to
regularly remove sediment from channels and ponds under controlled conditions. There will be adequate
separation distances between designated sediment management areas (if relevant) and sensitive odour
receptors.
Noise
Noise will not be emitted from the pumphouses at Yumbah Nyamat. This was evidenced in the report
presented as works approval application Appendix F (Section 6.4 Odour and Noise Impact Assessment,
October 2018) 1. Operational noise at Yumbah Nyamat will not create issues to sensitive receptors in the
vicinity of the site, particularly residents and also marine life including whales. The seawater pumps will be
encased below ground in concreted and earthen bunkers which will eliminate any noise or vibration outside
of the pump house. There will not be pumps within the marine or inshore environment that will result in noise
or vibration generated in the marine environment. Vibration during operation will not be an issue at Yumbah
Nyamat.
As a comparison, pumps at Yumbah Narrawong are enclosed in semi submerged pumphouses that have a
corrugated iron roof, with no sound proofing. There has not been any issue with noise originating from these
pumphouses. The technology at Yumbah Nyamat will eliminate any noise from the pumps.
Water Quality
As highlighted in the works approval application and through the waste water management reports (CEE
specialists in wastewater and GHD hydrological/oceanographer model of Portland Bay and the site) the
proposed farm will not discharge nutrients in concentrations that threaten the aquatic environment. Water
quality criteria expected in the Yumbah Nyamat EPA licence will be consistent with Yumbah Narrawong
concentrations and will not be exceeded beyond the discharge mixing zone.
Discharge water will be a similar quality as the incoming water, and it is not expected to create any
noticeable impact in the marine environment. Nearly 20 years of testing and formal monitoring at the
Narrawong site provides evidence of the minimal environmental footprint associated with the on-shore
abalone farm.
Variation in temperature between incoming and outgoing water from the farm is minimal and changes only
occur in isolated cases such as very hot and very cold days or nights. The changes in temperature are well
below those variations that take place in the natural environment and it does not present a risk to the
receiving marine environment. Monitoring of temperate at Yumbah Narrawong is not required by EPA.
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8d. job and training opportunities and projections, including any initiatives to favour local skills;
Based on one person for 10 tonne of abalone Yumbah has calculated that production of 1000 tonne of
abalone equals 100 jobs on farm. These jobs will range from unskilled farm hands, qualified tradespeople,
administration and scientists. All of these employees will have training opportunities and be exposed to a
range of professional development and progression programs to enhance staff skills. All Yumbah farms
favour local people and Yumbah Narrawong has been part of the recent South-West skills commission
taskforce. One initiative from this will be 10-15 Yumbah Narrawong employees taking part in a pilot
Certificate IV in Aquaculture. The pilot course is due to start in March and will provide opportunities for South
West TAFE and other local companies.
The project will also require 60 abalone processing and feed manufacture jobs at another local location. It is
proposed that the processing and feed manufacturing business will be relocated from South Australia and
established in an industrial area within the town of Portland. The 60 processing and feed manufacturing jobs
would range from unskilled labour to food technologists, nutritionists and administrative staff. Yumbah would
provide the staff at the processing and feed manufacturing plant within Portland similar opportunities to
enhance staff skills.
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8e. how site hydrology/drainage will be managed particularly with regard to the shallow water table,
frequent site flooding, the presence of the natural spring, protection of groundwater quality etc;
With respect to “hydrology and protection of groundwater hydrology”, we advise that the detailed
hydrology report prepared by Landserv in December 2018 concluded that the risk to groundwater was low
provided specific mitigation measures were undertaken as outlined below:
“….. the potential for risk to groundwater (and therefore the protected beneficial uses) is considered to be low,
provided the proposed mitigation measures outlined below are implemented as part of the development:






Preparation and implementation of CEMP during construction;
Construction of majority of the site infrastructure from concrete which is specified to be water tight;
Staged construction program and over a condensed period of time to limit impacts to shallow/upper aquifer;
Program of ongoing monitoring and maintenance activities on site infrastructure to optimise the efficiency
of operations and also to limit the potential for large system failures;
Preparation and implementation of a Groundwater Monitoring and Management Plan (GMMP).”

With respect to “frequent site flooding”, we can confirm that an engineered drainage system has been
designed to handle major stormwater events impacting the site.
Regarding the “natural spring” we advise that in accordance with conclusions made in Landserv’s hydrology
report, that the impact on this and other hydrological features by the proposed development is considered low
due to the shallow nature of excavations and proposed mitigation measures that will be implemented during
construction and operation.
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8f. the nature and timing of works to the rock seawall, and how residences will be protected from
inundation or storm surges during construction;
Yumbah will not demolish the seawall in large lengths and will not leave the coast exposed for any
extended periods of time. The intention of Yumbah is to deconstruct and then rebuild the seawall in small
sections and lay the pipes in a staged approach.
As recommended by Water Technology, the following approach to rebuild the sections of seawall will be
implemented by Yumbah:


Sections of seawall will be dismantled to allow for the installation of pipes.



Mitigation measures to protect the coastline will be implemented, these are listed below



At each seawall crossing location, the seawall will be upgraded over a distance of 5 m either side of the
areas where the pipelines are installed.



The upgraded wall will incorporate a geotextile layer to ensure soil and sand behind the seawall cannot
be leached out through the wall. An underlayer of armour rock will also be required.

Rebuilding of the sections of wall in areas will improve their performance and the visual amenity at these
locations. This is consistent with the intent of the Portland Coastal Management Plan (2018) which
identified the ad-hoc seawalls have reduced the natural qualities of the area and there is a need to
progressively improve the precinct to reduce coastal hazards.
The reinstatement of the seawalls proposed by Yumbah and recommended by Water Technology, is such
that the seawall around the inlet and outlet pipelines conforms to the same design section that Water
Technology has recommended to Glenelg Shire for the rebuild of the seawalls in the event funding
becomes available to rebuild the walls. The original seawalls, in general, are in need maintenance or
replacement. The new seawall and armour layer proposed by Yumbah will be designed and constructed to
be able to accommodate the expected increased wave energy, as a consequence of sea level rise and
changed storm climatology. The expected increased wave energy will be consistent across the entire length
of the wall and will not vary based on the engineering standards of the wall. Therefore, it is not anticipated
that the new engineered seawall will in any way compromise the existing seawall that, as Water
Technology has pointed out, are in need of maintenance or replacement to protect the significantly
compromised coastline of Dutton Way and Henty Bay.
Sea level rise as a consequence of future climate change will ultimately result in potentially increased
depths of water along Dutton Way. This has been mapped and clearly depicted by the Victorian State
government. The higher ocean level will also induce greater wave overtopping on a seawall built to
accommodate present-day wave and ocean water conditions. Given the crest level of any seawall is likely
to be vulnerable to wave overtopping during severe storms, the implications of future sea level rise have
been considered in the design of the proposed seawall works that will be completed by Yumbah.
The specific mitigation and managements measures that will be employed by Yumbah during the works on
the seawall are as follows:
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Check weather a week in advance.
Stop works if inclement weather predicted.
Check offshore swell buoys to confirm wave and swell projections.
Design of a temporary wall structure (using sand filled bulka bags) to be developed during detailed
design. This will enable the structural integrity of the seawall to be retained for extended duration (e.g.
extreme weather event) and mitigate the risk of inundation. Note: DEWLP will have the opportunity to
review and approve the temporary structure as part of the detailed design process.
Prior to demolition/breakthrough of the existing sea wall, bulka bags will be prefilled and placed adjacent
to the break zone ready for placement at low tide. All necessary construction equipment will be available
at all times until the permanent seawall is reinstated.
All personnel required to install the temporary wall are to remain at the site whilst the seawall is opened
below the high tide mark.

s22 Notice Condition 8a‐h

The rebuilt walls by Yumbah at the intakes and outlets are designed for a nominal 50 year life and will be
constructed so that only minimal ongoing maintenance will be required. Yumbah accept all responsibility
for the works in the rebuilt seawall sections and acknowledge the seawall is a vital protective mechanism
for the abalone farm’s infrastructure.
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8h. how impacts of the intake/outlet pipes will be managed during construction and operation, including
impacts on recreation (e.g. swimming and fishing), marine ecology (e.g. temperature, nutrients,
suction) and coastal dynamics (movement of sand, how the pipes will be kept covered);
The proposed construction technique is identical to that successfully carried out at Yumbah’s Narrawong
facility. The low impact on recreation, marine ecology and coastal dynamics from this proven technique has
resulted in Yumbah proposing to use it along with their highly trained personnel to install the pipelines at
Nyamat.
Pipelines
The pipelines will be designed and installed in a manner that minimises the impacts on the seabed and
recreational users.












All pipes will be welded onshore and assembled with weights as they and launched at the Narrawong
site where they will be and towed some 6km west to the Nyamat site.
Once installed the pipes will be fitted with protective armor through the intertidal zone which will protect
them and encourage them to sink into the sand and eventually be completely covered.
The pipes and weights will be designed to sink into the sand and most of the pipes are located over
sand bottom. Other methods including localized dredging and Liquefication of the seabed will be
considered to encourage the pipes to sink into the sand. (see Fig 2 below).
Where pipes do traverse across reef the impact on the seabed there is expected that like the Narrawong
farm the pipes and weights are quickly settled with various species of macro algae and provide habitat
for juvenile lobsters and other marine life. (see Fig 2 below).
The suction screens have a screen size of 2cm which is small enough to exclude most marine life. The
suction force on screen face is not strong enough to entrap small fish of other small marine animals.
(see Fig 3)
Fishing and boating will not be permitted near the suction points to the farm for biosecurity protection but
this will be an area limited to localized pints with the suction screen are located.
Swimming and other beach focused recreational activity will not be prevented of impacted as a result of
the pipelines or any other part of the farming infrastructure or activity.
Discharge of the farm water will be carried out in manner that prevents scouring of the sea floor.

Water Quality
 Discharge water would be much the same as the incoming water and it is not expected to create any
noticeable impact in the marine environment.
 Nearly 20 years of testing and formal monitoring at the Narrawong site is evidence of the environmental
footprint associated with the on shore farm.
 Variation in temperature between incoming and outgoing water from the farm in very low and only
occurs in isolated cases such as very hot and very cold days or nights. The changes in temperature are
well below those variations that take place in the natural environment and it does not present a risk to
the receiving marine environment. Monitoring of this difference is not required by the EPA.
Coastal dynamics (movement of sand, how the pipes will be kept covered)
The design approach for the intake and outfall pipelines is to provide anchoring such that the pipes will be
buried as much as possible into the existing ground, particularly across the beach and nearshore areas so as
to minimise impacts on other users, for security and to minimise effects on coastal processes.
As with the existing Narrawong aquaculture farm, the pipelines will typically lie on the seabed and be
anchored with concrete weights and potentially screw anchors at some locations. The details of the
anchoring and embedment of the pipeline will be confirmed at the detailed design phase.
Ongoing Sand bypassing in accordance with the contractual arrangements between the Port of Portland and
state government is required to:




Maintain the beach along Dutton Way / Henty Bay at its current levels.
Provide essential sand nourishment to the toe of the existing rock walls along Portland’s North Shore
including Yumbah’s existing abalone farm at Narrawong.
To assist with keeping the propped pipes covered in sand especially through the beach and inshore area.
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8g. side elevation/modelling to show what the completed facility will look like
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Attachment 5
Response to s22 Notice Conditions 9 and
10 – Comparable facility and sand
bypassing

Yumbah Nyamat Formal Response to s22 Notice dated 18 January 2019

9. Justify extrapolation of data in modelling of potential impacts given there is no comparable facility.
Australia is very small player in global abalone production with its farming sector accounting for less than 1%
of world supply. China and South Korea collectively produce more than 160,000t p.a. and while the Yumbah
Nyamat proposal will be largest of its kind in Australia most farms in China and South Korea are at a scale well
over Yumbah’s proposed 1000t p.a.
Yumbah Nyamat will be established as a modular abalone farm with four separate growout compartments.
The fact that it will be the largest abalone farm in the country will be a credit to Yumbah and a testament to the
success of the company’s abalone farming capabilities.
The process of abalone farming largely relies on the growout sections as this is where the bulk of the farming
practice occurs. The hatchery and nursery have a relatively small footprint in the farming activity. The
hatchery relies on selected broodstock that are induced to spawn eggs and sperm that are fertilised in a
controlled, isolated environment. The eggs and sperm are combined, and eggs are subsequently fertilised.
These fertilised eggs metamorphose into larvae and after approximately 5 days of being suspended in the
water column are ready to settle on nursery plates that will be pre-prepared at Yumbah Nyamat with a
microalgal inoculation that induces the larval settlement.
The nursery at Yumbah Nyamat will be larger than the existing Yumbah abalone farms, though the risk will be
comparable, and minimal. Following settlement on the microalgal plates, the abalone will remain in the
nursery for approximately 6 months. After the larvae have developed as juvenile abalone, they will then be
transferred to the growout area. Each of the four growout areas at Yumbah Nyamat are equivalent to one
Yumbah Narrawong. Yumbah Narrawong has been managed efficiently and effectively throughout the 18
years + it has existed. There have been continuous process improvements at Narrawong and the other
Yumbah abalone farms that provide for the seamless establishment of Nyamat.
Each growout module at Yumbah Nyamat will be controlled in isolation. Each module will have its own distinct
drainage network including settlement channel and recirculation reservoir that will be managed independently.
Each module will be managed by a team of qualified and selected staff. Each staff member will be responsible
for the module in which they are allocated. Each of the four modules is representative of the one Narrawong
farm. This provides confidence that the linear extrapolation of data used to model the impact of the four
modules at the Nyamat farm is aligned with what occurs at Narrawong.
As highlighted in the works approval application, planning permit application and the raft of documents that
have been presented to support the project, the following information has been submitted to indicate that the
impact of Yumbah Nyamat will be comparable to other abalone farms:








Noise is generated from the pumps and exposed drains. Noise mitigation measures applied at Yumbah
Nyamat will be state of the art and best practice. Noise from the pumps, which is the only significant noise
source, will be effectively controlled so there will not be any offsite impact. On site noise will not minimal
and will not compromise the health of the valued staff.
As indicated throughout the documents, abalone farming is not an odorous activity. Potential odour
associated with abalone farming is confined to settlement ponds and birds and/or dead abalone. Ponds
and lagoons on site will be netted and or covered to minimise birds frequenting the farm, thus eliminating
any odour generating activities. Dead abalone in growout tanks will be closely monitored and any dead
animals will be removed daily and stored in a chilling unit, thus eliminating any odour.
Wastewater from the four growout modules will be managed independently of each other. Each of the four
modules will be equivalent in size to Yumbah Narrawong. The discharge water from the growout tanks in
each module will be distributed to an independent settlement channel and recirculation reservoir before
being discharged through a dedicated discharge pipe.
The mixing zone assessment completed by GHD indicates that the discharge water will be well below
acute and chronic toxicity concentrations at each point of discharge. EPA accept that for any licensed
discharge there is an area that is designated as a ‘mixing zone’ in which water quality criteria do not apply.
The discharge from Yumbah Nyamat will result in marginally elevated concentrations of nutrients within the
mixing zone when compared to natural background levels in Portland Bay. Concentrations discharged
from Yumbah Nyamat will be the same as Yumbah Narrawong. Yumbah Narrawong has been compliant
with EPA licence conditions and Yumbah Nyamat will be compliant with the same licence conditions.
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Intake and discharge pipes will not affect marine life, nor impact any humans swimming in the vicinity of
the pipes. The water will be discharged via a series of gravity fed pipes. There is no mechanical pumping
back into the environment of Portland Bay. Therefore, discharge velocities will not impact the receiving
environment. The speed of the water inside the gravity fed discharge pipes will be approximately 1.35 m/s
this is equivalent to travelling 4.86 km/hr.
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(10) provide consideration of the potential for the proposal to affect (and be affected by) Port of
Portland sand bypassing operations and any future construction of groynes along the foreshore at
Dutton Way.
Advise from Dr Peter Riedel, Coastal Engineer and leading specialist in coastal processes in Portland Bay
based on the current sand-bypassing arrangements.
“I do not believe that sand by-passing at POPL will have any effect on the suspended sediment at the new
intake pipelines. The reasons are as follows:





The sand that POPL by-passes to Anderson Point moves quickly into the beach/embayment area to the
north of Anderson Point because the sediment transport capacity in this region by longshore transport is
approximately three times that along the Dutton Way/ Henty Bay & the shoreline eastward to Surrey River.
This same sand system has applied to the present intakes of the Schnapper Point farm. I assume this has
not been an issue to you.
Suspended sediment will be generated over the whole sandy floor of Portland bay by storm waves
regardless of the by-passing activity of POPL
The sand moving along Portland Bay moves predominantly in the nearshore area by wave action and the
rate of movement at the new farm will be almost identical to that at the Schnapper Point farm.”

Regarding any future construction of groynes along the Dutton Way:
If future groynes were deemed required along the Dutton Way/Henty Bay foreshore, they could be designed in
a manner that avoided direct impact on Yumbah’s proposed ocean piping infrastructure. At this stage we have
not seen detailed design of the groynes. Without detailed designs it is difficult to assume what these would
look like, however their possible construction does not pose a direct threat to Yumbah’s proposed activities
along the Dutton Way.
The proposed suction pipes will draw water from 400m off shore. It is unlikely that any groynes will be that long
so they should not impact on the farm’s infrastructure or water quality. Groynes will not have any impact on the
discharge pipes. Groynes are designed to catch and hold sand and there is potential for down-stream beaches
to be starved of sand as a result of groynes being constructed. This would be a concern because the rockwalls depend on sand nourishment to avoid undermining. It expected that any groynes will require appropriate
approvals from DEWLP and will involve complex coastal engineering to asses all the consequential impacts
across the entire North shore of Portland Bay.
In the event the increased direct deposit sand bypassing is carried out to restore the beaches to their “natural
pre-1950” state the area where Yumbah’s infrastructure is proposed would not be significantly impacted
because this section of coastline did not suffer the level of erosion that other parts of the North Shore endured.
In some cases, the shoreline receded by as much as 200m however an investigation by Licensed Surveyor
Berry & Whyte Surveyors Pty Ltd confirms the area in front of the proposed abalone farm appears to have
eroded by less than 50m so if the natural beach was restored to that level it would not be significantly different
to the current situation. Most importantly the area where the suction lines are located has suffered the least
amount of erosion, approximately 25m which would not affect Yumbah, in-fact it would assist with the
permeant self-burial of the pipes.
See below for further details

S22 Notice Condition 10

Below is the approximate location of the high water as at 1951 based on survey H229 dated 1951 (this plan is in
link measurements) and other surveys of the area.
The distance circled red on the old survey H229 is 157.7 links being 31.7 m
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