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1 Executive Summary 
 
The value of oyster aquaculture production in South Australia has risen from 
$5,489,000 in 1998/99 to just over $16 million ($16,118,000) in 2002/03. Currently, 
there are ten oyster growing areas along the South Australian coastline, with farms 
situated on the West Coast, Spencer Gulf, Gulf St Vincent and Kangaroo Island. 
While several species of shellfish are licensed for cultivation in the Marine Shellfish 
(Intertidal) sector, the Pacific oyster (Crassostrea gigas) is the main species farmed. 
With the industry looking for maximum production in the near future, ecologically 
sustainable development (ESD) is a vital factor for ensuring long-term viability. To 
further promote, expand, and ensure ESD of the oyster aquaculture industry there is 
an urgent need to assess the potential risks of associated environmental impacts. This 
report documents the discussions and comments from a Risk Assessment Workshop 
conducted in Adelaide on 15th December 2003, and an industry meeting held in Port 
Lincoln on the 23rd April 2004, to assess the potential risks associated with the 
marine oyster aquaculture industry in South Australia.  This report includes a brief 
literature review of the issues that were considered to be of a moderate or higher risk.  
On the basis of this literature review, the risk is then re-evaluated by the authors. 
 
The risk assessment workshop was conducted using the National ESD Reporting 
Framework for Australian Fisheries, including a supplement designed to customise 
the framework for aquaculture.  Four of the eight generic component trees outlined in 
the framework were addressed in the workshop: component tree 1, 
Biological/Environmental effects of the whole industry; component tree 2, Effect of 
the industry on the catchment/region; component tree 3, Effects of individual 
facilities, and part of component tree 8, Impacts of the environment on the industry.  
Each of the component trees was modified so that it was specific for the oyster 
aquaculture industry in South Australia.  Each issue was discussed in terms of current 
knowledge and management and assigned a ranking in terms of the level of risk 
associated with it.  The risk ranking was determined using the Risk Analysis tool 
outlined in the ESD framework, which was based on the Australian Standard for Risk 
Management (AS/NZS 4360 1999).  To assign a level of risk to an issue, two factors 
must be determined - the potential consequence arising from a particular activity, and 
the likelihood that this consequence will occur.  The combination of the level of 
consequence and the likelihood of this consequence produces an estimate of the risk.  
The risk ranking given is intended to reflect what the participants considered to be 
likely over the next 5 years. 
 
Forty one of the 51 issues discussed at the workshop were given a negligible or low 
ranking. The remaining 10 issues were given a moderate ranking, while none were 
ranked as a high or extreme risk. After reviewing the literature, most of the issues 
identified during the workshop were given a ‘low to moderate’ (feral populations, 
physical disturbance & shading) or ‘moderate’ (diseases/parasites, invasive species, 
nutrient removal) risk ranking, with terrestrial vegetation receiving a ‘low’ ranking.  
For those ranked ‘low to moderate’, the moderate ranking generally only applies in a 
few specific situations, with most of the industry receiving a ‘low’ ranking. 
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While there are numerous national and international research programs addressing 
the potential environmental impacts of oyster aquaculture, research in South Australia 
is limited. Results from the workshop indicate that the most important research needs 
are to determine: 

 the food requirements of oysters and the potential for competition with native 
filter feeders and 

 the effects of physical disturbance and shading on the nearby environment. 
 
Other lower priority areas of research include determining: 

 the effects of diseases and parasites in the cultured stocks on other species,  
 the potential for the introduction of invasive/exotic species, and 
 the potential for establishment of feral populations and their associated 

impacts.  
 
Tighter management and/or reporting protocols may also be useful to reduce or better 
assess: 

 the consequences associated with damage to dune vegetation and  
 coastal erosion stemming from inappropriate access to lease areas. 

 
It should be noted that these issues are not restricted to aquaculture, and to be fully 
effective any controls should be placed on all relevant users of the coastal 
environment. 
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2  Introduction 
 
A large and well established oyster aquaculture industry currently exists in South 
Australia. As with all aquaculture operations, there is a potential for negative 
environmental impacts from the oyster industry. While it is generally agreed that the 
environmental impacts of the oyster aquaculture industry are likely to be less than 
those from some other forms of aquaculture (e.g. sea-cage finfish farming), there is 
still concern from some members of the public and some government/non-
government organisations about possible detrimental impacts to the environment. In 
addition, the ecologically sustainable development (ESD) of the oyster aquaculture 
industry is vital for ensuring its long-term viability. In order to address environmental 
concerns and to continue working towards ESD, there is an urgent need to assess the 
potential environmental risks associated with oyster aquaculture in South Australia. 
 
The present report provides a summary of the outcomes (and subsequent follow-up 
work) from an environmental risk assessment workshop that was held during late 
2003 to assess and prioritise the environmental issues associated with intertidal 
shellfish industry in South Australia. While several species of shellfish are licensed 
for cultivation in the intertidal shellfish sector, the Pacific oyster (Crassostrea gigas) 
is the main species farmed and was the only species considered during the workshop. 
The main aims of this report are to: (1) document outcomes from the workshop (and 
an associated industry meeting held at a later date), (2) provide a brief literature 
review of the issues that were considered to represent a moderate or high risk to the 
environment, and (3) provide modified risk rankings based on the outcomes of the 
literature review and stakeholder comments. This report is one in a series of 3 risk 
assessment reports that collectively address objective 2 of FRDC Project No. 
2003/223 “Environmental audit of marine aquaculture developments in South 
Australia”.  The “audit” project has four objectives: 
 

1. Review the current environmental status of marine aquaculture in South 
Australia by assessing the level and adequacy of existing information 
collection protocols in relation to environmental impacts. 

2. Assess and prioritise the actual and potential environmental impacts of marine 
aquaculture in South Australia using a formal risk assessment framework. 

3. Investigate identified high priority environmental impact issues through 
targeted field based R&D, including the development and evaluation of 
methodologies and sustainability indicators. 

4. Develop aquaculture sector-based optimal environmental monitoring 
programs, including identifying the parameters to be measured 
(environmental as well as farm management), the spatial and temporal 
frequency of monitoring required, and select critical decision points against 
which ESD performance can be measured. 
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2.1   Intertidal Shellfish Culture in South Australia 
 
Early attempts to cultivate the native oyster, Ostrea angasi in South Australia began 
as early as 1910 (Grove-Jones 1986). These attempts and subsequent attempts at 
cultivating both O. angasi and the Sydney rock oyster, Saccostrea commercialis 
received little success because of poor growth rates and survival (Olsen 1994). 
Following the success of cultivating the Pacific oyster, Crassostrea gigas in 
Tasmania, it was introduced to South Australia in 1969 and successful cultivation 
soon followed (Olsen 1994). Since this time the oyster industry has grown 
considerably and in the 2002/03 year, South Australia produced over 3.8 million 
dozen oysters, valued at over $16 million (SARDI Aquatic Sciences 2004). Cultured 
Pacific oysters are currently grown in sheltered intertidal locations on the West Coast, 
Spencer Gulf, Gulf St Vincent, and north eastern Kangaroo Island) (Figure 1). 
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Figure 1. Map of South Australia indicating the location of intertidal oyster farms. 

 
In South Australia, oysters are grown using one of two methods, both of which have 
been developed to best suit the physical factors of the site as well as the size of 
oysters transferred onto the farm. The two intertidal methods utilised are the use of 
traditional rack and rail systems, and the unique South Australian BST long-line 
system (PIRSA Aquaculture 2000). The rack and basket method of culture has been 
used since the inception of oyster farming in South Australia and involves the use of 
rectangular shaped baskets, made from polypropylene mesh, which are secured to 
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wooden racks. Stocking density, basket mesh size, and position of the posts vary with 
water depth, the tides experienced at the farm site and the size of the oysters (PIRSA 
Aquaculture 2000). If spat are smaller than 10 mm, trays are generally used instead of 
racks. The trays allow for good water exchange but also protect the spat from 
excessive currents which can cause them to fall out. Oyster trays are made of wooden 
frames with mesh covering; they are usually separated into compartments to prevent 
oysters “clumping” at one end (PIRSA Aquaculture 2000). The other method of 
intertidal oyster culture in South Australia is the BST long-line method. This method 
utilises bags made of polypropylene mesh (cylindrical in shape >90cm length x 15 
cm diameter) which contain the oysters and are hung on a wire suspended by wooden 
uprights (Figure 2). The height of the wires can be adjusted so the bags can be 
lowered or raised depending on the tide. (PIRSA Aquaculture 2000).  
 
 

Figure 2. The BST long-line method of oyster culture 
utilised in South Australia. Photo courtesy of PIRSA 
Aquaculture. 
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3 Methodology 

3.1 Risk Assessment Framework 
 
In order to identify and prioritise the potential environmental issues associated with 
oyster aquaculture in South Australia a formal risk assessment framework was used. 
The risk assessment was conducted using the National ESD reporting framework for 
Australian fisheries (Fletcher et al. 2002) and the aquaculture supplement (Fletcher et 
al. 2003).  The reports of Fletcher et al. (2002, 2003) were developed to provide a 
framework that could be used consistently across all fishery and aquaculture sectors 
in Australia.  The framework is based on the Australian standards for risk 
management (AS/NZS 4360 1999) which is used to conduct risk assessments for a 
wide variety of industries.  This particular framework focuses on ESD outcomes by 
developing operational objectives and indicators to monitor and evaluate performance 
of management (Cheeson et al. 2000). 
 
In the development of the framework, all the possible environmental, social and 
economic issues relating to all forms of aquaculture are identified and then grouped 
together in the form of eight generic component trees (see Figures 2-5 and Appendix 
2): 
 

1. The environmental effects of the whole industry. 
2. Environmental effects of the industry on the catchment/region. 
3. Environmental effects of the individual facilities. 
4. Impacts on the indigenous community wellbeing. 
5. Impacts on community wellbeing. 
6. Impacts on the national socio-economic wellbeing. 
7. Governance. 
8. Impact of the environment on the industry.   

 
Each issue within a tree is assigned a risk ranking using a risk analysis tool outlined 
in the ESD framework, which is based on the Australian standard for risk 
management (AS/NZS 4360 1999).  To assign a level of risk to an issue, two factors 
must be determined – the potential consequence arising from a particular activity, and 
the likelihood that this consequence will occur.  The combination of consequence and 
likelihood produces an estimate of the risk associated with a particular issue.  The 
main aim of the risk assessment is to determine if current management is sufficient, 
and therefore the current management strategies need to be considered when 
determining the consequence and likelihood levels.  The risk assessment thus 
assesses the controlled risk if control measures are already in place, and only assesses 
uncontrolled risk if no such measures exist.  Each issue is assigned a level of 
consequence (from negligible to catastrophic) and likelihood (from remote to likely).  
In assigning a likelihood level it is important to remember that an assessment is being 
made of the likelihood of that consequence occurring and not the likelihood of that 
particular activity occurring.  The consequence and likelihood levels are determined 
using the tables outlined in the framework (Tables 1 and 2).  The risk value and 
ranking for each issue are then determined using a risk matrix (Table 3). Each risk 
ranking has an associated level of management response and reporting requirements 
(Table 4). 
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Table 1. The consequence table for use in ecological risk assessments related to 
aquaculture (from Fletcher et al. 2003).  While this is the table used in the workshop, 
participants were asked to assess the situation over the next 5 years, and thus the 
wording should have been changed to reflect this time frame. 

Level Descriptor 
Negligible (0) Very insignificant impacts. Unlikely to be even measurable at the scale of the 

stock/ecosystem/community against natural background variability. 
Minor (1) Possibly detectable but minimal impact on structure/function or dynamics. 
Moderate (2) Maximum appropriate/acceptable level of impact (e.g. full assimilation rate for 

nutrients). 
Severe (3) This level will result in wider and longer-term impacts now occurring (e.g. 

increased plankton blooms). 
Major (4) Very serious impacts now occurring with relatively long time frame likely to be 

needed to restore to an acceptable level. 
Catastrophic (5) Widespread and permanent/irreversible damage or loss will occur – unlikely to 

even be fixed (e.g. extinctions). 
 
 

Table 2. Likelihood definitions (from Fletcher et al. 2002). 

Level Descriptor 
Remote (1) Never heard of, but not impossible 

Rare (2) May occur in exceptional circumstances 
Unlikely (3) Uncommon, but has been known to occur elsewhere 
Possible (4) Some evidence to suggest this is possible here 

Occasional (5) May occur 
Likely (6) It is expected to occur 

 
 

Table 3. Risk Matrix – numbers in cells indicate risk value, the colours/shades 
indicate risk rankings (from Fletcher et al. 2002). NB the risk level is calculated by 
multiplying the likelihood value by the consequence value. 

Consequence 

Negligible Minor Moderate Severe Major Catastrophic   
 Likelihood 0 1 2 3 4 5 
 Remote 1 0 1 2 3 4 5 

 Rare 2 0 2 4 6 8 10 

 Unlikely 3 0 3 6 9 12 15 
 Possible 4 0 4 8 12 16 20 
 Occasional 5 0 5 10 15 20 25 
 Likely 6 0 6 12 18 24 30 
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Table 4. Suggested risk rankings and outcomes (amended from Fletcher et al. 2002). 

Risk 
Rankings 

Risk 
Values 

Explanation & Likely Management Response Likely Reporting 
Requirements 

 Negligible 0 Nil Short justification only 
 Low 1 – 6 No specific additional management is needed, 

but low level monitoring of the issue may be 
required. Any current management should 
continue, as the risk ranking is based on the 
current management in place. 

Full justification needed 

 Moderate 7 – 12 Additional information may be needed or the 
issue may require monitoring. No immediate 
management is required, but the issue should 
be the subject of continuous improvement with 
the aim of achieving a low risk ranking in the 
future. 

Full performance report 

 High 13 – 18 Possible increases to management activities in 
addition to those already being applied. Needs 
to be monitored and any information 
deficiencies should be addressed. 

Full performance report 

 Extreme > 19 Increases in management activities in addition 
to those already being applied are strongly 
recommended. 

Full performance report 

 

3.2 Risk Assessment Workshop 
 
In order to successfully undertake an environmental risk assessment, all of the 
potential environmental issues need to be identified. Identification of all issues can 
only be achieved when opinions and thoughts are obtained from a number of 
stakeholders/stakeholder groups. Workshops have been widely recognised as one of 
the most efficient ways to gather all of the information required for a formal risk 
assessment. Consequently, an environmental risk assessment workshop was held at 
the South Australian Aquatic Sciences Centre on the 15th December 2003 using the 
National ESD Reporting Framework for Australian Fisheries (Fletcher et al. 2002) 
and the aquaculture supplement (Fletcher et al. 2003). A number of people were 
invited to participate, representing industry, government, non-government, and 
community groups (Appendix 1).  The workshop was convened by Dr Simon Bryars 
from SARDI Aquatic Sciences. 
 
Only the four component trees that related to environmental issues (i.e., trees 1-3 and 
part of tree 8) were addressed in the workshop (Figures 3-6). During the workshop, 
each of the four generic component trees was modified to produce trees specific to 
oyster aquaculture.  This process involved either deleting or adding issues.  Each 
issue was then discussed in terms of current knowledge and management and 
assigned a risk ranking based on the potential risk associated with that particular 
issue.  Participants were asked to score the consequence and likelihood on the basis 
of what they expected over the next five years, not just on the current situation.  
Discussions leading to these risk rankings are summarised in Appendix 3. 
 
The focus of the workshop was to evaluate all potential environmental risks 
associated with oyster aquaculture rather than just known risks because there is very 
little documented information available on this aspect for South Australia.   
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While the National ESD reporting framework for Australian fisheries was used to 
perform the risk assessment, it is not the aim of the present report to produce an ESD 
performance report.  Rather the workshop was aimed at determining the potential 
environmental risks associated with oyster aquaculture as a precursor to conducting 
field assessments of the environmental impacts and developing environmental 
monitoring programs.  Thus, in this report, a brief literature review is given for all 
issues rated as moderate, high or extreme risk, but without conducting a full 
performance report.  This literature review will help to establish priorities for the next 
phase of the project, i.e. field investigations. A literature review was not conducted 
for issues within component tree 8, as those issues do not represent an impact on the 
environment but more an impact on the industry itself. While these issues are 
obviously important, they do not fall within the scope of this project.  
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Figure 3. Component Tree 1: Biological/Environmental effects of the whole intertidal 
shellfish aquaculture industry (modified from Fletcher et al. 2003). 
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Figure 4. Component Tree 2: Impact of intertidal shellfish aquaculture on the 
Catchment/Region (modified from Fletcher et al. 2003). 
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Figure 5. Component Tree 3: Impacts of individual intertidal shellfish aquaculture 
facilities on the environment (modified from Fletcher et al. 2003). 
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Figure 6. Component Tree 8: External impacts on the intertidal shellfish aquaculture 
industry (modified from Fletcher et al. 2003). 

 
Following the workshop a number of steps were undertaken to complete the risk 
assessment and finalise this report: 
 

1. A summary of the minutes and outcomes of the workshop was sent out during 
early 2004 to attendees, and invitees who were unable to attend, for any further 
comments (see Appendix 3). These comments are summarised as “Additional 
comments” in Appendix 3.  Additional comments were provided by PIRSA 
Aquaculture. 

2. Due to a lack of oyster aquaculture industry attendees at the workshop, an 
additional meeting was held at Pt. Lincoln on the 23rd April 2004 to obtain 
industry input for those issues ranked during the workshop as moderate or 
higher. These comments are summarised in the report as “Comments during 
industry workshop”. 

3. A brief literature review was conducted on all issues ranked as moderate or 
higher.  Of particular interest for the review was any information available from 
South Australia, although for a number of issues, none was found.  Where there 
was little or no information on an issue in South Australia a broader literature 
search was conducted to find any relevant information either in Australia or 
worldwide.  While the suggested outcomes for the determined risk rankings in 
Table 4 indicate that a full performance report is required for any issue 
determined to be of a moderate risk or higher, such a report was beyond the 
scope of the present report.  Furthermore, it is the responsibility of the relevant 
management authorities to write full performance reports. 

4. The risk rankings were re-assessed by the authors based on both the comments 
made during the workshop, the meeting held in Port Lincoln and also the results 
of the literature review. 

5. The present report was sent out to workshop attendees and invitees for final 
comment. 
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4 Results 
 
Component trees 1 (whole of industry), 2 (catchment/region) and 3 (individual 
facilities) were discussed in the most detail. There were no issues in component trees 
1, 2 and 3 that were given a risk ranking higher than ‘moderate’. This is a positive 
outcome as a high ranking indicates a need for immediate increased management, and 
an extreme ranking suggests that careful consideration needs to be given to the 
continued existence of the industry. During the workshop ten of the 51 issues 
discussed were given a ‘moderate’ risk ranking (Table 5), these issues fall into seven 
broad groups, which are outlined below. The moderate risk ranking suggests that 
these issues may require further management or research.  However, management 
responses to moderate issues are unlikely to be immediate or drastic, and will 
generally involve continuous improvement over the next 5-10 years to reduce the risk 
to low. The issues discussed as part of component tree 8 (impacts of the environment 
on the industry) as well as those issues in component trees 1, 2 and 3 given risk 
rankings lower than moderate are summarised in Appendix 3.  
 

1. Effects of diseases and parasites in the cultured stocks on other species. 
2. Risks associated with the introduction of invasive/exotic species. 
3. Effects of nutrient removal on other filter feeders. 
4. Impact of intertidal shellfish aquaculture on terrestrial vegetation. 
5. Risks associated with the formation of feral populations. 
6. Impact of physical disturbance on the environment. 
7. Effects of shading on the environment. 
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Table 5. List of environmental issues from component trees 1 (whole of industry), 2 
(catchment/region) and, 3 (individual facilities) that were given a moderate or 
moderate to high risk ranking following the workshop and industry meeting. The 
consequence, likelihood and risk values are given. The justifications for these values 
for each issue are given in the summary tables for the workshop in the relevant 
sections of the discussion.  

 
Issue Component 

tree 
Consequence Likelihood Risk 

Ranking 
Authors 
ranking 

Effects of disease in the cultured stocks 
on other species  

Whole of 
Industry 

3 
 

4 
 

12 Moderate 

Risks associated with the introduction of 
invasive species 

Catchment / 
region 

4 2 8 Moderate 

Effects of nutrient removal on other 
filter feeders 

Catchment / 
region 

2 4 8 Moderate 

Impact of intertidal shellfish aquaculture 
on terrestrial vegetation 

Catchment / 
region 

3 
 

4 12 Low 

The effects diseases as a result of 
translocations, escapements etc. of 
stock 

Catchment / 
region 

3 4 12 Moderate 

Risks associated with introduction of 
exotic species 

Catchment / 
region 

5 2 10 Moderate 

Risks associated with the formation of 
feral populations 

Catchment / 
region 

4 
 

2 
 

8 
 

Low-
Moderate 

Impact of physical disturbance of the 
environment 

Individual 
facilities 

2 
 

4 
 

8 
 

Low-
Moderate 

Effects of shading on the environment 
 

Individual 
facilities 

2 
 

6 
 

12 
 

Low-
Moderate 

Impact of BST long-lines and shading on 
the environment 

Individual 
facilities 

2 
 

4 
 

8 
 

Low-
Moderate 
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5 Discussion 
 
The issues in the following sections were given a ranking of ‘moderate’ or higher 
during the risk assessment workshop. For each issue, the comments and risk 
assessment values determined during the workshop are firstly summarised (Table 6-
14). It should be noted that the comments in these tables came directly from the 
workshops, or are direct quotes from subsequent written comments. As such, they do 
not necessarily represent SARDI’s view, and no warranty is made as to their factual 
correctness. In the national ESD framework aquaculture guide supplement (Fletcher 
et al. 2003) a brief description of the issue to be discussed is given and this 
description has been included in the summary of each issue. Everyone who was 
invited to attend the workshop was also invited to comment on the workshop 
summary and this report. Any additional comments that were made, or alternative 
risk values that were given have also been included in the summary table for each 
issue that was ranked as moderate. Wherever possible the exact comments were 
included, however additional words and phrases have been included to improve 
readability and understanding. 
 
Each workshop summary table is followed by a brief review of the current knowledge 
and literature relevant to that topic.  The literature review combined with workshop 
summaries and additional comments for each issue are discussed in terms of the 
implications for the South Australian oyster aquaculture industry.  Unless otherwise 
specified, any recommendations in the tables were made in the workshop or in 
written submissions following it, while those in the current knowledge section come 
from the authors. 
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5.1 Diseases & Parasites 
 

Table 6. Summary of comments and risk assessment values relating to the impact of 
diseases and parasites to other fauna made during the two environmental risk 
assessment workshops for the oyster industry. Additional comments were received 
after the workshops.  Wherever possible the exact comments were included, however, 
additional words and phrases have been included to improve readability and 
understanding. 

 
Description 
(Fletcher et al. 2003) 

Could diseases/parasites from the cultured species be passed on to other 
fauna in the area, either through water or from escapes? 

Level of impact Whole of the industry 
Comments during 
workshop 

 There are some naturally occurring diseases in native scallops and native 
oysters, although we do not know much about them and are unsure as to 
whether or not they will impact on the cultured oysters.  

 Bonamia (which is a protozoan) is a problem in Europe; currently we do 
not know if it is present in South Australian waters.  

 Boccardia (mud worm) is also a species of concern, however we do not 
know much about it. We do know that it kills oysters and it is present in 
Tasmania which is where South Australian spat comes from. At the 
moment we are unsure as to whether or not it is present in SA waters 
(have we been looking hard enough?).  

 Translocation of spat from Tasmania to South Australia: Spat that is 
transported from Tasmania is screened and treated for Boccardia. Batch 
testing involves treatment with fresh water. 

 The issue of disease transmission from Pacific oysters to native shellfish 
needs to be addressed. 

 It is possible that there are diseases present that we are currently not 
aware of. Translocation only takes place between Tasmania and South 
Australia and there are translocation policies already in place between 
these two locations. 

Comments during 
industry workshop 

 Extensive import protocols are in place and have been revised in the 
past, however, we need to follow up information on existing protocols. 

 The industry takes biosecurity very seriously as it is their livelihood that 
is at stake. 

Additional comments 
PIRSA Aquaculture  Bonamia is present in SA and is currently being identified as part of an 

FRDC project. SA has been surveyed for Boccardia knoxi, but to a 
limited degree and it has not been located. However, this does not ensure 
it is absent from SA. Any findings would be dealt with under the 
Emergency Procedures Manual, reducing the risk of serious damage to 
wild stocks or production. It is very likely that it would be detected due 
to mortalities in both oysters and abalone. A systematic disease survey 
of Pacific oysters to OIE standards was carried out in 2003 by PIRSA 
Aquaculture Animal Health Unit. In combination with the translocation 
policy, this significantly mitigates risk. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 3 4 12 Moderate 
Industry workshop    Low 
PIRSA Aquaculture    Low 
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Description 
(Fletcher et al. 2003) 

Are there any disease issues associated with translocations, escapements, 
breeding programs, farming practices, etc? 

Level of impact Regional 
Comments during 
workshop 

 Currently we do not know a lot about disease issues associated with 
translocations, escapements, etc. but if a disease was to occur there 
would be potentially severe consequences. More information is needed. 
We do know that Boccardia kills abalone, but we are not sure if is likely 
to be a problem in SA. We do not know the effects associated with 
scallops. 

 The risk value given to this issue is likely to represent the worst-case 
scenario, but there are many knowledge gaps (Refer to comments in 
Component Tree 1). 

Comments during 
industry workshop 

 Again disease is a danger to the industry, especially since there is a lot of 
transportation between bays. Farmers are not allowed to transport 
infected oysters and there is sufficient protocol in place to reduce the 
risk of translocating diseases between bays. We are unsure if a disease is 
introduced at a bay level that it will put the whole industry at risk. 

 Farmers need to be educated on diseases to ensure they can act quickly 
as the issue arises. 

 Given that there is extensive transportation of oysters across bays, a 
moderate risk value is appropriate. 

Additional comments 
PIRSA Aquaculture  Tasmanian spat are screened routinely for diseases. Much research 

Australia wide is being conducted on diseases of shellfish. Some 
diseases may be severe, but not all. Overall the risk is low because of the 
lack of knowledge pointed out. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 3 4 12 Moderate 
Industry workshop    Moderate 
PIRSA Aquaculture    Low 
 
 
Current knowledge 
 
The Pacific oyster (Crassostrea gigas) was first introduced from Tasmania into South 
Australia for the purpose of aquaculture in 1969. While any diseases associated with 
this original introduction are likely to have been detected by now, there are continued 
annual introductions of spat from Tasmania. As with the introduction of any other 
marine species, the introduction of the Pacific oyster brings with it risks associated 
with the introduction of exotic organisms such as diseases or parasites. One of the 
main concerns is that these exotic diseases/parasites might be transmitted to native 
species (Stickney 2002).  
 
The risk associated with the introduction of diseases and/or parasites into South 
Australia from cultured oysters was given a risk ranking of ‘moderate’ during the 
Environmental Risk Assessment Workshop at both the ‘whole of industry’ and 
‘regional’ levels (Table 6). This ranking was agreed upon by attendees of the 
workshop based on the current lack of knowledge concerning the distribution of 
Bonamia (a protozoan) and Boccardia (mudworm) in South Australia; two exotic 
species that are known to cause problems to oyster industries interstate (including 
Tasmania) and overseas. At this time the South Australian oyster growers obtain their 
Pacific oyster spat from either the South Australian Oyster Hatchery at Louth Bay, or 
from hatcheries in Tasmania (PIRSA Aquaculture 2000). Based on the fact that 
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current management practices ensure that extensive import protocols are in place, 
industry representatives along with PIRSA Aquaculture reviewed the risk ranking and 
considered it to be low at the ‘whole of industry’ level. The moderate risk ranking at 
the regional level was retained by the industry representatives due to the widespread 
movement of animals within South Australia. 
 
While there are a large range of diseases and parasites that pose a threat to oyster 
industries interstate and overseas, in South Australia there are concerns about 
Bonamia (a protozoan) and Boccardia (mudworm). Information about these species 
is presented below. 
 
Bonamia  
 
Bonamiosis is a parasitic disease known to occur in a range of oyster species and is 
caused by the haplosporidians Bonamia ostreae, B. exitiosas and Mikrocytos 
roughleyi (OIE 2003). While the disease is not a human health concern, it has 
resulted in significant oyster mortality events worldwide (Elston 1990; Doonan et al. 
1994). In Australia, species known to cause bonamiasis include B. exitiosas and M. 
roughleyi, both of which are currently restricted to Western Australia, Victoria and 
Tasmania (OIE 2003). At this stage these species are not considered to inhabit South 
Australian waters. However, in late 2003, a Bonamia-like species was found in very 
low numbers in cultured Pacific oysters, Crassostrea gigas in South Australia. This 
Bonamia-like microcell is currently being identified (Colin Johnston, pers. comm.). 
Despite this recent discovery, the Office International des Epizooties (OIE) consider 
that C. gigas is resistant to Bonamia. While the resistance of C. gigas to Bonamia is 
encouraging for the oyster industry in South Australia, its impact on native species of 
oysters such as Ostrea angasi is a concern. 
 
Boccardia 
 
Boccardia and Polydora are two groups of shell-boring polychaetes from the Spionid 
family. Both groups of polychaetes have been known to infect a variety of mollusc 
species including oysters, abalone, scallops and mussels and have resulted in severe 
infestations, including mortality, in Tasmania, South Australia, Western Australia, 
New Zealand, and Chile (Handley and Bergquist 1997; Lleonart 2001). Mudworms 
damage molluscs by boring into the surface of their shell. This is achieved by 
secreting a digestive substance which dissolves the calcium carbonate of the shell. 
When the worm contacts the mantle of the host the shellfish respond by secreting 
extra shell material over the worm – forming a blister. Early blisters tend to be 
yellow/amber in colour, however, with time, blisters may become covered in pearly 
nacre or alternatively become dark brown or near black in appearance. The latter 
occurs when considerable sediment and faecal matter deposited by the mudworm is 
accumulated within the blisters and the surface nacre layer does not become thick 
enough to mask the interior (Lleonart 2001). The impact of mudworms on molluscs 
varies. In addition to mortality, spionid infestation has been associated with reduced 
flesh weight, decreased growth rate and decreased shell strength (Lleonart et al. 
2003). 
 
While there are a number of mudworm species that have been known to impact on 
oyster stocks in Australia, the most concerning to the South Australian industry is 
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Boccardia knoxi. Boccardia knoxi has been implicated in the mortality of farmed 
abalone in Tasmania (Lleonart et al. 2003) and is also known to occur in Tasmanian 
Pacific oyster farms. While B. knoxi is currently not known to be present in South 
Australia, the severity of infestations in Tasmania are a concern, especially 
considering that Pacific oyster spat is obtained from hatcheries in Tasmania. Other 
species of Boccardia known to be present in South Australia include B. polybranchia, 
B. proboscidea and B. chilensis (SAORC 2003). 
 
Despite the fact that B. knoxi or species known to cause bonamiosis are not present in 
South Australia, the introduction of diseases or parasites such as these would be 
unlikely, especially considering the extensive import protocols that are in place 
(Table 6). However, if a disease or parasite was introduced either through the import 
of spat or other means, it could easily be spread via translocation between bays, thus 
the consequences could be major or severe (3 or 4, see Table 3), resulting in the 
allocation of a moderate risk ranking during the workshop. In order to lower the risk 
if a disease or parasite was introduced, it is essential that the oyster growers be fully 
informed about the status of all diseases and parasites that are either present or pose a 
threat to the industry and know how to recognize their presence. This will minimize 
the risk of spreading the disease/parasite through the translocation of oysters between 
bays and reduce the risk ranking to low. 
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5.2 Invasive / Exotic Species 
 

Table 7. Summary of comments and risk assessment values relating to the threat 
associated with the introduction of invasive/exotic species made during the two 
environmental risk assessment workshops for the oyster industry. Additional 
comments were received after the workshops. Wherever possible the exact comments 
were included, however, additional words and phrases have been included to improve 
readability and understanding. 

 
Description 
(Fletcher et al. 2003) 

What are the risks associated with the introduction of invasive species at the 
regional level? 

Level of impact Whole of Industry 
Comments during 
workshop 

 This issue was added to the component tree during the workshop. 
 The introduction of exotic species is likely to begin as a problem at the 

Bay level but may have the potential to impact on the whole industry. 
Comments during 
industry workshop 

 The introduction of invasive species (e.g mussels) would impose a very 
high risk to the industry, however, the likelihood of an introduction is 
remote based on spat import protocols. There is a possibility of 
introducing invasive species from New Zealand imports. 

 Concerns were raised regarding an increase in the native mussel 
population in the vicinity of some farms, however, this is likely to be 
attributed to an increase in substrate. Are they competing with the 
oysters? 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 4 2 8 Moderate 
PIRSA Aquaculture    Low to 

Moderate 
  
Description 
(Fletcher et al. 2003) 

What would be the risks associated with the introduction of an exotic 
species? 

Level of impact Regional  
Comments during 
workshop 

 The introduction of an exotic species is likely to begin as a problem at 
the Bay level but may have the potential to impact on the whole 
industry. Introductions may occur during the translocation of spat, 
however the likelihood associated with this is relatively low.  

 There may be some incentive for farmers to import spat through other 
means to save money and also reduce the chance of introductions? 
Currently spat are treated in fresh water before translocation. 

 Possibility of introduction of Northern Pacific sea star, Asterias 
amurensis which is a major problem in Tasmania and Victoria. Current 
management appears adequate. 

Comments during 
industry workshop 

 Invasive species can be introduced through the importation of spat into 
South Australia. Again there is strong import protocol in place and all 
imported spat is accompanied with a health certificate. 

Additional comments 
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PIRSA Aquaculture  Spat cannot be transported out of Tasmania without certification from 
DPIWE Tasmania. Currently, only a few hatcheries send spat to SA and 
these are all part of the Tasmanian quality assurance program. 
Hatcheries are required to be a part of this program. As the risk analysis 
mentions, the risk mitigation is adequate. If the risk management is 
adequate, then why is the risk moderate? The model for risk analysis you 
use includes risk mitigation as a factor in assessing risk. 

 By following translocation policies the risk is very low taking into 
consideration the likelihood of introduction, likelihood of establishment 
and consequences. A moderate risk ranking would be appropriate if 
introduction from all sources were considered. Thus, risks through 
translocation strictly according to protocols = LOW, risk from other 
sources = MODERATE. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 5 2 10 Moderate 
Industry workshop    Moderate 
PIRSA Aquaculture    Low 
 
Current knowledge 
 
Throughout history there have been numerous examples of how aquaculture has 
facilitated the spread of invasive species. For example, the introduction of Pacific 
oysters in North America, brought with it a number of exotic species including the 
Japanese oyster drill (Ceratostoma inornatum) and the oyster flatworm 
(Pseudostylochus ostreophagus); two important predators of bivalves (Chew 1990). 
Unfortunately, in most instances, the introduction of exotic species has a negative 
impact in the invaded ecosystem and in many cases invasive species not only alter 
natural interactions but can also compete with and even displace native organisms 
(Carlton and Geller 1993).  
 
The introduction of invasive species as a result of aquaculture can occur in many 
ways. The most likely vector for transport of invasive species through the South 
Australian oyster industry would be the translocation of oyster spat from Tasmania, 
although this risk is low in comparison to other likely vectors (e.g. ballast water and 
fouling on ships hulls). Consequently, the main species of concern to the oyster 
industry in South Australia are those invasive species that currently inhabit 
Tasmanian waters but are not yet present here. Such species include the Asian kelp, 
Undaria pinnatifida and the northern Pacific seastar, Asterias amurensis. Undaria 
pinnatifida is a brown macroalgae, originally endemic to Japan. It was introduced 
into Tasmania in 1988 and has increased in distribution markedly since this time. In 
heavily infested areas, U. pinnatifida, has been known to severely alter the 
understorey communities in which it grows (NIMPIS 2002). The main mechanism for 
the spread of U. pinnatifida is by attaching to the hulls of vessels, however, it is 
thought to have invaded the waters of the coast of France via Pacific oyster shipments 
(Fletcher and Farrell 1998). Asterias amurensis was first recorded in southeast 
Tasmania in 1986 where it has become a dominant invertebrate predator (Byrne et al. 
1997). While A. amurensis will eat almost any animal tissue it can capture, it poses a 
serious threat to shellfish such as cockles, oysters, scallops and other clams (eg. Ross 
et al. 2004). This has been demonstrated in Japan where population outbreaks of A. 
amurensis have been shown to have a considerable impact on shellfish mariculture 
(NSW Department of Fisheries 2000). The introduction of A. amurensis into 
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Tasmania and Victoria is thought to have been via the transport of larvae in ballast 
water. However, other mechanisms, including the movement of commercial bivalve 
shellfish for aquaculture have been recognised to have the potential to facilitate its 
spread (NSW Department of Fisheries 2000). 
 
Other species that may be of some concern to the South Australian oyster industry 
include a variety of phytoplankton. Species known to be present in Tasmania but not 
South Australia include Gymnodinium pulchellum, Coolia monotis, Pseudo-nitzschia 
australis, Chrysochromulina polylepis and Phaeocystis globosa (summarised from 
Marsh 2003). While these species may not have caused problems for the shellfish 
industry in Tasmania they have produced harmful effects in other areas (some 
produce toxins) and are listed in a book titled “Aquaculturists’ guide to harmful 
Australian microalgae” produced by Hallegraeff (2002). Importantly, the introduction 
of exotic phytoplankton is more likely to be via ballast water rather than from 
translocation of oysters from Tasmania.  
 
Vector management is an extremely important tool to prevent further spread and 
translocation of introduced species, including U. pinnatifida and A. amurensis. Ever 
since Pacific oyster spat were introduced into South Australia, quarantine 
requirements have been in place; with the first batch of oyster spat being set out in 
Kellidie Bay on April 28 1970, following 16 days in quarantine (Olsen 1994). To this 
day there are extensive import protocols in place. Spat cannot be transported out of 
Tasmania without certification from the Department of Primary Industries, Water and 
Environment (DPIWE) which involves the imported spat to be depurated in UV 
treated 5 micrometre filtered seawater for 12 hrs; a method which has been shown to 
be sufficient in washing out cysts and spores from Undaria, Asterias and 
phytoplankton species (C. Johnston, PIRSA Aquaculture, pers. com.). These import 
protocols have been designed to reduce the risk of importing an exotic species during 
the translocation of spat from interstate to low.  If these protocols are violated in any 
way, the risk will increase substantially.  There is also a risk of introducing exotic 
species already present in some areas of South Australia to other areas of the state. 
Consequently the overall moderate risk ranking is appropriate due to the combination 
of inappropriate translocations, ballast water, hull fouling and other vectors. 
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5.3 Nutrient Removal 
 

Table 8. Summary of comments and risk assessment values for the issues relating to 
nutrient removal made during the two environmental risk assessment workshops for 
the oyster industry. Wherever possible the exact comments were included, however, 
additional words and phrases have been included to improve readability and 
understanding. 

 
Description 
(Fletcher et al. 2003) 

Could the Aquaculture operations result in nutrient removal at the regional 
scale? 

Level of impact Regional Scale 
Comments during 
workshop 

 This issue was added to this branch of the component tree from the water 
quality branch. 

 There is some evidence to suggest that oysters are depleting nutrient 
resources. For example oysters are sometimes moved from one part of a 
lease to another in order to improve condition. This suggests that the 
oysters could be removing food from other filter feeders within the area, 
however this is unknown. 

 Sometimes farms are moved to access more food, but generally there is 
more food in the original area, indicating that other factors are also at 
work (eg. temp and salinity). 

 An honours research project showed that oyster farms can act as a refuge 
for razorfish as they are not harvested by the public inside leases. 
However results also indicated that the condition of razorfish was lower 
inside the leases than outside. Resources are currently being allocated to 
determine carrying capacity (FRDC Project). An increase in oyster 
numbers might have big consequences. 

Comments during 
Industry workshop 

 This question raised many issues regarding nutrient removal and 
competition between filter feeders. We currently need to clarify what 
nutrient removal is and what components oysters are filtering, in order to 
gain an understanding of the impacts on native filter feeders. Apparently, 
an oyster monitoring program measured the effects of oysters on native 
filter feeders. Results? 

 It was suggested that razor fish are different filter feeders than oysters 
due to their position in the water column and there is evidence that they 
grow better and are more abundant under racks than outside racks. It was 
also suggested that oysters may release components back into the water 
column which may be beneficial to razor fish. 

 Due to the many unanswered questions regarding nutrient removal, it 
was suggested that this question be rephrased to – Could the aquaculture 
operation impact on native bivalve filter feeders? 

 We currently lack information on the effect of overstocking on 
production issues. For example, the industry wants to grow large oysters, 
however, large oysters require more nutrients. Will removing more 
nutrients from the water affect native filter feeders? 

 Nutrient removal was considered to be more of an issue (if any) on a 
farm basis rather than on a regional scale. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 2 4 8 Moderate 
Industry workshop    Low 
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Current knowledge 
 
Oysters can improve water quality by reducing the concentration of organic matter, 
detritus, particulate-bound nutrients (such as phosphorous and nitrogen), bacteria and 
phytoplankton in the water column (Nelson et al. 2004; Jones et al. 2002; Mann 
2000; Jones and Preston 1999; Gerritsen et al. 1994). Thus, for example, it has been 
suggested that a major reason for the decline in water quality in Chesapeake Bay is 
overfishing of oysters. As a corollary, oysters also have the ability to reduce food 
availability for other filter feeders. Despite the fact that oyster excretion increases the 
amount of dissolved nutrients (particularly NH4

+) in the water column (Jones and 
Preston 1999), Jones et al. (2002) showed that oysters cause a net reduction in total 
nutrients. Nutrient removal can be significantly affected by a number of factors. For 
example, high turbulence associated with oyster reefs has been shown to improve 
resuspension of small particles, thus enhancing filtration (Lenihan 1999). 
Infrastructure used to culture Pacific oysters in South Australia may have a similar 
effect on water flow. Racks used to house oysters are likely to create some level of 
turbulence in the water, thus enhancing filtration.  
 
It was mentioned during the workshop that oysters might be reducing food resources 
for other filter feeders, such as razor fish, in the area (Table 8). Ultimately, this will 
depend on the size and type of particles each species filters. A risk assessment of the 
effects of Tasmanian shellfish farming on the environment conducted by Crawford 
(2003) found that if food resources became limited due to Pacific oyster cultivation, a 
decrease in the growth rate and condition of the oysters and endemic filter feeding 
populations would be observed. An honours research project undertaken at one oyster 
lease in South Australia showed that the condition of an endemic filter feeder (Pinna 
or razorfish) was lower inside the lease, but that there was a higher abundance than 
outside of the lease (Krastev 2001). If reduced food supply was affecting their 
condition, and based on Crawford’s (2003) findings, this result suggests that the 
condition of oysters at that particular lease should also be low. The fact that Pinna are 
more abundant inside the lease can be attributed to fishing pressure outside the lease. 
Further investigations are required on a larger scale to determine if a relationship 
exists between Pinna health (and that of other filter feeders) and oyster cultivation. 
 
Several oyster farmers have suggested that Krastev’s (2001) findings may not be 
widely applicable and that instead Pinna condition is often greater inside leases than 
outside. If this is the case, it suggests that oyster farming actually increases food 
supply to these filter feeders. Such enhancement could be due either to changes in 
water flow – Pinna having an increased filtration efficiency, or to oysters removing 
organic matter from high in the water column, where it is not available to the Pinna, 
and reprocessing it to pseudofaeces which settle out rapidly and become available to 
the Pinna. 
 
Stocking density and total biomass of oysters can significantly influence nutrient 
status. For example, high stocking densities have been found to limit bivalve growth 
as a result of food limitation (Vincent et al. 1994). Therefore, it is in every farms 
interest to know their optimum stocking density or how many individuals can be 
grown before growth is limited or mortality becomes too high (Honkoop and Bayne 
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2002). It was mentioned during the workshop that some farms have been known to 
relocate when food resources become limited. A farm in Tasmania responded to 
limited food resources by simply reducing their stocking density and as a result better 
growth rates were observed (Crawford 2003). Thus, it is in the farmer’s best interest 
to derive a stocking density for their lease that maximises production and profit.  
 
Currently we have a poor understanding of what components oysters are feeding on, 
and almost no idea of what native filter feeders are utilising. It is thus almost 
impossible to make any but very general predictions about how oysters might affect 
native species. Presumably, it will only be species with a substantial degree of 
overlap in food resources that are likely to be negatively affected by oyster 
aquaculture. As the previous example with Pinna shows, it may also be possible for 
oyster aquaculture to enhance feeding rates in some filter feeders. We also do not 
know what proportion of food availability is removed by oysters. However, in bays 
with extensive production, it may be a large proportion of some components that is 
removed. Until we have a better handle on these questions, a risk ranking of moderate 
is probably appropriate to highlight the need for better information with which to 
determine the real risk. 
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5.4 Terrestrial Vegetation 
 

Table 9. Summary of comments and risk assessment values for issues relating to the 
loss of terrestrial vegetation in the vicinity of oyster farms made during the two 
environmental risk assessment workshops for the oyster industry. Wherever possible 
the exact comments were included, however, additional words and phrases have been 
included to improve readability and understanding. 

 
Description 
(Fletcher et al. 2003) 

How much terrestrial vegetation is “allowed” to be removed/affected by the 
construction/ operation of all the facilities within the catchment? 

Level of impact Regional  
Comments during 
workshop 

 Damage of terrestrial vegetation can occur but it is mainly historical. 
Vegetation can be destroyed during construction of farms and also 
activities associated with the operation. During construction the use of 
tractors has been known to destroy native vegetation. During operation 
of the farm some farmers have been known to cut through sand dunes 
and salt marshes to gain access to their farms rather than using boat 
ramps. For example, in one part of Coffin Bay, launching of boats 
occurs off the beach. Such activities may be due to a lack of boat ramps 
nearby (although most areas have access to boat ramps) or in some 
cases the operators creating their own access ramps. In some cases it is 
not just the operators of the farms that may utilise these “short cuts” but 
other users within the area may also (eg. recreational fishers). 

 There is a risk of blowouts associated with the use of unofficial boat 
ramps, however it is a very site-specific issue. In some areas this is a 
very serious issue and it is possible that this practice could destabilise 
sand dues at the Bay level. 

 This issue becomes relevant when assessing development applications 
(ie. boat ramps should always be present within the area). It is more 
likely that development applications will be accepted if there are nearby 
launching facilities. 

 This issue is currently considered in the application assessment and the 
development application, but there is concern as to whether or not 
operators actually use the specified route. 

Comments during 
industry workshop 

 There is no evidence that farmers have cut through sand dunes to gain 
access to their farms. It is highly likely that these access ramps existed 
before the farms were constructed and were utilised by local fishers. 
The farmers have continued to utilise these ramps and have not been 
using any new access ramps. In areas where boats are launched over 
rocks and sand, terrestrial vegetation was historically cleared or does 
not exist.  

 There is no evidence of blowouts associated with the use of unofficial 
boat ramps, instead a sand bar usually exists. 

 Farmers are responsible and respect their environment; they do not 
intentionally damage vegetation. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 3 4 12 Moderate 
Industry workshop    Low 
 
 
Current knowledge 
Habitat loss is currently considered one of the primary factors leading to a decrease in 
species richness and because of this ‘land clearance’ is a listed key threatening 
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process under the Environment Protection and Biodiversity Conservation Act 1999. 
The fragmentation and destruction of natural habitats has severely threatened the 
survival of many native terrestrial flora and fauna (Huxel and Hastings 1999), while 
the destruction and removal of vegetation has resulted in sand displacement and 
erosion of dune systems (Brown and McLachlan 2002). Damage to terrestrial 
vegetation during oyster aquaculture can occur through two pathways. The first is the 
development of onshore facilities. These are built on private land and should be 
treated in the same way as any other development activity as the issues are the same. 
Thus, this pathway is not considered further in this report. The second pathway is 
through accessing lease areas over coastal dunes etc. It is inappropriate for such 
access to occur unless appropriate provision has been made so as to reduce problems 
associated with damage to dune vegetation and coastal erosion. The proximity and/or 
provision of access needs to be considered for any future developments. Provided this 
is done, and farmers utilise legitimate access points, the risk to terrestrial vegetation 
should be low.  
 

 

SARDI Aquatic Sciences Publication No. RD04/0155-1  FRDC Project No. 2003/223 Report No. 4 



Intertidal Shellfish Risk Assessment Wear et al. 2004 Page 28 
   

5.5 Feral Populations 
 

Table 10. Summary of comments and risk assessment values for the threat that the 
cultivation of oysters will result in the formation of feral populations made during the 
two environmental risk assessment workshops for the oyster industry. Wherever 
possible the exact comments were included, however, additional words and phrases 
have been included to improve readability and understanding. 

 
Description 
(Fletcher et al. 2003) 

What are the risks associated with the formation of feral populations? 
 

Level of impact Regional 
Comments during 
workshop 

 How extensive are ferals? There are a few at some locations eg. jetties 
at Streaky Bay, Smoky Bay and Ceduna. They are, however, in very 
low numbers with the exception of Franklin Harbour. None have been 
found at KI. One of the reasons why they are not very abundant is 
because the habitat is not very suitable; as a result they will never reach 
the Bay-wide level. We do not have conditions conducive to settlement 
in oyster growing areas. They require hard substrate and most farming 
occurs in areas with soft substrate. 

 In Tasmania and NSW feral oysters are a lot more wide spread. We do 
not farm in areas conducive to oyster settlement, but we would more 
than likely have a feral oyster problem in some areas if farming were 
allowed. In SA there is very little spatfall in areas where the oysters are 
farmed. Even though the industry has been here for 50 or so years, there 
is still a potential for out breaks (as a plant ecologist recently found that 
plants can acclimate after 50 years). 

 Not a lot of other habitat for other species therefore competition for 
space on hard substrates would be fierce in those areas where there are 
ferals. 

 Given the limited amount of hard substrate the colonisation by ferals 
may result in loss of biodiversity. 

Comments during 
industry workshop 

 Farmers have observed very few or no oysters surviving outside the 
farm area because they do not farm in an environment conducive to 
oyster settlement. A study conducted at Denial Bay found only 124 
Pacific Oysters over a 10 year period.  

 The potential for an outbreak to occur is unlikely because a genetics 
study showed that the genetic composition of Tasmanian spat has not 
changed since it was brought into the country 40 years ago. If an 
outbreak did occur, what would be the impacts? 

 The Pacific Oyster is unlikely to compete for space and subsequently 
impact native oyster populations because they live lower in the water 
column than the native population. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 4 2 8 Moderate 
Industry workshop    Low 
 
 
Current knowledge 
 
The establishment of wild populations of C. gigas in South Australia was reported for 
the first time in Franklin Harbour and Denial Bay in 1990 (Hone 1993). Since this 
time, a variety of surveys in oyster-growing bays throughout the state have identified 
additional wild populations in Murat, Nepean, Smoky and Streaky Bays (Table 11; 
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Hone 1993; Hone 1996; Vandepeer 1995; Madigan and Clarke 1998). While wild 
populations of C. gigas are particularly abundant in Franklin Harbour and Murat Bay, 
the other locations have been found to contain relatively low numbers. Despite the 
apparent increase in the distribution of feral populations of C. gigas during the early 
1990’s, oyster-growing areas in South Australia do not tend to contain a large amount 
of substrate suitable for C. gigas and therefore the possibility of further feral 
populations establishing is limited. This is supported by the fact that feral oysters in 
South Australia are predominantly found inhabiting human built structures such as 
boat ramps, jetties and oyster racks, and that there appears to have been a decline in 
the number of feral populations since 1994 (Madigan and Clarke 1998).  There are 
also limited opportunities for feral populations to adapt to South Australian 
conditions over time, due to the continued import of the majority of spat from 
Tasmania. 
 
The establishment of feral populations of C. gigas in South Australian waters raises 
concerns regarding the impact upon other fauna, including the potential for the 
displacement of the native oyster, Ostrea angasi. In most areas of South Australia the 
likelihood of such an occurrence is probably low, not only because the distribution of 
ferals is limited to oyster-growing regions, but also because at these locations the 
abundance of ferals seems to be low and limited to human built structures (Madigan 
and Clarke 1998). The impact of ferals in areas where abundances are much higher, 
such as Franklin Harbour and Murat Bay, are more of a concern, especially 
considering that Vandepeer (1995) identified that feral populations of C. gigas in 
Murat Bay are capable of reproducing.  
 
One way to limit the potential impact of feral populations on other fauna would be to 
limit the introduction of C. gigas to other areas. If expansion of the oyster industry 
continues, sites that contain less substrate suitable for C. gigas establishment should 
be preferred over those that contain larger amounts of hard substrate. Provided oyster 
farming continues to occur in areas with little natural substrate, the risk of 
establishment of feral populations is probably low. However, there is still a 
possibility that larvae could escape these areas and establish in locations with greater 
prevalence of suitable substrate. The likelihood of this will depend on the planktonic 
duration of oyster larvae, and the hydrodynamic regime in and around oyster growing 
areas. Just because it has not happened yet, does not mean it can’t happen, and there 
are a number of cases of problem feral populations establishing in both marine and 
terrestrial systems many decades after the original introduction. If oyster farming 
expands to areas with greater amounts of hard substrate the risk could be moderate.  
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Table 11. The prevalence of populations of wild C. gigas in oyster growing bays 
throughout South Australia. Blank cells indicate that the distribution of wild 
populations were not looked at in those studies. 

Year Coffin 
Bay 

Denial 
Bay 

Franklin 
Harbour 

Louth 
Bay 

Murat 
Bay 

Nepean 
Bay 

Port 
Augusta 

Smoky 
Bay 

Streaky 
Bay 

Venus 
Bay Reference 

1990  Yes Yes   No  No No No Hone (1993) 

1992 
& 
1994 

No Yes Yes  Yes No  Yes Yes  Hone (1996) 

1995     Yes      Vandepeer 
(1995) 

1998 No No Yes No Yes Yes No No No No Madigan and 
Clarke (1998) 

 
Risks associated with the introduction of exotic species as a result of feral 
populations have been discussed in detail in section 6.2 of this report.
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5.6 Physical Disturbance 
 

Table 12. Summary of comments and risk assessment values for the threat that 
farming operations will result in physical disturbance of the environment made during 
the two environmental risk assessment workshops for the oyster industry. Wherever 
possible the exact comments were included, however, additional words and phrases 
have been included to improve readability and understanding. 

 
Description 
(Fletcher et al. 2003) 

Will the operation of the facilities result in physical disturbance of the 
environment? 

Level of impact Individual facilities 
Comments during 
workshop 

 This is a very site-specific issue, however operation of the facilities can 
result in physical disturbance of the environment. Physical disturbance 
associated with trampling of seagrass beds may cause some loss or 
damage of these habitats and could lead to erosion. Though trampling is 
possible the sites are visited infrequently (about once a month or so) and 
more often than not there are no discernable tracks identified. 
Furthermore, there are a decreasing number of farms positioned directly 
over seagrass beds. 

 A study looking at the impacts associated with single line BST oyster 
culture (Madigan et al. 2000) found no difference in seagrass coverage 
adjacent the lines compared to control areas.  

 Total area affected by trampling is estimated at being less than 1% of 
the total lease area. 

 DEH are concerned about seagrass loss in lease areas however there is 
some discrepancy in views (DEH vs PIRSA Aquaculture). More 
information is needed from a range of sites and farming methods. 

 Trampling may also cause razor fish to be broken. 
Comments during 
industry workshop 

 Farmers walk up and down the racks only once a month or so and the 
area trampled is minute compared to the total area of the farm.  

 The prawn fishery is concerned about seagrass loss in lease areas 
because seagrass provides nursery grounds for juvenile prawns. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 2 4 8 Moderate 
Industry workshop    Low 
 
 
Current knowledge 
 
Seagrass is often directly damaged by mechanical or physical disturbances (Short and 
Wyllie-Echeverria 1996). Examples of such physical disturbance include the 
movement of moorings and anchor chains on seagrass beds (eg. Walker et al. 1989; 
Bryars 2003), dredging operations (Short et al. 1991 in Short and Wyllie-Echeverria 
1996), boating activities, which may include the cutting of propellers and boat hulls 
dragging through seagrass (eg. Bell et al. 2002; Uhrin and Holmquist 2003) and 
trampling (Eckrich and Holmquist 2000). Mechanical damage at oyster farms is also 
known to occur and may cause seagrass loss, however, in areas where seagrass has 
been lost due to aquaculture it is often very difficult to attribute the loss to a particular 
mechanism. For example, Everett et al. (1995) attributed the loss of seagrass in the 
vicinity of an oyster farm in Oregon to a range of mechanisms, one of which included 
direct physical disturbance. Similarly, Madigan et al. (2000) suggested that seagrass 
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loss in the vicinity of oyster racks in Murat Bay may have been due to either shading, 
mechanical damage from trampling or from a combination of both. As pointed out in 
the workshop, no seagrass has been reported to be lost in the vicinity of single line 
BST long-lines in South Australia (Madigan et al. 2000). Despite the difficulty in 
attributing the loss of seagrass in the vicinity of oyster farms to a particular 
mechanism, the examples mentioned above suggest that it is possible that either 
trampling and/or associated boating activities may cause direct damage to seagrasses 
that may result in their loss. Factors which may alter the extent of seagrass loss within 
the vicinity of oyster farms may include the initial distribution of seagrass, the 
frequency and type of physical disturbance that occurs, depth, the seagrass species 
present (some seagrasses are more sensitive than others) and/or sediment 
characteristics (eg. substrate firmness has been found to modify disturbance effects; 
Eckrich and Holmquist 2000).  
 
While damage to seagrass beds was the main area of concern during the workshop, 
the threat to other fauna must also be considered. During the workshop it was 
suggested that such activities might cause damage to razor fish (Table 12). There is 
only one study in South Australia that has investigated the impact of oyster culture on 
razor fish. The results of this study indicated that densities of Pinna bicolor were 
greater within the boundaries of an oyster lease in Smoky Bay, however the condition 
index of P. bicolor was significantly greater outside the boundary of the lease 
(Krastev 2001). The author suggested that the difference in condition index of P. 
bicolor inside and outside the lease area may have been due to seasonal inter-specific 
competition for food with the oysters; no reference was made to physical disturbance. 
Unfortunately there is little information available on the impact of physical 
disturbance at oyster farms on other fauna. Despite this, it is possible that physical 
disturbance at oyster farms will directly or indirectly alter the community structure. 
This statement is supported by numerous studies that have identified that physical 
disturbance (either natural or human-induced) can alter number of species, species 
diversity and richness (eg. Keough and Quinn 1998; Eckrich and Holmquist 2000; 
Veale et al. 2000; Schratzberger and Jennings 2002; Moran et al. 2003). Once again, 
the impact of physical disturbance at oyster farms is likely to vary with frequency, 
type of disturbance and environment. 
 
While it is almost certain that oyster farming causes some damage to some of the 
flora and fauna on leases, the major issue is placing that damage into context. Most 
damage would be very localised, occurring only within the lease, and then probably 
only in a small percent of it. The presence of a lease is also likely to eliminate other 
sources of anthropogenic damage, such as crab raking and other recreational (and 
commercial) fishing. The other concern is the potential for damage to propagate 
outside the lease. This is most likely to occur with seagrass loss, with water 
movement creating an erosion scarp or blowout centered on an initial small area of 
loss. However, this is unlikely to occur in the context of oyster farming, as this 
industry only occurs in sheltered areas, which are predominantly depositional rather 
than erosional. In some of the more exposed areas where farming occurs, a moderate 
risk is probably appropriate, but in the majority of areas the risk would be low. 
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5.7 Shading of Nearby Environments  
 
5.7.1 Shading from Oyster Racks 
 

Table 13. Summary of comments and risk assessment values for the threat that oyster 
racks will result in shading of the nearby environment. Wherever possible the exact 
comments were included, however, additional words and phrases have been included 
to improve readability and understanding. 

 
Description 
(Fletcher et al. 2003) 

Will the operation of oyster racks result in shading of nearby environments? 

Level of impact Individual Facilities 
Comments during 
workshop 

 This issue was added and modified to this branch from the infrastructure 
branch 

 There is concern about the impacts that shading from the structures has 
on the nearby environment, particularly seagrass beds. A study done in 
Murat Bay identified that 80% of seagrass is lost directly under the 
oyster racks. The area of impact is likely to be about 8-10% of the total 
lease area. Currently no further racks are permitted over seagrass and 
there are no plans for more racks. 

 The only place where dense seagrass is situated beneath racks is in 
Murat and Smoky Bays.  

 More information required. 
Comments during 
industry workshop 

 Again, there is a lack of information on the effects of rack shading on 
seagrass. To date only one study has found rack shading to cause 
seagrass loss, however, this could have been due to high production 
issues. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 2 6 12 Moderate 
Industry workshop    Low 
 
Current knowledge 
In South Australia, oysters are grown in sheltered coastal environments with good 
water circulation. In some regions within the state, these environments are also 
inhabited by seagrass beds and consequently some workshop attendees expressed 
their concern about the impacts of shading from oyster racks on seagrass beds (Table 
12). The importance of seagrass beds to marine ecosystems is well established. Not 
only do they increase the stability of the seafloor through the growth of extensive root 
and rhizome mats (Fonesca and Fisher 1986), but they play a critical role in the 
trapping and cycling of nutrients (Hillman et al. 1989) and provide valuable habitat 
for a diversity of marine organisms, including commercially important fish and 
crustaceans which utilise seagrass beds as nursery grounds (Bell and Pollard 1989; 
Connolly et al. 1999). Unfortunately, seagrass meadows are particularly sensitive to a 
range of natural and anthropogenic disturbances (Short and Wyllie-Echeverria 1996), 
such as from a reduction in water quality either through increased nutrients, toxicants 
or light attenuation. Light is an essential requirement of seagrasses. In the first 
instance, a reduction in light can reduce growth rate, seagrass shoot density, number 
of leaves per shoot and biomass. If the plant receives less light than is required over 
an extended period, the plant will eventually die (eg. Ruiz and Romero 2001). While 
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oyster racks are likely to reduce the light available to seagrasses beneath them, it is 
unknown whether or not the reduction in light is sufficient to cause changes in 
seagrass photosynthetic parameters. 
 
Unfortunately there is a paucity of information on the impacts associated with the 
effects of oyster rack culture on seagrasses, however, the small-scale studies that have 
been undertaken, suggest that rack culture does have an impact. In one study which 
was undertaken in Oregon, USA, rack culture was found to decrease the abundance 
of Zostera marina within the nine months following its commencement (Everett et al. 
1995). Two weeks after the commencement of rack culture the cover of Z. marina 
was approximately 60%, five months later it had decreased to approximately 30%, 
while after another four months it was just 15% (nine months after rack culture 
began) (Everett et al. 1995). This continued decline in cover of Z. marina at the rack 
culture site was not observed at a control site (Everett et al. 1995). While the 
conditions and seagrass species present at the oyster farm in Oregon are different to 
those in South Australia, in a more local study undertaken in Murat Bay on the Eyre 
Peninsula similar results were found. In this study, Madigan et al. (2000) identified a 
49% reduction in seagrass biomass within one metre of the racks and an 83% 
reduction under the racks, when compared with control sites. At a distance of 
approximately 6 m (i.e. equidistant between racks) no significant difference in 
seagrass biomass was detected. This study suggests that rack culture is likely to 
detrimentally affect seagrass up to a 3.2 m width along the oyster rack (i.e. 1.2 m 
under the rack and 1 m either side of the rack). Since quadrats were not investigated 
between 1 and 6 m from the rack, the extent of impacts perpendicular to the rack is 
unknown. The authors suggested that the loss of seagrass in the vicinity of the racks 
could be attributed to light attenuation (via shading), trampling effects associated 
with farm activities, or a combination of both (Madigan et al. 2000). 
 
At this time, there are only two sites in which rack culture is undertaken above 
seagrass beds; these are in Murat and Smoky Bays. Given that new rack culture 
developments are no longer permitted over seagrass beds and there are no plans for 
future rack culture development, threats to seagrasses appear to be low. 
Notwithstanding this, it may be beneficial to quantify the amount of light reaching the 
seagrasses beneath the racks and consequently identify the threat imposed by them. 
Again, while it seems that at least some sites there is seagrass loss around racks, this 
needs to be placed into context. If only a small area is lost, and the loss does not 
spread, there is unlikely to be a problem. Thus, similarly to physical disturbance 
(section 6.6 of this report), the risk is probably low in most areas, except for the most 
exposed, where a moderate risk would be appropriate. 
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5.7.2 Shading from BST Long-Lines 
 

Table 14. Summary of comments and risk assessment values for the threat that oyster 
BST long-lines will result in shading of the nearby environment made during the two 
environmental risk assessment workshops for the oyster industry. Wherever possible 
the exact comments were included, however, additional words and phrases have been 
included to improve readability and understanding. 

 
Description 
(Fletcher et al. 2003) 

Will the operation of BST long-lines result in shading of nearby 
environments?  

Level of impact Individual Facilities 
Comments during 
workshop 

 This issue was added and modified to this branch from the infrastructure 
branch. 

 One study in Murat Bay found that there was no significant shading 
impact on seagrasses associated with single line BST long-lines 
compared to control locations. This is the only study that has been done. 

 There are now different configurations with long lines, which mean 
there are more baskets on site. This change in configuration may 
increase any shading effect. 

 More information is needed. 
Comments during 
industry workshop 

 A study at Murat Bay was conducted shortly after new lines were put in, 
therefore no real comparison can be made. More evidence is required. 

 A farm operating over seagrass has been using all three methods of 
farming for years and has not observed any seagrass loss. 

Risk assessment values 
Organisation Consequence Likelihood Risk Value Risk Ranking 
During workshop 2 4 8 Moderate 
Industry workshop    Low 
 
Current knowledge 
 
As outlined in the previous section (5.7.1. Shading from oyster racks), seagrass beds 
are considered to be vitally important marine ecosystems. Not only do they provide 
valuable habitat for a diversity of marine organisms, but they also act to stabilise the 
seafloor and play a critical role in nutrient cycling. While the importance of 
seagrasses is well documented, there is only one study in South Australia in which 
the impact of BST long-line culture on seagrasses has been investigated. The authors 
studied such impacts at a single farm situated in Murat Bay on the Eyre Peninsula, 
that had been operational for four years (Madigan et al. 2000). The study indicated 
that Posidonia australis biomass under and near BST long-lines did not differ 
significantly from seagrass biomass at two control sites located approximately 25 m 
away (Madigan et al. 2000). While the study identified that BST long-lines do not 
significantly affect the biomass of P. australis, the risk of the long-lines shading 
nearby environments was given a rating of moderate during the workshop (Table 14). 
This ranking was allocated given that the configuration of the long-lines has recently 
changed which has meant that there are now more baskets on the site and the 
likelihood of shading of nearby environments may have increased. More research is 
needed to investigate how the change in configuration may impact upon seagrass 
communities. Again, the moderate risk is probably appropriate for the most exposed 
areas, whereas for more sheltered areas a low risk ranking would be appropriate as 
any seagrass loss would be unlikely to propagate.  
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6 Conclusion 
 
The value of the oyster aquaculture industry in South Australia has risen from 
$5,489,000 in 1998/99 to just over $16 million ($16,118,000) in 2002/03. This 
increase in production is likely to continue into the future and as a result, two 
workshops were held in order to assess and prioritise the environmental impacts of 
oyster aquaculture in South Australia. At these workshops a number of issues were 
discussed, each of which was given a risk ranking. While there were some differences 
of opinion as to appropriate risk rankings for some issues, in general there was 
substantial agreement among the participants.  Most differences revolved around 
whether an issue was a low or a moderate risk, with the additional comments by 
PIRSA Aquaculture tending to provide lower risk rankings than those provided 
during the workshop. It was obvious throughout the workshop that participants 
struggled to determine a risk ranking for some issues due to a lack of knowledge in 
that area. As a result, a higher risk ranking was given to the issue and was based on 
the worst-case scenario. In addition, some issues were given a second higher risk 
ranking based on consequences resulting from possible changes in policies or 
procedures that could occur in the future. Such instances are identified in the 
discussion, and if changes in operation do occur, then the primary risk ranking will 
need to be revisited. Forty one of the 51 issues discussed at both workshops were 
given a negligible or low ranking. The remaining 10 issues were given a moderate 
ranking, while none were ranked as a high or extreme risk. After reviewing the 
literature, most of the issues identified during the workshop were given a ‘low to 
moderate’ or ‘moderate’ risk ranking for the specific reasons summarized in Table 15 
below. 
 
While there are numerous national and international research programs addressing 
the potential environmental impacts of oyster aquaculture, research in South Australia 
is limited. Results from the workshop indicate that the most important research needs 
are to determine: 

 the food requirements of oysters and the potential for competition with native 
filter feeders, and 

 the effects of physical disturbance and shading on the environment. 
 
Other lower priority areas of research include determining: 

 the effects of diseases and parasites in the cultured stocks on other species,  
 the potential for the introduction of invasive/exotic species, and 
 the potential for establishment of feral populations and their associated 

impacts.  
 
Tighter management and/or reporting protocols may also be useful to reduce or better 
assess: 

 the consequences associated with damage to dune vegetation, and 
 coastal erosion stemming from inappropriate access to lease areas. 

 
It should be noted that these issues are not restricted to aquaculture, and to be fully 
effective any controls should be placed on all relevant users of the coastal 
environment.
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Table 15. Priority environmental issues identified following the Intertidal Shellfish 
Aquaculture Workshop, the industry meeting and the literature review. 
 

Issue Final risk 
ranking 

Specific reasons 

Effects of diseases and 
parasites in the cultured 
stocks on other species 

Moderate  Pacific oysters are translocated from Tasmania to South 
Australia.  

 Harmful species of Bonamia and Boccardia, which are not 
found in SA, are known to inhabit Tasmanian waters. While 
extensive import protocols are in place, there is a potential 
for them to be introduced into SA if these protocols are 
ignored, or by other means. 

 If either were introduced into SA the consequences could be 
severe as intra-state movement of stock would result in rapid 
dispersal throughout the state. 

Risks associated with 
the introduction of 
invasive/exotic species 

Moderate  Pacific oysters are translocated from Tasmania into South 
Australia. Despite extensive import protocols, translocation 
is a potential vector for the transport of invasive species if 
these protocols are ignored. 

 Invasive species present in Tasmania and not in SA include 
Asterias amurensis and Undaria pinnatifida. Both have the 
potential to directly or indirectly affect the oyster industry. 

 The main risk is probably from moving exotics from 1 area 
of the state to another when stock is moved. 

Effects of nutrient 
removal on other filter 
feeders 

Moderate  It is possible that cultivated oysters remove food otherwise 
available to other filter feeders. 

 Currently we have a poor understanding of what oysters feed 
on and what proportion of the food available is removed by 
the oysters.  

 The moderate risk ranking reflects the need for further 
information. 

Risks associated with 
the formation of feral 
populations 

Low-moderate  Feral oyster populations inhabit a number of bays within 
South Australia, with the highest abundances occurring in 
Franklin Harbour and Murat Bay, where they have been 
found to be capable of reproducing.  Feral oysters inhabit 
hard substrate. 

 In areas containing substantial amounts of hard substrate 
feral oysters have the potential to impact on other fauna, 
which may include the displacement of native oysters. 

 The moderate ranking only applies to those areas containing 
large amounts of hard substrate in which oyster aquaculture 
is occurring and in areas where it may occur in the future. 

Impact of physical 
disturbance on the 
environment 

Low-moderate  The importance of seagrass beds to marine ecosystems is 
well established. 

 Physical disturbances associated with oyster aquaculture, 
such as trampling and /or associated boating activities, have 
the potential to cause direct damage to seagrasses and may 
result in their loss. Other fauna may also be impacted. 

 Most damage is likely to be localised and therefore is 
considered to be a low risk, however there is the potential for 
such losses to expand in areas with greater exposure. 

Effects of shading on the 
environment 

Low-moderate  The importance of seagrass beds to marine ecosystems is 
well established. 

 Rack culture has been found to impact upon seagrass 
meadows in the direct vicinity of racks through shading. 

 Given the area of impact is likely to be relatively small and 
that new applications for rack culture over seagrass beds are 
no longer granted, the effects of shading on seagrasses 
appears to be low.  

 The moderate ranking only applies in exposed areas where 
there is a potential for small losses to extend. 
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Appendix 1: Workshop attendees and Invitees 
 

Table A1.1. List of invitees and attendees of the Intertidal Shellfish Aquaculture 
Environmental Risk Assessment Workshop held at SARDI Aquatic Sciences on 
Monday 15th December 2003. 

 
Name Organisation Attendance at 

Workshop 
Chris Ball Australian Marine Conservation Society (Adelaide) No 
Simon Bryars SARDI Aquatic Sciences Yes 
Carina Cartwright PIRSA Aquaculture No 
Anthony Cheshire SARDI Aquatic Sciences No 
Paul Czerwinski Department for Administration and Information 

Services - Department for Aboriginal Affairs and 
Reconciliation (DAARE) 

No 

Michael Dee Oyster Industry No 
Paul Dee Oyster Industry No 
Micheal Deering PIRSA Aquaculture Yes 
Serena De Jong SARDI Aquatic Sciences Yes 
Simon Divecha The Conservation Council of South Australia No 
Jon Emmett Department of Environment and Heritage (Office for 

Coast and Marine) 
No 

Tony Flaherty South Australian Marine & Coastal Community 
Network 

No 

Tara Ingerson Environment Protection Authority Yes 
Cath Kemper South Australian Museum No 
Tania Kiley Environment Protection Authority Yes 
Stephen Madigan PIRSA Aquaculture Yes 
Sue Murray-Jones Department of Environment and Heritage (Office for 

Coast and Marine) 
Yes 

Gary Olds Oyster Industry No 
Rosemary Paxinos Department of Environment and Heritage (Office for 

Coast and Marine) 
Yes 

Lorraine Rosenberg South Australian Fishing Industry Council No 
Martin Smallridge Seafood Council No 
Simon Stone Environment Protection Authority Board No 
Jason Tanner SARDI Aquatic Sciences Yes 
Noel Taylor-Moore PIRSA Fisheries No 
Bruce Tilbrook Oyster Industry No 
Jeff Todd Environment Protection Authority Yes 
Trevor Watts South Australian Recreational Fishing Advisory 

Council 
No 

Rachel Wear SARDI Aquatic Sciences Yes 
Michael Whillas SA Oyster Growers Association No 
Kane Williams PIRSA Aquaculture Yes 
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Table A1.2 List of attendees of the Intertidal Shellfish Aquaculture Environmental 
Risk Assessment Workshop held at Pt. Lincoln on Friday 23rd April 2004. 

 
Name Organisation 

Vicki Blesing SAOGA 
Simon Bryars SARDI Aquatic Sciences 
Jo Buckee Maunsell Pty Ltd 
Noel Box SAOGA 
Theo Eleftheriow SAOGA 
Judd Evans SAOGA 
Ian Nightingale PIRSA Aquaculture 
Steven Pope SAOGA 
Jason Tanner SARDI Aquatic Sciences 
Mandee Theil SARDI Aquatic Sciences 
Michael Whillas SAOGA 
Bruce Zippel SAOGA SAORC 
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Figure A2.1. Component Tree 4: Impacts of intertidal shellfish aquaculture to 
indigenous community wellbeing (modified from Fletcher et al. 2003). 
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Appendix 2: Component trees briefly discussed at the 
workshop, but not reported on here. 
 
 
 
 

Economics Employment Social capital

Traditional fishing

Access to land

Continuation of
activities

Other

Cultural values

Indigenous community wellbeing

 



Intertidal Shellfish Risk Assessment  Wear et al. 2004        Page 46 
   

Figure A2.2. Component Tree 5: Impacts of intertidal shellfish aquaculture industry to community wellbeing (modified from Fletcher et al. 2003).
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Figure A2.3. Component Tree 6: Impacts of intertidal shellfish aquaculture on the National or State 
Socio-economic wellbeing (modified from Fletcher et al. 2003). 
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Figure A2.4.  Component Tree 7: Governance issues for intertidal shellfish aquaculture (modified from Fletcher et al. 2003). 
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Figure A2.5. Component Tree 8: External impacts on the intertidal shellfish aquaculture industry 
(modified from Fletcher et al. 2003). 
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Appendix 3: Summary of risk rankings for issues determined during the Intertidal Shellfish Aquaculture 
Risk Assessment Workshop. 
 

Table A3.1.  Risk rankings other than moderate for issues affecting the whole of the aquaculture industry (Component tree 1). Key: C – Consequence 
level, L – Likelihood level, RV – Risk Value, RR – Risk Ranking. Wherever possible the exact comments were included, however additional words and 
phrases have been included to improve readability and understanding. 

 
Issue C L RV RR Justification for ranking/Comments 
Wild Stock of Cultured Species 
Escape of Cultured 
Species 

Genetics     What protocols (if any) are needed at the whole of industry level to minimise risk of genetic 
impacts on the wild stock from the escape of any cultured individuals? 
 
 The oysters used are an introduced species so this issue is not relevant and has been 

removed from the component tree.  
 
 There has been some research into diploidy/ triploidy. 

 
 Competition is an issue and is relevant, but this is considered in the other species and 

community processes branch of this component tree (under food chain impacts). 
 Disease (including 

parasites) 
    What protocols are needed at the whole of industry level to minimise the risk of disease 

transmission to the wild stock from the escape of cultured individuals? 
 
 The oysters are introduced so this is not an issue and has therefore been removed from the 

component tree. 
 Competition (eg. food 

and space) 
    Will the escape of cultured animals cause problems to the wild stock by increased competition 

for resources? 
 
 The oysters are introduced so this is not an issue and has therefore been removed from the 

component tree. 
Collection Broodstock Collection     What management protocols are in place to ensure that the collection of the broodstock 

animals does not unduly affect the spawning stock size of the wild population? 
 
 The oysters are introduced and therefore this issue is not relevant and has been removed 

from the component tree. 
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 Seed Stock     If the industry relies on seed stock, what protocols are in place to ensure these are not over 
harvested or unduly affect other fisheries on these species? 
 
 The oysters are introduced and therefore this issue is not relevant and has been removed 

from the component tree. 
 Grow out Stock     If the industry relies on collecting stock for grow out, what protocols are in place to ensure 

these are not over harvested or unduly affect other fisheries on these species? 
 
 The oysters are introduced and therefore this issue is not relevant and has been removed 

from the component tree. 
 Genetics     Will the collections of these individuals have any significant genetic impact on the species 

(most relevant if a relatively rare or endangered species is being cultivated by the industry)? 
 
 The oysters are introduced and therefore this issue is not relevant and has been removed 

from the component tree. 
Stocking, Restocking and 
Stock Enhancement 

Genetics     If restocking of the cultured species is an objective, what protocols have been used to ensure 
that this does not impact upon the genetic structure of the remnant wild stock population? 
 
 The oysters are introduced and therefore this issue is not relevant and has been removed 

from the component tree. 
 Disease (including 

parasites) 
    Will the release of cultured individuals increase the risk of disease introduction with the 

remnant stock? 
 
 The oysters are introduced and therefore this issue is not relevant and has been removed 

from the component tree. 
 Competition (eg. food 

and space) 
    Will the stocking of individuals put the remnant wild stock at a competitive disadvantage by 

displacement? 
 
 The oysters are introduced and therefore this issue is not relevant and has been removed 

from the component tree. 
Cultured Stock/Businesses (Husbandry) 
Genetics      Are protocols necessary to ensure the genetic composition of captive broodstock is maintained 

at appropriate levels? 
 

 This component is a farm management issue not an environmental issue and therefore 
was removed from the tree. 
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Disease Identification and 
Responses 

    Are disease monitoring, surveillance and risk minimization programs needed to be applied 
across the whole of industry? Are programs needed to ensure that there will be identification 
of new diseases if they arise? What response plans have been generated to deal with a severe 
disease event? 
 

 This component is a farm management issue not an environmental issue and therefore 
was removed from the tree. 

Other Species/Communities Processes 
Diseases/Parasites  3 4 12 Moderate Please refer to section 6.1 of this report. 
Escape of Cultured 
Species (feral 
populations)  

 0 - 0 Negligible If the species /population being cultured is not native, could they establish feral populations if 
they escaped? 
 

 The oysters that are cultivated are an introduced species, however they only breed in 
certain conditions (cold). They have a 6-week planktonic phase and as a result can be 
transported quite a distance. They settle on wooden structures and pinna shells in the 
intertidal and subtidal zones. 

 
 In South Australia feral populations have established in some areas. Feral populations are 

thought to form from spatfall and have the odd breeding year when conditions permit - 
conditions are appropriate when it is cool. 

 
 They settle high in the intertidal and subtidal mainly on wooden structures not on rocky 

reefs (maybe as it is too hot). 
 
 This is more of a regional issue and has therefore been given a value of zero. 

Food Chain Impacts  0 - 0 Negligible If escapes occur, could these cause significant shifts in the food chain? 
 

 This is more of a regional issue and has therefore been given a value of zero. 
Behavioural Changes & 
Impacts (eg. migratory 
species) 

 0 - 0 Negligible Is this type of industry (eg. structure used to house farmed individuals) likely to cause changes 
to behaviour of other species in the areas they are used? Is a whole of industry approach 
sensible (ie same types of impact likely to occur everywhere)? 
 
 This is more of a regional issue and has therefore been given a value of zero. 

Threatened/ Endangered/ 
Protected Species 

 0 - 0 Negligible Is this type of industry likely to cause impacts on these categories of species? Are whole of 
industry approaches sensible (ie same types of impact likely to occur everywhere)? 
 
 This is more of a regional issue and has therefore been given a value of zero. 
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Feeds Composition 
(source & sustainability) 

     Does the industry use feeds? If so, is the source of these feeds sustainable? 
 
 This component is irrelevant to the oyster industry and has been removed from the tree. 

Sensitive Habitats  0 - 0 Negligible Are there certain habitats that all of industry should avoid using or all of industry need to use 
a common approach to operate within? 
 
 This is more of a regional issue and has therefore been given a value of zero. 

Water Quality  0 - 0 Negligible Are there common standards for all of industry to use with regards to water quality? (e.g. to 
avoid poisoning customers)  
 
 This is more of a regional issue and has therefore been given a value of zero. 

Chemicals  0 - 0 Negligible Are there chemicals being used in the industry that require whole of industry approaches to 
their use? 
 
 This is more of a regional issue and has therefore been given a value of zero. 

Invasive Species  4 2 8 Moderate Please refer to section 6.2 of this report. 
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Table A3.2. Risk rankings other than moderate for issues affecting the Catchment/region (Component Tree 2). Key: C – Consequence level, L – 
Likelihood level, RV – Risk Value, RR – Risk Ranking.  Additional comments on the summaries from the workshop were provided by the Intertidal 
Shellfish Aquaculture Industry, PIRSA and DAARE. Wherever possible the exact comments were included, however additional words and phrases have 
been included to improve readability and understanding. 

 
Issue C L RV RR Justification for ranking/Comments 
Water Quality 
Nutrients Background Levels     Are there issues associated with the background levels of nutrients in this area within 

incoming or receiving waters?  
 
 If there is already a problem due to pre-existing industries then it is likely that no 

further additions will be tolerated. Similarly, if the incoming water is ‘pristine’, this 
may also affect what output levels will be allowed. These need to be identified. 

 
 Pacific oysters are filter feeders and were not considered to contribute a net gain of 

nutrients to the water column. They are more likely to contribute a net nutrient 
removal (see below) and therefore this component has been removed from the tree. 

 Industry Inputs (eg. feeds 
and fertilisers) 

    If the production by the facilities in the region results in a release of nutrients (either 
through outflow pipes or from losses in cages), a maximum/total amount allowable for 
the whole region may been to be set (this may need to be related to background levels) 
 
 See comments on ‘background levels’ above. This component has been removed 

from the tree. 
 Nutrient Removal (eg. 

Filter feeders) 
    If the facilities produce filter feeders, their concentration may result in a reduction of 

nutrients in the surrounding waters, the total impact of all facilities may need to be 
assessed. 
 
 This component was moved in the workshop as it was felt that the impact of 

nutrient removal would be on the ecosystem and not the water per se. It can be 
found under the “Ecological Community Structure & Biodiversity” branch of this 
component tree. 
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 Distribution of load     In addition to total nutrient inputs, is there a specific issue related to where in the 
catchment/region these inputs should, or should not, be occurring? (eg. not next to 
swimming beaches; sensitive habitats) 
 
 See comments on ‘background levels’ above. This component has been removed 

from the tree. 
Sedimentation  0 - 0 Negligible Can the collective amount of material released/escaping/dropping from the structures 

cause a problem for the catchment from sedimentation? ie. How much of this material 
can there be in an area to allow for natural flushing to remove it? 
 
 Sedimentation may result from faeces, pseudofaeces or biofouling scrapes. 

 
 SARDI previously tried to measure sedimentation and couldn’t get a measure for it. 

Given that sedimentation is not detectable at the farm level it is likely that it would 
not be detectable at the regional level. Sedimentation may have a cumulative effect 
but farms are spread out by 250m. Sedimentation has been recorded in Tasmania, 
however they have much more intensive farming practices there. 

 
 Pseudofaeces are very localised. This is more of a local issue. 

Other Wastes & 
Pollutants (eg. chemicals) 

 0 - 0 Negligible Are there issues associated with the release of other wastes/pollutants (eg. chemicals) at 
a scale that need to be managed at the entire catchment/region? 
 
 The only issue raised at the workshop was that of the Copper Chromium & 

Arsenate (CCA) treated timber which is used for the oyster racks and posts. 
SASQAP has tested the flesh of oysters for the chemicals within CCA treated 
timber and the EPA has tested the water quality – neither organisation detected any 
trace of the chemicals. 

 
 It has recently been recommended that CCA treatment be phased out altogether due 

to health concerns (primarily due to playground equipment). Replacement will 
supposedly be less toxic, but will need testing for contamination effects on the 
marine environment. 

 
 There has been a proposal put forward to use lanitex for anti-fouling purposes, but it 

has not been approved at this stage. This issue may need to be revisited if biofouling 
products are developed and begin to be used. Replacement will supposedly be less 
toxic. 
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Flow (hydrology/ 
oceanography) 

 0 - 0 Negligible Could the collective impact of the facilities affect the flow of water within the 
embayment? (eg. too many cages close together could impede water flushing rates) 
 
 Given the current number of farms in South Australia this component is not an issue 

at the bay level. In Stansbury there are many structures, but because the density of 
structures is so low there is not likely to be a large impact on the flow, however 
flow has not really been measured. 

 
 May be an issue at the farm level but not at the regional level. 

Water Extraction      If freshwater is removed, does an upper limit for the catchment need to be set for all 
such removals? 
 
 Not an issue with oyster culture and therefore removed from the component tree. 

Seepage (eg. salinisation)      If the facilities are using land based ponds, would seepage of the water (eg saltwater) 
affect the surrounding water table, soil? 
 
 Not an issue with oyster culture and therefore removed from the component tree. 

Ecological Community Structure & Biodiversity 
Plankton (eg. Blooms)      If the facilities increase the nutrient load could this lead to plankton blooms and/or is 

there the need to monitor this region for toxic species? 
 
 See comments on ‘Nutrients – Background Levels’. Considered to be irrelevant to 

the oyster industry and therefore removed from the component tree. 
Benthic Communities  0 - 0 Negligible Could all activities result in catchment wide changes to the benthic communities such as 

from total levels of sedimentation (ie smothering benthic organisms), or from shading or 
turbidity (decreases in light intensity), or from increased nutrients and algae smothering 
seagrass? 
 
 Due to the nature of likely impacts this component was considered to be a local 

rather than a regional issue. 
Nutrient Removal (eg. 
filter feeders) 

 2 4 8 Moderate Please refer to section 6.3 of this report. 

Aquatic Vegetation  0 - 0 Negligible This is similar to benthic communities but allows for some differentiation – such as with 
intertidal vegetation, not directly under the structures etc. 
 
 This is a local issue and is addressed in detail in Component Tree 3. 

Terrestrial Vegetation  3 4 12 Moderate Please refer to section 6.4 of this report. 
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Are there listed migratory species that frequent this area? If so, what protocols need to 
be employed by all facilities within the area? 
  
 One of the main forms of disturbance from intertidal shellfish culture to migratory 

species, particularly birds, could be disturbance from boats. It is possible that when 
a boat approaches there may be some impact but the boats will approach from the 
seaward side and they do not approach at the same time. If the boats are launched 
from the beach the impact may increase. 

 
 At the bay level the risk to migratory species would be low, but may increase in 

combination with other issues eg. loss of terrestrial vegetation. 

Listed Migratory Species  1 4 4 Low 
 
 
 
 
 
 
 
 
 
 

Low Industry comments: 
 
 Farmers are aware that their racks attract different bird life, probably due to fact that 

the structure provides a resting post and coincides with feeding grounds. The birds 
do not seem to be affected by farm movements and in some cases farmers are able 
to get quite close to them. It was suggested that farmers become part of the birds 
environment. 

 
 A study conducted at Streaky Bay found that oyster racks are beneficial to birds. 

 
 Involvement in a migratory bird monitoring program was suggested to be beneficial 

to farmers. 
 
 During the application process migratory species are considered under the EPBC 

Act and Wildlife Act. 
Do any of these species interact with any facilities in the region? If they do, what 
protocols need to be employed by all facilities within the area? 
 
 Risks to threatened, endangered or protected species are similar to migratory 

species (see above). Unlike finfish aquaculture there are no risks associated with 
entanglement of protected species (eg. seals). 

 
 Disturbance of coastal vegetation may impact on these species. 

Threatened, Endangered 
& Protected Species 

 1 3 3 Low 
 
 
 
 
 
 
 

Low Industry comments: 
 
 During the application process these species are considered under the EPBC Act 

and Wildlife Act. 
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World Heritage 
RAMSAR/MPAs 

 0 - 0 Negligible Are any of these types of zones present in the area? If there are, what special 
arrangements etc are needed to meet their requirements? 
 
 At the moment this is not an issue, but this may change. Currently there are no 

MPAs but when they are allocated this issue may become relevant. 
 
 This issue should be addressed at the planning stage. 

Are any of these types of zones present in the area? If there are, what special 
arrangements etc are needed to meet their requirements? 
 
 There are some oyster farms situated near national parks eg. St Peters Island, Eyre 

Island, etc. Most of the national parks extend to the low water mark and although on 
paper it appears that the farms are situated in the national parks this is not the case. 

 
 Important considerations when dealing with this issue include why the national park 

has been declared and what kind of impact will the oyster farming have. It is a site-
specific issue and should be carefully considered in the planning stage. 

 
 Current regulations mean that if the farms are situated within 1000m of a national 

park approval by the Minister is required. 

Conservation Parks & 
National Parks 

 1 2 2 Low 
 
 
 
 
 
 
 
 
 
 
 
 

Low Industry comments: 
 
 Some farms are situated near National Parks (e.g Coffin Bay), however, the siting 

and bufferzone of these leases were negotiated with National Parks during the 
application process.  

Behavioural Changes on 
Species 

 1 1 1 Low 
 
 
 
 
 
 
 
 
 
 
 
 

Low 

Are the facilities in the area likely to significantly alter the behaviour of individuals – 
either attracting them or repelling them from the area? 
 
 This issue is picked up a little under Migratory/Threatened species. 

 
 There is some aggregation of fish around intertidal shellfish farms, however this is 

likely to have a fairly low impact. Having said this, there is not much known about 
this issue or the associated risks.  What is the risk associated with fish aggregating? 
The only issue of concern would be if people were wanting to fish within the lease 
area (which is not permitted). 

 
 Cormorants utilise the farms however they forage over a broader area. Seals and 

dolphins may be impacted through the use of lines but the likelihood of this is very 
low.  
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Industry comments: 
 
 An abundance of fish such as whiting are found sheltering under racks, however, 

some leases have established (with the help of local fishers) that whiting naturally 
congregated in the area before racks were put in place. Recreational fishers still 
return to these lease sites to catch whiting. 

 
 Dolphins and seals are found in the vicinity of leases, however, they are most likely 

following the natural abundance of fish in the area. The facilities are therefore not 
altering behavioural patterns. 

Diseases/Parasites  3 4 12 Moderate Please refer to section 6.1 of this report. 
Genetics      Are there any genetics issues associated with translocations, escapements, breeding 

programs, farming practices, etc? 
 
 Pacific oysters are an introduced species, therefore this issue is irrelevant and has 

been removed from the tree. 
Invasive Species  5 2 10 Moderate Please refer to section 6.2 of this report. 
Feral Populations  4 2 8 Moderate Please refer to section 6.5 of this report. 

Physical Structures and Construction & Tenure  
Number & Size of Farms      Are there any limitations/expectations/concerns regarding the total number of farms, the 

maximum size of any one farm or the total area occupied by all farms/leases within the 
region? 
 
 This component is considered to be a non-environmental issue and therefore was 

removed from the tree. 
Habitat Removal  0 - 0 Negligible Is there a total limit on how much habitat of one or more types that can be removed 

within the region for this type of industry/all industries? 
 
 This component is considered not to be an issue at this scale; addressed at the local 

scale. 
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Alienation/ Visual 
Amenity (eg. Access to 
areas) 

 ? ? ?  Are there any concerns about the total loss of area for other activities or from the 
impact on visual amenity? Do you need limits on the areas lost, the structures used or 
the level of access still possible? 
 
 Visual amenity is an issue, however it is more of a social and economic issue, but it 

does have an environmental component. Currently, while it is considered a planning 
issue it is not being picked up in the planning process. However, there was one case 
where a farm has been knocked back as a result of visual amenity so less visual 
practices are preferred. 

 
 Long lines are generally less visual than racks. 

 
 This component is a major issue but not necessarily an environmental one and as a 

result no consequence or likelihood values were allocated. 
Are there any areas of heritage value that may be affected – old buildings, historical 
sites and places of significance?  
 
 This component is a major issue but not necessarily an environmental one and as a 

result no consequence or likelihood values were allocated. 

Heritage Values  ? ? ?  

Additional comments: 
 
DAARE 
 It needs to be stated clearly that many sites of Aboriginal significance, protected 

from damage under the Aboriginal Heritage Act 1988, are found along the 
coastline. 

 Therefore there is a need to consult with Aboriginal heritage committees and 
DAARE regarding this culturally sensitive zone. 

 It is suggested that in early stages of any aquaculture planning the local Aboriginal 
heritage committee is consulted with, and also DAARE is contacted regarding the 
presence or absence of sites on the DAARE Central Archive in a specified 
development area. 

Acid Sulphate Soils      If acid sulphate soils are in the region, have they been mapped appropriately and what 
protocols are needed to ensure they are not disturbed by the construction of any 
facilities in this region or what areas need to be avoided? 
 
 This issue is irrelevant to marine based activities in the oyster industry and was 

therefore removed from the component tree. 
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Water Table      What overall restrictions/problems (if any) are there for the water table. Will it impact 
on what and where constructions can occur and what can be extracted or discharged? 
 
 This issue is irrelevant to marine based activities in the oyster industry and was 

therefore removed from the component tree. 
Navigation      Will the collection of structures from all the facilities pose a navigation hazard or 

benefit for the region? Are there any requirements for all facilities to understand within 
this region? 
 
 This may be an issue but is not an environmental one. It was therefore removed 

from the tree. 
Infrastructure      What constraints will there be from current infrastructure  (eg. roads, power, etc), what 

benefits will there be from the need to construct these items? 
 
 This component was considered to be a non-environmental issue and was therefore 

removed from the component tree. 
Noise  0 - 0 Negligible Do the facilities produce significant noise levels? 

 
 Boats are one of the only forms of noise resulting from intertidal shellfish farms. 

They are low in number and are not very frequent.  
 
 There may be impacts on migratory animals, which has been addressed under the 

migratory species component of the tree. 
Site Constraints (eg 
waves, currents) 

     Does the region have particular constraints (eg wave height, strength) that make it 
suitable or unsuitable for the facilities proposed? 
 
 This component was considered to be a non-environmental issue and was therefore 

removed from the component tree. 
Production 
Regional Carrying 
Capacity 

     Is there likely to be a maximum level of stocking (particularly for filter feeders) within 
the catchment /region – to avoid stunting of growth, increased disease risk etc? 
 
 Carrying capacity (CC) is the number of oysters that can be supported by the region 

or grown in the area. If the CC is exceeded there will be impacts associated with 
other animals within the area, although this issue was dealt with earlier. Oyster 
production may also be impacted. However, this is not really an environmental 
problem and as a result this component has been removed from the tree. 
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Disease (eg proximity of 
facilities, translocation 
policy) 

     What protocols (if any) are needed within the region to minimise the risk of disease 
transmission either in terms of where sites are located and their proximity to each other, 
the movement of stock within the region and the introduction of stock from outside the 
region. 
 
 This is a farm management issue not an environmental one and was therefore 

removed from the tree. 
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Table A3.3. Risk rankings other than moderate for issues impacting at the Individual Facility level (Component Tree 3). Key: C – Consequence level, L 
– Likelihood level, RV – Risk Value, RR – Risk Ranking.  Additional comments on the summaries from the workshop were provided by the Intertidal 
Shellfish Aquaculture Industry. Wherever possible the exact comments were included, however additional words and phrases have been included to 
improve readability and understanding. 

 
Issue C L RV RR Justification for ranking/Comments 
Construction 

Will any habitat have to be removed or affected by the construction; development; 
expansion of the facilities? This includes the digging of any ponds, the construction of 
offices/labs etc. If there will be some removal, does the proposed level fit in with the 
total amounts allowed to be affected within this catchment? 
 
 Added to the tree by modifying the ‘Habitat Effects’ component. 

 
 During the construction phase of intertidal shellfish culture it is possible that there 

will be some loss of marine habitat. This loss is likely to occur through trampling 
and also through the installation of posts. The holes created for the posts are made 
using a high-pressure water jet. These forms of disturbance are only likely to 
impact on a small amount of habitat with the posts being situated 3 m from each 
other (there are approximately 200 posts/lease – BST system) and making up less 
than 1% of the total lease area.  

Habitat Loss (marine)  1 6 6 Low 
 
 
 
 
 
 
 
 
 
 
 
 

Low 
Industry comments: 
 
 Habitat loss is minimal because only a small amount of area is disturbed during 

construction.  
Habitat Disturbance 
(marine) 

 1 6 6 Low 
 
 
 
 
 
 

Low 

Will any habitat be disturbed by the construction; development; expansion of the 
facilities? 
 
 Added to the tree by modifying the ‘Physical Disturbance’ component. 

 
 During construction of the facilities it is likely that there will be some habitat 

disturbance. This disturbance will occur through trampling and sediment 
suspension, especially around the posts.  
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Industry comments: 
 
 Disturbances are only likely to impact on a small amount of habitat and are taken 

into account during the construction phase. 
Erosion  0 - 0 Negligible Will construction cause any short or long-term erosion problems for the region? 

 
 Is possible that construction of facilities will result in erosion but it is unlikely. 

Seepage      Will the type of construction allow seepage of materials, eg. saltwater from ponds into 
neighbouring areas? 
 
 This issue was considered irrelevant for oyster farming and was therefore 

removed from the component tree. 
Shading      Will the construction of the facilities result in shading of some areas (eg. seagrass 

from cages/racks etc)? 
 
 This was considered irrelevant for the nature of construction associated with 

oyster farms and was therefore removed from the component tree. Shading is an 
issue with the operation of the farms. 

Re-Habilitation      What systems have been planned to rehabilitate the site if production is ended? 
 
 This component has been moved to the “Infrastructure” branch of this component 

tree. 
Acid Sulphate Solis      Is the area prone to acid sulphate soils? If it is, what processors will be used to ensure 

that this does not get activated on this site? 
 
 This was considered irrelevant for the nature of construction associated with 

oyster farms and was therefore removed from the component tree. 
Noise/Dust      Will construction of the facilities result in an unacceptable increase in noise and dust 

to surrounding areas? 
 
 This was considered irrelevant for the nature of construction associated with 

oyster farms and was therefore removed from the component tree. 
Waste (eg. dredge spoil)      Will there be a waste produced from construction? If so, what disposal mechanisms 

have been planned to deal with this waste (eg. dredge spoil) from the construction of 
the facilities? 
 
 This was considered irrelevant for the nature of construction associated with 

oyster farms and was therefore removed from the component tree. 
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Water Flow      Will the construction of the facilities interrupt water flow within the region? (may 
need to refer to whole of catchment) 
 
 This was considered irrelevant for the nature of construction associated with 

oyster farms and was therefore removed from the component tree. 
Navigation      Will the structures pose a navigational hazard or benefit? (may need to refer to whole 

of catchment) 
 
 This was considered irrelevant for the nature of construction associated with 

oyster farms and was therefore removed from the component tree. 
Flood Plain      Will construction impact upon the flood plain?  

 
 This was considered irrelevant for the nature of construction associated with 

oyster farms and was therefore removed from the component tree. 
Alienation       Will the construction of the facilities alienate other groups (eg. indigenous, 

recreational and commercial) from using an areas that they previously had access to? 
 
 This was considered to be a non-environmental issue and was removed from the 

component tree. 
Proximity to Sensitive 
Faunal Regions 

 0 - 0 Negligible Is the proposed facility close to an area where there are sensitive fauna or other 
regions of particular value? 
 
 This is more of a planning issue but generally the construction phase is very short 

and there are low noise levels. 
Proximity to Users      How close is the facility to markets? 

 
 This was considered to be a non-environmental issue and was removed from the 

component tree. 
Water Table      Will the construction of the facility have an impact on the water table (other than 

associated with ASS – may need to refer to whole of catchment)? 
 
 This was considered irrelevant for the nature of construction associated with 

oyster farms and was therefore removed from the component tree. 
Infrastructure 
Artificial Habitat  0 - 0 Negligible Will the infrastructure of the facilities act as an artificial habitat? 

 
 The infrastructure associated with intertidal shellfish culture does act as artificial 

habitat but is unlikely to have any negative impacts, in fact if anything this 
artificial habitat is likely to be beneficial.  
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Could the infrastructure result in entanglements of whales or other large/protected 
species?  
 
 Entanglements have not been observed in the past. However, while they are 

unlikely, they must still be considered in the risk assessment. 
 
 Best management to avoid entanglement would be to keep tight lines. 

Entanglements  2 1 2 Low 
 
 
 
 
 

Low 
Industry comments: 
 
 There has been no report of entanglements in the past. Farmers are careful with 

loose equipment and are aware of their materials. 
Visual      Do the facilities need to meet any visual impact limitations? 

 
 Considered to be a non-environmental issue and therefore removed from the 

component tree. 
Will the infrastructure of the facilities interrupt water flow and cause scouring? 
 
 Scouring has been a problem in other states, but it has not been looked into in 

detail in South Australia. It is an issue that the EPA is concerned with but there is 
no evidence to suggest that it is occurring here and PIRSA Aquaculture believe 
that it is not an issue. There are examples of where scouring has occurred around 
posts but these mainly relate to jetties. There are no examples of scouring in 
oyster farms in SA. 

 
 Not been observed in SA and therefore given a low risk ranking. 

 
 This is also a planning issue. 

Coastal Processes Scouring 2 1 2 Low 
 
 
 
 
 
 
 
 
 
 

Low 
Industry comments: 
 
 No scouring has been observed in the past, however at St. Peters Island high 

water movement has resulted in some erosion on one side of the posts.  
 Accretion 2 3 6 Low 

 
 
 
 
 
 

Will the infrastructure of the facilities result in accretion of some areas? 
 
 No accretion has been observed using long lines, however, at St Peters Island 

changes in water flow have resulted in increased sedimentation and stabilisation 
through seagrass colonisation. 

 
 This is also a planning issue. 
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Low Industry comments: 
 
 The build up of sand as a result of farming methods is considered during the 

planning phase and can be site specific due to local conditions. 
 No accretion has been observed using todays methods of farming, except at St. 

Peters Island where localised conditions have resulted in a build up of sand.  
Navigation      Will the infrastructure of the facilities pose a navigational hazard or benefit? 

 
 Not considered to be an environmental issue and therefore removed from the 

component tree. 
Could the infrastructure promote biofouling? Is biofouling removed from structures 
used in the facility? 
 
 Biofouling is removed from posts with spades. This occurs every 2 – 3 years. 

There is only likely to be a minor impact associated with biofouling but it must be 
considered. 

 
 Baskets are cleaned on land. 

Biofouling  1 5 5 Low 
 
 
 
 
 
 

Low 
Industry comments: 
 
 Little biofouling occurs on infrastructure because posts are made of perma pine. 
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Will the infrastructure of the facilities result in the shading of some areas? 
 
 Farms are currently not allowed over seagrass beds. 

 
 The extent of shading at farms is very dependent on the structure used. Racks 

generally have a clear shading impact, however BST long lines do not. 
 
 Once the farm is no longer in operation, the facilities have to be removed from 

the site. Despite this, in the past there have been some problems with people not 
clearing all of the structures. Baskets are generally taken however there are 
examples where the posts have been left. There may be shading from posts if they 
are left there, but this shading impact is likely to be small. 

 
 There is a process in place if an operator abandons a farm. Firstly PIRSA 

Aquaculture gives the operator an order to clean up; if they don’t clean up they 
are issued with a fine, however sometimes it is very hard to contact the owner. In 
these cases it is usually within about 6 months (to a few years) until PIRSA 
become aware of them. However in remote locations it can take longer. 

 
 One of the biggest risks (non-environmental) would be if navigational markers 

are removed but the posts aren’t. 

Removal/ Rehabilitation 
(shading) 

 1 4 4 Low 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Low Industry comments: 
 
 The comment ‘Farms are currently not allowed over seagrass beds’ is false, for 

example all farms at Smokey Bay are situated over seagrass beds. As part of their 
license agreement, farmers have participated in a monitoring program run by 
PIRSA which identified substrate type. 

 
 Aerial photographs show evidence of seagrass grow back under oyster racks, 

however, in areas of high oyster productivity seagrass has been lost. Is this due to 
farming or seagrass dynamics? We need more information on the relationship 
between local seagrass dynamics and farm location. 

 
 We need more evidence to prove if racks shade seagrass more than BST long 

lines. Previous work has looked at the effects of rack shading on seagrass but has 
not made a comparison with long lines.  

 
 A low risk rating is appropriate given that there is not enough evidence to suggest 

that shading impacts on seagrass distribution. 
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Operation 
Stock Health     Is health surveillance monitoring system needed? (may need to refer to whole of 

industry) 
 
 Not considered to be an environmental issue and therefore removed from the 

component tree. Issues associated with stock are farm management issues. 
 Stocking Density     Is there a sensible limit to the stocking density (or biomass level) of individuals within 

the facility that affects growth/survival etc? 
 
 Not considered to be an environmental issue and therefore removed from the 

component tree. Issues associated with stock are farm management issues. 
 Animal Welfare     Is there any relevant animal welfare legislation that needs to be incorporated into the 

husbandry techniques used within the facility? (may need to refer to whole of 
industry) 
 
 Not considered to be an environmental issue and therefore removed from the 

component tree. Issues associated with stock are farm management issues. 
 Predation     Are predators (eg. birds, seals, sharks) a problem around this facility? If these 

predators are protected species this may result in different actions being necessary. 
 
 Not considered to be an environmental issue and therefore removed from the 

component tree. Issues associated with stock are farm management issues. 
Input Associated Impacts Water     Does the operation of the facilities use significant amounts of fresh water? 

 
 Irrelevant for marine-based activities associated with oyster farming and therefore 

removed from the component tree. 
 Energy 0 - 0 Negligible What is the energy consumption for the facility and what is the energy efficiency 

rating? 
 
 Boats utilise energy, but very small amounts. 

 Feed     What risks are there associated with the input of feed? 
 
 Irrelevant for oysters which are filter feeders and therefore removed from the 

component tree. 
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 Chemical Therapeutants     Will the facilities contribute large amounts of chemicals to the area? If so, what 
impacts will these have? Can anything be done to minimise the volumes of chemicals 
used? 
 
 Irrelevant for marine-based activities associated with oyster farming and therefore 

removed from the component tree. 
Output Associated 
Impacts 

Water Quality - 
Sediments 

0 - 0 Negligible Does the operation result in the sedimentation of solids? If yes, refer to appropriate 
levels for the catchment. 
 
 Sedimentation has so far been undetectable. See comments in Component tree 2. 

 Water Quality - Faeces & 
Pseudofaeces 

0 - 0 Negligible Does the operation result in the release of significant quantities of faeces and 
pseudofaeces? 
 
 Faeces and pseudofaeces have so far been undetectable. Currently this is more 

likely to be an issue for mussel farming. There are some circumstances elsewhere 
where sedimentation has occurred but not using the systems that are in use in 
South Australia. 

Do any deaths of individuals of the cultured species occur? Are there processes to 
dispose of these? 
 
 This component is only an issue if there is a mass mortality event. If this were the 

case, disposal would more than likely be in the form of land fill. In some cases 
correct disposal of dead animals may not occur. It is possible that operators may 
dispose of the dead oysters in the marine environment. If this was to occur there 
would be an impact to the marine environment but it would not be severe unless it 
promotes the spread of disease.  

 
 Nonetheless, farmers do deliberately try not to dispose of oyster shells around the 

farms. 
 
 There are protocols in place for disposal of dead animals, but we are unsure what 

these are. 
 

 Shellfish Disposal 1 2 2 Low 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Low 
 
 

 
 

Industry comments: 
 
 Oysters are sorted and separated on land; it is against their license agreement to 

dump shellfish in the water.  
 Locals are discouraged to dump oyster shells in the vicinity of a lease. 
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 Processing Wastes     Is there any processing of product done on the facility? What happens to the waste? 
 
 All processing is done on land; this issue is irrelevant to this risk assessment and 

was therefore removed from the component tree. 
 Sewage Effluent     Does the facility have appropriate sewage treatment? 

 
 Irrelevant for marine-based activities associated with oyster farming and therefore 

removed from the component tree. 
Are there protocols for the management of general rubbish within the facility? 
 
 This is not a major issue, however operation of intertidal shellfish farms requires 

the use of equipment like buoys, baskets, etc. which may be lost during storms 
etc. Operators are not permitted to dump waste.  

 General Rubbish 1 6 6 Low 
 
 
 
 

Low Industry comments: 
 
 Farms are maintained to reduce loss equipment during heavy weather; it is also 

against license agreement to intentionally dispose of rubbish at sea. 
 Escapement 0 - 0 Negligible What protocols are needed at the facility level to minimise the risk of disease 

transmission to the wild stock from the escapes of cultured individuals? 
 
 Oysters may fall out of baskets but they will not go very far. This issue may be 

important for fish culture but not for oysters. ‘Escaped’ oysters have similar 
disease and food chain issues as cultured oysters (see other parts of trees). 

 Biofouling/ epiphytes     Is biofouling removed from the structures used in the facilities? If so, what happens to 
this material when it is cleaned off?  
 
 See comments and values under ‘Biofouling’ in the infrastructure part of this 

component tree. 
 Noise 0 - 0 Negligible Will the facilities result in an unacceptable increase in noise to surrounding areas? 

 
 Boats are likely to contribute to small amount of noise but this is considered 

negligible. 
 Chemicals 0 - 0 Negligible Will the facilities contribute large amounts of chemicals to the area? If so, what 

impacts will these chemicals have? Can anything be done to minimise the volumes of 
chemicals used? 
 
 See ‘Water Quality – Other Wastes/Pollutants’ in component tree 2. 
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 Entanglements 0 - 0 Negligible Could the facilities result in entanglements of whales or other large/protected 
species?  
 
 See comments under ‘Entanglements’ in the infrastructure branch of this 

component tree. 
 Physical Disturbance (eg. 

boat use, trampling) 
2 4 8 Moderate Please refer to section 6.6 of this report. 

 Aggregation/ Attraction 1 1 1 Low Will the operation of the facilities attract/aggregate other species? 
 
 See comments and scores for the “Behavioural Changes to Species” component 

in Tree 2. 
 Shading – Racks 2 6 12 Moderate Please refer to section 6.7.1 of this report. 

 Shading – BST longlines 2 4 8 Moderate Please refer to section 6.7.2 of this report. 
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Table A3.4.  Risk rankings for environmental issues impacting at the Industry (Component Tree 8). Key: C – Consequence level, L – Likelihood level, 
RV – Risk Value, RR – Risk Ranking.  Additional comments on the summaries from the workshop were provided by the Intertidal Shellfish 
Aquaculture Industry. Wherever possible the exact comments were included, however additional words and phrases have been included to improve 
readability and understanding. 

 
Issue C L  RV RR Justification for ranking/Comments 
Impacts of the Environment on the Industry 
Climate Temperature 0 - 0 Negligible Will alterations in the climates temperature significantly impact on the success of the 

industry? 
 
 Oysters are currently farmed at their upper temperature tolerances. They will 

grow in upper Spencer Gulf but a slight change in temperature may have a larger 
impact than in the lower Spencer Gulf. A few degree increase could change the 
areas suitable for oyster growing. 

 
 In the next five years the impact of a rise in temperature is not likely to have a 

huge impact. 
 
 Air temperature can kill spat on hot days in January and February although this is 

also not likely to be a significant issue in the next five years. 
 Rainfall 0 - 0 Negligible Will alterations in rainfall significantly impact on the success of the industry? 

 
 If there was a high rainfall then there could be a problem, but this issue is not 

likely to be a major problem in the next five years. 
 Sea level change 0 - 0 Negligible How would sea level change impact on the industry and what are the risks associated 

with this? 
 
 Not an issue in the next five years. 
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What are the risks associated with human induced changes associated with water 
quality (eg. oil spills)? 
 
 Given that any intertidal shellfish culture is highly reliant upon good water 

quality, slight alterations in the quality of the water may have devastating 
impacts. This is particularly an issue as most of the farms are situated near shore 
which is also where water quality often degrades as a result of human induced 
changes/inputs. 

 
 An addition of nutrients to a lease area may make the area more prone to algal 

blooms. In the past, algal blooms have caused farms to close down with the 
shellfish being unable to be sold. 

 
 It is often difficult to discriminate human vs natural impacts. 

 
 The South Australian Shellfish Quality Assurance Program (SASQAP) monitors 

water quality in shellfish growing areas. 

Human Induced Change Water Quality 4 5 20 Extreme 

Industry comments: 
 
 There is a risk of other aquaculture operations such as subtidal aquaculture 

directly impacting on intertidal aquaculture, e.g. nutrient removal 
 Habitat Modification 4 2 8 Moderate How would habitat modification impact on the operation of the facilities?   

 
 At Kangaroo Island there is a proposal for the development of a marina, this 

proposal and others that are similar are likely to have an impact on oyster farms 
through discharges, oils etc. These impacts could be major. 

 
 Other coastal developments may also pose a significant risk to shellfish culture. 
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What are the risks associated with exotic introductions? 
 
 European shore crab or exotic phytoplankton along with other introduced species 

could have impacts on oysters and have flow on effects for the export of cultured 
stock. 

 
 Asterias amurensis (the Northern Pacific sea star) is an exotic species that we 

know will spread to South Australia eventually. There are currently no 
monitoring programs in place. 

 
 The likelihood and consequence of an exotic is relatively high. 

 Exotics 3 5 15 High 

Industry comments: 
 
 The introduction of diseases and parasites is a huge risk to the industry. 
 Population explosion of native mussels? 

 Environmental Flows     What are the risks associated with environmental flows? 
 
 This issue is irrelevant to marine-based activities associated with oyster farming 

and was therefore removed from the component tree. 
Impacts of other Drivers 
Social Attitudes     Social Issue and therefore not addressed in the workshop. 
Economic Fuel Price     Economic Issue and therefore not addressed in the workshop. 
 Exchange Rates     Economic Issue and therefore not addressed in the workshop. 
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