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1 Executive Summary 
 

The value of marine finfish aquaculture production in South Australia has 
risen from $87 million in 1997/98 to $261 million in 2001/02.   At present most 
finfish aquaculture occurs in Spencer Gulf at Boston Bay and Tumby Bay near Port 
Lincoln, as well as Arno Bay, Franklin Harbour and Fitzgerald Bay.  There are also a 
few farms around Cape Jaffa and Rivoli Bay on the southeast coast.  In 2003/2004 the 
main species cultured was southern bluefin tuna off the Port Lincoln coast.   
Yellowtail kingfish in Spencer Gulf and salmonids (Atlantic salmon and rainbow 
trout) on the southeast coast were also farmed to a lesser extent.  The industry is likely 
to expand in the future, and its ecologically sustainable development (ESD) is a vital 
factor for ensuring long-term viability.  To further promote, expand, and ensure ESD 
of the finfish aquaculture industry there is an urgent need to assess the perceived risks 
of associated environmental impacts.  This report documents the discussions and 
comments from a Risk Assessment Workshop conducted in Adelaide on September 
23-24 2003 to assess the perceived risks associated with the marine sea cage finfish 
aquaculture industry (excluding southern bluefin tuna) in South Australia.  This report 
includes a brief literature review of the issues that were considered to be of a 
moderate 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.  The generic component trees outlined in 
the framework were modified so that they were specific for the finfish aquaculture 
industry.  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 the 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. 
  

Twenty-one out of the 50 issues discussed were given a ‘moderate’ risk 
ranking in the workshop.  A number of these issues are not discussed in this report as 
they are not considered environmental impacts. The issues discussed in this report are:  
 

1. Effects of competition for food with escaped cultured species on the wild 
stock of that species 

2. Impacts of finfish aquaculture on the food chain (including increased 
predation and competition with other species) 

3. Effects of disease in the cultured species on the wild stock of that species.  
4. Effects of disease in the cultured stocks on other species 
5. The effects of translocations of stock.  
6. Impacts of feed composition, including source and sustainability.  
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7. Effects of industry inputs (e.g. feeds, fertilisers)  
8. Effects of finfish aquaculture on phytoplankton 
9. Regional carrying capacity 
10. Behavioural changes and other impacts on migratory species (e.g. birds and 

whales) due to finfish aquaculture 
11. Effects of finfish aquaculture on dolphins  
12. Effects of finfish aquaculture on sharks  
13. Effects of finfish aquaculture on terrestrial vegetation  
14. The effects of infrastructure on heritage areas 
15. Effects of aquaculture on world heritage areas, RAMSAR Convention 

wetlands and marine protected areas – cuttlefish closure zone near Fitzgerald 
Bay 
 
As a result of the brief literature reviews a number of knowledge gaps 

regarding the impacts of finfish aquaculture in South Australia were identified.  Some 
of these knowledge gaps are currently being or are soon to be investigated.  A greater 
number of issues that will require further research were identified and studies in these 
areas are recommended. 
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2 Introduction 
 

The marine sea cage finfish aquaculture industry in South Australia has been 
rapidly expanding in recent years and there is potential for further substantial growth 
of the industry.  Due to the uncertainties and lack of information regarding the 
environmental impacts of finfish aquaculture in South Australia, combined with the 
problems that have occurred with aquaculture overseas, there has been a great deal of 
opposition to the expansion of the industry. The ecologically sustainable development 
(ESD) of the finfish aquaculture industry is a vital factor for ensuring its long-term 
viability.  In order to further promote, expand, and ensure ESD of the finfish 
aquaculture industry there is an urgent need to assess the perceived risks of associated 
environmental impacts.  A risk assessment workshop was conducted in Adelaide on 
September 23-24, 2003 to assess the perceived risks associated with the marine finfish 
aquaculture industry in South Australia using the procedures of the national ESD 
reporting framework for Australian Fisheries (Fletcher et al. 2002).  The workshop 
was attended by a variety of stakeholders in the industry (Appendix 1).  Although 
SARDI took part in the proceedings, this report does not necessarily reflect their 
opinion.  The main aim of this report is to document the discussions and comments 
made during the workshop by all those who attended.  A brief literature review of the 
issues that were considered to represent a moderate risk is also included, with the 
purpose of identifying issues that require further field assessments.  Following this 
literature review, we have then reassessed the likely risk based on current knowledge 
as well as the comments from the workshop.  The risk rankings given are intended to 
reflect not only the industries current position, but also its likely development over the 
next 5 years.  This report covers all marine sea cage farming of finfish in South 
Australia, with the exception of tuna, which have been assessed for environmental and 
health risks in previous workshops (Nowak et al. 2003, M. Loo SARDI Aquatic 
Sciences in prep).  The farming of marine species in onshore facilities is not included 
in this report. 

 

2.1 Finfish Aquaculture 

2.1.1 History 
 Consumer demand for fish has increased in recent years due to several factors 
including increased health awareness.  Most wild capture fisheries are now over or 
fully fished, and for many fisheries stocks are declining (FAO 2002). Aquaculture is 
often cited as one of the possible ways to enhance and increase fish production in 
order to keep up with demand. Finfish aquaculture has existed for hundreds of years 
in areas such as Asia, but only in recent decades has there been a large increase in 
commercial scale production worldwide.  Norway, Chile, the United Kingdom and the 
United States have been culturing finfish in sea cages for several decades and these 
countries remain the biggest producers of cultured finfish (FAO 2002).  In South 
Australia there was a dramatic increase in sea cage aquaculture in the 1990’s due to an 
increase in the number of southern bluefin tuna (Thunnus maccoyii) being farmed.  
Snapper (Pagrus auratus) was originally farmed around Franklin Harbour and Arno 
Bay, but most of these farms have changed to yellowtail kingfish (Seriola lalandi).  
Atlantic salmon (Salmo salar) aquaculture began in 1995 around Cape Jaffa and 
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Kingston on the southeast coast (O'Sullivan et al. 1998), although more recently the 
focus has been on ocean trout in this area. 
 

2.1.2 Present 
The farm gate value of marine finfish aquaculture production in South 

Australia has risen from $87 million in 1997/98 to over $261 million in 2001/02 
(Knight et al. 2003).   At present most finfish aquaculture occurs in Spencer Gulf 
around the Port Lincoln region in Tumby Bay and near Boston Island, as well as Arno 
Bay, Franklin Harbour and Fitzgerald Bay (Figure 1).  There are also a few farms 
around Cape Jaffa and Rivoli Bay on the southeast coast (Figure 1).  Currently, there 
are 21 finfish aquaculture licences in South Australia (PIRSA 2003c), although not all 
of them are in operation at the one time, and there are a number of new applications 
under consideration.  The finfish species that are currently licensed for marine sea-
cage aquaculture in South Australia are yellowtail kingfish Seriola lalandi, Atlantic 
salmon Salmo salar, rainbow (ocean) trout Oncorhynchus mykiss, snapper Pagrus 
auratus, southern bluefin tuna Thunnus maccoyii and mulloway Argytosomus 
japonicus.  In 2003/2004 the main species being cultured was southern bluefin tuna 
off the Port Lincoln coast.   Yellowtail kingfish in Spencer Gulf and salmonids 
(Atlantic salmon and rainbow trout) on the southeast coast were farmed in moderate 
numbers, with the remaining species only being cultured on a minor basis. 

 
Marine finfish aquaculture in South Australia involves the “grow out” of fish 

in offshore sea cages (also known as pontoons).  In the case of southern bluefin tuna 
the fish are sourced from the wild to a strict quota, while all the other cultured finfish 
species are sourced from hatcheries either in South Australia (yellowtail kingfish), 
Victoria or Tasmania (Atlantic salmon and ocean trout).  The fish are kept in the sea 
cages for anywhere between 1-3 years depending on the species.  The fish are fed 
either on baitfish such as pilchards, or manufactured pellets, until they grow to a 
marketable size and are then harvested. 

 
Standard husbandry procedures for yellowtail kingfish include the changing of 

nets on the sea cages and freshwater bathing of fish to remove ectoparasites. The nets 
on the sea cages are changed every couple of months because fouling organisms that 
can reduce the amount of water flow and affect waste build up often clog them.  The 
animals in the fouling communities can also be vectors for parasites that may infect 
the cultured fish (Tan et al. 2002) and detritus on the nets can also harbour parasites. 
The fouled nets are taken to shore to be cleaned.  There are strict regulations in the 
aquaculture licence that limit the use of chemicals such as antibiotics on the fish and 
in the environment. The area in which the sea cages are kept must undergo a 
fallowing period as stipulated in the licence.  Fallowing means that once the stocked 
sea cages have been removed from an area no more sea cages can be placed in that 
same area for 2 years to allow the site time to recover before being used again. 

 
Primary Industries and Resources South Australia (PIRSA) Aquaculture 

section are the governing body for all types of aquaculture and through whom all 
applications for licences must go.  Farmers must comply with the regulations stated in 
the aquaculture licence (PIRSA 2003b).  These regulations have been put in place to 
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ensure the effective management of the farms and to reduce their impacts on the 
natural environment. 

 

2.2 Risk Assessment 
 

At the instigation of PIRSA Aquaculture, the South Australian Research and 
Development Institute (SARDI) Aquatic Sciences conducted a Risk Assessment 
Workshop for the marine finfish aquaculture industry (excluding southern bluefin 
tuna) on September 23-24, 2003 with the purpose of identifying issues that required 
further research and management. The focus of the workshop was to evaluate the 
perceived risks of marine finfish aquaculture rather than the documented risks, as 
there is very little documented information available on this aspect for South 
Australia.  Representatives from the industry, government, research and development, 
conservation groups and community groups took part in the two-day workshop (see 
Appendix 1).    Separate environmental and health risk assessments were conducted in 
2002 for southern bluefin tuna (Nowak et al. 2003, M. Loo SARDI Aquatic Sciences 
in prep) and as such this species was not included in this risk assessment.  At the time 
of the workshop the main fish being farmed were yellowtail kingfish and Atlantic 
salmon, therefore the discussions mainly focused on these two species. 

 
The risk assessment workshop was conducted using the National ESD 

reporting framework of Australian fisheries (Fletcher et al. 2002) and the aquaculture 
supplement (Fletcher et al. 2003).  This guide was developed to provide a framework 
that could be used across all fishery and aquaculture sectors in Australia for 
consistency.  The framework is based on the Australian standards for risk 
management (AS/NZS 4360 1999), which is used to conduct risk assessments for a 
great variety of industries.  This particular framework focuses on ecologically 
sustainable development (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 were identified and then 
grouped together in the form of component trees.  There are eight component trees: 

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.   

 
Throughout discussions in the workshop the generic component trees outlined 

in the aquaculture ESD guide (Fletcher et al. 2003) were modified to produce trees 
specific to marine finfish aquaculture (Figures 2a-c and Appendix 2).  This involved 
either deleting some of the issues or adding more.  All the component trees were 
discussed to some degree and a summary of the workshop discussion is presented in 
Appendix 3.  The main focus of this report is the environmental impacts of marine 
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finfish aquaculture in sea cages, and therefore the social and economic impacts will 
not be discussed.  Unfortunately due to time restrictions, we were unable to 
thoroughly discuss Component Tree 3: The impacts of individual facilities on the 
environment (Figure 2c).  It would also have been difficult to assess these issues 
because there would be different levels of risk associated with each facility, as the 
site, infrastructure and processes vary greatly between them, meaning that each would 
have to be assessed individually. The main focus of this report is therefore the 
environmental impacts of marine finfish aquaculture in sea cages on a general (whole 
of industry) or catchment/regional level.  However, the importance of risks at the 
individual facility level is recognised and these issues are probably best considered 
during the application and planning processes. 
   

While the National ESD reporting framework for Australian fisheries was 
used to perform the risk assessment, it is not the aim of this project to produce an ESD 
performance report.  Rather the workshop was aimed at determining the perceived 
environmental risks associated with marine finfish sea cage aquaculture  (excluding 
tuna) as a precursor to conducting field assessments of the environmental impacts and 
developing environmental monitoring programs.  Thus, in this report, brief literature 
reviews for all issues rated as moderate, high or extreme risks are given, but without 
conducting a full performance report.  These literature reviews will help to establish 
priorities for the next phase of the project. 
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Figure 1.  Map of South Australia showing the main areas where marine finfish 
(excluding southern bluefin tuna) aquaculture occurs. Yellowtail kingfish and snapper 
aquaculture farms are situated in Spencer Gulf at Arno Bay, Franklin Harbour, 
Fitzgerald Bay and the coast around Port Lincoln which includes Boston Bay and 
Tumby Bay.  Atlantic salmon and rainbow trout aquaculture occurs on the southeast 
coast at Cape Jaffa and Rivoli Bay.  The numbers in brackets indicate the number of 
marine finfish leases in that area in 2004 but all leases may not be in operation at one 
time. 
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Figure 2a. Component Tree 1: Environmental impacts of the whole of the marine sea 
cage finfish aquaculture industry (modified from Fletcher et al. 2003). 
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Figure 2b. Component Tree 2: Environmental impacts of the marine finfish 
aquaculture industry on the Catchment/Region (modified from Fletcher et al. 2003). 
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Figure 2c. Component Tree 3: Environmental impacts of individual marine finfish 
aquaculture facilities (modified from Fletcher et al. 2003). 
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3 Methodology 
 

The risk assessment workshop was conducted using the National ESD 
Reporting Framework of Australian Fisheries (Fletcher et al. 2002) and the 
aquaculture supplement (Fletcher et al. 2003).  Rick Fletcher (WA Fisheries) acted as 
the workshop facilitator.  A range of stakeholder groups were invited to participate 
(listed in appendix 1), representing industry, government and community groups.  On 
the first day of the workshop, a general introduction and explanation of the risk 
assessment process was given to the participants. The majority of the issues in 
Component Tree 2: The impacts of aquaculture on catchments/regions were also 
discussed.  The remaining component trees were discussed on the second day of the 
workshop.  The generic component trees outlined in the Framework were modified so 
that they were specific for the marine finfish aquaculture industry (Figures 2a-c, 
Appendix 2).  Each issue was discussed in terms of current knowledge and 
management, and assigned a ranking in terms of the level of perceived risk associated 
with that particular issue.   

 
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 the 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.  Each issue was assigned a level 
of consequence (from negligible to catastrophic) and likelihood (from remote to 
likely).  In assigning a likelihood level it was important to remember that we were 
assessing the likelihood of that consequence occurring and not the likelihood of that 
particular activity occurring. The consequence and likelihood levels were determined 
for each issue using the tables outlined in the framework (Tables 1 and 2).  During the 
workshop, 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.  
The risk value and ranking for each issue were then determined using the risk matrix 
(Table 3).  The discussions leading to these rankings are summarised in Appendix 2.   

 
The summaries were then sent back to the delegates of the workshop for 

further comments and these have also been recorded in the summaries (Appendix 2).  
Additional comments on the summaries from the workshop were provided by Carina 
Cartwright and Stephen Madigan from PIRSA Aquaculture, Sue Murray-Jones from 
the Department of Environment and Heritage (DEH) and Paul Hastings from the 
Conservation Council of South Australia (CCSA). Wherever possible the exact 
comments were included, however additional words and phrases have been included 
in italics to improve readability and understanding. 

 
Since yellowtail kingfish and Atlantic salmon are the predominant species 

currently being cultured, the discussions focused on these species.  Any obvious 
differences in risk rankings between these species due to significant differences in 
husbandry and region characteristics were identified and noted in the summary if 
raised during the workshop or subsequent consultation (Appendix 3).  Participants 
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were also invited to comment on the other species aquacultured if they thought the 
issues for them were different. 

 
For Component Tree 2 which focuses on the impacts at the catchment/regional 

level four main regions were identified (see Figure 1 for locations):  
(1) Fitzgerald Bay,  
(2) Arno Bay and Franklin Harbour,  
(3) Port Lincoln (including Boston Bay) 
(4) Southeast (Cape Jaffa / Rivoli Bay) 
 
Due to time constraints most of the discussion focused on Fitzgerald Bay, 

however many of the comments and risk rankings apply to all four regions.  Where a 
distinct difference between regions was identified specific risk rankings were given to 
each region. If no comments were made about specific regions, it was generally 
because the participants agreed that the issues were the same across regions. 

 
The suggested outcomes for the determined risk rankings (Table 4) indicate 

that a full performance report is required for any issue determined to be of a 
‘moderate’ risk or higher.  A full performance report involves determining operational 
objectives, indicators, acceptable levels and management responses for that particular 
issue.  It is beyond the scope of this report to provide a full performance report for 
each of these issues or to recommend indicators for the measurement of management.  
It is the responsibility of the relevant management authorities to write the full 
performance reports.  The purpose of this report is to identify what we currently know 
about each issue, and identify the issues that require further research and/or 
management.  As such, a brief literature review of all issues ranked as moderate or 
higher was conducted.  Of particular interest for this review was any information 
available from South Australia, although for a number of issues none was found.  
Following this review, the document was again sent back to the workshop participants 
for any final comments, although no further input was received at this stage.  Finally, 
the risk ranking was re-assessed by the authors based on both the comments made 
during the workshop and the results of the literature review. 

 
Although each issue has been given a ranking at a specific level (i.e. whole of 

industry, regional or local) the issues have been discussed in this report at a broader 
scale in order to obtain a better understanding of the issue and to put it in context.  
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. 
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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 
ever 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 
 
 

Table 4. Suggested risk rankings and outcomes (from Fletcher et al. 2002). 
Risk Rankings  Risk Values Likely Management Response Likely Reporting 

Requirements 

 Negligible 0 Nil Short Justification Only 

 Low 1 – 6 None specific Full justification needed 

 Moderate 7 – 12 Specific management needed Full performance report 

 High 13 – 18 Possible increases to 
management activities needed

Full performance report 

 Extreme > 19 Likely additional management 
activities needed 

Full performance report 
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4  Results 
 

Component Trees 1 (Whole of Industry) and 2 (Catchment/region) were 
discussed in the most detail and the rankings of issues from lowest risk to highest risk 
are summarised in Appendix 2.  None of the issues were given a ‘high’ or ‘extreme’ 
ranking. This is a positive outcome as a ‘high’ ranking indicates a need for immediate 
increased management, and ‘extreme’ suggests that careful consideration needs to be 
given to the industries continued existence.  The highest ranking given was 
‘moderate’ indicating that these issues probably require further management or 
research.  Management responses to ‘moderate’ issues are unlikely to need to be 
immediate or drastic, however, and will generally be in the nature of continuous 
improvement over the next 5-10 years to reduce the risk to low. 

 
A total of 50 issues from Component Trees 1 (Whole of Industry) and 2 

(Catchment/region) combined were discussed, and 21 of these issues were given a 
‘moderate’ risk ranking (Table 5).  A number of these issues are not discussed in this 
report, as they are not considered environmental impacts. The effects of the number 
and size of farms and the effects of infrastructure on navigation are not discussed, as 
these are social issues. The effect of infrastructure on the catchment/region is directly 
linked to the removal of habitat for the building of the infrastructure and so this issue 
is discussed under the impacts on terrestrial vegetation section (Section 12) in the 
discussion.  In addition, two issues associated with the effects of disease in the 
cultured stocks that were given a moderate ranking are not considered in this report, 
as these issues are not an impact on the environment but more an impact on the 
industry itself.  These issues were (1) the impacts of disease in the cultured stocks on 
the whole of the industry (including Identification and Responses) and (2) the effects 
of disease on the catchment/region (e.g. proximity of facilities, translocation policy).  
The issues of disease transmission from the cultured stock to the wild stock and other 
species are included in the report.  A number of issues that were given a ‘moderate’ 
ranking at both the Whole of Industry and the Catchment/regional level are therefore 
discussed under the one heading. 
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Table 5. List of environmental issues from Component Trees 1 (Whole of Industry) and 2 
(Catchment/Region) that were given a moderate risk ranking during the workshop.  The 
consequence, likelihood and risk value 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 and also in Appendix 3.  People who were invited to comment on the summaries 
from the workshop and this report gave alternative risk rankings for several issues.  The 
alternative rankings and who gave them can be found in the workshop summary tables for 
each issue and in Appendix 3.  For issues from Component Tree 2 – Catchment/ Region, the 
values given here are for Fitzgerald Bay, which was the main focus during the workshop. 

Issue Component 
tree 

Consequence Likelihood Risk 
Ranking 

Authors 
ranking 

Effects of competition for food with escaped 
cultured species on the wild stock of that 
species 

Whole of 
Industry 

3 4 12 Low  

Impacts of marine finfish aquaculture on the 
food chain (including predation and 
competition) 

Whole of 
Industry 

3 
 

4 
 

12 Low – 
Mod 

Effects of disease (including parasites) from the 
escape of cultured species on the wild stock of 
that species 

Whole of 
Industry 

3 3 9 Mod 

Effects of disease in the cultured stocks on other 
species and community processes 

Whole of 
Industry 

3 4 12 Mod 

The effects of translocations of stock  Catchment / 
region 

4 
 

1-2 4-8 Low 

Impacts of feed composition, including source 
and sustainability 

Whole of 
Industry 

4 3 12 Low 

Effects of industry inputs (e.g. feeds) on the 
catchment/ region 

Catchment / 
region 

2 6 12 Low – 
Mod 

Effects of marine finfish aquaculture on 
phytoplankton  

Catchment / 
region 

3 
 

4 
 

12 
 

Low – 
Mod 

Regional carrying capacity Catchment / 
region 

2 
 

4 
 

8 
 

Mod 

Behavioural changes and other impacts on 
migratory species (e.g. birds and whales) due to 
marine finfish aquaculture 

Whole of 
Industry 

3 
 
 

3-4 
 
 

9-12 
 
 

Mod 

Effects of marine finfish aquaculture on 
dolphins (threatened, endangered, and protected 
Species) 
 

Catchment / 
region 

3 
 

4 
 

12 
 

Low 

Effects of marine finfish aquaculture on sharks 
(threatened, endangered, and protected Species) 
 

Catchment / 
region 

2 
 

4 
 

8 
 

Mod 

Effects of marine finfish aquaculture on 
terrestrial vegetation  

Catchment / 
region 

3 
 

4 
 

12 
 

Low 

The effects of infrastructure on Heritage areas. Catchment / 
region 

3 
 

4 
 

12 
 

Low 

Effects of aquaculture on World Heritage 
areas, RAMSAR and MPA’s – Cuttlefish 
Closure zone near Fitzgerald Bay 

Catchment / 
region 

3 4 12 Low – 
Mod 
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5 Discussion 
  

There are a number of general reviews on the environmental impacts of 
marine finfish sea cage aquaculture available in the literature (e.g. Gowen & Bradbury 
1987, Gowen 1991, Wu 1995, Beveridge 1996, Pearson & Black 2001, Gardner & 
Peterson 2003, Weber 2003).  Although these reviews draw upon experience from 
countries other than Australia, many of the issues discussed in these papers are 
relevant to South Australian aquaculture and the issues that are discussed below. 

 
The issues in the following sections were given a ranking of ‘moderate’.     For 

each issue, the comments and risk assessment values determined during the workshop 
are firstly summarised (Tables 7-24).  It should be noted that the comments in these 
tables come directly from workshop participants (listed in Appendix 1), 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 (Appendix 3) 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.  Comments that were of a general nature have been included in Appendix 4 
for future reference.  The relevant regulations as stated in the aquaculture licences are 
included where appropriate.  Wherever possible the exact comments were included, 
however additional words and phrases have been included in italics to improve 
readability and understanding. 

 
Each workshop summary table is followed by a brief review of the current 

knowledge and literature that was conducted by the first author.  For some of the more 
complex issues a general overview to the issue has been included.  Finally, the 
literature review combined with workshop summaries and additional comments for 
each issue are discussed in terms of the implications for the South Australian marine 
finfish 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 Effects of escapes 

5.1.1 Overview of issues pertaining to escaped fish: 
 
Cultured fish can escape the net pens by various means including through 

predator attack, during storms, by vandalism, during net changeover, net failure due to 
manufacturing defects or if the net is damaged by vessels (PIRSA 2003d).    Several 
issues relating to the escape of cultured organisms were identified in the component 
trees for marine finfish aquaculture (Figures 2a and b).  These issues were:  

1. Impacts on the food chain through increased predation and 
competition. 

2. Competition with the wild stock for food and space. 
3. Genetic alteration or degradation of wild stock. 
4. Introduction of parasites and diseases to 

a. Wild stock. 
b. Other species. 

5. Establishing feral populations. 
6. Socio-economic effects. 

 
Of these listed issues 1, 2, 4a and 4b were given a moderate risk ranking.  These 
impacts of escaped fish on the food chain and disease transfer to wild stock and other 
species are discussed in sections 5.1 and 5.2, respectively.   

 
The escape of yellowtail kingfish is of particular concern because it is the 

largest marine sea cage finfish aquaculture industry after southern bluefin tuna, and 
there have been a number of reported escape events since 2001 (Table 6).  The issue 
of yellowtail kingfish escape has recently been the subject of a great deal of media 
interest and community concern.  The discussion in this section of the report will 
therefore mainly focus on this species, however many of these issues are relevant to 
the other native marine sea cage aquaculture species such as snapper and mulloway.   

 
The major problem preventing the investigation of the ecological effects of 

escapes has been the inability to discriminate between the wild stock and the 
escapees.  Fowler et al. (2003) recently investigated the differences between 
yellowtail kingfish taken from three different origins; (1) cultured fish from sea cage 
farms in South Australia, (2) fish captured from outside Spencer Gulf that are 
considered to be wild, and (3) fish captured throughout northern Spencer Gulf whose 
origins were unknown.  A number of characteristics were compared including 
morphometric measurements, otolith (ear bone) shape and microstructure, and 
stomach contents.  The study found that aquaculture fish were morphologically 
variable, but that they were distinguishable from wild fish (from outside the gulf) in 
terms of a number of characteristics.  The fish taken from northern Spencer Gulf were 
more morphometrically similar to the aquaculture fish than to fish from outside the 
gulf.  However, these types of morphometric correlations on their own are 
confounded because fish may naturally differ between inside and outside the gulf.   

 
Additional evidence from stomach contents and differences in behaviour 

provide compelling evidence that the fish found in the northern part of the gulf are 
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escapees.  The stomach contents of the northern fish suggested a poor feeding ability.  
In addition, the northern fish were observed to react positively to the sound of 
outboard motors and of pellets being thrown onto the water, and the fish were seen to 
feed on the pellets.  It would be extremely unusual for wild fish to show these 
responses.  These investigations provide a useful tool that can be used for further 
studies into the impacts of the escape of native cultured fish. 

 
Current regulations require that all escapes be reported to the regulator, PIRSA 

Aquaculture. A number of measures have been taken by the industry to prevent 
escapes and these include increased net inspections by divers to identify and fix holes, 
prompt removal of dead fish to reduce the number of predators, investigation into the 
use of shark repellent pods, and all licence holders have procedures and protocols to 
attempt the recapture of escaped fish.  Furthermore, a recent workshop on interactions 
between sharks and aquaculture was told that sharks did not attempt to enter cages 
containing mulloway.  Given that sharks are probably responsible for a large 
proportion of escapes, this observation may lead to additional options for decreasing 
the frequency of escapes. 
 

Table 6. Summary of the details of escapes of yellowtail kingfish from sea cage farms located 
within the Spencer Gulf.  Information taken from Fowler et al. (2003) and the PIRSA website 
(http://pir.sa.gov.au/pages/aquaculture/public_reg/ytk_escapes.pdf) 

Date Location Number of escapes Average weight (kg) 
1st June 2001 Fitzgerald Bay 896 1.02 

Second quarter 2001 Port Lincoln 450 0.1 
23rd July 2001 Fitzgerald Bay 536 0.72 
9th May 2002 Arno Bay 5,500 0.5 
16th Sept 2002 Fitzgerald Bay 569 3.3 
31st Jan 2003 Fitzgerald Bay 1,438 0.019 
31st Jan 2003 Fitzgerald Bay 5000 (all recovered)  
6th April 2003 Arno Bay 11,949 (5,400 

recovered) 
2.5 

18th June 2003 Fitzgerald Bay 448 0.15 
31st July 2003 Fitzgerald Bay 2,423 2 
21 Nov 2003 - 4676 1.5 
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5.1.2  Effects of competition for food with escaped cultured 
species on the wild stock of that species 

Table 7: Summary of comments and risk assessment values for the issue of escaped cultured 
species on the wild stock.  Additional comments were received after the workshop.  Wherever 
possible the exact comments were included, however additional words and phrases have been 
included in italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

Will the escape of cultured animals cause problems to the wild 
stock due to increased competition for resources?  

Level of impact Whole of the industry 
Comments 
during 
workshop 

• This issue requires research and management. 
• An increase in yellowtail kingfish may be a benefit to the wild 

stock as numbers have been low. 
• There is a current research project proposal on the impacts of 

escaped yellowtail kingfish, however it will mainly focus on 
the impacts on other species. 

• The current management for prevention of escapes includes 
the use of steel cages.  

• A survey was conducted but was unable to find any escapees. 
This could be due to seasonality.  Need to conduct more 
surveys. 

• The ability of escapees to survive may be low because 
cultured stock are domesticated on pellet food so they may not 
be able to hunt and catch wild prey.  However, small fish that 
get into cages are eaten quickly so this may not be true. 

Additional comments 
PIRSA 
Aquaculture 

• A survey has been conducted on the escape of yellowtail 
kingfish, and Anthony Fowler has the results. The risk is low 
considering the results of this work. 

DEH • See recent SARDI report on kingfish escapees that have been 
caught. 

Risk assessment values 
Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

3 4 12 Moderate 

 
 
Current Knowledge 

 
In South Australia, SARDI Aquatic Sciences investigated ways to discriminate 

between wild and escaped cultured yellowtail kingfish (Fowler et al. 2003).    Fowler 
et al. (2003) found that many variables including morphology, otolith characteristics 
and behaviour suggested that the northern gulf population were likely to be escapees 
because of their similarity to the cultured group and their significant differences from 
the southern gulf population, which were assumed to be wild.  An analysis of gut 
contents suggested that the northern population fed opportunistically from the surface 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 20 
    

to the benthos and even fed on plant material, which is unusual for a carnivorous 
species such as the yellowtail kingfish (Fowler et al. 2003).  Fowler et al. (2003) 
suggest that these observations are due to the northern population being inexperienced 
foragers, and therefore are most likely escaped cultured fish.  Alternatively, these 
observations could suggest that the northern population are less selective in their diet 
compared to fish from outside the gulf.  If the northern population are in fact escaped 
cultured fish then the analysis of gut contents suggest that escaped fish may not be 
able to compete effectively for food with the wild population.  However, there are 
other concerns raised with the consumption of resources that may be utilised by other 
species if significant numbers of fish escape.  This may in fact have consequences on 
the food chain, and this issue is covered in the next section.  There is evidence to 
suggest that yellowtail kingfish escapees can survive in the wild (Fowler et al. 2003), 
however their reproductive success, longevity and actual impact on wild stock are still 
unknown.  The extent of their impact also needs to be put into the context of removals 
of other carnivorous species due to commercial and recreational fishing, which is 
likely to reduce predation pressure on many smaller species. 

 
Most of the research concerning the interactions between wild and cultured 

fish has been on salmon in the northern hemisphere.  Atlantic salmon are not native to 
South Australian waters and the escape of non-native cultured species has been 
covered under a different heading (Appendix 2).  However there are lessons that may 
be learned about the behaviour of escaped native species observed in the northern 
hemisphere. Jacobsen & Hansen (2001) performed gut analyses and found there was 
no difference in condition, number and weight proportions of prey in the diet between 
wild and escaped cultured salmon in the northeast Atlantic, and suggested that an 
increase in the numbers of escaped salmon may result in increased competition for 
food for the wild stock in that region.  This increased competition may, however, 
offset previous decreases due to overfishing of wild stocks, so food availability for the 
wild stock may still be high, depending on whether total population size is low or high 
compared to the original virgin stock. 

 
It is important to note, however, that direct comparisons are difficult to make 

due to the differing husbandry practices used between the hemispheres.  In the 
northern hemisphere several generations of Atlantic salmon are bred and cultured, 
whereas in Australia, for all native marine finfish species, only the first generation is 
cultured and therefore there is no artificial selection occurring nor is there any use of 
genetically modified organisms (GMOs).  Hence there would be little risk of 
‘genetically superior’ escaped fish that are better at competing for resources than the 
wild stock.  Given this, competition would only be a concern if behavioural 
differences between wild and cultured fish lead to a cultured stock that competed with 
the wild stock. 

 
Given the low and apparently sporadic number of wild yellowtail kingfish 

present in northern Spencer Gulf, and the apparently poor feeding ability of escaped 
fish, we feel that the current consequence of escapees for competition on the wild 
stock is likely to be minor (score of 1), and that over the next 5 years might be 
moderate (2) rather than severe.  If the absolute number of escapees increases 
substantially, then a severe (3) ranking would be appropriate.  The likelihood of a 
minor consequence would be likely (6) and of a moderate consequence unlikely (3), 
resulting in a risk value of 6 (low rather than moderate). 
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5.1.3  Impacts of marine finfish aquaculture on the food chain 
(including increased predation and competition with other species) 

Table 8: Summary of comments and risk assessment values for the issue of impacts on the 
food chain due to escaped cultured stock.  Additional comments were received after the 
workshop.  Wherever possible the exact comments were included, however additional words 
and phrases have been included in italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

If escapes occur, could these cause significant shifts in the food 
chain?  

Level of impact Whole of the industry 
Comments 
during 
workshop 

• We do not know the impacts. Displacement of keystone 
species may change an entire ecosystem. It is possible that 
escapees will have an impact on the food chain. 

• There is a current research proposal on the impacts of 
yellowtail kingfish escapes and a review of the risk and 
management is required once the research is completed. 

• The industry needs to continue to reduce the chances of 
escape, particularly at levels that might impact on the food 
chain. 

• There is a response plan for retrieval of escapees in place as a 
part of management. 

• This is also a regional issue (Component Tree 2). 
Additional comments 

PIRSA 
Aquaculture 

• The risk is low considering that escapes are being reduced 
through improved management practices and also there is 
going to be research into the impacts of escapees. If all the 
fish escaped, then the impact (consequence) on the food chain 
would still not be a score of 3 (a score of 3 implies that there 
are long term adverse impacts). We would give a consequence 
score of 2. 

DEH • How is this issue being addressed?  If one doesn’t know the 
impacts how can you make a risk assessment?  One such 
impact may come from the cumulative impacts of soluble 
waste (i.e. ammonia) from finfish farms, which may alter the 
species composition of phytoplankton populations – these 
could be benign.  However potentially toxic or damaging 
species may be favoured and then the consequences could be 
economically and socially quite large. 

Risk assessment values 
Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

3 4 12 Moderate 

PIRSA 
Aquaculture 

2   Low 
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Current Knowledge 

 
The escape of cultured stock from marine finfish aquaculture in sea cages can 

affect the food chain by increasing competition and predation.  The escape of 
carnivorous fish such as yellowtail kingfish could increase predation levels on baitfish 
and/or increase competition with other carnivorous fish.  Fowler et al. (2003) 
suggested that escaped yellowtail kingfish are inexperienced foragers that, compared 
to wild fish, feed on a greater variety of food, such as plant matter.  These escaped 
fish may then increase competition with other grazers and predators for these food 
resources and also increase predation pressure on the prey.  Several workshop 
participants indicated that in previous decades, schools of large wild yellowtail 
kingfish were seen sporadically as far north as Port Augusta, but that they have not 
been seen recently, presumably because of overfishing.  If this is true, then escapees 
may simply be replacing missing wild stock, providing that those that survive adopt 
migratory patterns similar to wild fish, and do not permanently inhabit a particular 
area.  However, given the lack of reliable quantitative data on historic abundances of 
yellowtail kingfish, it is impossible to determine if escapees are presenting a 
substantial novel impact (in terms of type or extent) on the food chain. 
  

A review on the potential impacts of Atlantic salmon aquaculture in South 
Australia was conducted by looking at the experiences of Tasmania, Canada and other 
countries that farm this species (O'Sullivan et al. 1998).  Atlantic salmon have been 
cultured in Tasmania since the early 1980’s and there is no evidence that escapees 
have formed self-sustaining populations in the wild (O'Sullivan et al. 1998).  In 
addition, very little food was found in the gut of escaped salmon in Tasmania 
suggesting that escapees are not efficient predators (O'Sullivan et al. 1998) and hence 
may not increase competition for food for the local fish communities, nor impact on 
the food chain at other levels.  In contrast, Jacobsen and Hansen (2001) examined the 
gut content of escaped Atlantic salmon in the Norwegian Sea where this species is 
native and found that there was no difference in condition or diet to wild salmon.  
Similarly, Hislop and Webb (1992) found that the diet of escaped Atlantic salmon in 
Scottish waters consisted of natural prey eaten by the wild stock. These studies 
suggest that escaped salmon may be able to compete with wild stocks for resources.  
The possible explanation for the difference in the feeding success of escaped salmon 
between the northern and southern hemispheres is that Atlantic salmon are native to 
Norway and Scotland and so environmental conditions may suit the salmon better 
than the conditions in Australia.   
  

O'Sullivan et al. (1998) were unable to find any information on the potential 
impact of Atlantic salmon escapes on the marine fauna in southern Australia.  Instead 
they used known information on the diet of salmon in their native waters and the 
known diet of similar native species (e.g. Australian salmon) to extrapolate what the 
diet of an escaped salmon in Australian waters may consist of. They concluded that 
the impact on competition for food with other native fish and the impact of predation 
on native fish by escaped salmon would be minimal and would be dependant on the 
number of escapees, concentration and whether or not they feed.  Similarly, due to 
lack of information O'Sullivan et al. (1998) were unable to determine the impact of 
escaped salmon on other pelagic fish (i.e. sharks), sea birds, and marine mammals 
(dolphins and seals) but speculated that due to the relatively low numbers of escapes 
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that the impact would be low. These ideas have not been quantitatively assessed and 
validated.  A survey in Chile, where various salmonids including Atlantic salmon and 
rainbow trout are farmed, found that sites that had the largest salmon captures also 
had the lowest native fish catches and species richness (Soto et al. 2001).  These 
species of salmonids are not native to Chile and this study suggests that these exotic 
species may increase competition and displace the native fish species.   

 
It is not just the escape of cultured fish that can impact the food chain as 

increased nutrients in the form of uneaten feed and wastes may also alter the food 
chain. Increased nutrients may cause blooms of phytoplankton, which in turn can lead 
to eutrophication, oxygen depletion and fish kills, thereby impacting on the food 
chain.  Fish (Dempster et al. 2002, Thetmeyer et al. 2003), birds (Harrison 2003) and 
a range of other organisms may be attracted to the sea cages to scavenge on the 
uneaten feed, especially when baitfish rather than pellets are used.  In Port Lincoln, 
aquaculture has been a factor associated with an increase in silver gull (Larus 
novaehollandiae) clutch size and reproductive rate (Harrison 2003) and an increase in 
the population may have many flow-on affects in the food chain. Once the feeding at 
farms had stopped the gulls were found in higher numbers around the town and at the 
local rubbish tip where they were able to scavenge for food.  The impact on the food 
chain of the increase in the silver gull population around Port Lincoln needs further 
investigation.  Current practises with yellowtail kingfish and salmon are to cover 
cages with bird netting, effectively preventing scavenging by silver gulls, and thus a 
build up in numbers. 

 
The attraction of wild fish to the sea cages may benefit the farms by reducing 

the amount of uneaten feed and sedimentation under the sea cages.  In Western 
Australia, wild scavenging fish under sea cages helped to decrease the amount of 
nutrient and sediment build up underneath the sea cages (Felsing et al. 2002).  The 
impacts of this ‘additional’ food source on the population dynamics, ecology and 
reproduction of the wild fish is unknown, as is where the wild fish move to and what 
they eat during fallowing periods.  There is nothing known about the impacts on the 
ecology, population dynamics and reproductive success of the fish that scavenge on 
the uneaten feed under a sea cage or on their impacts on the food chain.  Attraction of 
wild fish to cages is the subject of a current honours project at SARDI and Adelaide 
University. 

 
Given the apparent poor feeding ability of escapees, and the loss of large 

numbers of carnivorous fish from South Australian coastal waters, we feel that the 
consequence of escapees for the food chain would be minor (1), or moderate (2) at 
most, rather than severe (3).  Again, if the number of escapees increases substantially, 
then the consequence could become severe.  At a local scale, issues related to 
aggregation of wild fish are likely to be more important, although their importance at 
a regional scale is debatable, except for Fitzgerald Bay if it experiences substantial 
expansion.  The likelihood of a minor consequence would be likely (6) and of a 
moderate consequence would be possible (4), giving a risk value of 6-8 (low to 
moderate).  Given that there is a current FRDC funding proposal for further research 
into the issue of escapes being considered, and that attraction of wild fish to sea cages 
is being studied, it would be appropriate to leave the risk at moderate and reassess it 
after further information is available.  In the meantime, providing current efforts to 
reduce escapes and to recapture those fish that do get out continue, no further action is 
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needed.  Given that escapes directly equate to economic losses, it is unlikely that the 
industry will stop these efforts.  Indeed, escapes are probably a greater economic risk 
than they are an environmental risk. 
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5.2 Effects of disease in the cultured stocks 

5.2.1 Overview of disease in marine sea cage aquaculture of 
finfish: 

 
When large numbers of fish are confined to a relatively small area as occurs in 

sea cage farming, factors such as overcrowding, increased stress and reduced water 
quality may result and can produce conditions suitable for the spread of disease and 
parasites in the cultured fish (Ogawa 1996).  It is possible for the wild stock and other 
species of fish to interact with the cultured stock either through the sea cages or when 
fish escape and this could potentially lead to the transfer of disease between them. It is 
a major concern for farmers if the wild stock or other species transmit disease to the 
cultured stock. The transmission of disease from the cultured stock to the wild stock 
and other species could also have potentially significant consequences. Both forms of 
transmission are cause for concern yet, to date, there have been no investigations into 
disease transmission between wild and cultured fish in Australia.  A great deal of 
research has been conducted in the northern hemisphere and although there is much 
debate in the literature, there is insufficient evidence to conclude whether or not 
observed increases in disease in the wild stocks are due to disease transfer from 
escaped cultured fish (Stephen 2002). 

 
There are numerous groups of disease causing organisms found in farmed fish 

worldwide.  There are very few pathogens identified for yellowtail kingfish in 
Australia (PIRSA 2002).  A lot more information is known about the salmonid 
pathogens in Australia as these species have been cultured for several decades in 
Tasmania (O’Sullivan et al. 1998).  Several more pathogens have been identified 
throughout the world especially in Japan where close relatives of the yellowtail 
kingfish are cultured, and in countries such as Canada and Norway where Atlantic 
salmon are cultured.  To date there is no documented evidence that these pathogens 
have been transmitted to or spread by cultured fish to wild fish or have caused an 
increase in disease in wild fish.  There is currently a research project underway that 
aims to identify and quantify the parasites of cultured and wild yellowtail kingfish in 
South Australia and to investigate the potential transmission between the two stocks. 
  

Diseases could potentially be transmitted to other animals by escaped fish, 
through direct interaction with the cultured fish in the sea cages, or indirectly through 
the water column. Disease transmission may occur between the cultured stock and 
either the wild stock of that species or other species in the environment and the risks 
associated with these issues are discussed in the following sections.  In this section, 
we take disease to include parasites. 
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5.2.2  Effects of disease in the cultured species on the wild stock 
of that species 

Table 9: Summary of comments and risk assessment values for the issue of disease 
transmission from the cultured stock to the wild stock.  Additional comments were received 
after the workshop.  Wherever possible the exact comments were included, however 
additional words and phrases have been included in italics to improve readability and 
understanding. 
Description 
(Fletcher et al. 
2003) 

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? 

Level of impact Whole of the industry 
Comments 
during 
workshop 

• The issues of escape and disease are currently being managed. 
• There is debate on the transfer of disease from wild to stock. 
• There is a research project on the parasite ecology of escaped 

yellowtail kingfish and potential parasite transmission 
between escapes and wild stock underway.  A review of the 
risk should be conducted once the project is completed. 

• The consequence could be severe, but likelihood of it 
occurring is low. 

• Do fish have to escape to pass on disease since the cultured 
stock is still interacting with other species when in the cage? 
This is unknown. 

Additional comments 
PIRSA 
Aquaculture 

• This issue should be separated into two sections  
1. The impacts of parasite transfer from the cultured stock to 

the wild stock – a risk ranking of moderate is okay. 
2. The impacts of exotic disease transfer from the cultured 

stock to the wild stock – the risk ranking is low because of 
the level of PIRSA and federal government regulation on 
translocations and monitoring. 

• Fish do not have to escape to pass on disease.  For example 
kingfish are stocked into cages ‘clean’ of flukes.  Once there, 
they become infected.  The original source must be wild fish.  
If wild fish can infect the farm fish, the opposite must also 
apply.  This does not mean that the chance of disease 
transmission between fish in the farms and wild conspecific 
animals is absolute.  Of course it could occur, but the chance is 
very low. 

Risk assessment values 
Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

3 3 9 Moderate 
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Current Knowledge 

 
There have been no documented cases of the direct transfer of native or exotic 

diseases from sea cage cultured fish to wild stock in Australia, however there have 
been no specific studies to test whether or not it occurs.  Throughout the rest of the 
world there have been incidents where exotic diseases have been introduced to wild 
fish from translocated farmed fish, which have had serious consequences for local fish 
populations (e.g. Heggberget et al. 1993).  In contrast, there have been no documented 
cases of direct disease transfer from farmed fish to wild fish of pathogens that are 
native to the region.  Indirect correlations suggest that there is a link between the 
increase of the incidence of disease in wild stock and the occurrence of aquaculture 
(Bjorn and Finstad 2002) but correlations of this type do not provide evidence of a 
causal link.  The difficulty of identifying direct pathogen transfer between the 
cultured stock and wild stock stems from the difficulty in determining the origin of 
the pathogen in wild stock and establishing any links with disease in cultured fish 
(Windsor & Hutchison 1990).  

 
The introduction of exotic diseases into areas where animals may not have an 

innate immune response is a major concern.  There have been wild fish kills or 
declines in other parts of the world due to exotic diseases and parasites, which are 
thought to be introduced from cultured fish that have been translocated (e.g 
Heggberget et al. 1993).  The introduction of the monogenean parasite, Gyrodactylus 
salaris, was most likely from the import of animals for culture and has had a major 
impact on the wild salmon stocks in Norway resulting in a dramatic decline in 
numbers (Heggberget et al. 1993).  Similarly, infectious hematopoietic necrosis 
(IHN), a salmonid viral pathogen, was introduced to Japan from infected sockeye 
salmon eggs that were imported from Alaska and caused significant mortalities in 
three species of salmon (McDaniel et al. 1994, Waknitz et al. 2003).  There are 
restrictions and regulations in place that limit the import and translocation of fish in 
and around South Australia thereby reducing the risk of exotic disease introductions.  
Currently, permits from PIRSA Aquaculture are required for the import or 
translocation of fish, and a veterinarian must certify the stock.  In terms of yellowtail 
kingfish aquaculture in South Australia, the risk of exotic disease transmission is 
negligible because the broodstock are locally sourced from the wild in the same 
region where the fish are stocked and the risk of increased prevalence of diseases that 
already occur in the wild populations is of greater significance. 

 
For pathogens already present in an area there is no definitive evidence that 

marine aquaculture has caused an increase of those “native” diseases in the wild 
stocks. At present there is no clear evidence whether or not aquaculture increases lice 
loads in wild stocks. Several studies in the northern hemisphere have correlated high 
infection rates in wild stock with areas of intense aquaculture. For example, Bjorn and 
Finstad (2002) in Norway found that a population of Arctic char and sea trout, in an 
area where aquaculture of the closely related Atlantic salmon occurs, had higher 
salmon lice infestations compared to populations that were located in an aquaculture 
free area.  However this type of correlative relationship does not take into account that 
disease or parasite load can be dependant on the local environmental conditions and 
therefore does not provide evidence of causal linkage between aquaculture and 
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disease prevalence in wild fish.  Marshall (2003) used a more appropriate method by 
comparing parasite loads in the wild fish in the same area during times of fallowing 
and times of aquaculture production.  They found a weak relationship between lice 
abundance on wild salmonids and the stage of production of fish farms.  Infestations 
of sea lice in the wild fish were higher during periods of farming compared to the 
fallowing period.  However, there was no statistically significant correlation between 
the lice abundance on the wild and farmed fish indicating that other factors may have 
a greater influence on lice abundance.  

 
Several models have been developed to estimate and quantify the parasite 

populations in cultured and wild fish (e.g. Heuch & Mo 2001, Butler 2002, Murray 
2002).  However, they do not estimate or infer anything about transmission between 
the two stocks.  The difficulty with developing such a model stems from the large 
number of variables that influence transmission and the lack of accurate data.  These 
variables include wild and cultured host ecology, parasite infection dynamics, larvae, 
hydrodynamics, temperature and salinity. 

 
One of the major problems with assessing disease and parasite load is that the 

wild stocks of the species cultured in Australia often migrate over long distances and 
so any relationship between a region and parasite load is difficult to assess without 
prior knowledge of the ecology of the parasite.  “Parasite tags” are often used to 
differentiate between stocks and these parasites may be useful in determining the 
origin of the parasites i.e. whether they are from farms or the wild. 

 
The behaviour of escaped fish could potentially play an important role in the 

transmission of disease to wild stock.  There is very little known about the behaviour 
of escaped fish, except that yellowtail kingfish escapees often stay close to farms for 
several days which enables the recapture of many of them (Zaluski 2003).  It is not 
known whether escaped fish form self-sustaining populations or integrate with wild 
schools thereby increasing the chances of disease transfer. 

 
A PhD student from the University of Adelaide is currently researching 

parasite transmission between wild and cultured yellowtail kingfish in South 
Australia.  The transmission of other diseases between the wild and cultured stocks 
needs further research as does the behaviour and ecology of the escaped fish. 

 
Given the contentious nature of this issue in the northern hemisphere, where it 

is possible that the salmon aquaculture industry is having detrimental effects on wild 
salmon stocks due to disease, the moderate risk ranking based on an unlikely but 
severe consequence is probably appropriate.  It should be realised, however, that any 
effect of aquaculture is just one of a long list of possible causes for the decline of wild 
salmon stocks in the northern hemisphere, and the negative effects of aquaculture 
probably occur because stocks are already stressed from other forms of disturbance 
and pollution.  The moderate risk ranking reflects the fact that we simply do not 
know, and it is entirely possible that aquaculture has little if any effect.  Under current 
policies, the risk of introducing new diseases is probably low, but it is essential that 
current practises relating to import and translocation of stock continue, otherwise this 
ranking could increase. Given the transmission of parasites from cultured to wild 
stock is the focus of current research, this ranking should be reassessed when that 
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project has been completed.  As things stand, no additional management response is 
needed until this project is completed and the risk is re-assessed. 
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5.2.3  Effects of disease in the cultured stocks on other species 

Table 10: Summary of comments and risk assessment values for the issue disease 
transmission from the cultured stock to other species.   
Description 
(Fletcher et al. 
2003) 

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

Level of impact Whole of the industry 
Comments 
during 
workshop 

• This issue is similar to issues discussed at the regional level 
(Component Tree 2), however the differences between regions 
need to be considered. 

Additional comments 
- 

Risk assessment values 
Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

3 4 12 Moderate 

 
Current Knowledge 

 
O'Sullivan et al. (1998) conducted a review of the potential impacts of Atlantic 

salmon aquaculture in South Australia including the possible impact of disease on 
other marine species by looking at the experiences of Tasmania, Canada and other 
countries that farm this species.  To date there have been no reported incidents of the 
spread of disease from cultured Atlantic salmon to native species in Tasmania where 
marine aquaculture has occurred since the early 1980’s.  A number of diseases have 
been identified in Atlantic salmon in Australia and for many of these diseases the 
source of infection is thought to be native fish in the region (O’Sullivan et al. 1998). 

 
Very little is known about transmission of disease (including parasites) from 

fish to other fish and non-fish species, and virtually nothing is known about the 
transmission of disease from the species cultured in South Australia.  There are two 
main types of parasites: those that only require a single host in order to reproduce and 
those that require two or more different hosts in order to reproduce.  Some hosts may 
carry the parasite and not be affected but will transmit the parasite to the next host.  
This type of host is known as a vector.  Some parasite groups utilise several different 
host species throughout their lifecycle.    The parasites may require several 
intermediate hosts before being able to infect the definitive host where the parasite 
can sexually reproduce.  Depending on the species of parasite, the required host 
species may be very specific (i.e. only a single species) for each life-stage or the 
parasite may be able to infect closely related groups of species.  Fish, molluscs, 
crustaceans, and birds among others can all be hosts or vectors for the parasites.  

 
Fish are often an intermediate host for parasites that have birds as the 

definitive host (Barber 2003).  Usually in bird-fish parasite life-cycles the parasite is 
transmitted if the fish is ingested by the bird (Barber 2003).  The species of fish that 
are cultured in South Australia are large carnivorous species that are unlikely to be 
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preyed upon by birds so this form of transmission may not be a problem.  However, 
the transfer of small fingerlings to the sea cages may provide a means of parasite 
transmission between birds and fish.  Alternatively, it may be possible that the 
cultured fish transmit the disease to smaller native fish, which in turn will infect the 
birds if consumed. 

  
A number of parasites utilise both fish and invertebrates that are commonly 

found in the biofouling community on the nets as hosts. Tan et al. (2002) found that a 
number of species in the net biofouling community of Atlantic salmon sea cages in 
Tasmania were potential sources and reservoirs of Neoparamoeba pemaquidensis 
which causes amoebic gill disease, a significant disease for the industry.  Several 
samples of the blue-lipped mussel (Mytilus edulis), an unidentified amphipod, the 
hydroid Obelia australis, and the bryozoan Scrupocellaris bertholeettii tested positive 
for the presence of N. pemaquidensis.  Most notably a high percentage of the solitary 
ascidian Ciona intestinalis tested positive to the amoeba. N. pemaquidensis can be 
found in the environment as a free-living organism and it is not an obligate pathogen.  
It has only been recorded as a pathogen for salmon and it is unknown whether it is 
pathogenic for the other species that it has been found in.  Freshwater bathing of fish 
and the cleaning of nets are conducted at specific times in an effort to break the 
lifecycle of these types of parasites.  More research is required on the transmission of 
disease from the cultured stock to other species since there is very little known about 
this issue. 

 
Again, given the contentious nature of this issue in the northern hemisphere 

(see section 2.1), the moderate risk ranking based on a possible but severe 
consequence is probably appropriate.  The risk should be reassessed on completion of 
this project, and at this stage, with the procedures currently in place, it is not 
considered necessary to take any further action.  The only change may be to decrease 
the likelihood to unlikely, as disease appears to be less of a problem in South 
Australia than it is in the northern hemisphere, but this still results in a moderate risk 
ranking.  Under current policies, the risk of introducing new diseases is probably low, 
but it is essential that current practises relating to import and translocation of stock 
continue, otherwise this ranking could increase.   
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5.3 The effects of translocations of stock 

Table 11: Summary of comments and risk assessment values for the issue of translocation of 
stock.  Additional comments were received after the workshop.  Wherever possible the exact 
comments were included, however additional words and phrases have been included in italics 
to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

Are there any translocation policies or protocols that need to be 
considered by all facilities in the region that may be importing or 
exporting live product/seed stock/larvae etc into or out of the 
region?   

Level of impact Catchment/region 
Comments 
during 
workshop 

• Stocking only occurs for yellowtail kingfish from hatcheries 
using broodstock from the region and the animals are from the 
one stock.  

• What happens in later generations? 
• This is not an issue for yellowtail kingfish as there are no 

translocations.  
• There is an issue for broodstock. 
• There is a risk of feral species being translocated at the same 

time. 
• Needs investigations. 

Additional comments 
PIRSA 
Aquaculture 

• Risk of feral species introduction is VERY LOW indeed. 
Consequence level of 0 given because we are using F1 (first 
generation) broodstock.  An assessment of the risk of Atlantic 
salmon establishing feral populations found that the risk is 
negligible.  Eyed eggs are used in Atlantic salmon farming. 
 

Current Regulations 
Must not translocate from the Licensed Site any aquatic organisms showing clinical 
signs of disease, except for the purpose of testing those aquatic organisms for the 
presence of disease or lawful disposal, without the prior written approval of the 
Minister (PIRSA 2003b). 

Risk assessment values 
Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

4 1-2 4-8 Low - 
moderate 

PIRSA 
Aquaculture 

0  0 Negligible 

 
Current Knowledge: 
  

There are two main risks associated with the translocation of fish from 
overseas, interstate and between regions for the purpose of aquaculture.  These risks 
are the introduction of exotic disease, and introduction and establishment of exotic 
organisms.  The introduction of exotic organisms can be broken down further into two 
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components: establishment of feral population of exotic cultured animals and the 
introduction of exotic plants and animals that may have inadvertently been 
translocated with the cultured fish.  During the risk assessment workshop, the risk of 
establishment of feral populations of Atlantic salmon and rainbow trout was given a 
low risk ranking and so will not be discussed further in this report.  The possibility of 
the introduction of exotic plants and animals remains a risk to both the industry and 
the environment.   
  

In the 1970’s the import of Japanese goldfish infected with the bacteria 
Aeromonas salmonicida into Victoria introduced goldfish ulcer disease to cultured 
and wild Australian goldfish and koi carp populations (Langdon 1989).  Although 
these species of fish are not native to Australia or farmed in sea cages offshore, this 
exotic disease introduction highlights the risks associated with the translocation of 
animals.  Further studies revealed that this pathogen was able to infect salmonids 
(Carson & Handlinger 1988, Whittington & Cullis 1988), which could have serious 
consequences for the aquaculture industry.  The issues associated with the 
introduction of exotic diseases from cultured fish are discussed in the disease section 
of this report (Section 3).  Langdon (1989) suggests that the risk of translocating 
native fish within their distributional range poses a greater threat than translocating 
exotic species because the disease would then spread to native populations that are 
known to be susceptible to the disease but may not have been exposed to the pathogen 
before.  This is in comparison with the risk associated with translocating exotic fish 
that may be carrying an exotic disease that requires specific hosts and hence would be 
unable to infect the native fish. 

 
While there have been no documented introductions of exotic animals or 

plants due to aquaculture in South Australia, such introductions have been common 
elsewhere in the world (Naylor et al. 2001).  While the majority of such introductions 
occurred prior to the implementation of today’s stringent protocols to prevent such 
occurrences, there is still a risk of similar introductions happening today.  These 
historical introductions emphasise the importance of taking extreme care when 
translocating stock long distances. 

   
The translocation policies of PIRSA Aquaculture limit the import and 

translocation of fish in and around South Australia thereby reducing the risk of exotic 
disease introductions.  Permits from PIRSA Aquaculture are required for the import 
or translocation of fish, and a veterinarian must certify the stock.  There are also 
national regulations restricting the translocation of animals. 

 
Under the current situation where translocation of native species only occurs 

intra-state, and on a scale that is probably less than the scale of movement for wild 
fish, translocation of native species is likely to represent a negligible to low risk.  A 
slightly higher risk would be associated with the inter-state translocation of 
salmonids, and it is important to maintain careful control over this process.  If disease 
outbreaks occur in the areas these originate from, the risk could become high. 
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5.4 Impacts of feed composition, including source and 
sustainability 

Table 12: Summary of comments and risk assessment values for the issue of feed 
composition.  Additional comments were received after the workshop.  Wherever possible the 
exact comments were included, however additional words and phrases have been included in 
italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

Does the industry use feeds?  If so, is the source of these feeds 
sustainable?  

Level of impact Whole of the industry 
Comments 
during 
workshop 

• Pellets are the main feed used.  Pellets consist of fishmeal that 
is imported from overseas (mainly South America). Are they 
using sustainable processes?  If the process used is not 
sustainable then the SA industry will eventually collapse when 
the feed source collapses. Farmers need to be selective about 
where the feed comes from. 

• Research into replacing fishmeal (and fish oil) in feed is 
required. 

• Do we want to produce fishmeal in SA? – there are 
environmental and economic drivers.  Has previously been 
uneconomic, but this may change if prices increase. 

• Fishmeal has fluctuating sources and the industry needs to 
keep this in mind. 

• If other countries begin or expand aquaculture then there will 
be more competition for feed and prices will increase 
therefore the industry needs a back up strategy. 

• Most sources of fishmeal do not like to supply the smaller 
industries.  They prefer to supply larger amounts of fishmeal 
to the bigger industries. This is a problem for the industry in 
Australia and SA, which is not large. 

• The community attitude on the sustainability issues associated 
with fishmeal is unknown. 

Additional comments 
CCSA • Query whether the supplies are from South America, for 

pellets they are more likely from North America. (They are 
from South America). 

• The northern hemisphere marine environment is estimated to 
be 8 times more polluted than southern hemisphere, 
particularly with banned pesticide chemicals such as PCB’s 
Dioxins etc.  These chemicals bioaccumulate through the food 
chain.  By feeding contaminated feeds to fish that are high in 
the food chain, these banned chemicals can build up in the fat. 

• This is a public health issue and potentially could shut down 
the industry if not assessed.  Testing should be carried out on 
imported fishmeal pellets and fully-grown farmed fish to 
ensure that levels of these toxins are within WHO limits. 
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PIRSA 
Aquaculture 

• The risk is Low because there is research into fishmeal 
replacement. SA can only have a low impact on other pilchard 
stocks because we are not a large volume to them.  There is 
research into feed management practices 

DEH • Chemical additives may be a problem to other marine 
organisms i.e. antibiotics, dyes etc 

Risk assessment values 
Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

4 3 12 Moderate 

PIRSA 
Aquaculture 

   Low 

 
 
Current Knowledge: 

 
Currently marine finfish aquaculture (except for tuna) mainly uses pelleted 

feed, which consists predominantly of fishmeal and fish oil that are obtained from 
overseas baitfish wild capture fisheries.  Some farmers also use baitfish on occasion.  
One of the major concerns for those opposed to the aquaculture of carnivorous fish is 
that more baitfish by weight is required for feed than what is produced by weight as 
the final product.  For example, for every 3.16 kilograms of baitfish used, only 1kg of 
salmon is produced (Naylor et al. 2000).  The indirect use of baitfish is one of the 
weaknesses in the argument that aquaculture will help relieve the pressure on wild 
capture fisheries. Most of the baitfish fisheries are already fully exploited, 
overexploited or depleted (FAO 2002) and if aquaculture keeps expanding then 
supply will fall short of demand.  In contrast, proponents of aquaculture argue that the 
species used for feed consist of species unfit for human consumption, or is a 
beneficial way of utilising surplus or waste fish.  This argument, however, is flawed 
since over-harvesting any species, whether fit for human consumption or not, could 
result in far reaching impacts on the food chain and other fisheries.  While these 
fisheries should be managed for sustainability by the relevant fisheries authorities, 
history shows that this is often not achieved, and increased demand for product could 
lead to further problems with overfishing. 

 
Baitfish are primarily small pelagic fish and the main wild capture species 

utilised for global supplies of fish meal are anchoveta, Chilean jack mackerel, chub 
mackerel, Japanese anchovy, round sardinella, Atlantic mackerel, European mackerel, 
sandeel, Norway pout, sprat, horse mackerel, blue whiting, and Atlantic herring 
(Naylor et al. 2000, FIN 2003). Six of these species are found in the top 10 of capture 
fisheries in terms of production (Naylor et al. 2000, FAO 2002).  Several management 
strategies and regulations have been put into place by government agencies around the 
world in order to improve the sustainability of these baitfish fisheries.  Some of these 
strategies include the mandatory fitting of satellite trackers on fishing vessels, limits 
on size and catch, and closed seasons during vulnerable periods (i.e. time of 
spawning), but despite these restrictions many of the fisheries are still being over-
exploited. The main fishmeal producing countries in order of decreasing output are 
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Peru, Chile, China, Thailand, Japan, USA, Denmark, Iceland and Norway (FIN 2003).    
Worldwide, one-third of the fish used to make fish meal are used for aquaculture, 
while the remaining two-thirds are used for fish meal to feed poultry, pigs and other 
animals (Tacon 1994, 2003)  

 
The over-exploitation of these pelagic fish species may have severe 

consequences for the food chain by reducing the available food for larger predatory 
fish (Folke & Kautsky 1989).  For example, in the North Sea, overfishing of sandeel, 
Norway pout and capelin has been associated with a decrease in stocks of certain fish 
such as cod, as well as changes in the distribution, population dynamics, and 
reproductive success of seal and seabird colonies (Monaghan 1992, Naylor et al. 
2000).  In the Peruvian upwelling system, a strong interaction between anchoveta and 
seabird and mammal populations has been observed (Naylor et al. 2000).  In 
Australia, pilchards (Sardinops neoplichardus) and jack mackerel (Trachurus 
declivis) are harvested for marine finfish food and both species are known keystone 
prey for a number of vertebrates including penguins (Gales & Pemberton 1990), 
gannets (Brothers et al. 1993), Australian fur seals (Gales & Pemberton 1994), 
shortbeaked common dolphins and Indo-Pacific dolphins (Kemper & Gibbs 2001, 
Kemper et al. 2003).  

 
The amount of baitfish captured varies greatly between years and there is 

some evidence that the global catch is declining, although some fisheries, such as for 
pilchards in South Australia, are still apparently underexploited.  At present, South 
Australian aquaculture is highly dependent on the import of fishmeal and fish oil for 
feed. Fishmeal and oil prices have risen over the past few decades and will probably 
continue to rise as stocks become limited and demand increases.  Due to the 
fluctuating food source, the industry has recognised the need for fishmeal and fish oil 
replacements in the diet.  The major problem associated with replacing fishmeal and 
oil with plant-based products is that carnivorous fish do not utilize plant-based 
proteins and oils efficiently (Naylor et al. 2000).  Fishmeal and fish oil are used as 
ingredients because they supply the cultured fish with essential amino acids (such as 
lysine and methionine) and fatty acids (such as eicosapentonoic acid (EPA) and 
docosahexanoic acid (DHA)) that are either deficient or not present in plant proteins 
and vegetable oil (Tacon 1996, Naylor et al. 2000, IFFOO 2003). 

 
There is currently extensive research into fishmeal partial replacements for 

feeds both in Australia and overseas.  Worldwide, a wide variety of fish meal 
replacers, including meals of silkworm pupae, earthworm, blood, liver, meat, poultry, 
sunflower seed, rapeseed, cottonseed, soybean, carob seed, pea seed and corn gluten, 
as well as algal, fungal and bacterial single cell proteins, have been evaluated (Tacon 
1994).  Tacon (1994) provides a comprehensive list of tested fishmeal replacers.  
While numerous replacements have been tested, very few of them show any potential 
for inclusion in a carnivorous fish diet, although this does vary with fish species.  The 
single cell proteins, plant oilseeds and legumes, and terrestrial animal by-product 
meals were the most effective.  The main problem with the use of some of these 
products is their limited availability, varying quality and prices. The replacement of 
fishmeal with meat meal has become highly controversial in recent years because 
major problems arose when livestock were fed meat meal contaminated with Bovine 
Spongiform Encephalopathy (BSE).  At least in the short-term, the most promising 
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option looks to be partial replacement of fish based products with one or more of the 
above alternatives, depending on the species being cultured (Allan et al. 2003, Barlow 
et al. 2003, Glencross 2003). 

 
Within Australia, soybean and poultry offal meal have been tested for 

replacement of fishmeal in snapper feed (Quartararo et al. 1998a, b), while soybean 
meal and protein concentrates made from narrow-leafed lupin and field peas have 
been evaluated for Atlantic salmon (Carter & Hauler 2000, Carter 2002). Quartararo 
et al. (1998a) developed a model that predicted that up to 50% of the fishmeal in 
snapper diets could be replaced by soybean meal and poultry meal without causing a 
reduction in growth rates.  Soybean meal and pea protein concentrate showed the best 
potential for replacing at leat 33% of the fish meal in salmon feeds (Carter & Hauler 
2000, Carter 2002).  

 
The other major risk associated with feed is contamination.  While there is 

recent, although controversial, evidence that cultured fish have high contaminant 
levels due to contaminated feed (Hites et al. 2004), in Australia the National Residue 
Survey Group regularly tests for contamination to ensure there are no problems.  
There is currently no testing program for imported feed, however, so there is some 
risk of contamination occurring and leaving farmers with unmarketable product. 

 
Given the low amount of fish farmed in South Australia on a worldwide scale, 

the risk the state’s industry imposes to baitfish stocks is low.  This does not mean that 
aquaculture as a whole does not impose a higher risk, and demand from aquaculture is 
likely to be contributing to overfishing of a number of wildfish stocks.  Of greater risk 
is the impact that relying on baitfish fisheries could have on the aquaculture industry, 
as prices are likely to increase as demand continues to increase.  The long-term 
viability and competitive edge of the industry in South Australia is thus likely to 
depend on finding alternatives to fish meal and fish oil for producing feed. 
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5.5 Effects of industry inputs (e.g. feeds, fertilisers) 

Table 13: Summary of comments and risk assessment values for the issue of impacts of 
industry inputs.  Additional comments were received after the workshop.  Wherever possible 
the exact comments were included, however additional words and phrases have been included 
in italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

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 need to 
be set (this may need to be related to background levels).  

Level of 
impact 

Catchment/region 

Fitzgerald Bay Current management limits the stocking rate of 
the farms.  The current management limits that 
are used are an underestimate of the carrying 
capacity (calculated from modelling based on 
pellet feed) and so it is unlikely that the carrying 
capacity will be exceeded. 

Arno Bay/ 
Franklin Habour 

Lower risk than Fitzgerald Bay 
 

Port Lincoln Same or higher risk as Fitzgerald Bay because the 
industry and community are larger. 

Comments 
during 
workshop 

Southeast Risk lower than Fitzgerald Bay due to the high 
exchange of water 

Additional comments 
PIRSA 
Aquaculture 

• Arno Bay – The risk is low because there is high water 
exchange 

• Port Lincoln – The risk is low because the industry is very 
small in Port Lincoln 

• Southeast – The risk is low because there are only two sites, so 
the risk has to be lower than Fitzgerald Bay. 

DEH • Where do the nutrients disperse/advect to? Which organisms 
uptake them? Where is the sediment ending up? Cumulative 
impact of many fish farm cage sites has not been modelled, 60 
cages with sediment coverage of >100 m each is a lot of 
sediment waste building up in the marine environment. The 
consequence of anything happening would have to be higher 
than a score of 2, why is the likelihood higher than the 
consequence? 

• What is the comment “Lower risk in Fitzgerald Bay” based on 
and why?  

• In Southeast - consequences may be more severe if seagrass is 
lost due to high wave energy, some areas already under nutrient 
stress. 

• Needs continuing refinement of the carrying capacity model. If 
the RESA grant (Regional Environmental Sustainability 
Analysis) does not proceed, would think that the likelihood 
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score should be bumped up. 
Risk assessment values 

Organisation/ 
Person 

Region Consequence Likelihood Risk 
Value 

Risk 
Ranking 

Fitzgerald Bay 2 6 12 Moderate 
Arno Bay/ 

Franklin Habour 
   Low-

moderate 
Port Lincoln    Moderate 

During 
workshop 

Southeast    Low-
moderate 

Fitzgerald Bay    Low 
Arno Bay/ 

Franklin Habour 
   Low 

Port Lincoln    Low 

PIRSA 
Aquaculture 

Southeast    Low 
 
 
Current Knowledge: 
 
Background 

The input of effluents and pollution from the aquaculture industry into the 
marine environment is one of the most contentious issues associated with marine 
finfish aquaculture.  The main industry inputs from marine finfish aquaculture are 
uneaten feed and fish faeces that enter directly into the surrounding marine 
environment.  Worldwide there is an extensive literature on the impacts, modelling, 
monitoring and management of marine finfish aquaculture inputs into the marine 
environment.  (Impacts: Brown et al. 1987, Gowen & Bradbury 1987, Findlay et al. 
1995, Lu & Wu 1998, Tovar et al. 2000, Pawar et al. 2001, Pohle et al. 2001, Ruiz et 
al. 2001, Pawar et al. 2002, Brooks & Mahnken 2003, Cancemi et al. 2003.  
Modelling: Silvert 1992, Hargrave 1994a, Silvert & Sowles 1996, Findlay & Watling 
1997, Wu et al. 1999, Cromey et al. 2000, Morrisey et al. 2000, Cromey et al. 2002a, 
Cromey et al. 2002b.  Monitoring and management: Frid & Mercer 1989, Gowen 
1994, GESAMP 1996, Ackefors 2000, Dosdat & la Pomelie 2000, Fernandes et al. 
2000, Henderson & Davies 2000, Jonsson 2000, Maroni 2000, McMahon 2000, 
Papoutsoglou 2000, Pedersen 2000, Sanchez-Mata & Mora 2000, Saroglia et al. 2000, 
Smaal & Lucas 2000, Varjopuro et al. 2000, Fernandes et al. 2001, Read et al. 2001.)  
In Australia, marine finfish aquaculture is relatively new compared to places in 
Europe, North America and South America, and therefore there is less information 
regarding the impacts of industry inputs on the environment.   The publications 
regarding the impacts of marine finfish industry inputs in the South Australian marine 
environment are limited to a few environmental monitoring reports, site surveys and 
impact assessments by consultants and government agencies and are summarised in 
Table 14. 

 
Currently marine finfish aquaculture does not occur in Victoria, but due to the 

potential development of the industry in that state, an Environmental Risk Assessment 
was conducted on the potential associated risks (Gavine & McKinnon 2002).  Using a 
similar framework to the one used here, the risk assessment indicated that impacts of 
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uneaten feed and fish faeces on sediment and water quality were perceived to be the 
most important issues related to marine finfish aquaculture. 

 
Impacts 

Industry inputs (i.e. feeds) from marine finfish aquaculture can increase 
sedimentation (e.g. Gowen and Bradbury 1987, Hargrave 1994b, Findlay and Walting 
1994, Morrisey et al. 2000, Brooks and Mahnken 2003) and nutrient loads, which in 
turn can impact on the marine environment in a number of ways.  For example, an 
increase in sedimentation can smother benthic organisms.  The main impacts of 
nutrient enrichment in the marine environment are eutrophication, excessive epiphytic 
growth on seagrasses that smothers the plants (Cancemi et al. 2003), increased growth 
of macroalgae, and harmful algal blooms (HABs).  Eutrophication is an increase in 
nutrients that normally limit primary productivity, resulting in an increase in algal 
growth, which in turn results in the depletion of oxygen in the water column.  
Eutrophication of the water column and sediments can lead to increased biological 
oxygen demand (Gowen 1994), hypoxia, and altered benthic community structure 
(Findlay et al. 1995).  The impacts of marine finfish aquaculture on phytoplankton are 
discussed in more detail in Section 6 of this report. Gowen and Bradbury (1987), 
Pearson and Black (2001), Pillay (1992) and Wu (1995) provide more detailed 
reviews on the ecological impacts of wastes and organic enrichment from marine 
finfish aquaculture. 

 
Around the world, the severity of impacts of wastes from marine finfish 

aquaculture has varied from negligible to serious.  For example Frid and Mercer 
(1989) did not find any difference in community structure along a transect that ran 
from under a salmonid sea cage to a distance of 50 m in England.  In contrast, Brown 
et al. (1987) found distinct changes in the benthic community in the area around a fish 
farm in a sea lock in Scotland, with the greatest impact occurring underneath the sea 
cage where no benthic fauna were found.  Ruiz et al. (2001) found that since the onset 
of fish farming in an embayment in south-eastern Spain, 53% of former Posidona 
oceanica seagrass meadows have been either lost completely or significantly 
degraded.  Sakamoto (1986) calculated that nutrients released from aquaculture sites 
can affect an area 3-9 times the size of the aquaculture zone in Japan. 

 
In South Australia, the degree to which marine finfish aquaculture wastes 

impact the environment is also varied.  For tuna, Cheshire et al. (1996) found that 
epibenthic communities were impacted up to a distance of 150 m and benthic infauna 
were impacted up to 20 m from sea cages in Boston Bay.  The tuna cages have now 
been moved to more exposed sites offshore from Boston Bay where no impacts have 
been detected by Madigan et al. (2003b) who used similar monitoring techniques to 
Cheshire et al. (1996).  The few reports that have investigated the impacts of 
yellowtail kingfish (Madigan et al. 2003a, Schilg & Hyde 2003) and Atlantic salmon 
(Madigan et al. 2001, Bryars 2002, Madigan et al. 2002) farms did not find any 
impacts on the benthic communities.  However it should be noted that the study by  
Schilg and Hyde (2003) is likely to have low power due to minimal replication - they 
only used 3 replicate samples for each site in contrast with the 8 replicates used by 
Cheshire et al. (1996) and Madigan et al. (2003a,b) for the tuna-monitoring project.  
The level of information available on these species is less than for tuna, as these 
industry sectors are a lot smaller and younger than the tuna industry.  In addition, for 
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most of these studies, the ‘cage site’ was in fact 150 m outside the lease, and possibly 
further than that from the nearest cage.  The reason for this is that these studies were 
conducted to determine if the aquaculture operations were conforming to their license 
conditions, which specify the level of acceptable impact 150 m outside the lease.  
They were not designed to investigate impacts in the immediate vicinity of the actual 
cages.  Thus, while it is generally assumed that there will be impacts directly under 
the cage, the nature and extent of these impacts are unknown, although remote video 
transects generally indicate an apparently healthy bottom even in the immediate 
vicinity of cages.  

 
The greatest impact of nutrient enrichment on benthic communities occurs 

underneath and in the near vicinity of the sea cages, where the surface sediments can 
become anoxic.  The degree of impact decreases with increasing distance away from 
the sea cages (Weston 1990, Findlay et al. 1995, Pearson & Black 2001).  The level of 
impact is thought to be dependant on a combination of factors including the species 
being cultured, husbandry practices, feed type, level of inputs, hydrology and the 
nature of the receiving environment in terms of physics, chemistry and biology 
(Pearson & Black 2001). 

 
 

Modelling 
 There are numerous models that have been developed to predict various 
aspects of wastes in the environment such as production of fish waste, nutrient 
enrichment in the water column and sediments, deposition of particulate and organic 
matter and impacts on the benthos (e.g. Silvert 1992, Hargrave 1994a, Findlay & 
Watling 1997, Wu et al. 1999, Cromey et al. 2000, Morrisey et al. 2000, Cromey et al. 
2002a, Cromey et al. 2002b).  Silvert & Sowles (1996) provide a summary of many of 
the developed models, including explanations of assumptions and limitations of the 
models.  Even though these models have been developed in other parts of the world, 
the theories behind them are likely to be relevant for Australian marine finfish 
aquaculture.  These models may provide a useful starting point for developing models 
specific to the South Australian situation.   
 

There are two major problems associated with the development and use of 
models to predict the impacts of marine finfish aquaculture.  The first problem is the 
lack of baseline information available to parameterise the models.  Without accurate 
data on factors like water currents, generation of waste, flushing dynamics and carbon 
accumulation for each aquaculture site, it is difficult to make any accurate predictions.  
The second problem is that these models are often over simplified due to knowledge 
gaps in our understanding of the behaviour of wastes in the environment and their 
impacts on biological communities.  Where knowledge gaps exist, a precautionary 
approach has been taken and a number of assumptions have been made that produce 
the highest amount of nutrient deposition and enrichment.    For example, the amount 
of nutrients and organic matter assimilated by phytoplankton, benthic communities 
and pelagic fish has not been considered resulting in an overestimation of deposition 
on the seafloor.  Although a precautionary approach is ideal for reducing the risk of 
environmental impacts, an underestimate of carrying capacities could unnecessarily 
hinder the growth of this valuable industry and significant investment opportunities 
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could be lost.  These factors therefore need to be investigated and quantified in order 
to develop more accurate models. 
 

Currently, stocking limits and densities of farms in South Australia are limited 
by carrying capacities calculated using these simplistic models.  In its simplest 
definition the carrying capacity is the maximum level of fish production that does not 
cause significant changes in the ecosystem.  The models in use provide a conservative 
estimate of carrying capacity due to a number of assumptions made.  Collings et al. 
(in prep.) are currently developing models for carbon deposition to the seafloor and 
levels of dissolved, inorganic nutrients for marine finfish aquaculture in South 
Australia based on models from other parts of the world.  Once these models have 
been validated and tested in the field they may be useful in predicting the impacts of 
aquaculture in the South Australian marine environment. 

 
Monitoring and Management 

Gavine and McKinnon (2002) reviewed appropriate methods for 
environmental monitoring of marine aquaculture in Victorian waters and these 
methods may be applicable to South Australian waters.  They separated the possible 
indicators of environmental change into three main categories; (1) impacts on 
sediment quality, (2) impacts on water quality and (3) biological impacts.  A list of 
the various biological and chemical variables that can be used as indicators of 
environmental change in order to monitor the ecological effects of wastes are 
summarised by Gowen (1994) and GESAMP (1996).  It is usually the biological 
variables that are of interest because changes in the chemical variables may not be 
enough to cause biological changes due to the varying assimilation of different sites.  
In other words, although a change in the chemical variable may be detected, due to 
the high assimilation of nutrients in that particular area, a biological change may not 
be detected.  Management authorities are often faced with the challenge of deciding 
which factors are most appropriate for monitoring programs. 

  
Many studies have shown that benthic infauna are a reliable indicator of near-

field environmental change caused by increases in nutrients and sedimentation 
(Brown et al. 1987, Ritz et al. 1990, Weston 1990) and as such infauna sampling has 
become a common tool in environmental monitoring programs worldwide.  In South 
Australia all license holders are required to submit an environmental monitoring 
program (EMP) report annually as a part of their ‘Marine Finfish Aquaculture 
License’ (granted under the Aquaculture Act 2001) in accordance with the monitoring 
protocol outline by PIRSA Aquaculture.  This EMP is based on the statistically 
rigorous EMP required for the tuna farming industry.  It quantitatively addresses 
changes to the benthic infauna at potentially impacted lease sites relative to replicated 
control sites.  In addition, a qualitative assessment of the epibenthic flora and fauna is 
made using underwater video 

 
Due to the relatively recent introduction of finfish farming in sea cages in 

South Australia (licences for kingfish farming were issued for Arno Bay only four 
years ago) few EMP reports have been submitted to PIRSA Aquaculture (apart from 
those for tuna), of which two were part of the same monitoring program (O'Brien 
2001, Schilg & Hyde 2003).  The report by Schilg & Hyde (2003) suggests that there 
is negligible impact of a yellowtail kingfish aquaculture farm on the environment in 
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comparison to control sites.  Unfortunately, the statistical rigour of this monitoring is 
limited as only 3 replicates were used for each site (compared to 8 replicates used for 
tuna monitoring) and it does not take into account differences between sites.  O'Brien 
(2001) reviewed the results from the EMP for salmonid aquaculture in Cape Jaffa 
conducted between 2001 to June 2003.  Results from the survey suggest that there 
was negligible impact on the seagrasses and seabed including sediments and benthic 
communities.  However, no analytical procedures were used on the video transects so 
the results obtained are highly subjective.  These investigations should also be 
repeated with improved methodology and statistical analyses. 

 
To ensure an appropriate level of scientific rigour in the EMP reporting 

process, PIRSA Aquaculture has outlined the ‘Infauna sampling protocol and audit 
process for marine finfish aquaculture licensees’ for 2003-2004.  This protocol 
involves the collection of sediment cores from potentially impacted (PI) sites and 
from “control” (C) sites at least 1km away.  There should be eight control sites for 
each potentially impacted site. A total of 8 replicates are to be taken from each PI and 
C site.  Initially, over the next three license years, PIRSA will audit a proportion of 
the samples taken by the licensee to ensure that they have developed the skills and 
obtained the appropriate equipment to accurately assess the infauna.  If there is no 
difference found between the analyses run by PIRSA and the licensee then a base 
level audit of 8 samples will be performed by PIRSA each year.  If a difference is 
found between the PIRSA and licensee analyses then the number of samples audited 
will increase.  A full description of the protocol is available on the PIRSA website 
(www.pir.sa.gov.au).  In the coming years, we should gain a better understanding of 
the impacts of marine finfish aquaculture wastes if this protocol is followed correctly.   

 
These types of monitoring programs will only detect local impacts caused by 

individual facilities.  There is a need to design and implement monitoring for impacts 
on the catchments/regions due to increased industry inputs.  Designing such a 
program is the focus of a current Aquafin CRC project being undertaken by SARDI 
(Cheshire et al. Aquafin CRC – SBT Subprogram: Tuna environment subproject 3 – 
Development of regional environmental sustainability assessments for tuna sea-cage 
aquaculture).  Also, license based monitoring focuses on sediment infauna and other 
localised effects, and does not investigate the effects of industry inputs on sensitive 
habitats such as seagrasses that may be nearby.  
 

One of the most effective ways to reduce the amount of wastes from marine 
finfish aquaculture is to use appropriate feeds and feeding methods.  Talbot and Hole 
(1994) suggest that waste can be minimised while meeting the feed requirements of 
the fish through efficient husbandry and farming practices as well as improved feed 
technology.  Feed should be designed so that leaching, dust and pellet disintegration is 
reduced and so that it is palatable with optimal nutrition retention. Pellets are the main 
source of feed for most aquaculture species, and they are much easier to monitor and 
there is less uneaten feed than when using baitfish.  The degree of impact of waste 
feed depends on factors such as pellet degradation, settling velocity, water 
temperature and current speed (Findlay & Watling 1994, Gowen 1994).  Pawar et al. 
(2002) suggest that pellet size can influence the state of the sediments as smaller 
pellets can disperse over three times the area that larger pellets can. Stewart and Grant 
(2002) found that loss of pellet mass increased with an increase in water flow and that 
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smaller pellets eroded at a faster rate than larger pellets. The amount of waste feed 
depends on the feeding and ingestion rates (Stewart & Grant 2002).  Feeding rates and 
the size of pellets used varies between farms depending on the age of fish, the 
stocking density and the husbandry practices used. There is little empirical data on the 
amount of waste feed that reaches the seafloor and its degradation (Findlay & Watling 
1994).  A study tracing the movement and assimilation of fish feed pellets used for 
yellowtail kingfish is currently being funded by FRDC and PIRSA Aquaculture and 
will be undertaken by SARDI in 2004/05 (Tanner. Innovative solutions for 
aquaculture: spatial impacts and carrying capacity – further developing, refining and 
validating existing models of environmental effects of finfish farming). 

 
At current stocking levels, and at likely levels over the next few years, this 

issue is likely to be a low risk at the regional level, but would be moderate at the 
individual facility level.  Currently, all regions have <20% of the fish biomass that is 
harvested from the tuna farms off Port Lincoln, and the predominant feed used is 
pellets, not bait fish.  While there is argument over the regional impact of tuna 
farming, there is probably little regional impact of other forms of marine finfish 
farming at this stage.  The risk would be low (likely-6 but minor-1), but with 
expansion it could become moderate (likely-6 and moderate-2). 
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Table 14:  Summary of the publications regarding the impacts of marine finfish industry inputs in the South Australian marine environment.   A brief 
summary of the methods used, detected impacts and limitations of the experiments are given. 

Reference Fish species Location Methods Impact Limitations 
Bryars (2002) Atlantic 

salmon and 
rainbow trout 

Lacepede 
Bay 

Visual survey techniques. 
Survey under and around cages. 
Measured seagrass standing crop, leaf density and 
epiphyte load 

No impacts on seagrass due 
to eutrophication or 
sedimentation. 

 

Madigan et al. 
(2003a) 

Yellowtail 
kingfish 

Boston Bay 
- Boston 
Island 
farming 
zone 

2 video transects of 150m – 1 down current, 1 up 
current from edge of pontoon 
1 video transect of 150m from edge of lease boundary 
 
 
 
Infanua core samples taken from 150m down current 
from lease boundary and ‘control’ sites that were 
located at least 1km from the lease.  Eight replicate 
samples taken at each site. 

No impact on epibenthic 
communities. 
70-95% coverage of 
Sporochunus alga at two 
sites 
 
No impact on sediment 
infauna. 
 
 

 

Madigan et al. 
(2001, 2002) 

Atlantic 
salmon 

Rivoli Bay Before/After, Control/Impact (BACI) design. 
 
Four 100m transects – 2 transects within lease area (1 
directly under pontoon, 1 about 150m away, and 2 
‘control’ transects about 1km away. 
 
Benthic core samples were taken along transect at 0, 50 
and 100m.  Eight replicates at each site. 
 
Video footage was taken along transects. 

 
 
 
 
 
 
Negligible impact on benthic 
infauna 
 
No impact on epibenthos 

Incompletely 
analysed. 
Second assessment 
occurred 53 days 
after the removal of 
fish and no 
sampling occurred 
while fish were in 
cages. 

O'Brien (2001) Atlantic 
salmon 

Cape Jaffa Benthic core samples taken. Unknown number of 
replicates. 
 
 
 
‘Visual’ assessment from video transects but no 
analytical procedures were used. 

More species of polychaete 
within lease (but probably 
not families associated with 
increased organic loading). 
 
No impact on the seagrass 
meadows. 

No statistical 
analyses performed 
on data. 

Schilg & Hyde 
(2003) 

Yellowtail 
kingfish 

Fitzgerald 
Bay 

Sediment cores taken from 4 lease sites and 4 control 
sites.  3 replicates at each site. 
 
50m video transects down current beginning at the 
cage boundary. 

No impact on infauna 
 
 
No impact on epibenthic 
flora or fauna 

Poor replication – 
only three replicates 
used for infauna 
monitoring. 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 46 
     

5.6 Effects of marine finfish aquaculture on phytoplankton 

Table 15: Summary of comments and risk assessment values for the issue of impacts on 
phytoplankton.  Additional comments were received after the workshop.  Wherever possible 
the exact comments were included, however additional words and phrases have been included 
in italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

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?  

Level of 
impact 

Catchment/region 

Comments 
during 
workshop 

• Blooms do occur occasionally, but is aquaculture likely to 
increase likelihood of blooms? 

• There are no blooms linked to finfish farming at present. 
• Background levels of phytoplankton prior to farming were 

low. 
• Need to monitor the frequency/intensity/composition of 

blooms. 
• Risk has been recognised and farmers do monitor for it. 
• It is unknown whether finfish aquaculture could increase the 

intensity or frequency of blooms. 
 

Additional comments 
PIRSA 
Aquaculture 

• Background levels prior to farming were moderate. 
• Northern Spencer Gulf has relatively high levels of nutrients.   
• Monitoring is undertaken for Fitzgerald Bay. The carrying 

capacity modelling has been undertaken for the region and 
there is an understanding of hydrodynamics.  There is a 
conservative cap on production.  Reduce ranking to low risk. 

• Alternate rankings -   
 Fitzgerald Bay –  C1, L3, RV 3-4, RR Low 
 Arno Bay –  C1, L2, RV2, RR Low 
 Port Lincoln –  C1, L3, RV3, RR Low 
 Southeast –  C1, L2, RV2, RR Low 

DEH • There is a local increase in chlorophyll a around finfish farms 
and this is in the literature.  

• Soluble nutrients from activities at finfish farms may change 
the ratio of nutrients in the marine environment thereby 
favouring or changing the species composition of 
phytoplankton, and this may favour toxic species (i.e. 
dinoflagellates) given the reduction of silica in the wastes.  
The consequences of anything happening may be much higher 
than score of 3, therefore the consequence score should be >4 

• What is the frequency of monitoring?  Once a year is by far 
not enough. 

• It is unknown whether finfish aquaculture could increase the 
intensity or frequency of blooms, so therefore the risk is very 
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high. 
Risk assessment values 

Organisation/ 
Person 

Region Consequence Likelihood Risk 
Value 

Risk 
Ranking 

Fitzgerald 
Bay 

3 4 12 Moderate 

Arno Bay/ 
Franklin 
Habour 

Port Lincoln 

During 
workshop 

Southeast 

Same as Fitzgerald Bay 

Fitzgerald 
Bay 

1 3 3-4 Low 

Arno Bay/ 
Franklin 
Habour 

1 2 2 Low 

Port Lincoln 1 3 3 Low 

PIRSA 
Aquaculture 

Southeast 1 2 2 Low 
 
 
Current Knowledge 

 
An increase in nutrients, which normally limit primary productivity in the 

aquatic environment, can cause an increase in algal growth.  Increased algal growth 
due to increased nutrient loading can lead to eutrophication (Gowen 1994) or 
increases in frequencies and magnitudes of toxic and non-toxic algal blooms (Paerl 
1997).  The impacts associated with eutrophiction are discussed in the Industry Inputs 
Section (Section 5).  This section focuses on changes in the phytoplankton 
community, in particular harmful algal blooms (HAB), due to marine finfish 
aquaculture wastes.   

 
HABs can cause fish kills and contaminate filter-feeding shellfish, and are a 

major concern for both marine finfish and marine shellfish aquaculture sectors.  There 
are several environmental factors that can be altered by marine finfish aquaculture 
which are also considered to be factors that may promote HABs.  These factors 
include circulation, turbulence (intensity of vertical mixing), nutrients, light, 
temperature, and salinity, although nutrient enrichment remains the factor most often 
associated with algal blooms (Marsh 2003), and is the only one likely to be affected 
by marine finfish sea-cage farming as undertakenin South Australia. Anderson et al. 
(2002) reviewed the impacts and possible causes of HABs and eutrophication, and 
acknowledged that marine finfish aquaculture does increase nutrients, which leads to 
increased phytoplankton production.  They suggest that the occurrence and impacts of 
HABs is dependent on whether harmful species are present, the relative abundance of 
the nutrients, the mixing and hydrographic characteristic of the area, and other factors 
such as grazing intensity or light availability.    Conversely, in a recent report to the 
Scottish EPA, Tett & Edwards (2002) conclude that ‘the present level of fish farming 
is having a small effect on the amount and growth rate of Scottish coastal 
phytoplankton, but that this should not be a cause for concern except in a few heavily 
loaded sea-lochs.’  Given the high biomass of fish farmed in Scotland compared to 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 48 
     

that farmed in South Australia, and the relatively enclosed nature of the areas used for 
aquaculture in Scotland, this suggests that there should be even less concern in South 
Australia, where farmed biomass is low, and farming occurs in relatively open areas. 

 
To date, no HABs have been directly attributed to aquaculture in South 

Australia or the rest of the world.  Indirect evidence, however, suggests that marine 
finfish aquaculture may have promoted toxic algal blooms in a Norwegian fjord, 
which resulted in extensive mortalities in the fish farms (Kaartvedt et al. 1991).  
Interestingly, laboratory experiments in Chile suggest that excreta from farmed 
Atlantic salmon do not affect the growth of the alga Alexandrium catenella and 
actually inhibits growth of Heterosigma akashiwo (Arzul et al. 2001).  These two 
species of algae are known to produce red tides in areas of Chile where marine finfish 
aquaculture occurs.  There has also been a suggestion that mass mortalities of farmed 
tuna in Boston Bay in 1996 were due to microalgae (Hallegraeff et al. 1998), most 
likely related to nutrient inputs, although the general consensus is that other factors 
were responsible (Clarke 1996). 

 
Due to the significant impacts of HABs on the shellfish industry the South 

Australian Shellfish Quality Assurance Program (SASQAP) performs regular 
microalgal and biotoxin monitoring in areas where there are commercially grown 
shellfish.  Two of these monitoring regions coincide with those identified as marine 
finfish aquaculture regions:  Franklin Harbour and Port Lincoln (Boston Bay).  There 
are no SASQAP phytoplankton monitoring sites at Fitzgerald Bay, Arno Bay or along 
the southeast coast.  Regular SASQAP phytoplankton monitoring began in Port 
Lincoln in January 1999 and to date 70 samples have been collected and analysed.  In 
March 1995 a dinoflagellate cyst survey was conducted and no resting cysts of 
potentially toxics species were found.    During 2001 significant numbers of toxic 
algal species were observed resulting in closures of the shellfish farms (Lee 2002).  
The data collected by SASQAP may provide useful background levels of 
phytoplankton which could be used for comparison with phytoplankton levels around 
the marine finfish farm.   

 
Phytoplankton composition was monitored as a part of the Tuna 

Environmental Monitoring Program (TEMP) although it was found that it was 
difficult to distinguish changes in phytoplankton due to aquaculture from other 
sources of nutrient input such as pollution from urban development, industry and 
shipping (Clarke et al. 1999).  However the TEMP showed higher total algal counts 
and chlorophyll-a around sea cages compared to controls (Clarke et al. 1999) which 
does suggest that marine finfish aquaculture may increase phytoplankton levels. 

 
The phytoplankton monitoring program conducted by the Tuna Boat Owners 

Association of South Australia (TBOASA), which took 1-2 samples a week 
(sometimes more) for a period of 18 months at Boston Island and surrounds, provides 
more detail on the occurrence and temporal patterns of several algal species of 
concern to marine finfish farmers.  A few algal blooms occurred during this period, 
however, they were not toxic to marine finfish.  The cysts of species toxic to marine 
finfish were found in some sediment samples.  Paxinos et al. (1996), in a feasibility 
study, investigated the phytoplankton dynamics of Boston Bay and found that 
chlorophyll a levels varied greatly on a daily basis particularly around tuna sea cages.   
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Further investigation is needed to determine if marine finfish aquaculture is 

having a direct impact on phytoplankton composition and abundance in South 
Australia.  Given that there are suggestions that severe problems have occurred 
elsewhere, the consequence should be severe (3) and the likelihood rare (2), or 
possible unlikely (3) if there is substantial expansion of aquaculture in enclosed areas 
such as Franklin Harbour.  This would result in a risk value of 6-9 (low-moderate). 
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5.7 Regional carrying capacity 

Table 16: Summary of comments and risk assessment values for the issue of regional 
carrying capacities.  Additional comments were received after the workshop.  Wherever 
possible the exact comments were included, however additional words and phrases have been 
included in italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

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? 
 

Level of impact Whole of the industry 
Comments 
during 
workshop 

• Models for carrying capacity are used to determine stocking 
limits.  All farmed marine finfish are included in calculating 
the carrying capacity. 

• Tonnages are capped for the zones. 
• Fitzgerald Bay is currently well below the limit.   
• A review of the risk is required when the currently permitted 

limit is reached. 
• This is currently being managed. 

Additional comments 
PIRSA 
Aquaculture 

• There would be a lesser consequence attached to southeast 
region given that there are low levels of production for that 
area. 

• Alternate risk ranking for the southeast – C1, L4, RR Low 
DEH • There should be regional monitoring to make sure the models’ 

predictions are accurate. If not, then likelihood of a major 
consequence is higher. 

Current Regulations 
• Must ensure the maximum stocking density of the permitted species on the 

licensed site does not exceed ten (10) kilograms per cubic metre 
• Must ensure that the maximum biomass of the permitted species on the 

licensed site does not exceed the maximum allowed tonnes. (PIRSA 2003b) 
Risk assessment values 

Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

2 4 8 Moderate 

 
 
Current Knowledge 

 
The productivity and state of a site or region may be affected if the sea cages 

are overstocked or if there are too many sea cages in an area.  If fish production levels 
are too high then excessive amounts of nutrients in the form of waste and uneaten 
feed will enter the surrounding environment and may result in an increase in primary 
production, which could eventually lead to eutrophication and algal blooms.  In its 
simplest definition the carrying capacity is the maximum level of fish production that 
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is sustainable for a given region or site (Beveridge 1996), which depends on the 
environment’s capacity to assimilate increased nutrient inputs.  With the increasing 
emphasis on ecologically sustainable development, the carrying capacity of a region is 
more commonly defined in terms of the maximum level of fish production that does 
not cause significant changes in the ecosystem.  The most widely accepted indicator 
of ecosystem change used to calculate carrying capacities is water quality, and in 
South Australia carrying capacities are calculated by determining the maximum level 
of fish production possible without exceeding the recommended water quality 
guidelines for a region.   

 
Estimates of the carrying capacity of the aquaculture management zones for 

Fitzgerald Bay (Oceanique Perspectives 1998, Parsons Brinckerhoff & SARDI 
2003b), Franklin Harbour (Oceanique Perspectives 1999), Arno Bay (Parsons 
Brinckerhoff & SARDI 2003a) and Rivoli Bay (Parsons Brinkerhoff & SARDI 
2003c) have been calculated.  Estimates of the carrying capacity for Boston Bay were 
determined by Petrusevics (1996) in relation to southern bluefin tuna aquaculture.  
Oceanique Perspectives (1998, 1999) and Petrusevics (1996) defined the carrying 
capacity as the maximum fish productivity within a marine coastal system that could 
be sustained without exceeding recommended water quality guidelines for ecosystem 
protection.   Parsons Brinkerhoff and SARDI (2003a, b, c) acknowledged that our 
current knowledge of the South Australian marine environment, and how the 
environment and aquaculture interact, is insufficient to develop precise models to 
calculate carrying capacities.  Instead, they suggest that a range of models be 
developed and that these models be used as a part of adaptive management programs.  
As new details become available about the interactions between the environment and 
aquaculture the carrying capacity models should be adapted to integrate this new 
information. 

 
The carrying capacity for the production of marine finfish for each of the 

above areas was estimated using a mass balance model described by Beveridge 
(1996). The mass balance model is based on the assumption that the concentration of 
a nutrient in an area is determined by the nutrient loading (Beveridge 1996, 1998, 
1999).  The carrying capacity of a region is calculated from the difference between 
the initial nutrient values of the body of water prior to use (by aquaculture) and the 
final nutrient levels after use.  Petrusevics (1996) and Oceanique Perspective (1998, 
1999) set a maximum allowable nutrient level (dissolved inorganic nitrogen) for their 
model based on the Australian and New Zealand Environment and Conservation 
Council water quality guidelines (ANZECC 1992) for embayments and coastal 
regions. In addition, Petrusevics (1996) ran the model a second time using maximum 
phytoplankton (as chlorophyll a) levels recommended by the ANZECC (1992) 
guidelines.   Parsons Brinkerhoff and SARDI (2003a, b, c) did not set any maximum 
limits and instead ran the model over a nutrient concentration gradient for dissolved 
ammonia, nitrate and phosphate, allowing the water column nutrient concentration for 
any stocking density to be estimated.  The model used was conservative in that when 
calculating the carrying capacity based on either species of nitrogen, it was assumed 
that all waste nitrogen was released as that species. 

 
Several factors including nutrient loading, the volume of the region, the 

nitrogen content of the fish food, the feed conversion ratio (FCR), the flushing rate 
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and the fraction of nutrients lost to the sediments are taken into consideration in the 
mass balance model.  Using these factors the final nutrient levels in the water column 
after aquaculture production can be estimated from the nutrient loadings entering the 
system.  From this the tonnage of fish that would produce the maximum allowable 
nutrient levels can be calculated. 

 
Average background levels of nitrogen were used to calculate the carrying 

capacities for all four regions.  Nitrogen can be found in two main forms in the marine 
environment: ammonia (NH3-N) and nitrate (NO3-N).  Oceanique Perspectives (1998, 
1999) found that in both Franklin Harbour and Fitzgerald Bay the background level 
(19 µg/L and 47-58 µg/L respectively) of ammonia-as-nitrogen was naturally higher 
than the national guidelines (5 µg/L) and would not provide a good indication of 
change in the environment and therefore could not be used in calculating the carrying 
capacity.  This assumes that adding to the already high levels of ammonia will not 
cause any additional problems, and no justification is given for this assumption.  
Nitrate-as-nitrogen levels were used for the calculation of the carrying capacity as 
these background levels, <5 µg/L for Franklin Harbour and 12-19.5 µg/L for 
Fitzgerald Bay, were within the national guideline levels (10-60 µg/L).  They then 
calculated the fish production levels using the average background (ambient) nitrogen 
concentration levels observed in the area, with a maximum acceptable nitrate level 
limit of 20 or 50 µg/L (chosen as being near the ends of the range of acceptable values 
defined by the then current ANZECC (1992) water quality guidelines).  They also 
calculated the carrying capacity under the worst case scenario where background 
levels of nitrogen are already at their maximum.  

 
The final limits calculated for Franklin Harbour by Oceanique Perspectives 

(1999) for fish production ranged from 643 tonnes under the worst case scenario to 
2894 tonnes for the best case scenario (Table 17).  Estimates for Fitzgerald Bay 
carrying capacity calculated by Oceanique Perspectives (1998) were 496 tonnes of 
fish for the worst case scenario and 5096 for the best case scenario (Table 17). 
Estimates of the carrying capacity in Boston Bay based on southern bluefin tuna 
aquaculture ranged from 1200-2400 tonnes per year (Table 17) (Petrusevics (1996). In 
comparison, Parsons Brinckerhoff and SARDI (2003b) found that an increase of 1000 
tonnes per annum would result in an increase of ammonia of 4.7 µg/L N (33.6%), 
nitrate of 4.7 µg/L N and phosphate of 1.2 µg/L P (6.3%).  The linear model predicted 
that a 10% increase in ammonia and phosphate levels would result from a 300 and 
1587 tonne increase in fish production respectively.  At Arno Bay, Parsons 
Brinckerhoff and SARDI (2003a) estimated that a production increase of 1000 tonnes 
per annum would cause an increase in ammonia of 0.64 µg/L N (9.1%), nitrate of 0.64 
µg/L N and phosphate of 0.17 µg/L P (0.85%) in the water column.  Their model also 
showed that a 10% increase in ammonia levels would result from an increase in 
production of 110 tonnes, and a 10% increase in phosphate from a 11,765 tonne 
production increase.  There were two different aquaculture sites at Rivoli Bay and the 
carrying capacity was calculated separately for each site (Parsons Brinckerhoff & 
SARDI 2003c).  At the southern site a 1000 tonne per annum increase in fish 
production would result in an increase in water-column concentrations of ammonia of 
1.64 µg/L N (7.1%), nitrate of 1.64 µg/L N and phosphate of 0.44 µg/L P.  A 10% 
increase in ammonia levels is predicted to occur with a 1400 tonne increase in 
production.  At the northern site a 1000 tonne per annum increase in fish production 
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would result in an increase in water-column concentrations of ammonia of 7.3 µg/L N 
(31.7%), nitrate of 7.3 µg/L N and phosphate of 1.94 µg/L P.  A 10% increase in 
ammonia levels is predicted to occur with a 315 tonne increase in production at the 
northern site.   

 
The above information is used for the allocation of licenses and in the 

planning process after the managers have set what they view as an acceptable increase 
in nutrient concentrations.  Currently, in all the aquaculture regions, the regional 
stocking levels are well below the determined carrying capacity. For example, the 
licensing in the Fitzgerald Bay area allows 1,500 tonnes of yellowtail kingfish 
production, although actual production is less than 1000 tonnes (Parsons Brinkerhoff 
& SARDI 2003b). 

 
The limiting factor with the use of these model is that they were calculated 

using either generic values or values for only one species of fish for the food 
conversion ratio (FCR) and feed nitrogen content.  Snapper was the predominant fish 
being farmed in Fitzgerald Bay at the time that Oceanique Perspectives (1999) 
calculated carrying capacities, however in recent years all farms in the area have 
switched to yellowtail kingfish.  A more up-to-date estimate of the carrying capacity 
has been calculated by Parsons Brinkerhoff and SARDI (2003b) using an estimated 
FCR and feed composition for yellowtail kingfish.  Parsons Brinkerhoff and SARDI 
(2003a) suggest that the carrying capacities calculated would be similar for other 
species such as snapper, which is fed a similar dry pellet diet.  However, if a wet diet 
consisting of baitfish is used then they suggest that the carrying capacity would be 
substantially lower.  The carrying capacities for Boston Bay were based on values for 
southern bluefin tuna, which is the main species of fish cultured in the region and are 
fed a wet diet consisting of baitfish.  However, there are a few farms now culturing 
yellowtail kingfish, which are likely to have different values to the tuna.  The 
differences in these values may result in different carrying capacity values.  In, 
addition, the problem with this model is that it does not account for different species 
of fish, with different FCR and feed content, being cultured in the same region.  The 
carrying capacity needs to be constantly reassessed with the changing composition of 
farmed species and as new information and data becomes available. 

 
In addition to the mass balance model, Parsons Brinkerhoff and SARDI 

(2003a, b) used a second model that simulated the carbon deposition on the seafloor 
to investigate the relative levels and spatial extent of benthic impacts at Arno Bay and 
Fitzgerald Bay.  This model utilises the geographic (i.e. lease geography), 
hydrographic (i.e. currents) and operational factors of a marine finfish lease to predict 
the deposition rates of uneaten feed and the faeces of the fish.  The operational factors 
included in the model were percentage of food not ingested, food conversion ratio 
(FCR), proportion of carbon in food, proportion of carbon in fish, fish respiration rate, 
stocking rate, feeding rate, sinking rate of pellets, and sinking rate of faeces. This 
particular model is still being calibrated and validated in the field and as such, must be 
used cautiously when estimating carrying capacities.  Instead this model is best used 
to make a prediction of the likely pattern of carbon deposition, which can be used to 
predict areas of maximum benthic impact. 
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It is important to determine if all the models used are able to accurately predict 
the impacts of aquaculture on water quality.  It may be possible to use the model to 
determine the expected nitrate levels for the amount of current production.  
Monitoring of water quality is then necessary to determine if the model is accurately 
predicting nitrate levels.  There is a current project funded by FRDC and PIRSA 
Aquaculture being carried out by SARDI Aquatic Sciences and The University of 
Adelaide to refine and validate the carrying capacity models (FRDC 2003/222 
Innovative solutions for aquaculture: spatial impacts and carrying capacity – further 
developing, refining and validating existing models of environmental effects of finfish 
farming). 
 
 

Table 17: Summary of the carrying capacities calculated for Franklin Harbour, Fitzgerald 
Bay, Arno Bay, and Boston Bay using the mass balance method.  This model calculates the 
maximum level of fish production that will not exceed ANZECC (1992) water quality 
guidelines by comparing them with the background nitrogen levels in the region.  A range of 
carrying capacity estimates were calculated using varying background and acceptable nitrate-
as-nitrogen levels to simulate worst and best case scenarios.  Information taken from 
Petrusevics (1996) and Oceanique Perspectives (1998, 1999). 
Region Range of estimated production 

(tonnes per year) 
Franklin Harbour – whole region 643- 2894 
Franklin Harbour – south basin only 120-542 
Fitzgerald Bay 496-5096 
Boston Bay 1300-2400 

 
 

The moderate ranking for the risk associated with carrying capacity is 
reasonable, based on a likelihood of rare and consequence of moderate.  While the 
current stocking levels probably are low risk, the likely expansion of the industry over 
the next 5 years will lead to a level of increased risk.  This risk can be mitigated by 
taking a staged approach to increasing stocking levels, and using the carrying capacity 
models discussed above in an adaptive management framework to first predict the 
likely change in the environment with any given increase and then to validate and 
refine the model.
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5.8 Behavioural changes and other impacts on migratory 
species (e.g. birds and whales) due to marine finfish 
aquaculture 
 

Table 18: Summary of comments and risk assessment values for the issue of behavioural 
changes and other impacts on migratory species.  Additional comments were received after 
the workshop.  Wherever possible the exact comments were included, however additional 
words and phrases have been included in italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

Is this type of industry (e.g. 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 (i.e. same types of impact likely to occur everywhere)? 
Are there listed migratory species that frequent this area?  If so, 
what protocols need to be employed by all facilities within the 
area? 
 

Level of impact Whole of the industry 
Comments 
during 
workshop 

• This issue is similar to issues at the Regional level 
(Component Tree 2). 

• Are there protocols for dealing with this issue over the whole 
of the industry, and are there then more specific protocols to 
deal with them at the regional level? 

• This issue is included at the planning stage – site location and 
number of cages may reduce the impact with regards to 
whales. 

• The interactions need to be monitored.  
• Acoustic harassment devices (AHDs) are not currently used, 

but they have previously been used for tuna, and this issue will 
need reviewing if they begin to be used. 

• An alternate ranking – consequence level of ‘moderate’ (2) 
and likelihood level of ‘likely’ (6) because you do see 
behavioural changes in species. 

• If the industry causes changes in rare species (e.g. sea lions) 
then the consequence level will be higher. 

Additional comments 
PIRSA 
Aquaculture 

• Interactions with large marine vertebrates must be reported 
immediately to Fish watch as per license conditions, and also 
reported annual in environmental monitoring reports. 

DEH • The siting of cages and structures should give consideration to 
behaviour and migratory patterns of marine mammals.  This 
should be considered more at the regional level. 

SATC • SATC is interested in the potential disruption to migratory 
species such as Southern Right Whales because this is an issue 
with potential to influence tourist perceptions. 

Risk assessment values 
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Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

3 3-4 9-12 Moderate 

 2 6 12 Moderate 

 
Level of impact Catchment/region 
Comments 
during workshop 

• Pellet feed is not eaten as much by birds. 
• The use of baitfish for feed increases the number of gulls 

around cages (depending on feeding methods). 
• Mostly shorebirds found around the cages and most seabirds 

tend to not be migratory. 
• This issue needs management. 
• If this issue were included in management planning then the 

risk ranking (RR) would drop to Negligible. 
Additional comments 

CCSA • Silver gulls are virus vectors and their numbers increase 
around seacage pens.   

PIRSA 
Aquaculture 

• Pellet feeding should not have an impact as they are not 
eaten by birds.  The consequence level would be higher for 
tuna. We have downgraded both the consequence and 
likelihood scores due to the level of impact at the scale 
(regional) being investigated.  This issue should probably be 
included at the individual facility level as well. 

• Alternate ranking - C1, L3, RR3, RV Low 
DEH • This is an issue for birds in general, especially around Port 

Lincoln. Artificially high numbers of silver gulls build up 
during the grow-out phase, and prey on young of other 
species during the fallowing phase. Some mitigation 
(pricking eggs of silver gulls) is carried out by the National 
Parks and Wildlife Service.  

• For aquaculture industries where whole fish are used as 
feed, there should be (i) best practice guidelines to minimise 
gull interactions (this is in the best interests of both 
regulators and industry) (ii) development of feeding 
methods (already happening) and (iii) inclusion of these 
issues in management arrangements. 

Current Regulations 
• Must take all reasonable and practical measures to minimise adverse interactions 

with seabirds and marine animals (PIRSA 2003b).  
• Licensees with cages located in areas where interactions with migratory species 

are likely are required to submit and adhere to a Marine Animal Management 
Plan (PIRSA 1998). 

Risk assessment values 
Organisation/ 
Person 

Consequence Likelihood Risk Value Risk 
Ranking 
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During workshop 2 4 8 Moderate 

PIRSA 
Aquaculture 

1 3 3 Low 

 
 
 
 
Current Knowledge 

 
The migratory species of Australia are listed in the Environment Protection 

and Biodiversity Conservation Act 1999.  In South Australia there is only one record 
of a whale (humpback whale Megaptera novaeangliae) interaction with aquaculture 
that occurred at a tuna farm off Port Lincoln (Kemper & Gibbs 2001).  The whale was 
trapped in the sea cage for two days when it was successfully released without the 
escape of any tuna.  Some species of birds, on the other hand, interact with 
aquaculture farms on a daily basis (PIRSA 1998).  The technical review for 
Aquaculture Management Plans for Central and Upper Spencer Gulf and Rivoli Bay 
(Parsons Brinckerhoff & SARDI 2003a, b c) performed a desktop study using the 
Environment Protection and Biodiversity Conservation Act 1999 online database, and 
found that in both Arno Bay and Fitzgerald Bay there were potentially a number of 
groups of seabirds in the area.  Most of these birds are only likely to overfly the area 
(Parsons Brinckerhoff and SARDI 2003a, b c) and therefore would not be affected by 
marine finfish aquaculture, while the few that feed or nest nearby (Parsons 
Brinckerhoff and SARDI 2003a, b c) are more likely to be affected.   

 
Harrison (2003) investigated the interactions between seabirds and southern 

bluefin tuna aquaculture farms in Port Lincoln and of the species found at the farms 
only two were listed migratory species.  Short-tailed shearwaters (Puffinus 
tenuirostris) were observed to eat a very small proportion of the total feed taken by 
seabirds at farms that use either baitfish or pellets, and were observed in very low 
numbers within the sea cages (average 2) compared to the larger number observed 
outside the sea cages (average 60-70).  The southern giant petrel (Macronectes 
giganteus) was found to visit aquaculture leases, however they were not observed to 
eat the feed. 

 
Harrison (2003) found that seabirds present on tuna farms showed a general 

preference for baitfish over pellets when both types of feed were available at the same 
time.  In addition, she found that seabirds did not consume any feed when it was 
distributed in the sea cage as frozen blocks.  The seabirds ate a high proportion of 
feed when baitfish were dispensed pneumatically or by shovelling.  Behavioural 
changes were seen in the seagulls that foraged at the farms (Harrison 2003).  
Although the gulls are not migratory, this suggests that behavioural changes may 
occur in migratory birds also. 

 
Harrison (2003) also argues that previous studies in other parts of the world on 

bird interactions with finfish aquaculture are irrelevant to assessing the interactions in 
South Australia, because these studies have focused on land-based aquaculture where 
often small fish are cultured, and sick or dying fish are taken by predatory or 
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scavenging birds.  In South Australia the main marine finfish species cultured are 
southern bluefin tuna, yellowtail kingfish and Atlantic salmon and these species are 
large predatory fish that are unlikely to be preyed or scavenged upon by the seabirds, 
in which case the most common source of interaction is the consumption of feed.  In 
addition, cages are covered by bird netting to prevent access by scavengers and 
predators, further reducing potential problems. 
  

There may also be flow on effects on migratory species due to the inflated 
populations of gulls (Harrison 2003) and this warrants further investigation.  In 
addition, the population size and reproductive output of short-tailed shearwaters 
requires further investigation to determine whether the feed taken from the 
aquaculture farms is having any effect on the population of that species. 

 
There have not been any field investigations into the interactions of seabirds 

with other cultured marine finfish species in South Australia, but at least for Port 
Lincoln we might assume that similar species of birds would interact with the 
yellowtail kingfish farms in the area.  Seabird interactions with the other species of 
cultured marine finfish may actually be less than the interactions with the southern 
bluefin tuna because birds prefer the baitfish feed to the pellet feed which is 
commonly used for other species of marine finfish. This idea needs to be investigated 
and quantified. 

 
The technical reviews conducted by Parsons Brinckerhoff and SARDI (2003a, 

b, c) also looked at the marine mammals in the area and identified that four species 
may be found in Fitzgerald Bay but would rarely enter the area.  In both Arno Bay 
and Rivoli Bay, four species of marine mammals were identified that may enter the 
area and would be at risk from entanglements in the mooring lines and nets (Parsons 
Brinckerhoff & SARDI 2003a, c).  Seals around Arno Bay may also be attracted to 
the farms to feed on the fish (Parsons Brinckerhoff & SARDI 2003a).  Franklin 
Harbour is close enough to Arno Bay to assume that similar animals and level of 
interactions would occur there, although its more enclosed nature and proximity to an 
urban centre would reduce the level of interactions. 

 
In the northern hemisphere predator nets or acoustic harassment devices 

(AHD) are used to protect farms from marine mammals.  Currently, neither of these 
techniques are used in South Australia.  In South Australia, AHDs were used on 
southern bluefin tuna farms for a number of years prior to electric fences.  Predator 
nets were also used in the past in South Australia and there were some cases where 
mammals became entangled in them.  Predator nets are still used in Tasmania because 
of problems with seal interactions, but they are not currently used in South Australia.  
Acoustic harassment devices could potentially impact on the migratory behaviour of 
whales since it has been found that killer whales avoided areas within 10km of an 
acoustic device in Canada (Morton & Symonds 2002).  Currently the Tuna Boat 
Owners Association of South Australia (TBOASA) are investigating the use of shark 
pods to deter them from the sea cages, and information on their effects on mammals, 
fish and birds is required before these devices are used.  There are also trials being 
conducted with steel cages, and if these become common other predator deterrents 
may not be necessary. 
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The species of migratory birds that interact with the marine finfish farms in 
Fitzgerald Bay, Arno Bay, Franklin Harbour, and in the southeast need to be 
determined in order to investigate any behavioural changes in those species.  Very 
little is known about the interactions with whales and there have been very few 
(reported) incidents. The license conditions for marine finfish farms require any 
interactions with large marine vertebrates (including whales) to be reported to 
Fishwatch, as well as in the annual environmental monitoring reports.  However, due 
to the young age of the industry, it is not yet clear if these procedures are effective, or 
what the results of this monitoring are. Most current marine sea cage finfish farming 
occurs in Spencer Gulf, and thus there is a relatively low likelihood of encounters 
with whales.  There may be greater numbers of encounters if farming commences on 
the west coast of South Australia, however, where whales are more common. 

 
Based on the current locations for finfish aquaculture, it is expected that there 

will be some interaction between migratory species (both birds and whales) and 
aquaculture farms.  Provided farms predominantly feed pellets, the consequences of 
these interactions for birds are probably only minor, giving a risk value of 6 (low).  
The single documented interaction between aquaculture and whales indicates that the 
risks for this group are similar.  If baitfish are fed, then the consequence for birds 
could increase to moderate (with a moderate risk), and if farming commences on the 
west coast of South Australia, the consequences for whales could increase to 
moderate.  Given the 5 year time frame for this exercise, and the pressure to release 
leases on the west coast, the moderate risk ranking for this issue is appropriate. 
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5.9 Effects of marine finfish aquaculture on dolphins 
(protected species) 

Table 19: Summary of comments and risk assessment values for the issue of impacts on 
dolphins.  Additional comments were received after the workshop.  Wherever possible the 
exact comments were included, however additional words and phrases have been included in 
italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

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?  

Level of 
impact 

Catchment/region 

Comments 
during 
workshop 

• There is evidence in other places of impacts on genetic units. 
This is currently being worked on. 

• Monitoring is to begin on the impacts of entanglement and 
habitat loss. 

• If adopted, protection (such as predator nets) on the outside of 
farms and bays may cause the dolphins to get either trapped in 
bay or prevents them from entering the bays. 

Additional comments 
PIRSA 
Aquaculture 

• License requires reporting of interactions with marine 
vertebrates.  The consequence to dolphins at the regional 
level, we feel, are low ie “1” and the likelihood, at the regional 
level, is lower (3). 

• Alternate ranking - C1, L3, RV3, RR Low 
DEH • There is also concern about changes in feeding behaviour e.g. 

mothers not teaching young to feed in the open, but to feed on 
scavenging species. I believe this has been observed, consult 
Catherine Kemper and Sue Gibbs 

• Alternate rankings:  As for whales (C3, L2,RV6,RR Low), 
bump up the ranking  for other regions? 

SATC • SATC is interested in the impacts on dolphins, including net 
entanglement and the various deterrent measures undertaken 
by farmers because this is an issue with potential to influence 
tourist perceptions. 

Current Regulations 
• Must take all reasonable and practical measures to minimise adverse 

interactions with seabirds and marine animals (PIRSA 2003b). 
Risk assessment values 

Organisation/ 
Person 

Region Consequence Likelihood Risk 
Value 

Risk 
Ranking 

Fitzgerald Bay 3 4 12 Moderate 
Arno Bay/ 
Franklin 
Habour 

Higher risk ranking than Fitzgerald Bay 

Port Lincoln Higher risk ranking than Fitzgerald Bay 

During 
workshop 

Southeast Higher risk ranking than Fitzgerald Bay 
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PIRSA 
Aquaculture 

Fitzgerald Bay 1 3 3 Low 

DEH  3 2 6 Low 

 
Current Knowledge 

 
A number of dolphin species are found in all the regions (Parsons 

Brinckerhoff & SARDI 2003a, b, c).  There are some anecdotal observations of 
behavioural changes in dolphins, but these have not been quantified.  The potential 
impacts of aquaculture on dolphins can be either direct, by intentional killing and 
incidental capture, or indirect, through competition for food and changes in the 
habitat.  Dolphins can be attracted to farms due to the increase of fish around the 
farms that are feeding on the excess feed (Kemper & Gibbs 1997, 2001, 2003).  
Dolphins can become entangled in the sea cage nets if they are allowed to hang 
loosely rather than being taught, or anti-predator nets if present, although it is 
unknown why they become entangled even though they are aware of the nets 
(Kemper 1998).  It is thought that they become distracted while feeding (Kemper 
1998).  IN a properly managed farm, without predator nets, the potential for 
entanglement is slim. 

 
A study was conducted during 1994-1999 by Kemper & Gibbs (1997, 2001) 

on dolphins entangled in tuna farm nets near Port Lincoln.  During this period 15 
bottlenose dolphins (Tursiops aduncus) and 9 common dolphins (Delphinus delphis) 
died from entanglements with the nets and their carcases were examined and 
compared to dolphin carcases washed up or floating in Port Lincoln and other parts of 
South Australia.  An additional 13 dolphin entanglements were reported but not 
collected and there is evidence that at least another 8 dolphins died due to 
entanglements but were not reported.  Of the 37 entangled animals 24 of them were 
juveniles or young, sexually mature females.  Most of the sexually mature dolphins 
were pregnant or lactating.  Three of the entangled animals were calves.  The remains 
of fish species that are common around tuna sea cages were found in the stomach of 
entangled dolphins.  There is not enough information on the behaviour, ecology and 
population dynamics of dolphins in South Australia to properly assess if marine 
finfish aquaculture is affecting dolphin populations. Reporting and collecting of 
entangled animals needs improvement in order to obtain quality data. 

 
From the results of their study, Kemper & Gibbs (1997, 2001) made several 

recommendations including the removal of anti-predator nets.  Anti-predator nets are 
no longer used in South Australia.  Kemper et al. (2003) summarised a range of 
recommended mitigation methods for reducing interactions between finfish 
aquaculture and marine mammals.  These recommendations include appropriate net 
design (semi-rigid or well-tensioned net material; mesh size of 6 cm), minimise food 
wastage, use of pellet feed, appropriate siting of farms, prompt removal of dead fish, 
gear maintenance and constant vigilance.  Kemper et al. (2003) also listed several 
methods that are not recommended, including the use of acoustic devices, trapping 
and relocation, and chasing.  Dolphins are a protected species and therefore it is 
illegal to kill them. Farmers must attempt to safely release any trapped or entangled 
animals. 
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The low risk ranking for this issue is probably more appropriate than 

moderate, however, the lack of data on interactions with finfish farms other than tuna 
makes this difficult to assess.  The moderate ranking is based on their being some 
evidence for a severe impact, which would be the case if predator nets were used.  
Given that predator nets have been abandoned by the tuna industry, and are not to our 
knowledge being actively considered for other species, we feel that the low risk 
ranking is appropriate.  This ranking should be revised if predator nets or other 
deterrents are introduced. 
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5.10 Effects of marine finfish aquaculture on sharks 
(protected species) 

Table 20: Summary of comments and risk assessment values for the issue of impacts on 
protected species of sharks.  Additional comments were received after the workshop.  
Wherever possible the exact comments were included, however additional words and phrases 
have been included in italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

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?  

Level of impact Catchment/region 
Comments 
during workshop

• The great white shark (Carcharodon carcharias) and the grey 
nurse shark (Carcharodon taurus) are the only protected sharks 
in Australia, and the grey nurse is not found in SA. The impact 
on the great white shark is unknown.   

• Most interactions with sharks are with bronze whaler sharks 
(Carcharhinus brachyurus) but this species is not protected. 

• Is it monitored?  
• An impact on one single animal may have serious consequences 

because their numbers are so low.  Monitoring of the impacts on 
sharks is needed. 

Additional comments 
PIRSA 
Aquaculture 

• Very little is known about great white shark populations. We 
feel that, relative to dolphin entanglement, the likelihood level, 
would be the same (3) and that the consequences level would be 
slightly more (3) given that we are unsure about the state of 
great white shark populations. 

• Interactions with large marine vertebrates must be reported 
immediately to Fish watch as per license conditions, and also 
reported annualy in environmental monitoring reports. 

• Alternate ranking - C3, L3, RV9, RR Moderate 
DEH • There is no monitoring for sharks. There is a need for best 

practice farm management.  
• Alternate ranking:  The risk level has to be higher for Port 

Lincoln, probably a risk ranking of high. 
CCSA • Placement of sea cages along known shark migratory paths 

should be avoided.   
SATC • SATC is interested in the various issues surrounding the 

attraction of sharks to finfish enclosures because this is an issue 
with potential to influence tourist perceptions. 

Current Regulations 
• Must take all reasonable and practical measures to minimise adverse interactions 

with seabirds and marine animals (PIRSA 2003b). 
Risk assessment values 

Organisation/ 
Person 

Region 
 

Consequence Likelihood Risk 
Value 

Risk 
Ranking 

During Fitzgerald Bay 2 4 8 Moderate 
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Arno Bay/ 
Franklin Habour 

Port Lincoln 

workshop 

Southeast 

Same as Fitzgerald Bay 

PIRSA 
Aquaculture 

 3 3 9 Moderate 

DEH Port Lincoln    High 

 
 
 
Current Knowledge 

 
The great white shark, Carcharodon carcharias, is the only protected species 

of shark in South Australia and is found in all the aquaculture regions.  There is 
currently no published information on the interactions between sharks and aquaculture 
in Australia or worldwide.  In South Australia, most of the interactions between 
sharks and sea cages are with bronze whaler sharks.  Bronze whaler sharks are not a 
protected species, and are the target of commercial fishing, so are usually killed if 
they enter the sea cages.  Farmers are not permitted to kill great white sharks and must 
attempt their safe release. 

 
Malcolm et al. (2001) conducted a review on the status of great white sharks 

in Australian waters and noted there were several reported incidents where these 
sharks were inadvertently caught either in tuna tow cages or inshore farm sea cages.  
In 1999 there were three confirmed captures and one unconfirmed capture in tuna sea 
cages.  Over a period of about five years, there was a total of nine captures by the tuna 
industry.  Six of these captured sharks were killed, usually by power-head, and the 
other three were already dead when found.  Both sexes of the great white shark have 
been captured in tuna sea cages and their lengths have ranged between 3.0 to 5.0 m. 
There are also unsubstantiated reports of up to 10-20 great white shark captures by, 
and interactions with, the tuna industry each year, although if true, this is most likely 
to be due to shark sightings in the vicinity of leases, and not entanglements etc.  
Malcolm et al. (2001) anticipate that similar interactions are likely to occur with 
aquaculture of other marine finfish species such as yellowtail kingfish and snapper. 

 
There have been three reported attempts to release sharks that were captured in 

the tuna sea cages.    In 1999, a diver tied a rope to the tail of a shark that was found 
in poor condition but still alive at the bottom of tuna tow cage (Malcolm et al. 2001).  
The shark was then lifted out of the sea cage and released back over the side of the sea 
cage where it then sank.  There was no information available on the release attempt in 
2000. 

 
In 2003 a great white shark entered a SARDI Aquatic Science experimental 

tuna sea cage.  This event provided the SARDI staff an opportunity to trial a number 
of different methods for removing the shark safely (for both shark and human) while 
preventing the tuna from escaping.  After trying several different methods over a 
period of 7 days, the shark was successfully released by using a part of the net as a 
“corridor” for the shark to swim out.  Only two tuna were observed to escape in the 
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process, although more were found to be missing at harvest.  This method of release 
shows some potential for the safe release of sharks with minimal fish loss, and has 
since been used successfully for the release of two sharks from commercial pontoons. 

 
A shark interaction workshop funded by the Fisheries and Development 

Corporation (FRDC) was conducted by the Department of Environment and Heritage 
in 2003 in Adelaide.  The workshop was attended by a variety of stakeholders and the 
outcomes of the workshop will be published later in 2004 (S. Murray-Jones, 
pers.com.). 
 

Bronze whaler sharks usually enter the sea cage by biting a hole in the nets in 
order to eat any dead fish in the sea cage.  To reduce the occurrence of this type of 
interaction the industry promptly removes, usually daily, mortalities from the sea 
cages.  Nets made of steel mesh, instead of polypropylene, have been developed and 
preliminary results show that they reduce predator interactions, as well as decreasing 
entanglements with marine mammals.  Currently, the costs of setting up the steel nets 
are very high.  Farmers are also working with companies that make electronic shark 
repellent pods for divers to develop pods that can be attached to sea cages to repel 
sharks.  The pods work by releasing electric pulses into the water to deter the sharks.  
Before these devices are used they need to be tested for any negative effects on the 
cultured fish and on other animals such as dolphins, whales and birds. 
  
 In order to gain a better understanding of the impacts of aquaculture on great 
white sharks there needs to be a monitoring and mandatory reporting program.  The 
license conditions for marine finfish farms require any interactions with large marine 
vertebrates (including sharks) to be reported to Fishwatch, as well as in the annual 
environmental monitoring reports.  However, due to the young age of the industry, it 
is not yet clear if these procedures are effective, or what the results of this monitoring 
are.  More information on the ecology, biology and population status of the great 
white shark is also required in order to assess and manage the impacts of marine 
finfish aquaculture.  Currently, there is an active program of research being conducted 
out of CSIRO Marine Research in Hobart that should address many of the basic 
unanswered questions about great white shark biology.  
 

Given the regular interactions between sharks and aquaculture, and the low 
reproductive rate of sharks, a moderate risk is probably appropriate.  The current risk 
may be low, as the industry is still relatively small, and concentrated in areas that are 
not frequently inhabited by great whites.  As the industry expands in size, and moves 
into new areas such as the west coast, the risk will increase, however, and is likely to 
become moderate within the next 5 years. 
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5.11 Effects of marine finfish aquaculture on terrestrial 
vegetation 

Table 20: Summary of comments and risk assessment values for the issue of impacts on 
terrestrial vegetation protected species of sharks. Additional comments were received after the 
workshop.  Wherever possible the exact comments were included, however additional words 
and phrases have been included in italics 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.  Again this may need to be assessed in combination with 
all types of industry and planning within the region. 

Level of impact Catchment/Region 
Comments 
during workshop

• This is a problem where there are no defined access points to the 
coast ie. lack of boat access, and where there is driving and 
dragging of nets etc over dunes.   

• There are dune blowouts, thought to be due to aquaculture 
related activities, where vegetation is severely disturbed and in 
some regions this may be severe.  

• This process is not currently managed but needs to be managed.  
• Accessibility is considered when assessing applications for 

licences. 
• In hatcheries the building of ponds and the discharge water 

impact on terrestrial vegetation. 
Additional comments 

PIRSA 
Aquaculture 

• Clearance of vegetation is subject to the Vegetation Act 1991, 
therefore it is managed.  We have discrete areas of farming in 
different regions. We consider this aspect for issues relevant to 
“between” land and sea-based activity – e.g. for issues like 
dragging nets and creation of boat ramps. We have decreased 
our risk assessment based on the fact that there are only a very 
small number of farms operating in each region, and that at a 
regional/catchment scale the consequences would be very low 
(i.e. “1”) 

• Alternate ranking - C1, L1-3, RR1-3 
DEH • However Coast Protection Board advice sometimes ignored 

(when assessing applications for licences). 
• Alternative rankings: 

 Arno Bay/Franklin Harbour- same risk ranking as Fitzgerald 
Bay 

 Port Lincoln- probably lower as expect more likely to use 
proper boat ramps rather than beach launch? Check? 

 Southeast- as for Port Lincoln? 
Risk assessment values 

Organisation/ 
Person 

Region 
 

Consequence Likelihood Risk 
Value 

Risk 
Ranking 

During 
workshop 

Fitzgerald Bay 3 4 12 Moderate 
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PIRSA 
Aquaculture 

All 1 1-3 1-3 Low 

Arno Bay/ 
Franklin Habour Same risk ranking as Fitzgerald Bay 

Port Lincoln Lower risk ranking than Fitzgerald Bay 

DEH 

Southeast Lower risk ranking than Fitzgerald Bay 
 
Current Knowledge: 

 
It is widely agreed that habitat loss is one of the major causes of decreases in 

biodiversity and because of this ‘land clearance’ is a listed key threatening process 
under the Environment Protection and Biodiversity Conservation Act 1999.  Habitat 
destruction and fragmentation have had severe consequences for native terrestrial 
flora and fauna (Aslin 1986, Harris 1986), while removal of coastal vegetation has 
resulted in sand drift and erosion of dunes because there is no vegetation to anchor 
them (Matheson 1986).  The removal of vegetation for any purpose, not just for 
marine finfish aquaculture, may have these consequences.  Specific scientific research 
on the removal of vegetation for the marine finfish aquaculture industry is not 
required.   Instead this issue requires continual monitoring and management. 

 
The moderate risk is probably more appropriate at the individual facility level.  

At the regional level, the impacts are localised, although the damage could still be 
long-term.  Currently, all necessary systems are in place to manage this issue, and the 
problem, if it exists, stems from a few individuals doing the wrong thing. 
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5.12 The effects of infrastructure on heritage areas 

Table 21: Summary of comments and risk assessment values for the issue impacts on 
heritage areas due to infrastructure.   
Description 
(Fletcher et al. 
2003) 

Are there areas of heritage value that may be affected – old buildings, 
historical sites, places of significance?  

Level of impact Catchment/Region 
Comments 
during 
workshop 

• This is different for each region. 
• The aboriginal pebble dunes in Fitzgerald Bay are identified in 

management plans and there is also signage along the dunes. This 
should also be considered with the indigenous issues (Component 
Tree 4). There is a problem with people driving over those dunes 
and dragging nets etc.  

• This issue is also a part of the impacts on onshore terrestrial 
vegetation so it has been given the same risk ranking. 

• It may be difficult to get access to some potential farm sites if 
they are situated near national parks, even though the farms are 
allowed offshore.   

• These particular problems need to be identified in the 
management plan. 

Additional comments 
Risk assessment values 

Organisation/ 
Person 

Region 
 

Consequence Likelihood Risk 
Value 

Risk 
Ranking 

During 
workshop 

Fitzgerald Bay 3 4 12 Moderate 

PIRSA 
Aquaculture 

Fitzgerald Bay 3 1-2 3-6 Low 

 
Current Knowledge: 

This issue does not require scientific research.  Instead it requires increased 
management during the planning process to ensure that heritage areas are not under 
threat from nearby aquaculture farms, and increased monitoring to detect any 
breaches.  Again, this is not an aquaculture issue per se, but rather is a problem related 
to coastal development in general, and needs to be managed as such by the 
appropriate authorities.  Similar to the problems with terrestrial vegetation, this issue 
arises from 1 or 2 individuals doing the wrong thing. 
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5.13 Effects of aquaculture on world heritage areas, RAMSAR 
convention wetlands and marine protected areas – cuttlefish 
closure zone near Fitzgerald Bay 

Table 22: Summary of comments and risk assessment values for the issue impacts on the 
Cuttlefish closure zone near Fitzgerald Bay.  Additional comments were received after the 
workshop.  Wherever possible the exact comments were included, however additional words 
and phrases have been included in italics to improve readability and understanding. 
Description 
(Fletcher et al. 
2003) 

Are any of these types of zones present in the area? If there are, 
what special arrangements etc are needed to meet their 
requirements?  

Level of impact Catchment/region – Fitzgerald Bay 
Comments 
during 
workshop 

• There would be a problem if yellowtail kingfish escapees eat 
the cuttlefish, especially the juveniles.   

• This might affect the numbers of cuttlefish in the protected 
breeding zone in Fitzgerald Bay.  

• This issue needs monitoring/investigation. 
Additional comments 

PIRSA 
Aquaculture 

• There are so few escapees, and of those, very few actually eat 
cuttlefish (the SARDI report found little evidence of cuttlefish 
consumption).  There are many millions of juvenile cuttlefish 
following breeding, “everything” else will eat them let alone 
from the slim chance that an escaped kingfish might. 

SATC • SATC is interested in the potential impacts on the cuttlefish 
breeding grounds in Spencer Gulf because this is an issue with 
potential to influence tourist perceptions. 

Risk assessment values 
Organisation/ 
Person 

Consequence Likelihood Risk Value Risk Ranking 

During 
workshop 

3 4 12 Moderate 

 
Current Knowledge 

 
A cuttlefish closure zone is situated in False Bay spanning from Whyalla to 

Point Lowly and is in close proximity to Fitzgerald Bay.  Cuttlefish (Sepia apama) 
aggregate in this area to spawn between the beginning of March and the end of 
September and the zone is closed to fishing for this period (Hall 2002). 

 
Nothing is known about the impacts of the marine finfish aquaculture farms on 

the cuttlefish closure zone near Fitzgerald Bay.  It is unknown if the escaped fish have 
any impact on the cuttlefish through increased predation or competition for food.  In a 
survey of escaped yellowtail kingfish in South Australia (Fowler et al. 2003), the 
stomach contents of the fish caught in the northern part of Spencer Gulf did not 
contain any cephalopod remains, such as cuttlefish or calamari.  The fish found in the 
northern Spencer Gulf are thought to be escaped farmed fish and this finding suggests 
that the escaped fish might not impact on the cuttlefish in the northern region of the 
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gulf.  The yellowtail kingfish that were caught outside Spencer Gulf are thought to be 
true wild fish and cephalopod remains were found in their stomachs.  If the escaped 
fish begin to prey on the cuttlefish then the risk for Fitzgerald Bay marine finfish 
aquaculture needs to be reviewed. 
  

Additional problems may arise if dolphins, which often feed on cuttlefish 
(Kemper & Gibbs 2001), are attracted to the area due to an increase in fish 
aggregations around the fish farms.  Conversely, dolphins may be attracted to the area 
because of the cuttlefish aggregations and could possibly result in an increase in the 
number of entanglements in fish farm nets. 

 
Given current concerns about declining cuttlefish numbers, the consequence 

associated with predation on juveniles would have to be severe (3).  However, 
escapees have not been documented feeding on cephalopods of any type, so the 
likelihood is probably rare (2).  This gives a risk ranking of low.  However, if escaped 
yellowtail kingfish are found to feed on juvenile cuttlefish, this risk will increase to 
moderate (or higher). 
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6 Conclusions 
 
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 
PIRSA Aquaculture tending to provide lower risk rankings than DEH.  It was obvious 
throughout the workshop that participants struggled with separating consequence and 
likelihood, and this particularly comes through in some of the written feedback 
documented in this report.  While it is possible for an issue to have both a high 
likelihood and a high risk, care needs to be taken to determine if both of these co-
occur, or is there actually a low likelihood of the high risk, and a high likelihood of 
the low risk.  It was also often difficult to relate the likelihood and consequence levels 
in Tables 1 & 2 to what the actual situation was.   

 
For many of the issues raised, it is clear that there is insufficient information 

available to make a definitive estimate of the risk.  There are also several instances, 
such as impacts on terrestrial vegetation, where it is clear that existing management 
regimes and requirements are not properly enforced, leading to potential problems.  
These particular issues are generally issues that relate to a wide variety of industries, 
not just aquaculture, and the shortfall is in the development planning process. 

 
A number of knowledge gaps regarding the impacts of marine finfish 

aquaculture in South Australia were identified throughout the report.  A number of 
these are currently or are soon to be investigated and these are listed below.  A greater 
number of issues require further research and are also listed.  A few required 
monitoring and management programs have been identified as well. 
 
Current research 

• FRDC proposal by SARDI to investigate the impacts of escaped yellowtail 
kingfish on other species and the food chain.  

• Identification and quantification of parasites of cultured, wild and escaped 
yellowtail kingfish and transmission between the stocks by Adelaide 
University. 

• Continuing research into fish meal replacement. 
• Movement and assimilation of pellet feed in the environment to be undertaken 

by SARDI Aquatic Sciences in 2004/05. 
• Validation of carrying capacity models by SARDI Aquatic Sciences. 
• South Australian Museum and Maquarie University will begin monitoring of 

the impacts of dolphin entanglement and habitat loss. 
• Development of techniques for monitoring the impacts of marine finfish 

aquaculture on catchments or regions by SARDI Aquatic Sciences as part of 
the Aquafin CRC. 

• Development of models specific to South Australia to simulate and estimate 
dispersion and deposition of wastes in the environment by SARDI Aquatic 
Sciences. 

• CSIRO are investigating the behaviour, ecology and population dynamics of 
great white sharks.  
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• Disease transmission (other than parasites) between wild and cultured fish is 
being studied at Adelaide University. 

 
Research required 

• Behaviour, reproductive success and longevity of escaped yellowtail kingfish.  
Do they form self sustaining populations or integrate with wild populations 
(which may increase chances of disease transmission)? 

• Impact of yellowtail kingfish escapes on competition for food with wild stock. 
• Impacts on the food chain from increases in silver gull populations due to 

marine finfish aquaculture (is being studied for tuna by Flinders University, 
but not for other finfish). 

• Impacts on the ecology, population dynamics and reproductive success of wild 
fish that scavenge on uneaten food underneath the cages and their impact on 
the food chain (there is a current honours project at SARDI Aquatic Sciences 
and Adelaide University looking at aggregations around yellowtail kingfish 
cages at Fitzgerald Bay). 

• Can disease transfer occur through the cages? i.e. can only escaped fish 
transmit disease to the wild stock? 

• Impacts of the baitfish fisheries on the food chain. 
• Investigate the impacts of wastes from marine finfish aquaculture on the 

environment using improved experimental design and develop appropriate 
monitoring techniques (is being done by SARDI Aquatic Sciences for tuna, 
but needs to be extended to other species). 

• Does marine finfish aquaculture affect the composition and abundance of 
phytoplankton communities and does the industry directly cause harmful algal 
blooms? 

• More information on the behaviour, ecology and population dynamics of 
dolphins is needed in order to determine the impacts of marine finfish 
aquaculture. 

• Impacts of marine finfish aquaculture on the cuttlefish closure zone near 
Fitzgerald Bay. 

 
Monitoring and Management required 

• Monitoring of the frequency, intensity and composition of algal blooms. 
• When environmental monitoring program results are available, ensure 

reporting of interactions with large marine vertebrates (sharks & whales) is 
effective and adequate. 

• Improved management of impacts on terrestrial vegetation and heritage areas. 
 

Very little is known about the impacts of marine finfish aquaculture in South 
Australia.  A few issues, such as the impacts of waste on water quality, benthic 
organisms and sediments, have been well studied in other parts of the world.  
Although we can draw on the experiences of other countries it is important to also 
investigate actual impacts in South Australia because the impacts of aquaculture can 
vary greatly between countries and regions due to physical, chemical and biological 
differences.  This requirement is accentuated as South Australia leads Australia in 
temperate finfish aquaculture production, so the potential for adverse environmental 
impacts is greatest if we fall behind in research. 
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Overall, the results of this risk assessment workshop are relatively favourable 

to the industry.  No issues were identified as being high or extreme risks, with the 
highest ranking being moderate.  This ranking means that the issue either needs 
further research to determine the true risk, and/or that management needs to be 
improved.  Such improvements should occur over a timeframe of 5-10 years, so as to 
bring the risk down to low. 
 
 

7 Acknowledgements 
The author greatly appreciates everyone who organised and participated in the Risk 
Assessment Workshop and also those who helped and provided information for this 
report.  These include Simon Bryars, Rachel Marsh, Rick Fletcher, Suzanne Bennett, 
Sue Murray-Jones, Catherine Kemper and Kate Hutson.  In particular we would like 
to thank Bronwyn Gillanders for reading drafts of this report and providing valuable 
feedback.  The authors would also like to thank Steven Clarke and Greg Collings for 
reviewing the manuscript and providing valuable comments and feedback. 
 
 
 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 74 
     

 

8 References 
 
Ackefors H (2000) Review of Swedish regulation and monitoring of aquaculture. 

Journal of Applied Ichthyology 16:214-223 
Allan GL, Booth MA, Stone DAJ, Anderson AJ (2003) Aquaculture diet development 

subprogram: Ingredient evaluation. NSW Fisheries, Cronulla. 
Anderson DM, Gilbert PM, Burkholder JM (2002) Harmful algal blooms and 

eutrophication: nutrient sources, composition, and consequences. Estuaries 
25:704-726 

ANZECC (1992) Australian and New Zealand Environmental and Conservation 
Council (ANZECC), Australian water quality guideline for fresh and marine 
waters 

Arzul G, Seguel M, Clement A (2001) Effect of marine animal excretions on 
differential growth of phytoplankton species. ICES Journal of Marine Science 
58:386-390 

AS/NZS 4360 SAoA (1999) AS/NZS 4360: 1999 Risk Management. Standards 
Australia, Homebush, NSW 

Aslin HJ (1986) Native Animals. In: Nance C, Speight DL (eds) A land transformed: 
environmental change in South Australia. Longman Cheshire Pty Limited, 
Melbourne 

Barber I (2003) The role of parasites in fish-bird interactions: a behavioural ecological 
perspective. In: Cowx IG (ed) Interactions between fish and birds: 
implications for management. Blackwell Science Ltd, Oxford 

Barlow CG, Allan GL, Williams KC, Rowland SJ, Smith DM (2003) Aquaculture diet 
development subprogram: Diet validation and feeding strategies. NSW 
Fisheries, Cronulla. 

Beveridge MCM (1996) Cage Aquaculture. Blackwell Science, Sydney 
Bjorn PA, Finstad B (2002) Salmon lice, Lepeophtherius salmonis (Kroyer), 

infestation in sympatric populations of Arctic char, Salvelinus alpinus (L.) and 
sea trout, Salmo trutta (L.), in areas near and distant from salmon farms. ICES 
Journal of Marine Science 59:131-139 

Brooks KM, Mahnken CVW (2003) Interactions of Atlantic salmon in the Pacific 
northwest environment II. Organic wastes. Fisheries Research 62:255-293 

Brothers N, Gales R, Pemberton D (1993) Prey harvest of the Australasian gannet 
(Sula serrator) in Tasmania. Wildlife Research 20:777-783 

Brown JR, Gowen RJ, McLusky DS (1987) The effect of salmon farming on the 
benthos of a Scottish sea loch. Journal of Experimental Marine Biology and 
Ecology 109:39-51 

Bryars S (2002) Underwater observations on the potential impacts of sea finfish 
farming on seagrass meadows at Cape Jaffa, Lacepede Bay, PIRSA, Adelaide 

Butler JRA (2002) Wild salmonids and sea louse infestations on the west coast of 
Scotland: sources of infection and implications for the management of marine 
salmon farms. Pest Management Science 58:595-608 

Cancemi G, De Falco G, Pergent G (2003) Effects of organic matter input from a fish 
farming facility on a posidonia oceanica meadow. Estuarine Coastal and Shelf 
Science 56:961-968 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 75 
     

Carson J, Handlinger J (1988) Virulence of the aetiological agent of goldfish ulcer 
disease in Atlantic salmon, Salmo salar L. Journal of Fish Diseases 11:471-
479 

Carter CG (2002) Fish meal replacement in aquaculture feeds for Atlantic salmon. 
Project No. 93/120-5, Final Report to Fisheries Research and Development 
Corporation, Launceston 

Carter CG, Hauler RC (2000) Fish meal replacement by plant meals in extruded feeds 
for Atlantic salmon, Salmo salar L. Aquaculture 185:299-311 

Cheeson J, Whitworth B, Smith T (2000) Reporting on ecologically sustainable 
development: the reporting framework of the Standing Committee on 
Fisheries and Aquaculture in relation to national and international experience, 
Bureau of Rural Science, Canberra 

Cheshire A, Westphalen G, Smart A, Clarke S (1996) Investigating the environmental 
effects of sea-cage tuna farming. II. The effect of sea-cages, Department of 
Botany, University of Adelaide, Adelaide 

Clark SM (1996) Report by the South Australian Government: Tuna Mortalities 
April-May 1996.  South Australian Research and Development Institute, 
Aquatic Sciences, Adelaide 

Clarke S, Cartwright C, Smith B, Madigan S, Haskard K (1999) southern bluefin tuna 
(Thunnus maccoyii) Aquaculture Environmental Monitoring Report 1996 to 
1998, South Australian Research and Development Institute, Aquatic 
Sciences, Adelaide 

Collings G, Cetin L, Cheshire A, Tanner J (in preparation) Finfish and shellfish 
carrying capacity modelling in South Australia: Technical supporting 
document for models used in the aquaculture management planning process.  
Prepare for PIRSA Aquaculture by the South Australian Research and 
Development Institute (Aquatic Sciences), Adelaide 

Cromey CJ, Nickell TD, Black KD (2000) DEPOMOD - A model for predicting the 
effects of solids deposition from mariculture to the benthos. The Scottish 
Association for Marine Science Dunstaffnage Marine Laboratory 

Cromey CJ, Nickell TD, Black KD (2002a) DEPOMOD - modelling the deposition 
and biological effects of waste solids from marine cage farms. Aquaculture 
214: 211-239 

Cromey CJ, Nickell TD, Black KD, Provost PG, Griffiths CR (2002b) Validation of a 
fish farm waste resuspension model by use of a particulate tracer discharged 
from a point source in a coastal environment. Estuaries 25:916-929 

Dempster T, Sanchez-Jerez P, Bayle-Sempere JT, Gimenez-Casalduero F, Valle C 
(2002) Attraction of wild fish to sea-cage fish farms in the south-western 
Mediterranean Sea: spatial and short-term temporal variability. Marine 
Ecology Progress Series 242:237-252 

Dosdat A, la Pomelie C (2000) Regulation and monitoring of marine aquaculture in 
France. Journal of Applied Ichthyology 16:157-162 

FAO (2002) The State of World Fisheries and Aquaculture 2002, Food and 
Agricultural Organization (FAO), Rome 

Felsing M, Glencross B, Telfer T (2002) Fate of finfish aquaculture waste - the 
importance of wild fish in nutrient export. Proceedings of the 2002 meeting of 
the Australian Marine Sciences Association - Tropical Temperate Transitions 
10-12 July 2002. Australian Marine Sciences Association, Fremantle, WA 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 76 
     

Fernandes TF, Eleftheriou A, Ackerfors H, Eleftheriou M, Ervik A, Sanchez-Mata A, 
Saclon T, White P, Cochrane S, Pearson TH, Read PA (2001) The scientific 
principles underlying the monitoring of the environmental impacts of 
aquaculture. Journal of Applied Ichthyology 17:181-193 

Fernandes TF, Miller KL, Read PA (2000) Monitoring and regulation of marine 
aquaculture in Europe. Journal of Applied Ichthyology 16:138-143 

FIN (2003) Sustainability dossier, Fish meal Information Network, Peterborough, UK 
Findlay RH, Watling L (1994) Toward a process level model to predict the effects of 

salmon net-pen aquaculture on the benthos. In: Hargrave BT (ed) Modelling 
benthic impacts of organic enrichment from marine aquaculture. Canadian 
Technical Report of Fisheries and Aquatic Sciences, no 1949. Ministry of 
Supply and Services Canada, Nova Scotia, Canada, p 47-78 

Findlay RH, Watling L (1997) Prediction of benthic impact for salmon net-pens based 
on the balance of benthic oxygen supply and demand. Marine Ecology 
Progress Series 155:147-157 

Findlay RH, Watling L, Mayer LM (1995) Environmental-impact of salmon net-pen 
culture on marine benthic communities in Maine - a case-study. Estuaries 
18:145-179 

Fletcher WJ, Cheeson J, Fisher M, Sainsbury KJ, Hundloe T (2003) National ESD 
Framework: Summary 'How to guide' for aquaculture, FRDC Project 
2002/086, Canberra, Australia 

Fletcher WJ, Cheeson J, Fisher M, Sainsbury KJ, Hundloe T, Smith ADM, Whitworth 
B (2002) National ESD reporting framework for Australian Fisheries: The 
'How to Guide' for wild capture fisheries, FRDC Project 2000/145, Canberra, 
Australia 

Folke C, Kautsky N (1989) The role of ecosystems for a sustainable development of 
aquaculture. Ambio 18:234-243 

Fowler AJ, Ham JM, Jennings PR (2003) Discriminating between cultured and wild 
kingfish (Seriola lalandi) in South Australia. SARDI Aquatic Sciences 
Publication No. RD03/0159., South Australian Research and Development 
Institute (Aquatic Sciences), Adelaide 

Frid CLJ, Mercer TS (1989) Environmental monitoring of caged fish farming in 
macrotidal environments. Marine Pollution Bulletin 20:379-383 

Gales R, Pemberton D (1990) Seasonal and local variation in the diet of the little 
penguin Eudyptyla minor in Tasmania. Australian Journal of Wildlife 
Research 17:231-259 

Gales R, Pemberton D (1994) Diet of the Australian fur seal in Tasmania. Australian 
Journal of Marine and Freshwater Research 45:653-664 

Gardner J, Peterson DL (2003) Making sense of the salmon aquaculture debate.  
Analysis of issues related to netcage salmon farming and wild salmon in 
British Columbia, Prepared for the Pacific Fisheries Resource Conservation 
Council 

Gavine F, McKinnon L (2002) Environmental monitoring of marine aquaculture in 
Victorian coastal waters: a review of appropriate methods.  Technical Report 
No. 46, Marine and Freshwater Resources Institute, Victoria 

GESAMP (IMO/FAO/Unesco-IOC/WMO/WHO/IAEA/UN/UNEP Joint group of 
experts on the scientific aspects of marine environmental protection) (1996) 
Monitoring the ecological effects of coastal aquaculture wastes. Reports and 
Studies GESAMP 57 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 77 
     

Glencross BD (2003) Feeding lupins to fish: A review of the nutritional and 
biological value of lupins in aquaculture feeds. Fisheries WA. 

Gowen RJ (1991) Aquaculture and the environment. In: De Pauw N, Joyce J (eds) 
Aquaculture and the Environment: Review of the International Conference 
Aquaculture Europe '91. European Aquaculture Society, Dublin, Ireland 

Gowen RJ (1994) Managing eutrophication associated with aquaculture development. 
Journal of Applied Ichthyology-Zeitschrift Fur Angewandte Ichthyologie 
10:242-257 

Gowen RJ, Bradbury NB (1987) The ecological impact of salmonid farming in 
coastal waters: a review. Oceanography and Marine Biology Annual Review 
25:563-575 

Hall K (2002) Cuttlefish (Sepia apama): Fishery assessment report to PIRSA for the 
Marine Scalefish Fishery Management Committee, South Australian Research 
and Development Institute (SARDI) Aquatic Sciences, Adelaide 

Hallegraeff GM, Munday BL, Baden, DG, Whitney PL (1998) Cattonella marine 
Raphidophyte bloom associated with mortality of cultured bluefin tuna 
(Thunnus maccoyii) in South Australia. In: Reguera B, Blanco J, Fernandez 
ML, Wyatt T (eds) Harmful Algae. Xunta de Galicia and IOC of UNESCO, 
Spain 93-96 

Hargrave BT (ed) (1994a) Modelling benthic impacts of organic enrichment from 
marine aquaculture. Canadian Technical Report of Fisheries and Aquatic 
Sciences 1949 

Hargrave BT (1994b) A benthic enrichment index. In: Hargrave BT (ed) Modelling 
benthic impacts of organic enrichment from marine aquaculture. Canadian 
Technical Report of Fisheries and Aquatic Sciences 1949: 79-91 

Harris CR (1986) Native Vegetation. In: Nance C, Speight DL (eds) A land 
transformed: environmental change in South Australia. Longman Cheshire Pty 
Ltd, Melbourne 

Harrison S (2003) The interactions between seabirds and tuna farms near Port 
Lincoln. Honours, Flinders University of South Australia 

Heggberget TG, Johnsen BO, Hindar K, Jonsson B, Hansen LP, Hvidsten NA, Jensen 
AJ (1993) Interactions between wild and cultured Atlantic salmon - a review 
of the Norwegian experience. Fish Research 18:123-146 

Henderson AR, Davies IM (2000) Review of aquaculture, its regulation and 
monitoring in Scotland. Journal of Applied Ichthyology 16:200-208 

Heuch PA, Mo TA (2001) A model of salmon louse production in Norway: effects of 
increasing salmon production and public management measures. Diseases of 
Aquatic Organisms 45:145-152 

Hislop JRG, Webb JH (1992) Escaped farmed Atlantic salmon, Salmo salar L., 
feeding in Scottish coastal waters. Aquaculture and Fisheries Management 
23:721-723 

Hites RA, Foran JA, Carpenter DO, Hamilton MC, Knuth BA, Schwager SJ (2004) 
Global assessment of organic contaminants in farmed salmon. Science 
303:226-229 

IFFOO (2003) Advantages of using fish meal and fish oil in feeds for aquatic animals, 
www.iffo.org.uk 

Jacobsen JA, Hansen LP (2001) Feeding habits of wild and escaped farmed Atlantic 
salmon, Salmo salar L., in the Northeast Atlantic. ICES Journal of Marine 
Science 58:916-933 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 78 
     

Jonsson GS (2000) Licensing, monitoring and regulation of aquaculture in Iceland. 
Journal of Applied Ichthyology-Zeitschrift Fur Angewandte Ichthyologie 
16:172-176 

Kaartvedt S, Johnsen TM, Aksnes DL, Lie U (1991) Occurance of the toxic 
phytoflagellate Prymnesium parvum and associtaed fish mortality in a 
Norwegian fjord system. Canadian Journal of Fisheries and Aquatic Sciences 
48:2316-2323 

Kemper CM (1998) Overview of dolphin behavior and interaction with at-sea 
aquaculture cages Marine animal interaction working group workshop, 25-26 
May 1998. Primary Industries and Resources South Australia (PIRSA) 
Fisheries and aquaculture, Port Lincoln, p 9-11 

Kemper CM, Gibbs SE (1997) A study of life history parameters of dolphins and 
seals entangled in tuna farms near Port Lincoln, and comparisons with 
information from other South Australian dolphin carcasses.  Report to 
Environment Australia (Australian Nature Conservation Agency), South 
Australian Museum, Adelaide 

Kemper CM, Gibbs SE (2001) Dolphin interactions with tuna feedlots at Port Lincoln, 
South Australia and recommendations for minimising entanglements. Journal 
of Cetacean Research and Management 3:283-292 

Kemper CM, Pemberton D, Cawthorn M, Heinrick S, Mann J, Wursig B, 
Shaughnessy P, Gales R (2003) Aquaculture and marine mammals: co-
existence or conflict? In: Gales N, Hindell M, Kirkwood R (eds) Marine 
Mammals:  Fisheries, tourism and management issues. CSIRO Publishing, 
Melbourne, p 208-225 

Knight MA, Tsolos A, Doonan AM (2003) South Australian Fisheries and 
Aquaculture Information and Statistics Report.  SARDI Report Series No. 58. 
Report No. 58, South Australian Research and Development Institute Aquatic 
Sciences, Adelaide 

Langdon JS (1989) Disease risks of fish introductions and translocations. In: Pollard 
DA (ed) Australian Society for Fish Biology Workshop: Introduced and 
translocated fishes and their ecological effects. Bureau of Rural Resources, 
Magnetic Island, Australia, p 98-107 

Lee K (2002) South Australian Shellfish Quality Assurance Program. Annual Report 
2001/2002, Report Book 2002/32., Primary Industries and Resources of South 
Australia (Aquaculture Unit), Adelaide 

Lu L, Wu RSS (1998) Recolonization and succession of marine macrobenthos in 
organic-enriched sediment deposited from fish farms. Environmental Pollution 
101:241-251 

Madigan S, Clarke S, Clark M (2001) Baseline seabed survey for development 
application Nos. 010/0009/99 and 010/0010/99 Proposed Development: 
Aquaculture - Atlantic salmon. Location: Section 88, Hundred of Rivoli Bay, 
South Australia. Assessment Date: 18th and 19th November 2000, South 
Australian Research and Development Institute, Adelaide 

Madigan S, Clarke S, Clark M (2002) Site survey for development application No. 
010/0141/99. Proposed development: Aquaculture - Atlantic salmon. 
Location: Section 88. Hundred of Rivoli Bay, South Australia. Assessment 
Dates 18th and 19th November 2000, 9th and 10th April 2002, South 
Australian Research and Development Institute, Adelaide 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 79 
     

Madigan S, Loo M, Cheshire A, Clarke S (2003a) Licence-Based Environmental 
Monitoring Report, Navojo Pty Ltd, Licence Areas FB00004 and FB00005, 
South Australian Research and Development Institute (SARDI) Aquatic 
Sciences, Adelaide 

Madigan S, Loo M, Cheshire A, Clarke S (2003b) Southern Bluefin Tuna (Thunnus 
maccoyii) licence-based environmental monitoring report, Dinko Tuna 
Farmers Pty Ltd, Licence Area FB00037, South Australian Research and 
Development Institute (SARDI) Aquatic Sciences, Adelaide 

Malcolm H, Bruce BD, Stevens JD (2001) A review of the biology and status of white 
sharks in Australian Waters, CSIRO Marine Research, Hobart 

Maroni K (2000) Monitoring and regulation of marine aquaculture in Norway. Journal 
of Applied Ichthyology-Zeitschrift Fur Angewandte Ichthyologie 16:192-195 

Marsh R (2003) Potential impact of harmful microalgal blooms (HAB) on aquatic 
systems with an emphasis on aquaculture operations., Prepared for PIRSA 
Aquaculture by the South Australian Research and Development Institute 
(Aquatic Sciences) 

Marshall S (2003) The incidence of sea lice infestations of wild sea trout compared to 
farmed salmon. Bulletin of the European Association for Fish Pathology 
23:72-29 

Matheson WE (1986) Soils. In: Nance C, Speight DL (eds) A land transformed: 
environmental change in South Australia. Longman Cheshire Pty Limited, 
Melbourne, p 126-147 

McDaniel TR, Pratt KM, Meyers TR, Ellison TD, Follet JE, Burke JA (1994) Alaska 
sockeye salmon culture manual. Special Fisheries Report No. 6, Alaska 
Department of Fish and Game, Juneau, Alaska 

McMahon T (2000) Regulation and monitoring of marine aquaculture in Ireland. 
Journal of Applied Ichthyology 16:177-181 

Monaghan P (1992) Seabirds and sandeels - the conflict between exploitation and 
conservation in the northern North Sea. Biodiversty Conservation 1:98-111 

Morrisey DJ, Gibbs MM, Pickmere SE, Cole RG (2000) Predicting impacts and 
recovery of marine-farm sites in Stewart Island, New Zealand, from the 
Findlay-Watling model. Aquaculture 185:257-271 

Morton AB, Symonds HK (2002) Displacement of Orcinus orca (L.) by high 
amplitude sound in British Columbia, Canada. ICES Journal of Marine 
Science 59:71-80 

Murray AG (2002) Using observed load distributions with a simple model to analyse 
the epidemiology of sea lice (Lepeophtherius salmonis) on sea trout (Salmo 
trutta). Pest Management Science 58:585-594 

Naylor RL, Williams SL, Strong DR (2001) Aquaculture - a gateway for exotic 
species.  Science 294 (5547): 1655-1656 

Naylor RL, Goldburg RJ, Primavera J, Kautsky N, Beveridge MCM, Clay J, Folke C, 
Lubchenco J, Mooney H, Troell M (2000) Effects of Aquaculture on world 
fish supplies. Nature 405:1017-1024 

Nowak B, Rough K, Ellis D, Crane M, Cameron A, Clarke S (2003) Aquafin CRC - 
Southern Bluefin tuna Aquaculture Subprogram: A risk assessment of factors 
influencing the health of southern bluefin tuna. Tasmanian Aquaculture and 
Fisheries Institute, University of Tasmania. 

O'Brien D (2001) Salmon farming at Cape Jaffa. Report for Aquaculture SA, Primary 
Industries South Australia, Aquaculture, Management and Development P/L 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 80 
     

Oceanique Perspectives (1998) Estimate of the environmental carrying capacity of the 
Fitzgerald Bay Aquaculture Management Zone, Oceanique Perspectives, 
Adelaide 

Oceanique Perspectives (1999) Estimate of the environmental carrying capacity of the 
Franklin Harbour Aquaculture Management Zone, Oceanique Perspectives, 
Adelaide 

Ogawa K (1996) Marine parasitology with special reference to Japanese fisheries and 
mariculture. Veterinary Parasitology 64:95-105 

O'Sullivan D, Purser J, Munday B (1998) Potential impacts of marine farming of 
Atlantic salmon in South Australia - Escaped stock and other interactions, 
Prepared for Primary Industy and Resources South Australia Aquaculture 
Group, Adelaide 

Paerl HW (1997) Coastal eutrophication and harmful algal blooms: importance of 
atmospheric deposition and groundwater as "new" nitrogen and other nutrient 
sources. Limnology and Oceanography 42:1154-1165 

Papoutsoglou SE (2000) Monitoring and regulation of marine aquaculture in Greece: 
licensing, regulatory control and monitoring guidelines and procedures. 
Journal of Applied Ichthyology 16:167-171 

Parsons Brinkerhoff, SARDI Aquatic Sciences (2003a) Technical review for 
Aquaculture Management Plans - Phase 2 Central Spencer Gulf, South 
Australian Research and Development Institute (SARDI) Aquatic Sciences 
and Parsons Brinckerhoff, Adelaide 

Parsons Brinkerhoff, SARDI Aquatic Sciences (2003b) Technical review for 
Aquaculture Management Plans - Phase 2 Upper Spencer Gulf, South 
Australian Research and Development Institute (SARDI) Aquatic Sciences 
and Parson Brinckerhoff, Adelaide 

Parsons Brinkerhoff, SARDI Aquatic Sciences (2003c) Technical review for 
Aquaculture Management Plans -Phase 2 Rivoli Bay, South Australian 
Research and Development Institute (SARDI) Aquatic Sciences and Parsons 
Brinckerhoff, Adelaide 

Pawar V, Matsuda O, Fujisaki N (2002) Relationship between feed input and 
sediment quality of the fish cage farms. Fisheries Science 68:894-903 

Pawar V, Matsuda O, Yamamoto T, Hashimoto T, Rajendran N (2001) Spatial and 
temporal variations of sediment quality in and around fish cage farms: A case 
study of aquaculture in the Seto Inland Sea, Japan. Fisheries Science 67:619-
627 

Paxinos R, Clarke S, Matsumoto G (1996) Phytoplankton dynamics of Boston Bay, 
South Australia, South Australian Research and Development Institute 
(Aquatic Sciences), Adelaide 

Pearson TH, Black KD (2001) The environmental impacts of marine fish cage culture. 
In: Black KD (ed) Environmental impacts of aquaculture. Sheffield Academic 
Press Ltd, Sheffield, UK, p 1-31 

Pedersen PB (2000) Monitoring and regulation of marine aquaculture in Denmark. 
Journal of Applied Ichthyology-Zeitschrift Fur Angewandte Ichthyologie 
16:144-147 

Petrusevics P (1996) Assessment of the carrying capacity of Boston Bay, South 
Australia with a view towards maximising the southern bluefin tuna resource. 
Report No. FRDC report 93/169, SARDI, Adelaide 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 81 
     

Pillay TVR (1992) Aquaculture and the environment. Fishing News Books (a division 
of Blackwell scientific Publications Ltd), Oxford 

PIRSA (1998) Marine animal interaction working group. Primary Industries and 
Resources South Australia, Adelaide 

PIRSA (2002) Yellowtail kingfish aquaculture in SA,. Aquaculture SA, Primary 
Industries and Resources SA, Adelaide 

 http://www.pir.sa.gov.au/pages/aquaculture/species_profiles/yellowtail_fs.pdf 
PIRSA (2003a) Aquaculture environmental management policy report. Primary 

Industries and Resources South Australia (PIRSA) Aquaculture, Adelaide 
PIRSA (2003b) Marine finfish aquaculture licence, 

http://www.pir.sa.gov.au/pages/aquaculture/public_reg/ff_licence.pdf 
PIRSA (2003c) PIRSA Aquaculture public register August 2003. Marine finfish 

farming licences and leases.  
http://www.pir.sa.gov.au/pages/aquaculture/public_reg/list_finfish.pdf 

PIRSA (2003d) PIRSA Aquaculture: A response to environmental concerns of 
yellowtail kingfish (Seriola lalandi) farming in South Australia and some 
general perceptions of aquaculture. Primary Industries and Resources South 
Australia, Adelaide 

Pohle G, Frost B, Findlay R (2001) Assessment of regional benthic impact of salmon 
mariculture within the Letand Inlet, Bay of Fundy. ICES Journal of Marine 
Science 58:417-426 

Quartararo N, Allan GL, Bell JD (1998a) Replacement of fish meal in diets for 
Australian snapper, Pagrus auratus. Aquaculture 166:279-295 

Quartararo N, Bell JD, Allan GL (1998b) Substitution of fish meal in a diet for the 
carnivorous marin fish Pagrus auratus (Block and Schneider) from 
Southeastern Australia. Asian Fisheries Science 10:269-279 

Read PA, Fernandes TF, Miller KL (2001) The derivation of scientific guidelines for 
best environmental practice for the monitoring and regulation of marine 
aquaculture in Europe. Journal of Applied Ichthyology 17:146-152 

Ritz DA, Lewis ME, Shen M (1990) Response to organic enrichment of infaunal 
macrobenthic communities under salmonid sea cages. Marine Biology 
103:211-214 

Ruiz JM, Perez M, Romero J (2001) Effects of fish farm loadings on seagrass 
(Posidonia oceanica) distribution, growth and photosynthesis. Marine 
Pollution Bulletin 42:749-760 

Sakamoto I (1986) N and P load control from the viewpoint of pisciculture. In: 
Murakami A (ed) Regulation of nitrogen and phosphorus load into partially 
enclosed fishing ground for the development of fisheries. Kouseisha 
Kouseikaku, Tokyo, Japan 

Sanchez-Mata A, Mora J (2000) A review of marine aquaculture in Spain: production, 
regulations and environmental monitoring. Journal of Applied Ichthyology 
16:209-213 

Saroglia M, Cecchini S, Saroglia-Terova G (2000) Review of regulations and 
monitoring of Italian marine aquaculture. Journal of Applied Ichthyology-
Zeitschrift Fur Angewandte Ichthyologie 16:182-186 

Schilg S, Hyde T (2003) Environmental monitoring report 2002-2003, South 
Australia Aquaculture Management, Fitzgerald Bay 

Silvert W (1992) Assessing environmental impacts of finfish aquaculture in marine 
waters. Aquaculture 107:67-79 

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 82 
     

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 

Silvert W, Sowles JW (1996) Modelling environmental impacts of marine finfish 
aquaculture. Journal of Applied Ichthyology-Zeitschrift Fur Angewandte 
Ichthyologie 12:75-81 

Smaal AC, Lucas L (2000) Regulation and monitoring of marine aquaculture in The 
Netherlands. Journal of Applied Ichthyology 16:187-191 

Soto D, Jara F, Moreno C (2001) Escaped Salmon in the inner seas, southern Chile: 
facing ecological and social conflicts. Ecological Applications 11:1750-1762 

Stephen CAIG (2002) Salmon Aquaculture Review. University of British Columbia 
Stewart ARJ, Grant J (2002) Disaggregation rates of extruded salmon feed pellets: 

influence of physical and biological variables. Aquaculture Research 33:799-
810 

Tacon AGJ (1994) Feed ingredients for carnivorous fish species alternatives to fish 
meal and other fishery resources. Food and Agriculture Organization of the 
United Nations, Rome 

Tacon AGJ (1996) Feeding tomorrows fish. World Aquaculture 27:20-32 
Tacon AGJ (2003) Global trends in aquaculture and compound aquafeed production - 

a review.  International Aquafeed Directory and Buyers Guide 2003, pp. 8-23.  
Turret West Ltd. UK. 

Talbot C, Hole R (1994) Fish diets and the control of eutrophication resulting from 
aquaculture. Journal of Applied Ichthyology 10:258-270 

Tan CKF, Nowak BF, Hodson SL (2002) Biofouling as a reservoir of Neoparamoeba 
pemaquidensis (Page, 1970), the causative agent of amoebic gill disease in 
Atlantic salmon. Aquaculture 210:49-58 

Thetmeyer H, Pavlidis A, Cromey CJ (2003) Interactions between wild and farmed 
fish. The Meramed Project Newletter 3 

Tovar A, Moreno C, Manuel-vez MP, Garcia-Vargas M (2000) Environmental 
impacts of intensive aquaculture in marine waters. Water Research 34:334-342 

Varjopuro R, Sahivirta E, Makinen T, Helminen H (2000) Regulation and monitoring 
of marine aquaculture in Finland. Journal of Applied Ichthyology 16:148-156 

Waknitz FW, Iwamoto RN, Strom MS (2003) Interactions of Atlantic salmon in the 
Pacific Northwest IV. Impacts on the local ecosystems. Fisheries Research 
62:307-328 

Weber ML (2003) What price farmed fish: A review of the environmental and social 
costs of farming carnivorous fish, SeaWeb Aquaculture Clearinghouse 

Weston DP (1990) Quantitative examination of macrobenthic community changes 
along an organic enrichment gradient. Marine Ecology Progress Series 
61:233-244 

Whittington RJ, Cullis B (1988) The susceptibility of salmonid fish to an atypical 
strain of Aeromnas salmonicida that infects goldfish, Carassius auratus (L.), 
in Australia. Journal of Fish Diseases 11:461-470 

Windsor ML, Hutchison P (1990) The potential interactions between salmon 
aquaculture and the wild stocks - a review. Fisheries Research 10:163-176 

Wu RSS (1995) The environmental impact of marine fish culture: Towards a 
sustainable future. Marine Pollution Bulletin 31:159-166 

Wu RSS, Shin PKS, MacKay DW, Mollowney M, Johnson D (1999) Management of 
marine fish farming in the sub-tropical environment: a modelling approach. 
Aquaculture 174:279-298 

 
 



Marine Finfish Risk Assessment de Jong & Tanner (2004) Page 83 
     

SARDI Aquatic Sciences Publication No. RD03/0044-4  FRDC Project No. 2003/223 – Report No.2 

Appendix 1: Workshop attendees and invitees. 
Table A1.1. List of attendance at the Finfish Risk Assessment Workshop at SARDI Aquatic Sciences in 
Adelaide on September 23-24 2003.  The days that the participants attended the workshop are noted.  The 
participants were sent a copy of the summary from the workshop and were invited to comment on them. 

Attendance Name Organisation 
Day 1 Day 2 

Robert Bird The Aboriginal and Torres Strait Islander Commission Yes No 
Val Boxhall Department for Environment and Heritage Yes Yes 
Simon Bryars SARDI Aquatic Sciences Yes Yes 
Carina Cartwright PIRSA Aquaculture Yes Yes 
Anthony Cheshire SARDI Aquatic Sciences Yes  No 
Micheal Deering PIRSA Aquaculture Yes No 
Serena de Jong SARDI Aquatic Sciences Yes Yes 

Ben Ellickson Department for Environment and Heritage No Yes 

Jon Emmett Department for Environment and Heritage Yes Yes 
Milena Fernandes SARDI Aquatic Sciences Yes Yes 
Rick Fletcher WA Department of Fisheries Yes Yes 
Sue Gibbs Macquarie University Yes No 
Phil Hart Industry Representation Yes No 
Paul Hastings Australian Marine Conservation Society (Adelaide) No Yes 
Martin Hernen SA Marine Finfish Farmers Association Yes Yes 
Katja Hogendoorn The Conservation Council of SA Yes No 

Patrick Hone Fisheries Research and Development Corporation Yes No 

Wayne Hutchinson SARDI Aquatic Sciences Yes Yes 
Catherine Kemper South Australian Museum Yes No 
Maylene Loo SARDI Aquatic Sciences Yes Yes 
Stephen Madigan PIRSA Aquaculture Yes Yes 
Peter Montague Aquafin CRC Yes No 
Damian Moroney Enviro Action Yes No 
Sue Murray-Jones Department for Environment and Heritage Yes Yes 
Rosemay Paxinos Department for Environment and Heritage Yes Yes 
Doug Peel Southeast Atlantic salmon Yes Yes 
Marian Podobnik Native Title Unit Yes Yes 

Jian Qin Flinders University Yes Yes 

Lorraine Rosenberg South Australian Fishing Industries Council Yes No 
Jason Tanner SARDI Aquatic Sciences Yes Yes 
Noel Taylor-Moore PIRSA Fisheries Yes No 
Jeff Todd Environment Protection Authority Yes Yes 
John Volkman CSIRO Marine Research  Yes Yes 
Trevor Watts SA Recreational Fishing Advisory Council Inc. Yes No 

Kane Williams PIRSA Aquaculture Yes Yes 
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Table A1.2. List of people who were invited to attend the finfish risk assessment workshop at 
SARDI Aquatic Sciences in Adelaide on September 23-24 2003 but were unable to attend.  
All those who were invited to attend were sent the summary of the workshop for comment. 

Name Organisation 
Chris Ball Australian Marine Conservation Society (Adelaide)  
Lindsay Best Department for Environment and Heritage 
Peter Buckskin Department of State Aboriginal Affairs 
Steven Clarke SARDI Aquatic Sciences 
Simon Divecha The Conservation Council of SA 
Peter Dolan EPA 
Gerard Early Environment Australia 
Tony Flaherty SA Marine and Coastal Community Network 
Roger Freeman Planning SA 
Ross Gordon Industry Representation 
Mark Kelly Agriculture, Forestry and Fisheries 
Julian Morrison EconSearch Pty Ltd, PO Box 
Brian Mundy West Coast Professional Fishermen’s Association 
Vic Neverauskas PIRSA Fish Habitat Program 
Ian Nightingale PIRSA Aquaculture 
Tim O’Loughlin Department for Transport, Urban Planning and the Arts 
Peter O’Neill Department of Water, Land and Biodiversity 

Conservation 
Perce Prenzel Shack Association 
Margi Prideaux Whale and Dolphin Conservation Society 
Madeline Schoder Public 
Martin Smallridge Seafood Council 
Bill Spurr SA Tourism Commission 

Simon Stone Environment Protection Authority Board  

Alan Suter  West Coast Professional Fishermen’s Association 
Rob Tucker Coast Protection Board 
Michael Walmesley Planning SA 
Bruce Zippel SA Aquaculture Council 
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Appendix 2: Component trees discussed in the 
workshop, but not reported here. 
 
 
 
 
 

 
Figure A2.1a. Component Tree 4: Impacts of marine finfish aquaculture to 
indigenous community wellbeing (modified from Fletcher et al. 2003). 
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Figure A2.1b. Component Tree 5: Impacts of the marine finfish aquaculture industry to community wellbeing (modified from Fletcher et al. 
2003). 
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Figure A2.1c. Component Tree 6: Impacts of marine finfish aquaculture on the 
National or State Socio-economic wellbeing (modified from Fletcher et al. 2003). 
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Figure A2.1d.  Component Tree 7: Governance issues for marine finfish aquaculture (modified from Fletcher et al. 2003). 
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Figure A2.1e. Component Tree 8: External impacts on the marine finfish aquaculture 
industry (modified from Fletcher et al. 2003). 
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Appendix 3: Summary of risk rankings for issues determined during the finfish aquaculture risk 
assessment workshop 
 

Table A3.1: Risk rankings for issues affecting the whole of the aquaculture industry (Component Tree 1). Numbers in bold were determined during the workshop.  Numbers 
in brackets indicate alternative values suggested for the consequence, likelihood, risk value and risk ranking for that particular issue. Key: C – Consequence level, L – 
Likelihood level, RV – Risk Value, RR – Risk Ranking.  Additional comments on the summaries from the workshop were provided by Carina Cartwright and Stephen 
Madigan from PIRSA Aquaculture, Sue Murray-Jones from the Department of Environment and Heritage (DEH) and Paul Hastings from the Conservation Council of South 
Australia (CCSA). Whereever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and 
understanding. 

Issue 
Branch of 
Component 
Tree 

C L RV RR Comments 

Effects of genetics 
on exotic (trout) 
cultured stocks 
(including GMOs & 
selection) 

Cultured 
stocks/ 
businesses 
(husbandry) 

0  0 Negligible Comments during workshop:  
• Broodstock are not kept for the trout aquaculture.   
• Eyed eggs are bought and imported from Tasmania and are hatched in SA.  
• There is no salmon/trout hatchery in SA supplying the marine finfish sector. 

Additional comments:  
PIRSA Aquaculture: 

• Eyed eggs have less chance of disease transference and eyed eggs or fingerlings is what they bring into 
the State. 

Effects of genetics 
on native cultured 
stocks 
(including GMOs & 
selection) 

 

Cultured 
stocks/ 
businesses 
(Husbandry) 

0  0 Negligible Comments during workshop:  
• There is no long-term broodstock maintenance so artificial selection is not an issue.  
• Genetically modified organisms (GMOs) are not used.  
• The risk ranking needs reviewing if GMO’s are used in the future (or if there is ongoing selection of 

broodstock). 
• There is the addition of some fish (10-30) every year in hatcheries to replace dead or used stock but not 

in the numbers of fish are not large enough to affect genetics. 
Additional comments:  
PIRSA Aquaculture:  

• Nil artificial selection or genetically modified organisms at the moment used in aquaculture 
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Issue 
Branch of 
Component 
Tree 

C L RV RR Comments 

Effects of the 
escape of native 
cultured species, 
forming feral 
populations, on 
other species and 
community 
processes. 

Other 
species/ 
communities 
processes 

0  0 Negligible Comments during workshop:  
• The chance of setting up a different genetic group is very low because cultured animals are from the local 

wild stock. 

Effects of 
broodstock 
collection on the 
wild stock 
(including genetics) 

Wild stock of 
cultured 
species 

0  0 Negligible Comments during workshop:  
• Licences are required for collection of broodstock thereby limiting and regulating the amount of 

broodstock collected from the wild stock. 
• Most of the species that are collected are abundant (ie. not endangered species). 
• There is some concern by recreational fishers about the collection of yellowtail kingfish – they have a 

perception that there are not many to catch and are concerned about the collection of broodstock by the 
aquaculture industry.  Data on the wild stock numbers of yellowtail kingfish are unknown.  

• This is also an allocation issue. 
• About 30-40 individual yellowtail kingfish are collected for broodstock each year and this would cause 

little impact, which is too small to measure. 
• The impacts of collection on the genetics of the wild stock are connected to the broader broodstock 

collection issue.  Since there is no impact of broodstock collection on the wild stock then there would be 
no impact on the genetics of the wild stock.  

Additional comments:   
PIRSA Aquaculture:  

• Recreational fishing survey identified 6000 yellowtail kingfish are taken by recreational fishers, and 
mainly from Port Augusta. 

Effects of escape of 
cultured species on 
the genetics of wild 
stock of that species 

Wild stock of 
cultured 
species 

0  0 Negligible Comments during workshop:  
• All broodstock are locally sourced – about 10 pairs for each year and the sex ratio is fairly even (1:1).  
• Only the 1st generation (F1) are used in finfish aquaculture.  As long as the use of the F1 generation 

continues then the risk is negligible.  If there is a move towards selective breeding then a review of the 
risk is required.   

Additional comments: 
PIRSA Aquaculture: 

• We monitor broodstock currently through licenses. If or when we feel there is not enough broodstock 
being used we have a broodstock policy ready to go. It hasn’t been implemented yet, but is ready to go. 
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Issue 
Branch of 
Component 
Tree 

C L RV RR Comments 

Effects of growout 
stock collection on 
the wild stock 

Wild stock of 
cultured 
species 

1 3 3 Low Comments during workshop:  
• There is only one Tommy Ruff farm and it collects a few 1000 fish for short-term ongrowing of the 

commercial catch.  
• The wild capture fishery needs to take this into account in their management planning. 
• If the amount of growout stock collected increases in the future then a review of the risk will be required. 

Additional comments:   
PIRSA Aquaculture:  

• 5 tonnes are allocated to Tommy Ruff as at Oct 2003. It is licensed to commercial licensed fisherman.  It 
is a very small operation and only ever had 2 cages.   And the last I knew he (the fisher) was trying to sell 
his cages, so it (the Tommy Ruff broodstock) is unlikely to be used to its full capacity or to get bigger. 
Under this regime, I suggest Negligible. 

DEH: 
• Make sure the review of the risk of an increase in broodstock collection comes before the actual increase 

in collection. 
Effects of the 
escape of exotic 
cultured species, 
forming feral 
populations, on 
other species and 
community 
processes 

Other 
species/ 
communities 
processes 

4 1 4 Low Comments during workshop:  
• There are no rivers suitable for trout or salmon to lay eggs in so they are very unlikely to establish feral 

populations if they escape.  
• The escapees might not survive long enough to establish populations because they are domesticated ie. 

the fish are fed on pellets and protected in cages. 

Effects of disease 
(including parasites) 
from the escape of 
cultured species on 
the wild stock of 
that species 

Wild stock of 
cultured 
species 

3 3 9 Moderate Comments during workshop: 
• The issues of escape and disease are currently being managed. 
• There is debate on the transfer of disease from wild to stock. 
• There is a research project on parasites underway and a review of the risk should be conducted once the 

project is completed. 
• The consequence could be severe, but likelihood of it occurring is low. 
• Do fish have to escape to pass on disease since the cultured stock is still interacting with other species 

when in the cage? This is unknown. 
Additional comments:  
PIRSA Aquaculture:  

• This issue should be separated into two sections  
1.  The impacts of parasite transfer from the cultured stock to the wild stock – a risk ranking of moderate 

is okay. 
2.  The impacts of exotic disease transfer from the cultured stock to the wild stock –  the risk ranking is 

low because of the level of PIRSA and federal government regulation on translocations and 
monitoring. 
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Issue 
Branch of 
Component 
Tree 

C L RV RR Comments 

Behavioural 
changes and other 
impacts on 
migratory species 
(e.g. birds and 
whales) due to 
finfish aquaculture 

Other 
species/ 
communities 
processes 

3 
 

(2) 

3-
4 

(6) 

9-12 
 

(12) 

Moderate Comments during workshop:  
• This issue is similar to issues at the Regional level (Component Tree 2). 
• Are there protocols for dealing with this issue over the whole of the industry, and are there then more 

specific protocols to deal with them at the regional level? 
• This issue is included at the planning stage – site location and number of cages may reduce the impact 

with regards to whales. 
• The interactions need to be monitored.  
• Acoustic harassment devices (AHDs) are not currently used but will need reviewing if they begin to be 

used. 
• An alternate ranking – consequence level of ‘moderate’ (2) and likelihood level of ‘likely’ (6) because 

you do see behavioural changes in species. 
• If the industry causes changes in rare species (e.g. sea lions) then the consequence level will be higher. 

Additional comments:    
DEH 

• The siting of cages and structures should give consideration to behaviour and migratory patterns of 
marine mammals.  This should be considered more at the regional level. 

Effects of disease in 
the cultured stocks 
(including 
identification & 
responses) 

Cultured 
stocks/ 
businesses 
(Husbandry) 

3 4 12 Moderate Comments during workshop: 
• Same issues as those at the regional level (Component Tree 2). 
• PIRSA has developed a disease recognition book outlining how each enterprise should respond to each 

disease.  Notification of diseases or unusual mortality events are a legislative requirement. 
• The level of expertise at each site will determine how well those protocols work. 
• The PIRSA license has requirements for notification of disease and do not allow the translocation of 

stock. 
• There is a risk of disease from imports. 

Effects of disease in 
the cultured stocks 
on other species and 
community 
processes 

Other 
species/ 
communities 
processes 

3 4 12 Moderate Comments during workshop:  
• This issue is similar to issues discussed at the regional level (Component Tree 2), however the differences 

between regions need to be considered. 
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Issue 
Branch of 
Component 
Tree 

C L RV RR Comments 

Impacts of feed 
composition, 
including source and 
sustainability. 

Other 
species/ 
communities 
processes 

4 3 12 Moderate Comments during workshop:  
• Pellets are the main feed used.  Pellets consist of fish meal and fish oil that is imported from overseas 

(mainly South America). Are they using sustainable processes?  If the process used is not sustainable then 
the SA industry will eventually collapse when the feed source collapses. Farmers need to be selective 
about where the feed comes from. 

• Research into replacing fish meal in feed is required. 
• Do we want to produce fish meal in SA? – there are environmental and economic drivers.  
• Fish meal has fluctuating sources and the industry needs to keep this in mind. 
• If other countries begin aquaculture then there will be more competition for feed and prices will increase 

therefore the industry needs a back up strategy. 
• Most sources do not like to supply the smaller industries, as they prefer to supply larger amounts to the 

bigger industries. This is a problem for the industry in Australia and SA, which is not large. 
• The community attitude on fish meal is unknown. 

Additional comments:  
CCSA: 

• Query whether the supplies are from South America, for pellets they are more likely from North 
America. 

• The northern hemisphere marine environment is estimated to be 8 times more polluted than southern 
hemisphere, particularly with banned pesticide chemicals such as PCB’s Dioxins etc.  These chemicals 
bioaccumulate through the food chain.  By feeding contaminated feeds to fish that are high in the food 
chain, these banned chemicals can build up in the fat. 

• This is a public health issue and potentially could shut down the industry if not assessed.  Testing should 
be carried out on imported fish meal pellets and fully grown farmed fish to ensure that levels of these 
toxins are within World Health Organisation limits. 

PIRSA Aquaculture: 
• The risk is Low because there is research into fish meal replacement. SA can only have a low impact on 

other pilchard stocks because we are not a large volume to them.  There is research into feed management 
practices. 

DEH: 
• Chemical additives may be a problem to other marine organisms ie antibiotics, dyes  etc 
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Issue 
Branch of 
Component 
Tree 

C L RV RR Comments 

Impacts of finfish 
aquaculture on the 
food chain. 
(Including 
Predation & 
Competition) 

Other 
species/ 
communities 
processes 

3 4 12 Moderate Comments during workshop:  
• We do not know the impacts. Displacement of keystone species may change an entire ecosystem. It is 

possible that escapees will have an impact on the food chain. 
• There is a current research proposal on the impacts of yellowtail kingfish escapes and a review of the risk 

and management is required once the research is completed. 
• The industry needs to continue to reduce the chances of escape, particularly at levels that might impact on 

food chain. 
• There is a response plan for retrieval of escapees in place as a part of management. 
• This is also a regional issue (Component Tree 2). 

Additional comments:  
PIRSA Aquaculture: 

• The risk is Low considering that escapes are being reduced through improved management practices and 
also there is going to be research into the  impacts of escapees. If all the fish escaped, the impact 
(consequence) on the food chain would still not be a score of 3 which implies that there are long term 
adverse impacts. Would say a consequence score of 2. 

DEH: 
• How is this issue being addressed?  If one doesn’t know the impacts how can you make a risk 

assessment?  One such impact may come from the cumulative impacts of soluble waste (ie ammonia) 
from finfish farms which may alter the species composition of phytoplankton populations – these could 
be benign however potentially toxic or damaging species may be favoured and then the consequences 
could be economically and socially quite large. 

Effects of 
competition for 
food with escaped 
cultured species on 
the wild stock of 
that species 

Wild stock of 
cultured 
species 

3 4 12 Moderate Comments during workshop:  
• This issue requires research and management. 
• An increase in yellowtail kingfish may be a benefit to the wild stock as numbers have been low. 
• There is a current research project proposal on the impacts of escaped yellowtail kingfish however it will 

mainly focus on the impacts on other species. 
• The current management for prevention of escapes includes trialling of steel cages.  
• A survey was conducted but was unable to find any escapees. This could be due to seasonality.  Need to 

conduct more surveys. 
• The ability of escapees to survive may be low because cultured stock are domesticated on pellet food so 

they may not be able to hunt and catch wild prey.  However, small fish that get into cages are eaten 
quickly so this may not be true. 

Additional comments:  
PIRSA Aquaculture: 

• A survey has been conducted, and Anthony Fowler has the results. The risk is Low considering the results 
of this work. 

DEH: 
• See recent SARDI report on kingfish escapees that have been caught. 
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Table A3.2:  Risk rankings for issues affecting the Regions/Catchments (Component Tree 2).  In general, the discussions on issues at the Regional/Catchment level focused 
on Fitzgerald Bay, however many of the comments and risk rankings apply to the four main regions: Arno Bay and Franklin Harbour, Port Lincoln, and the Southeast.   The 
issues where different risk rankings were identified for the various regions are shown. Numbers in bold were determined during the workshop.  Numbers in brackets indicate 
alternative values suggested for the consequence, likelihood, risk value and risk ranking for that particular issue. Key: C – Consequence level, L – Likelihood level, RV – 
Risk Value, RR – Risk Ranking.  Additional comments on the summaries from the workshop were provided by Carina Cartwright and Stephen Madigan from PIRSA 
Aquaculture, Sue Murray-Jones from the Department of Environment and Heritage (DEH) and Paul Hastings from the Conservation Council of South Australia (CCSA). 
Where ever possible the exact comments were included, however additions words and phrases have been included in italics to improve readability and understanding. 

Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Fitzgerald 
Bay 

0  0 Negligible 

Arno Bay/ 
Franklin 
Harbour 

1 3 3 Low 

Port 
Lincoln 

    

Effects of finfish 
aquaculture on 
pinnipeds at the 
catchment/ regional 
level. 
(Threatened, 
endangered, and 
protected species) 

Ecological 
community 
structure & 
biodiversity 

Southeast     

Comments during workshop:  
• There are no sea lions in Fitzgerald Bay.  
• Siting leases near colonies is to be avoided. 
• No monitoring has been done in the past. Genetic and population monitoring is about to 

start by a student. 
• Once sea lions are gone from an area they don’t return. 

Additional comments: 
CCSA: 

• Sea lion males can travel up to 250km to forage on the continental shelf.  No distance 
from colonies of sea cage placement in SA waters will allow for that.  Interaction-proof 
materials need to be used for all sea cages. 

SATC: 
• SATC is interested in the potential impacts of finfish aquaculture pens on sea-lion 

colonies that are important to SA tourism, e.g. Baird Bay, Sceale Bay and Seal Bay 
because this is an issue with potential to influence tourist perceptions. 

The effects of 
infrastructure on 
the water table at 
the 
catchment/regional 
level. 

Physical 
structures and 
construction & 
tenure 

- 0  0 Negligible Comments during workshop: 
• Finfish aquaculture does not use large amounts of freshwater from the water table so 

there would be little impact. 
• If freshwater were to be used in the future then it would need to be reviewed. 

Additional comments:  
PIRSA Aquaculture: 

• This issue should be Removed from the tree, only sea-based issues should be dealt with 
here. 

The effects of 
noise on the 
catchment/region. 

Physical 
structures and 
construction & 
tenure 

- 0  0 Negligible Comments during workshop: 
• This is not a noisy industry, especially on a regional level so this should be considered at 

an individual facility level (Component Tree 3) e.g. use of diesel generator. 
• Noise should be considered in planning approval process. 
• If in future acoustic harassment devices (AHDs) that affect cetaceans are used then the 

risk would need to be reassessed. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Effects of nutrient 
removal by filter 
feeders 
(Effects of changes 
in nutrients on the 
catchment/ region) 
 

Water use 
quality/ 
quantity 

- 0  0 Negligible Comments during workshop:  
• This issue is included in the Tree because nets provide a new habitat for filter feeders. 
• The biomass of filter feeders on the nets is very small in comparison to the biomass of 

the background filter feeders. 
Additional comments:  
DEH: 

• Who has measured this? On which nets? Over time? How long had they been in the 
water? I think if there are reports of this type around they should be included in the risk 
assessment package so that everyone has a chance to look at the evidence. 

Effects of the 
distribution of 
loads. 
(Effects of changes 
in nutrients on the 
Catchment/ 
Region) 

Water use 
quality/ 
quantity 

-   0 Negligible Comments during workshop:  
• There are mechanisms to spread nutrient loads (i.e. uneaten feed and fish faeces). 
• There are limits to stocking density. 
• There is a requirement for fallowing. 

Additional comments:  
DEH:  

• Loads of what?  Waste? What are the mechanisms to spread loads? Who has said they 
are adequate and what evidence says there is no risk associated with them? 

Effects of changes 
to flow on the 
catchment/region 

Water use 
quality/ 
quantity 

- 0 6 0 Negligible Comments during workshop:  
• Unanimous opinion that there is little effect of aquaculture on flow at this scale because 

the cages are too small relative to the size of the ocean to affect flow. 
Effects of water 
extraction on the 
catchment/region 
(i.e. extraction of 
freshwater from 
underground 
aquifiers) 

Water use 
quality/ 
quantity 

- 0 - 0 Negligible Comments during workshop:  
• Maybe be a problem for trout hatcheries but not for grow-out systems. 
• At the trout hatchery (Robe, SE Region) there is 0.8ML evaporation per year with used 

water being put back into the aquifier so it would have a negligible impact 
Additional comments: 
AMSC: 

• Freshwater is used to remove parasites.  Freshwater usage is an impact on the 
catchment/region that needs to be considered.  I disagree that the effect is negligible. 

Effects of seepage 
of saltwater 
pollutants into 
groundwater on the 
catchment/region 

Water use 
quality/ 
quantity 

- 1 1 1 Low Comments during workshop:  
• Plastic lined ponds are used so there would be little or no seepage. 
• There would be little effect at catchment scale, but there may be some at the scale of 

individual facilities (Component Tree 3) 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

The effects of 
finfish aquaculture 
on sensitive 
habitats at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

- 1 3 3 Low Comments during workshop:  
• The main sensitive habitats are seagrass and mangroves. 
• There are already regulations covered by management to protect these habitats. 

Additional comments:  
CCSA: 

• Do the regulations have enforcement powers?  Who enforces the regulations? 
DEH:  

• However continued research and monitoring are important. There also needs to be some 
research done on impacts of aquaculture on reef and algal communities which are 
generally ignored.  Sensitive habitats may be affected because of current direction ie 
nutrients/ sediments moved into sensitive areas – one just has to look at the effect of 
sewage on our seagrass meadows to realise that there is a high risk of this happening 
with aquaculture – waste from finfish farms is equal to sewage and this is also in the 
literature – we are making moves to cease putting our sewage into the marine 
environment but are replacing it with the unseen sewage from finfish farming 

From Component Tree 1 discussions: 
Comments during workshop:  

• This issue is a part of planning for sites and it is done at the regional level (Component 
Tree 2) but covers the whole state. 

Effects of 
aquaculture on 
World Heritage 
areas, RAMSAR 
and MPA’s at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

- 1 4 4 Low Comments during workshop:  
• This issue is site specific (see Component Tree 3). 
• Protected areas in the vicinity are considered in the management planning process for 

new licences. 
• Currently negotiating new Protected Area’s and exclusion zones for aquaculture and 

these will be considered in the management planning for new licences. 
Additional comments:  
CCSA:  

• The marine environment in SA is oligotrophic, so the sighting of seacages near marine 
reserves may have significant impact. The cumulative effect of aquaculture must be 
considered near these regions. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Behavioural 
changes of species 
due to finfish 
aquaculture, at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

- 1 4 4 Low Comments during workshop:  
• Data are limited. The time scale needed to monitor behavioural changes is longer than 

the period that farms have been around. 
• The risk is thought to be minor. 
• Some anecdotes that snapper in the bay are more susceptible to fishing due to 

aggregations around cages. 
Additional comments:  
PIRSA Aquaculture: 

• There are a few unknowns here, such as whale and shark aggregations around finfish 
cages. 

The effects of 
onshore habitat 
removal on the 
catchment/region 

Physical 
structures and 
construction & 
tenure 

- 1 4 4 Low Comments during workshop:  
• There is a relatively small amount of supporting infrastructure to service the farms (e.g. 

storage facilities) so there is not a lot of onshore terrestrial habitat removal for this 
industry. 

• This is more of an individual facility issue (Component Tree 3). 
• The people/community would want their say if there were removal of habitat and 

development. 
• This is considered in management planning and any habitat removal needs to go through 

the development committee for approval. 
• This is considered in the individual facility applications. 

The effects of 
infrastructure on 
soil quality (e.g. 
acid sulphate 
soils) at the 
catchment/regional 
level 

Physical 
structures and 
construction & 
tenure 

- 1 
(1) 

4 
(1) 

4 
(1) 

Low 
(Low) 

Comments during workshop:  
• Do not need to dig very deep or over large area to build ponds for hatcheries. 
• A survey has been conducted on acid sulphate soils. 
• Impacts depend on the soil quality. 
• Planning has to go through local councils however some councils are more aware of this 

problem than others. 
• This may need to be incorporated into development applications. 

Additional comments:  
PIRSA Aquaculture:  

• These are site-based issues for land based risk assessment.  This issue should be removed 
from tree, only sea-based issues should be dealt with here. 

• Alternate ranking – C1, L1, RV1, RR Low 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

The effects site 
constraints (e.g. 
waves, currents) 

Physical 
structures and 
construction & 
tenure 

- 1 
(1) 

4 
(2-3) 

4 
(2-3) 

Low 
(Low) 

Comments during workshop: 
• Planning does not allow farms to be placed in areas that are shallow and have slow 

currents. 
• Need to consider engineering aspects. 
• Cage construction allows high energy. 
• Lack of current is bad too. 
• There are problems with scouring from cages in shallow places. 
• This is considered in Planning. 

Additional comments:  
PIRSA Aquaculture: 

• Unclear what the environmental implications of changing currents actually are? Can 
these even be measured at a regional level anyway? Likelihood reduced accordingly. 

• Alternate ranking – C1, L2-3, RV2-3, RR Low 
DEH: 

• This is considered in policy development. 
Effects of 
sedimentation on 
the 
catchment/region 

Water use 
quality/ 
quantity 

- 1 4 4 Low Comments during workshop:  
• There is macrobenthic monitoring in place. Also see Component Tree 3. 

Additional comments:  
CCSA:  

• Sedimentation can adversely affect seagrass beds.  Cages should not be sited within or 
near seagrass beds despite the industry’s claims that sedimentation is monitored or is 
insignificant. 

DEH:  
• Cumulative effect of sedimentation?  Spread to nearby seagrass areas? The risk would 

then be higher. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Effects of other 
wastes and 
pollutants (e.g. 
chemicals) on the 
catchment/region 

Water use 
quality/ 
quantity 

- 1 4 4 Low Comments during workshop:  
• There is monitoring in place and current management restricts use of chemicals. There is 

little use of chemicals. 
• Hydrogen peroxide, praziquantal, and freshwater are the only chemicals used. 
• Approval is required by PIRSA for farmers to use antibiotics.  
• There is a risk that farmers may use antibiotics without approval. 

Additional comments:  
CCSA:  

• Are anti biofouling chemicals being used? 
DEH: 

• Praziquantal is an antibiotic, what effect does this have on other marine organisms? 
From Component Tree 1 discussions: 
Comments during workshop:  

• The impacts of chemicals are best considered at the regional level (Component Tree 2), 
however there are industry-wide protocols and farmers must comply with PIRSA and 
OH&S legislation. 

• Content of pellets for Ocean Trout - 45% fish meal, 42% fish oil, the rest contains 
minerals, binding agents, pigments.  

• The additives in the feed are nutrients, vitamins and phosphorous (and maybe zinc).  
• Antibiotics are not allowed in feeds.  
• What happens to the additives such as Vitamin A in pellets and where does it end up in 

the ecosystem? 
• The issue of nutrients is considered elsewhere (Component Tree 2 and 3) 

Additional comments:  
DEH: 

• Why phosphorous – also what about dyes??  
• How do they administer them (antibiotics)?  Bathing fish in the antibiotics would be very 

risky as the waste goes into the marine environment – please have this clarified before 
making this assumption as praziquantal is used. How is this administered there needs to 
be more transparency on this issue. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Effects of finfish 
aquaculture on 
zooplankton at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

- 2 
(1) 

3 
(1-2) 

6 
(1-2) 

Low 
(Low) 

Comments during workshop:  
• Not much is known about zooplankton blooms.  
• There are some problems with gelatinous plankton (e.g. jellyfish, ctenophore) blooms.  

However an increase in microalgae as a pre-cursor is required to cause a bloom so the 
risk is lower. 

• Follows from algae justification. 
Additional comments:  
PIRSA Aquaculture: 

• There has to be a fair amount of nutrient input to cause a zooplankton bloom.  Other than 
jelly fish problems for Tasmania PIRSA Aquaculture is not aware of any zooplankton 
problems associated with eutrophication and aquaculture. 

• Alternate ranking -  C1, L1-2, RR1-2, RV Low 
Effects of finfish 
aquaculture on 
scavengers at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

- 1 
(1) 

6 
(1-2) 

6 
(1-2) 

Low 
(Low) 

Comments during workshop:  
• There are reports of an increase in leatherjackets with aquaculture.  There are videos of 

scavengers at Port Lincoln eating the waste feed. 
• Pellet feeds are easy to monitor and so produce less waste (FCR comparisons).  Pellet 

feed FCR 0.8 ideal, remainder to scavengers around and in cage. Pellet feeders can be 
wasteful if not correctly set up and monitored. 

• Yellowtail kingfish are fed with pellets because it is easier to measure the feed and there 
is less waste. Feeding occurs constantly for yellowtail kingfish. 

• For Tuna the risk is moderate because they are fed on fish and not pellets.  Tommy ruffs 
scavenge for food in Tuna cages but not in yellowtail kingfish cages because they are 
likely to be eaten.  Tuna are not fed constantly and there are periods of no feeding. 

• If feeding only occurs for a few months then it is unlikely to cause an increase in the 
biomass of scavengers. 

• What happens to the scavengers when feeding of stock stops? Where do they go then to 
get their food? 

Additional comments:  
CCSA:  

• There is no mention of seabird scavenging.  Silver gulls in particular increase around 
aquaculture cages and they are a known vector of viruses.  This is a health problem for 
the fish and for other sites the gulls visit. 

PIRSA Aquaculture: 
• The risk is low at the catchment level, and can possibly be measurable at facility level.  

Increased levels of scavengers do not pose a great risk to the environment. The impacts 
are localised. 

• Alternate ranking -  C1, L1-2, RR1-2, RV Low 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Effects of finfish 
aquaculture on 
benthic 
communities at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

- 1 
(1) 

6 
(1-2) 

6 
(1-2) 

Low 
(Low) 

Comments during workshop:  
• The benthic communities are being monitored at the Individual Facility level 

(Component Tree 3) – Comparisons between communities 150m from cage compared to 
controls 1km from. 

• There are studies showing that there are no impacts on benthic communities, but it 
depends on the original habitat.  Most show some impact, but it is below the level of 
management response. 

• There has been some seagrass loss in some regions; other places there have been no 
impact on seagrass. 

• At the catchment level impact is minor but likely.  It is difficult to compare 
changes/difference between catchments, as there are no control catchments to compare 
with. 

Additional comments:  
CCSA:  

• Compulsory monitoring should be implemented and baseline data gathered prior to 
approval of any cage applications 

PIRSA Aquaculture: 
• Again, the impacts are localised and it would be difficult to even measure them at the 

catchment/regional level given current level of farming AND the level of increase in 
aquaculture expected. 

• Alternate ranking -  C1, L1-2, RR1-2, RV Low 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Community 
impacts of finfish 
aquaculture at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

- 1 
(1) 

6 
(1-2) 

6 
(1-2) 

Low 
(Low) 

Comments during workshop:  
• It is uncertain. Community changes are not being monitored (e.g. dolphin populations). 
• Populations naturally fluctuate greatly. Would the impacts of aquaculture differ greatly 

to natural variation? 
• The risk is minor and unlikely but uncertain about the impacts so the risk is higher. 
• What happens to scavengers when the feeding of stocks stops? 
• Dolphins feed on scavengers so dolphin populations may change if there are changes in 

scavenger populations? 
• Alternative ranking: Sue Gibbs & Cath Kemper– C 2 L 6 – have seen effects on dolphins 

by looking at stomach contents. 
• SE Region: yelloweye mullet swim up drains to breed, then come back in big numbers in 

some years – this is an example of large fluctuations in wild stocks. 
Additional comments:  
PIRSA Aquaculture: 

• Dolphins should be looked at separately.  Doubt whether there would be a measurable 
effect over the entire region of “community impacts” 

• Alternate ranking -  C1, L1-2, RR1-2, RV Low 
 
 

Fitzgerald 
Bay 

3 2 
 

6 Low 
 

Arno Bay/ 
Franklin 
Harbour 

(Higher risk ranking than 
Fitzgerald Bay) 

Port 
Lincoln 

(Higher risk ranking than 
Fitzgerald Bay) 

Effects of finfish 
aquaculture on 
whales at the 
catchment/ regional 
level 
(threatened, 
endangered, and 
protected species) 

Ecological 
community 
structure & 
biodiversity 

Southeast (Higher risk ranking than 
Fitzgerald Bay) 

Comments during workshop:  
• The sighting of cages (ie. not in migration pathways) can reduce the chances of 

entanglement of migrating humpback and southern right whales. 
• It is unknown whether the size and number of cages might block their path.  

Additional comments:  
DEH: 

• Alternate ranking: higher risk than Fitzgerald Bay for other areas. 
CCSA:  

• It is believed that bronze whalers spawn in upper Spencer Gulf, and kingfish farmers 
employ fishers to remove sharks in the greater area around kingfish farms, causing 
mortalities for juveniles migrating out to sea. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

The effects of the 
disposal of fish on 
the 
catchment/region 

Production - 2 
(1) 

3 
(2) 

6 
(2) 

Low 
(Low) 

Comments during workshop: 
• If there is a mass mortality (e.g. death from disease) there needs to be some protocol for 

disposal. 
• The data are limited and research is required for Fitzgerald Bay.  
• Aquavet plan – plans in place for individual operator to dispose of 10s of fish, but no 

protocol for disposing of 1000s of fish. 
• There are issues with fish disposal in Port Lincoln.   

Additional comments:  
PIRSA Aquaculture: 

• This issue should be removeId from tree, only sea-based issues should be dealt with. Fish 
will be disposed of on land.  

• Alternate ranking – C1, L2, RV4, RR Low 
The effects of 
translocations of 
stock on the 
catchment/region 

Ecological 
community 
structure & 
biodiversity 

- 4 
(0) 

1-2 4-8 Low-mod 
(Negligible) 

Comments during workshop:  
• Stocking only occurs for yellowtail kingfish from hatcheries using broodstock from the 

region and the animals are from the one stock.  
• What happens in later generations? 
• This is not an issue for yellowtail kingfish as there are no translocations.  
• There is an issue for broodstocks. 
• There is a risk of feral species being translocated at same time. 
• Needs investigations. 

Additional comments:  
PIRSA Aquaculture:  

• Risk of feral species introduction is VERY LOW indeed. Consequence level of 0 given 
because we are using F1 (first generation) broodstock.  An assessment of the risk of 
Atlantic salmon establishing feral populations found that the risk in negligible.  Eyed 
eggs are used in Atlantic salmon farming. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Effects of finfish 
aquaculture on 
listed migratory 
species (birds in 
general) at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

- 2 
(1) 

4 
(3) 

8 
(3) 

Moderate 
(Low) 

Comments during workshop:  
• Pellet feed is not eaten as much by birds. 
• The use of baitfish for feed increases the number of gulls around cages. 
• Mostly shorebirds found around the cages and most seabirds tend to not be migratory. 
• This issue needs management. 
• If this issue were included in management planning then the risk ranking (RR) would 

drop to Negligible. 
Additional comments:  
CCSA:  

• Once again, silver gulls are virus vectors and their numbers increase around seacage 
pens.   

PIRSA Aquaculture: 
• Pellet feeding should not have an impact as they are not eaten by birds.  The 

consequence level would be higher for tuna. We have downgraded both the consequence 
and likelihood scores due to the level of impact at the scale (regional) being investigated.  
This issue should probably be included at the individual facility level as well. 

• Alternate ranking -  C1, L3, RR3, RV Low 
DEH: 

• This is an issue for birds in general, especially around Port Lincoln. Artificially high 
numbers of silver gulls build up during the grow-out phase, and prey on young of other 
species during the fallowing phase. Some mitigation (pricking eggs of silver gulls) is 
carried out by the National Parks and Wildlife Service.  

• For aquaculture industries where whole fish are used as feed, there should be (i) best 
practice guidelines to minimise gull interactions (this is in the best interests of both 
regulators and industry) (ii) development of feeding methods (already happening) and 
(iii) inclusion of these issues in management arrangements. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Effects of finfish 
aquaculture on 
sharks at the 
catchment/ regional 
level 
(threatened, 
endangered, and 
protected species) 
 

Ecological 
community 
structure & 
biodiversity 

- 2 
(3) 

4 
(3) 

8 
(9) 

Moderate 
(Moderate) 

(High) 

Comments during workshop:  
• The great white shark (Carcharodon carcharias) and the grey nurse shark (Carcharodon 

taurus) are the only protected sharks in Australia, and the grey nurse is not found in SA. 
The impact on the great white shark is unknown.   

• Most interactions with sharks are with Bronze whaler sharks (Carcharhinus brachyurus) 
but is not protected. 

• Is it monitored?  
• An impact on one single animal may be have serious consequences because their 

numbers are so low.  Monitoring of the impacts on sharks is needed. 
Additional comments:  
PIRSA Aquaculture: 

• Very little is known about great white populations. Consequently we feel that, relative to 
dolphin entanglement, the likelihood level, would be the same (3) and that the 
consequences level would be slightly more (3) given that we are unsure about the state of 
great white populations. 

• Alternate ranking -  C3, L3, RV9, RR Moderate 
DEH 

• There is no monitoring for sharks. There is a need for best practice farm management.  
• Alternate ranking:  The risk level has to be higher for Port Lincoln,  probably a risk 

ranking of high. 
CCSA: 

• Placement of seacages along known shark migratory paths should be avoided.   
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

The effects of the 
number and size 
of farms on 
communities in 
the 
catchment/region. 
(including 
alienation/visual 
amenity (e.g. 
access to areas) 
tourism, recreation 
, fishing) 

Physical 
structures and 
construction & 
tenure 

- 2 4 8 Moderate Comments during workshop:  
• This is a planning issue.  There is a need to liase with the community and this does 

occur as a part of the planning. 
• There is community concern. However a survey showed that in the Whyalla community 

50% support aquaculture, 10% are against aquaculture, and the rest don’t know or 
understand what aquaculture involves.  

• This is also a social issue. 
• This issue is connected to Alienation/Visual Amenity. 
• The “acceptable” number of farms and sizes differ for each region. 
• Need to determine what the particular concern is for each region e.g. an impact on 

tourism in Spencer Gulf while in other regions aquaculture will help to create jobs. 
• Number of cages tends to not be the problem – people don’t have problem if it is 

sustainable. 
• No more cages will be going up north of Fitzgerald Bay, but if more go up in the future 

then a review is required. 
Additional comments:  
CCSA:  

• Cumulative effects need to be looked at if the industry expands.  
• Communities need education of the issues of aquaculture, not as seen solely from 

industry point of view 
PIRSA Aquaculture: 

• The effects of number and size of farms should be considered on environmental aspects 
only. Alienation, visual amenity are social/economic issues, not environmental. 

DEH: 
• Should be some areas in which no aquaculture is allowed, to preserve scenic amenity and 

“naturalness”. Again, planning issue.  ‘The “acceptable” number of farms and sizes 
differ for each region’ – must be underpinned by regional carrying capacity modelling 
and monitoring, as well as other social issues.  There is concern from some community 
that there will be no areas free of aquaculture.  Any reason this is not covering the west 
coast? Concern about “aquaculture everywhere” is true for the W coast. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

The effects of 
infrastructure on 
navigation 

Physical 
structures and 
construction & 
tenure 

- 2 4 8 Moderate Comments during workshop: 
• In some instances the infrastructure can assist navigation. 
• There are not many farms and they are tucked away and are not in shipping lanes. 
• From a recreational point of view this is an issue as is may cause a problem for night 

time fishing. 
• The position of sites and the use of lights are included in the management planning. 
• There is zoning to create designated aquaculture/recreation areas. 
• This issue is included in management planning. 

Additional comments:  
PIRSA Aquaculture: 

• This issue should be removed from tree, because this is not an environmental issue. 
Regional carrying 
capacity 

Production - 2 
(1) 

4 
(4) 

8 
(4) 

Moderate 
(Low) 

Comments during workshop: 
• Models for carrying capacity are used to determine stocking limits.  All marine finfish 

are included in calculating the carrying capacity. 
• Tonnages are capped for the zones. 
• Fitzgerald Bay is currently well below the limit.   
• A review of the risk is required when the limit is reached. 
• This is currently being managed. 

Additional comments:  
PIRSA Aquaculture: 

• There would be a lesser consequence attached to Southeast region given that there are 
low levels of production for that area. 

• Alternate risk  ranking for the Southeast – C1, L4, RR Low 
DEH: 

• There should be regional monitoring to make sure the models’ predictions are accurate. 
If not, then likelihood of a major consequence is higher. 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Effects of 
infrastructure on 
the 
catchment/region. 

Physical 
structures and 
construction & 
tenure 

- 2 
(0) 

5 
(1) 

10 
(0) 

Moderate 
(Neg) 

Comments during workshop: 
• There are problems in some areas with water and power supply.  It is okay in Fitzgerald 

Bay but may not be in some other regions. 
• Some areas have inappropriate boat ramp development.  A second ramp is currently 

being built at Fitzgerald Bay. 
• There are problems associated with the use of a diesel generator if the power fails, but 

this an individual facility issue (Component Tree 3). 
• This is a planning issue and needs to be assessed at the individual application level. 
• Once one person has established some infrastructure then it opens it up for other people.  

This is also connected to the number of farms.  Need to work out how many farms you 
want in an area in advance so that you know whether or not the area is full and hence 
whether further applications are allowed. 

• There is overlap between other industries - recreational and aquaculture.  Need to be 
planned. 

• Keep reviewing. 
Additional comments:  
PIRSA Aquaculture:  

• Won’t even be measurable at the scale of consideration. Remove from tree, only sea-
based issues dealt with. 

• Alternate ranking – C0, L1, RV0, RR Negligible 
Fitzgerald 
Bay 

3 
(1) 

4 
(3) 

12 
(3) 

Moderate 
(Low) 

Effects of finfish 
aquaculture on 
phytoplankton at 
the 
catchment/regional 
level. 

Ecological 
community 
structure & 
biodiversity 

Arno Bay/ 
Franklin 
Harbour 

(1) (2) (2) (Low) 

Comments during workshop:  
• Blooms do occur occasionally, but is aquaculture likely to increase likelihood of blooms? 
• There are no blooms linked to finfish farming at present. 
• Background levels of phytoplankton prior to farming were low. 
• Need to monitor the frequency/intensity/composition of blooms. 
• Risk has been recognised and farmers do monitor for it. 
• It is unknown whether finfish aquaculture could increase the intensity or frequency of 

blooms. 
Additional comments: 
PIRSA Aquaculture:  

• Background levels prior to farming were moderate. 
• Northern Spencer Gulf has relatively high levels of nutrients.   
• Monitoring is undertaken for Fitzgerald Bay. The carrying capacity has been undertaken 

for the region and there is an understanding of hydrodynamics.  There is a conservative 
cap on production.  Reduce ranking to low risk. 

• Alternate rankings -   
 Fitzgerald Bay –  C1, L3, RV 3-4, RR Low 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Port 
Lincoln 

(1) (3) (3) (Low) 

Southeast (1) (2) (2) (Low) 

 Arno Bay –  C1, L2, RV2, RR Low 
 Port Lincoln –  C1, L3, RV3, RR Low 
 Southeast –  C1, L2, RV2, RR Low 

 
DEH: 

• There is a local increase in Chlorophyll a around finfish farms and this is in the 
literature.  

• Soluble nutrients from activities at finfish farms may change the ratio of nutrients in the 
marine environment thereby favouring or changing the species composition of 
phytoplankton, and this may favour toxic species (ie dinoflagellates) given the reduction 
of silica in the wastes.  The consequences of anything happening may be much higher 
than score of 3, therefore the consequence score should be >4 

• What is the frequency of monitoring?  Once a year is by far not enough. 
• It is unknown whether finfish aquaculture could increase the intensity or frequency of 

blooms, so therefore the risk is very high. 
 
 
 
 

Fitzgerald 
Bay 

3 
(1) 

4 
(1-3) 

12 
(1-3) 

Moderate 
(Low) 

Effects of finfish 
aquaculture on 
terrestrial 
vegetation at the 
catchment/regional 
level 

Ecological 
community 
structure & 
biodiversity 

Arno Bay/ 
Franklin 
Harbour 

(Same risk ranking as Fitzgerald 
Bay) 

Comments during workshop:  
• This is a problem where there are no defined access points to the coast ie. lack of boat 

access, and where there is driving and dragging of nets over dunes.   
• There are dune blowouts where vegetation is severely disturbed and in some regions this 

may be severe.  
• This process is not currently managed but needs to be managed.  
• Accessibility is considered when assessing applications for licences. 
• In hatcheries the building of ponds and the discharge water impact on terrestrial 

vegetation. 
Additional comments:  
PIRSA Aquaculture:  

• Clearance of vegetation is subject to the Vegetation Act, therefore it is managed.  We 
have discrete areas of farming in different regions. We consider this aspect for issues 
relevant to “between” land and sea-based activity – e.g. for issues like dragging nets and 
creation of boat ramps. We have decreased our risk assessment based on the fact that 
there are only a very small number of farms operating in each region, and that at a 
regional/catchment scale the consequences would be very low (ie “1”) 

• Alternate ranking -  C1, L1-3, RR1-3 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Port 
Lincoln 

(Lower risk ranking than 
Fitzgerald Bay) 

Southeast (Lower risk ranking than 
Fitzgerald Bay) 

DEH: 
• However Coast Protection Board advice sometimes ignored (when assessing applications 

for licences). 
• Alternative rankings: 

 Arno Bay/Franklin Harbour- same risk ranking as Fitzgerald Bay 
 Port Lincoln- Probably lower as expect more likely to use proper boat ramps 

rather than beach launch? Check? 
 Southeast- As for Port Lincoln? 

 
 
 
 
 
 
 
 
 
 
 
 

Fitzgerald 
Bay 

3 
(1) 

4 
(3) 

12 
(3) 

Moderate 
(Low) 

Arno Bay/ 
Franklin 
Harbour 

(Higher risk ranking than 
Fitzgerald Bay) 

Port 
Lincoln (Higher risk ranking than 

Fitzgerald Bay) 

Effects of finfish 
aquaculture on 
dolphins at the 
catchment/ regional 
level  
(Threatened, 
endangered, and 
protected species) 
 

Ecological 
community 
structure & 
biodiversity 

Southeast 

(Higher risk ranking than 
Fitzgerald Bay) 

Comments during workshop:  
• There is evidence in other places of impacts on genetic units. This is currently being 

worked on. 
• Monitoring is to begin on the impacts of entanglement and habitat loss. 
• The protection (such as predator nets) on the outside of farms and bays may cause the 

dolphins’ to get either trapped in bay or prevents them from entering the bays. 
Additional comments:  
PIRSA Aquaculture:  

• License requires reporting of interactions with marine vertebrates.  The consequence to 
dolphins at the regional level, we feel, are low ie “1” and the likelihood, at the regional 
level, is lower (3). 

• Alternate ranking -  C1, L3, RV3, RR Low 
DEH: 

• There is also concern about changes in feeding behaviour e.g. mothers not teaching 
young to feed in the open, but to feed on scavenging species. I believe this has been 
observed, consult Catherine Kemper and Sue Gibbs 

• Alternate rankings:  As for whales (C3, L2, RV6,RR Low), bump up the ranking  for 
other regions? 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Effects of 
aquaculture on 
World Heritage 
areas, RAMSAR 
and MPA’s at the 
catchment/regional 
level – Cuttlefish 
closure zone near 
Fitzgerald Bay 

Ecological 
community 
structure & 
biodiversity 

- 3 4 12 Moderate Comments during workshop:  
• There would be a problem if yellowtail kingfish escapees eat the cuttlefish, especially the 

juveniles.   
• This might affect the numbers of cuttlefish in the protected breeding zone in Fitzgerald 

Bay.  
• This issue needs monitoring/investigation. 

Additional comments:  
PIRSA Aquaculture:  

• So few escapees, and of those, very few actually eat cuttlefish (the SARDI report found 
little evidence of cuttlefish consumption).  There are many millions of juvenile cuttlefish 
following breeding, “everything” else will eat them let alone from the slim chance that 
an escaped kingfish might. 

The effects of 
infrastructure on 
Heritage areas at 
the 
catchment/regional 
level. 

Physical 
structures and 
construction & 
tenure 

- 3 
(3) 

4 
(1-2) 

12 
(3-6) 

Moderate 
(Low) 

Comments during workshop:  
• This is different for each region. 
• The aboriginal Pebble dunes in Fitzgerald Bay are identified in management plans and 

there is also signage along the dunes. This should also be considered with the indigenous 
issues (Component Tree 4). There is a problem with people driving over those dunes and 
dragging nets.  

• This issue is also a part of the impacts on onshore terrestrial vegetation so it has been 
given the same risk ranking. 

• It may be difficult to get access to some potential farm sites if they are situated near 
national parks, even though the farms are allowed offshore.   

• These particular problems need to be identified in the management plan. 
Additional comments:  
PIRSA Aquaculture:  

• Should be similar to effects on terrestrial vegetation, with slightly higher consequences 
but lower probability (likelihood) given that there is less coverage than “terrestrial 
vegetation”. Need to consider only sea-based heritage areas as well.  Terrestrial heritage 
areas should be dealt with under a risk assessment of land based activities. 

• Alternate ranking - C3, L1-2, RV3-6, RR Moderate 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

The effects of 
disease (e.g. 
proximity of 
facilities, 
translocation 
policy) on the 
catchment/region. 

Production - 4 3 12 Moderate Comments during workshop: 
• This is considered in Planning and Management – appropriate distance between sites, 

site of cages and management of cages. If is is not managed properly then the 
consequence will be severe. 

• There are emergency and disease management protocol and plans that include 
monitoring and reporting to PIRSA. 

• Parasites are present all the time but are constantly managed. 
• Stress and health of fish affect the severity of the impact of the disease. 
• It is also a quarantine issue. If a new disease is found the stock needs to be isolated.  
• Never know which disease is going to happen 
• Management and Protocols are sufficient and there is a current Research Program 

underway to improve it.   
• Additional research is needed to determine how many parasites is an acceptable level. In 

Tasmania the mechanism was quick enough to detect and rectify the problem with gill 
disease. 

• Management should be reviewed once research has been completed. 
• This issue is currently included in planning, management and research. 

 
 

Fitzgerald 
Bay 

2 6 12 Moderate 
 

Comments during workshop: 
• Current management limits the stocking rate of the farms.  The current management 

limits that are used are an underestimate of the carrying capacity (calculated from 
modelling based on pellet feed) and so it is unlikely that the carrying capacity will be 
exceeded. 

Arno Bay/ 
Franklin 
Harbour 

   Low-mod 
(Low) 

Comments during workshop:  
Lower risk than Fitzgerald Bay 

Port 
Lincoln 

   Moderate 
(Low) 

Comments during workshop:  
Same or higher risk as Fitzgerald Bay because the industry and community are larger. 

Effects of 
industry inputs 
(e.g. feeds, 
fertilisers) on the 
catchment/ region 
(Effects of 
changes in 
nutrients on the 
Catchment/ 
Region) 

Water use 
quality/ 
quantity  

Southeast    Low-mod 
(Low) 

Comments during workshop:  
Risk lower than Fitzgerald Bay due to the high exchange of water 
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Issue 
Branch of 

Component 
Tree 

Region C L RV RR Comments 

Additional comments:  
PIRSA Aquaculture:  

• Arno Bay – The risk is low because there is  high water exchange 
• Port Lincoln – The risk is low because the industry is very small in Port Lincoln 
• Southeast – The risk is low because there are only two sites, so the risk has to be lower than Fitzgerald Bay. 

DEH: 
• Where do the nutrients disperse/advect to? Which organisms uptake them? Where is the sediment ending up? Cumulative impact of many 

fish farm cage sites has not been modelled, 60 cages with sediment coverage of >100 m each is a lot of sediment waste building up in the 
marine environment. The consequence of anything happening would have to be higher than a score of 2, why is the likelihood higher than 
the consequence? 

• What is the comment “Lower risk in Fitzgerald Bay” based on and why?  
• In Southeast - consequences may be more severe if seagrass is lost due to high wave energy, some areas already under nutrient stress. 
• Needs continuing refinement of the carrying capacity model. If the RISA grant (Regional Environmental Sustainability Analysis) does not 

proceed, would think that the likelihood score should be bumped up. 

Marine Fi
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Summary of Component Tree 3 – Impacts of Individual Facilities 
 
Due to lack of time, only two issues were briefly discussed and no consequence, likelihood, risk 
values or risk rankings were given.  It is unlikely that a generic risk assessment can be 
performed for this component tree, because of the large amount of variation between operations 
and risks will vary not only from region to region, but also between farms within a region. 

Issue Justification/Comments 
Operation 

Use Entanglements, 
interactions 

This is best managed at the individual facility level. 
The current management involves assessment at licence assessment stage. If 
there is a likelihood of entanglement then they have to complete plan on 
how they will deal with entanglements, and they must report to PIRSA if 
there are entanglements. 
There is anecdotal evidence that reporting doesn’t always happen and this is 
an issue of compliance. 
There is some research investigating the best type of technology to avoid 
entanglements and investigating the best distance from colonies. 
At Macquarie Uni there is a study tracking the movement of dolphins and 
seals throughout the year. 
There are not enough data on entanglements to analyse.  
Some entanglements occurred on farms other than the tuna farms. 
Salmon and trout farming do not use predator nets and have never had an 
entanglement with dolphins or seals, or attack from seals. 
The devices used to avoid entanglements and devices that cause 
entanglement differ for each farm/site/area. 
Practices have improved a lot since aquaculture first started. 

Waste Sedimentation Most resources go into monitoring the impacts of sedimentation. 
Swinging mooring system used for Ocean Trout farming – monitoring 
showed no detectable changes in sediment.  
Suggestion of less densely stocked farms over larger areas to reduce 
sedimentation. 
Fallowing is very important. 3 months minimum. This is a longer-term 
issue. Can you use the same bit of seabed year after year? This depends on 
the intensity of farming, sediment types and currents.  This is considered 
when granting licences. There are limits in Tasmania. 
Dependant on assimilation capacity of sediment and this will vary from area 
to area. 
The carrying capacity model is used for determining the regional stocking 
levels.  The site selection process reduces the risk of sedimentation ie sites 
are located in high current areas. 
In Tasmania there are a lot of cages in each lease so each cage cannot be 
considered as a separate unit because sediment from one cage can end up 
under other cages. 
Infauna and video monitoring occurs and if any change/impact is detected 
greater than 50m from cage the licence must be adjusted accordingly. 
This kind of monitoring is beneficial to farmers as it is in their best interest 
to monitor it because a healthy environment will benefit their farm.  
Tonnages and licences are quite conservative so it is unlikely the limits will 
be reached. 

 
There is a need for a protocol for responding to detected changes. 
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Summary of comments during the workshop for Component Trees 4 to 8. 
 
No specific risk rankings were assigned to this tree or those following, as it was felt that the 
workshop format, and participant knowledge, was insufficient to fully cover the issues involved.  
Words in bold type are the issue headings in the component trees. 
 
 
Component Tree 4: Indigenous community wellbeing 
 

• Impacts on the indigenous community can be positive or negative. 
• It is difficult to produce an accurate component tree in this workshop setting – need to 

consult with more indigenous groups. 
• In SA there are four Trusts who speak on behalf of the people in their area. Need 

approval from the Trusts in order to use their land.  This system works well with the 
Fisheries in NT. 

• What are the indigenous issues in marine planning? 
Mr M Podobnik: 

o Different groups in different areas – issues differ between groups and areas. 
o Currently a group with a sea claim. 
o In process of using land agreements instead of claims or before actually making 

a claim 
o SA – 3 times more coastline than NT. 
o Norulaunga? – have a long history of fishing/farmers/fishers. Have the largest 

farm. Involved with aquaculture – 3 oyster licences and an abalone license (York 
Peninsula) 

o Use non-authorised nets – usually used when they need to gather a lot of food 
quickly for ceremonial food. 

o Coorong – Aquaculture is not an issue for them as they have plentiful resources 
(mullet and birds) 

o Southeast – Rock lobster. People interested in aquaculture of salmon but the 
indigenous community has expressed some concern. 

o Problem with poaching (abalone) – own workers stealing from facility. Currently 
working together with poachers to help solve the problem.  This is also a security 
issue. 

o Restrictions on licences so that the value of the products increases. 
o Eastern side of Eyre Peninsula – two leases for sale – how do you value an 

“empty” body of water? 
o Eyre Peninsula – one main person to get permission from 
o York Peninsula aquaculture has not been successful. Will be resurrected but 

don’t know when. 
• Most of the issues come down to Planning – involves an indigenous participation 

strategy.  
• There are lots of zones where sites are not allowed – Point Pearce?, Site at Port Lincoln. 
• Depends on the status of the land.  The Minister will not give leases unless there is 

clearance. 
• A suggestion of aquaculture of sharks for fins because of their high value however their 

biology is not suited to high density aquaculture. 
• Income/Economics - Net economic gain. (Importing etc – social issue) Is aquaculture 

going to increase economic gain of the indigenous community? 
• Employment - Direct or indirect employment of indigenous people. 
• Cultural Values - Continuations of Activities - impacts on use of both land and sea. 
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Component Tree 5: Community wellbeing – socio economic 
 

• Tuna is a large part of the Port Lincoln community. 
• The larger the town the greater the need for more infrastructure. 
• Town are often based on certain levels of skills. 
• There are some negative feelings about abalone in Port Lincoln as people do not want 

to look at big sheds on the coast. 
• Mr Podobnik – Aquaculture has little impact on communities, and has more of an 

impact on individuals. E.g.. Oyster aquaculture has little impact on the community in 
Ceduna. Port Lincoln is mostly a farming and welfare community.  The flow back into 
the community is very limited and benefits are not distributed evenly. Aquaculture 
may be a back up for bad agricultural years. 

• Aquaculture creates1800 direct jobs in SA. 
• Do not actually know the extent of the socio-economic impacts on communities. We 

cannot assume the degree of impact so data are needed to assess the socio economic 
impacts. 

• Carina Cartwright – there has been some work done on the dependency of 
communities on aquaculture.  Found that Cowell is very dependent. 

• Do not need to consider the “Less dependent community” branch of the component 
tree in some areas because the impact is too small.  

• Different local investors give money back to either the local community or state-wide. 
• Big multinationals take the money overseas and so we need to know where the money 

is going. 
 
Component Tree 6: National socio-economic wellbeing 

 
• Need data on the amounts of import and export? 
• The Government provides funds to aquaculture. How much fees going out? 
• Social – there is a benefit if the fish are healthy because you get a better product.  

With an increase in awareness of eating healthy more people are eating fish. This is 
good for the industry. 

• Survey - 70% of Australia think that aquaculture is good. Compared to 30% of people 
who think that wild fisheries are good. 

• Is it bad publicity when lots of fish die? 
• Does aquaculture concentrate problems? For example if one fish gets a disease then so 

do the other fish. 
• Pilchard example - blaming fish feed.  Was it accidental? What else could have caused 

it? Aquaculture is sometime the easiest target to blame for problems. 
• Perception of what the community thinks might be different to what the community 

actually think. 
• There is a problem of how to explain the real idea of aquaculture because it is a 

difficult concept to grasp. Need to explain the reasons why it is good.  
• Can aquaculture be compared to battery and free-range chickens – is there a difference 

between free-swimming fish and caged fish? 
• Community attitudes will play a role in what you produce. This is a market issue.  The 

industry needs to be aware of where the market is going. 
• Distribution of benefits – if it heads overseas then it is not as beneficial. 
• ESD – looking at it over a period of time. Where are we now, where are we going, 

where do we want to be? 
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• What can we do with what is happening now?  If in future there is a plan to increase 
aquaculture then what needs to be considered?  

 
Component Tree 7: Governance 
 

• Governance is very complex for aquaculture because there are a lot of agencies 
involved - Fisheries, state EPA, National Parks, local government, councils etc (not 
like wild fisheries) 

• There is a matrix of which agency is responsible for each issue. 
• Need to identify who is responsible for managing each issue to reduce the amount of 

overlap and discrepancies. 
• This component tree is really for the agencies. 
• Industry branch – responsibility of the industry is increasing over time. 
• Same with NGOs etc. 
• The more complicated the application the harder for the farmer to understand every 

part. 
• Issue of ownership is important. 
• Reporting categories – “instructions” to farmers or anyone else to understand what 

they have to do and why. 
• Industry are concerned that they have to do the monitoring or to pay someone to do it.  

Industry feels like they are paying for bureaucracy – don’t know why they are doing it 
and what the benefit for them is. 

• The final report/document from this workshop will help with that. 
 
Component Tree 8: External impacts on industry 
 

• There are a great number of other drivers impacting on industry. 
• Human induced changes by non-industry - other industries may cause impacts so 

collectively all industries need to manage the same issues. 
• Climate change may affect the industry. 
• Robustness of the surrounding environment is a constraint on the industry.  SA waters 

are nutrient poor. This issue gets picked up when determining the carrying capacity. 
• Upwellings – this is new issue to be included. 
• Security issues (ie theft). 
• Natural algal and zooplankton blooms affect the industry 
• Environmental flows erased from Component tree because the cages are out on the sea 

so are not affected. 
• Weeds are more of a problem for freshwater aquaculture. 
• Air quality – better to have a pollutants section under water quality. 
• Do not necessarily need a river to bring pollutants.  Erosion could also be a problem. 
• There are insurance issues if impacts are human induced.  This is an issue of 

responsibility. 
• Human industry study on estuary – took out adversarial finger pointing and ended up 

being able to apportion inputs. 
• Fish are end of the line for indicators and are not as robust as invertebrates. 
• Dissolved oxygen is a water quality issue.  
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Appendix 4: Additional general comments on the workshop 
summaries and draft report. 
 
Dear Dr Bryars 
 
DRAFT FINAL REPORT - 2003 MARINE FINFISH AQUACULTURE 
ENVIRONMENTAL RISK ASSESSMENT WORKSHOP 
 
I refer to your request for comments on the above report. 
 
It is noted that the workshop and report focus on the perceived risks of finfish aquaculture, 
rather than documented risks. These perceived risks can be equally important to the tourism 
industry, since both sectors at times make use of common public coastal resources, and 
perceptions play a large part in consumer travel decisions. 
 
Current South Australian tourism policies focus on promotion and interpretation of the State’s 
natural assets, especially in coastal areas.  The sustainable management of SA’s marine-based 
finfish aquaculture industry can therefore contribute significantly to a successful tourism 
industry.  Furthermore, tourism can help to promote aquaculture through appropriate 
education and interpretation initiatives. 
 
The South Australian Tourism Commission (SATC) is supportive of the further research that 
the report indicates is necessary to more accurately determine finfish aquaculture impacts.  
The areas with potential to influence tourist perceptions that the SATC is especially interested 
in are as follows: 
 

• potential impacts of finfish aquaculture pens on sea-lion colonies that are important to 
SA tourism, e.g. Baird Bay, Sceale Bay and Seal Bay; 

• potential disruption to migratory species such as Southern Right Whales; 
• impacts on dolphins, including net entanglement and the various deterrent measures 

undertaken by farmers; 
• potential impacts on the cuttlefish breeding grounds in Spencer Gulf; 
• the various issues surrounding the attraction of sharks to finfish enclosures. 

 
Also, for your information, the SATC is currently exploring the potential for adding tourism 
value to the aquaculture industry in South Australia through a joint project with PIRSA and 
the SA Aquaculture Council. 
 
Thank you for the opportunity to comment on the report.  For further information please 
contact David Crinion, Tourism Policy & Planning on telephone (08) 8463 4640. 
 
Yours sincerely 
 
 
W T (Bill) Spurr 
CHIEF EXECUTIVE 
24/3/04 
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Simon 
 
Thank you for sending me the Draft Report from 2003 Marine Finfish Aquaculture 
Environment Risk Assessment Workshop.  It sure took some reading! 
 
I am not going to comment on the actual report, but would like to express my concerns for 
what is actual and real and not perceived risks of associated environmental impacts here in 
Louth Bay which did not rate a mention in your report. There is at least one kingfish lease in 
this area near Rabbit Island and maybe more near Boston Island. 
 
 No amount of value can fix the sea environment of what is or has happened here in one of the 
Louth Bay areas.  How do you reverse damage on the environment? Why evaluate the 
perceived risks when it already is for real? 
 
If after your report a lot more finfish farms are to appear in this area than indeed it will be a 
sorry affair and before any more licences are granted in this area (which is earmarked for 
finfish farming) the bay should be investigated at ground level and not from a workshop 
perspective.  I believe serious impacts have occurred already in this area and the eco-system 
damaged and dramatically changed. More farms will increase sedimentation and nutrients and 
impact further on the sea environment.  I don't know that it is all due to finfish farms but also 
to abalone farms, mussels in the area. 
 
Recently I was down at the shoreline of this particular bay with Mr. Rai Pasetto of EPA and 
now assigned to the Port Lincoln Council.  He took some photos which is a better window 
than a thousand words.  The area was more boggy, filthy and degraded than before and what 
we saw was excessive epiphytic growth on seagrasses.  The seagrass has turned white in 
areas. This was especially easy to see as it was low tide when we did our observations.   We 
did not get out in a boat to see the green slime and algal growth in the water in the bay area, 
but everything is covered with the slime even the rocks at Louth Bay, I am told.   The whole 
bay is polluted and when we were barging recently we hardly put our ropes in the water for 
any length of time and when they were pulled up they were covered with slime and algal 
growth.  Mr. Pasetto sent the pictures to Mr Jeff Todd EPA.  Unfortunately I cannot send you 
these photos as they did not come through on my computer. 
 
Since the onset of finfish farming in Boston Bay/Louth Bay area the increase in nutrients 
would have to have some effect on algal growth.  I believe this is why we had such a massive 
cockle kill a couple of years back.  The oyster leases in the area have been shut down a couple 
of times by the Aust. Shellfish Quality Assurance Programme (Lee 2002), which must tell us 
something.  I don't believe Coffin Bay has been shut down yet or had the same problem. 
 
Someone once explained to me that when you throw a fishing line in the water it does not stay 
where you throw it.  Due to tidal movement, currents and wind it gets taken further and 
further out from where you throw it and it may eventually end up on the shoreline, if you let it 
go. (I know this to be true if pieces of rope are thrown from tuna boats and I have plenty of 
evidence of this.)   I believe the same model could apply to nutrients from finfish farms, even 
if diluted to a certain degree.  It is a case of how much nutrients are too much.   The nutrients 
do not stay around the farms 500 m or 1 k out, but are dispersed over a much wider area and 
end up on the shoreline due to currents and prevailing winds in the area. Around the farms 
there is no seagrass but all this extra nutrient would have to have some effect on the seafloor 
and seagrass somewhere and I believe we are seeing the first proof of that. 
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 Like you say, we do not know what the long term effects of aquaculture will be, but I see this 
as the first Bay to be polluted by aquaculture farming maybe due to too much farming in the 
one area and the environment cannot cope.  Whatever the theory, I know this bay is now 
degraded and an indictment in my books on the whole of the aquaculture industry.  What will 
be the long-term effects aside from denuded sea grasses, shallower water, loss of native 
species etc. etc. etc.? To see this degradation is a sad state of affairs and I hope before too 
long the scientists will investigate with a hands-on approach of what is happening here in case 
it is a precursor to what will happen in other areas. These are the things no one wants to know 
about. 
 
Yours sincerely, 
 
Madeline Schoder 
 

SARDI Aquatic Sciences Publication No. RD03/0044-4           FRDC Project No. 2003/223 – Report No.2 


	 
	 
	Table of Contents 
	 
	List of Figures 
	 
	 
	List of Tables 
	1 Executive Summary 
	 
	2 Introduction 
	2.1 Finfish Aquaculture 
	2.1.1 History 
	2.1.2 Present 

	2.2 Risk Assessment 

	3 Methodology 
	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.
	Table 2. Likelihood Definitions (from Fletcher et al. 2002).
	 
	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.
	Table 4. Suggested risk rankings and outcomes (from Fletcher et al. 2002).

	4  Results 
	 Table 5. List of environmental issues from Component Trees 1 (Whole of Industry) and 2 (Catchment/Region) that were given a moderate risk ranking during the workshop.  The consequence, likelihood and risk value 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 and also in Appendix 3.  People who were invited to comment on the summaries from the workshop and this report gave alternative risk rankings for several issues.  The alternative rankings and who gave them can be found in the workshop summary tables for each issue and in Appendix 3.  For issues from Component Tree 2 – Catchment/ Region, the values given here are for Fitzgerald Bay, which was the main focus during the workshop.

	5 Discussion 
	 5.1 Effects of escapes 
	5.1.1 Overview of issues pertaining to escaped fish: 
	Table 6. Summary of the details of escapes of yellowtail kingfish from sea cage farms located within the Spencer Gulf.  Information taken from Fowler et al. (2003) and the PIRSA website (http://pir.sa.gov.au/pages/aquaculture/public_reg/ytk_escapes.pdf)
	 
	 

	5.1.2  Effects of competition for food with escaped cultured species on the wild stock of that species 
	Table 7: Summary of comments and risk assessment values for the issue of escaped cultured species on the wild stock.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.

	5.1.3  Impacts of marine finfish aquaculture on the food chain (including increased predation and competition with other species) 
	Table 8: Summary of comments and risk assessment values for the issue of impacts on the food chain due to escaped cultured stock.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.

	5.2 Effects of disease in the cultured stocks 
	5.2.1 Overview of disease in marine sea cage aquaculture of finfish: 
	5.2.2  Effects of disease in the cultured species on the wild stock of that species 
	Table 9: Summary of comments and risk assessment values for the issue of disease transmission from the cultured stock to the wild stock.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
	 

	5.2.3  Effects of disease in the cultured stocks on other species 
	Table 10: Summary of comments and risk assessment values for the issue disease transmission from the cultured stock to other species.  

	 

	5.3 The effects of translocations of stock 
	Table 11: Summary of comments and risk assessment values for the issue of translocation of stock.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
	 

	5.4 Impacts of feed composition, including source and sustainability 
	Table 12: Summary of comments and risk assessment values for the issue of feed composition.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
	 

	5.5 Effects of industry inputs (e.g. feeds, fertilisers) 
	Table 13: Summary of comments and risk assessment values for the issue of impacts of industry inputs.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
	 
	Table 14:  Summary of the publications regarding the impacts of marine finfish industry inputs in the South Australian marine environment.   A brief summary of the methods used, detected impacts and limitations of the experiments are given.


	5.6 Effects of marine finfish aquaculture on phytoplankton 
	Table 15: Summary of comments and risk assessment values for the issue of impacts on phytoplankton.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.

	5.7 Regional carrying capacity 
	Table 16: Summary of comments and risk assessment values for the issue of regional carrying capacities.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
	Table 17: Summary of the carrying capacities calculated for Franklin Harbour, Fitzgerald Bay, Arno Bay, and Boston Bay using the mass balance method.  This model calculates the maximum level of fish production that will not exceed ANZECC (1992) water quality guidelines by comparing them with the background nitrogen levels in the region.  A range of carrying capacity estimates were calculated using varying background and acceptable nitrate-as-nitrogen levels to simulate worst and best case scenarios.  Information taken from Petrusevics (1996) and Oceanique Perspectives (1998, 1999).

	5.8 Behavioural changes and other impacts on migratory species (e.g. birds and whales) due to marine finfish aquaculture 
	Table 18: Summary of comments and risk assessment values for the issue of behavioural changes and other impacts on migratory species.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.

	 5.9 Effects of marine finfish aquaculture on dolphins (protected species) 
	Table 19: Summary of comments and risk assessment values for the issue of impacts on dolphins.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
	 

	5.10 Effects of marine finfish aquaculture on sharks (protected species) 
	Table 20: Summary of comments and risk assessment values for the issue of impacts on protected species of sharks.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
	 

	5.11 Effects of marine finfish aquaculture on terrestrial vegetation 
	Table 20: Summary of comments and risk assessment values for the issue of impacts on terrestrial vegetation protected species of sharks. Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
	 

	5.12 The effects of infrastructure on heritage areas 
	Table 21: Summary of comments and risk assessment values for the issue impacts on heritage areas due to infrastructure.  

	5.13 Effects of aquaculture on world heritage areas, RAMSAR convention wetlands and marine protected areas – cuttlefish closure zone near Fitzgerald Bay 
	Table 22: Summary of comments and risk assessment values for the issue impacts on the Cuttlefish closure zone near Fitzgerald Bay.  Additional comments were received after the workshop.  Wherever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.

	D
	(
	A
	L
	C
	C
	 T
	 T
	 T
	A
	P
	 T
	S
	 S
	R
	O
	P
	C
	L
	R
	R
	D
	3
	4
	1
	M
	 
	C
	 
	A
	 
	N
	 
	A
	 
	G
	 

	 
	 6 Conclusions 
	W
	 
	F
	 
	A
	 
	C
	 F
	 I
	 C
	 M
	 V
	 S
	 D
	 D
	 C
	 D
	 
	R
	 B
	 I
	 I
	 I
	 C
	 I
	 I
	 D
	 M
	 I
	 
	M
	 M
	 W
	 I
	 
	V
	 
	O
	 
	 
	7

	7 Acknowledgements 
	 
	 
	 
	 
	8

	8 References 
	A
	A
	A
	A
	A
	A
	A
	B
	B
	B
	B
	B
	B
	B
	B
	B
	C
	C
	C
	C
	C
	C
	C
	C
	C
	C
	C
	C
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	G
	G
	G
	G
	G
	G
	G
	G
	G
	H
	H
	H
	H
	H
	H
	H
	H
	H
	H
	H
	I
	J
	J
	K
	K
	K
	K
	K
	K
	L
	L
	L
	M
	M
	M
	M
	M
	M
	M
	M
	M
	M
	M
	M
	M
	M
	M
	N
	N
	N
	O
	O
	O
	O
	O
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	 
	P
	P
	P
	h
	P
	P
	Q
	Q
	R
	R
	R
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	T
	T
	T
	T
	T
	T
	T
	V
	W
	W
	W
	W
	W
	W
	W
	 
	 
	 
	A

	Appendix 1: Workshop attendees and invitees. 
	Table A1.1. List of attendance at the Finfish Risk Assessment Workshop at SARDI Aquatic Sciences in Adelaide on September 23-24 2003.  The days that the participants attended the workshop are noted.  The participants were sent a copy of the summary from the workshop and were invited to comment on them.
	N
	O
	A
	N
	O
	D
	D
	R
	T
	Y
	N
	V
	D
	Y
	Y
	S
	S
	Y
	Y
	C
	P
	Y
	Y
	A
	S
	Y
	N
	M
	P
	Y
	N
	S
	S
	Y
	Y
	B
	D
	N
	Y
	J
	D
	Y
	Y
	M
	S
	Y
	Y
	R
	W
	Y
	Y
	S
	M
	Y
	N
	P
	I
	Y
	N
	P
	A
	N
	Y
	M
	S
	Y
	Y
	K
	T
	Y
	N
	P
	F
	Y
	N
	W
	S
	Y
	Y
	C
	S
	Y
	N
	M
	S
	Y
	Y
	S
	P
	Y
	Y
	P
	A
	Y
	N
	D
	E
	Y
	N
	S
	D
	Y
	Y
	R
	D
	Y
	Y
	D
	S
	Y
	Y
	M
	N
	Y
	Y
	J
	F
	Y
	Y
	L
	S
	Y
	N
	J
	S
	Y
	Y
	N
	P
	Y
	N
	J
	E
	Y
	Y
	J
	C
	Y
	Y
	T
	S
	Y
	N
	K
	P
	Y
	Y
	 
	T
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	 Appendix 2: Component trees discussed in the workshop, but not reported here. 
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	Appendix 3: Summary of risk rankings for issues determined during the finfish aquaculture risk assessment workshop 
	T
	Table A3.1: Risk rankings for issues affecting the whole of the aquaculture industry (Component Tree 1). Numbers in bold were determined during the workshop.  Numbers in brackets indicate alternative values suggested for the consequence, likelihood, risk value and risk ranking for that particular issue. Key: C – Consequence level, L – Likelihood level, RV – Risk Value, RR – Risk Ranking.  Additional comments on the summaries from the workshop were provided by Carina Cartwright and Stephen Madigan from PIRSA Aquaculture, Sue Murray-Jones from the Department of Environment and Heritage (DEH) and Paul Hastings from the Conservation Council of South Australia (CCSA). Whereever possible the exact comments were included, however additional words and phrases have been included in italics to improve readability and understanding.
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	Table A3.2:  Risk rankings for issues affecting the Regions/Catchments (Component Tree 2).  In general, the discussions on issues at the Regional/Catchment level focused on Fitzgerald Bay, however many of the comments and risk rankings apply to the four main regions: Arno Bay and Franklin Harbour, Port Lincoln, and the Southeast.   The issues where different risk rankings were identified for the various regions are shown. Numbers in bold were determined during the workshop.  Numbers in brackets indicate alternative values suggested for the consequence, likelihood, risk value and risk ranking for that particular issue. Key: C – Consequence level, L – Likelihood level, RV – Risk Value, RR – Risk Ranking.  Additional comments on the summaries from the workshop were provided by Carina Cartwright and Stephen Madigan from PIRSA Aquaculture, Sue Murray-Jones from the Department of Environment and Heritage (DEH) and Paul Hastings from the Conservation Council of South Australia (CCSA). Where ever possible the exact comments were included, however additions words and phrases have been included in italics to improve readability and understanding.
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	Appendix 4: Additional general comments on the workshop summaries and draft report. 


