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Non-technical Summary 

This report describes the results of an ex-post benefit/cost analysis of an FRDC funded 
project "Grow-out of Southern Bluefin Tuna", implemented in 1991. 

The need for the project resulted from a decline in the southern bluefin tuna (SBT) stock 
and catches in the early 1980s, and a subsequent restructuring of the industry. Lower 
catches, combined with heavy debt incurred in the industry restructuring process resulted 
in many of the larger South Australian tuna fishing companies being placed in 
receivership in the late 1980s. These firms realised that if they were to survive they 
would have to stop supplying SBT to canneries and pursue a value adding strategy, 
focused on the production of sashimi grade tuna for airfreight to Japan. 

As part of this value adding strategy, the Australian Tuna Boat Owners Association 
(ATBOA), in collaboration with the Overseas Fishery Cooperation Foundation of Japan 
and the Japan Tuna Federation, carried out feasibility studies on SBT farming. The results 
of these studies were positive. In response to a request from ABTOA, FRDC partially 
funded the next phase of the research, which focused on the "grow out" of SBT under 
commercial conditions. 

The research project covered aspects of the capture of wild SBT, their onboard transport 
to the farm site, grow-out in cages, harvesting and test marketing and environmental 
monitoring. The main findings of the project were as follows: 

• 

• 

• 

• 

Purse seining and subsequent towing of large pontoons (containing the catch of SBT) 
to the farms were the preferred methods of capture and transport. These methods led 
to higher survival rates, compared to fish caught by poling and stored onboard. This 
was because the fish tended to be larger sized and were less prone to injury and stress 
during capture and transport due to the lack of direct handling. 

For the first 30-45 days after transfer to farms, feed consumption was low and the fish 
experienced a 25% weight loss. Thereafter, average weight gain was 0.3-1.0 kg per 
month in winter, increasing to 2.5-3.5 kg per month in summer. It was concluded that 
to take advantage of higher growth rates, early summer capture of SBT was desirable. 

Demand for pilchards for use as SBT feed resulted in the development of a pilchard 
fishery based in Port Lincoln. Catches rose from 145 tonnes in 1991/2 to over 3,500 
tonnes by 1996/97. 

The quality of farmed SBT was assessed by 81 % of Japanese experts to be either 
good or very good. There were no responses of poor or very poor. 



• With regard to environmental impact, the farms had a pronounced, but localised, 
effect on the seafloor and benthic community and a relatively minor localised effect· 

on the water column. 

The total research cost of the project was just under $1.6 million, of which FRDC 
contributed 14% ($220,336). The benefits of the project can be divided into two areas. 
First, is the profit earned by SBT farm operators and the wages paid to labour employed 
on the farms, provided that labour would have otherwise been unemployed. The second 
comprise the profits earned in the South Australian pilchard fishery and the payments to 
the crews of pilchard vessels. 

SBT farm profits were estimated to have increased from $75,000 in 1991 to nearly $64 
million in 19981, associated with an output of 5,100 tonnes. Fann employment grew 
substantially from 144 in 1994/5 to 240 in 1996/97. Unemployment statistics show that 
the average duration of unemployment is 27 weeks in South Australia. Therefore, wages 
paid to labour for the first 27 weeks of their employment were counted as economic 
benefits. From 1991 to 1998, total wages paid to farm labour is estimated at $39 million2, 
of which around $5.8 million is assessed to represent economic benefits. 

The development of tuna farms was, in turn, responsible for the development of the South. 
Australian pilchard fishery. The total net economic benefits derived from the pilchard 
fishery to date are estimated at between $1 million and $3 million per year3• With the 
increase in the TAC to 11,500 tonnes in 1998, the potential net economic benefits from 
the fishery are likely to treble. 

Estimation of the net economic benefits of the project is based on annual costs and 
benefits of the project over the period 1990-1998. This is a highly conservative approach 
as it does not recognise the probable continuation of a positive net benefit stream well 
beyond 1998. 

The project is estimated to have delivered net economic benefits of over $107 million 
between 1991 and 1998. This is equivalent to a discounted net present value of $55 
million (using a 10% discount rate). The net present value of total research expenditures 
is $1.3 million. Given that approximately 14% ($0.2.million) of the research effort was 
funded by FRDC, 14% of the discounted net benefits ($7.9 million) are also attributable 
to FRDC. This is equivalent to a benefit cost ratio of 41: 1. 

1 Data based on Morison (1997), An Economic Impact of Aquaculture and Fishing Industry Activity on the 
Eyre Peninsula Region of South Australia. 

2 op cit. 

3 Based on estimates of valued added and household income associated with the pilchard fishery by 
Morison (1997). 
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Discussions with industry representatives indicate that FRDC involvement in the project 
was pivotal in convincing the Overseas Fishery Cooperation Foundation of Japan to 
provide the bulk of the funding and expertise to the project - without which the SBT · 

farming industry would not have gotten off the ground. 
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EX-POST BENEFIT/COST ANALYSIS OF PROJECT NO: 91/56 

"GROW-OUT OF SOUTHERN BLUEFIN TUNA" 

Research Agency: 

FRDC program: 

1. Research Objectives 

Tuna Boat Owners Association of Australia 

Industry development 

• To assess the feasibility of capturing live SBT in a state from which they can survive 

under agistment conditions. 

• To grow-out SBT in pontoons in the Port Lincoln area to assess: growth rates, total 

and in specific periods, feed conversion ratios and preferred feeds. 

• To assess the influence of the SBT grow-out on the environment with water quality 

testing by the SA Government. 

• To assess the quality and market acceptance of farmed SBT. 

• To provide an example for other pontoon culturing or farming in Australia. 

• To examine the possibility of breeding SBT. 

• To provide a basis for sustainable biological research (eg. otoliths). 

2. Background 

The introduction of ITQs in the SBT fishery in 1984, and the concomitant 30 per cent 

reduction in the size of the Australian TAC (from 21,000 tonnes to 14,500 tonnes), led to 

a rapid restructuring of the fleet with South Australian operators purchasing quota from 

Western Australian and New South Wales based fishers. Because of large acquisitions of 

quota, the South Australian industry became heavily in debt and had difficulty servicing· 

its loans, a situation exacerbated by a further reduction in the TAC in 1986 (to 11,500 

tonnes) and in 1988 (to 6,250 tonnes). As a result, many of the larger tuna fishing 



companies were placed in receivership or under the direct control of banks. The industry 

realised that it would have to change from producing relatively low unit value products 

(from $800 to $2,000 per tonne), based on small sized SBT, for canning or export to 

Japan for frozen sashimi. 

In 1990, a value adding strategy was developed by the Australian Tuna Boat Owners 

Association (ATBOA), "The Road to a High Value Added Tuna Industry", which had 

three aims: to develop longlining, in close cooperation with Japan; to develop SBT farms 

to produce fish for air-freighting to the Japanese sashimi market, and then diversification 

into further processing; and, to maintain a balance in the use of the quota between 

longlining, farming and other uses (such as po ling) to reduce financial risk. 

A central plank of the strategy was implemented through the establishment, by the 

ATBOA and Japanese industry association, of a joint venture arrangement under which 

Australian quota was leased to the joint venture. As well as providing cash flow to the 

Australian industry, the conditions of the joint venture agreement included training of 

Australian crew in longlining and the provision of experienced Japanese personnel to 

conduct experimental farming of SBT. 

Assistance in the development of SBT farming was provided initially by the Overseas 

Fishery Cooperation Foundation of Japan (OFCF), with support from the Japan Tuna 

Federation. The South Australian Government supported the project by undertaking a 

range of environmental planning processes, such as the development of a management 

plan for Boston Bay, and through the provision of skilled personnel to advise on aspects 

of farm establishment and operation. The Commonwealth Government provided indirect 

support in the form of grants under the environmental research scheme administered by 

the Australian Fisheries Service. Feasibility studies carried out by the OFCF in 1990, 

involving the capture of SBT by poling, their transport to farms in the live holding tanks 

aboard SBT vessels and subsequent grow-out, proved successful, indicating the technical 

feasibility of SBT farming. 

Following completion of feasibility studies in 1991, the OFCF was reluctant to become 

further involved in farm development, particularly as there was little apparent Australian 
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Government commitment to the project at that time (B. Jeffriess, pers. comm.) Without 

OFCF support, the continuation of the project would have been unlikely, particularly as 

the Australian industry was still in a difficult financial position, with two of the largest 

companies on the brink of insolvency. 

Following the success of the feasibility studies, additional research was needed to 

develop commercial scale SBT farming and to assess the impact of the farms on their 

environment. In addition to the need for new research, Commonwealth Government 

financial support for the farming project was important to inspire OFCF confidence for 

their continued participation. These two factors led the ATBOA, in 1991, to apply for 

funding from the FRDC for a project (ie the project under review) with the objectives as 

outlined above to be undertaken at an experimental research farm in Boston Bay, near 

Port Lincoln. 

3. Research Findings 

The research project was wide ranging, covering aspects of the capture of wild SBT, their 

onboard transport to the farm site, grow-out in cages, harvesting and test marketing, and 

environmental monitoring. The research findings are discussed under the headings of 

"capture and transport", "grow-out", "marketing" and "environmental monitoring". 

Capture and transport 

During 1991 and 1992, fish were caught using poling and stored in live holding tanks 

onboard the catcher vessels. An 88 per cent survival rate was attained during onboard 

storage in 1991, dropping to 83 per cent in 1992 due to an inadequate pumping system. 

The fish were held for up to 10 hours in the tanks during the trip from the fishing grounds 

in the Great Australian Bight to Boston Bay. There was little difference in the survival 

rates of large and small SBT. 

Since 1993, the techniques of SBT capture and transport have changed radically. Poling 

was replaced by purse seining, and onboard storage was replaced by the use of a large 

pontoon in which the SBT are towed to the farms. Purse seine catches tended to be larger. 
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sized fish which, because of the lack of direct handling, are less prone to injury and stress 

during capture and transport. Survival rates increased significantly. 

Grow-out 

In 1991 and 1992 transfer of SBT from the catcher vessels to the farm pontoons resulted 

in high mortalities. Over this period, initial mortalities (within the first 45 days of· 

stocking) ranged from 26 per cent to over 50 per cent mainly as a result of the extensive 

handling of the fish. 

For the first 30-45 days after transfer, feed consumption was low and the fish experienced 

a weight loss of up to 25 per cent. Thereafter, their weights rose sharply. Within a year, 

the SBT had more than doubled their original weight. The average weight gain was 

measured as 0.3-1.0 kg per month in winter, increasing to 2.5-3.5 kg per month in 

summer. This suggested that early summer capture of the SBT would be desirable to take 

advantage of the higher summer growth rates. 

Food conversion rates varied substantially between pontoons mainly as a result of initial 

over-feeding. By mid-1993, the feed conversion ratio had improved to around 15:1. 

Stocking density varied between 9.9 cubic metres per fish to 13.6 cubic metres per fish 

with little variation in fish quality between the pontoons4• Research on the effect of net· 

fouling revealed that the level of dissolved oxygen in the pontoon was reduced by only 2 

per cent by fouling organisms. 

The SBT are generally fed on pilchards. These are obtained both from within Australia 

and from overseas. Demand for pilchards from the farms resulted in the development of 

a pilchard fishery based in Port Lincoln, catches from which grew from 145 tonnes in 

1991-92 to over 3,500 tonnes by 1996-97. The TAC for the South Australian pilchard 

fishery has recently been increased to 11,500 tonnes. 

4 A condition on the licence permitting the operation of the farm specified that the stocking density must be 
within the range 2.5-4kg per cubic metre. 
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Marketing 

Between August 1991 and May 1993, seven meat quality analyses were carried out on a 

farmed SBT and compared with two wild samples. Tests for moisture and protein 

content, lipid levels, carbohydrates and for freshness were carried out by the Japan Frozen 

Foods Inspection Service. A questionnaire based survey was also carried out on a range 

of experts in Japan. The quality of the farmed SBT was assessed by 81 per cent of the. 

experts to be either good or very good, with no responses of poor or very poor. 

In 1992, sales prices in Japan for air-freight, fresh SBT averaged around $37/kg. Prices 

in subsequent years fell to around $30/kg as the volume of production increased. 

Environmental monitoring 

The effect of the farms on the seafloor and benthic fauna and flora was monitored using 

sediment collectors, underwater photography, observations by divers and sediment 

samples. In general, the farms had a pronounced but localised effect on the seafloor and 

benthic community, and a relatively minor localised effect on the water column. 
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4. Benefit/Cost Analysis5 

FRDC expenditure: $220,336 
Total research cost: $1,592,336 

In simple terms, to undertake the benefit/cost analysis, we need to estimate all 

economic benefits that flow from the research findings. Benefits are then compared 

to the financial cost of research, plus any economic costs that are required to capture 

the benefits. 

4.1 Costs 
The research results described above were obtained via an integrated package of research 

investments. Research commenced in 1990 with the implementation by the OFCF of 

feasibility studies on SBT farming. The costs of these pilot studies are unavailable. In 

1991, the ABTOA gained Commonwealth Government support for the development of 

SBT farming through two grants, amounting to $152,000, made under the "Environment 

Grants Scheme" administered by the Australian Fisheries Service. The OFCF 

subsequently invested $1.2m, in 1992-93, in a joint project with the FRDC. The FRDC 

investment in 1991-92 and 1992-93 amounted to $220,336. The total known research 

investment between 1990 and 1993 amounted to nearly $1.6 million. 

5 There are two major components of net economic benefit in benefit/cost analysis - producer's 
surplus and consumer's surplus. Producer's surplus is a measure of net economic benefits created in 
the harvesting and processing sector from a specific research project. Although somewhat of a 
simplified explanation, producer's surplus can be thought of as additional profits generated. As well, 
if the research findings induce increases in production and employment, then to the extent that 
previously unemployed labour is employed, the associated wages would also be included as a benefit 
in producer's surplus. 

Consumer's surplus is a measure of net economic benefits to consumers. For example, if a research 
project induces an increase in production and that in turn results in a decline in prices on the domestic 
market, then domestic consumers would be better off. Consumer surplus is simply a measure of this 
improvement in consumer well-being. 

In an effort to keep technical jargon to a minimum, economic benefits are discussed in terms of 
increased profits, wages and other familiar concepts. As well, consumer's surplus is not particularly 
relevant to this study - because of the export-oriented nature of the SBT enterprises any possible 
gains in consumers surplus are not obtained by Australians. 
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Substantial costs were incurred in the commercialisation of SBT farming by the SBT 

farm operators. These are accounted for implicitly through calculation of the net benefits 

of the farms in the following section. 

4.2 Research benefits 
Because the research applicant, ABTOA, represented the SBT quota holders and farmers, 

useful research results were quickly transferred and adopted in the development and 

commercialisation of the SBT farms. Many of the initial fish capture, transport, farm. 

management and marketing practices were altered during the course of the project or 

shortly thereafter as a result of information gained from the research. In short, the 

research activities were well integrated with the commercial operations of the tuna farms. 

There are two streams of direct net benefits attributable to the research. One is the profit 

earned by SBT farm operators and wages paid to labour employed on the farms6• The 

second comprises the profits earned in the South Australian pilchard fishery and the 

payments to the crews of pilchard vessels. Because a number of ancillary industries and 

service sectors have developed around the needs of the tuna farms7, it is likely that there 

are additional economic benefits generated in these sectors that are attributable to the 

research. These are not quantified in this study. 

Farm profits and wages 

An economic impact study by Morison (1997), entitled "The Economic Impact of 

Aquaculture and Fishing Industry Activity on the Eyre Peninsula Region of South 

Australia", provides estimates for 1994-95 and 1996-97 of "value added" and household 

income generated from the tuna farms and the associated pilchard fishery. From these 

estimates, SBT farm and pilchard fishery profits and wages can be derived for these 

years. 

6 Other minor components of "value added" not included in the benefit analysis are direct and 
indirect taxes, subsidies, interest and depreciation. 

7 Service industries that have developed include diving services for net cleaning, provision of tuna feed and 
feed storage facilities, and freight forwarding. 
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The relationships between SBT farm output, profits and wages for 1994-95 and 1996-97 

were assumed to be relevant for other years for which value added data was unavailable. 

Because the amount of SBT that can be caught by domestic vessels is limited by the 

TAC, diversion of increased quantities of purse seine caught fish to the farms results in 

lower availability of SBT quota for capture by longline and poling vessels for export to 

the Japanese sashimi market. Although there are some distributional changes in profits 

and wages, the same tonnage of SBT is being caught and sold from the wild fishery. In 

the estimates of farm profits, allowance is made for catcher vessels to be paid the same 

wharf price for tuna transferred to farms as that paid for fresh tuna sold to the fresh 

sashimi market. Hence, no allowance for any reduction in profits and wages for the tuna 

catching sector is necessary. 

Profits are estimated to increase from $75,000 in 1991 to nearly $64 million in 1998, 

associated with an output of 5,100 tonnes. Rapid growth of production and profits was 

experienced until 1996 when a severe storm resulted in high tuna mortalities in the farms. 

As a result, losses of around $22 million were incurred that year. Production and profits 

recovered quickly in 1997, reaching a level of around $63 million in 1998. Farm 

production is expected to increase in 1999 to over 6,700 tonnes (pers. comm. Brian 

Jeffriess), but profits are expected to fall slightly as a result of lower SBT prices. 

The wages paid to farm labour represent economic benefits, provided the labour would 

have been otherwise unemployed. If, on the other hand, there is a high demand for. 

labour, and individuals can expect to get alternative jobs at similar wage rates to those 

paid by the SBT farms, then the wages paid to farm labour are not counted as benefits. 

Clearly, the true situation is somewhere between these extremes. 

Australian Bureau of Statistics labour force data for 1998 in South Australia indicates that 

the average unemployment rate is around 10 per cent with an average duration of 

unemployment of 27 weeks. This suggests that the wages paid to labour for the first 27 
weeks of their employment should be counted as economic benefits. This duration of 

unemployment is assumed to have applied throughout the 1990's. 
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Gross wages are taken from the data collected in Morison (1997) for the years 1994-95 

and 1996-97, and a relationship between farm output and wages estimated and applied to 

other years. The number of people employed grew substantially from 144 in 1994-95 to 

240 in 1996-97. Labour costs over the same period increased from around $3.4 million to 

$7.2 million. From 1991 to 1998, total wages paid to farm labour is estimated at $39 

million, of which around $5 .8 million is assessed to represent economic benefits. 

Pilchard fishery profits and wages 

The development of the tuna farms is said to be responsible for the development of the 

South Australian pilchard fishery. Therefore the net benefits flowing from the pilchard. 

fishery are attributable also to the research which led to the establishment of the tuna 

farms. The fishery, which got under way in 1991, has produced around 3,500 tonnes per 

year over the period 1995-97, and the TAC has recently been increased to 11,500 tonnes 

for 1998. 

Morison (1997) estimates the value added and household income generated by the 

pilchard fishery for the years 1994-95 and 1996-97. These figures are used in the same 

way as those for the tuna farms to derive estimates of pilchard fishery profits, payments 

to labour and economic benefits from labour (see Table 1). The total net economic 

benefits derived from the pilchard fishery to date are estimated at between $1 million and 

$3 million per year. With the increase of the TAC to 11,500 tonnes, the potential net 

economic benefits from the fishery are also set to treble. 
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Table 1: Estimated costs and benefits of research project "SBT Grow-out" 

1991 1992 1993 1994 1995 1996 1997 1998 
Research costs 
FRDC investment 113,216 107,120 
Other research costs 152,000 1,220,000 
Total research costs 265,216 1,327, 120 
SBT farm output 20 150 850 1,600 2,700 1,700 4,400 5,100 
Value added rate 3,793 3,793 3,793 3,793 3,793 oa 6,041 12,500 
$/tonne 

Farm profits 75,852 568,889 3,223,704 6,068,148 10,241,100 -22,813,000 26,580,400 63,750,000 
Farm labour rate ($/t) 2,133 2,133 2,133 2,133 2,133 2,182 2,182 2,182 
Total labour cost 42,667 320,000 1,813,333 3,413,333 5,760,000 7,200,000 9,600,000 11,127,273 
Adjusted farm net 22,154 144,000 775,385 830,769 1,218,462 747,692 1,246,154 793,007 
labour benefits 

Total tuna farm direct 98,006 712,889 3,999,088 6,898,917 11,459,562 -22,065,308 27,826,554 64,543,007 
benefits 

Pilchard output 145 1,230 2,377 2,803 3,708 3,428 3,500 11,500 
Value added (profit) 389 389 389 389 389 389 389 389 
rate 

Total pilchard profit 56,405 478,470 924,653 1,090,000 1,442,412 1,333,492 1,361,500 4,473,500 
Labour cost 66,732 566,072 1,093,946 1,290,000 1,706,500 1,577,638 1,610,774 5,292,544 
Adjusted net labour 34,649 259,273 274,088 101,797 216,260 0 17,205 1,911,688 
benefits 

Total pilchard net 91,054 737,743 1,198,741 1,191,797 1,658,672 1,333,492 1,378,705 6,385,188 
benefits 

Total net benefit of 189,060 1,450,632 5,197,830 8,090,715 13, 118,233 -20,731,816 29,205,259 70,928,195 
SBT farms and 
pilchard fishery 
a) In 1996, a severe storm caused large-scale SBT mortalities in the farms, resulting in substantial losses being incurred. 

Total 

220,336 
1,372,000 
1,592,336 

16,520 

87,695,093 
39,276,606 

5,777,622 
93,472,715 

28,691 

11, 160,432 
13,204,206 

2,814,961 
13,975,393 

107,448, 108 
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4.3 Net benefits8 
In estimating the total net economic benefits of the project, annual costs and net benefits 

from the years 1990 to 1998 are included. This is a highly conservative approach, as it 

does not recognise the probable continuation beyond 1998 of a positive net benefit stream 

from the project. 

The project is estimated to have delivered net economic benefits totaling over $107 

million up to 1998 (see Table 1). This is equivalent to a discounted net present value of 

$55 million9• The corresponding net present value of total research expenditures is $1.3 

million. 

Discussions with Brian Jeffriess of the ATBOA indicate that FRDC's formal involvement. 

in the project was extremely important in getting the project off the ground. OFCF, the 

major funding agency, having financed the successful feasibility studies in 1990, was 

reluctant to commit any more funds toward the further development of SBT farming 

unless there was continued and explicit Australian Government support for the project. 

In the absence of FRDC involvement at that time, it was suggested that the OFCF would 

have pulled out of the project. Without OFCF funding and expertise, and considering the 

dire financial circumstances of the Australian industry, further development of the SBT 

farms would certainly have stalled. For how long is uncertain, but discussions with 

ATBOA suggest that several SBT operators, who subsequently turned out to be the main 

innovators in developing the farm sector, would have been bankrupted. 

In calculating the net economic benefits of FRDC's investment, it is assumed that in the 

absence of the entire research project, the tuna farming industry would not have. 

developed. In this case, the financial contribution to research by all parties was necessary 

8 While subsequent research projects have been carried out, and are currently being undertaken, such as the 
research on the development of "pelletised" food and a project by OFCF on breeding SBT in captivity, the 
results of these projects are yet to be implemented. Therefore, all the benefits identified above as flowing 
from the tuna farms and from the development of the pilchard fishery, are attributable to the original 
research investments by FRDC, OFCF and the Australian Fisheries Service. 

9 Using a discount rate of 10%. 
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to the current state of development of farming. In this situation, the net benefits are 

allocated to each of the research-funding parties in proportion to their funding 

contribution. 

Therefore, given that approximately 14 per cent of the research effort was funded by 

FRDC Project No. 91/56, 14 per cent of the discounted net benefits are attributable to the 

FRDC expenditure. As shown in Table 2, the returns to FRDC investment are estimated 

at $7.9 million, equivalent to a benefit cost ratio of 41:1. 

Table 2: Summary of research costs and benefits 

Research costs and benefits 
Net present value of FRDC $0.2m 
investment 

Discounted net benefits attributed $7.9m 
to FRDC investment 

Benefit/Cost ratio 41:1 

It is apparent that FRDC involvement in this project was highly beneficial in terms of 

research leverage, resulting in over $1.2 million being invested by OFCF, and substantial 

net economic benefits being generated from the jointly sponsored project. OFCF are said 

to regard the SBT grow out project as one of the most successful that they have funded, 

and given the opportunity, would fund other ventures of this nature. 
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Summary 
1 .  Farm grow-out of SBT was the central p lank i n  the h ig h  valu e  added strategy 

adopted by the Austral ian tuna industry fo l lowing the 67 per cent q uota cut i n  
the late 1 980's. Though l ive capture and g row-out of larger SBT was 
g eneral ly not thought to be logist ical ly and techn ical l y  feasible, especially 
under Austral ian cond itions, the Austral ian industry needed it to work i f  they 
were to survive . 

2 .  The two year FRDC grant enabled the Tuna Boat Owners Association of 
Austral ia (ATBOA) to combine with the Overseas Fishery Cooperation 
Foundation (OFCF) ,  a Japanese semi-government authority, i n  the 
experimental g row-out farm from 1 99 1 . The experiment fo l lowed detai l ed 
pi lot studies on  the feasib i l ity of l ive capture and grow-out of SBT. 

3 .  The experimental farm began i n  1 99 1  w ith two pontoons, f ifteen ton nes of 
captured SBT and fu l l  participation  of Japanese farm experts and Austral ian 
fishers. Over the n ext two years, the Project proved the physical feasibi l ity of 
SBT farming . It also led to major eng ineer ing i mprovements by the industry 
wh ich have mad e  SBT farming financial ly viab le .  The work of the research 
farm h as expanded considerably and remains the core research arm of the 
i ndustry (eg pel let development) . 

4 .  S BT g row-out has g rown a s  fol lows : 

1 99 1  
1 992 
1 993 
1 994 
1 995  
1 996 (3) 

lnp_uL(1) 
(Whole Tonnes) 

1 5  
1 3 8 
762 

1 ,497 
1 , 799 
3 , 274 

Production (2) 
(Tonnes -

g i l l ed and gutted) 

2 0  
1 50 
8 5 0  

1 , 600 
2 , 1 00 
1 ,700 

( 1 ) Source: Bureau of Resource Sciences except 1 991  (ATBOA) 
(2) Source: ATBOA 
(3) Production reduced by major losses in  Apri l 1 996 storm 

Market Value (2) 
($m) 

1 
5 

3 1  
4 8  
54 
50  

5 .  Tu na farmi ng has also l ed  to major spin-off benefits for fisheries and 
commu niti es on Eyre Pen i nsu la .  These i nc lude.  
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( 1 ) A demonstration effect fo r other ho ld ing/g row-out (eg . rock lobster is 
now bei ng g rown out) . 

(2)  Creation of a new feed f ishery (eg . p i lchards) . 

(3)  Creation of a farm research structu re focusing on  tuna nutrition , 
environ mental monitor ing and fish health , as wel l as the wider 
aqu acu ltu re research to be cond ucted i n  the new L inco ln  Marine 
Science Centre . 

(4) I n itiat ion of a project to attempt to spawn SBT on the research farm . 

(5) Creation of an i ndependently est imated 993 d i rect and i nd i rect jobs on  
Eyre Pen i nsu la ( Econsearch, 1 997 ) .  

(6) Farming  has become a domestic and i nternational tour ist attractio n . 

(7) Farmi ng has created a major refrigerated transport i nfrastructu re to 
Adelaide and the Eastern States for other fisheries and i ndustries to 
ut i l ise .  

6. Th is Repo rt  fu l fi l s  the requ i rements of the FRDC grant. It outli nes:  

( 1 ) The techn ical detai ls of the farm i nnovations 

(2) The developments i n  l ive fish capture 

(3)  The g row-out exper ience 

(4) H arvesti ng and test marketing . 

(5)  Envi ron mental i ssues 

(6) Summary of techn ical and other developments subsequent to the end 
of  the FR DC g rant. 

7. Please note that the Report does go i nto some detai l  on developments s ince 
the end of the Project fund ing ( ie .  mid - 1 993) , so that the Project's importance 
can be put i n  a wider perspective. 

AT BOA 
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The Southern Bluefin Tuna (SBT) Fishery 

1 . SBT o r  Thunnus maccoyii (castelnau) - (see Figure One ) is  a h igh ly 
migratory spec ies rang ing from the Western South Africa to New Zealand 
(see Figure Three ) .  It is almost certain ly a si ng le stock - w ith the only known 
spaw n i ng g round bei ng south of Java i n  the I nd ian Ocean (see Figure Two ) .  
The fish i s  now thought to l ive up to 4 5  years (CS/RO, 1 996 ), and i s  known 
to reach up to 200kgs. 

2 .  The slow-growing and late fi rst spawn ing age of SBT (thought to b e  about 
9 years) makes the fish vu lnerable to over-fish ing .  I ts very w idespread 
geograph ical coverage also makes research very d ifficu lt and costly. The 
outcome is that ,  despite a large  investment i n  research by Japan and 
Austral i a, scientists sti l l  often d isagree on the actual stock situation .  

3 .  SBT is  fished largely b y  Austral ia, Japan a n d  New Zealand w h o  are the three 
M embers of the i nternational body manag i ng the fishery u nder the 
Convention for the Conservation of SBT (CCSBT) . The Commission meets 
ann ual ly  to con sider recommendations  from its Scientif ic Sub-Committee,  
and to set q uotas. These q uotas, operating  s ince 1 984 , were substantial ly 
cut i n  the late 1 980's as fo l lows:  

J apan 
Austral i a  
N ew Zealand 

Tonnes Per Annum (Austral ian Quota Years) 

1987/88 1988/89 1989/90 to current 

1 9 , 500 8 , 800 6 , 065 
1 4,500 6 , 250 5 , 265 

1 ,000 450 420 
----- ----- -----

35 , 000 1 5,500 1 1 , 750 

However , si nce the mid- 1 990's, the SBT stock has become heavi ly fished on 
the H ig h  Seas by non-Members of the CCSBT,  main ly Taiwan , Korea and 
I ndonesia. In  1 996 thei r  total catch was around 4,000 ton nes. 

4 .  Al most al l SBT q uota holders and fishers i n  Austra l ia belong to the Tuna Boat 
Owners Association of Austra l ia (ATBOA) . The Members of ATBOA had 
borrowed h eavi ly to rational i se the industry after the quotas were i ntroduced 
in 1 984 . The i n it ial 1 4,500 tonne Total A l lowable Catch (TAC) was wel l  
below the catch levels of the early 1 980's. The i ntroduction of fu l ly tradeable 
I nd ividual Transferable Quotas (TAC's) in 1 984-85 resu lted in major transfer 
of quota and catch i ng from N ew South Wales and Western Austral ia  to South 
Austral i a  (ABARE, 1989 ) . I n  1 997, over 85 per cent of the Austral ian quota 
was owned by Port L inco ln  operators, and over 90 per cent of the Austra l ian 
catch was under  the i r  contro l .  

Grow-out o f  Southern Bluefin Tuna (SBT) 



FIGURE S  

Fig. 1. Southern b luef in tuna, Thunnus maccoyii (Castelnouu, 1 872) . 
(Line drawing  courtesy FAO; from: FAO species catalogue, Vol .  2, Scombrids of the world; an 
annotated and i l l ustrated catalogue of tunas, mackerels, bonitos and related species known to date, 
by B B Col lete and C E Nauen, FAO Fisheries Synopsis No. 1 25 

:·:::·:· :i�-..·.':.·-. •• · Grou,.• 

I 

Fig. 2. SBT spawni ng .ground and Austral ian SBT fish ing grounds; arrows show dispersal through 
and from the Austral ian Fishing Zone. Source: Caton, 1991. 

Fig. 3 Schematic representation of the presumed migratory routes of southern bluefin tuna. 
Source: Caton, 1991. 
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5 . The q uota cuts i n  the l ate 1 980's and the heavy debt overhang resu lted i n  
many substantial operators enteri ng e ither receiversh ip  or  ban k control . To 
recover requ i red a major re-adj ustment i n  the Austral ian i ndustry. 
Trad itional ly the i nd ustry had used S BT for either  cann i ng  ($ 1 . 30/kg) or smal l 
f ish sash i m i  exports to Japan ($4/kg) .  The i ndustry n eeded to move to h igh  
val ue-added product to  survive. The strategy - "The Road to a High Value 
Added Tuna Industry" was formal ly developed by the ATBOA i n  1 990 and 
has remained the core strategy of the industry si nce . I t  has th ree arms: 

( 1 ) The d evelopment of long l i n i ng , i n  close co-operat ion w ith Japan . 

(2) P ioneering  of farmi ng of SBT for a i r  fre ight export of whole f ish to J apan 
i n it ial ly ,  and then d iversificatio n  into further process ing . 

(3)  Mai ntai n i n g  a balance i n  use of the quota between long l i n i ng ,  farming  
and  other uses (eg . pal ing) ,  so  red ucing  the  fi nancial r isk .  

6 .  For d etai led i nformat ion on  the fishery and q uota movements refer to : 

( 1 ) "Individual Transferable Quotas and the Southern Bluefin Tuna 
Fishery'' , ABA R E  Occasional Paper No .  1 05 ,  Apri l 1 989.  

(2)  "Southern Bluefin Tuna - Scientific Background to the Debate", BR R 
Bul l eti n No .  3 ,  January 1 990. 

Tuna Farming Elsewhere 

7 .  The Port L inco l n  project was the fi rst real attempt to farm SBT anywhere i n  
the world , although i t  is  u nderstood that i t  was considered at Esperance i n  
1 987 and at A lbany i n  1 988. E lsewh ere in the world : 

( 1 ) I n  Japan , Northern Blu efi n Tuna  (N BT) , a sister species to SBT, is 
captured w ith h ig h  mortal ity at around 200gms, and then raised to 
aro u nd 8kgs i n  Southern Japan . They are then marketed or 
transported fo r accelerated fatten ing  in warmer waters (eg . Okinawa) . 

(2)  In  North America , Eu rope and Northern Africa, Atlantic Bluef in is g rown 
out .  The f ish is  trad itional ly captured by netting off the bays after the 
fish have spawned ,  are i n  very lean cond i tion , and swi m  i nto the bays. 
I n  1 995 and 1 996 g roups of Austra l ian and Japanese transferred the 
Port L incol n technology of captu re by purse sei n e  to farms i n  Spain 
and Croatia .  

8 .  The techn iq ues requ i red for Port L inco l n ,  o r  anywhere i n  Austral ia ,  were 
total ly d ifferent from that trad it ional ly used i n  the rest of the world . The 
Austral ian i ndustry, because quota is measured at the catch ing  poi nt ,  could 
not afford sign ificant mortal it i es - and does not have access to post-spawn i ng 
f ish . Feed i s  also expensive i n  Austral ia .  Fundamental ly what was requ i red 
was a farming  system catch ing  larger l ive f ish , transporti ng them long 
d istances w ith very low morta l it ies, and then ach i eving  rapid weight gai n .  I f  
the i n it ial pro bl ems cou ld be overcome i t  was always expected that the 
i ndustry cou ld later develop cheaper feed sou rces (eg . pel l ets) , and h igher  
vol u m e  catch i ng  methods. 

Grow-out of Southern Bluefin Tuna (SBT) 
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9 . As noted above, there was extreme doubt i n  Austral i a  from scientists, 
managers and i ndustry whether tuna farming  cou ld be f inancial ly and/or 
physical ly viable .  The confidence that it was ach ievable was largely 
generated by Yu ich i ro Harada of Japan Tuna Federation (JTF) and Akira 
Suda of the J apan Sea Farmi ng Association . 

Partners in the Project 
1 0 . After the ATBOA val ue-add ing strategy was developed, ATBOA sought 

expertise from Japan on both farming and long l i n i ng .  The result was that the 
farm exper iment i n it ia l ly became a partnersh ip  between ATBOA and the 
Overseas Fishery Cooperat ion Foundation (OFCF) - an arm of the 
Government of Japan - with support from Japan Tuna Federation, the tuna  
i ndustry group  i n  Japan . The South Austral i an (SA) Government was in it ial ly  
on ly a tr ipartite nominal partner i n the  project, though it  later was to become a 
very active partici pant th rough the SA Research and Development Institute 
(SA R D I ) .  The Commonwealth Government decl i ned to become actively 
i nvolved i n  the project although it became ind i rectly i nvolved through the 
g rants from the environmental research scheme and the Fish ing I nd ustry 
R esearch and Development Corporatio n  (F IR DC) .  

1 1  . OFCPs continu ing  participation i n  the project was dependent on  active 
support fro m  an Austral ian Government body. I t  became clear that the 
unw i l l ingness of the Commonwealth and South Austral ian Governments to 
be actively i nvo lved was a threat to the project, as was the very d ifficu lt 
f inancial situation  of the Austra l ian i nd ustry. Without F I R DC's participat ion 
the project would not have conti nued. 

1 2 . FI RDC was i n it ia l ly reluctant to fund the project because of the w id ely held 
view that aquacu ltu re requ i ri ng  wet feed cou ld  not succeed in Austral ia 
because of the shortage of baitfish, and because of doubt over the 
experimental design of the Project (see Austral ian Fisheries) . However, after 
exhaustive scrutiny, F I R DC agreed to provide funds for the project from Ju ly 
1 99 1 , though at a much lower level than requested . 

1 3 . OFCF contributed two farmi ng experts to the term of the OFCF project from 
January 1 99 1  to May 1 993 . One Mr  Takah i ko Hamano was manager of an 
N BT farm in Japan and acknowledged as one of the world experts at the time 
i n  tuna farm ing . The other, M r  Yosh ie Koga, came w ith w ide experience in  
farming of other species. The total OFCF f inancial contri bution over the 2 .5 
years of the i r  partic ipation was around $ 1 .5  m i l l ion . 

1 4 . The Tri partite Agreement operated formal ly  through a P roject Management 
Committee (PMC) w ith overal l responsi bi l i ty for the P roject. The PMC 
consisted of Members from the Austral i an industry, from OFCF and from the 
South Austral ian Government. 

Grow-out of Southern Bluefin Tuna (SBT) 
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Choosing the Location 

1 5 . I n  late 1 989 , ATBOA and OFCF developed a feasi b i l i ty study outl ine, and on  
1 4-3 1 January 1 990 , an  OFCF/ATBOA/Japan Tuna team visited various 
alternative sites such as A lbany, Esperance , Eden and Port L inco ln . The 
OFCF team was led by Dr Ak i ra Suda,  formerly Executive D i rector of the 
Japan Sea Farmi ng Associat ion .  Their  reports are in Attachments Two and 
Th ree . 

1 6 . Boston Bay, adjacent to Port L inco ln  was chosen because of the proximity of 
school i ng larger  fish , the concentration of the Austral ian i ndustry i n  Port 
Li ncol n ,  and the eng ineering i nfrastructure in the area. Boston Bay itself is a 
north-south al igned bay situated on the south-western side of Eyre Peni nsu la 
(see Figure Four ) .  I t  is  approximately 1 5km long and 6km wide.  Boston 
I sland , owned local ly, is 5km long and 2km wide ,  and situated i n  the midd le  
of  the  Bay. The Research Farm, and most other farms unti l 1 995 , were sited 
on the western side  of the I sland . Chan nels at the northern and southern 
ends of the Island al low exchange between Boston Bay and Spencer G u lf ,  
and  the  eastern and western sides of  the Is land . (Note : from 1 996 farms 
i ncreasing ly  moved east of Boston I sland) . 

1 7 . Winds for most of the year are gentle breezes ( ie .  less than 1 0  knots) . 
Cu rrent data suggest that currents are strongly i nf luenced by local w ind and 
atmospheric effects . (For  a d etai led analysis of currents in the area, see 
Noye, 1 996 ) .  Current speed is much slower i nside the Bay ( less than 
2 . 5cm/s 75 per cent of the time) , than in the southern channels ( less than 
1 2 .5  emfs 75 per cent of the time) ( Petrusevics in Bond 1 993 ). Flushing 
time i n  Boston Bay is around 9 days in w inter and 24 days i n  summer 
(Petrusevics in Bond 1 993) .  Boston Bay is  wel l mixed d u ri ng winter with 
sal i n it ies about 35 parts per thousand and water temperatures which rang e  
from 1 2°C to 23oc (Bond 1 993 ) .  

1 8 . Port L i ncoln ,  althoug h  having a popu lat ion of on ly 1 3 , 000 people ,  i s  the 
centre of a major  f ish i ng  and ru ral production area. The ex-wharf value of 
seafood alone is  around $ 1 50 m i l l ion ,  i nc lud ing tuna,  prawns,  rock lobster ,  
abalone  and other mari ne scale species such as snapper (Econsearch, 
1 997 ) .  Tun a  and rock lobster g row-out, and abalone farming ,  are l i kely to 
u nderpi n an aquacu ltu re production of over $200 m i l l ion per annum by the 
end of the decade.  

1 9 . With the co-operation of L i nco ln  Cove Development Company Pty Ltd , a 
number of f ish were captured by pa l i ng ,  and 35 were placed i n  the 
Dangerous R eef P latform.  To show the evo lution of the P roject, a summary of 
the observations  of these fish by the Austral ian catchers is  in Attachment 
One. A Japanese expert (Tsug i h i ko Kobayash i from OFCF) attended and 
reported that the resu lts of the experi ment justif ied a fu l l -scale  pi lot trial . After 
consideration of detai led reports and a further study mission ( 1 8 March to 3 
Apr i l  1 990) , Port L inco ln  was chosen because of : 
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( 1 )  The proxim ity of su itable f ish for the experiment. 
(2)  The i nfrastructure in  Port L inco ln  fo r catch ing and farming .  

The Reports of  the study missions are i n  Attachments Two and Three. 

20 . The actual location i n  Boston Bay (Port L inco ln)  for the farm was chosen for 
its deeper water, current flow and proxi mity to i nfrastructure . The site was 
6 . 25 hectares w ith a depth of 1 7  metres, and at 340 04' 30" south and 1 35° 
52' 02" east 1 .4km offshore. On the site the pontoons were arranged on the 
N E-SW d iagonal because of the heavy seas from the northwest i n  w inter. 

2 1 . After extensive formal consu ltation with the SA Aquacu lture Committee, a 
research and development l icence was g ranted for the Project .  On 
6 November 1 990 substantial cond itions were placed on the use of the s ite -
they are i n  A ttachment Four. 

Equipment Used 
22 .  Pontoons: After visiting Tasmania ,  the project g roup decided to use the 

po larcirk le pontoon design (see Figure Five ) used widely overseas and i n  
the Tasman ian salmon industry. These contrast w ith the rectangu lar and 
lower specification pontoons used for farming tuna in Japan . The i n itial 
po larcirk le pontoons  used were 30m d iameter w ith a total f lotation of 7.4 
tonne less the weight of the un it ,  2 .62 tonnes. It  was made of h igh density 
b lack po lyethylene plastic (HOPE) ,  of 280mm d iameter p ipe (30 metre 
l engths) , w ith either plastic mou lded or galvan ised steel staunch ions. They 
consisted of two concentric H OPE "p ipes" (250-280mm in  cross-section) that 
float on  the water's surface and are held i n  place by the staunch ions.  A th i rd 
p ipe ( 1  OOmm i n  cross-sect ion) was h eld  approximately one metre above the 
water's surface by the stau nch ions and provides a hand rai l .  The fi rst two 
research pontoons in  1 99 1  were su ppl i ed by P lastic Fabrications Pty Ltd . 
from Tasmani a. These frames were $3 1 ,430 each , made up in  Port L inco l n .  
Later G lobal Systems Pty Ltd (Tasmania) and Sarr iba Pty Ltd (Port L inco ln )  
have also su ppl i ed pontoons.  

23 . Note that th is type of pontoon remains the favoured structure i n  tuna farming .  
Other confi gurations have been tried but  on ly the  Bridgestone  H i -Seas 
hexagonal pontoon is  sti l l  being used (see Figure Six ) .  The latter is a h igh ly 
specif ied u n it designed for heavy duty tow ing from the catch ing grounds,  and 
increasi ng ly doub l ing up as a static pontoon .  The Bridgestones can be 
extended to a larger cubic metre area by insertion of extra p ipe .  I n  1 992 ,  the 
research farm did also experi ment with a 25 metre square single pi pe 
pontoo n ,  s imi lar to those used i n  Japan . Th is was not successfu l  for the 
reasons  that the fish did not adj ust to the cornered design ,  and because of 
swel l  pressure on the jo i nts. 

24 . The pontoons are moored (see Figure Seven ) either i nd ividual ly (greater 
than one pontoon d iameter apart) using up to 1 6  larg e  anchors (eg . rai l  l i nes) 
per pontoon ,  or  in  a few recent cases,  moored together in  a group (two or 
four) using large cement mooring blocks. The fi rst research pontoons each 
had fou r  si ng le  fluke anchors of 250kg each (see Figure Eight ) . Floats 8 x 
200L Black 1 4kg 's were purchased from P lastic Fabrications .  Detai ls  of the 
moor ing and setti ng the anchors are i nc luded in  Figures N ine ,  Ten and 
E leven . 
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Fig. 9 Steel anchor, s ing le-claw, 250kg (unit :  mm) 

2.3 00  

\...... • 

4,000 

; Rail (40kg1ml 
/ • 2S X 120 I inner diameter) 

(A{' 
"'-, a76.3. for round P. 12! x 1 00 

• 36X 1 so (inner diameter) 

Mein boat 

I 500 I _ 1 1 1 1 I I I I 
I ,  I 

3,000 
,I--- 1 ,000 -----j 
� . : o---:=. I 

Round P 076.3\ I < 

Round P oso.s x �.a/ 

The main boat holds the anchor over its broadside 

\ 

Instructions for d i rection and distance are relayed from the cul l ing boat to the main boat 
The main boat lowers the anchor and waits in anchor-suspended condit ion 
On a s ignal from the scul l ing boat to cast anchor, the anchor is  dropped 
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25 . The f i rst research farm nets were i mported from Japan in  quarters - made of 
b lack 1 00 per cent polyethylene 400d , 2190, 90mm mesh,  30m x 7m. These 
were impo rted in  4 panels per net with an fob price of ¥3 , 275,000 per net. 
Two nets were suspended from the floating pontoons.  The i nner net ,  wh ich 
contained the fish , ranged from 60mm to 90mm mesh . Outer predator nets 
ranged from 1 50mm to 200mm mesh . The i nner n ets had a side drop of 
seven to ten metres, and the bottom of the net was desig ned to be at least 
five metres from the bottom . The predator net fal ls  straight to the sea floor 
with a bottom chain . One other option recently tr ied is  a predator net 
supported by a large  su bmerg ed mid-water frame wh ich holds both the 
predator net and i n ner net in p lace . Yet another option al lowed under the 
Management P lan for the industry, is pegg ing both nets to the bottom,  but no 
one has yet tried it . Assembly of the i n ner net and jo i n i ng to the pontoons are 
out l i ned in Fig u res Twelve, Th i rteen , Fou rteen and Fifteen . 

26 .  For any g iven depth o f  net, the vol ume avai lab le for rear ing f ish i n  a 40  m etre 
d iameter pontoon is approximately  56 per cent g reater than for a 32 metre 
pontoon .  I n  general , the larger the structure ,  the more cost-effective 
production w i l l  be .  What larger pontoons also al low is lower stocking rates 
and l ess d ivi ng for a specific tonnage of f ish . The on ly l im its on pontoon size 
appear to be : 

( 1 ) Net changi ng ,  though  if more n ets are changed in  situ (as i n  Tasman ia) 
th is  w i l l  be l ess a prob lem.  

(2)  The very large r isk exposu re i n  one pontoon ,  for f ish health and 
weather reasons .  

27 .  Examples of comparative net vo l umes are : 

Diameter of eoatooa �et Deptb water "ilolume 
(m . )  (m . )  (Cubic m . )  

3 2  1 2  9 , 65 1  

4 0  1 2  1 5 , 080 

4 5  1 2  1 9 , 085 

5 0  1 2  23 , 5 6 1  

28 .  The predator nets (see Figures Sixteen and Seventeen ) were trialed from 
the fi rst days of the research project .  The in itial predator net was second
hand , b lack ,  nylon plaited and knotted purse sei ne net ,  w ith 3mm d iameter 
knots, and 1 0 1 mm mesh , 300 G/1 06m , 1 32m long and 20m deep, w ith a 
frame rope of 1 6mm d iameter polypropylene.  A z inc p lated 9mm chai n was 
fitted to the face on the sea floor, with the net separated from the pontoon by 
about 3m ,  and d raped in a cu rtain fash ion from the cush ion f loors attached to 
the anchors. Three to fou r  weights from a tuna long l iner were fitted between 
the eig ht cush ion floats . The same netting  was used to create a double 
th ickness f loor. This was replaced in  May 1 99 1  by a n et from Netcraft Pty Ltd 
(Tasman ia) - of g reen po lyethylene ,  6 ins x 5mm braid ,  , 20m (H) and 1 1  Orn 
(L) (Cost, de l ivered to Port, $ 1 0 ,946) . 
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Fig. 1 2  Assembl ing the pontoon nets 
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Fig.  1 3  Joint ing the towable pontoon and mai n pontoon nets 
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Fig . 1 4  Fitt ing the net 
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Fig. 1 5  Fixing weights to the net foot 
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Fig.  1 6  External sharkproof net 
(36m 0 x 2 1 .Sm) 

28 February 1 991 

9mm 0 chain 

Braided and knotted net 
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Fig. 1 7  Double thickness sharkproof bottom net ( 1 2m side, octagonal) 

Braided and knotted net 3mm, 1 01 mm, 400G x 40.4m 
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2 9  After construction o n  site, the f i rst research pontoons i n  1 99 1  were towed i nto 
position .  A bel ly rope was t ied i n  a cross shape across each pontoon frame 
to m in im ise warp ing d ur ing tow ing ,  and to prevent the frame from break ing 
up . Each pontoon took one hour  to be towed the seven km to the farm site 
from the shore construction area. The detai l of the operation i s  in  Figure 
Thirteen. 

3 0 .  Fish Capture and Transport: The exper imental farm started by captur ing 
fish by pa l i ng  and transporting them to the farm in  the boat tanks .  The type of 
boats used were : 

( 1 ) 1 99 1  

(2) 1 992  

"Empris Lady" , 1 7 1 tonnes own ed by 
Bl uefi n Exporters Pty. Ltd . 

LOA 24. 5m (OWL 2 1 . 5m) 

Breadth 7 .3m 

Depth 3 . 5 1 m 

Rake of keel 1 8 . 5m 

D isplacement to 3 , 200 WL 24 1 91 ton nes 

Lightsh i p  - 1 23 . 09 ton nes 

Deadweight to 3 ,200 WL - 1 1 8 .88 ton nes. 

G ross tonnage  - 1 7 1 .22 ton nes 

Four  l ive-f ish tanks w ith each 5 cubic metre 
Tanks 1 and 2 (total 1 7 .8  cubic metres) and 3 
and 4 (5 cu bic metres) 

Seawater ci rcu lati ng pump system with total 
change-over of 1 5  m in utes. 

"F ina K" owned by Fi na K Fisheries Pty Ltd 

LOA 27. 25m 
Breadth 7 .3m 
Depth 3 .7m 
Eng ine 1 050 H P  
Six l ive f ish tanks (98 cu bic metres i n  total) .  

3 1  . Both vessels operated effectively though there were early problems w ith 
"F ina K" .  The coi ls  in the "F ina K" tanks i n itia l ly damaged the fish unti l  the 
coi l s  were covered w ith mari ne plywood (again covered i n  turn with dark 
g reen vi nyl-coated canvas) . In add ition ,  when the i n it ial pump capacity of 
1 080/m in  for al l six tanks proved i nadequate, a 1 800/min  pump was fitted , 
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and then  a 2300/m . Th is created on-go ing pro blems with the suction i ntake. 
On the second voyage the suction intake was improved . On the th i rd voyage 
various  other remed ia l  methods were tried incl ud i ng poi nti ng the suction 
i ntake to the rear. The ga in was on ly marg i nal and i n  the end almost al l  
pumps were replaced . 

33 . Equipment for Handling Live Fish (see Figures Eighteen, Nineteen and 
Twenty fo r sketch examples) : This i nc luded : 

( 1 ) V inyl -coated canvas water tank . 

Model  1 - 1 200 x 350 x 700mm d iameter steel tu bi ng , sky bl u e  
1 . 00m vi nyl sheet .  

Model  2 ( improved version) : 2000 x 1 200 x 450mm.  The frame 
w as mad e  of one-i nch steel tub ing with bl ue ,  v inyl -coated canvas 
sheet of th ickness 1 . 0mm ,  w ith the u pper steel tube su rfaces 
covered w ith the same protective sponge used o n  boat coo l i ng  
tan ks to prevent i nju ry to the  fish . Also,  1 OOmm thick u rethane 
_matting was l aid on the floor of the tan ks to m in imise i nju ry. 

Model 3 ( improved version)  was the same basic specification s  
but the frame height was raised 1 80mm . When captured , f ish 
were g u ided i nto the tank where the hook was removed , hook 
i nj u ry locations  identified and a decision mad e  whether to keep 
the f ish fo r g row-out .  I f  selected the ind ividual fish was calmed in 
th is  temporary tank before transfer to the main tanks. 

(2) Stretcher  

1 99 1  - 1 ,000mm long ,  500mm w ide ,  200mm deep with 200mm 
hand les on  each side .  The mater ial  was 1 . 00mm th ick vi nyl
coated canvas sheet ing - the hand le was 40mm thick bamboo . 
Ho les - 20-25mm d iameter - were punch ed at 30mm i ntervals to 
assist drai n age .  

1 992 - changed to 1 , 000mm length , 300mm width , 1 50mm (H) to 
ease hand l i ng .  The f ish were not on ly calmed i n  the stretcher but 
it was used to transfer fish to the main tanks. Two people were 
requ i red at a l l  ti mes. 

(3) To get fi sh out of the boat tanks i nto the farm pontoons we tr ied a range 
of buckets. The f inal  model  used was an upper frame of 25mm steel  
tub ing  and th ree ropes made of 1 2mm polypro pylene . N etti ng was 
fitted to the u pper 90mm . When transferri ng f ish the bucket was 
lowered i nto the hold then a spoon net (see below) was used to g u ide 
the fish i nto the bucket wh ich was then w inched up .  The research 
project went through a series of developments to fi nd the correct 
structu re . For example ,  i n  the second model the fou r  rope support w as 
reduced to th ree to avoid the fish becoming tang led . Even the final 
mode l  w as never an optimum way of extract ing the fish from the tan ks. 
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(4) Spoon n et - th i s  was i mproved over the years to 600mm d iameter ,  
1 50mm d epth , and nylon raschel le  net 21 O d/25, 1 3mm mesh with a 
2- inch th ick bamboo h and le  2 , 500mm long . The spoon net was u sed 
to g u id e  f ish i n  the hold i nto the submerged bucket by placing it in front 
of the f ish . By 1 993 th is  had been further i mproved to a basket concept 
wh ich scooped u p  the fish from the ho ld onto vi nyl canvas and then into 
the pontoon . 

(5)  In  1 992 , the research project developed a scoop basket to replace the 
scoop net. Using the basket the f ish were scooped up  and d i rectly 
transferred in  the vi nyl coated canvas. 

Capture Methods/Area 

33 . The capture method used d u ring 1 99 1  and 1 992 was pal ing . Th is  was 
largely  replaced i n  1 993 and 1 994 by purse sei n i ng the f ish (see below) . 
Therefore the detai ls  of the pal ing system is  for larg ely h istory on ly, though it 
is sti l l  used for about 2 per cent of total capture. 

34 .  The  research farm used normal Austral ian pal i ng  systems - with f ibreg lass 
rods 2 . 0-2 .5m long nylon monof i lament l i nes 1 . 5-2 . 0m long . The Austral ian 
trad itional  hook was used fi rst but resulted i n  excessive i nj u ry around the 
eyebal l .  A replacement Japanese hook (No.  22 sea bream hooks from 
Saganosek i  i n  Kyushu) was more successfu l .  

3 5 .  The g rounds fished were main ly around Rocky Island  - 35° 50' south/1 34° 
43' east - and Cabbage Patch - 350 1 7' south/1 35/3 1 ' east .  These are 
trad iti onal i nshore fish ing g rou nds, 5- 1  O hours steami ng to Port L inco ln  and 
with smal ler  (more manageable) f ish . The season at  Rocky I sland extends 
from February to June and between Apr i l  to June at Cabbage Patch .  

3 6 .  The nu mber of f ish caught o n  each trip varied with f ish size, sea condition 
and f ish avai labi l ity. On average on ly 60-70 fish (average weight 1 3- 1 6kgs) 
were transported in  "Empris Lady" and " Fi na K. " However,  as techno logy 
i mproved and bigger vessels were used (eg . "Sea Pr i ncess") over 1 00 f ish 
were regu larly brought i n  per trip .  Each trip  lasted rough ly 36 hou rs - at a 
cost to OFC F  and ATBOA of around $5,000/tri p .  

3 7 As above, the fish were po led i nto the vi nyl -coated canvas sheet tank .  The 
tank al ready contai ned two o r  more stretchers.  The crew then took the nylon 
gut and g u ided the f ish i nto the stretcher. I n  the stretcher the hook i nju ry was 
checked , the hook removed , and f ish assessed for :  

( 1 ) H eavy b leed i ng 
(2)  Hook penetrat ing the upper jaw ,  and the optic nerve status 
(3)  Hook swal lowed , or hoo k  stuck i n  the lower jaw .  

After pacifyi ng the  f ish ,  general ly by  p lacing the hands over the  eyes, two 
crew l i fted the stretcher and the fish was sl id i nto the hold . 

3 8 .  When transferring  each fish i nto the hold , the f ish al ready i n  the hold were 
observed to see whether any were b leed ing ,  o r  f loating  to the top ,  or 
swi mming d i fferently from the others. 
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Fig. 1 8  Sketches of equipment used for hand l ing f ish 
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Fig. 1 9  Sketches of equipment used for hand l ing f ish 
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Transport and Transfer of Fish 

3 9  The sea-water i n  the l ive fish holds was replaced du ring  the trip by using sea
water ci rcu lat ing pumps (see above) . Changes i n  the d issolved oxygen 
content of the water i n  the holds were comparatively sl ight - a good example 
is  from 9 . 7 mg/I before captu re to 7 mg/I during the tri p to Port L inco ln  (see 
Table One ) . 

40 . Duri ng darkness, underwater l i ghts were tu rned on  i n  the holds so that the 
fi sh wou ld not pan ic and h i t  the wal l s. 

4 1  . On arrival at the farm the vessel was always moored on the l eeward side of 
the pontoon , for efficiency reasons.  For transfer of the fish , the water level i n  
the ho lds  was reduced and , i n  1 99 1 , the bucket lowered into the  hold . The 
f ish was g u ided i nto the bucket by the spoon net (see above) . The ti me taken 
depended on sea cond itions  but was general ly about 1 . 5 hours for 70 f ish . 

4 2 .  Note that the prog ress t o  a scoop basket i n  1 992, and to using the smal l tank  
as a transition  to the pontoon ,  meant the f ish were more relaxed . During the 
smal l tank  period , the fish were bathed for two m inutes in  d isso lved 
1 25g/1 OOltr of l i qu id tetracyc l ine hydroch lor ide . Whi le  th is seemed to 
provided some med icinal benefit to the f ish , thi s  was probably outweighed by 
the i ncreased hand l ing  and t ime out of the water. 

43 . The results of the catch ing and transporting  i n  1 99 1  and 1 992 are detai l ed i n  
Tables Two ,  Three and Fou r  as gathered by OFCF staff. The survival rates 
were m uch h ig her than expected , though relatively poor compared with the 
new method (from late 1 992) of tow ing a pontoons  of f ish largely caught by 
purse seine  (see below) . 

44 . Transfer to the farm pontoons is often more d ifficu lt as the fi sh are more 
relaxed . Agai n ,  the tow ing and farm pontoons are jo ined together. To entice 
the f ish , sometimes bait f ish are scattered close to the exit of the towing 
pontoon exit pane l .  Other methods used in  the  past includ ing l ifting the nets 
either man ual ly o r  by using air  bags .  

45 .  Pol i ng  has larg ely been replaced by pu rse sein i ng ,  and tow ing to Port 
L inco l n  i n  large pontoons. I t  is th is change wh ich has enabled the i ndustry to 
move to larg e  vo lume.  The towing pontoons and transfer techn iques 
developed throughout 1 993 and 1 994 to the po int  where tri ps can bri ng over 
1 00 ton nes each . 

46 .  The purse sei ner  operates by  shooti ng the net around the school o f  tuna, 
drawing it as far as possi b le without damag ing the f ish and bring ing 
alongside the towing pontoon .  The seine  and tow ing nets are then laced 
together  by d ivers and the fish are enticed into the tow net by chumming 
and/o r  the d iver. The pontoon is then towed back slowly ( 1 -2 knots for u p  to 
1 4  days) to the farm where the f ish are then again transferred to another  
pontoon ,  o r  the tow pontoon is  anchored and used for grow-out. The actual 
towing specifications used from early 1 993 are i n  Attachment Five. 

47 .  These new methods also have the  b ig  advantages o f  catch ing  bigger fish , 
and eq ual ly important the f ish are general ly never hand led , mean i ng l ess 
stress and less i nj u ry. 
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IABLE 1 

C hanges i n  D i ssolved Oxygen and Water Tem perature i n  
H o lds o f  Carry i ng Boat Dur i ng Trans it  <1 > 

Tank 1 Tank 2 Tank 3 Tank 4 
------ ----------------------------- -------------- �----------------

Ti me N o .  0 . 0 .  Water N o .  0 . 0 .  Water N o .  D . O .  Water No . D . 0 . 
Fish  Temp .  F ish Tem p . F ish Temp .  F ish 

(m l/I) (OC) ml/I (OC) (m l/I) (OC) (m l/I) 
------- ---- ----- ----- 1----- ------ ----- ----1-------- ------ ---- �-----

1 0 : 2 0  0 0 9 . 7  1 9 . 4  0 0 

1 0 : 40 0 9 . 8  1 9 . 4  0 0 0 

1 1 :  1 3  3 3 9 . 5  1 9 . 6  2 2 

1 1  : 2 6  6 5 9 . 2  1 9 . 5  5 5 

1 1  : 43 9 9 9 8 7 . 8  

1 1  : 57 1 3  1 2  8 . 1 1 9 . 5  1 0  1 0 

1 2 : 00 1 4  1 4  1 1  1 1  7 . 1  

1 2 : 20 1 7  7 . 4  1 9 . 6  1 7  7 . 6  1 9 . 6  1 1  6 . 9  1 9 . 6  8 7 . 2  

1 3 : 00  1 7  7 . 4  1 9 . 4  1 7  7 . 3  1 9 . 4  1 1  7 . 1  1 9 . 4  6 7 . 5  

1 5 : 00  1 3  8 . 2  1 9 . 9  1 7 8 . 0  1 9 . 9  1 0  7 . 8  1 9 . 9  6 8 . 9  

1 7 : 00 1 3  8 . 7  1 8 . 3 1 7  8 . 4  1 8 . 2  9 8 . 2  1 8 . 3 6 8 . 9  

1 9 : 0 0  1 3  8 .  1 2 0 . 3 1 7  7 . 8  2 0 . 2  6 8 . 3  2 0 . 3 6 8 . 4  

2 1 . 00 1 3  8 . 0  2 1 . 3  1 7 7 . 6  2 1 . 3 6 8 . 1 2 1 . 4  6 8 . 2  

2 2 : 00 1 3  7 . 8  2 2 . 5  1 7  7 . 6  2 2 . 5 6 8 . 0  2 2 . 7  6 8 . 2  

Source: OFCF Experts 

( 1 ) Based on transport of fish from Rocky Island , around 1 0  hours from Port Li nco ln ,  on 
25 February 1 99 1  . 

Water 
Tem p .  (OC) 
---------

1 9 . 4  

1 9 . 5  

1 9 . 6  

1 9 . 4  

1 9 . 9  

1 8 . 5  

2 0 . 3 

2 1 . 4  

2 2 . 6  
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TABLE 2 

Res u l ts of Catc h i ng,  Transpo rt and Tan k  Stoc k i n g  -
Data fo r 1 99 1  c1 > 

Hold No.  1 2 3 4 Total 
--

Hold capacity m3 1 7 .8  1 7.8 9 .6 9.6 54.8 

Trip Date I n  Mort I n  Mort I n  Mort I n  Mort I n  Mort 

1 25/2 1 7  5 1 7  2 1 2  8 1 1  7 57 22 

2 1 9/3 1 0  5 1 4  8 - - - - 24 1 0  

3 1 6/4 2 3  0 23 1 1 1  0 1 4  6 7 1  2 5  

4 1 7/4 24  1 5  24 2 1 2  3 1 1  5 7 1  2 5  

5 1 8/4 2 1  1 24 1 1 2  1 1 2  0 6 9  3 

6 1 9/4 2 5  0 2 5  0 1 4  1 1 4  1 78 2 

7 20/4 27 2 27  1 1  1 4  1 1 3  1 8 1  1 5  

8 2 9/4 24 1 0  2 4  0 1 4  5 - - 6 2  1 4  

9 3 /5 2 4  4 24 1 1 4  2 1 4  0 7 6  7 

1 0  4/5 27  0 27  1 1 4  3 1 4  6 8 1  1 0  

1 1  1 0/5 1 4  0 1 2 1 7 0 6 0 3 9  0 

1 2  1 1 /5 2 6  1 27 0 1 5  3 1 3  4 8 1  8 

1 3  1 3/5 27  0 27 0 1 4  1 1 3  3 8 1  4 

1 4  1 4/5 2 1  0 2 1  0 1 0  0 1 1  2 6 3  2 

1 5  20/5 3 0  0 30 3 1 4  0 1 3  0 87 3 

1 6  2 1 /5 28 1 28 2 1 3  1 1 0  2 79 6 

1 7  22/5 28  0 29 1 1 3  0 1 2  0 82  1 

1 8  23/5 25 1 27 0 1 4  1 1 3  0 7 9  2 

Total 421  45  430 34 2 1 7  30 1 94 37  1 26 1  1 41 

Average per tr ip 2 3 . 4  2 . 5 0  2 4 . 2  1 .88 1 2 . 8  1 . 7 6  1 2 . 1  2 . 3 1  7 0 . 0  7 .83 

S u rvi val rate (%) 8 9 . 3  92 . 1 8 6 . 2  8 0 . 9  8 8 . 8  

Stocking (fish/m3 1 . 3 1 . 2 1 . 3 1 . 3 1 . 3 

Kgper m3 ___ 
r-------- -- �------->-----

1 8 . 0  1 7  1 8 . 3  1 7 . 8  1 7 . 6  

Source: OFCF Experts 

( 1 )  Trips by "Empris Lady". Fish  average FL 86. 7 cm and 1 3 . 77kg - 79 samples 
(2) R I =  Rocky Is land : C P = Cabbage Patch 

S u rvival 

Rate (%) 

6 1 . 4  

5 8 . 3  

690 . 1  

64. 8 

9 5 . 7  

9 7 . 4  

8 1 . 5  

77 .4  

90 .8  

8 7 . 7  

1 00 

90 . 1 

95 . 1 

9 6 . 8  

96 . 6 

9 2 . 4  

9 8 . 8  

9 7 . 5  

8 8 . 8  

--

Caught 

Place (2) 

R I  

R I  

C P  

C P  

C P  

C P  

C P  

C P  

C P  

C P  

C P  

C P  

C P  

C P  

R I  

R I  

R I  

�·----
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TABLE 3 - Results of Catching, Transport and Jan k  Stocking -
Data for 1 992 

Hold No.  1 2 3 4 5 

Hold capacity 1 0m3 1 0m3 1 8m3 1 8m3 20m3 

Trip Date I n  Mort I n  Mort I n  Mort I n  Mort I n  Mort 

1 1 /4 9 9 1 0  1 0  1 3  1 3  1 8  1 8  1 5  1 5  

2 5/4 7 6 .., I 7 1 5  1 2  1 2  9 1 5  1 0  

3 1 2/4 4 1 3 1 6 0 8 0 9 1 

4 1 3/4 5 0 3 0 1 0  6 1 0  2 1 0  2 

5 1 4/4 5 1 4 1 1 0  1 1 2  0 9 0 

6 1 6/4 5 0 5 0 1 1  3 1 1  1 1 1  1 

7 1 7/4 7 0 6 4 1 1  3 1 1  2 1 4  0 

8 1 8/4 3 0 2 0 5 0 7 0 5 0 

9 23/4 5 0 5 0 1 1  1 1 1  0 1 2  0 

1 0  24/4 7 2 6 2 1 2  4 1 2  2 1 2  0 

1 1  25/4 5 1 5 1 9 2 1 0  2 1 3  1 

1 2  26/4 3 0 3 0 9 2 8 0 8 0 

1 3  28/4 6 0 5 0 1 1  2 1 1  1 1 3  1 

1 4  29/4 7 2 8 2 1 3  6 1 2  3 23 1 

1 5  5 . 9  8 3 7 0 1 5  2 1 4  4 1 4  0 

1 6  1 0/5 6 0 6 0 1 1  1 1 2  1 1 2  0 

1 7  1 4/5 1 1  0 9 0 20 5 2 0  0 2 1  3 

1 8  1 8/5 8 4 8 2 1 2  4 1 3  5 1 2  5 

1 9  1 9/5 6 1 6 1 1 2  4 1 3  3 1 4  2 

20 20/5 6 0 6 0 1 3  4 1 2  3 1 0  0 

2 1  2 1 /5 8 1 7 0 1 2  2 1 2  0 1 4  1 

22  22/5 7 0 7 0 1 3  1 1 2  0 1 4  0 

23 23/5 7 0 8 0 1 3  0 1 3  2 1 4  1 

24 23/5 7 1 9 1 1 4  0 1 6  0 1 6  1 

25 216 9 0 9 0 1 5  0 1 5  0 1 8  0 

26 6/6 1 0  1 1 0  1 1 7  1 1 6  0 20 1 

27  716 1 2  0 1 3  0 1 7  0 1 8  0 2 1  0 

28 8/6 1 2  0 1 2  0 1 8  0 1 8  0 24 0 

Total 1 95 33  1 89 33 348 2 1  357 57 383 46 

Su rvival Rate % 8 3 . 1 1 6 . 9 8 2 . 5  1 7 . 5  94 .0  6 . 0  8 4 . 0  1 6 . 0  8 8 . 0  1 2 . 0  

Fish/m3 0 . 7  0 . 1 2 0 . 6 8  0 . 1 2  0 . 69 0 . 04 0 . 7 1  0 . 1 1 0 . 6 8  0 . 0 8  

kg/m3 7 . 6  1 . 3 7 . 3  1 . 3 7 . 5  0 . 5  7 . 7  1 . 2 7 . 4  0 . 9  7 . 7  

Average 

6 7 S u rvival 
-- --� 

20m3 96m3 rate 

I n  Mort I n  Mort % 

1 5  1 5  80 8 0  0 

1 5  1 3  7 1  5 7  1 9 . 7  

9 0 39 3 92 . 3 

1 0  3 48 1 3  7 2 . 9  

1 0  1 50 4 9 2 . 0  

1 1  1 54 6 8 8 . 9  

1 3  2 62 1 1  8 2 . 3  

6 0 28 0 1 00 

1 2  0 56 1 9 8 . 2  

1 2  1 6 1  1 1  8 2 . 0  

1 2  1 54 8 8 5 . 2  

8 0 39 2 94 . 9 

1 1 1  2 57 6 8 9 . 5  

1 3  5 6 6  1 8  7 2 . 7  

1 2  1 70 1 0  8 5 . 7  

1 2  0 59 2 9 6 . 6  

2 2  7 1 03 1 5  8 5 . 4  

1 7  6 70 26 6 2 . 9  

1 5  4 66  1 5  77 . 3 

1 3  0 60 7 8 8 . 3  

1 4  0 67 4 9 4 . 0  

1 4  1 67  2 9 7 . 0  

1 4  1 69  4 94 .2  

1 7  1 79 4 94 . 9 

20  0 86 0 1 00 

20 1 93 5 94 . 6 

2 5  1 1 06 1 99 . 1  

26  0 1 1 0 0 1 00 

398 67 1 870 1 5  83 . 2 

83 . 2  1 6 . 8  1 6 . 8  

0 . 7 1  0 . 1 2 0 . 7  0 . 1 2 

1 . 3 7 . 6  1 . 3 

66 .8  1 1 . 3 



IABLE_.4 
S u m mary of 1 991 and 1 992 Catc h i ng,  Tra nsport a n d  Ta n k  Stock i n g  

Catch i n g I H o l d s  o n  I Total Av.  N o .  Av . Wt. 
Year  Boat ( N o . )  Cap acity F i sh F i sh 

of H o l d s  Carr iedffr i p  Carr iedffr i p  
(m3) (kg)  

I 4 + 54 . 8  7 0 . 0  � 9 6 5  
--

1 9 9 1  

I 
------5--··----- ·--·-9-5_-o ______ -·-55�9---- ---912 _______ 

1 9 92  

So urce: OFCF Experts 

I Av.  N o .  I Stocki ng  i n  
M o rts. !fr i p Tan k s  I Stoc k i n g  i n  I S u rv i va l  

Tanks R ate 

I (f i s h /m3) I (kg/m3) I (%)  
- -- --

7 . 8  + 1 . 3 1 7 . 6  j 8 8 . 8  
-------- - ---- - - - - - - - - -·--·----------·---- ---------

1 1 . 3 0 . 7  9 . 5  83 . 2  
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48 . The tow ing  specifications (see Attachment Five ) were developed by the tu na 
farmers and by G raham Johnson (Tasman ia) ,  th roug h  work on the AMC 
fl ume tan k .  These specifications were then refined in co-operation with the 
then SA Department of Mari ne and H arbours .  The tow ing speed is general ly 
1 -2 knots , with trips of up  to 1 O days. The fish are fed on  the way, though 
there i s  normal ly  a short period i n  wh ich they w i l l  not feed . 

Results of Capture and Transport 

49 . Table Four  summarises the resu lts of the transport of the f ish from catch i ng to 
the farm .  Su rvival rates were h igh  but d id  worsen between 1 99 1  and 1 992.  
The reaso n for th is  was the i nadequate pumps used to reci rcu late the sea
water .  

50 .  I n  1 99 1 , o f  the 1 26 1  f ish placed i n  the  holds 1 4 1 d ied ,  an 88 per  cent survival 
rate - a good resu lt compared w ith N BT but sti l l  i nadeq uate. The average f ish 
density in the ho lds was 1 8 . 1  kg/cubic metre - or 1 . 2- 1  . 3  f ish per cubic m etre -
spread equal ly  across the holds. . The tri p  from Rocky I sland area was 1 0  
hours com pared with 5 hours from Cabbage Patch but there was l ittle 
d ifference i n. survival rates. 

5 1  . As above , the survival rate worsened to 83 per cent i n  1 992 due  to the 
inad equate pumping system .  Note again also that to try to better manage  fish 
in jury some tetracycl i ne  powder was used in 1 992 on transfer from vessel to 
the farm pontoon , but as above, there was probably no net benefit because of 
the i ncreased hand l i ng req u i red . 

52 .  Surprisi ng ly, t he  larger fi sh ( 1 5kg) and  smal ler f ish (8kg) had a close su rvival 
rate . Th is  was the opposite of the N BT experience where larger  f ish had very 
h ig h  mortal ity. 

Results of Initial Grow-Out 

53 . There were h ig h  mortal ities i n  both 1 991  and 1 992 between 1 0-30 days after 
transfer to the farm pontoons. Mortal it ies before 45 days were attributed to 
transfer mortal ity, and to natu ral mortal ity after that. 

54 .  The results are outl i ned in  Table Five. The i n itial mortal it ies seemed d u e  to 
a d iverse range of factors - some pure accident .  For example ,  du ring a 
transfer i n  J u ne 1 992 the boat moved away from the pontoon with the very 
strong l i ghts sti l l  on .  The f ish pan icked , h it the net and 1 81 d ied i n  the 
fol low ing 8 days . 

Grow-out of Southern Bluefin Tuna (SBT) 
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TABLE 5 

G row- out Data 

I N o . PONTOON No .  1 2 3 4 
I 
1 1 I G row-out dates 1 3/5- 1 7  /1 2 (92) 1 9/3-23/5 (93) 5/4-23/5 (93) 1 9/5-22/3 (93) 

2 D ays of g row-out 2 1 9 7 9 7  4 1 3 3 3 8  
I i 

3 No.  of f ish into pontoon 4 8 8  1 6 3 2 1 7 5 0 8 0 5  

4 Average we ight i nto pontoon 1 3 . 7 7 1 3 . 7 7 1 5 . 4  1 1 .  5 
( kg ) 

1 5 Total weight into pontoon 6 , 720  8 , 703  1 1 , 5 5 0  9 , 2 5 8  I i ( kg )  
6 In itial loss ( 45 days from 1 2 3 1 3 7 3 1 5  4 1 5 

stocki n g )  

7 Total weight of ( 6) above ( kg) 1 , 6 9 4  1 , 8 8 6  4 , 8 5 1 4 , 7 7 3  

8 Normal mortality (after 45 1 2  1 2  5 1 9  

d ays) 
I 

1 9 I No.  of fish harvested 

I 
3 5 3  2 6 9 9 4 3 7 1  I 

1 1 0 I Total weight harvested (kg) 5 , 8 8 8  5 , 7 6 3  2 ,  1 1 5 7 ,  1 5 3 

1 1 1  I Esti mated remaining fish - 2 1 4  3 3 6  -

1 1 2  E st imated ave rage weight - 4 5 . 0  3 2 . 0  -
I ( kg)  I I 

1 3  Estimated total harvested I - 9 , 63 0  I 1 0 , 7 5 2  -
weight ( kg} I I 

1 1 4 
I 

Weight increase (kg) 8 6 2 8 , 5 7 6  6 ,  1 68  2 , 6 68 I 
! 1 5 Total feed g iven ( kg} 5 3 , 2 9 9  2 6 5 , 9 3 7  1 3 7 , 6 9 3  5 4 , 3 0 2  I I , , 6 1 Survival rate (%) 7 2 . 3  7 6 . 4 5 7 . 3 4 6 . 0 I I r7l Food convers ion rate I 6 1 . 8  3 1 . 0  2 2 . 4  2 0 . 3 I I 

I j 1 8  I Grow-out area per fish 1 3 . 6  9 . 9  1 1  . 4  1 1 . 4 I I I (except in it ial losses) ms/fish) 
! 

1 9  Area of pontoon (m 4 , 9 46 I 4 , 9 4 6  4 , 9 4 6  4 , 3 7 5  
I I 

Source: OFCF Experts 

Grow-out of Southern Bluefin Tuna (SBT) 
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Results of Longer G row-Out 
55 . Fo r the f irst 30-45 days i n  the pontoons, feed consumption was very low , and 

there was an i n it ial weight loss of up to 25 per cent. Thereafter the weights 
rose sharply. For example , despite the i n itial weight loss, the 1 3 . 7 kg fish 
placed in  the pontoons i n  May 1 99 1  had g rown to 30-32kg one year later . 
They further i ncreased to 40-45kg i n  the fo l lowing year, and four  years after 
transfer were up to 90kg . 

56 . The weight ga ins are rough ly  the same as for N BT - where a g row-out of 
1 7kg f ish reached 29kg i n  one year and 40kg i n  2 years (pers. comm. Koga) . 

57 . The average weight ga in was 0 .3- 1 . 0kg . /month i n  w inter (Ju ly/September) 
and 2 .5-3 . 5kg i n  su mmer (December to February) . Subsequ ent experience 
after the P roject is  that h igh  summer growth can be over  5kg/month . Th i s  
suggests there is a b ig advantage i n  early summer captu re - now from late
November, although the i mpact of sustai ned h igher water temperatu re (eg 
over  250C) on juven i l e  S BT may be n egative. 

58 .  The Feed Conversion Ratio (FCR) d iffered sharply between pontoons. For 
exam p le : 

19fil 
Pontoon One 
Pontoon Two 

1filt2. 
Pontoon One 
Pontoon  Fou r  

Feed Conversion Ratio 
of Kgs of Pilchards to 

Achieve a Kg of Tuna Growth 

6 1 . 8  
3 1 . 0  

2 2 . 4  
2 0 . 3  

The 1 991  results larg ely reflect both overfeed ing ,  and the fish being 
transferred close to winter w ith very l ittle summer g rowth .  

59 .  When pontoon one is excl uded ,  the S BT g rowth rates were rough ly the same 
as N BT ie. between 8 .8-28 .6  FCR (pers comm.  Koga) . 

60 .  Variations i n  d emand feed i ng i n  1 99 1  are outl i ned i n  Tables Five to Seven . 
Unexpected ly  the feed ing  rate (kg/body weight) was h igh  i n  early w inter 
(J une) at around 1 O per cent. We now recogn ise that th is was unusual and 
reflected the compensatory feed i ng after the sharp loss in weight after 
captu re . W ith improved capture tech n iques and l ittle  stress, subsequent 
years h ave shown the rate peaki ng in mid-summer and s l id i ng g radual ly to a 
low i n  m id-w inter .  

6 1 . Tables E ight  to N i ne detai l feed rates i n  various pontoons and re lationsh i ps 
with ai r and water temperatu res. Th is i s  shown graph ical ly i n  Figures Twenty 
One to Twenty Six .  

Grow-out of Southern Bluefin Tuna (SBT) 
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Stock Density 

62 . The stocking density varied very l ittle between 1 99 1  and 1 992 - averag ing 
1 1 .4 cub ic  metres of  water per  fish . I n  1 991  - pontoon one was 1 3 .6 cubic 
metres/fish , and pontoon two on ly 9 .9 . Despite the d ifference there was very 
l itt le variation i n  the fish qua l ity between the pontoons. 

G row-out Management 

63 . Th is  was re latively  simple : 

( 1 )  D ivi ng i n  the pontoons  took place every day i n  the f i rst one and a half 
months to remove d ead f ish . 

(2 )  Feed ing was twice per  day (general ly 9 :00 am and 4 :00 pm)  for six 
days a week. The SBT have tended since 1 992 to eat dai ly up to 1 2  
per cent of the i r  body weight i n  the peak of su mmer, reducing to around 
4 per cent i n  winter (see Feeding below) . 

64 . Cu rrently, d ivers tend to do i nspection  d ives at least once every two days, 
depend ing on other  work requ i rements. On the o rig i nal research farm, after 
the i n itial period of i ntensive d ivi ng ,  the pontoon was inspected every day for 
dead fish , and once every 7-8 days to assess n et fou l i ng ,  and net tears. 

65 .  I n  contrast to  the  regu lar net clean ing  requ i red i n  Tasman ian salmon ,  n et 
fou l i ng  i n  the Boston Bay area is  on ly moderate, despite the slower current 
speeds. Th is means the n ets are cleaned on ly  once a year - general ly  by 
spl itt ing them i nto panels and clean i ng onshore or  offshore away from the 
farms. No  anti -fou l i ng  is  used . Farms are constantly experimenting with 
d ifferent mesh and braid specifications .  Where some clean i ng is requ ired 
d u ri ng  the year ,  th is can be done by a n et cleaner but as yet no automatic 
cleane r  has been satisfactory. Some farms use more si mple methods such 
as tyres roped to the pontoon to take advantage of the cu rrent. The research 
farm pu rchased a Idema net cleaner with one h igh  pressu re connecting hose 
and a lumi n i u m  3 metre telescopic extension hand l e  ($4 ,640) , p lus a K'Archer 
HD 1 050 pressu re pump with i n let fi lter to power the un it ($3 , 690) . The un it 
proved on ly  part ly sat isfactory because it was labou r  i ntensive and requ i red 
constant maintenance. 

6 6 .  Subsequent research ( Cronin, 1 995 ) found that oxygen exchange o f  the net 
fou l i ng  contributed less than 2 per cent to oxygen deplet ion i n  a pontoon .  
However, the fou l ing i n  most nets would be expected to have a sign ificant 
effect on  mass water exchange th ro ug h  the pontoon with an associated 
oxygen loss from normal f low. 

Grow-out of Southern B/uefin Tuna (SBT) 



TABLE 6 

Quantity of Feed G iven - Pontoon 3 ( 1 992 Fish) 

Month 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 T ota l 
- - - - - - - - - - - - - - - - - - - - - - - -

Ite m/Y e a r  
1 992 Amount fed 3 3 5  7 , 280  9 , 472 6 , 282  4 , 5 1 8  3 , 7 68 3 , 0 69 5 , 087  6 , 7 1 4  4 6 , 525  
(kg) am 
1 992 Amount fed 270  3 , 550  4 , 9 65 4 , 99 6  3 , 284 3 , 8 46  2 , 652 4 , 347  5 ,  1 65 33 , 075  
(kg) pm 
Davs of feedina 1 3  2 5  2 6  2 6  2 5  2 6  2 7  2 5  2 5  2 1 8  
Total ( kg) 605  1 0 , 830 1 4 , 437  1 1  , 278 7 , 802  7 , 6 1 4  5 , 7 2 1  9 434  1 1  , 8 79 79 , 600  
Average monthly 1 . 4 2 4 . 4  3 3 . 2  2 6 . 3  1 0 . 3  1 7 . 8 1 3 . 7  2 5 . 1 3 2 . 1 1 84 . 3  
feed ( kg/fish) 
Average dai ly feed 1 0 8 9 7 6  1 , 277  1 , 0 1 2  4 1 2 6 8 5  5 0 7  1 , 0 04  1 , 284  
(g/fish) 
Average body weight - 1 5 . 4  1 3 . 5  1 3 . 5  1 4 . 3  1 5 . 6  1 7 . 0  1 8 . 8  2 0 . 9  
( kg )  
Average dai ly 6 . 3  9 . 5  7 . 5  2 . 9  4 . 4  3 . 0  5 . 3  6 . 1 
feed ing rate (%) 

S u b  G .  Total 
Total 

1 993 Amount fed 5 , 7 40 6 , 7 1 3 7 , 7 3 6  4 , 3 73 4 , 9 43 29 , 505  7 6 , 0 3 0  
(kg) am 
1 993 Amount fed 5 , 4 1 2 6 , 379  7 , 2 1 4  4 , 70 6  4 , 9 67 28 , 588  6 1 , 6 63 
Cka) pm 
Days of feeding 2 4  2 4  2 7  2 3  2 3  2 3  1 2 1 3 3 9  
Total C ka) 1 1  1 52 1 3 , 0 9 2  1 4 , 8 60 9 , 079 9 , 9 1 0  58 , 093  1 37 , 693  
Average month ly 3 0 . 1 3 5 . 4  40 . 2  2 5 . 2  2 8 . 9  1 59 . 8  3 44 . 1 
feed (ka/fish) 
Average dai ly feed 1 , 254  1 , 475 1 , 489 1 , 096  1 , 257  
(g/fish) 
Average body weight 2 3 . 8  2 5 . 3  2 6 . 4  29 . 6 3 1 . 6  
( kg)  
Average dai ly 5 . 3 5 . 8  5 . 6  3 . 7  4 . 0  
feed ing rate (%) 



TABLE 7 

Quantity of Feed G iven - Pontoon 4 (1 992 Group) 

Month 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 T ot a l  
- - - - - - - - - - - - - - - - - - - - - - - -

Ite m/V e a r  
1 992 Amount fed 2 0 0  4 , 92 5  5 , 5 89 4 , 3 9 3  3 , 300  2 , 308  2 , 2 99 2 , 446  25 , 460  
(kg) am 
1 992 Amount fed 1 45 2 , 435  3 , 3 65 3 , 3 7 1  3 , 5 39  2 , 298  1 , 7 9 6  1 , 982  1 8  ' 9 3 1  
(kg) pm 
Davs of feeding 8 2 6  2 6  2 5  2 6  2 7  2 5  2 4  1 8 7 
Total ( kg) 3 4 5  7 , 3 60 8 , 9 54 7 , 7 64 6 , 839  4 , 606  4 , 0 95 4 , 428 44 , 3 9 1  
Average month ly 0 . 9  1 8 . 0  2 3 . 3 2 0 . 3  1 8 . 0  1 4 . 4  2 1 . 0  2 6 . 4  1 42 . 3  
feed ( kg/f ish) 
Average dai ly feed 1 1 2 692  896  8 1 2  6 9 2  5 3 3  8 40 1 ,  1 00 
(offish) 
Average body weight 1 1 . 5 1 0 . 4  1 0 . 6  1 1 . 4 1 2 . 4  1 4 . 0  1 5 . 6  1 7 . 4  
( kg )  
Average dai ly 1 6 . 7  8 . 5  7 . 1 5 . 6  3 . 8  5 . 4  6 . 3  
feed ing rate (%) 

S u b  G.  
Total Total 

1 993 Amount fed 2 , 040 1 , 945 9 7 1  4 , 9 5 6  30 , 4 1 6 
(k!l) am 
1 993 Amount fed 2 ,  1 09 1 , 938  9 0 8  4 , 955  23 , 88 6  
(k!l) pm 
Davs of feeding 2 4  2 4  1 8  6 6  2 5 3  
Total ( kg) 4, 1 49 3 , 883  1 , 879  9 9 1 1 54 , 302  
Average month ly 2 4 . 7  2 7 . 9  1 5 . 6  . 68 . 2  2 1 0 . 5  
feed (kg/fish) 
Average dai ly feed 1 , 029  1 ,  1 63 8 67 
(g/f ish) 
Average body weight 1 9 . 2  2 1 . 0  2 2 . 8  
( kg)  
Average dai ly 5 . 3  5 . 5  3 . 8  
feed ing rate (%) 



TAB LE 8 

Water and Ai r Tem peratures and Dai ly  Feed i ng Rates 

Month 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 Y e a r  
- - - - -- - - - - - - - - - - - - - - - - - - A v e r a g e  
Item/Y ea r  

1 9 9 1 
Pontoon 1 (% of b w) 1 . 4 9 . 1  9 . 5  7 . 5  6 . 7  3 . 5  6 . 8  7 . 8  
Pontoon 2 (% of b w) 3 . 4  5 . 4  9 . 8  8 . 2  6 . 3  5 . 5  4 . 7  6 . 2  5 . 7  
Average atmospheric 1 8 . 1 1 7 . 4  1 5 . 2  1 5 . 9  1 4 . 6  1 3 . 7  1 4 . 8  1 7 . 7 1 7 . 9  2 1 . 3  1 6 . 7 
temperatu re °C 
Average water 20 . 6  1 8 . 4  1 5 . 4  1 4 . 0  1 3 . 6  1 2 . 9  1 3 . 7  1 6 . 2  1 8 . 2  1 8 . 8  1 6 . 2  
temperatu re °C 
Averaae visibi l itv m 9 . 45 8 . 85  6 . 9  6 . 1 4 . 1 9 . 2 5  7 . 9 5  7 . 5  

1 9 9 2  
Pontoon 2 (% of b w) 9 . 2  9 . 1  8 . 0  6 . 5  4 . 2  4 . 0  3 . 5  2 . 6  2 . 6  4 . 2  7 . 9  8 . 2  
Pontoon 3 (% of b w) 6 . 3  9 . 5  7 . 5  2 . 9  4 . 4  3 . 0  5 . 3  6 . 1 
Pontoon 4 (% of b w) 1 6 . 7  8 . 5  7 . 1  5 . 6  3 . 8  5 . 4  6 . 3  
Average atmospheric 2 3 . 5 24 . 2 2 1 . 7  2 0 . 2  1 7 . 3  1 5 . 3  1 5 . 6  1 5 . 0  1 4 . 8  1 8 . 9  1 8 . 5  2 1 . 3  1 8 . 9  
temperature °C 
Average water 2 1 . 8 2 2 . 8  2 0 . 6 1 9 . 2  1 6 . 4  1 3 . 8  1 3 . 0  1 2 . 7 1 3 . 2  1 6 . 2  1 7 . 4  1 8 . 8  1 7 . 2  
temperature °C 
Average visibi l ity m 7 . 7  7 . 7  8 . 2  8 . 1  9 . 2  1 0 . 3  1 0 . 2  9 . 0  8 . 8  

1 9 9 3  
Pontoon 2 (% of b w) 4 . 7  5 . 5  5 3 . 5  4 . 1 
Pontoon 3 (% of b w) 5 . 3  5 . 8  5 . 6  3 . 7  4 . 0  
Pontoon 4 (% of b w) 5 . 3  5 . 5  3 . 8  - -

Average atmospheric 2 3 . 5  24 . 2 2 1 . 7 2 0 . 8  1 8 . 3  2 1 . 7  
temperature °C 
Average water 2 1 . 8 2 2 . 8  20 . 6  1 9 . 2  1 7 . 4  2 0 . 4  
temperature °C 
Average visibi l ity m 8 . 9  9 . 3  1 0 . 5  1 0 . 4  7 . 8  



TAB LE 9 

Average M onth ly Water and Ai r Tem perature,  Vis i b i l i ty and Sali n ity 

Month 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 Y e a r  
- - - - -- - - - - - - - - - - - - - - - - - - A v e r a g e  
Item/Y ea r  
1 9 9 1 
Atmospheric  1 8 . 1  1 7 . 4  1 5 . 2  1 5 . 9  1 4 . 6  1 3 . 7  1 4 . 8  1 7 . 7  1 7 . 9  2 1 . 3  1 6 . 7  
temperature (°C) 
Water 20 . 6  1 8 . 4  1 5 . 4  1 4 . 0  1 3 . 6  1 2 . 9  1 3 . 7  1 6 . 2  1 8 . 2  1 8 . 8  1 6 . 2  
temperature (°C) 
Vis ib i l ity (m) - - - - - - - - - - -

Sal in ity 3 6 . 03 3 6 . 05 3 6 . 02 3 6 . 3 2  3 6 . 2 1  3 6 . 5 1  
concentration (%) 

1 9 9 2  
Atmospher ic  23 . 5 24 . 2  2 1 . 7  20 . 2  1 7 . 3  1 5 . 3  1 5 . 6  1 5 . 0  1 4 . 8  1 8 . 9  1 8 . 5  2 1 . 3  1 8 . 9  
temperature (°C) 
Water 2 1 . 8 22 . 8 20 . 6  1 9 . 2  1 6 . 4  1 3 . 8  1 3 . 0  1 2 . 7  1 3 . 2  1 6 . 2  1 7 . 4  1 8 . 8  1 7 . 2  
temoeratu re (°C) 
Visib i l ity (m) - - - - 7 . 7  7 . 7  8 . 2  8 . 1 9 . 2  1 0 . 3  1 0 . 2  9 . 0  8 . 8  

1 9 9 3  
Atmospher ic  23 . 5 24 . 2  2 1 . 7  20 . 8  1 8 . 3  2 1 . 7  
temperature (°C) 
Water 2 1 . 8 22 . 8 20 . 6  1 9 . 2  1 7 . 4  2 0 . 4  
temperatu re (°C) 
Visib i l ity (m) 8 . 9 9 . 3 1 0 . 5  1 0 . 4  8 . 3  9 . 4  
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Fig. 22 Cahnges i n  water temperature and average dai ly feeding rates i n  pontoons 2 & 3 ,  
featuring long-term rear ing 
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Fig . 23 Progress of growth of farmed sourthern bluefi n tuna and changes in  atmospheric and 
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Feedi ng_ 

67 . I n  general , the feed has not changed over the 1 99 1 -95 period-being larg ely 
pi lchards  from Port L inco ln  and WA ( Sardinops neopilchardus ) - and more 
recently imported pi lchards and h erri ngs from Europe and p i lchards from 
Cal ifo rn ia. Other po ints are : 

( 1 )  The p i lchard s  are general ly 1 0-22cm i n  length . 

(2)  F I R DC's i n it ial scepticism of th is  proposal centred on  obtain ing 
adequate feed with i n  Austral ia .  Th is was justified . Poi nts are : 

( a) The smal l amounts of p i lchards  requ i red for the i n itial project 
were caught u nder a special l icence i ssued by the SA 
Government .  P reviously on ly tuna boats catch ing l ive bait for 
f ish i ng  operations had been al lowed to take p i lchards 
commercial ly. Even with the development of  a 3 ,500 tonne Port 
Li nco ln  pi lchard f ishery, th i s  i s  i nadequate to supply the farms. 
Even a further 5 ,000 ton nes from Western Austral ia has not been 
ad eq u ate . 

(b)  Dur ing 1 993 , one major farmer tr ied Tasmanian jack mackerel 
but it has the probl ems of : 

Avai lab i l ity is  uncertain .  

I t  i s  generally too big and needs to be cut u p . 

When landed i n  Victor ia and trucked to Port L i nco ln  it i s  
more expensive than other options .  

(3)  I m ported feed is read i ly  avai l ab le  at competit ive pr ices from Africa but 
requ i re very large sh i pments beyond the freezer capacity in Port 
Li ncol n .  I n  contrast pi lchards from Japan (unt i l  1 995) , Europe and 
Cal iforn ia ,  w ith regu lar contai ner  loads,  have the advantages of not 
having  to hold l arge stocks, and so are of better qual ity. Nate. : 
Importing feed from Japan also has the advantage of provid ing a 
natural cu rrency h edge against fl uctuations i n  the $/Yen exchange rate 
( ie .  for tuna prices) . The reduced cold store capacity i n  Port L incoln -
down to 3 , 000 tonnes i n  1 993 - was a problem.  However,  another 
1 200 tonnes was bu i lt in 1 995 ahd 1 996. 

68 .  The ATBOA has a strong l i nk  with the CRC prog ram on nutrition (see later) , 
targeti ng at f ind ing  a su itab le pel let fo r the tuna. From 1 994 to 1 997 the 
research farm has been testi ng a range of pel lets . The latest resu lts show 
competitive costs , but g rowth rates are far below that of pi lchards. Another 
i n it ial major prob lem was wean ing the f ish onto pel lets - at f i rst they took up  to 
two weeks and lost cond ition i n  that period , as wel l  as weaken ing their  
resistance to any h ealth pro blems. Th is  problem has been largely overcome 
by the use of attractants i n  the pel let. 

69 .  The  feed ing  techn iques developed by  the research farm i n  1 99 1  and 1 992 
were as fo l lows. The frozen pi lchards were taken from cold storage for 
thawing one or  two days before use .  Obviously assessing how much the fish 

Grow-out of Southern Bluefin Tuna (SBT) 



4 6  

wou ld  eat o n  the day was largely guess work. The thawed bait was then 
transferred to the farm in the work boat. At the farm the pi lchards were m ixed 
with · the vitami n  (see below) powder w h ich conta ined a sticky substance for 
ad hesion of the powder The feed was then scattered across the surface of 
the pontoon by a shove l .  

70 . Although wet feed remains  the domi nant feed , the method of feedi ng has 
somet imes changed from the shovel techn ique to thawing of b locks (about 
1 5kgs) in a smal l  cage in the centre of the pontoon . This  saves the need to 
thaw the feed up  to 24 hours before feed ing , but has proved to have som e  
pro blems. These i nclude : 

( 1 ) Uneven g rowth between f ish i n  the pontoon , as there does appear to 
be a feed ing  h ie rarchy. 

(2) More envi ronmental prob lems u nder  the pontoons.  

Feed ing  techn iques are moving back to shove l l i ng ,  o r  to blowers to get a 
more even spread of feed across the pontoon .  

7 1 . The research farm, from the start,  used a supplementary vitamin  powder 
mixed w ith the wet feed at a 1 : 1 00 ration . I n itial ly the powder was i mported 
from Japan (¥550/kg fob) but has now been replaced by local powders. The 
i mpo rted powder i ng red ients were tochophenol , th iam ine  n itrate , r iboflavin ,  
pyr idox ine hydrochlor ide ,  n icot ine-acid amid e ,  calci u m  pantothen ite, fol ic  
acid ,  i ron  peptide ,  xanthan gum,  starch , seaweed powder, s i l ic acid 
(anhydride ) and beer yeast powder.  

72. There is  some dou bt how much these supplements accel erate i nju ry 
recovery because of the loss of powder  i n  the water .  However, recent 
evidence is that they are reasonably effective in stress and inj u ry recovery, 
and in maintai n ing better f lesh colour .  Obviously the system of thawing in the 
pontoon itself excl udes the use of supplements. 

73 . The feed conversion rates i n  1 99 1  and 1 992 were extremely h ig h  because of 
the method of transport wh ich led to a s ign if icant period of not eating due to 
stress. The feed conversion ratio ( FCR) was g rad ual ly improved from the 
early research farm days to be around 1 5 : 1  in m id- 1 993 . S ince then , it h as 
been substant ial ly i mproved by the capture of the fish earl i er i n  the summer 
(eg . December/February) . Th is  has enabled g rowth of u p  to 5kg/month , with 
h igh  dai ly feed/body weight l evels ,  but nevertheless a much better FCR .  

7 4 .  Note that :  

( 1 )  Feed must be b lock frozen - freez ing i n  bri ne  had serious effects on the 
tuna because of sal i n i ty. Bri ne-freeze feed caused fish on the research 
farm to swim with the dorsal and tai l fi ns breaking  the surface , and 
show l ittle appetite . 

(2)  A 1 994 study by I F IQ of changes i n  the protei n and other qual ities of 
frozen tuna feeds showed sign if icant thawing losses and the i mpact of 
poor storage p ractices .  This has led to a reassessment of the 
techn iq ues used (see A ttachment Eight for a summary of the 
recommendations i n  that R eport) . 
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Harvesting 

75 . The f i rst research farm harvest took p lace on  20 August 1 991 . The 
harvest ing techn iq ues d iffered l itt le from the po le  and l i ne  trad itional ly used . 
It was on ly  i n  1 994 that some of the i ndustry moved towards h arvesting by 
net. The merits of the l ine and net methods (crowding the f ish) are sti l l  bei ng 
assessed . The issues remai n :  

( 1 ) When harvest ing large  n umbers (eg . over 80 f ish ) ,  netting is the on ly 
effective method . 

(2)  In  w inter i t  is very d i fficu lt to attract the fish to bite, and netting is the on ly 
effect ive harvesting method . 

(3) N etti ng sometimes requ i res d ivers, but w ith new systems developed by 
Austra l ian Bluefin Pty Ltd , d ivin g  i s  not necessary. 

(4) However ,  w ith netting  it is d ifficu lt to precisely estimate the numbers 
harvested , so affecting freight and processing schedu les. Note that 
b igger operators have no d iff icu lty hand l i ng  th is .  

76 .  The techn iques used on  the research farm (Figure 26 ) were : 

( 1 ) Harvest of around one tonne usual ly took 5-6 operators for fi sh i ng ,  
d iving ,  gaffing ,  g i l l i ng  and g utti ng  or other processing , scar ing b i rds ,  
etc. The gaffs used were stai n l ess steel 8mm d iameter ,  35-40cm long .  
The fish were g affed i n  the head (except i n  the g i l l  covers) . The blood
d rai n i ng spike was inserted 5-7cm beh i nd the root of the pectoral f ins 
o n  both sides. 

(2) Catchi ng was by pol ing  and l i ne .  Ki l l i ng was by spik ing and the blood 
d rai ned by cutting beh i nd the base of both pectoral fi ns .  The spikes 
used were stain less steel ,  1 Omm d iameter ,  35-40cm long .  S ince then 
the spiker has been i mproved , i nclud ing use somet imes of a serrated 
edge (see Figure Twenty Seven ) . Fish were then put in the cool ing 
tan ks. On the research farm trad itional methods were used . On 
harvest day a two-tonne  FR P coo l i ng tank  was prepared using 20kg 
bags of crushed ice (around 200kg total) and 1 2kg or rock salt, 
fo l lowed by 1 .2 tonnes of pu re water, and ci rculated with a reci rcu lati ng 
pump ( 1 80 l/m) w ith a spri nk ler-type nozzle attached . The sl urry used 
to coo l  the harvest f ish was general ly at 1 2  to 1 5° C . Four  to five hours 
after harvest, the water was exchanged to avo id possi b le  freezi ng and 
to el im inate accumulated blood and s l ime.  The f ish were cooled for 24-
28 hou rs before processing - w ith body temperature around 0 .8- 1 . 2° C. 
(Figure Twenty Eight measu res the changes in  the body temperatu re 
of two sample fi sh ) .  
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(3)  At the processi ng plant , measurements were taken of the fork length , 
body weight and body temperature .  Again trad it ional processing 
methods were used . A kn ife was inserted in the anus and cut about 5-
1 Ocm towards the vertical fi ns - ensuri ng a clean cut with no ragged 
edges. The fi ngers were used to pu l l  out the i ntest ines wh ich were cut 
off at the root to ensu re noth ing remains. Testes or  ovaries can often 
stick to the roof of  the anus, and were always removed to ensure 
freshness. The g i l l  covers were then opened wide and a cut made 
th rough  the central membrane of the g i l ls and i nternal o rgans from the 
head to the rear of the mouth , fo l lowing the l i ne  of the g i l l  cover . An  air  
fi l l ed dr i l l  fitted with a nylon brush head (No.  1 50 to 250 g ut) was used 
to clean around the i nterior  of the g i l l  covers, ri ns ing with water at the 
same time .  The bel ly  and g i l l  cavities were then washed in a water-ice 
poo l , usi ng a cloth to remove sl i me and excess moistu re. The fish were 
then packed one or two to a box, w ith one or two 500-600g bags of ice 
in to the g i l l  cavity. 

(4) As the emphasis is on red ucing the temperature of the fish at a fast but 
consistent pace, d ifferent processi ng methods are contin ual ly tried . It is 
sti l l  '10t clear whether fu l l  or  part g i l l  and g utting on the g rounds is the 
best approach . Part processing on  site ( includ ing bleed ing) , overn ight 
cool i ng  and then fu l l  processing n ext day, i s  the method practiced by 
some farmers. Others process almost fu l ly  on the g rounds .  I n  both 
cases al l  waste is carried to shore. 

(5) Typical times from harvest to market d u ring the research project are 
outl i ned i n  Table Ten. 

Meat Quality Data 

77 .  Between August 1 991  and M ay 1 993 , seven meat qual ity analyses were 
carried out on a farmed SBT and compared with two wi ld  samples. The tests 
were carried out by the Japan Frozen Foods I nspection Service . The 
experiment fo l lowed the procedures from the Japan Foodstuffs Standard 
Com posit ion Tables. The exception  was the metmyog lobin analysis ,  based 
on the S imp l i f ied Bite Method from the Takai Regional Fisheries Research 
Laboratory Bu l leti n ( 1 976) . The K value  was determ ined by co lour 
chromatog raphy (pers. comm.  Koga) . 

78 . The normal sampl ing portions for S BT and N BT are shown i n  Figu re Twenty
N i ne .  Table Eleven shows the standard official constituents i n  Japan for 
SBT and N BT.  Table  E leven summarises a l l  the results of the tests. The 
comments on the data are i n  the fol lowing parag raphs. 
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Fig. 26 Sketch of f inal  harvesting from pontoon nets 
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TABLE 1 0  

Resea rch Farm Expe r ience of H a rvest/M a r ket Sc hed u les 

Aug . 1 99 1 -Nov. 1 992 Nov. 1 992-May 1 993 
------------- ------------ --------- --------------------�-----

Process Uay Iin1e Iin1e Uay Iin1e Iin1e Comment 
Iakeo Iakeo 

Harvesti ng O n e  9- 1 1 2 One  9- 1 1 2 
------------- ------ i-------- ------ ---·----

Coo l i ng 1 1 - 1 4  3 Two 1 1 - 1 4  2 7  
------------- ------ ------- --------t--------�----

Processing/ 
Packing 1 4- 1 5 1 1 4 - 1 5 1 

----------- ------- ------- --------1------·-1------- ------ -------

Cold Storage 1 5- 1 7 2 1 5 - 1 7 2 
------------ ------ ------- -------1------·-�---,__. 

Road Freig ht Two 1 7- 1 3 2 0  Th ree 1 7 - 1 3 1 0  Syd/Tokyo 
------------- ------- ------- ------- ------t------- ------ -------

A i r  Fre ight T h ree 22-08 1 0  Fou r  22-08 1 0  Syd/Tokyo 
------------- ------ ------- -------- -------,__ ____ ------ -------

Customs 
(Narita) 08- 1 2 6 08- 1 2 

------------- - ------ ------- --------------�-----· 

Market Fou r  F ive Various 

J apan 

Source: OFCF Experts 
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7 9 .  Moisture Content: Figure Thirty shows the seasonal changes i n  mo isture 
content and  l i pid l evel for farmed tuna - showi ng a clear i nverse relationsh ip .  
Duri ng the  period when  l ip ids accumu late, moistu re content fal ls .  I n  many 
cases the two values sum to between 70-80 per cent. The trend is s imi lar to 
N BT observations  (pers comm . Koga) . 

80 . Protein Content: Compared with the Standard Composition Tables the 
variations between the akami and taro parts are sig n ificant, overal l greater 
than the Tab les. Wi ld-caught SBT had a h igher protei n  content than the early 
farmed S BT 

8 1 . Lipid Levels: These vary between 0.6 per cent and 27 .6  per cent. These 
l i pid  l evels are rough ly equ ivalent to the l evels of the o i l  i n  N BT.  For farmed 
S BT there are sig n ificant seasonal variations in l i pi d  l evels - w ith d i fferences 
w ith i n  su mmer, and h igher average o i l  l evels  in w i nter. U nfortunately the 
n um ber  of tests d id not al low defin i tive concl usions .  

82 .  Carbohydrates (sugars): The SBT farm levels var ied between 0 . 1 and 
1 .4 per cent compared with 0 . 1 per cent i n  the wi ld  tuna Composition Tables. 
The d i fference is  presumably due to the much shorter time (30-60 seconds) 
between capture and k i l l  of farmed S BT. Rapid ly k i l led f ish consume l ittle 
g lycogen , and therefore sugar l evels remain h ig h .  

83 . Freshness Indicators (K Leve ls) : K level is the measurement commo n ly 
u sed for freshness measuring .  Adenosin e  triphosphate (ATP) , a chemical 
d ispersed th roughout the muscle fibres of f ish , h as a n umber of crucial 
b iochemical  ro les. I m mediately after d eath , ATP decomposes successively 
through e nzyme act ion to adenosi ne d iphosphate (ADP) ,  adenosine 
monophosphate (AMP) ,  inosi n ic  acid ( I M P) ,  i nosi ne  (HxR)  and hypoxanth ine  
(Hx) .  Therefore , i f  we know how much ATP has decomposed , we can 
measure the t ime e lapsed s ince the f ish's death ( ie .  freshness) . The degree 
of decomposit ion of ATP , or alternatively, the l evel of accumu lation of the 
decomposit ion products HxR and Hx, is represented by the K value  shown 
be low . 

K val ue percentage = HxR + Hx 
x 1 00 

(ATP + ADP + AMP + I M P + HxR + Hx) 

I n  short, as freshness d rops, so do the ATP , ADP ,  AMP and I M P  
concentrations whereas the HxR and H x  values r ise, thus maki ng the K value 
h igher .  Compari ng the K valu es for farmed SBT with other marketed tuna 
produces the fo l lowing resu lts : 

Farmed S BT (Tokyo Market) 
Top qual ity tu na (Tokyo Market) 
Commercial ly avai lab le sash i m i  

7 .8- 1 7 .8  % 
0-35 % 
0-37 % 

84 . The K val u e  d eteriorated when the new processi ng methods were adopted . 
From August 1 99 1  to end October 1 992 the SBT were coo led for four  to f ive 
hou rs on the day of harvest, then processed , packed and sh ipped . From late 
1 992, they were cooled for 24-28 hours after harvest and then processed . 
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TABLE 1 1  

Sta ndard Constitue nts of Northern and So uthern Bl uefi n 
as Provided i n  J apan Food Standard Constituent Tables 
( g/1 OOg of edi ble parts) 

I t e m  M o i st u re P rote i n  L i p i d  C a r b o h y d rates A s h  
- - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·� - - - - - - - -

T y p e  

NBT (red meat) 6 8 . 7  2 8 . 3  1 . 4 0 . 1 1 . 5 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -r---------- - - - - - - - - - - - - -- - ------

NBT (fat) 5 2 . 6  2 1 . 4  24 . 6 0 . 1 1 . 3 
------------------- ----------- ----------�--------r--------------- -------

SBT (red meat) 65 . 6  2 3 . 6 9 . 3  0 . 1 1 . 4 
- ----- - - --- - - ------ ----------- ----------�-------�r------------ - -- -------

SBT (fat) 63 . 9  2 3 . 1 1 1 . 6 0 . 1 1 . 3 

Source: From 4th Revision Japan Food Standard Constituent Tables 
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Fig.  29 Portions sampled for muscle speciments inmeat qual ity tests (excluding bone, ski n ,  
and red muscle) 
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Tabl e 1 1  

M eat qual ity constituent analysis resu lts fo r farm ing-reared sou rthern b luef in  tuna 

Date & Weight (g.g.) 1 991 .8.27 1 2kg 1 991 .8 .27 1 4.0kg 

Tesiltem----------1---,..0�-Porti0n--------r-(1)---r-(2)-l--<3>--l-<4)--T-<s) ___ lc6) ___ 1_<7) ___ T_c8) ___ T_(9) ___ 1_0o) __ _ 
--------------�---------------�---- -�---��-----�-----+------'-----�------�-----�-----�------

Moisture g/1 OOg 57 . 6  63 . 5  I 67 . 7  58 . 5  63 . 5  68 . 1  

-------------------------------------------�------!------�------+-------�------+-------+------Prote in  g/1 00 22 . 8  I 2 7 . 4  I 2 8 . 3  23 . 4  27 . 4  27 . 9  

-------------------------------------------�------!------�------+-------�------+-------+------Lipid g/1 00 1 8 . 2  7 . 6  2 . 5  1 0 . 7  6 . 5  1 6 . 8  9 . 6  2 . 4  4 . 3  9 . 9  

������-���

-

�l���������l��;����;���;�J-���������:-�

-

�--��-1 __ :_�-�----�-�---�---Ash g/1 00 1 . 1 1 . 2 1 . 2 1 . 0 1 . 2 1 . 3 

-----------------------------------+-------�------1------�------+-------�------1-------+------+------�--------Energy kcal/1 OOg 2 69 1 88 I 1 44 2 5 8  1 8 0 1 42 

-----------------------------------+-------�------1------�------+-------�------1-------+------+------�--------K value % 7 . 8  9 . 4  

-----------------------------------+-------�------1------�------+-------�------1-------+------+------�--------The Metmyog lobin to Total 
Myoglobin Ratio % 22 . 0  I 20 . 5  I 2 4 . 0  1 4 . 5  1 3 . 5  1 5 . 0  1 8 . 5  27 . 5  



Table 1 1  Cont. 

Date & Weight (g.g .) 1 99 1 .8 .27 1 4.4kg 1 991 .8.27 1 8.8kg 

Test Item Test Portion ( 1 ) (2) (3) (4) (5) ( 1 ) (2) I (3) I (4) - +-��-:----------------�---------------�-----�----�-----�-----�------+-----�------�-----�-----

Moisture g/1 OOg 5 5 . 9  65 . 0  I 68 . 4  6 1 . 8  69 . 9  I 70 . 4  I l ----�-1----�--------------------------------------+-------�-------l------�------+-------�------i-------+------
Prote in  g/1 00 2 3 . 4  I 2 6 . 1 I 28 . 0  - ' 24 . 7  2 7 . 2  I 21 . 1  
-- ------------------ - - - ---- ----------------L------L------�------�-------�-- -----L---- - ---�---- --�- -- -- -------- - -

Lip id g/1 00 1 9 . 4  7 . 4  2 . 1  4 . 9  7 . 0  1 1 . 8 1 . 2 0 . 6  7 . 4  4 . 4  

Cafbohydrates _______ 1 _ _ _  Non-t1t>rc;-us-911<>a9--r---a�--r-o.2-y-a�--1----�-1----�--r-0�s-y--aA--1 o .  5 1 - J -
Energy k1 

---------------- ----------
Ash g/1 00 1 . 0 1 . 3 1 . 3 1 . 2 1 . 3 1 . 4 
-------------------------------------------�------'------�------+-------�-----4--------+------+---------------

=::�!-�������---�-------�-�----�--�_:_-�-�����.::'�]----�-1---__:-�-���-�����--'_2_'.'.__f----��----�---
K value % - 9 .  1 - - - - 1 O .  1 - - -

- ----- ------ ------- . 
The Metmyog lobin to Total 

Myoglobin Ratio % I 2 1 . 5  I 25 . 5  I 2 4 . 0  I - I 22 . 5  I 40 . 5  I 32 . 0  I 3 1 . 3  I - I 4 1 . 0 



Table 1 1  Cont. 

Date & Weight (g.g.) 1 991 . 1 2. 1 0  1 9.0kg 1 992.2 . 1 1 24.2kg 

Test1t0n;----------1--,_e5t-P-arti0n--------r-(1>---r-f 2>--l-(3)--l-<4)--T-(s)---r-(1)-�l-f2> ___ T_<s)--T-(4)--l-(s) ___ _ 
--------------.f-----------------+--------+-----�------+------+-------j.------+------+------+-------------

Moistu re g/1 OOg 62 . 9 69 . 9  I 7 1 . 3  64 . 9  70 . 0  7 1 . 2  
rr0t:e1n-91100-----------------�------r--24�--r-21.2�-r2s:-s--1----:-r----�--122�9--r-24�--r-2s�6-+------1--------

L�Tci91100---------------------------r--11:?--1--�3--r-a:?--1-10�9-r---s:2--1-9�2--r--2:2--r--1�5-r---i3-1--4�1---

carbohydrates _______ l ___ Nor1-fii>rous9noo9-- ---0:2-----o-.3----a�--- ----:- ----�----o�s-----o:g-- --1�2- ----�-- -----=---

Energy kca/1 OOg O O O - - 0 O O - -

---------------- ----------------- ------- -------------- ------ -----�-------------- ------+---------------Ash g/1 00 1 . 1 1 . 3 1 . 3 - - 2 .  5 2 .  0 2 .  5 

-------------------------------------------�------+------4------+-------�------1-------+------+------,--------Energy kcal/1 OOg 2 1 3  1 28 I 1 1 9 1 85 1 2 8 1 1 9 

K value % 8 . 1 1 1 . 5 

-------------------------------------------�------+------�------+-------�------+-------+------+-----_, _______ _ The Metmyog lobin to Total 
Myoglobin Ratio % 32 . 5  I 2 3 . 5  I 2 6 . 0  47 . 0  I 39 . 0  33 . 5  3 6 . 0  38 . 5  



Table 1 1  Cont. 

Date & Weight (g.g.) 1 992.3. 1 0  22.Skg 1 992. 1 2.22 1 4.2kg 

Testltem----------1--,_0s:t-F>ortk>n--------r-(1>---r-f2>--l-(3)--l-<4)--T-<s)---1-<1)--l--f 2>---T-<3)--T-(4)--l-(s) _ _ _  _ 

--------------�---------------�-------+---- -�---�-�-----+------+-----�------�-----�-----+------

Moisture g/1 OOg 60 . 2 67 . 8  I 69 . 9  5 6 . 7  65 . 4  69 . 2 
-----------------------------------+--22:-s--1�6.a�-r-24��-1----:-r----�--120�2--+-------+------+-- - - --1----- - - -

Prote in  g/1 00 25 . 6 26 . 8  

L�Tci91100---------------------------r--14�--1--4:a--r--3�--1-1a�6-r---7.4--121�9--r---1.6--r--2�5-r--27.6-1-14�1---

���::����

-

���J

-

��������l�����l��;������j���������-:-�-�--�;--�--:-�+----��--------
Ash g/1 00 2 . 5  1 . 4 1 . 4 1 . 0 1 . 2  1 . 2 
Energy

-kcainoo9----------------------r--23-o--1-151--r-131--1----:-r----�--1-292--r--1so--r-1-3s-+------�--------

K-value-o/:---------------------------y-----:-1-14:2--+------1------+-------�------+-------+------+---------------
--------------------------- -- ---- - -T- - - - ---r------+------�----- -+- - --- - -�------+--- - - - -+------+---- - --- - - -----
The Metmyog lobin to Total 

Myoglobin Ratio % I 26 . 5  I 29 . 0  I 24 . 5  4 1 . 0  3 0 . 8  3 0 . 5  2 9 . 0  33 . 0  



Table 1 1  Cont. 

Date & Weight (g.g.) I 1 992. 1 2.22 27 .6kg 1 993.4.26 1 7 .0kg 1 993.4.26 29 .6kg 

-iestTtem------r-----re5tPo�on----1-0>--T-(2)--f (3)_1_(4)_l_(s)-r(1)-T-<2)l--iS>_r_<4>_T_(s)l-0>-1-<2)-f (3)-1(4)--T(5> __ _ 
--------- --�--------------+----r----r----+----+-- -�----+----r---�- ---+----�---�----�----+----+----

Moisture g/1 OOg 5 6 . 5  6 6 . 2  I 6 9 . 7  6 5 . 4  I 6 9 . 6  I 7 0 . 4  6 2 . 0  I 6 6 . 9  I 6 9 . 3  

----��----+-----+-----+-----+-----�----+----�----�-----�----------
Protein g/1 00 2 1 . 2  2 6 . 2  I 2 6 . 5  2 4 . 5  I 2 6 . 7  I 2 7 . 2  2 3 . 0  I 2 5 . 6  I 2 5 . 9  

Lipid g/1 00 2 1 . 2  6 . 2  I 2 . 2  127 . 5  I 1 3 . 3  7 . 3  2 . 1  I 0 . 7  4 . 9  I 0 . 4  I 1 3 . 0  I 5 . 8  3 . 0  7 . 5  

-cartiohydrates1 _____ Non�brous9/1oo9 -0�2- --0.2- -0.3- ---- --� -�4- -o�3 o�3- ---- ---- -0�6 -0�;- -o�-�-----

Energy kca/1 00g o o o 
------------ ---------------- ----- ----- ----�-----4-------4-----�-----4-----�----�----4----4-----�----------

Ash g/1 00 0 . 9  

Energy kcal/1 OOg 290 

1 . 2 I 1 . 3 1 . 4 

1 70 I 1 34 1 78 

1 . 3 I 1 . 4 1 . 4 I 1 . 4 I 1 . 5 

1 34 I 1 23 222 I 1 64 1 39 

-Kva�0-o1o----------------------1---�-r---�-r--�-1--�--,----�-,----�-1-1i9---t-----�---- ----�-----r----�-----
1 7 . 8  

The Metmyoglobin t o  Total 
Myoglobin Ratio % 34 .7  38 .7  I 47 . 5  42 . 5  I 4 1 . 1  I 37 . 3  I 6 4 . 5  - · 7 1 . 7  I 5 6 . 9  I 48 . 5  I 6 2 . 9  

3 . 8  

6 8 . 8  
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Fig . 30 Seasonal changes i n  farmed southern bluefin tuna moisture (portion 1 )  and l ipid 
(portions 1 and 4) ( 1 991 -93) 
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85 . Meat Colour (Metmyog lob in  fo rmation) : The muscle f i bre p igment 
myog lob in  (Mb) combines w ith oxygen in the atmosphere to form 
oxymyoglob i n (Mb02) to g ive meat its bri l l iant red colou r . However,  if 
exposed to the air  fo r a long time, M b02 is oxid ised to form metmyoglobi n 
(metMb) and the flesh colour  changes to an unacceptable brown or blackish 
brown . The ratio of metmyoglobin formation represents the ratio of metMb 
compared w ith the total M b. 

86 . Figure Thirty One shows a g raph of the rate of fo rmation of metMb for N BT 
(2 x 2 x 4cm strip) over a period of 5 days. Th is is close to the t ime it takes to 
de l iver farmed S BT to the market after harvest . When the val ues for farmed 
SBT are assessed the resu lts were good , except for one sample on 
30 Apri l  1 993 . 

Farmed SBT - Questionnaire Results 

87 . The test was on  5 September 1 99 1  using a range of experts i n  Japan . 

88 .  Extra to the attached questionnai re resu lts (see Attachment Six ) the experts 
mad e  the fo l lowing comments : 

( 1 )  Colour: 69 per cent answered good o r  very good on  the akami w ith 
9 per cent assessing  it as pale .  Nate_ : The proportion of akami in 
farmed SBT is  low compared with wi ld-caught SBT, though th is  gap 
narrows with f ish size. 

(2) Oiliness : 80 per cent answered good or very good , surprising ly h igh  for 
smal ler  SBT. Some of the experts thoug ht that the oi l  level was too 
h ig h  and heavy. 

(3) Texture: 72 per  cent answered good or  very good . The 7 per cent 
judg ing  it as poor assessed it as lacking a def ined shape when it was 
cut i nto sash im i  p ieces and was too soft. 

(4) Freshness: The experts knew about the short ti me between harvest 
an d  tast ing - it is no surprise that 80 per cent assessed freshness as 
good or  very good . 

(5)  Overall : 8 1 per cent assessed the qual ity as good or very good w ith no 
responses of poor or  very poor. 

89 .  Subsequ ent experience has been that h ig h  fat ga in  i n  summer has inevitably 
produced a paler  meat ,  particu lar ly compared with w i ld-caug ht SBT and 
wi ntered farm f ish . At th is stage there is  no real i nd icatio n  that bigger fish 
have better colour .  Therefore when frozen w i ld-caug ht S BT is compared w ith 
farmed S BT,  the latter is preferred on  o i l i ness and freshness, but frozen rates 
better co lour .  

Grow-out of  Southern 8/uefin Tuna (SB1) 
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x: metmyogtobin conversion ratio in this project, portion 1 

· - - - -x- - - - (D) (sam ple taken up to 2mm beneath the su rface) 

__ ...,._ __ (S) (sample taken 5· 1 umm beneath the surface) 

(S) Meat with a surface 
temp. of 2°C 

(O) Meat with an inner 
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Fig. 31 Time-lapse changes in the metmyoglob in  conversion ratio of b luefin tuna stored at 
2-30°C (except from Sito , 1 976) , and the metmyoglobin conversion ratior on  the Sth 
day i nportion 1 of southern b luefin tuna sh ipped i n  this project 
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Fish Health 

90 . Dur ing the project , and subsequently, there has been no evidence of ser ious 
health problems. Despite th is the ATBOA has employed a fu l l -time scientist 
on fish h ealth to develop a long-term data base and respond to any crises. 

9 1 . Duri ng 1 99 1  and 1 992,  of the 1 ,006 f ish marketed , on ly  5 were reported to 
have the parasite kudoa ( ie .  0 .5 per cent) , thought to be the most common 
parasite in tu na. I t  is  not clear whether th is  i s  any d ifferent from wi ld-caught 
tu na because of the l ack of data. However, subseq uent su rveys of farmed 
SBT showed : 

( 1 ) Fish caug ht inshore off Port L inco ln  (eg . Rocky I sland , Cabbage Patch ) 
have a much h ig her i ncidence of parasites, i nc lud i ng kudoa. A l l  the 
exper imental farm fish came from i nshore .  

(2)  The i ncidence of parasites d ecreases w ith time i n  the farm (Rough 
1 994 ) . The exact reason for this is not yet clear, though it is thought to 
reflect freez ing of the feed ki l l i ng feed p i lchard parasites. This  is 
i mportant when the i ncidence of h eteraxin iasis and beneden iasis in the 
w i ld is  con sidered (Rough 1994 ) . 

92 .  Exper ience i n  Japan has emphasised the  importance o f  vitami n  supplements 
in fish health . I n  Austral ia ,  supplements of vitamins C, B, and E are 
particu lar ly i m po rtant as they are lost th rough oxid isation of frozen p i lchards. 

Predators 

93 . The on ly conti n u i ng i ncidence of "predators" d ur i ng the research project was 
smal ler  species eati ng feed . These incl ude Tommy ruff (Arripis georgianus ) ,  
Austral ian salmon (Arripis trutta ) ,  White treval ly ( Caranx nobilis macleay ) ,  
Yel lowta i l  ( Trachurus declivis ) .  These species entered the  n ets when smal l 
and cou ld not escape as they g rew . Tommy ruffs were 6-?cm when they 
entered the pontoons and with i n  a year had g rown to 23-27cm, weigh ing 
300-350g . Species such as Austra l ian salmon and Tommy ruff possibly ate 
up  to 4 per cent of feed . 

94 .  I nside 2 years , one pontoon had an est imated 2-3 ton nes of tommy ruffs. 
Period ic n etti ng  produced 500kg on the first shot but it was d ifficult to catch 
more than 1 0-20kg per shot after that. One Port L inco ln  company 
experi mented with hand- l ine fish ing of Tommy ruffs - about 20kg/time - and 
sent them for smok ing .  Th is experiment was stopped by mari ne scale fishery 
reg u l at io ns .  

95 .  The Austral ian salmon swam into the  nets at around 20cm, became 1 - 1 . 5kg 
i n  1 2  months and 4-4 .5kg i n  two years. When smal l they try to catch the 
pi lchard s  on  the surface but once reach ing  500g they tend to swim around 
the bottom of the pontoon , feed i ng on  leftovers. One operator actual ly 
i ntroduced l arge salmon i nto the n ets to feed on the smal l Tommy ruffs. 

Grow-out of Southern Bluefin Tuna (SBT) 
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Birds 

96 . Seagu l l s  and terns tend to d isrupt feed i ng .  I n  1 99 1 , a 3-4mm thick 
po lypropylene rope was strung th rough the ri ngs at the top of the pontoon to 
d iscou rage b i rds from d iving i nto the water - but the b i rds qu ickly became 
used to th is . N ext a b i rd-proof net was tr ied but d isconti nued because when 
the supporting rope was tensed , the top ri ngs of the pontoon frame bent. 

97 . The commonly used d evice is now a f ive metre bamboo po le w ith a th in 
nylon rope (4-Smm) attached . Using it in  a wh ipping action creates a no i se 
wh ich dr ives the b i rds  away. Whi le th is  is safe and effective ,  it is labour 
i ntensive . 

Sales of Tuna 

98 .  The  experimental sales began i n  A ug ust 1 99 1  and  were period ic u p  unti l the 
end of the project. The in it ial prices were h ig h ,  particu larly for small fish 
(under 20kg) and it was d ifficu lt to separate the underlying  trend from the 
novelty, and seasonal changes.  

99 .  P rices for research farm fish g en eral ly d ropped i n  1 992 to around Y3, 500kg 
as product was i ntroduced from fol low-up operations i n  Port L i nco ln .  Prices 
again d ro pped in 1 993 as vol ume i ncreased . However ,  larger  f ish clearly 
brought a h igher  price. Attachment Seven i s  a typical sales report for the 
research farm f ish . 

1 00 .  Prices have conti nued to fal l  as vol ume i ncreased but appear to have 
stabi l ised around  Y2 , 500/kg average i n  1 996 and 1 997. Th is  reflects a 
mixture of poi nts : 

( 1 ) An  i ncrease i n  q ual i ty to sign ificantly offset the b ig vo l u me increases. 

(2) Much earl i er and larger marketings in the f i rst half of the year, to spread 
sales over  more months. 

(3) Very strong  domestic tuna catch in Japan in  some years. 

(4) I ncreas ing competit ion from areas such as toro b locks from I ndonesia, 
and Tun isia ,  and farmed tuna from the Mediterranean and North 
Amer ica.  

1 0 1 .  I t  is therefore agai n very d ifficu lt to identify the long-term price trend for 
farmed S BT. The qual ity, size and market changes are moving so fast that it 
w i l l  probably be 1 998 or 1 999 before a benchmark pr ice can be establ ished . 
What is clear is  that the qual i ty ( i nclud ing  size) of Austral ian farmed tuna is  
improving substantial ly each year, and that the market is  preferr ing fresh f ish 
to trad itional Japanese caught frozen S BT and N BT.  What is  also clear i s  
that there are large  d ifferentia ls between prices received by  d ifferent 
Austra l ian farms. Th is  ind icates the potential to considerably l ift the average 
pr ice .  

Grow-out of  Southern Bluefin Tuna (SB7) 
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Environmental Management 

1 02 . Th is  section d raws d i rectly on work developed for the ATBOA on the research 
and for the Port Lincoln Aquaculture Management Plan (Bond, 1993 ) . 

U nd er its l icence the ATBOA committed to a comprehensive envi ronmental 
mon itoring  prog ram . Th is has contin ued beyond the i n it ial experiment and is  
now conducted across al l farms by a team from the SA R esearch and 
Development I nstitute (SAR D I ) . The i nd ustry contr ibutes over $200,000 per 
ann u m  to th is program . 

1 03 . It is g eneral ly accepted that fi nfish farming requ i res conti nuous mon itori ng of 
stocki ng rates and the envi ronmental impact . Under the very conservative 
stock ing standards of the Management P lan govern ing SBT farming , the f ish 
agg regatio n  rates are pro bably no  h igher than in the w i ld .  H owever, the 
pontoons are in a static positio n ,  and the feedi ng rates are h igher in farms 
than i n  the w i l d .  

1 04 . When tuna farming  was developed , the large majority of stud ies on the 
impact of fi nfish farmi ng on the environment was for salmon ids.  Much of that 
was also based on operations using pel lets , and based i n  freshwater. 

1 05 .  These previous stud ies identified the main ways i n  wh ich tuna farming cou ld 
i mpact on the envi ronment. These al l need to be conti nuously stud ied ,  and 
i nc l u d ed : 

( 1 ) The effect of waste products on the bottom (sed i ment) and biota, both 
u nderneath and away from the pontoon .  

(2) The i mpact on  d isso lved oxygen levels .  

(3) The more general effects of nutr ients on the water q ual ity i n  the area. 

1 06 .  I n general , waste n itrogen compo u nd and organ ic carbon are the wastes 
g eneral ly con sidered to have the greatest impact ( Bond 1 993 ) .  I n  sol uble  
form they can be excreted i n  u ri ne  and via g i l ls ,  or  particu late form (eg . 
u neaten food ,  muco us,  faecal pel lets) o r  material l eached from sol id s  as it 
si nks .  

1 07 .  Stud ies i n  Scotland on  salmonids have est imated that 50-80kg of d i ssolved 
oxygen is  produced per tonne  of f ish production  each year (University of 
Stirling 1 988, as reported in Bond, 1 993 ) .  Bond 1 993, also notes that a 
number of stud ies i n  Norway, the Un ited States, I re land and Scotland h ave 
reported local i sed i ncreases i n  ammon ia at farm sites (Gowen and Bradbury 
1 987, University of Stirling 1 988 ) .  I n  Norway, stud ies at six farm sites 
reported total ammonia and inorgan ic phesphorous concentrations at the 
cages of 8 to 9 times background ,  to a level of 70ug/I . 

1 08 .  Overseas experience (Bond 1 993 ) has been that such elevated levels of 
nutr ients are very local ised (with i n  50 to 1 OOm of the pontoons) and there 
was no evidence of widespread nutr ient enrichment from sea-pontoon 
operations i n  o pen water bod ies. Woodward et al . ( 1 99 1 ) - from Bond 1 993, 
concluded that there was no evidence to suggest that the accumu lated 
fl uxes of n utr ients from pontoons in the H uon estuary i n  Tasman ia contri bute 
to eutroph ication ,  and phytoplan kton l evels  i n  the pontoons were wel l  w ith i n  
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the no rmal ranges for southwest Tasman ian waters. S im i larly Gowen and 
Bradbury ( 1 987) concl uded that there was no evidence to suggest that the 
occurrence of toxic phytoplan kton blooms in Scotland and i n  Norway are 
re lated to f ish farming (Bond 1 993 ) .  

Port Lincoln Nutrient Studies 

1 09 . Background n utrient l evels  i n  Boston Bay were known to be elevated , 
presumably largely by the u ntreated effluent sewage d ischarge from the Bi l ly  
L ights out fal l  (Bond 1 993 ) . This was treated from 1 993 . However, before 
that the E ng i neering and Water Supply Department ( EWS) had identified the 
nutrient l evels i n  Table 1 below (Bond 1 993 ) .  

N utrient Levels i n  Boston Boston Bay ( 1 979-1 986) 

Earameter Outfall North Shields 
(mg/I) (closest to Research Farm) 

--------------- -------------------�----------------------

Tot-P 0 . 064-0 . 1 4  7 0 . 0 1 8-0 . 023 

N H 3- N  0 . 1 40-0 . 249 0 . 0 1 7-0 . 025 

Ox-N 0 .0 1 0  (1 ) 0 .0 1 0 (1 ) 

TKN 0 . 530- 1 . 070 0 . 220-0 . 6 1 0 

Source: Engineering and Water Supply Department (1 989) from Bond 1 993 

( 1 ) Lowest detectable concentration  

1 1 0 . Resu lts (Bond 1 993 ) from the Research Farm and one commercial farm 
suggest an i ncrease in TKN and ammon ia  w ith i n  the pontoons and up to 
25m from the pontoon .  

Pontoon Area Control Area 

TKN (MG/L) ( 1 ) 

N H3- N  ( 1 ) 
N H3-N (2) 

0 . 1 9-0 . 64 
0 . 0 1 8-0 . 1 1  
0 . 1 3  

Source: Various (from Bond 1 993) 

( 1 ) Research Farm 
(2) SA Marine Farm area 

0 . 1 5-0 .36  
0 . 0 1 7-0 . 035 
0 . 084 

1 1 1 . These research data are supported by model l i ng done du ri ng the Project,  
and s ince ,  by Petrusevics (see Bond 1 993 and below) . Petrusevics based 
load i ngs and d iffusion on actual commercial feed ing  rates and 
oceanograph ic  work .  
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1 1 2 . Petrusevics (Bond 1 993 ) esti mated n i trogen load i ng i n  the water col umn 
from a s ing le pontoon .  Usi ng a feed rate of  approximately 270 tonnes per 8 
months ,  production of 1 3  tonnes and assuming a 3 per cent conversion of 
waste to protei n  n itrogen , a n itrogen concentration of about 1 . 3 mg1-1 
( neg lecti ng d i ffusion)  was calcu lated w ith i n  the volume of the pontoon and 
its projection to the seabed . Note that Petrusevics use of an FCR of 20 : 1 was 
d i fferent from cu rrent ( 1 995) rates of around 1 5 : 1 because of the evolution  
towards feed i ng over  h igher weight ga i n  summer months (see below) . 

1 1 3 . Tak ing i nto account  d iffusion/d i spersion , Petrusevics ( Bond 1 993 ) 
calcu lated the total n i trogen  concentration i n  a si ng le pontoon using the one 
d imensional  d iffusion and advect ion equation .  Based on an advection rate 
of 5cm s-1 , d iffusion co-efficient of 0 . 9m2 s-1 and d i l ut ion factor of .002 the total 
n itrogen concentration at a d istance of 1 OOOm was calcu lated to be about 
0. 003 mgl -1 at a d istance of 1 OOm and 50m the d i l ut ion factors are 
approximately 0 . 006 and 0 .009, and the total n itrogen concentrations  are 
0 .008 and 0 . 0 1 2 mg1-1 respectively.  

1 1 4 . Petrusevics ( 1 996) has more recently mode l led the area i nside the western 
side of Boston I sl and .  

Phytoplankton 
1 1 5 . I n  the fi rst two years of the research farm rough ly the Project period ,  there 

were no p ro blems with phytoplankton blooms in  the vic in ity of the Research 
Farm (Bond 1 993 ) and ch lorophyl l (a) levels in the vicin ity of the tuna 
operations have been of no concern (0. 2 1  - 1 . 26 ug/I) . Cysts of the toxic 
d inof lage l lae A lexandri u m  m in itum have con sistently been found in the 
sedi ments around the main wharf (Hallegraff 1995 ) and the on ly reported 
phytoplankton bloom in the study area was of th i s  species at the main wharf. 
Clarke (Bond 1 993 ) notes that the local ised nature of that b loom and its 
locatio n  suggests that it may have been l i n ked to bal last water d ischarge ,  
wh ich has been shown to be one of the pri ncipal methods by wh ich such 
cysts are transported around the world .  

1 1 6 . Clarke (Bond 1 993 ) further notes that more frequ ent o r  widespread blooms 
of d i noflage l lates (Alexandrium minitum ) in the study area were not 
expected as some of the crucial physio-chemical cond itions conducive to 
large sca le germination  (sal i n it ies 1 4-26 ppt) and prol iferat ion 
(stab le/stratif ied water col umn  with l ittle mixi ng) are not present. However ,  
Clarke noted that i nsufficient i nformation existed to be certain of the effects of 
aquacu ltu re o n  a l l  species of phyto plankton .  

Impact of Particulate Organic Matter 
1 1 7 . I n  Bond 1 993, it is noted that the main i mpact of sea-pontoon operations on  

the  mari ne  envi ronment are the changes brought about to the physio
chemical and b iotic characteristics of the sed i ments w ith i n  the vic in ity of the 
pontoons by the particu late o rganic wastes. 
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1 1 8 . .eb}fsio-Chemical Changes: I n  Bond 1 993, it is noted that under natu ral 
cond it ions  mar i ne sed iments consist of an overlyi ng aerobic (oxygenated) 
zone  and an underlyi ng anaerobic zone . The depth of the i nterface between 
the two is dependent on the balance between the consumption of oxygen by 
h eterotroph ic organ isms (pr incipal ly bacteria) and the supply of oxygen 
th rough  d iffusion and b ioturbation . As the supply of organ ic material to the 
sed i ments i ncreases, so too does the respi ratory requ i rements of the benth ic 
organ isms that break down such material . With contin ued organ ic input the 
oxygen demand of the sed iments w i l l  eventual ly exceed the oxygen supply 
and the depth of the aerobic/anaerobic zone  w i l l  d im in ish u nt i l  the sedi ments 
become oxygen defic ient or anoxic . 

1 1 9 At th is  stage ( 1 996) , there is  no evidence of oxygen demand from sed iments 
becoming  anoxic 

1 20 .  Benthic Community Changes: I n  Bond 1993, it is  noted that the fi rst 
impact on  benthos of organic enr ichment i s  an i ncrease i n  the bacterial 
b iomass and productivity. As enrichment contin ues the number of species 
w ith i n  the benthos d ecreases. L iterature on other species i nd icates usual ly 
a g radi ent effect of o rgan ic enrichment on the benthos, w ith there being an 
azoic zone o rgan isms remain ,  an opportun istic zone  restricted to the 
i m med iate vici n ity of the pontoons (up to 30m from the site) , and a return to 
backgro u nd commun it ies over 30m from the pontoons.  Occasional ly 
impacts on the benthos were identified up  to 1 OOm away from pontoons. 

1 2 1 .  F ie ld studies d ur ing the Project period to assess benthos changes uti l ised 
sed i ment traps and photograph ic tech n iq u es (Bond 1 993) . Sed imentat ion 
rates of up to 4.6 times that of contro l  areas have been recorded d i rectly 
under  pontoons at the R esearch Farm, and between 2 .2  and 6 .6  t imes that of 
contro l areas for the commercial L i ncol n Mari ne Farm Pty Ltd , depend ing on 
stocking rates. A g rad i ent effect on benth ic commun ities was evident with 
d istance fro m  the pontoon centre i n  any one operation .  The observable 
d ensity and d iversity of pre-stock ing commun it ies was reduced most notably 
d i rectly beneath the pontoons w ith h ighest stocking l evels (<2kg/m3) but the 
detectable changes stopped with i n  metres of the edge of the pontoon .  

1 22 .  Subsequ ent research (Cheshire e t  al 1 996 ) showed h ig her  ranges of 
impact as fo l lows. I n  general the epibenth ic commun it ies were i mpacted up 
to 1 50m from the pontoons. Surveys at 200m i nd icated that epibenth ic 
commun ities were not d ifferent from those on the control transect. Effects on 
i nfaunal  communit ies were sign ificant with i n  20m of the pontoons.  

1 23 .  Seafloor: The effect of the farms on  the seafloor was monitored using 
sed i ment co l l ectors, underwater photog raphy and sed i ment samples. 

1 24 .  The data fro m  the sed iment col lectors i nd icate that the area in  which the 
research farm was located was characterised by deposition levels of 1 0-20 
g/m2/d ay. Deposit ion rates were about six times g reater than background 
levels beneath the pontoons, but  retu rned to normal w ith i n  20-40m of  the 
perimeter of  the pontoons. Note that the data obtained d id not i ncl uded the 
whole pi lchards  fed to the tuna wh ich were somet imes seen decomposing  on 
the seafloor, but  d id  i ncl ude substantial amounts of  material from the plant 
and an imal commun it ies wh ich colon ise the predator and fish nets used on  
the farm.  
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1 25 . The data on  sed iment accu mulation from in  situ measurements o n  the 
seafloor were considered un rel iab le because of the tech n iques used and 
farm management practices app l ied over the sampl i ng period . Visual 
o bservations ,  however, i nd icated that sed i ments did accumu late below the 
po ntoons, particularly near the nets at the perimeter. Contact between the 
predator net and the seafloor can lead to occasional erosion and sorting of 
these sed i ments . 

1 26 . Photog raph ic  data and i n  situ observations by d ivers ind icated that the 
sed i ments in the area of the research farm natural ly have on ly a shal low 
aerobic layer at the su rface and became prog ressively more anoxic beneath 
the pontoons.  Data from chemical analysis of sed iment samples suggest that 
total o rganic carbon ,  total phosphate and total kje ldahl  n itrogen i ncreased 
w ith time below the pontoons. 

1 27 .  Fauna and Flora: P hotographic d ata and i n  situ o bservat ions by d ivers 
i nd icated that a relatively low d iversity plant and an imal commun ity 
characterises the deeper, si l ty envi ron ment where the pontoons were sited . 
Th is commun ity, dominated by moderate cover of the h eavi ly epiphytised red 
alga Botryo<;laida obovata, was substantia l ly i mpacted under and adjacent to 
the sea-cages. I n itial ly ,  the percent cover of red alga decreased , and the 
abundance of a number  of opportun istic species (eg . tubeworms, 
ho lothu ri ans ,  and the green alga ( Ulva sp )) i ncreased . With i n  six to twelve 
months from i n it iat ion to farmi ng operations the area beneath the pontoons 
was d evoid  of macro f lora and fauna except for spider crabs wh ich were 
abundant. The recorded impacts probably resu lted from a combination of 
factors : a reduction i n .  l ig ht due to the pontoon nets and the accumulation of 
fou l i ng o rgan isms on  them, the deposition of organ ic  matter wh ich creates 
anoxic sedi ments , and physical damag e  from contact between the predator 
net and the seafloor. 

1 28 .  I n  summary ( Bond 1 993 ) , the sed imentolog ical data shows that the effects of 
the research farm were pronounced beneath the pontoons and decreased 
rap id ly with i ncreasing d istance away fro m  the cages. I n  general , the effects 
of the farm were not detectable beyond about 40m from the centre of a sea
cage .  Wh i le  the natural assim i lative capacity of  the seafloor is exceeded 
beneath the sea-cages, the scientific l iteratu re on the topic suggests that 
management procedu res such as seafloor fal lowi ng w i l l  satisfactor i ly 
maintai n the qual ity of the site i n  the long term. 

1 29 . Water Column : Hyd rology: A mu ltisensor  data logger was deployed on 
two separate occasions to record d i rection and speed of  water movement 
(Bond 1 993 ) . The data o btain ed confi rmed visual ind ications that tidal 
currents were strongly i nf luenced by local w inds ,  often d i u rnal in natu re , 
primar i ly from the south west and north west, and on  average less than 
2cm/sec i n  speed . Such current speeds are low and are un l i kely to d i sperse 
material settl i ng  to the seafloor. I n  situ observations by d ivers suggested that 
the choppy wave cond itions often exper ienced at the sea surface do not 
cause re-suspension of seafloor sed i ments. 
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1 30 . Water Chemistry: The near su rface water qual ity data col lected in  the 
vici n ity of the tuna research farm was based on the measurement of total (TP) 
and sol ub le  phosphate, total kjeldahl n itrogen (TKN) ,  ammo n ia,  n itrate and 
n itrite (Bond 1 993 ) .  The data col lected supported E&WS i nformation in 
i nd icat ing that n itrogen and phosphate l evels in Boston Bay are h igher than 
for most coastal South Austral ian waters . 

1 3 1 . The data also suggests that the research farm on  occasions has elevated 
ammonia, total kjeldah l n i trogen so l ub le  phosphorus and total phosphorus 
concentration s  w ith in  the pontoons (about twice background levels on TKN 
and TP) and to a lesser deg ree to about 40m from the centre of the cages. 
Trends are however ,  masked to a degree by i nter-sample variabi l ity and 
d ifferences between sampl i ng times (Bond 1 993 ) .  

1 3 2 . Data o n  near-su rface d issolved oxygen , pH and turbid ity d id  not reflect any 
trends w h ich cou ld be attributed to the farm (Bond 1 993 ) .  

1 33 .  Ch lorophyl l data was co l lected to evaluate the prevalence o f  phytoplankton 
i n  surface waters. I n general , chlorophyl l levels i n  Boston Bay were found to 
be low (about 0 .2-0 . 7  ug/1 ) ,  to vary spatial ly and temporal ly, and to 
apparently be u naffected by the research farm (Bond 1993 ) .  

1 34 .  I n summary, the water col u mn in  the vici n ity o f  the sea-cages (to about 40-
60m from the centre of the cages) . is characterised by elevated nutrient levels 
and an i ncreased d iversity and abundance of fauna, wh ich is i n  contrast to 
the notable decl i ne  of macro organ isms on the seafloor (Bond 1993 ) .  

1 35 .  Chemicals: No anti -fou l i ng compounds were used on the pontoon nets 
du ri ng the period that the tuna farm was mon itored , nor were any drugs used 
for therapeutic or prophylactic treatments of fish (Bond 1 993 ) . 

1 36 .  Conclusion: Data from fou r  sampl ing  occasions, d istributed over 
approximately 1 8  months, suggest that the research farm had a pronounced 
but local i sed effect on the seafloor, and a relatively minor  local ised effect on 
the water co l u mn .  These find ings are in general agreement w ith the 
i nternat ional scientif ic l iterature on the effects of f infish pontoon cu lture on the 
marin e  envi ron ment (Bond 1 993 ) . 

Environment Impacts of Nutrients 
from Tuna Farming in Boston Bay 

1 37 .  Introduction: N utrient enrichment of Boston Bay due  to d isso lved n itrogen 
compo u nds  produced by farming tuna and m icrobial  breakdown of faecal 
matter and u nconsumed food , is of concern since it may impact upon the 
seag rass and benth ic faunal communities of the Bay (Bond 1 993 ) .  

1 38 .  Stud ies o f  treated sewage d ischarges to G u lf St Vincent from wastewater 
treatment plants (WWTP) had demonstrated a corre lat ion between pred icted 
water col u m n  concentrations of n itrogen compounds and the decl i ne  of 
Amphibolis sp and Posidonia sp seagrass commun ities (Blackburn 1 996 ) 
N itrogen rather than phosphorus was con sidered to be the l im it ing n utrient 
(Bond 1 993 ) .  
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1 39 . The approach taken i n  a study of the effects of outfal ls from G lenelg and Port 
Adelaide WWTP's was to determine  the concentration  of n itrogen 
compo u nd s  above wh ich sign ificant i mpacts on  seagrass commu n ities was 
l i ke ly to occu r .  Th is concentration  equates to an "assim i lat ive capacity'' for 
the most sensit ive seagrass communities . Recent stud ies of the Albany 
harbo u rs in Western Austral ia  had demonstrated assim i lative capacities i n  
terms o f  total n utrient loads. The A lbany harbours, compared to Gu lf St 
Vincent are smal l ,  relat ively enclosed and w ith restricted i nterchange with 
ocean ic water. G u lf St Vi ncent is l arge and wel l m ixed , and consequently 
concentrations were considered to be more relevant than total n utrient loads. 
Boston Bay is  an embayment of approximately 70km2 w ith an average depth 
of about 1 1  m (max imum d epth of 1 7m) . It is  connected hyd raul ical ly to two 
major embayments, Spald i ng Cove and P roper Bay, and to Spencer Gu lf 
wh ich exchanges freely with the Southern Ocean (Figure Four ) .  It was not 
possib le w ith i n  the scope of the research project, or  with avai lab le data, to 
determi n e  wh ich of nutrient concentrations or n utrient loads are of g reater 
sign ificance in Boston Bay (Bond 1 993 ) .  

1 40 .  Nutrient Status of Boston Bay: N utrient concentration s  i n  Boston Bay 
were stud ied and model led in relat ion to commercial tuna farming .  Ambient 
total n itrogen concentrations in  the Bay typical ly ranged from about 0 .2-
1 mg/1 (EWS) data) . Data from ocean ic waters south of Esperance in  
Western Austra l ia suggested that backg round l evels  of  total n itrogen are of 
the order  of 0 . 2mg/1 . Standards def in ed i n  the "Mari ne E nvironment 
Protection Act 1 990" set the l im its for total n itrogen as 0. 2mg/1 for 'Level 1 '  for 
prist ine mari ne ecosystems and 0 .5mg/1 for ' Level I I ' for modified marine 
ecosystems ( Bond 1 993 ) . 

1 4 1 .  The known sou rces of n utrients i ncluded the E&WS u ntreated sewage outfal l 
on the south side of Bi l ly L ight's Po i nt, f ish processi ng i ndustry on the north 
coast of P ro per Bay, stormwater and septic tank runoff, and various minor 
po int  sources around the main docks area and the marina i n  Porter Bay. It 
had not been possib le to accu rately determine  the concentrat ions of nutrients 
i n  Boston Bay resu lti ng from these various sou rces, however it seemed l i kely 
that they contri bute between 0.3 and 0 .8mg/1 of total n itrogen to the bay 
waters (Bond 1 993 ) . 

1 42 .  I n  G u lf St Vincent, Amphibolis seagrass communities appeared to be 
adversely affected by epipytism when d isso lved n itrogen concentrations 
exceeded abo ut 0 . 0 1  mg/1 , wh i le  Posidonia commun ities showed signs of 
stress from epiphytes at concentrations g reater than about 0 . 1 mg/1 . Under 
the g u ide l i nes of  the Act, and when compared to G u lf St  Vincent, Boston Bay 
was considered to be moderately pol luted and its marin e  ecosystems wou ld 
rate 'Level 1 1 '  protection . Any additional nutrient i nputs from tuna farming 
needed to be considered critical ly in the l ight  of the existi ng h ig h ' ambient 
levels .  However the absence of Amphibolis in Boston Bay meant that 
assessments of po l l ution effects had to be d i rected to the l ess sensitive 
Posidonia commun it ies (Bond 1 993 ) . 

1 43 .  Data and Methodolgies: Relevant d ata i ncl ude long term measurements 
of ambient total n itrogen concentrations in and around Boston Bay (EWS) , 
l im ited t idal cu rrent data (SA Department of Pr imary I ndustries (Fisheries) )  
and estimates of  feed loads  and d issolved n i trogen concentrations from 
Linco l n  M ari ne  Farm 1 992 (Bond 1993 ) .  
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1 44 . Pred ictions of total n itrogen concentrations resu lting from tuna farmi ng had 
been made using the MIT Transient P lume Mode l  (Adams et al .  1 975) w h ich 
had been developed for buoyant p lumes d ischarg ing  into large bod ies of 
water with tida l ly varyi ng currents. The model pred icted far-f ield 
concentrat ions in plu mes wh ich were d ispersed by vertical l y  and horizontal 
mixi ng and advection . The critical parameters for th i s  d ispersion were the 
longshore and onshore/offshore d iffusion coefficients. I n  add ition nutrients 
can be taken u p  by phytoplankton in the water col u mn , benth ic  algae and 
seag rasses, and sedi mentary processes. It was assumed , so that predict ions 
were conservative, that th is uptake was neg l ig i b le .  The buoyancy of the 
p lume also i nf luences its d ispersion ,  with buoyant p lumes entrain ing 
surround ing water ,  produci ng near f ie ld  d i lutions.  Water f lowing through a 
tuna cage w i l l  not h ave its density sign i ficantly affected by processes with in  
the cage,  and therefore i t  w i l l  exit with a density very close to that of  the 
surro u nd ing  water. Sensitivity analys is of d ifferent assumed buoyancies 
demonstrated that the model predictions were not sign ificantly d ifferent of 
buoyancy est imates rang ing over about f ive orders of mag n itude (from 1 o-9 to 
1 0-4 kg/m3) (Bond 1 993 ) . 

1 45 .  Horizontal d iffusion coefficients were assumed to vary i n  relation  to the 
standard deviation of the p lume w idth accord ing to a standard 4/3 power law : 
E = A . b413 where E i s  the horizontal d iffusion coefficient i n  ft2/s and b i s  the 
plume width in ft.  E is  approximately 1 1  ftfl./s ( Bond 1 993 ) . · 

1 46 .  Critical val ues for the model (Bond 1 993 ) are g iven below.  

Cage Dimensions 

Rad ius  of cag e (m) 
Depth of cage (m) 
Depth of water (m) 
Cage cross section (m2) 
Cag e  vol u me (m3) 
Cage vo l ume (L) 

Current Speeds 

2 0  
1 0  
1 5  

400  
1 2566 . 4  

1 2566370 

Average tidal current 0 . 03 
speed (m/s) 

Net current speed (m/s) 0 . 000347 

Water Volumes Through Cage 

Lease Dimensions 

Rad i us of lease (m) 
Cross section (m2) 
Vo l u me of lease (m3) 
Volume of l ease (L) 

Under infl uence of tidal or  net cu rrent cond itions 

Vol u me (m3/s) 
Vol u me (m3/h) 
Vo l u me (m3/1 2hr) 

Tidal Current Net Current 

1 2  
43200 

5 1 8400 

0 . 1 4  
4 . 90 

6000 

70 
2 1 00 

230907 
2 . 3E + 08 
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Feed Loads_and 
N content 

Feed load (t/d) 
Feed load (kg/h) 
N in feed load (kg/h)  

1 . 1 25 
46 . 88 

1 . 4 1  

7 3  

Dissolved N Loads 
as excreted 

Disso lved N (t/d) 
D isso lved N ( kg/h) 

0 . 034 
1 . 4 1 

* Note : It is  assumed that a l l  n itrogen i n  the feed i s  excreted . I n  real ity 
about 5 per cent of the n itrogen is converted to prote in  n itrogen , but th is 
can be d isregarded . 

Dissolved N Concentrations 

N cone. i n  cage (mg/1 ) 
N cone. at l ease boundary (mg/1 ) 
I n it ial d i l ution (cage N : lease N )  

Tidal Current 

0 . 000032 
0 . 000006 

5 . 25 

Net Current 

0 . 0028 
0 . 00054 

5 . 25 

1 4  7 .  The concentration f igu res g iven above were alternatively for cond it ions 
where the t idal current is assumed to sweep the n utrients from the cage,  and 
for where just the much lower speed net current removed the n utrients. The 
estimates for far-fie ld N concentrations used the more conservative net 
cu rrent speeds, si nce it i s  the net d rift of the p lume wh ich removes nutrients 
from the lease area. The t idal l y  reversing currents tend to retu rn the plu me 
back to  the pontoons. Figure Thirty Two i l l ustrates the t idal cu rrents 
measured by current meter at location  PL 1 over a period of 24 hours in 
August 1 992.  Note that the meters stal led at currents below 1 . 5cm/s. 
Therefore actual cu rrents were estimated using a si mple s ine curve fitted to 
the real data. The fitted cu rve i s  i l l ustrated in  Figure Thirty Two and the 
esti mated currents rather than real data were used i n  the transient p lume 
mode l .  The t imes and he ights of h igh  and low water are also shown in  
Figure Thirty Two ( Bond 1 993 ) .  

1 48 Net current vectors were p lotted , the axes are al igned north -south and east
west .  The n et movement was i n  a SSE d i rection .  For the avai lable data it 
can be seen that the net d rift component over a 1 2  hour  t idal cycle was o n ly 
about 45m south and 8m west. A lthough th is movement i s  smal l ,  it is  sti l l  
adeq uate to pass large vol u mes of water through the cages (see data 
above) . At the time of measurement, w i nd speed was low . Other data not 
used i n  the models ind icated that w ind  advection was sign if icant for wind 
speed over 20 knots, and south westerly winds of that magn itude can reverse 
the n et d rift. N et d rift i n  wi ndy condit ions may also be several times larger 
than d u ring calm weather. A rad ial freq uency plot (current rose) for the 
cu rrent data shows the dominant current d i rections du ri ng  a t idal cycle were 
from the south and SSE (Bond 1993 ) .  

1 49 . Far-Field and Near-Field Total Nitrogen Concentrations: Tota l 
n itrogen concentrations ,  averaged th rough the water col u mn ( 1 5m depth) , 
model led usi ng the TPM model , were plotted as concentration contours on  
the  model g rid  i n  f igu res 6 (a-d) and 7 (a-d ) .  The models assume a si ng le  
cage w ith the d imensions g iven previously. I n  real ity a farm l i kely to contain 
up to ten pontoons .  The larger number of pontoons does not i nval idate the 
models .  Pred icted concentrations for more than one pontoon in  a lease can 
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be  scal ed l i nearly from the si ng le cage pred ictions.  I f  several cages are 
considered as a poi nt source , then near-field concentrations  wou ld  be X 
times those for a s ing le cage ,  where X is  the number of cages. I n  real ity, 
because nutrient concentrations fal l  rapid ly to very low l evels over d istance of 
a few hundred feet , there may be l ittle i nteraction between the p lumes from 
separate pontoon s  (Bond 1 993 ) . 

1 50 . Far-fie ld concentrations, (Figure Thirty Three ) i e . those beyo nd the transition 
zone and up to 3200m from the sou rce showed rapid fal l to extremely low 
levels .  On ly the central part of the model l ed grid is shown . Beyond th is ,  

. concentrations are so low that they cannot be pred icted w ith certainty. The 
concentration u n its are ug/1 . The g rid spacing is  250ft, although a 50ft 
i nterval was used by the model over the central fou r  g rid  squares. The 
i nd ividual snapshots of nutrient concentrations are at th ree hourly interva l , 
startin g  at the peak of the h igh  tide .  The contours are n ear ci rcular ,  reflecti ng 
the low net d rift speeds  (Bond 1 993 ) .  

1 5 1 .  N ear-fie ld concentrat ions (Figure Thirty Four ) were mode l led and 
concentration conto u rs p lotted . Near-f ie ld concentrat ions were model led 
us ing a 25� gr id spacing at the centre of the model  g ri d  and 50ft spaci ng 
beyond 250ft. The location of a ci rcu lar tuna pontoon with i n  a sq uare lease 
boundary i s  shown .  The concentration  un its are again ug/1 . The shapes of 
the contours are sl ightly d ifferent to those i n  Figure Thirty Thtee because of 
the fi ner  g rid spacing and assumptions requ i red for al lowing the model to be 
run with i n  the transit ion zone or zon e  of i n it ial d i l ution . Strictly, the mode l  is  
not designed to accurately pred ict near-f ie ld concentrations ,  but the 
agreement i n  pred ictions using the near-f ie ld and far-fie ld models ind icates 
that the assu mptions used are val id ( Bond 1 993 ) . 

1 52 .  Conclusions: Transient P l ume model l i ng of tuna farm nutrient suggest that 
nutrient concentrations resu lti ng from a si ng le  farm are very low w ith in  a few 
hund red feet of the farm.  It is un l i kely that concentrat ions even with i n  the 
pontoons  themselves wou ld ever greatly i ncrease above backg rou nd levels .  
With pred icted concentrat ions at l ease boundaries, even  u nder cond itions of 
low tidal current speeds,  are l i kely to be about 0 . 1 ug/1 . On th is  basis, 
nutrients are u n l i ke ly to be the factor wh ich l im its the n umber of pontoon s  i n  
t he  bay. It is  more l i kely that physical constrai nts such as the area of the bay, 
su itable  local ities, and avoidance of sh ipp ing areas, wou ld  p lace an upper 
l i mit on  the n umber of pontoons ( Bond 1 993 ) . 

1 53 .  An assim i lat ive capacity i n  terms of nutrient loads cou ld not be esti mated at 
the t ime of the research project ( ie f in ish ed May 1 993) . however, in  a 
separate FR DC project (Petrusevics 1997 ) ,  Petrusevics was able to model 
the tuna farm carryi ng capacity of Boston Bay. The pred ictive capacity of the 
Petrusevics model  w i l l  only become clearer over the years with the 
emerg ence of a long-term data base from the fu l l  envi ronmental mon itor ing  
program (see 1 997 EPA Report ) .  

Grow-out of Southern B/uefin Tuna (SB1) 
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Fig. 32 Tidal current data forlocation PL 1 i n  Boston Bay. Because of the low current speeds 
mucff of the data are missi ng doe to the 1 .5 emfs stal l  speed of the meter. Fitted data 
were used i n  nutrient models 

Source: Bond, 1 993 

Grow-out of Southern Bluefin Tuna (SBT) 
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Fig . 33 Far field total n itrogen concentrations at 3 hourly i ntervals for a s ingle cage located 
near PL 1 
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Fig . 34 Near field total nitrogen concentrations at 3 hourly intervals for a s ing le cage located 
near PL 1 
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Issues Arising Subsequent to the ProjecLBeport 

1 54 . Th is Report largely covers the period of Project 91  /56 ,  to May 1 993 . S ince 
then : 

( 1 ) The industry has developed to an i n put tonnage of over 3 ,000 tonnes 
per an n u m . 

(2)  A substantial research structu re has been created , operati ng under the 
framework of a Memorandum of Understand ing  between ATBOA and 
SA R D I .  The structure i nc ludes research prog rams on f ish health , 
envi ronmental mon itor i ng , n utrit ion and , unt i l  1 996 , on  S BT spawn i ng . 

(3)  A range of research stud ies have been completed (see below) . 

(4) The industry h as sustai ned i ts move towards a h igh value-added 
i ndustry (see below) . 

1 55 .  Stud ies completed i nclude : 

( 1 ) Fitzgerald C,  Bremner A ,  "Improving the stability and nutritional value of 
frozen small fish for tuna feed", I F IQ  project for National Seafood 
Centre , Project N umber  6, Ju ly 1 994. 

(2) Bruce B P ,  "A feasibility study of methods to assess and manage waste 
dispersal and deposition from the southern bluefin tuna (Thunnus 
maccoyii) farms of Boston Bay, Port Lincoln, South A ustralia ", 
U n iversity of Adelaide , SA ,  March 1 997 (Thesis) . 

(3)  H aw kesford T, "lmmunostaining of a ciliate protozoan causing 
significant mortality of farmed tuna: the development of a rapid 
identification technique which will enable improved farm management 
practices to be implemented to minimise fish mortality", FRDC project 
95/083 , November 1 996.  

(4)  Crosbie P ,  "Environmental factors and chemical agents affecting the 
growth of uronema nigricans", U n iversity of Tasman ia ,  November 1 996 
(Th esis) . 

(5)  Paxi nos R ,  Clarke S M,  Matsumoto G,  "Phytoplankton dynamics of 
Boston Bay, South A ustralia ", SAR D I ,  June 1 996.  

(6)  Cron in  E ,  "An investigation into the effects of net fouling on the oxygen 
budget associated with southern bluefin tuna (Thunnus maccoyii) 
farming", Un ivers ity of Adelaide ,  SA ,  November 1 995 (Thesis) . 

(7) Petrusevics P ,  "Assessment of the carrying capacity of Boston Bay 
South A ustralia with a view towards maximising the southern bluefin 
tuna resource", FR DC Project 93/1 69,  1 996. 

(8)  Tu rner D B ,  S ukacz V, "Tuna feed production facility, feasibility study", 
Aquasearch (prepared for Tuna Boat Owners Associat ion of Austral ia) , 
October 1 996 . 

Grow-out of Southern B/uefin Tuna (SBT) 
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(9) Chesh i re A ,  Wesphalen G , Ki ldea T, Smart A , Clarke S ,  "Investigating 
the environmental effects of sea-cage tuna farming", Parts One and 
Two ,  FR DC Project 94/091 , 1 996 .  

( 1  O)  Kin h i l l  Eng i neers , "Remote sensing of macrophyte communities in 
Boston Bay, South Australia ", FR DC Project 93/1 69 , 1 995 . 

( 1 1 )  N ichols J , Cartwright C, Clarke S , "Environmental Protection Agency 
(EPA) - Southern Bluefin Tuna (Thunnus maccoyii) Farming", 
E nvi ro nmental Mon itori n g  report Apr i l  1 996-June  1 997 , Boston Bay, 
Port L incol n ,  South Austral ia ,  J u ly 1 997 . 

( 1 2) S mart A R , Clarke S M ,  Van Barneveld R J ,  Carter C G , Paterson B D , 
"Growth of sea-cages, southern bluefin tuna, Thunnus maccoyii 
(castelnau) fed manufactured diets", Ju ly  1 997 (to be pub l ished) . 

( 1 3) Tu na Boat Owners Association  of Austral ia ,  "Code of Conduct for Tuna 
Farming ", 1 995.  

1 56 .  I n  add it ion .  there are numerous other u npub l ished papers by scientists 
work ing  u nder the tun a  n utrition program of the CRC for Aquacu lture and the 
MOU between SAR D I  and ATBOA . 

1 57 .  The research structure is targeted at : 

( 1 ) Bu i l d i ng a long -term data base , and crisis response capacity, fo r fi sh 
h ealth and environmental mon itor ing . 

(2)  I mprovi ng uti l i sation of wet feeds .  

(3)  Develop ing a useable pel let and then i mprovi ng i t  over the long-te rm . 

(4)  R esearch ing  ways of i mprovi ng f lesh qual ity, i ncl ud i ng co lour .  

(5)  Research ways to add fu rther val ue eg lo i n i ng .  

1 58 .  Most of the above targets are conta ined i n  the FR DC Tuna Farm R esearch 
Sub-Prog ram , starti ng in J u ly 1 997 . 

Grow-out of Sou�rn BJuefin Tuna (SBT) 
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A TTA CHMENT ONE 

SUM M ARY OF ACTIVITIES A N D  O BSERVATION O F  

S B T  EXPERIM E NT A BOARD DA NG EROUS RE E F  O BSERVATORY 

EARLY 1 990 

Operation 
Th i rty-five fi sh were brought i n  by the "Empris lady" . The fish varied between 9- 1 4kgs, 
caught on the Cabbage Patch , a l ump area south-west of Port L i nco ln  and about 60km 
from the Dangerous R eef platform. 

The 5 hou r  carrying  tri p was general ly in  calm  seas. Around 9 f ish were carried each 
trip ,  normal ly i n  the smal lest tank on the vessel .  

Losses 

With in  days of the i r  relocation , 7 SBT had d ied .  The most probable cause of d eath 
would have to be the physical i nj ur ies susta ined through capture and transportation to 
the platform and the associated hand l i ng i nvo lved . A l l  f ish had a large percentage of 
their  bod ies bad ly damaged . Some had deep lacerations wh i le  others had severe eye 
damage.  I n  some instances, the pectoral fi n appeared broken at the jo int. The whole 
transfer operation  wou ld have obviously been very stressfu l .  

Of the remai n i ng f ish , it became evident that i n  the i n it ial stages, there were other signs 
of  physical deter iorat ion and stress i n  the form of  fraying of the pectoral and tai l fi ns ,  a 
general d u l l i ng  of topside body co lour ,  erratic swimming patterns and the appearance 
of a wh ite fl uffy "fungus" to damaged areas. 

Shortly after a feed i ng routi n e  was establ i sh ed and possibly an accl imatisation to the 
n ew envi ronment, SBT soon appeared "relaxed" - i n  feed i ng and around a sing le  d iver ,  
and  began ro l l i ng  and  chasi ng each other.  Most importantly and very encourag ing was 
the recovery of damaged tissue,  ie reg rowth of fi n membrane and a d isappearance of 
the wh ite fl uffy fu ngus wh ich exposed healed scars and m ino r  l acerations.  

The majority of losses after the i n it ial  damaged fish , has been caused by a cond ition 
( i nfl icted - contracted ?) to the eyes of SBT, label led "M i l ky Eye" by the crew . The 
cond ition usual ly began in one eye and more often than not spread to the other. I n 
some cases, it man ifested itself i n  both eyes simu ltaneously. The actual eye itself 
became marbled or opaque w ith no obvious signs  of physical damage to the 
su rround ing eye socket .  I n  some cases, the eye tissue appeared to have been eaten 
i nto . 

One whole f ish and the head of another, both havi ng d ied from the condit ion were 
taken to Bluefin Exporters Pty Ltd for fu rther examination .  As the eyes deteriorated , the 
fi sh appeared to lose eq u i l i br i um wh i le  swimming .  Whether this was due to general 
d i sor ientat ion through b l i ndness or an attack by the offend ing organ ism to the balance 
mechanism of S BT is not known .  
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Th is cond it ion d eserves serious i nvestigation . I t  may very wel l  be pecu l iar to the 
location  or constructio n  of the platform, or  i n  fact some d ietary deficiency. 

Nale: Subsequ ent experience was that the "M i l ky Eye" fungus was a result of bad 
hook i ng practices, and th i s  was actual ly corrected qu ickly d u ri ng the formal experiment 
starting in 1 99 1  . 

Feeding 

I t  took S BT approx 1 O d ays to adjust to the feed ing method wh ich consisted of broad 
cast ing partial ly  frozen b lue p i lchard s  into the pool  area of the o bservatory. They had 
to compete w ith very agg ressive Austra l ian Salmon wel l  versed w ith the feeding 
procedure .  Whether th i s  assisted or  h i ndered S BT accept ing the feedi ng routin e  is  not 
clear. However , once awake to the routine ,  S BT q uickly asserted themselves at the 
head of the peck ing o rder, general ly  beating the salmon to the p i lchards i n  the i n it ial 
frenzy. With the procedu re firmly establ ished , the fish , i nc lud ing the salmon requ ired 
approx 1 2kg/day. With 2 trips per day, l ess i nterest i n  feed i ng was shown duri ng the 
morn ing trip .  S BT and salmon were far more l i kely to "perfo rm" at the afternoon 
feed ing .  Wh i l e  regu lar tri ps were u nder-taken , 1 2- 1 5kg per  day appeared to sat isfy a l l  
f ish . With the onset of fou l  weather and less trips per week,  f ish requ i red between 20-
30kg per feed . In one instance, after a 6 day break, 4x1 Okg bags were requ i red before 
al l  the fish appeared no long h ungry. 

S BT were i n it ial ly  i nterested i n  pi lchards alone .  S i nce then , the i r d iet has i ncluded red 
mu l let ,  hake f i l lets, squ id ,  tuna pieces, salmon f i l lets, snook, l eather jackets, nannygai 
and tommies,  frozen and l i ve .  Wh i le  the platform is  general ly fu l l  of l ive tommies, SBT 
show no interest i n  them .  However, if l ive tom mies are th rown i nto the pool in  normal 
feed i ng man ner ,  they are q u ickly pursued , and d evoured . S BT appear i nterested i n  
surface food on ly. 

A lso worth mention i ng  is  the fact that on  some days, SBT and salmon show no i nterest 
i n  feed ing . These days are not frequent. One fel l on  a fu l l  moon ,  yet fu l l  moons since 
have not produced the same phenomenon so there appears no real pattern . They 
appear very f l ighty on these days as if "spooked" - a defi n ite possibi l i ty consideri ng 
location of the p latform.  

Despite feed ings becom ing i rregu lar due to adverse weather ,  SBT defin itely appear to 
have gained cond it ion .  They appear fu l ler i n  the tai l .  Estimat ing actual i ncreases in  
weight and length wou ld  be d ifficu lt but i n  general i ncrease i n  size is  evident. 

* * * * * * *  



A TTA CHMENT TWO 

OV ERVIEW : FIN DINGS OF T H E  1 st 

FEA SIBILITY STUDY O F  SBT CULTURING 

( 1 4-3 1 J a n u ary 1 990) 

OFCF Study Team : D r  Aki ra Suda 
Teruo Takahash i 
Fu mitosh i Suzuka 
Yu ich i ro Harada 
Tsug i h i ko Kobayash i 
S h i m ba Fukuda 
Keiko M ihara 

29th January 1 990 

1 .  The team bel ieves that our  thought concern ing the Southern Bluefin Tun a  
aquacu lture has been u nderstood very wel l  by South Austral ia  State 
Government and Western Austral ia  State Government as wel l  as the Federal 
Government of Austral ia .  The team, therefore, has gotten the i mpression  that the 
respect ive government w i l l  consider the matter cooperatively when the permits 
and/o r  approvals n eed to be obtai ned i n  implementi ng the aquacu lture 
technology d evelopment project. 

2 .  The team has found  the f ishermen not on ly i n  Port L incol n ,  the major centre for 
tuna  fishery, b ut also i n  A lbany and Esperance are al l h ig h ly experienced and 
the positive and cooperative respon se shown by these fishermen was 
enco u rag i n g . 

3 .  The objectives of th is  feasib i l ity study are ; 

( 1 ) To co l lect in fo rmation and data necessary to organ ise a p i lot experiment 
g eared to developi ng short-term tuna aquacu ltu re tech nology duri ng the 
summer months at the i n it ial stage .  

(2 )  To gather i nformation requ i red to  conduct a longer-term aquacu ltu re 
exper iment in future ,  and 

(3)  To have prel im inary d iscussions concern ing the memorandu m  of 
agreement to be concluded i n  futu re . 

4 .  Selection of the f ind i ngs of the feasib i l ity study i s  as fo l lows:  

( 1 ) Selection of locations su itab le for stag ing farmi ng faci l ities ; th is is the most 
critical req u i rement for conducti ng successfu l experiments :  
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The Departments of Fisheries i n  South Austral ia and Western Austra l ia 
respect ive ly recommended locations  possib ly meeting the requi rements ; 

( i )  The northern coast o f  the  kangaroo I sland and the  south-eastern 
area of Port L inco l n , Boston Bay (on ly for a short-term exper iment) 
and a few other locations  for South Austral i a , and 

( i i )  A l bany, t he  Arch ipelag e  o f  the Recherche i n  Esperance, Bremer 
Bay and a few other locations. The team went to some of these 
p laces for on-site i nvest igat ion and also col lected advice and 
op in ions of the local f ishermen based on the i r  exper iences for the 
other areas wh ich it cou ld not visit . 

As a resu lt , the team has come to the fol lowing j udgement;  

( i )  I n  view of  physical and natu ral condit ions prevai l i ng i n  the northern 
part of the Kangaroo is land ,  south-eastern part of Port Li nco ln  and 
Bremer Bay, it i s  considered rather d i fficu lt to stage the fac i l it ies 
and manage them in these waters. In the i nterest of fi nd ing more 
locations to i nstal l faci l it ies some t ime i n  the future, however, it is 
necessary to continue  to gather i nformation  on these and other 
location s  wh ich may possib ly meet the requ i rements. 

( i i )  Boston Bay is  rather shal low, but i t  seems possib le to stage a large 
cu lturi ng faci l ity there. Besides i t  i s  known that SBT came in and 
stayed for over a month there. The team,  therefore, considers it is 
possib le to conduct at l east a short-term experiment in Boston Bay. 

( i i i ) One concern w ith respect to K ing G eorg e  Sound i n  A lbany is 
possible effect of fresh water i nflow at the time of heavy rai nfal l ,  
however, the team sti l l  bel i eves i t  i s  possib le to run a long-term 
aqu acu ltu re exper iment with large faci l it ies there .  

( iv) The team needs to wait fo r a report to be made i n  Tokyo by some 
members of the team who conducted add itional i nvestigations  i n  
Esperance . It bel ieves, however ,  that g iven the i nformation so far 
co l lected , it is possib le to work in Esperance. The problem is rather 
long d istance from the f ish ing grounds to the stag ing area. It would 
be possible to conduct an experiment, if fo r a short period , with i n  
the bay. 

I n  conclusion ,  the team wants to look at Boston Bay and King 
George Sound as its f irst cho ice for the site i n  i mplementi ng the 
p i lot experiment and keep Esperance as an alternative site . 

(2)  I nfrastructures : 
The team investigated the possi b i l ity of obtain i ng  cooperation from local 
f ishermen , avai labi l i ty of you ng f ish , avai labi l ity of feed and avai labi l i ty of 
mater ials for local ly bu i ld i ng gear. 

1 )  Cooperation of f ishermen : Obtainab le .  

2 )  Avai lab i l ity of  you ng fish : 
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Boston Bay : Avai lable ,  but fish is of a med ium size . It 
takes several hours to one day to get to the 
stag ing  area from the f ish i ng g rounds. 

K ing G eorg e  Sound : Avai lab le . Smal l -size fish is obtainab le in  
the waters very close to the stag ing area. I t  
also seems possib le to work on the 
development of a new young fish 
transportation i nfrastructure . 

E sperance : Avai l ab le .  The size of f ish is i n  between 
what is  avai lable in Boston Bay and Ki ng 
G eo rg e  Sound . 

I n  terms of the size of f ish avai lable ,  fi sh caught i n  King George 
Sound is  the smal lest and should be easiest to work with . I f ,  
however ,  the project succeeds i n  cu ltur ing medi u m  size f ish now 
commercial ly harvested by the Port L inco ln  f leet (2-3 year o ld 
tuna) ,  much g reater economic benefit may be expected . 

3 )  Avai lab i l i ty of feed : 
P i lchards wh ich w i l l  be used for feed at least at the i n itial stage are 
avai lable in al l of the three sites. 

4) Avai lab i l i ty of materials for bu i ld ing  gear : 
Avai lable i n  al l the three sites. 

(3)  Col l ection of b io log ical d ata from the view po int  of  aquacu ltu re :  

1 )  I nformation  was gathered th rough the d iscussion w ith local 
f ishermen at the above th ree locations with respect to "captu ri ng 
fish" (how to br ing i n  f ish on  the vessel - how to hand le fish -
appropriate f ish hold i ng tanks to keep f ish al ive - how to transfer 
f ish into sea cages) , i n  particu lar ,  captur ing of f ish of a med ium 
size . The  team has not yet identified the  captur ing method which 
assures success. 

2 )  It  is ,  therefore , d ifficult  to  o rganise a p i lot experiment w ith the 
i nformation and knowledge o btain ed to date . 

3 )  I n  order to develop a specific  p lan for the p i lot experiment, i t  is 
necessary to understand the process of how f ish caught d ies 
onboard the vessel and to col lect i nformation i n  advance regard ing  
the type of  vessel and f ish i ng gear wh ich assures successfu l  
captu ri ng of  young fish . 

4) It wou ld be appropriate to h ave further communication with the 
local research laboratories to learn about possi b le cooperation 
from these i nstitutions  before the p lanned experiments com mence . 
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5)  The team was u nable to  col lect info rmation about these aspects in  
th is feasibi l ity study. I t  is, therefore, n ecessary to conduct the 
second feas ib i l ity study for th is  purpose . 

5 . Approach for the second feasi bi l ity study : 

( 1 ) I n  l i ght of avai lab i l i ty of young f ish , existence of read i ly  useable faci l ities, 
ease of working closely with local f ishermen and Tuna Boat Owners 
Association  of Austral ia, and cooperat ion obtai nable from the government 
agencies and other i nstitut ions concerned . 

( i ) Port Li ncoln would be the best site for conducting the study, but 
( i i )  A lbany also meets the basic requ i rements. 

(2)  The term , therefore, wish to choose Port L inco ln  as a primary site or  the 
second  feasib i l ity study, but w i l l  exami ne whether add it ional study shou ld  
be made  i n  A lbany as wel l  after i t  goes to  Japan . 

(3)  The specific p lan for the visit wi l l  be worked out after the team goes back 
to Japan as soon as possib le .  It w i l l  most l i ke ly be March to Apri l .  

(4) OFCF wi l l  proceed with the study i n  close consu ltat ion w ith the Federation  
of Japan Tuna Fisheries Cooperative Associations and the Tuna Boat 
Owners Association of Austral ia .  Once the it inerary of the second visit i s  
d ec ided , OFCF w i l l  contact the organ isations concerned and hope that 
they extend support to make the visit a success. 

6 .  Thought on  the p i lot experiment. 

At any rate , the team wants to re-examine  al l these aspects w ith reference to the 
preparation  for the memorandum of Agreement after it completes the second 
feas ib i l ity study. 

In view of the commitment of OFCF as a semi-governmental organ isation ,  it w i l l  
work on  the  project i n  consu ltation  with the Federal Govern ment of  Austral ia and 
the state governments. As OFCF is in the position  to assist the bu i ld ing of a new 
industry i n  Austral ia ,  it hopes that the Austral ian side wi l l  a lso extend positive 
support i n  its effort and , if possib le ,  share part of the work i n  an ag reeabl e  
d ivision  o f  labor arrangement.  

Akita Suda 



A TTA CHMENT THREE 

S U M MARY R E PORT O F  TH E 2 N D  F EAS I B I L ITY STUDY 

OFCF STU DY TEA M 

3 1  st March 1 990 

1 / Period : 1 8th M arch - 2nd Apri l 1 990. 

21 P lace : Port L i ncol n ,  South Austral ia .  

31 Team Membe r : Mr Takah i ko Hamano , Expert of Tuna Cu ltur ing 
Mr  Yu ich i ro H arada, Coord i nator 
M r  Tsug i h i ko Kobayash i ,  Expert of Cu ltur ing G ear 
Mr Sh imba Fukuda,  Coord i nator 

41 Sched u l e : See attached "Working Sched u le" .  

5 1  Resu l t :  

( 1 ) Catch i n g  

(a) Sampl ing was carried out th ree ti mes using chartered vessel 
" E mpr is Lady' . 

( b) The local method , pole and l i ne ,  was used to catch Southern 
B luef in Tuna.  

(c) N u mber of samples caught was 77 i n  total . 

(d )  F ish size and we ight  i n  average were approximately 88cm in  fu l l  
length and  1 3 . 5kg . 

(2)  H and l i n g  and Qu i et ing 

(a)  Fish was handled and calmed dow n  with extra care to min i m ise 
d amage usi ng fo l lowing  mater ial on  board . 
Large vinyl tank  (3 .0m x 1 . 0m x 0 .7m) . 
Smal l  vinyl tank ( 1 .3m x 0 .7m x 0.35m) . 
V inyl stretcher .  
V inyl sheet .  

( b) Fish were numbered having a ru bber band on  the tai l .  

( 3 )  Transpo rt i ng  
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(a) Fou r  br i ne tanks on the Empris lady were used for transportation of 
fi sh , wh ich were two tanks of 9 . 6  tonne capacity and tow tan ks of 
1 7 . 8 ton ne . 

(b )  N umber of  Southern Bl uefin Tuna put  into tank was 15 in  total . 

(c) 25 Southern Bl uef in  Tuna d ied d u ri ng transportation in total . 

T ime req u i red for transportation was about 9 .5- 1 3 . 5 hours. 

(4) Putti ng i nto cage 

(a) Fo l lowi ng method was done to transfer f ish from tanks to cage. 

* 

* 

* 

1 st, water i n  the tank pumped out u nti l the depth became 
about one metre . 
2nd ,  one o r  two person went into tank to pick fish up 
ind ividual ly u si ng stretcher and put it i nto vinyl bucket. 
3 rd ,  fish was transferred in the bucket w ith water to the cage. 

(b )  N umber of  Southern Bluefin Tuna put  i nto cage was 48 i n  total . 

(5)  Cag i ng (feed i ng)  

(a)  The s ize of the cage at Dangerous Reef was about 30m x 1 Orn x 
2 . 5m .  

( b )  Southern Bl uefi n Tu na was fed w ith p i lchards once a day. 

(c) N umber of Southern Blu efi n Tuna dead d ur ing 8 days cagi ng was 
11. 

(6) S u mmary f i nd i ngs  

( 1 ) Catch i ng 

(a) The local method , pole  and l i ne ,  is appropr iate to catch 
Southern Blu efi n Tuna.  

(b)  The f ish wh ich is  in  the fo l low ing cond it ion is not appropriate 
for cag i ng .  We estimated about 30% of catch was 
i nappropr iate . 

* 

* 

* 

Bleed i n g . 
Not be able to calm down .  
Damaged u pper jaw by  hooki ng . 

( 2) H and l i ng and Qu iet ing 

(a) Smal l  vi nyl tan k and stretcher are most appropr iate materials 
for hand l i ng  and qu ieti ng Southern B luefi n Tu na easy and 
effective i n  th is study. 
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(b)  Fish shou ld  be hand led and calmed down i n  the tank with 
the water . 

(c) Fish shou ld  be cal med down again at the poi nt of putting i n to 
tan k . 

(d )  I t  i s  necessary to take enough i ntervals (2-3 minutes) for 
each f ish putting i nto tank . 

(e)  On the 1 st  trip , we got low survival rate (40%) du ring 
transportation  because : 

* 

* 

* 

We d idn 't select appropriate fish carefu l ly. 
We put each Southern Bluefi n Tuna into tank with in  
short t ime. 
There were a lot of attachments, shel ls etc. ins ide the 
tank ,  therefore, Southern Blu ef in Tuna was inj u red .  

(f) On the 2nd tr ip we got h ig h  survival rate (97%) duri ng 
transportat ion because we so lved the above prob lems. 

(3) Transportation  

(a) On the 2nd trip ,  one tank ( 1 7 .8  tonne) had 1 0  Southern 
Bluefin Tuna. (M BW 1 3kg x 1 0/1 7 .8  tonne = 7 .3kg/tonne) . I n  
th is  cond ition 1 00% of the fish survived the 9 .5 hours of 
transportatio n .  

( b )  L ight i nto tank seems to b e  necessary for n ight transportation 
accord i ng to the Japanese exper ience .  

(4) P utti ng  i nto Cag e  

W e  d id n't fi nd out any problems on  the method wh ich w e  used for 
putt ing Southern Bluefi n Tuna i nto the cage in  th is study. 

(5)  Cag i ng/Feed i ng 

Southern B luefi n Tuna started feed i ng 3-5 days after they were put 
i n  the cage .  



MARCH 1 9th (Mon . ) 

I I  20th (Tue. ) 

II 2 1  st (Wed . ) 

II 22nd (Thu rs. ) 

I I  23rd (Fri . )  

I I  24th (Sat . )  

I I  25th (Sun . )  

I I  26th (Mon . )  

II  27th (Tues.) 

I I  28th (Wed . )  

I I  29th (Thu rs . )  

I I  30th (Fri . )  

I I  3 1 st (Sat . )  

A P R I L  1 st (Su n . ) 

" 2nd (Mon . )  

4 

WO R K I N G  S C H E D U L E  

Arrived at Port L inco ln . 

Meeti ng w ith peop le concerned at B luefi n Exporters. 
preparat ion of Equ ipment. 

1 st Tri p . 

1 st Tri p . 

Observation tri p to cage/platform i n  Dangerous Reef .  

2nd Trip .  

Observation tri p to cage/platform in  Dangerous Reef. 

3 rd Tri p .  

Observation tr ip to cage/P latform . 

-D i tto-

-D i tto-

-D i tto-

F inal review meet ing with people concerned at Bl uefi n 
Exporters. 

Leave Port L inco ln  
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CONDITIONS OF APPROVAL FOR DEVELOPMENT APPLICATI ON NO. 931/5010/90 

1 .  The development hereby approved is for 6.25 ha. site, · 1ocated in  1 5- 1 6 metres of water, approximately 1 .4 
ki lometres off-shore, directly east from Section 1 7  and 1 8  in the H undred of Lincoln ,  within the area 

bounded by the following Austral ian Mappi ng Grid References: 

North West corner : 579600 east, 61 6 1 1 50 north ; 

North East corner: 579850 east, 6 1 6 1 1 50 north; 

South East corner: 579850 east , 01 60900 north; 

South West corner: 579600 east, 61 60900 north. 

(See Location Maps) 

2. This wi l l  be a tem porary approval for three (3) years. 

3. The develo p m ent hereby approved shall be carried out in accordance with i nformat ion  subm itted wit h the 
applicat ion,  unless vaiied by the fol lowing conditions. 

4. The use of any anti-predator nett ing shail require the approval of all ot the re levant Governm ent agencies.  

5. All structures, equipment, buoys, and flotations (except tor that requi red by the Department of Mari ne and 

Harbours) are to be of a biack, dark grey, dark blue, dark brown, or dark green colour, and only one such 

colour is to be used for such materials. 

6. 

7. 

8. 

9. 

The lease area shall be marked at all t imes in accordance with the Departm ent of Mari ne ar.d Haibet.ii"s 
Navigat ional and Safety requirements (present standards in force attached) . 

All structures are to be adequately secured and sufficiently weighted to ensure they do not drift outside the 
lease area. 

There is to be no use of the chemical tri butylti n (T. B.T. ) .  

A program m e  of monitoring as hereinafter prescribed in Appendix 1 shall b e  carried out as a m i nim um 

program wiiil aii results being forwarded to the Department of F isheries, which subsequently wil l  forward 

this i nform at ion to the Department of Environm ent and Plann ing and the Department of Lands. 

1 0. Prior to the use of any type of chem ical or drug the Department of Fisheries is to be advised , in wr it ing or 

verbally, of t he type and q uantity and any known im pacts that may occur to the envi ronment as a result .  A 

writ1en subm ission contain ing the above inform ation is to be forwarded w ithin 1 4  days . 

1 1 .  The app l i cant or other pefson making use of the subject area now approved, shall at 

all t imes, maintai n  i n  good, tidy condition, to the satisfaction of the Com m ittee, in all respects, the subject 

area and any debris associated with the development washed up on-shore shall  be rem oved . 

1 2. When the area is no longer used for aquacu l ture , the site shall  be returned to a condition which com plies 

with the pol icy for Aquacu lture Site Rehabi l itation, with al l  struct ures being removed, cost of such 

reinstatem ent and rem oval bei ng borne by the app l icant . 



NOTES :  1 .  

2. 

3. 

4. 

5. 
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This approval is for two (2) cages and planning approval is necessary if further cages are 
proposed. 

Approval is also required for any on-shore faci l i t ies.  In this regard. your attent ion is drawn to the 

fact that there is to be a no storage of equipm ent or cleaning of nets on any pub l ic foreshore , 

without appropr iate approvals being given. 

Attention is also drawn to the fact that it is the vendor's responsi bi l ity to ensure that fish sold 
com pl ies wrth the requirements of the Food Act .  1 985. 

At no stage w1i l  perm ission be given for the s laughter of any predators to the operation . 

. 
If sharks are found to be aitracied to the proposed venture and a problem to other users of the 
waterways, the l icence may be reveked. 

6. You are advised that the maximum stocking level and the requ irement for monitor ing wi l l  be 
contained in the author ity issued by the Departm ent of F isheries. 

(i) The operator may make an appl icat ion tb amend the m aximum stocking level d irect ly 

with the Department of Fisheries. 

(i i )  I f  the m on itoring h ighl ights significant degradation of the m arine environment,  the 
authority will be amended (wi l l/may include a reduct ion of the maximum stocking level) 
or revoked. 

(ii i) Costs or part costs may have to be met by the l icence holder. 

7. If the proposal is to expand or become permanent in status ( i .e .  longer than the proposed three 
(3) years) , then a new applicat ion wil l  be required. 

'" 8. If an alternative site is requi red dur ing the proposed three (3) years, then a new �ppl icat ion wi l l  be 
required. 



ENVIRONMENTAL MONITORING 

1 .  I NTRODUCTI ON 

APPENDIX 1 

No specific requ i rements exist at present for the monitoring of aquacu ltu re ventures in South Austral ia, 
although all fish farm ing l icence condit ions refer to the farm er's responsib i l ity to participate in  such studies 
when they are in itiated (possibly on a cost recovery basis) . A draft "Oyster Monitori ng Program " has been 

jointly formulated by South Aust r al ian Government Departments to address areas of concern raised by 
those departments and the publ ic, and this is enclosed as an exam ple of an envi ronmental assessment 
program. Funding for this program is presently being finalised. 

At this time no fintish farm ing occurs in  the sea and no specific environm ental monitoring program has 

been establ ished tc;:i address the issues arising from such act ivities. Considerable sc ient if ic l i terat u re has, 

however, been col lected from overseas on this to p ic and it is clear that carefu l monitoring is requi red 

because of the potent ial to detrim ental ly affect the envi ronment. 

2. ENVI RONM ENTAL MONITORING PROGRAM 

The farm ing of fish i n  sea pens has been shown to i nfluence the water col u m n  and the sea iloor, the l atter 

primari ly beneath the pens but somet imes over an area extending to about 50 m rad i us from the pens. 
The extent and intensity of the effects are based on the water movement typ ical of the site, the stock ing 

density of the fish within the pens, and the amount and type of feed used. 

I n  regard to this program, all sam pling· should be done during one neap t ide (dodge tide if it occurs) i n  each 

of the fol lowing months: February, May, August and November. The date and t ime when sampl ing or 

recording is u ndertaken should be documented. 

2. 1 .  Seafloor monitoring 

It  is recomm ended that for each site, two transects- are establ ished so that they bisect the sea 
pen area, and are perpendicular to each other. Five permanent sampl ing stations are 
recom mended along each of two perpendi cular rad i i  originat ing from the point of intersection of 

the two transects. The position of each station shou ld be permanently m arked using a steel post 

(star dropper) driven into the sed i ment. ! t  is recommended that the stations be set at dista;ocas of 

Orn , 1 Orn, 20m, 40rn and 80m from t h e  centre point along each radi i .  Add itional stations . may 

need to be added if requ ired. 

Benthic community change 

At each station 3 randomly located photographs should be taken of the seafloor and associated 

flora and fauna. An area of about 50 x 50 cm should be included in each photograph 
·
(a PVC p i pe 

fram e, with N ikonos camera, ftashl ight and 1 5m m  wide angle lens has proved m ost successful . i n  

the past) . Sam ples may need to  be laken from adjacent areas for  !�anom ic identificat ion ; they 

should be appropriately preserved and lodged with th e  m useum or herbarium for future reference. 

S ed i m ent accum ulation 

M easu rem ents of the height of sedim ent accum u lat ion shou ld  be taken by m eas ur ing from the 

seaft oor t o  the top of 3 fixed pegs at each stat ion .  A m ethod should be used that avoids the sm al l  · 

eros i o n  or accret ion zone around each peg .  
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Organic carbon content 

Core sam ples can be taken using a short l ength of polycarbonate tubing of about S cm diameter. 
The carbon content of standardised subsam ples, d istinguished by depth tram the sedim ent 
surface, should t hen be determined by drying the sample (at about 1 OS C) , weighing it, and then 
placing it in  a m uffle furnace (600 C for 2 hours) , ashi ng it and calculating the weight d ifference. 
Depending on the size of the sedi ment part ic les it m ay prove necessary to sieve the sediment 
sam ples before undertaking this process. 

Eh 

An Eh meter in an underwater housing can be used to assess the redox potential at 3 points at 
each station as well as at different sedim ent depths. Alternatively, a special cori ng tube with 
approximately spaced holes should be used to assess the redox potent ial of sediments when the 

,,., 
core has been raised to the surface. The anaerobic - aerobic interface is m ost sim ply determ i ned 
by pushing small iron pegs into the sedi ment and on rem ov ing t hem at the next sam pl i ng t ime, 
measuring the upper l i m it of the black corrosion band be!cw the sedi m ent surface. 

2.2 Water Colu m n  M easurem ents 

Water movement 

Water m ovement should be determined at one station at the site for at least a one m onth period 
(see appl ication form) so as to cover a number of tidal and lunar cycies. Many types of 
equipment exist ta record tidal currents and/or orbital wave induced water m ovement ; the former 
is probably of most importance at this site. I t  is recomm ended that the water motion be 
determ ined at a depth of Sm below the surface. 

Sal in ity and water tem perature 

Sal i n ity and water temperature data should be obtained on neap tides (dodge t ides if they occur) 
at a single station �-a depth of Sm below the surface. 

Dissolved oxygen concentration 

Dissolved oxygen concentration should be obtained on the sam e spatial and temporal schedule 
as ihe seatioor measuremenis ( i .e .  every three m ontns al eacn stat ionj at a depth of 5m below 
the surface. Smal l  tem porary floats attached to the stakes m arking the stations on.the seafloor 
can be used to ascertain the sam pl ing points Sm below the surface. 

Water chem istry 

Am monia, oxidised n itrogren (n itr ite and nitrate) , n itrite and total Kjeldah l  n itrogen; sol.uble and 
total phosphorus and suspended solids dissolved organic and total organ ic · carbon should be 
determi ned from appropriately co l lected and prepared water sam ples at the sam e sam pling 
stations as for d issolved axyQEln concentration. The analys is should be undertaken by the State 
Water Laboratory, Bol ivar (E�g ineering and Water S u ppiy Department) . 

P lankton 

Chl orophy l l  2 should al so be determ i n ed for each water  sam p l e  col lected.  S eparate water 

sam pl es should a lso be col l ected for speci es ident if icat ion and abundance est im ates. 
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Others 

If antibiotic or other chem ical treatment of the fish is undertaken on a frequent basis, sediment 
and water colum n sampling for these compounds may become necessary. Microbiological 
sampl ing may be necessary if si gn ificant disease outbreaks arise or flesh quality is unsatisfactory . 
Toxic dinoflaggelate identification and counts may be necessary if algal blooms occur. 



ATTACHP!ENT EIVR 

Correspondence form Netcraft Pty Ltd 
1 8  January 1 993 

1 .  The tests were carried o ut in the Australian Maritime College flume tank at 
Beauty Point. The persons involved in the design were Ian Cartwright 
(marine engineer AMC) , G raeme Ell is (structural engineer Bridgestone 

-

Australia) . 

2. From the notes "A" and final test results "B" a deduction may be made as to 
the safe bridle construction.  - -

--� �,-----�-..;_ -------�-' - - - �  -- ' � ' 
- ---- -----�-- =::-··_;-� - "� - . ·  -- ,,,. 

_ . .,,.. 
-

3. Upper level bridles are constructed as fo l lows - centre 22 mm steel 
galvanised combination wire; outer 1 8  mm steel;  th imbles aluminium to 
about 200 tonnes. Ham m er locks into a l ifting eye which is the tow po int . - -

_ / 

4. The towing bridle is attached to the net by shackles into galvanised thimbles 
and to the flotation col lar by shackles to the appropriate factory manufactured 
tow points. 

5.  The top bridles have been floated with KS floats p rovid ing positive buoyancy. 
This wil l  e l iminate the possibil ity of prob lems sho u ld th e  towing vessel lose 
headway. 

6. A m in im u m  of 40 mm hard lay polypropylene extensio n rop e  should be used 
as this has an approximate elasticity of 8 per cent. Therefore, the greater the 
tow length , the greater the safety. The bol lard and pivot po int should be 
forward of the rudder po int to give better manoeuvring ab i l ity. 
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Pontoons - Tow i ng Forces 

7. The proposed size of cages is generally a hexagon of 1 6  m side length, as in 
the sketch , consisting of 31 5 m m  OD polyethylene and 1 0  m depth . 

· •  _ _  : _ _  

· ·c 
.. 

.. 

. · � · - ·  ... 
c : � ·.,.· :-".T":.:.._. _ _  • - ·::--..- · ·_- · ·- .. 

• 

8. The net wi l l  be towed by l ines attached at A, B and C at surface level ,  and 
also at l ines A1 81 and C1 at the level of the base of the cage. 

9.  Ties are to be provided BO, BE and BF_at the surface and B1 , 01 and B1 E1 
and B1 F1 at the base of the net. 

1 0. The towage speed through the water is not to exceed two knots ( ie one 
metre/second) . Thus , if a one knot current is running against the tow, the 
effective towing speed m ust be reduced to one knot. Forces in the tow-ropes 
and ties are proportional to the sauare of the speed of water through the net. 
Thus, a towage speed of fo u r  knots wo uld result in fou r  times the forces fo r 
which the system is to be designed. 

D rag Coeff i c i e nt 

1 1 .  Tests by Milne,  AARSNES and Newton show that the drag coeff icient 
depends on the Sol idarity Ratio (Sn) of the net, defined as "2d• where: 

� 
a =  mesh size 
d = diameter of m esh material . 

For this net Sn = 2 x 0 .35 = 0.093 . - - 1 .s 
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The above tests give a drag per m2 of net ( D) varying from 0.095 to 0 . 1 25 . 
It is proposed to ado pt D = 0 . 1 20 . 

Red u ct i o n  i n  Vel o c i ty 

1 2. After passing through the lead net the water velocity is reduced by an amount 
of D/2 and conseq uently the ve locity through the trai l ing net wi l l  be 94 per 
cent of the towing specifications, ie design is for o n e  m etre/second for 
lead i ng net and 0.94 metre/second for trai l ing net .  

F o r c e s  

1 3 . The suppo rting pipe is a body of c i rcu lar cross section and for this the force is 
CdpV2A where : 

· 

2. 

Cd = 1 .3 
p = 1 025 kg/m3 

Fo r ABC Force = 5.4 KN 
For DEF Force = 5.4 x 0.942 = 4 .8 KN 

The forces on the net are: 

1 12 p ADV2 where: 

= 1 7.2v2 

D = 0. 1 20 
A = 28 x 1 0  = 280 m2 
p = 1 025 Kg/m2 

Fo r ABCA1 B1 C1 force = 1 7 .2  KM 
For DEFD1 E 1 F1 force = 1 7.2 X- 0 .942 = 1 5 .4KN 
Total Towing Load 42.6 KN 

= 4.2 ton n es 

D i str i b ut i o n  of Loads 

1 4 . These are : 

ABC takes pipe load 1 12 net load 5 .4 + 8.6 
A1 B1 C1 takes p ipe load 1 12 n et load 
D E F  takes p ipe load 1 12 net load 4 . 8  + 7.6 
D 1 E 1 F1 takes pipe load 1 12 net lo ad 

= 
= 

= 

1 4  KN 
8.6 KN 
1 2 .4 KN 
7.6  KN 

1 5 . Assu m e  t h at fo r ABC , half load is taken at B and 1 14 load each at A and C .  
S i m i l arly fo r A1 B1 C 1  at 81 , A 1  a n d  C 1 , fo r DEF at E ,  D a n d  F,  and fo r D1 E 1 F1 
at E 1 D 1  and F1 . 
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Loads on T i es 

1 6 . Th is is:  

BE - 1 12 x 1 2.4 
BF - 3. 1 x 1 6.5 

1 6.0 

B1  E 1  1 12 x 7.6 
B1 F1 1 .9 x 1 6.5 

1 6.0 
Total 

6.2 KN (0 .62 to nnes) 
3.2 KN (0 . 32 to nnes) 

3.8 KN (0 .38 to nnes 
2.0 KN (0 .20 ton n es) 

20.4 KN (2 tonnes) 

Loads on Tow Ropes 

1 7. These are : 

N ot e  

A + B  ( 1 12 x 1 4.0) + 6 .2 (BE) + 6 .2 = 

A +  C (1 14 x 1 4 .0) = 

A1 B1 ( 1 12 x 0 .8 .6) + 3 .8  + 3.8 = 

A1 C1 ( 1 /4 x 8.6) = 

Total 

1 9 .4 KN ( 1 . 94 to n n es) 
3 .5  KN (0 . 35 to nnes) 
1 1 .9 KN ( 1 .2  to nnes) 
2.2 KN (0.22 ton n es) 

42. 7  KN (4 .3  tonnes) 

1 8 . These figu res wi l l  be reduced by the d istortion of the net bei ng towed . All six 
lower corners should be weighted down . I suggest that weig hts of about 400 
kg in total should be used . -

1 9. The above figures are the worki ng loads i n  ropes and shou ld be mult ipl ied by 
at least six to determ ine the breaking loads of ropes to be used . 



ATTACI-frlENT S I X  

- - - Farmed Southern BlutirrTuna Tastmg Trial 
Summary of Responses to Questionnaire 

Date: S:OOpm, 24, August 1 991 
Venue: Foundation SpeciaJ Function Room 
No. of Responses Received 

Age Bracket Male Female Total 
20s 4 7 11  
30s 14 6 al 
40s 12 0 12 
50s 19 0 19 

-- 60s upwards 6 0 6 
Totals 55 13 68 

Re: The southern bluefin tuna used in the tasting triaJs 

Colour A Nery good) B (Good) C (Average) D (Poor) E (Very Poor) 
20s 3 7 0 1 0 
30s 3 9 5 3 0 
40s 4 3 5 0 " 

v 
- 50s 2 11  4 2 0 

60s upwards 3 2 1 0 0 
Totals 15 � 15 6 0 

Oiliness A Nery good) B (Good) C (Average) D (Poor) E (Very Poor) 
20s 5 6 0 0 0 
30s 4 8 7 1 0 
40s 5 5 0 2 0 
50s 10 · 6  3 0 0 
60s upwards 2 3 1 0 0 
Totals . 35 28 11 3 0 

- -

Texture A Nery good) B (Good) C (Average) D (Poor) E (Very Poor) 
20s 5 · - 5 0 0 1 
30s 7 7 4 2 0 
40s 4 3 4 1 0 
5Vs 3 12 4 0 0 
60s upwards 1 2 2 0 1 
Totals 120 29 14 3 2 

Freshness A Nery good) 8 (Good) C (Average) D (Poor) E (Very Poor) 
20s 7 3 1 0 0 
30s 10 9 1 0 0 
40s 3 6 3 0 a 
50s 10 6 3 0 0 
60s upwards 4 2 0 a a 
Totals 34 a5 8 0 0 

45 
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overau A (Very gooa l B (Good) C \Average1 D (PoorL E (Very Poor) 
20s s -- 5 1 ·- 0 0 
30s 4 1 1  5 a a 
40s 4 4 4 0 a 
50s 5 12 2 0 a 
60s upwards 2 3 1 0 0 
Totals al 35 13 0 a 

Comparisons with other tuna 

1 2 3 
Colour 20s Frozen SST Fresh farmed SST Frozen bigeye 

30s ditto 
40s ditto 
50s Fresh farmed SBT Frozen SBT Frozen bigeye 
60s upwards Frozen SST Frozen bigeye Fresh farmed SBT 

1 2 3 
Oiliness 20s Fresh farmed SBT Frozen SBT Frozen bigeye 

30s ditto 
40s Frozen SBT Fresh farmed SBT Frozen bigeye 
50s Fresh farmed SBT Frozen sar Frozen bigeye 
60s upwards . Frozen SST Fresh farmed SBT Frozen bigeye 

1 2 3 
Texture 20s Fresh fanned SBT Frozen SST Frozen bigeye 

30s ditto 
40s ditto 
50s Frozen SST Fresh farmed SBT Frozen bigeye 
60s upwards- -- ditto - · -

-

1 2 3 
Freshness 20s Fresh farmed SST Frozen SST Frozen bXjeye 

30s ditto 
40s ditto 
50s Fresh farmed SBT Frozen biaeve Frozen SBT 
60s upwards Fresh farmed SBT = Frozen SST Frozen bigeye 

1 2 3 
Overall 20s Fresh farmed SBT Frozen SBT Frozen bigeye 

30s ditto 
40s Frozen SBT Fresh farmed SST Frozen bigeye 
50s Fresh farmed SST Frozen SST Frozen bigeye 
60s upwards Frozen SBT Fresh farmed SBT Frozen bigeye 

46 
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3) 
-· --- Do you like tuna? 

Very much 
20s 5 
30s 8 
40s 6 
50s 13 
60s upwards 5 
Tota!s :rl 

How many times a week do you eat tuna? 

Less than once 
20s 10 
30s 15 
40s 6 
&ls 6 
6(}s ,  , .... fares ""'" 3 
Totais 40 

Freshness Veiy good 

- -
- Graph 

T-..... ·-
1 oe:::Au.m� 

Graph 

Colour 

Graph 

20s 
30s 
40s 
50s 
60s upwams 

20s 
30s 
40s 
50s 
60s upwards 

20s 
30s 
40s 
50s 
60s upwards 

7 
10 
3 
10 
4 

Very good 5 
7 
4 
3 
1 

Very good 
3 
3 
4 
2 
3 

Yes 
5 
8 
5 
5 
1 

24 

1 .\3 times 
1 
5 
5 
12 
3 
as 

Good 
3 
9 
6 
6 
2 

Good 
5 
7 
3 
12 
2 

Good 
7 
9 
3 
1 1  
2 

- - - - -

Average No 
1 0 
4 0 
1 0 
1 0 
0 0 , .  

7 0 

4 - 6  times 7 or more times 
a 0 
a 0 
1 0 
1 0 
0 0 
2 0 

Average Poor Very Poor 
1 0 0 
1 0 0 
3 0 0 
3 0 0 
0 0 0 

Average Poor Very Poor 
0 0 1 
4 2 0 
4 1 0 
4 0 0 
2 0 1 

Average Poor Very Poor 
a 1 a 
5 3 a 
5 a a 
4 2 a 
1 a a 
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Oiliness 

Graph 

Overail 

Graph 

20s 
30s 
40s 
50s 
60supwards 

20s 
30s 
40s 
&ls 
60s upwards 

Very good Good 
5 6 
4 a 
5 5 
10 6 
2 3 

Very good Good 
5 5 
4 11 
4 4 
5 12 
2 3 

- - --

-- · - - - --- -- ·· 

Average Poor Very Poor 
0 0 0 
7 1 0 
0 2 0 
3 0 0 
1 a 0 

Average Poor Very Poor 
1 0 0 
5 0 0 
4 a a 
2 a a 
1 0 0 
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ATTACHMENT �t:VEN 

' 9 3- 0 3 -1 2 ( FR I ) 1 0 : 29  TO  0 0 1 6 1 8 68 3 0 9 6 5  

TELEFAX MESSAGE 

FROM J A P A N T U N A 

FACS IMILE 

F EDERAT I ON OF JAPAN TUNA 
F I SHER I ES CO-OPERAT IVE ASSOC IAT I ONS 

TO : TUNA BOAT OWNERS ASS OC IAT I ON OF AUSTRALIA { FAX NO . 0 8 - 3 7 3 - 2 5 0 8 ) 
ATTN : MR .  BRIAN JEFPR I ESS 

FROM : JAPAN TUNA INT ' L  D IV . 

DATE : 1 2 / 0 3 / 9 3  

CC : MR .  J .  TAKAHASH I , OFCF 
MR . KOGA , S BT FARMING PROJECT 

SUBJECT : S BT FARMING PROJECT F I SH SALE REPORT ( N0 . 8  ' 9 3 )  

= = = = = = = = = --=- - - - =- =- z:: = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = - - · - = = = = = = = = == = = = = = = =  

DATE : 1 2 / 0 3 / 9 3  AWB NO . :  0 8 1  8 4 4 5  3 6 9 2  

SPEC I ES 

SBT 
S BT 
SBT 
S BT 
S BT 
S BT 
S BT 
S BT 
S BT 
SBT 
SBT 
S BT 
SBT 
S BT 
SBT 
S BT 
S BT 
S BT 
SBT 
SBT 
S BT 
S BT 
S BT 
S BT 
S BT 
S BT 

: BOX : F I S H : WE IGHT : AV .  PR . : AMOUNT 
: NO . : NO . : ( KG )  : ( YEN /KG ) : ( YEN ) 

. . 

: 

NAME OF 
MARKET 

: 6 3 6  : 1 : 
-- : 6 3 6 : 1 

: 6 4 5  1 
: 6 4 5  ' 1 
: 6 3 4  : 1 
: 6 3 4  : 1 
: 6 3 8  : 1 
: 6 3 8  1 
: 6 3 2  1 
: 6 3 2  1 
: 6 3 3  : 1 
: 6 3 3  1 
: 6 3 9  1 : 
: 6 3 9  : 1 
: 6 4 4  : 1 
: 6 4 4  1 : 
: 6 4 3 : 1 
: 6 4 3  1 
: 6 3 5  1 
: 6 3 5  1 
: 6 4 2 1 
: 6 4 2  1 
: 6 3 1 1 
: 6 3 1  : 1 
: 6 4 0  1 
: 6 4 0  : 1 

2 5 . 6  
1 8 . 6  
2 6 . 4  
2 1 . 0 
2 5 . 6  
2 3 . 4  
2 2 . 0  : 
1 7 . 0  
2 3 . 6  
1 7 . 4  
1 7 . 4  
2 3 . 0  
2 6 . 2  
2 1 . Q 
2 4 . 0  
1 5 . 6  
2 3 . 5  
1 7 . 5  
2 3 . 0  
1 8 . 0  
2 1 . 0 
1 7 . 0  
1 9 . 0  
2 0 . 0  : 
2 2 . 0  
1 4 . 0  

3 , 6 0 0  : 

4 , 0 0 0  
4 , 3 0 0  
4 , 0 0 0  
3 , 0 0 0  
3 , 0 0 0  
2 , 7 0 0  l 
1 , 9 0 0  
2 , 4 0 0  : 
2 , 4 0 0  : 
3 , 4 0 0  
2 , 5 0 0  
4 , 0 0 0  
3 , 8 0 0  
3 , 8 0 0  
3 , 0 0 0  
3 , 3 0 0  
2 , 8 0 0  
3 , 0 0 0  
3 , 0 0 0  
3 , 3 0 0  
2 , 6 0 0  
3 , 7 0 0  
2 , 7 0 0  
3 , 5 0 0  
2 , 5 0 0  

9 2 , 1 6 0  : TSUKIJ I ( DAITO ) 
7 4 , 4 0 0  : TSUKI J I ( DAITO } 

1 1 3 , 5 2 0  : TSUKIJI ( DAITO ) 
8 4 , 0 0 0  : TSUKIJI ( DAITO ) 
7 6 , 8 0 0  : TSUK I J I ( TOICHI ) 
7 0 , 2 0 0  : TSUKIJ I ( TOICH I ) 
5 9 , 4 0 0  : TSUKIJ I ( TO I CHI ) 
3 2 , 3 0 0  : TSUK I J I ( TO I CH I ) 
5 6  I 6 4 0  : KAWASAK I 
4 1 , 7 6 0 : KAWASAKI 
5 9 , 1 6 0  : KAWASAKI 
5 7 , 5 0 0  : KAWASAK I 

1 0 4 , 8 0 0  : YOKOHAMA 
7 9 , 8 0 0  : YOKOHAMA · 

9 1 , 2 0 0  : YOKOHAMA 
4 6 , 8 0 0  : YOKOHAMA 
7 7 , 5 5 0  : SHI ZUOKA 
4 9 , 0 0 0  : SHI Z UOKA 
6 9 , 0 0 0  : NAGOYA ( C ENTRAL ) 
5 4 , 0 0 0  : NAGOYA ( C ENTRAL } 
6 9 , 3 0 0  : NAGOYA ( CENTRAL ) 
4 4 , 2 0 0  : NAGOYA ( C ENTRAL ) 
7 0 , 3 0 0  : NAGOYA ( NORTH ) 
5 4 , 0 0 0  : NAGOYA ( NORTH ) 
7 7 , 0 0 0  : NAGOYA ( NORTH ) 
3 5 , 0 0 0  : NAGOYA ( NORTH ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P O l/0 2 



• � - . .. .. J ..i. '-' . .  _. ·: - ._ ...;_ - - - - I ·-• - -

0 

NO . 2 

SPEC I ES : BOX : F I SH : WE I GHT : AV .  PR . : AMOUNT • NAME OF . 
: NO .  : NO .  . ( KG )  : ( YEN/KG ) : ( YEN ) MARKET . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S BT s 6 3 7  : 1 2 2 . 7  ' 3 , 0 0 0  : 6 8 , 1 0 0  s OSAKA( CENTRAL ) 
SBT : 6 3 7  l 2 1 . 3 3 , 0 0 0  : 6 3 , 9 0 0  i OSAKA ( CENTRAL ) 
SBT s 6 4 1  . 1 : 1 8 . 1  ' 3 , 0 0 0  . 5 4 , 3 0 0  : OSAKA ( CENTRAL ) . . 
SBT : 6 4 1  I l . 2 3 . 7  I 3 , 0 0 0  : 7 1 , 1 0 0  i OSAKA ( CENTRAL ) . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
BY MARKET : BOX : F I SH : WE IGHT : AV .  PR . . AMOUNT AVERAGE . 

: NO .  : NO .  . ( KG ) : ( YEN/KG ) : ( YEN ) WEIGHT ( KG )  . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TUKIJI ( DA . ) 2 : 4 . 9 1 . 6 : 3 , 9 7 5  3 6 4 , 0 8 0  . 2 2 . 9  . . 
TUKIJI ( TO .  ) . 2 . 4 8 8 . 0  : 2 , 7 1 3  . . 2 3 8 , 7 0 0  2 2 . 0  . . • 

KAWASAK I 2 : 4 8 1 . 4  : 2 , 6 4 2  • 2 1 5 , 0 6 0  : 2 0 . 4 . 
YOKOHAMA 2 : 4 8 6 . 8  3 , 7 1 7  : 3 2 2 , 6 0 0  2 1 . 7 
SHI ZUOKA 1 2 4 1 . 0 : 3 , 0 8 7 : 1 2 6 , 5 5 0  2 0 . 5  
NAGOYA ( CE . ) . 2 4 7 9 . 0  . 2 , 9 9 4 2 3 6 , 5 0 0  1 9 . 8  . . 
NAGOYA ( N . ) . 2 4 7 5 . 0  : 3 , 1 5 1 2 3 6 , 3 0 0  1 8 . 8  . 
OSAKA ( CE . ) 2 A 8 5 . 8  : 3 , 0 0 0  2 5 7 , 4 0 0  2 1 . 5  't 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TOTAL : 1 5  : 3 0  : 6 2 8 . 6  : 3 , 1 7 7  : 1 , 9 9 7 , 1 9 0  : 2 1 . 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BEST REGARDS 

-----·- · · · 
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EXECUTIVE SUMMARY 

Freshly caught pilchards (Sardin.ops neopilchardus) were obtained from South Australia 
and subjected to chilled and frozen storage trials in ortjer to determine their stability. The 
stability was gauged by visual and sensory assessment of the raw pilchards, by sensory 
assessment of the odour and flavour of cooked samples and by the chemical measures of 
peroxide value and levels of free fatty acids. 

There was considerable variability in fat content between individual fish and overall the 
average was between 4 to 5% fat. · 

In chilled storage, the pilchards exhibited obvious deterioration within 2 days. Substantial 
peroxide values were found and oxidised odours and flavours were . clearly evident after 
4 days ' chilled storage. 

· 

In frozen storage, oxidation occurred after only one month at a temperature of -20°C. This 
could be prevented if the fish were glazed with water. Vacuum packaging in a film of 
low permeability to oxygen was less effective and is not recommended due to cost. 

Pilchards in which oxidation had commenced before freezing continued to oxidise m 
frozen storage irrespective of whether they were glazed or vacuum packed. 

It was thus thoroughly demonstrated that the oil in the pilchards is very readily oxidised 
and careful handling, chilling, freezing and storage procedures need to · be  adopted to 
provide a product which is a nutritionally sound feed ·material for captive ttina. 

IF!Q 

RECOMMENDATIONS 
- -

Pilchards should be chilled as soon as practicable after catch. Ice - slurry would 
II_.lake the best medium to chill effectively and inhibit access of oxygen. · ·· ·-
Chilled pilchards should only be used as fresh feed for_ up to 4 days after catch. 

After landing, the pilchards must be frozen as soon as possible into blocks in a 
blast f:reezer. 

Frozen blocks should be glazed with water to prevent access of oxygen and freezer 
burn (dehydration). 

The temperature of frozen storage should be at least as low as -20°C. Lower 
would be preferable. 

Frozen pilchards for feeds should not be stored longer than 3 months at a 
temperarure of -20°C. 

Visual and sensory assessme:it of fresh or frozen pilchards gives a reasonably good 
guide as to whether the fish have oxidised. 

Par;!! I 


