EX-POST BENEFIT/COST ANALYSIS OF
PROJECT No: 91/56, “GROW-OUT OF
SOUTHERN BLUEFIN TUNA”

PREPARED FOR THE FRDC

By

FERM

Fisheries Economics,
Research & Management
Pty Ltd

November 1998



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.



e 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 1998, associated with an output of 5,100 tonnes. Farm 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 million?,
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 year’. 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.

! Data based on Morison (1997), An Economic Impact of Aquaculture and Fishing Industry Activity on the
Eyre Peninsula Region of South Australia.
% 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: Tuna Boat Owners Association of Australia

FRDC program: Industry development

1. Research Objectives

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

under agistment conditions.

e 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 poling) 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



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 pontoons’. 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.

* 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. :



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.



4. Benefit/Cost Analysis®

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.

> 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 farms®. 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 farms’, 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.

® 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.



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.



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.



Table 1: Estimated costs and benefits of research project “SBT Grow-out”

1991 1992 1993 1994 1995 1996 1997 1998 Total
Research costs
FRDC investment 113,216 107,120 220,336
Other research costs 152,000 1,220,000 1,372,000
Total research costs | 265,216| 1,327,120 1,592,336
SBT farm output 20 150 850 1,600 2,700 1,700 4,400 5,100 16,520
Value added rate| 3,793 3,793 3,793 3,793 3,793 0? 6,041 12,500
$/tonne
Farm profits 75,852| 568,889| 3,223,704| 6,068,148| 10,241,100 -22,813,000| 26,580,400 63,750,000, 87,695,093
Farm labour rate ($/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| 39,276,606
Adjusted farm net| 22,154 144,000, 775,385| 830,769| 1,218,462 747,692| 1,246,154 793,007 5,777,622
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| 93,472,715
benefits
Pilchard output 145 1,230 2,377 2,803 3,708 3,428 3,500 11,500 28,691
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, 11,160,432
Labour cost 66,732 566,072| 1,093,946| 1,290,000| 1,706,500 1,577,638 1,610,774| 5,292,544| 13,204,206
Adjusted net labour| 34,649 259,273| 274,088 101,797| 216,260 0 17,205| 1,911,688 2,814,961
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 13,975,393
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| 70,928,195 107,448,108
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.




4.3 Net benefitsS

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 million’. 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

§ 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.

? 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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Farm grow-out of SBT was the central plank in the high value added strategy
adopted by the Australian tuna industry following the 67 per cent quota cut in
the late 1980's. Though live capture and grow-out of larger SBT was
generally not thought to be logistically and technically feasible, especially
under Australian conditions, the Australian industry needed it to work if they
were to survive.

The two year FRDC grant enabled the Tuna Boat Owners Association of
Australia (ATBOA) to combine with the Overseas Fishery Cooperation
Foundation (OFCF), a Japanese semi-government authority, in the
experimental grow-out farm from 1991. The experiment followed detailed
pilot studies on the feasibility of live capture and grow-out of SBT.

The experimental farm began in 1991 with two pontoons, fifteen tonnes of
captured SBT and full participation of Japanese farm experts and Australian
fishers. Over the next two years, the Project proved the physical feasibility of
SBT farming. It also led to major engineering improvements by the industry
which have made SBT farming financially viable. The work of the research
farm has expanded considerably and remains the core research arm of the
industry (eg pellet development).

SBT grow-out has grown as follows:
Input (M Praduction (2) Market Value @)

(Whole Tonnes) (Tonnes - ($m)
gilled and gutted)

1991 15 20 1
1992 138 150 5
1993 762 850 31
1994 1,497 1,600 48
1995 1,799 2,100 54
1996 3) 3,274 1,700 50

(1) Source: Bureau of Resource Sciences except 1991 (ATBOA)
(2) Source: ATBOA
(3) Production reduced by major losses in April 1996 storm

Tuna farming has also led to major spin-off benefits for fisheries and
communities on Eyre Peninsula. These include.

Grow-out of Southern Bluefin Tuna (SBT)



(4)

(6)
(7)

A demonstration effect for other holding/grow-out (eg. rock lobster is
now being grown out).

Creation of a new feed fishery (eg. pilchards).

Creation of a farm research structure focusing on tuna nutrition,
environmental monitoring and fish health, as well as the wider
aquaculture research to be conducted in the new Lincoln Marine
Science Centre.

Initiation of a project to attempt to spawn SBT on the research farm.

Creation of an independently estimated 993 direct and indirect jobs on
Eyre Peninsula (Econsearch, 1997 ).

Farming has become a domestic and international tourist attraction.
Farming has created a major refrigerated transport infrastructure to

Adelaide and the Eastern States for other fisheries and industries to
utilise.

This Report fulfils the requirements of the FRDC grant. It outlines:

(1)
(2)
(3)
(4)
(5)
(6)

The technical details of the farm innovations
The developments in live fish capture

The grow-out experience

Harvesting and test marketing.
Environmental issues

Summary of technical and other developments subsequent to the end
of the FRDC grant.

Please note that the Report does go into some detail on developments since
the end of the Project funding (ie. mid-1993), so that the Project's importance
can be put in a wider perspective.

Grow-out of Southern Bluefin Tuna (SBT)



SBT or Thunnus maccoyii (castelnau) - (see Figure One ) is a highly
migratory species ranging from the Western South Africa to New Zealand
(see Figure Three ). Itis almost certainly a single stock - with the only known
spawning ground being south of Java in the Indian Ocean (see Figure Two ).
The fish is now thought to live up to 45 years (CSIRO, 1996 ), and is known
to reach up to 200kgs.

The slow-growing and late first spawning age of SBT (thought to be about
9 years) makes the fish vulnerable to over-fishing. Its very widespread
geographical coverage also makes research very difficult and costly. The
outcome is that, despite a large investment in research by Japan and
Australia, scientists still often disagree on the actual stock situation.

SBT is fished largely by Australia, Japan and New Zealand who are the three
Members of the international body managing the fishery under the
Convention for the Conservation of SBT (CCSBT). The Commission meets
annually to consider recommendations from its Scientific Sub-Committee,
and to set quotas. These quotas, operating since 1984, were substantially
cut in the late 1980's as follows:

Tonnes Per Annum (Australian Quota Years)

1987/88 1988/89 1989/90 to current
Japan 19,500 8,800 6,065
Australia 14,500 6,250 5,265
New Zealand 1,000 450 420

35 000 15,500 11,750

However, since the mid-1990's, the SBT stock has become heavily fished on
the High Seas by non-Members of the CCSBT, mainly Taiwan, Korea and
Indonesia. In 1996 their total catch was around 4,000 tonnes.

Almost all SBT quota holders and fishers in Australia belong to the Tuna Boat
Owners Association of Australia (ATBOA). The Members of ATBOA had
borrowed heavily to rationalise the industry after the quotas were introduced
in 1984. The initial 14,500 tonne Total Allowable Catch (TAC) was well
below the catch levels of the early 1980's. The introduction of fully tradeable
Individual Transferable Quotas (TAC's) in 1984-85 resulted in major transfer
of quota and catching from New South Wales and Western Australia to South
Australia (ABARE, 1989 ). In 1997, over 85 per cent of the Australian quota
was owned by Port Lincoln operators, and over 90 per cent of the Australian
catch was under their control.

Grow-out of Southern Bluefin Tuna (SBT)



Fig. 1. Southern bluefin tuna, Thunnus maccoyii (Castelnouu, 1872).

(Line drawing courtesy FAO; from: FAO species catalogue, Vol. 2, Scombrids of the world; an
annotated and illustrated catalogue of tunas, mackerels, bonitos and related species known to date,
by B B Collete and C E Nauen, FAO Fisheries Synopsis No. 125
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Fig. 2. SBT spawning .ground and Australian SBT fishing grounds; arrows show dispersal through
and from the Australian Fishing Zone. Source: Caton, 1991.
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Fig. 3 Schematic representation of the presumed migratory routes of southern bluefin tuna.
Source: Caton, 1991.
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B The quota cuts in the late 1980's and the heavy debt overhang resulted in
many substantial operators entering either receivership or bank control. To
recover required a major re-adjustment in the Australian industry.
Traditionally the industry had used SBT for either canning ($1.30/kg) or small
fish sashimi exports to Japan ($4/kg). The industry needed to move to high
value-added product to survive. The strategy - "The Road to a High Value
Added Tuna Industry" was formally developed by the ATBOA in 1990 and
has remained the core strategy of the industry since. It has three arms:

(1)  The development of longlining, in close co-operation with Japan.

(2) Pioneering of farming of SBT for air freight export of whole fish to Japan
initially, and then diversification into further processing .

(3) Maintaining a balance in use of the quota between longlining, farming
and other uses (eg. poling), so reducing the financial risk.

6. For detailed information on the fishery and quota movements refer to:

(1)  "Individual Transferable Quotas and the Southern Bluefin Tuna
Fishery", ABARE Occasional Paper No. 105, April 1989.

(2) "Southern Bluefin Tuna - Scientific Background to the Debate", BRR
Bulletin No. 3, January 1990.

Tuna Farming Elsewhere
7. The Port Lincoln project was the first real attempt to farm SBT anywhere in

the world, although it is understood that it was considered at Esperance in
1987 and at Albany in 1988. Elsewhere in the world:

(1) In Japan, Northern Bluefin Tuna (NBT), a sister species to SBT, is
captured with high mortality at around 200gms, and then raised to
around 8kgs in Southern Japan. They are then marketed or
transported for accelerated fattening in warmer waters (eg. Okinawa).

(2) In North America, Europe and Northern Africa, Atlantic Bluefin is grown
out. The fish is traditionally captured by netting off the bays after the
fish have spawned, are in very lean condition, and swim into the bays.
In 1995 and 1996 groups of Australian and Japanese transferred the
Port Lincoln technology of capture by purse seine to farms in Spain
and Croatia.

8. The techniques required for Port Lincoln, or anywhere in Australia, were
totally different from that traditionally used in the rest of the world. The
Australian industry, because quota is measured at the catching point, could
not afford significant mortalities - and does not have access to post-spawning
fish. Feed is also expensive in Australia. Fundamentally what was required
was a farming system catching larger live fish, transporting them long
distances with very low mortalities, and then achieving rapid weight gain. If
the initial problems could be overcome it was always expected that the
industry could later develop cheaper feed sources (eg. pellets), and higher
volume catching methods.

Grow-out of Southern Bluefin Tuna (SBT)



As noted above, there was extreme doubt in Australia from scientists,
managers and industry whether tuna farming could be financially and/or
physically viable. The confidence that it was achievable was largely
generated by Yuichiro Harada of Japan Tuna Federation (JTF) and Akira
Suda of the Japan Sea Farming Association.

Part in the Proi

10.

11.

12.

13.

14.

After the ATBOA value-adding strategy was developed, ATBOA sought
expertise from Japan on both farming and longlining. The result was that the
farm experiment initially became a partnership between ATBOA and the
Overseas Fishery Cooperation Foundation (OFCF) - an arm of the
Government of Japan - with support from Japan Tuna Federation, the tuna
industry group in Japan. The South Australian (SA) Government was initially
only a tripartite nominal partner in the project, though it later was to become a
very active participant through the SA Research and Development Institute
(SARDI). The Commonwealth Government declined to become actively
involved in the project although it became indirectly involved through the
grants from the environmental research scheme and the Fishing Industry
Research and Development Corporation (FIRDC).

OFCF's continuing patrticipation in the project was dependent on active
support from an Australian Government body. It became clear that the
unwillingness of the Commonwealth and South Australian Governments to
be actively involved was a threat to the project, as was the very difficult
financial situation of the Australian industry. Without FIRDC's participation
the project would not have continued.

FIRDC was initially reluctant to fund the project because of the widely held
view that aquaculture requiring wet feed could not succeed in Australia
because of the shortage of baitfish, and because of doubt over the
experimental design of the Project (see Australian Fisheries). However, after
exhaustive scrutiny, FIRDC agreed to provide funds for the project from July
1991, though at a much lower level than requested.

OFCF contributed two farming experts to the term of the OFCF project from
January 1991 to May 1993. One Mr Takahiko Hamano was manager of an
NBT farm in Japan and acknowledged as one of the world experts at the time
in tuna farming. The other, Mr Yoshio Koga, came with wide experience in
farming of other species. The total OFCF financial contribution over the 2.5
years of their participation was around $1.5 million.

The Tripartite Agreement operated formally through a Project Management
Committee (PMC) with overall responsibility for the Project. The PMC
consisted of Members from the Australian industry, from OFCF and from the
South Australian Government.

Grow-out of Southern Bluefin Tuna (SBT)



Choosing the Location

15.

16.

17.

18.

19.

In late 1989, ATBOA and OFCF developed a feasibility study outline, and on
14-31 January 1990, an OFCF/ATBOA/Mapan Tuna team visited various
alternative sites such as Albany, Esperance, Eden and Port Lincoln. The
OFCF team was led by Dr Akira Suda, formerly Executive Director of the
Japan Sea Farming Association. Their reports are in Attachments Two and
Three.

Boston Bay, adjacent to Port Lincoln was chosen because of the proximity of
schooling larger fish, the concentration of the Australian industry in Port
Lincoln, and the engineering infrastructure in the area. Boston Bay itself is a
north-south aligned bay situated on the south-western side of Eyre Peninsula
(see Figure Four ). Itis approximately 15km long and 6km wide. Boston
Island, owned locally, is 5km long and 2km wide, and situated in the middle
of the Bay. The Research Farm, and most other farms until 1995, were sited
on the western side of the Island. Channels at the northern and southern
ends of the Island allow exchange between Boston Bay and Spencer Gulf,
and the eastern and western sides of the Island. (Note : from 1996 farms
increasingly moved east of Boston Island).

Winds for most of the year are gentle breezes (ie. less than 10 knots).
Current data suggest that currents are strongly influenced by local wind and
atmospheric effects. (For a detailed analysis of currents in the area, see
Noye, 1996 ). Current speed is much slower inside the Bay (less than
2.5cm/s 75 per cent of the time), than in the southern channels (less than
12.5 cm/s 75 per cent of the time) (Petrusevics in Bond 1993 ). Flushing
time in Boston Bay is around 9 days in winter and 24 days in summer
(Petrusevics in Bond 1993). Boston Bay is well mixed during winter with
salinities about 35 parts per thousand and water temperatures which range
from 120C to 23°C (Bond 1993 ).

Port Lincoln, although having a population of only 13,000 people, is the
centre of a major fishing and rural production area. The ex-wharf value of
seafood alone is around $150 million, including tuna, prawns, rock lobster,
abalone and other marine scale species such as snapper (Econsearch,
1997 ). Tuna and rock lobster grow-out, and abalone farming, are likely to
underpin an aquaculture production of over $200 million per annum by the
end of the decade.

With the co-operation of Lincoln Cove Development Company Pty Ltd, a
number of fish were captured by poling, and 35 were placed in the
Dangerous Reef Platform. To show the evolution of the Project, a summary of
the observations of these fish by the Australian catchers is in Attachment
One. A Japanese expert (Tsugihiko Kobayashi from OFCF) attended and
reported that the results of the experiment justified a full-scale pilot trial. After
consideration of detailed reports and a further study mission (18 March to 3
April 1990), Port Lincoln was chosen because of:

Grow-out of Southern Bluefin Tuna (SBT)
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20.

21.

(1)  The proximity of suitable fish for the experiment.
(2) The infrastructure in Port Lincoln for catching and farming.

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

The actual location in Boston Bay (Port Lincoln) for the farm was chosen for
its deeper water, current flow and proximity to infrastructure. The site was
6.25 hectares with a depth of 17 metres, and at 34° 04' 30" south and 135°
52' 02" east 1.4km offshore. On the site the pontoons were arranged on the
NE-SW diagonal because of the heavy seas from the northwest in winter.

After extensive formal consultation with the SA Aquaculture Committee, a
research and development licence was granted for the Project. On

6 November 1990 substantial conditions were placed on the use of the site -
they are in Attachment Four.

Equipment Used

22.

23.

24.

Pontoons: After visiting Tasmania, the project group decided to use the
polarcirkle pontoon design (see Figure Five ) used widely overseas and in
the Tasmanian salmon industry. These contrast with the rectangular and
lower specification pontoons used for farming tuna in Japan. The initial
polarcirkle pontoons used were 30m diameter with a total flotation of 7.4
tonne less the weight of the unit, 2.62 tonnes. It was made of high density
black polyethylene plastic (HDPE), of 280mm diameter pipe (30 metre
lengths), with either plastic moulded or galvanised steel staunchions. They
consisted of two concentric HDPE "pipes" (250-280mm in cross-section) that
float on the water's surface and are held in place by the staunchions. A third
pipe (100mm in cross-section) was held approximately one metre above the
water's surface by the staunchions and provides a hand rail. The first two
research pontoons in 1991 were supplied by Plastic Fabrications Pty Ltd.
from Tasmania. These frames were $31,430 each, made up in Port Lincoln.
Later Global Systems Pty Ltd (Tasmania) and Sarriba Pty Ltd (Port Lincoln)
have also supplied pontoons.

Note that this type of pontoon remains the favoured structure in tuna farming.
Other configurations have been tried but only the Bridgestone Hi-Seas
hexagonal pontoon is still being used (see Figure Six ). The latter is a highly
specified unit designed for heavy duty towing from the catching grounds, and
increasingly doubling up as a static pontoon. The Bridgestones can be
extended to a larger cubic metre area by insertion of extra pipe. In 1992, the
research farm did also experiment with a 25 metre square single pipe
pontoon, similar to those used in Japan. This was not successful for the
reasons that the fish did not adjust to the cornered design, and because of
swell pressure on the joints.

The pontoons are moored (see Figure Seven ) either individually (greater
than one pontoon diameter apart) using up to 16 large anchors (eg. rail lines)
per pontoon, or in a few recent cases, moored together in a group (two or
four) using large cement mooring blocks. The first research pontoons each
had four single fluke anchors of 250kg each (see Figure Eight ). Floats 8 x
200L Black 14kg's were purchased from Plastic Fabrications. Details of the
mooring and setting the anchors are included in Figures Nine, Ten and
Eleven.
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Fig. 6. Bridgestone Hi-Seas hexagonal pontoon
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Fig. 9 Steel anchor, single-claw, 250kg (unit: mm)
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25.

26.

27.

28.

15

The first research farm nets were imported from Japan in quarters - made of
black 100 per cent polyethylene 400d, 2/90, 90mm mesh, 30m x 7m. These
were imported in 4 panels per net with an fob price of ¥3,275,000 per net.
Two nets were suspended from the floating pontoons. The inner net, which
contained the fish, ranged from 60mm to 90mm mesh. Quter predator nets
ranged from 150mm to 200mm mesh. The inner nets had a side drop of
seven to ten metres, and the bottom of the net was designed to be at least
five metres from the bottom. The predator net falls straight to the sea floor
with a bottom chain. One other option recently tried is a predator net
supported by a large submerged mid-water frame which holds both the
predator net and inner net in place. Yet another option allowed under the
Management Plan for the industry, is pegging both nets to the bottom, but no
one has yet tried it. Assembly of the inner net and joining to the pontoons are
outlined in Figures Twelve, Thirteen, Fourteen and Fifteen.

For any given depth of net, the volume available for rearing fish in a 40 metre
diameter pontoon is approximately 56 per cent greater than for a 32 metre
pontoon. In general, the larger the structure, the more cost-effective
production will be. What larger pontoons also allow is lower stocking rates
and less diving for a specific tonnage of fish. The only limits on pontoon size
appear to be:

(1) Net changing, though if more nets are changed in situ (as in Tasmania)
this will be less a problem.

(2) The very large risk exposure in one pontoon, for fish health and
weather reasons.

Examples of comparative net volumes are:

Diameter of Pontoon Net Depth Water Volume
(m)) (m.) (Cubic m.)
32 12 9,651
40 12 15,080
45 12 19,085
50 12 23,561

The predator nets (see Figures Sixteen and Seventeen ) were trialed from
the first days of the research project. The initial predator net was second-
hand, black, nylon plaited and knotted purse seine net, with 3mm diameter
knots, and 101mm mesh, 300 G/106m, 132m long and 20m deep, with a
frame rope of 16mm diameter polypropylene. A zinc plated 9mm chain was
fitted to the face on the sea floor, with the net separated from the pontoon by
about 3m, and draped in a curtain fashion from the cushion floors attached to
the anchors. Three to four weights from a tuna longliner were fitted between
the eight cushion floats. The same netting was used to create a double
thickness floor. This was replaced in May 1991 by a net from Netcraft Pty Ltd
(Tasmania) - of green polyethylene, 6ins x 5mm braid, , 20m (H) and 110m
(L) (Cost, delivered to Port, $10,946).
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Fig. 12 Assembling the pontoon nets
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Fig. 13 Jointing the towable pontoon and main pontoon nets
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Fig. 14 Fitting the net
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Fig. 15 Fixing weights to the net foot

£

i] WeiGHT C 1274 D

Grow-out of Southern Bluefin Tuna (SBT)



® 0000 g0

S LI

0 0 Oy

AT

[N}
(n
x

PER 1224

DIH T e NNl e B e S DD 0D m Al B o ' Fo et b g oo {28 ot o d et e s 1 00t geoopy ot

el d3d

HOGI X008 {101 Y& T chana N

Bacl 93d |

I

[P3
'

Wyl

20

Fig. 16 External sharkproof net
(36m @ x 21.5m)

28 February 1991
9mm g chain

Braided and knotted net
3mm, 101, 300mm, 300G x 160m
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Fig. 17 Double thickness sharkproof bottom net (12m side, octagonal)

Braided and knotted net 3mm, 101mm, 400G x 40.4m

NBAmDens 3% 101% 400°X404m g
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After construction on site, the first research pontoons in 1991 were towed into
position. A belly rope was tied in a cross shape across each pontoon frame
to minimise warping during towing, and to prevent the frame from breaking
up. Each pontoon took one hour to be towed the seven km to the farm site
from the shore construction area. The detail of the operation is in Figure
Thirteen.

30.

31.

Fish Capture and Transport. The experimental farm started by capturing
fish by poling and transporting them to the farm in the boat tanks. The type of
boats used were:

(1) 1991 - "Empris Lady", 171 tonnes owned by
Bluefin Exporters Pty. Ltd.

- LOA 24.5m (DWL 21.5m)

- Breadth 7.3m

- Depth 3.51m

. Rake of keel 18.5m

- Displacement to 3,200 WL 241 91 tonnes
- Lightship - 123.09 tonnes

- Deadweight to 3,200 WL - 118.88 tonnes.
- Gross tonnage - 171.22 tonnes

- Four live-fish tanks with each 5 cubic metre
Tanks 1 and 2 (total 17.8 cubic metres) and 3
and 4 (5 cubic metres)

- Seawater circulating pump system with total
change-over of 15 minutes.

(2) 1992 - "Fina K" owned by Fina K Fisheries Pty Ltd

- LOA 27.25m

- Breadth 7.3m

- Depth 3.7m

- Engine 1050 HP

- Six live fish tanks (98 cubic metres in total).

Both vessels operated effectively though there were early problems with
"Fina K". The coils in the "Fina K" tanks initially damaged the fish until the
coils were covered with marine plywood (again covered in turn with dark
green vinyl-coated canvas). In addition, when the initial pump capacity of
1080/min for all six tanks proved inadequate, a 1800/min pump was fitted,
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and then a 2300/m. This created on-going problems with the suction intake.
On the second voyage the suction intake was improved. On the third voyage
various other remedial methods were tried including pointing the suction
intake to the rear. The gain was only marginal and in the end almost all
pumps were replaced.

Equipment for Handling Live Fish (see Figures Eighteen, Nineteen and

Twenty for sketch examples): This included:

(1)

(3)

Vinyl-coated canvas water tank.

s Model 1 - 1200 x 350 x 700mm diameter steel tubing, sky blue
1.00m vinyl sheet.

. Model 2 (improved version): 2000 x 1200 x 450mm. The frame
was made of one-inch steel tubing with blue, vinyl-coated canvas
sheet of thickness 1.0mm, with the upper steel tube surfaces
covered with the same protective sponge used on boat cooling
tanks to prevent injury to the fish. Also, 100mm thick urethane
‘matting was laid on the floor of the tanks to minimise injury.

. Model 3 (improved version) was the same basic specifications
but the frame height was raised 180mm. When captured, fish
were guided into the tank where the hook was removed, hook
injury locations identified and a decision made whether to keep
the fish for grow-out. If selected the individual fish was calmed in
this temporary tank before transfer to the main tanks.

Stretcher

. 1991 - 1,000mm long, 500mm wide, 200mm deep with 200mm
handles on each side. The material was 1.00mm thick vinyl-
coated canvas sheeting - the handle was 40mm thick bamboo.
Holes - 20-25mm diameter - were punched at 30mm intervals to
assist drainage.

. 1992 - changed to 1,000mm length, 300mm width, 150mm (H) to
ease handling. The fish were not only calmed in the stretcher but
it was used to transfer fish to the main tanks. Two people were
required at all times.

To get fish out of the boat tanks into the farm pontoons we tried a range
of buckets. The final model used was an upper frame of 25mm steel
tubing and three ropes made of 12mm polypropylene. Netting was
fitted to the upper 90mm. When transferring fish the bucket was
lowered into the hold then a spoon net (see below) was used to guide
the fish into the bucket which was then winched up. The research
project went through a series of developments to find the correct
structure. For example, in the second model the four rope support was
reduced to three to avoid the fish becoming tangled. Even the final
model was never an optimum way of extracting the fish from the tanks.
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(4) Spoon net - this was improved over the years to 600mm diameter,
150mm depth, and nylon raschelle net 210 d/25, 13mm mesh with a
2-inch thick bamboo handle 2,500mm long. The spoon net was used
to guide fish in the hold into the submerged bucket by placing it in front
of the fish. By 1993 this had been further improved to a basket concept
which scooped up the fish from the hold onto vinyl canvas and then into
the pontoon.

(5) In 1992, the research project developed a scoop basket to replace the
scoop net. Using the basket the fish were scooped up and directly
transferred in the vinyl coated canvas.

Capture Methods/Area

33.

34.

35.

36.

37

38.

The capture method used during 1991 and 1992 was poling. This was
largely replaced in 1993 and 1994 by purse seining the fish (see below).
Therefore the details of the poling system is for largely history only, though it
is still used for about 2 per cent of total capture.

The research farm used normal Australian poling systems - with fibreglass
rods 2.0-2.5m long nylon monofilament lines 1.5-2.0m long. The Australian
traditional hook was used first but resulted in excessive injury around the
eyeball. A replacement Japanese hook (No. 22 sea bream hooks from
Saganoseki in Kyushu) was more successful.

The grounds fished were mainly around Rocky Island - 359 50' south/1349
43' east - and Cabbage Patch - 35° 17' south/135/31' east. These are
traditional inshore fishing grounds, 5-10 hours steaming to Port Lincoln and
with smaller (more manageable) fish. The season at Rocky Island extends
from February to June and between April to June at Cabbage Patch.

The number of fish caught on each trip varied with fish size, sea condition
and fish availability. On average only 60-70 fish (average weight 13-16kgs)
were transported in "Empris Lady" and "Fina K." However, as technology
improved and bigger vessels were used (eg. "Sea Princess") over 100 fish
were regularly brought in per trip. Each trip lasted roughly 36 hours - at a
cost to OFCF and ATBOA of around $5,0004rip.

As above, the fish were poled into the vinyl-coated canvas sheet tank. The
tank already contained two or more stretchers. The crew then took the nylon
gut and guided the fish into the stretcher. In the stretcher the hook injury was
checked, the hook removed, and fish assessed for:

(1) Heavy bleeding
(2) Hook penetrating the upper jaw, and the optic nerve status
(83) Hook swallowed, or hook stuck in the lower jaw.

After pacifying the fish, generally by placing the hands over the eyes, two
crew lifted the stretcher and the fish was slid into the hold.

When transferring each fish into the hold, the fish already in the hold were
observed to see whether any were bleeding, or floating to the top, or
swimming differently from the others.

Grow-out of Southern Bluefin Tuna (SBT)
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Fig. 18 Sketches of equipment used for handling fish
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Fig. 19 Sketches of equipment used for handling fish
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Transport and Transfer of Fish

39

40.

41.

42.

43.

44,

45.

46.

47.

The sea-water in the live fish holds was replaced during the trip by using sea-
water circulating pumps (see above). Changes in the dissolved oxygen
content of the water in the holds were comparatively slight - a good example
is from 9.7 mg/l before capture to 7 mgA during the trip to Port Lincoln (see
Table One ).

During darkness, underwater lights were turned on in the holds so that the
fish would not panic and hit the walls.

On arrival at the farm the vessel was always moored on the leeward side of
the pontoon, for efficiency reasons. For transfer of the fish, the water level in
the holds was reduced and, in 1991, the bucket lowered into the hold. The
fish was guided into the bucket by the spoon net (see above). The time taken
depended on sea conditions but was generally about 1.5 hours for 70 fish.

Note that the progress to a scoop basket in 1992, and to using the small tank
as a transition to the pontoon, meant the fish were more relaxed. During the
small tank period, the fish were bathed for two minutes in dissolved
125g/100Itr of liquid tetracycline hydrochloride. While this seemed to
provided some medicinal benefit to the fish, this was probably outweighed by
the increased handling and time out of the water.

The results of the catching and transporting in 1991 and 1992 are detailed in
Tables Two, Three and Four as gathered by OFCF staff. The survival rates
were much higher than expected, though relatively poor compared with the
new method (from late 1992) of towing a pontoons of fish largely caught by
purse seine (see below).

Transfer to the farm pontoons is often more difficult as the fish are more
relaxed. Again, the towing and farm pontoons are joined together. To entice
the fish, sometimes bait fish are scattered close to the exit of the towing
pontoon exit panel. Other methods used in the past including lifting the nets
either manually or by using air bags.

Poling has largely been replaced by purse seining, and towing to Port
Lincoln in large pontoons. It is this change which has enabled the industry to
move to large volume. The towing pontoons and transfer techniques
developed throughout 1993 and 1994 to the point where trips can bring over
100 tonnes each.

The purse seiner operates by shooting the net around the school of tuna,
drawing it as far as possible without damaging the fish and bringing
alongside the towing pontoon. The seine and towing nets are then laced
together by divers and the fish are enticed into the tow net by chumming
and/or the diver. The pontoon is then towed back slowly (1-2 knots for up to
14 days) to the farm where the fish are then again transferred to another
pontoon, or the tow pontoon is anchored and used for grow-out. The actual
towing specifications used from early 1993 are in Attachment Five.

These new methods also have the big advantages of catching bigger fish,
and equally important the fish are generally never handled, meaning less
stress and less injury.

Grow-out of Southern Bluefin Tuna (SBT)
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TABLE 1

Changes in Dissolved Oxygen and Water Temperature in
Holds of Carrying Boat During Transit (1)

Tank 1 Tank 2 Tank 3 Tank 4
Time |No. | D.O. |Water | No. | D.O. |Water [No. | D.O. |Water | No. | D.O. | Water
Fish Temp.| Fish Temp. | Fish Temp.| Fish Temp.
(mify | (°C) miA (°C) (mln) | (°C) (mlny [ (°C)
10:2010 0 9.7 19.4 |0 0
10:4010 9.8 19.4 |0 0 0
11:13|3 3 9.5 19.6 |2 2
11:26 6 5 9.2 19.5 |5 5
11:4319 9 9 8 7.8 (19.4
11:57 113 12 8.1 19.5 |10 10
12:00|14 14 11 11 7.1 19.5

12:20 117 7.4 [19.6 |17 7.6 19.6 |11 6.9 19.6 |8 7.2 119.6
13:00(17 7.4 [19.4 |17 7.3 19.4 |11 7.1 19.4 |6 7.5 |19.4
15:00(13 8.2 [19.9 |17 8.0 19.9 |10 7.8 19.9 |6 8.9 |19.9
17:00113 8.7 118.3 |17 8.4 18.2 |9 8.2 18.3 |6 8.9 |18.5
19:0013 8.1 20.3 |17 7.8 20.2 |6 8.3 20.3 |6 8.4 |20.3
21.00(13 8.0 [21.3 |17 7.6 21.3 |6 8.1 214 |6 8.2 |[21.4

22:00113 7.8 225 |17 7.6 22.5 |6 8.0 22.7 |6 8.2 |22.6

Source: OFCF Experts

(1) Based on transport of fish from Rocky Island, around 10 hours from Port Lincoln, on
25 February 1991.
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Results of Catching, Transport and Tank Stocking -
Data for 1991 (1)

Hold No. 1 2 3 4 Total Survival | Caught
Hold capacity m® 17.8 17.8 9.6 96 54.8 Rate (%) |Place @
Trip Date |In Mort | In Mort |In Mort | In Mort | In Mort
1 25/12 |17 <] 17 2 12 8 11 7 57 22 61.4 R
2 19/3 |10 5 14 8 - - - - 24 10 58.3 R
3 16/4 |23 0 23 1 11 0 14 6 71 25 690.1 CP
4 17/4 |24 15 24 2 12 3 11 5 71 25 64.8 CP
5 18/4 |21 1 24 1 12 1 12 0 69 3 95.7 CP
6 19/4 |25 0 25 0 14 1 14 1 78 2 97.4 CP
7 20/14 |27 2 27 11 14 1 13 1 81 15 81.5 CP
8 29/4 |24 10 24 0 14 5 - - 62 14 77.4 CP
9 3/5 24 4 24 1 14 2 14 0 76 7 90.8 CP
10 4/5 27 0 27 1 14 3 14 6 81 10 87.7 CP
11 10/5 |14 0 12 1 7 0 6 0 39 0 100 CcP
12 11/5 |26 1 27 0 15 3 13 4 81 8 90.1 CP
13 13/5 |27 0 27 0 14 1 13 3 81 4 95.1 CP
14 14/5 |21 0 21 0 10 0 11 2 63 2 96.8 CP
15 20/5 |30 0 30 3 14 0 13 0 87 3 96.6 RI
16 21/5 |28 1 28 2 13 1 10 2 79 6 92.4 R
17 22/5 |28 0 29 1 13 0 12 0 82 1 98.8 R
18 23/5 |25 1 27 0 14 1 13 0 79 2 97.5
Total 421 45 430 | 34 217 |30 194 37 1261 141 88.8
Average per trip 23.4 250|24.2|1.88 |128 |1.76 | 12.1] 2.31| 70.0f 7.83
Survival rate (%) 89.3 92.1 86.2 80.9 88.8
Stocking (fish/m3) 1.3 1.2 1.3 1.3 1.3
Kg per m3 18.0 17 18.3 17.8 17.6

Source: OFCF Experts

(1)
(2)

Trips by "Empris Lady". Fish average FL 86.7cm and 13.77kg - 79 samples
R | = Rocky Island : C P = Cabbage Patch
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JABLE 3 - Results of Catching, Transport and Tank Stocking -
Data for 1992 ‘

Hold No. 1 2 3 4 5 6 7 Survival

Hold capacity | 10m3 10m3 18m3 18md 20m?3 20m3 96m3 rate

Trip Date| In Mort | In Mort | In Mort | In Mort | In Mort | In Mort | In Mort | %

1 1/4 |9 9 10 10 13 13 18 18 15 15 15 15 80 80 0

~

2 5/14 |7 6 7 15 12 12 9 15 10 15 13 71 57 19.7

3 12/4 | 4 1 3 1 6 0 8 0 9 1 9 0 39 3 92.3

4 13/4 |5 0 3 0 10 6 10 2 10 2 10 3 48 13 72.9

3) 14/4 15 1 4 1 10 1 12 0 9 0 10 1 50 4 92.0

6 16/4 | 5 0 5 0 11 3 11 1 11 1 11 1 54 |6 88.9

7 1714 7 0 6 4 11 3 11 2 14 0 13 2 62 11 82.3

8 18/4 | 3 0 2 0 5 0 7 0 5 0 6 0 28 |0 100

9 23/4 15 0 5 0 11 1 11 0 12 0 12 0 56 1 98.2

10 24/4 17 2 6 2 12 4 i2 2 12 0 12 1 61 11 82.0

11 25/4 | 5 1 5 1 9 2 10 2 13 1 12 1 54 |8 85.2
12 26/4 | 3 0 3 0 9 2 8 0 8 0 8 .10 39 |2 94.9
13 28/4 | 6 0 5 0 11 2 11 1 13 1 111 |2 57 |6 89.5

14 29/4 |7 2 8 2 13 6 12 3 23 1 13 5 66 18 727

15 59 |8 3 7 0 15 2 14 4 14 0 12 1 70 10 85.7

16 10/5 |6 0 6 0 11 1 12 1 12 0 12 0 59 |2 96.6

17 14/5 | 11 0 9 0 20 5 20 0 21 3 22 7 103 | 15 85.4

18 18/5 |8 4 8 2 12 4 13 5 12 5 17 6 70 26 62.9

19 19/5 16 1 6 1 12 4 13 3 14 2 15 4 66 15 77.3

20 20/5 | 6 0 6 0 13 4 12 3 10 0 13 0 60 |7 88.3
21 21/5 |8 1 7 0 12 2 12 0 14 1 14 0 67 |4 94.0
22 22/5 |7 0 7 0 13 1 12 0 14 0 14 1 67 |2 97.0
23 23/5 17 0 8 0 13 0 13 2 14 1 14 1 69 4 94.2
24 231517 1 9 1 14 0 16 0 16 1 17 1 79 |4 94.9
25 2/6 |9 0 9 0 15 0 15 0 18 0 20 0 86 0 100 )
26 6/6 |10 1 10 1 17 i 16 0 20 1 20 1 93 |5 94.6
27 716 |12 0 13 0 17 0 18 0 21 0 25 1 106 |1 99.1
28 8/6 |12 0 12 0 18 0 18 0 24 0 26 0 110 | O 100
Total 195 | 33 189 | 33 348 | 21 357 | 57 383 | 46 398 | 67 1870815 83.2
Survival Rate % | 83.1|16.9}825|175]|940|6.0 |84.0|16.0|88.0|12.0|83.2|16.8 16.8
Fish/m3 0.7 |0.12|0.68|0.12|0.69/0.04]0.71|0.11]0.68{0.08|0.71}0.12|0.7 |0.12

kg/m3 76 |13 |73 |18 |75 |05 |7.7 |12 |74 |09 |77 |13 |76 |13

Average 66.8]111.3




TABLE 4

Summary of 1991 and 1992 Catching, Transport and Tank Stocking

Catching Holds on Total Av. No. Av. Wt. Av. No. Stocking in | Stocking in | Survival
Year Boat (No.)| Capacity | Fish Fish Morts./Trip | Tanks Tanks Rate

of Holds | Carried/Trip| Carried/Trip

(m3) (kg) (fish/m3) (kg/m3) (%)
1991 4 54.8 70.0 965 7.8 IES 17.6 88.8
1992 6 96.0 66.8 912 113 0.7 9.5 83.2

Source: OFCF Experts
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The towing specifications (see Attachment Five ) were developed by the tuna
farmers and by Graham Johnson (Tasmania), through work on the AMC
flume tank. These specifications were then refined in co-operation with the
then SA Department of Marine and Harbours. The towing speed is generally
1-2 knots, with trips of up to 10 days. The fish are fed on the way, though
there is normally a short period in which they will not feed.

Results of Capture and Transport

49.

50.

51.

52.

Table Four summarises the results of the transport of the fish from catching to
the farm. Survival rates were high but did worsen between 1991 and 1992.
The reason for this was the inadequate pumps used to recirculate the sea-
water.

In 1991, of the 1261 fish placed in the holds 141 died, an 88 per cent survival
rate - a good result compared with NBT but still inadequate. The average fish
density in the holds was 18.1 kg/cubic metre - or 1.2-1.3 fish per cubic metre -
spread equally across the holds.. The trip from Rocky Island area was 10
hours compared with 5 hours from Cabbage Patch but there was little
difference in survival rates.

As above, the survival rate worsened to 83 per cent in 1992 due to the
inadequate pumping system. Note again also that to try to better manage fish
injury some tetracycline powder was used in 1992 on transfer from vessel to
the farm pontoon, but as above, there was probably no net benefit because of
the increased handling required.

Surprisingly, the larger fish (15kg) and smaller fish (8kg) had a close survival
rate. This was the opposite of the NBT experience where larger fish had very
high mortality.

53.

54.

There were high mortalities in both 1991 and 1992 between 10-30 days after
transfer to the farm pontoons. Mortalities before 45 days were attributed to
transfer mortality, and to natural mortality after that.

The results are outlined in Table Five. The initial mortalities seemed due to
a diverse range of factors - some pure accident. For example, during a
transfer in June 1992 the boat moved away from the pontoon with the very
strong lights still on. The fish panicked, hit the net and 181 died in the
following 8 days.
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Grow-out Data
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No. | PONTOON Neo. 1 2 3 4

1 Grow-out dates 13/5-17/12 (92)] 19/3-23/5 (93) | 5/4-23/5 {93) 19/5-22/3 (93)

2 Days of grow-out 219 797 413 338

3 No. of fish into pontoon 488 632 750 805

4 Average weight into pontoon | 13.77 13.77 15.4 11.5
{kg)

5 Total weight into pontoon 6.720 8,703 11,550 9,258
(ka)

6 initial loss (45 days from 123 137 315 415
stocking)

7 Total weight of (6) above (kg) | 1,694 1,886 4,851 4,773

8 Normal mortality (after 45 12 12 5 19
days)

9 No. of fish harvested 353 269 g4 371

10 | Total weight harvested (kg) 5,888 5,763 2,115 7,153

11 Estimated remaining fish - 214 336 =

12 | Estimated average weight = 450 32.0 -
(kg)

13 | Estimated total harvested - 9,630 10,752 -
weight (kg)

14 | Weight increase (kg) 862 8.576 6,168 2,668

15 | Total feed given (kg) 53,299 265,937 137,693 54,302

16 | Survival rate (%) 72.3 76.4 57.3 46.0

17 | Food conversion rate 61.8 31.0 22.4 20.3

18 | Grow-out area per fish 13.6 9.9 11.4 11.4
(except initial losses) m3/fish)

19 | Area of pontoon (m 4,946 4,946 4,946 4,375

Source: OFCF Experis

Grow-out of Southern Bluefin Tuna (SBT)




35

Results of Longer Grow-Out

55.

56.

57.

58.

59.

60.

61.

For the first 30-45 days in the pontoons, feed consumption was very low, and
there was an initial weight loss of up to 25 per cent. Thereafter the weights
rose sharply. For example, despite the initial weight loss, the 13.7 kg fish
placed in the pontoons in May 1991 had grown to 30-32kg one year later.
They further increased to 40-45kg in the following year, and four years after
transfer were up to 90kg.

The weight gains are roughly the same as for NBT - where a grow-out of
17kg fish reached 29kg in one year and 40kg in 2 years (pers. comm. Koga).

The average weight gain was 0.3-1.0kg./month in winter (July/September)
and 2.5-3.5kg in summer (December to February). Subsequent experience
after the Project is that high summer growth can be over 5kg/month. This
suggests there is a big advantage in early summer capture - now from late-
November, although the impact of sustained higher water temperature (eg
over 259C) on juvenile SBT may be negative.

The Feed Conversion Ratio (FCR) differed sharply between pontoons. For
example:

Eeed Conversion Ratio
of Kgs of Pilchards to
Achieve a Kg of Tuna Growth
1991
Pontoon One 61.8
Pontoon Two 31.0
1992
Pontoon One 22.4
Pontoon Four 20.3

The 1991 results largely reflect both overfeeding, and the fish being
transferred close to winter with very little summer growth.

When pontoon one is excluded, the SBT growth rates were roughly the same
as NBT ie. between 8.8-28.6 FCR (pers comm. Koga).

Variations in demand feeding in 1991 are outlined in Tables Five to Seven.
Unexpectedly the feeding rate (kg/body weight) was high in early winter
(June) at around 10 per cent. We now recognise that this was unusual and
reflected the compensatory feeding after the sharp loss in weight after
capture. With improved capture techniques and little stress, subsequent
years have shown the rate peaking in mid-summer and sliding gradually to a
low in mid-winter.

Tables Eight to Nine detail feed rates in various pontoons and relationships
with air and water temperatures. This is shown graphically in Figures Twenty
One to Twenty Six.
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Stock Density

62.

The stocking density varied very little between 1991 and 1992 - averaging
11.4 cubic metres of water per fish. In 1991 - pontoon one was 13.6 cubic
metresffish, and pontoon two only 9.9. Despite the difference there was very
little variation in the fish quality between the pontoons.

Grow-out Management

63.

64.

65.

66.

This was relatively simple:

(1) Diving in the pontoons too<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>