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Executive Summary

The New South Wales Department of Primary Industries (NSW DPI) Fisheries, other state
governments, the Fisheries Research and Development Corporation ( FRDC), the Australian
Government (then DAFF) and the Australian Centre for International Agricultural Research
(ACIAR) made a major contribution to research and coordination to identify and evaluate
opportunities for inland saline aquaculture in Australia (and overseas) in the early 2000s.
Research has been translated into significant industry development in some areas (e.g. India)
but commercial progress in Australia has been slow.

Unfortunately, with time, much of the collective research is difficult to access especially for
prospective farmers and investors. New development will stand a better chance if fully informed
of past progress. New technical challenges will need to be addressed. This project sought to
address the following objectives:

1. Collate existing documents and publications documenting research, policy, practical farming
methods and opportunities for inland saline aquaculture over the last twenty years.

2. Examine commercial developments and impacts from previous research.
3. Identify new opportunities.
4. Recommend ways these opportunities might be further explored and captured.

This was a desktop project complimented by a special Inland Saline Aquaculture session which
was conducted as part of the World Aquaculture Society Conference in Darwin, May/June 2023.
Experts with a strong history in inland saline aquaculture research from NSW, Victoria, South
Australia, and Western Australia were invited as well as two international experts, from India
and the USA. Invited experts were asked to give presentations summarising past progress,
including commercial developments, challenges and future opportunities.

Objective 1. Existing documents and publications documenting research, policy, practical
farming methods and opportunities for inland saline aquaculture were collated and listed in a
searchable excel bibliography categorised by country/region and topic. The vast majority of
publications are available online and a web link is provided in the bibliography.

There were 587 unique publications listed. Almost all publications deal with the technical issues
and solutions for farming in inland saline areas. They concentrate on the growth and
performance of selected species.

Of the 587 publications, 116 were from Australia. The vast majority of these arose from
research from NSW DPI Fisheries, other state governments, the Fisheries Research and
Development Corporation (FRDC), the Australian Government (then DAFF), the Australian
Centre for International Agricultural Research (ACIAR) or Universities linked to projects
supported by those agencies.

There were 157 publications from India, many of which arose from collaborative ACIAR projects
in India conducted in collaboration with a NSW DPI project leader.
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The international sharing of technology has been greatly facilitated by the World Aquaculture
Society conferences, supported by many agencies, including FRDC, ACIAR, NSW DPI and other
state and Commonwealth governments.

It is overwhelmingly obvious from the literature that it is technically possible to farm a number
of species in inland saline water, although sometimes an adjustment of the water chemistry is
required, for example by adding potassium in saline waters in the Murray Darling Basin in NSW.

Objective 2. There is limited commercial production from inland saline aquaculture in Australia.
Small-scale commercial operations in Western Australia have ceased operation and there are
currently no commercial operations in South Australia or NSW.

In Victoria, commercial production of Barramundi (Lates calcarifer) (up to 750 tonne/yr) uses
geothermally heated (29 °C) groundwater with a salinity of 2-3 g L-1g L.

In Queensland, a fish farm located southwest of Chinchilla, grows Murray cod (Maccullochella
peelii) and uses saline groundwater (3-5 g L) to reduce pathogen load in fingerlings and to
purge market fish. Also in Queensland, a commercial farm near Esk, Marine Garden produces
small quantities of Black Tiger Prawns (Penaeus monodon) using salt water trucked from the
coast.

In contrast, commercial aquaculture development using inland saline water is well established in
other countries. In India, for example, many species have been cultured and several are in
commercial production. The main species cultured on a large scale using saline groundwater is
the white leg shrimp (Litopenaeus vannamei). The inland culture environment is preferred to
coastal areas because of the more stable environmental conditions and fewer cyclones.

Israel also has substantial commercial inland saline aquaculture production. Tilapia
(Oreochromis niloticus), carp (Cyprinus carpio), and mullet (Mugil cephalus), are the main
species.

Commercial culture is also progressing in the Middle east and the USA. A large Australian
Barramundi farming company has purchased facilities in Arizona to farm Barramundi (Lates
calcarifer) in saline ground water in a farm that used to commercially farm white leg shrimp
(Litopenaeus vannamei).

Objective 3. In South Australia, a commercial development based on culture of Yellowtail
Kingfish, using saline groundwater, is seeking investors. This development, the Waikerie
Project, would not have built their model for farming without the research on inland saline
aquaculture funded by the South Australian government, the National Action Plan for Salinity
and Water Quality and FRDC. The aim is to develop the farm in 250 t per annum production
modules, with each module to be brought on-line when the market from earlier modules is
satisfied.

Opportunities exist for inland saline aquaculture groundwater, including for the whole

production cycle and parts of the cycle, for example hatchery, nursery, and purging. The use of
inland saline groundwater as a relatively pathogen-free water source is an opportunity.
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Objective 4. A special inland aquaculture session was organised in association with the World
Aquaculture Society Conference in Darwin, May/June 2023. Recommendations to identify
barriers to commercial development in Australia were drafted. These included, ensuring water
supply is adequate and secure over long term (e.g. decades), retaining a focus on high value
species, and supporting the exploration and trial of new technologies and innovations.
Government together with industry should support consistent strategies and regulations for
aquaculture in general and encourage and fund enduring knowledge transfer, particularly with
private sector investors.

Keywords

Inland saline aquaculture, saline groundwater
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Introduction

NSW DPI Fisheries, other state governments, the Fisheries Research and Development
Corporation ( FRDC), the Australian Government (then DAFF) and the Australian Centre for
International Agricultural Research (ACIAR) made a major contribution to research and
coordination to identify and evaluate opportunities for inland saline aquaculture in Australia
(and overseas) in the early 2000s. Research has been translated into significant industry
development in some areas (e.g. India) but commercial progress in Australia has been slow.

However, there is renewed interest in inland saline opportunities as significant overseas
developments come online and new investment has been proposed. Unfortunately, much of
collective research is difficult to access for farmers and investors interested in new
opportunities. New development will stand a better chance if fully informed of past progress
that has addressed technical challenges with utilisation of inland saline groundwater for
aquaculture.



Objectives

1. To collate existing documents and publications documenting research, policy, practical
farming methods and opportunities for inland saline aquaculture over the last twenty
years.

2. To examine commercial developments and impacts from previous research.

To identify new opportunities.

4. To recommend ways these opportunities might be further explored and captured.
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Methods

This was a desktop projects. The approach to deliver on each objective is summarised below:

Objective 1. Collate existing documents and publications documenting research, policy,
practical farming methods and opportunities for inland saline aquaculture over the last
twenty years.

The project team attempted to obtain all available relevant documents and references,
including unpublished material. This involved literature searches, contacting researchers
who have been involved in this research over the past twenty years, and searching the
databases of R&D Corporations (FRDC, ACIAR etc).

Objective 2. Examine commercial developments and impacts from previous research.

The project team sought information on recent developments and opportunities by utilising
existing networks, literature searches and social media advertising, including contacting key
experts overseas.

Objective 3. Identify new opportunities.

The project team contacted potential investors to ensure they are aware of previous
research; what worked and what didn't and discussed current barriers to development.

Objective 4. Recommend ways these opportunities might be further explored and captured.

A special inland aquaculture session was organised and held in association with the World
Aquaculture Society Conference in Darwin, May/June 2023. Recommendations to identify
barriers to commercial development in Australia were drafted and seminars/meetings with
potential investors were held to try to ensure these are commercially focused.



Results

Objective 1. To collate existing documents and publications documenting research, policy,
practical farming methods and opportunities for inland saline aquaculture over the last
twenty years.

The bibliography in Excel is searchable using all fields (columns) and is reproduced in
Appendix 1 in Word format, sorted by Country/region (Australia first) and then
alphabetically. The count of publications from each Country/region are listed in Table 1
below. Of the 587 unique publications, 116 were from Australia, the vast majority of which
arose from research from NSW DPI Fisheries, other state governments, the Fisheries
Research and Development Corporation (FRDC), the Australian Government (then DAFF),
the Australian Centre for International Agricultural Research (ACIAR) or Universities linked
to projects supported by those agencies. There were 157 publications from India, a large
number of which arose from collaborative ACIAR projects in India with a NSW DPI project
leader.

Of the 587 unique publications, there is a weblink for 571. The other 16 are conference
abstracts (5), reports (5), proceedings of workshops (5) and an invitation to submit an EOI

(1).

Almost all publications deal with the technical issues and solutions for farming in inland
saline areas. They concentrate on the growth and performance of selected species.

The international sharing of technology has been greatly facilitated by the World
Aquaculture Society conferences, supported by many agencies, including FRDC, ACIAR, NSW
DPI and other governments.

It is overwhelmingly obvious from the literature (i.e. past research) that it is technically
possible to farm a number of aquatic species in inland saline water, although the
adjustment of water chemistry is sometimes required, for example by adding potassium in
saline waters in the Murray Darling Basin in NSW.



Tablel. Count of Inland Saline Aquaculture Publications by country/region.

Country/region Count Country/region Count
Australia 116 | Lebanon 2
Algeria, Egypt, Oman 1 | Malaysia 2
Persian Gulf 1 | Vietnam 1
Bangladesh 2 | Mexico 19
Brazil 13 | Near east region 1
Caribbean 1 | Netherlands 6
Chile 1 | Norway 1
China 40 | Oman 1
Crimea 1 | Pakistan 8
Egypt 15 | Philippines 2
Europe 1 | Portugal 3
Europe and central 1 | Saudi Arabia 1
Asia

France 1 | Taiwan 7
Germany 1 | Tanzania 1
Greece 1 | Thailand 2
India 157 | Turkey 2
Indonesia 6 | Uganda 1
Global 36 | UAE 1
Iran 15 | USA 93
Iraq 2 | USA, Canada 1
Israel 14 | Uzbekistan 2
Japan 1 | Grand Total 587
Kuwait 2

Objective 2. To examine commercial developments and impacts from previous research.

There is extremely limited commercial production from inland saline aquaculture in
Australia.



In Western Australia, a small-scale commercial operation produced approximately 20 t per
annum of Barramundi (Lates calcarifer) and Queensland grouper (Epinephelus lanceolatus)
but the farm has since ceased production.

In Victoria, commercial production of Barramundi (Lates calcarifer) (up to 750 t per annum in
recirculating aquaculture system (RAS)) is operated by one of the largest mainstream
barramundi operations in Australia.

In Queensland, a fish farm located southwest of Chinchilla, on the western edge of the
Darling Downs, grows Murray cod (Maccullochella peelii). As part of their operation, saline
groundwater (3-5 g L) is used at two parts of the production cycle. Firstly, fingerlings at
approximately 1 g are held in saline water to reduce pathogen load and secondly, market-
size fish are held in saline groundwater for purging and to improve flesh texture. The saline
groundwater is an integral part of the successful operation of the farm (Pers. Com, Mark
Oliver, Manager, 2023).

In Queensland, a commercial farm, Marine Garden (https://marinegarden.com.au/), aims to
produce Black Tiger Prawns (Penaeus monodon) using salt water trucked from the coast.

Despite considerable interest over the years, no commercial inland saline aquaculture farms
are operating in South Australia or NSW.

In contrast, commercial aquaculture development using inland saline water is well
established in other countries. In India, for example, many species have been cultured and
several are in commercial production. The main species cultured is the white leg shrimp
(Litopenaeus vannamei) and the inland culture environment, with saline groundwater, has
been found to be preferred to coastal areas because of more stable environmental
conditions and fewer cyclones. Other species farmed are: Black Tiger Prawns (Penaeus
monodon), Giant Freshwater Prawn (Macrobrachium rosenbergii), Milkfish (Chanos chanos),
Tilapia (Oreochromis niloticus), and Striped Catfish (Pangasianodon hypophthalmus).
Barramundi (Lates calcarifer), European Sea Bream (Sparus aurata), Cobia (Rachycentron
canadum), Silver Pompano/Snubnose Dart (Trachinotus blochii) and Amur carp (Cyprinus
carpio haematopterus) have all been cultured in small quantities (see Varghese, 2023, Inland
Saline Aquaculture session, World Aquaculture 2023, section below).

Another country with substantial inland saline aquaculture production is Israel. Tilapia
(Oreochromis niloticus), Carp (Cyprinus carpio), Sea Mullet (Mugil cephalus), and to a lesser
extent European Sea Bass (Dicentrarchus labrax), European Sea Bream (Sparus aurata), Red
Drum (Sciaenops ocellatus) have been successfully cultured and more recently, Barramundi
(Lates calcarifer) is widely cultured. The largest RAS in Israel is capable of producing 1,000 t
per annum (Fitzsimmons, 2023, Inland Saline Aquaculture session, World Aquaculture 2023,
see section below).

Commercial culture is also progressing in the Middle east and the USA. A large Australian
Barramundi farming company has purchased facilities in Arizona
(https://www.mainstreamaquaculture.com/home/) to Barramundi (Lates calcarifer) in saline
ground water in a farm that used to commercially farm White Leg Shrimp (Litopenaeus
vannamei).



https://marinegarden.com.au/
https://www.mainstreamaquaculture.com/home/

2.Objective 3. To identify new opportunities

There are still opportunities for aquaculture using inland saline water. To realise those
opportunities, proponents will need information on the resources needed (water, land,
infrastructure, potential staff, markets, etc). Opportunities include the use of saline
groundwater for the complete production cycle as well as parts of the cycle, for example
hatchery, nursery, purging, etc. The use of inland saline groundwater for culturing marine or
estuarine species in a relatively pathogen-free environment remains a clear opportunity.

One existing opportunity for investors is the inland saline aquaculture project, the Waikerie
Project:

The following information was provided by John Carragher, Logifish Consulting:

e In South Australia, in the Riverland near Waikerie, a commercial development, the
Waikerie Project (https://a-culture.com.au/the-waikerie-project/) is seeking investors to
culture Yellowtail Kingfish (Seriola lalandi) using saline water from an underground saline
aquifer.

e The project proponents are fully aware of the previous research that has been done by
the South Australian Research and Development Institute (SARDI) (Hutchinson, W., &
Flowers, T. [2008], Appendix 1). Without the positive results on performance of fish in
the saline groundwater near Waikerie, the proposal would not have been possible.

e One of the other key benefits from previous research was the provision of key data,
including for water chemistry, needed when applying for operating permits.

e The saline water is currently considered an environmental problem. This operation will
not release any to the environment.

e This project involves a multi species, indoor tank system using commercially-in-
confidence technology.

e The aim is to develop the farm in 250 t per annum production modules. Following the
first module, subsequent modules will be brought on-line when market demands
indicates prices are not likely to decline with the increase in production.


https://a-culture.com.au/the-waikerie-project/

Objective 4. To recommend ways these opportunities might be further explored and
captured.

A special session on Inland Saline Aquaculture was held at the World Aquaculture Society.

Key experts were invited from India and the USA as well as from all the states in Australia,

except Queensland, where the opportunities for commercial development were identified
and the majority of inland saline research was conducted. These include New South Wales,
Victoria, South Australia and Western Australia.

The session included presentations, where experts were asked to discuss status,
opportunities and challenges, and a panel discussion, where directed questions were
discussed as well as a Q&A with the audience (see Figures 1, 2 & 3 and Table 3). A copy of
the powerpoint presentations (six slides per page) for all the presentations in the session is
provided in Appendix 2.

Figure 1. Inland Saline Aquaculture Session, World Aquaculture 2023.
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Figure 2. Presenters: Inland Saline Aquaculture Session
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Table 3. Agenda: Inland Saline Aquaculture session plan.

Inland Saline Aquaculture Session, World Aquaculture Society, Darwin May/June 2023

INLAND SALINE AQUACULTURE IN AUSTRALIA: PAST Geoff Allan NSW DPI

PROGRESS CHALLENGES AND OPPORTUUNITIES

TWO DECADES OF RESEARCH AND DEVELOPMENT IN INLAND | Tincy Varghese CIFI, India

SALINE AQUACULTURE IN INDIA: PRESENT STATUS AND

PROSPECTS

INLAND SALINE AQUACULTURE IN NSW: 10 YEARS OF Stewart | Fielder NSW DPI

RESEARCH & DEVELOPMENT

PAST RESEARCH AND BARRIERS TO COMMERCIAL Wayne | Hutchinson | FRDC (ex

AQUACULTURE UTILISING SALINE GROUNDWATER FROM SARDI, SA)

SALT INTERCEPTIONS SCHEMES IN SOUTH AUSTRALIA

INLAND SALINE AQUACULTURE IN VICTORIA - A Brett Ingram VFA,

RETROSPECTIVE VIEW AND FUTURE OPPORTUNITIES Victoria

INLAND SALINE AQUACUTLURE IN WESTERN AUSTRALIA; Gavin Partridge Harvest

PAST, PRESENT AND FUTURE? Road (ex
Challenges
TAFE, WA)

INLAND SALINE AQUACULTURE - USA AND ISRAEL Kevin Fitzsimmons | University

PERSPECTIVES Arizona
USA)

INLAND SALINE AQUACULTURE IN AUSTRALIA: PANEL Geoff Allan NSW DPI

DISCUSSION
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Panel discussion and Q&A

The figure below (Figure 3), summarises the panel discussion and the Q&A.

Figure 3. Panel discussion and Q&A
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* How much water is enough?

* How big do commercial ventures need to be or become?

* Is there still potential for ISA in Australia?
* f s0, where and for what species?

* \What can be done to limit future failure of 1547

The panel discussion
revolved around

the topic of Inland
Saline Aguaculture,
specifically focusing
on the challenges,
opportunities,

and strategies for
commercialising this
type of aguaculture.

The discussion covered various aspects, including
how rmiany species could be successfully grown

in inland saline water, often with relatively
inexpensive adjustment to the water chemistry.
The development of inland saline industries in
India, the USA and other countries demonstrates
the potential. The challenges with compmnercial
development of inland saline agquaculture

in Australia were discussed. The panelists
highlighted the need for long-term water security,
selection of higher-value species, a unified
mational strategy and long-term support from
Government, effe ctive knowledge dissemination
programs, and the need to attract both small

and large-scale investors. The importance of new
technological advancements, for example for
recirculating aquaculture systems (RAS), waste
management, and the potential for overseas
niche markets were also discussed.
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Panel Discussions Questions + Answers 1

-

QUESTION: In regards to the Murray Darling
groundwater evaporation system {with 56
groundwater bores) wells), why was ongolng
water avallablilty a limitatlon? Secondly,
was there any problem with water quallty,
particularly variation In the salinity, nutrient
load or microblota In the water?

ANSWERS

+ For the Wakool Sub Surface Drainage Scheme
(WssD5), the largest such scheme on the
Murray Darling Basin, and in Australia, there
was 13,000 ML pumped from the groundwater
table to prevent rising saline groundwater
from reaching the surface. All this water was
disposed of using the constructed 1600 ha
evaporation ponds.

+ Cwer time the groundwater was depleted.
This was not anticipated by the scheme
architects or us. But this was the single major
reason why commercial development of
aquaculture using the WSsD5 did not proceed.
The graph below illustrates the decline:

e

B e

+ With regard to water quality from the Ws5D5,
the salinity overall was stable from each bore.

It did vary from bore to bore, but not by a huge
amount. COverall it was about 15 to 18 ppt =0

it was high salinity. The water temperature
was very consistent (around 18 C). Mutrient
concentrations were very low. The ponds were
huge {about 30 ha each), with very little micro
algaes production - they were low productivity
ponds.

+ In other areas of the Murray Darling Basin, we
targeted particular aquifers for the quality of
the water in that aguifer. It depends where, how
deep and which aguifer you're using.

+ One common feature of all the water from the
Murray Darling Basin is that it is relatively sterile.
We considered using this water for bio secure
hatcheries. For example, SPF (Specific Pathogen
Free) Hatcheries. This still has potential.

QUESTION: In regards to the Walkerle (SA)
commercial agreement that didn't go through,
you sald one factor was the fact that water
security could only be guaranteed for three
years. Can you talk about why they declded
that was the maximum? What risks they were
trylng to manage?

AMNSWERS

+ Potential investors get the water for free
when the scheme is operating, but because
the operators run the scheme to manage
rising salinity in the landscape, when that
need changes, for example during a flood
or prolonged drought, guaranteeing water
availability is difficult. This is why the operators
at Waikerie were only prepared to guarantes
three years of water supply. They couldn’t be
sure the scheme would be operating beyond
that time and there was no mechanism for
the potential investor to either run the scheme
themselves, just to obtain their water, nor to
pay the scheme operators to run the scheme
when it was not needed for saline groundwater
management.

QUESTION: wWhy doesn't Australla as a whole
have a strategy? Why do we have separate
State 5tfateg|65'.’

Ccomment: India is a good example of
commitment. There the government stayed in
in inland saline R&D for the long haul while in
Australia we walked away after 10-15 years.

+If an investor saw that the government
(Commonwealth and State) agreed to a strategy,
irrespective of where it was, investors would be
more willing to take a risk if they thought the
government was there, not just for the 3 years but
for the 20 years of support, infrastructure, R&D.
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Panel Discussions Questions + Answers 2

QUESTION: Tincy, yvou're saylng that In Indla, desplte the fact you had
good commerclal productlon of shrimp from coastal areas, risks from
weather events lilke cyclones, made Inland areas more attractlve, Is that
an attraction for Inland sallne Aquaculture farmers In Indla?

ANSWERS

+ There are also other issues for farmers - the effluent treatment systemn,
training systems and awareness of land access and what land (owned by
government) and availability is also an issue with coastal aguaculture. On
the other hand, farmers in inland areas face challenges coastal farmers
don't. In general the farmers are less educated than other farmers globally.
We give our farmers simple leaflets and we have our own demonstration
farms so we can expose farmers to the best farming practices.

+ We help farmers at the start with subsidies and many farmers are still
continuing farming even after the subsidy stops.

Integrated discusslon polnts - lessons from success In Indla

+ In India there is a huge population. There's a big market for the
product. A lot of potentially on each farm, to drive livelihoods and
employ people - women and youth.

+ Australia are known to sell high value species -like Barramundi. In
India the people eat low value species and the high value species we
export.

+ There are two different ends of the spectrum when it comes to
India and Australia. Biology wise there is possibility of exchange of
information, but how things work in India and how they work here in
Australia is very different. For example, every research organisation in
India has a huge extension wing for each government body. Your job
in India is dependent on how many farmers who have adopted your
technology and the production from those farmers. Promotions and
the future of researchers is dependent on those metrics.
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Panel Discussions Questions + Answers 3

Integrated discussion polnts: Barrlers to Inland sallne agquaculture In Australla

+ Water securlty: The Operators at Waikerie
Interception Scheme could not guarantee
that they were going to run the interception
schemes indefinitely. They committed to three
years but the potential investors wanted more
like three decades. Similarly, in the Murray
Darling Basin, at the Wakool Sub Surface
Drainage Scheme (WSssD3), the water flow
dried up following prolonged drought. Without
water security, the investors also dried up.

+ Water security was the number one barrier
for commercial development of inland saline
aquaculture at Waikerie(SA) and Wakool [NSW),
two of the sites with the highest potential for
aquaculture. The scheme operators could not
commit to long term water security and the
aquaculture investors can't commit to develop
an enterprise without long-term water security.

+ The use of the scheme for aguaculture helps
Justify the interception scheme, which is a
positive, the availability of “free” water for
aquaculture is a positive, but the conflicting
drivers for the interception schemes and for
aquaculture can sometimes be a barrier.

+ Potential investors have to negotiate water
security.

+ The inland saline aquaculture research in
Australia demonstrated you could solve water
quality deficiencies, e.g. potassium, easily and
relatively cheaply. However, it does add another
complexity to the water securnity challenge.

+ Environmental management: A problem at
some sites, for example Waikerie, was effluent
disposal. When the scheme operates as
planned, salty ground water is disposed of via
a natural basin that acted as an evaporation
basin. During the R&D phase, effluent from the
aquaculture trials was also disposed of in the
evaporation basin. Initially, the basin was just
considered as waste, salt-affected land. Over
time, with saline water inflow, the basin became
an attractive habitat for wildlife, including
birds. The potential for aguaculture effluent
to harm this new ecosystern and the need for
potential iInvestors to consider environmental
expectations as part of their planning became
an additional barrier.

+ Asset management: Investors using assets
owned by others (e.g. saltwater interception
schemes, including water supply and disposal)
also need a commitment that those assets will
be available and maintained, and at a known
cost to the investor, for the long term.

+ Government commiment and support:
is also needed, particularly at a policy level.

+ The potentlal “scalabllity” using inland saline
water is also needed. |s there enough water
and land for the planned venture. Can investors
expand if they are successful?

+ Access to markets, labour, energy, transpaort,
etc. In remote areas affected by saline
groundwater, the location can make access
difficult. This i= a consideration for development
at scale.

Integrated

discusslon polnts: Qéd %ﬂ
Inland b b
Agquaculture

+ Consider. If we focus just on developing
Inland Aquaculture - it does change the
whole dynamic for Australia because
then we've got lots of land. The term ARID
Aquaculture has been used to describe
‘Aquaculture activities practised in desert
and arid lands characterized by low
precipitation (<250 mmyfyear), high solar
radiation, high rate of evaporation, using
subsurface and surface water”.

+ What are new technology changes that
have happened in the last 20 years (feeds
and electricity systems)? Does this alter the
potential for and aguaculture?

+ Recirculating Aguaculture Systerms (RAS)
are one technology that could change the
potential for and aquaculture. Less water is
needed per kg fish produced, and effluent
disposal is less of a problem as it is more
concentrated and could be buried, etc.
Effluent from using freshwater makes good
soil conditioner.

+ There are many water bodies in WA
that stink with sulfide - there is a lot of
carbon, and gases - is there some kind of
commercial and profitable option that can
be used to reduce those gases? Could this
add ancther dimension to the Inland Saline
Aguaculture story.

+ Should we focus on having a Carbon Neutral
approach?
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Panel Discussions Questions + Answers &

QUESTION: We know about some new
Investors are Interested In Inland saline
Aquaculture. what Informatlion would help
them? Do they need blology research or are
they looking at other constralnts to possibly
attract finance?

ANSWERS

+ | think this year weve got a lot of people locking

to regional communities to create new lifestyles.

It's very expensive to live in Australian cities, and
then they're looking at alternatives.

+We're seeing an upsurge in interest in the
aquarium industry and by products and other
things.

+We get a little bit stuck on just seafood for
seafood sake. You don't you need the same
water volume land, and other resources to
produce corals for example in inland saline
areas. You don’t need a lot of space and you can
run a very good aguarum system.

+'We do things like rainbow fish, for the aguarium
industry, which are incredibly valuable. ¥ou can
run them in quite good systems.

+ People are out there with very novel solutions,
and they're looking for unigue niche markets.

+ Aquaculture Australia works well when you've
got a very small niche of a high value product
with a very good market and no one else
producing.

+ Oryou have a incredibly good, innovative
systemn that just drives labour costs out of the
business. So just get all the labour out and
innovate, to get the best production system
with no labour.

+ They seem to be approaches that have worked.
Less labour and niche markets

QUESTIOMN: | heard a recent talk In a sesslon here of a company looking for equity Investors, and
It strikes me that the characteristics of these systems are not the sort of characterlstics that an
equlty Investor will be looking for, In terms of things like global market scalabllity. To me It means
you're relylng on bank finance, and that for that banks have to understand the characteristics of
these systems to make them bankable - have you looked at that?

ANSWERS

+We did have some work on investment + activities analysis- but it may not be fit for purpose in
today's market. We look at a framework investment from a banking position that clearhy wasn't
adequate.

+ Clearly, it's a bankable thing its not an Investor thing at the moment, so how do you turn it to the
other? Banks don't like really investing for long term. Equity investors would.

+ That is the reason why Prawn farms work. If the prawn farm fails, it's may still be very valuable for
agriculture or even urban development (e.g. canal estates). It can be used for sugar cane or range of
other things. It's hard to sell the land used for inland saline aguaculture so once you've spent a lot of
money developing the farm, there is not much potential for selling the land if the venture fails.

Gon 20 plante stmast 10 timey Bigger

$US100 - $200 M
2 memmersr 4,000 gy
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‘Standard’ RAS = 500 litres’kg
‘Zero® exchange = 50 litres’kg §
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Panel Discussions Questions + Answers s

QUESTION: Are obtalning pemits stopping
Inland sallne aquaculwre development In
Australla?

COMMENT

When you look globally, countries like Ecuador,
texico, Brazil and other countries where
aquaculture really thrives, their aquaculture
busineszes are supported. | believe it's a country
agenda. It's a coordinated effort between
different institutions, organisations to truly put
together an aguaculture agenda and to create
Jjobe with great opportunities. Most of the time,
it seems to me that excessive permits and
regulations stop aquaculture developrment in
many countries.

ANSWERS

+ Mo, it's been a problem with aquaculture
generally. 'would say the Inland Saline
Aguaculture is less of a problern than coastal
aquaculture, and some fresh water inland.
Certainly a whole lot less of the stakeholders
around whereas on the coast you're fighting a
lot of negativity and population - for us policy
isn't the main issue.

8 | INLAND SALINE AQUACULTURE: SESSION SUMMARY: WAS 2023

QUESTION: Do we actually have the

development of Inland agquaculture right,

to support long termn Investors? We do It by

states. From an Investor's view - Brazll, Israel,

Indla, they do It at the country level. Do we

have that ight 7

ANSWERS

+ We had the 2000 Aquaculture strategy —
with some aspirational goals, but that wasn't
supported by long term investrment. We
end up being conflicted by our inventorny
responsibilities and in our developrne nt
and economic promaotion. Often the came
departments to do both and this causes a
diversion of effort.

+ Projects in 54 in particular work on a 3-4 year
infrastructure cycle. They are set up to get
zome initial results, identify the problems, but
then run out of money before iInvestrnent is
secured and before new businesses can stand
on their own feet. We need to invest in project
funding vehicles more like the Cooperative
Recearch Centres approach (10 year) to allow
you to tackle problerms you actually don't

foresee. One the short term funding model,

there is a lot of infrastructure - built up and
then lost.

QUESTION: The flsh that you were using - were
all first / second generatlon flsh throughout all
the trlals - has the broodstock been kept and
has there been any Improvement In genetics
since then and why - can It support profltable
ventures for 20237

ANSWERS

+The figh and prawns used in all the studies
were at least first generation and hatchery
reared juveniles produced in our respective
government hatcheries or purchased from
commercial trout hatcheries. The stock
certainly went through a range of bottlenecks
including high termperature. This ressarch was
dore almost 20 years ago, and any broodfish
associated with juvenile production have long
gone. We also didn't maintain progeny from the
fich or crustaceans that were grown in the 1S4
systems.

+ Rainbow Trout now are relatively temperature
tolerant given the industry has been developing
in Australia for many years and selection of
termperature tolerant stock has been done; - but
mortality is usually experienced once water
termperature reaches 22C.

+ Kingfish - would be better performing now after
many vears of hatchery rearing improverment
and we would be ina much better place in
terms of supply and genetic traits.

+In general, we are now in a better position:
better fish, better facilities, better feeds —we just
need to look at the economic margin now.

+ Wayne: In Waikerie we didn't explore other
opportunities like micro algae or other marine
bio products.

Anuisndne is (805 F
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Panel Discussions Questions + Answers 6

QUESTIONS: Can you outline the production systems
that were evaluated to use sallne groundwater for
aquaculture and what were some of the key technlcal
outcomes from that research.

ANSWERS

Various methods to use saline groundwater were tested.

In NSW, Victoria, South Australia and Western Australia,

we evaluated the saline groundwater that was collected

in evaporation systems used to dispose of the salty water
table from surrounding irrigated agricultural enterprises.

In Queensland, saltwater extracted from coal-seam gas
extraction was evaluated. A range of experiments was
done, starting with small-scale bioassays in tanks followed
by long-term growout trials in ponds and Recirculating
Aguaculture Systems. One common result for saline
groundwater sourced away from the coast, was that
compared with eguivalent salinity seawater, the saline
groundwater was highly deficient in potassium. For some
freshwater species including silver perch, barramundi,
rainbow trout and artemia, that were tolerant of saline
water, the low potassium concentration did not result in any
reduced growth performance; howewver, for other estuarine
cpecies including mulloway and prawns, it was necessary
to add potassium into the groundwater. This was done
easily using agricultural potash. Saline groundwater sourced
from coastal aguifers such as at the Coorong in 54, was not
deficient in potassium and the water chemistry resembled
seawater. Some of the biggest issues we identified at the
inland locations, were related to the environment, especially
the annual and daily temperature ranges which were much
more variable (colder in winter and hotter in surnmer) than
those experienced on the coast. This limited the potential
growth period for tropical species. After scoping studies
were completed, species with the most potential for
production in inland saline groundwater were selected and
included rainbow trout (MSW), mulloway (SA), barrarmundi
(wa), Penaeid prawns (Qld) and Artemia (Victoria). Growout
trials were completed and product was sold to local outlets
in each state to provide market acceptance information.
The I5A farmed produce had very high market acceptance.

9 | INLAND SALINE AQUACULTURE: SESSION SUMMARY: WAS 2023

QUESTION: What happened to the McRobert Aquaculture System?

(If you recall you trialled It for mud crabs as well as It had that abllity

with some novel concepts).

ANSWERS

+ The McRoberts System was a very good system for aguaculture and
was unigue in the way it operated. In Western Australia (WA), the Semi-
Intensive Floating Tank System (SIFTS) designed by lan McRobert was
compared with floating raceways and simple floating cages in ponds filled
with saline groundwater. Barramundi were successfully produced from
juvenile to market-size. SIFTS was also trialled in Victoria for Murray Cod
production in freshwater farm dams. We evaluated the performance of
SIFTS invarious harbour environments in WA - but the systemn engineering
was not robust enough to withstand the wawe action of commercial
shipping activity in the otherwise protected harbour environment. lan
McRoberts has since moved on from building aguaculture systems and
now uses water to make whisky, rather than fish.

QUESTION: Glven that SIFTS only used mechanlcal filtratlon of
recirculating water, was there any Investigation Into the potentlal to
Include bloflltratlon of wastewater before It was released Into the
environment.

ANSWERS

+¥es, we did explore the use of bicfilters with water that was discharged
directly from the SIFTS. We found that there was very little dissohed
ammonia in the SIFTS wastewater because it was completely extracted
by microalgae that was growing in the pond water that was recirculated
through the SIFTS. As a conseguence, we couldn't see any value by
including biofiltration to remowe ammonia from culture water.

+ We also investigated heterotrophic pond management. The year that
we did the study we had a weird microalgae bloom that migrated up
and down through the water column. This resulted in the algae bloom
blanketing the sludge at the bottom of the pond and subsequently
hydrogen sulphide was released into the pond water which killed fish -
we had plenty of challenges.
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Panel Discussions Questions + Answers 7

QUESTION: You sald the costtorun a RAS
systemn Is very high at the moment and that
you can't use the product to lower cost at the
moment as It does not work-Is that true In the
currernt market? why do you use k year by year
If you are at aloss?

ANSWERS

+ RAS have to scale to be profitable.

+ That's why they've jurmped from 400tpy and the
average successful RAS is now 4000tpy. It's all
about scale to be profitable. The fish produced
in RAS is generally a commodity product. Its
low value compared to niche markets, so high
volurme production is necessary. | think it's quite
eagy to make a business case that's shows profit
on paper -but needs proving of every single
aspect of the costs to be confident.

©Q: Does the RAS Systemn work for sliver Perch?

ANSWERS

+The main production method used to culture
silver perch isin ponds and not in RAS Systerms.

QUESTION: In salmon farming we use RAS to grow the smolt - one of the problems experlenced Is
the seasonal temperature Issue. 50, what about the merging of the two technologles where RAS
Is used during the during the coldest months followed by ongrowling In ponds when the outside
environmental conditlons are sultable. I1s anybody been thinking about that type of concept using
the ponds? Trout grown In saline groundwater actually look quite good.

ANSWERS

+ | think we've thought about that for sure.

+The issue in MW, WA and 54 wasn't so much the warming temperatures, but the reliability of saline
groundwater supply.

+ The volumes of saline groundwater available to us at the ISARC at Wakool weren't sufficient to
generate a cornmercial return when the real effects of long-term drought were felt. The lack of
irrigation of agricultural crops resulted in the saline groundwater table staying well below the root
rone and there was no need to pump the saline groundwater to the surface to the evaporation
basins. So, our saline water resource literally dried up. Future ISA projects associated with saline
groundwater evaporation basins will be aware of this potential problerm and will need to develop
strategies to deal with drought conditions.

+ In the end, successful 1S4 projects will need a guaranteed supply of saline groundwater for more than
a couple of years. Wayne, talked about what happened in 5S4 at Waikerie - they asked the investors
who were ready to sign on the line for commercial farming what guarantee of watersupply could be
given by the managers of the saline water disposal system. They were guaranteed 3 years supply of
water. Investors Response: We need 30 years - not 3 years. The tenure on the water and the licensing
was just too short term. The fact they couldn't guarantee water supply, proved it as too high risk for
investrment- so they moved away.

+ 20,30 -50 yvear tenure for water needs to be considered - like the same vou get on land.

+ This is pretty much the single most important issue we have going forward for developrnent. That,
and the scalability issues - we need get it to a scale that makes it commercially viable.

+ Finding a suitable production model was difficult and especially trying to develop a product that onby
wiorks for a short period of the vear is hard to commercialize.
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Panel Discussions Questions + Answers 8

B QUESTION: Lots of technologles and research are belng done, but what 1s belng done to transfer
: that knowledge? Are there any programs where they can actually come and look at what's belng
= done? Are there experlenced workshops or tralning avallable so people can come and see and
experience, then take declslons to start a venture?
ANSWERS
+Yes, one of the main outputs of our research program was to develop demonstration facilities in all
States using the different 154 technologies. We had demonstration facilities to show the operations
» to potential investors who would come and see them. They were operating for a 4-5 yvear period but
: f{:l“g’r::mv:d they weren't maintained once the project was finished.
+ 2 litres per second +'We hawve harvested most of the commercial interest and for one reason or another, most of that was
fallen by the way-side.
+The reason to hold and maintain those demonstration facilities wained.
+'We also had open days and people from the community were aware of what was going on.

QUESTION: What could government do to drive aresurgence? The constralnts now aren't

necessarlly blologlcal constraints, there are other Issues. Is there a way that we can turn

our attention to try and make more productlve Investments work - what do they need to do?

Do they need to know about specles or better understand nlche markets?

ANSWERS

+ I'd cornment at the mornent, that First Mations people in building self sufficiency, around econornic
opportunities and we look for things like the new hatchery in Victoria, where we're actually building
First Mations opportunities to self sufficiency.

+ First Mations look at the landscape very differently. They build a different economic maodel - a more
long term sustainable model.

+ There's a lot of opportunity around First Mations people, and they have significant amount of native
title on inland, waters and water systems. | think that's changed since when we did this.

+'We have to address climate change. There is a lot of rural Australia that won't be able to produce
crops that are going to produce for the future - we need a whole of government approach to that.

+ And lastly, notwithstanding the fact that we've got such a large coastline (third world's largest
coastline in the warld) - it's either incredibly rough, or it's right opposite Sydney.

+ Our real asset is IMLAMD.

+ 5o how do you use inland? - | don't think we've solved that problerm

+ The government needs a 1015 yr strategy, vou can do 3 to solve resources issues. So that requires
collective government action, [the role of government to remnowve risk for investors).

+ Have inception schermes that are guaranteed to run for decades.
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Panel Discussions Questions + Answers 9

QUESTION: With all the great database knowledge created - (500+ publications), how can we
best package or make the Information avallable to people, First Hatlons people or Commercial
Investors? Are there any Ideas of how that would be best recelved or best used?

AMNSWERS

+ Initially, open access publications and social media.

+ Show and visit successful cases and call for more promotion.

+ Refresh: Go to countries, location farms that are operating with long term profitability and learn from
them and their integrated systems and Government structures.

+ Look at First Mations people, their specific commmunities, ambassadors and leaders. They are the ones
that create the chimate which creates the stories from the culture.

+ It's important to extract information, connect with key people of influence.

+ Look at the life expectancy of that information. Look at key principles and fundamentals and keep
refreshing that information - keep it top of mind - front page news and update.

+ Packages for the audiences: One for the investor, one for the farmer, one for the Aboriginal nations
with several layers. Hook someone in from that first level - ask guestions. Don't produce things that
look so overwhelming. Give choice - have some layers so if you want to dig deep you can.

+In the past we have had a big push. We've learned stuff. We're trying to push it to investors push it to
the market, where we need the pull.

+ The database of 500 should not be in the thing that is good for scientists. Mew things like Chat GTE,
all the new technologies and outcomes of this project, is to build a better way of taking science
knowledge. Put spacial layers, financial institution + geographic layers to make it easier. Then put new
Al tools to extract from 100 papers, something that synthesizes the info.

+ There are tools we haven't explored. There's clearly is a lot of information there, its the great unknown
- unknown and we don't know how someone else might use it and can't find it

+ Look at the sustainability metrics and R+D to understand the social impacts.
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QUESTION: We've got a lot of successful
Industries In Australla and It seems like
Inland Saline ticks the boxes for so much.
Do we have any comparison strategles
that show why some cases are successful?
And for those that are not successful-why
not? Can we see any gaps of what makes
a successful Industry? Are there success
pathways to help you perform? It seems to
range from very small hobby farms to
large commerclal productlon facllitles
which have all been successfully run.
Have comparlsons that people can use
been made?

ANSWERS

+We appreciate the insights, but successful
commercial ventures are focused on making
money. While we can demonstrate and
ignite potential, it may be challenging to
attract investors to take a risk. However,
circumstances can change, and now might
be a good cpportunity to revisit our approach.
| believe that would be a useful exercise.

+ | enjoyed a talk | heard yesterday that
discussed the values within the farming
gystermn and the hurman dimensions that
contributed to its success.

+What's really important is that when we
started, we tried to consider as much as
our biological minds would allow. However,
perhaps we involved the wrong people to
thoroughly explore the commercial aspects.

+ Wayne: Our project took place during the
2008 Global Financial Crisis, which was not
favorable for investors. However, now is a
good time to reassess it in light of current
opportunities and advancements
in technology.
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Panel Discussions Questions + Answers 10

QUESTION: I find there Is an Isolation of Information when It comes to
getting your high quality product to market, the barrlers of such a large
coastline and limited population. We've seen climate change, extreme
weather events where whole states have been cut off from that supply
chaln. Do we need to look at how are we golng to value add or find
different ways of preserving product? How do we market our products
overseas and If you have Inland Aqua farming, how do we get there?

ANSWERS

+ There are issues with remoteness. For instance, Delivering products - it
can take one full day of the week to drive a truckload of fish to a fish market.

g ATt prrare N pfloway + We need to think about the distances we might be traveling on from coast

F= 3 he to coast and change that perspective to similar distances inland. Perhaps
its not that different?

+ Look at your products with a long shelf life?

+ We should consider carbon neutral as an export market. Australia's still
exporting a lot of stuff that's carbon heavy and not very sophisticated.
Hawve you made the industry more carbon neutral?

+ If you're going to do it in aguaculture strategy you wouldn't do it divorced
from the other food strategies. If you're going to do a food strategy for
Inland Australia, you would solve the logistics once at the same time. Look
at things like carbon, getting rid of diesel engines, renewable energies,
employment - making sure you've got a reliable workforce. You do the
whole thing once - not just for Inland Aquaculture. - That may have been
one of our problems last time - we tried to do it alone.

+ Integration is good - but we have to watch not to become too big - its hard
to nail down what the intentions are.

SRR
VY

L= rmed e ]

+ Look at carbon credit metrics.
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CALL
TO
ACTION
AREAS

Inland
Aquaculture

our Australlan Asset
Is INLAND and how
we use our resources.

The term “Inland saline
aquaculture” can be
limiting and instead
we recommend a
focus on the term
“Imland Aquaculture”.
This will broaden the
appeal, iIncrease the
scope of appropriate
technologies and
assist scalability. This
should help attract
investment. It will help
showcase aquaculture
businesses that already
operate efficiently, are
able to scale faster, and
create more value in
society.

Water supply and Security
» Ensure long-term availability and
waterbody tenures with government

Government support and Regulation:

Advocate for a unified national strategy
instead of fragmented state strategies.

support.
Ensure interception schemes can
be used to supply water for decades.

Secure effluent disposal
(e.g. evaporation basins) approvals for
long-term environmental security

Specles selectlon

Continue to focus on highervalue species
such as Barramundi and Trout.

Market development required for some
maore niche species

Consider temperature-tolerant species
for better performance.

Potential for sterile bio-secure hatcheries
to produce SPF [specific pathogen free)
Jjuveniles

Technological Advancements

Explore new technologies and
innovations, particularhy for RAS systems,
electricity systems, and waste disposal.
Emphasize the advantages of circular
economy and waste nutrient utilisation.

Integrated cultivation technigues with
conventional crops.

Collaborate with an integrated food
strategy that addresses areas like
carbon, renewable energy sources and
employment benefits.

Establish long-term government
support for infrastructure, research,
and development and investments.

Knowledge Transfer:
Develop programs for potential investors

to visit and experience aquaculture
operations.

Professionalise, Personalise and
Categorise a new database, targeting
groups like The Farmer | The Investor
| First Mations People or Regional
Community Groups.

Maintain demonstration facilities for
a longer duration to showcase the
industry’s potential.

Attracting (Equity) Investors
Highlight and promote the economic
and scalable viability.
Understanding the scale necessary to
support commercial industries.
Explore partnerships with investors
interested in regional communities
and alternative lifestyles (also define
remote attributes, bankable systemns +
COMpansons).

Focus on investors with an integrated vision
and values that also focuses on sustainability,
economic, social and environmental impact

Factors
and Lessons:

Compare successful
industries and identify
key factors for success.

Reassess the industry
based on current
technology
advancements and
rmarket trends.

£%-5how potentia
value of Inland Saline
Aquaculture.

Database note:

Add various layers

to the database -
financial, geographic,
social, local networks,
carbon credit metrics
and comparisons.

call to Actlon
Promotlons
Promote the asset of
Inland Aguaculture
and how we can best
access our resources
and the economic

drivers attached to this.

Showcase the benefits

of community building,

remate Iiving lifestyles
and livelihoods.
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Discussion and Conclusion

This project was initiated to ensure that potential new investors in inland saline aquaculture in Australia
were aware of all the work done since the early 2000s and could easily access the information. The
outputs of past work were compiled and are now available in a searchable bibliography. This will allow any
commercial developments to consider impacts arising from previous research, identify new opportunities,
and investigate ways these opportunities might be further explored and captured.

587 individual publications were found, 116 from Australia, that we collated in a searchable excel
spreadsheet. These are easily accessible and 568 are available on the internet. Of the 16 publications not
available on the internet, five are conference abstracts, five are reports (most of the information in these
reports are published elsewhere and available on the internet), five are proceedings of workshops and one
is an invitation to submit an expression of interest to the South Australian Government issued in 2001.

The research questions that were addressed in the 2000s can be summarised as follows:

1.Is there demand for aquaculture products from inland saline aquaculture?

2.1s there sufficient saline ground water?

3.Is the water suitable for culture of priority species? (Technical assessment.)
4.What facilities are needed for inland saline aquaculture? (Technical assessment.)
5.Can species be cultured cost-effectively? (Technical assessment.)

6. Will people eat fish grown using inland saline waters? (Market acceptance.)
7.Will people invest? (Commercialisation potential.)

Current users of inland saline aquaculture research were asked if they were aware of previous work and if
so, was it useful? Although only a small sample, both the Manager of Condabilla Fish Farm (the farm uses
saline groundwater for pathogen treatment of fingerlings and for purging fish prior to sale) and the
consultant seeking investors for the Waikerie project in South Australia (an inland saline aquaculture
commercial venture), reported that not only were they well aware of previous research on inland saline
aquaculture in Australia, but that results from previous work were of critical importance to their operation
of plans. In the case of the Waikerie project, the venture would not have been initiated without the
research conducted by the South Australian Government (Hutchinson and Flowers, 2008; in bibliography).

The other commercial developments, in Western Australia and Victoria, not only had access to information
from scientists involved in the research but arguably would have not proceeded without access to that
information. Those operations ceased for reasons other than lack of research results (G. Partridge, June
2023, Pers. Comm.; B. Ingram, June 2023, Pers. Comm.).

However, it is apparent that despite the past investment in research, and the comprehensive outputs and
outcomes, current commercial development is far smaller than expected when inland saline aquaculture
research started in Australia. This project sought to understand why this is the case and examined if
something was missing from the approach taken in the 2000s?

Demand

Globally, and in Australia, aquaculture was, and still is, growing rapidly in response to increasing demand
for seafood and static or declining capture fisheries. Inland aquaculture (49 Mt in 2020) dominates global
aquaculture production (122.5 Mt in 2020) (FAO, 2022).
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In Australia, total aquaculture production of 132,000 t in 2020/21 was mainly marine species with the top
five species salmon, tuna, edible oysters, pearl oysters and prawns, although inland aquaculture is also
growing in Australia with species, including Barramundi, Murray cod, Rainbow Trout, Silver Perch, and Red
Claw Crayfish, among those cultured (Tuynman and Dylewski, 2022). There is a long-term trend of
increasing per capita consumption of seafood in Australia, equivalent to 13.9 kg per person in 2020-21.
This includes imported seafood products which accounted for 62 per cent of consumption
(https://seafoodindustryaustralia.com.au/good-for-you-good-for-the-planet-data-shows-australians-are-
eating-more-
seafood/#:~:text=Australians%20consumed%20around%20356%2C000%20tonnes,of%2015.5%20in%2020
03%2D4).

In summary, the strong overall demand for seafood in Australia, and globally, that was projected before
the new millennium was genuine. The growth of aquaculture both globally, and in Australia, demonstrates
that this was not a barrier to inland saline aquaculture production. Of course, localised demand needs to
be considered and the transport and logistical considerations needs to be factored into any aquaculture
venture. Lack of demand was not raised as a factor in the lack of commercial inland saline aquaculture
developments.

Sufficient saline groundwater

In the early 2000s, constraints to the expansion of marine aquaculture, including because of conflict over
the use of oceans and harbours, encouraged advocates to consider using saline groundwater. The Murray
Darling Basin, the southeast of Western Australia and many other arid areas of Australia contain vast
stores of salt in the soil and shallow groundwater. In the early 2000s, rising groundwater salinity, long a
problem in the Australian landscape, particularly in the Murray Darling Basis, and related vegetation die-
off, was identified as one of the greatest environmental problems facing the country.

The scale of the issue is evident by the scale of saline lakes, salt disposal basins and salt interception
schemes in Australia. The biggest saline lake is Lake Eyre in South Australia at 9,500 km? but the nine
Kerang saline lakes collectively occupy about 2,500 ha and the ten Saline Western District Lakes occupy
about 44,000 ha (Allan, et al., 2001, see bibliography Appendix 1). One particularly effective solution was
to intercept rising saline groundwater, before it reached the root zone of plants, and pump it into
evaporation basins. The use of evaporation basins for the disposal of intercepted saline water was first
used in 1917 (Allan et al., 2001). There are 11 large salt interception schemes in the Murray Darling Basin
(approximately 5,344 ha) and, in 2000, there were another eight being constructed or planned (Allan, et.
al., 2001). These are very effective at controlling rising salinity, although they are very expensive to
construct and maintain.

The opportunity for aguaculture to offset some of these costs, or at least to benefit from the availability of
saline water, was an attractive consideration. In the early 2000s, the conclusion, supported by resource
assessments (e.g. Allan et al., 2001), was there was plenty of saline groundwater available.

With so much saltwater in the inland landscape, why wasn’t it used for aquaculture?

Moving forward to 2023, the experts consulted during this review almost all cited long-term security of
water as a primary reason commercial investment did not proceed. Two examples explain this apparent
paradox. In the first, a commercial development was proposed using trout cultured in water supplied at
the outlet into evaporation ponds at the Wakool Tullakool Sub Surface Drainage System (WTSSDS) the
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largest saltwater interception scheme in Australia. Initiall, the WTSSDS pumped a maximum of 25,000 ML
pa, but as the millenium drought took hold, this volume declined. By 2009, pumping had stopped
altogether (Figure 4). It had not resumed by 2023. There was plenty of saline groundwater but it was not a
secure supply. The investors lost confidence and Murray Irigation Limited, the company who owned and
operated WTSSDS, were hesitant to commit. Consequently, the investment never eventuated.

Figure 4. Volume of water pumped into evaporation ponds at Wakool-Tullakool Sub Surface Drainage
System Scheme from 1982-2014 (figure courtesy Murray Irrigation Limited).
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The second example relates to the proposed commercial opportunity for aquaculture using saline
groundwater from the Woolpunda, Waikerie, Qualco-Sunlands Salinity Interception Scheme (SIS) in the
Riverland region of South Australia. The scheme comprises 93 bores adjacent to the Murray River that
intercept approximately 30 ML day saline groundwater. The saline groundwater is pumped to the 350ha
Stockyard Plains Disposal Basin. Research by the South Australian Research and Development Institute
(SARDI) demonstrated commercially attractive performance of marine species including Mulloway
(Argyrosomus japonicus) and Yellowtail Kingfish (Seriola lalandi) using this saline water (Hutchinson and
Flowers, 2008, see bibliography Appendix 1). A significant effort was made to provide information to
potential investors, including GIS mapping to help with site selection, documenting the policy and
regulatory framework, and conducting economic and sensitivity analysis. There was genuine commercial
interest but ultimately investors walked away when long-term (e.g. 30 years) water security could not be
guaranteed by the scheme operators. A secondary problem was difficulties with approvals to use the
Stockyard Plains Disposal Basin to dispose of aquaculture effluent (Hutchinson, pers comm., 2023). The
saline groundwater supply was not secure enough for lon-term commercial investment.

There is still commercial interest in using saline groundwater from this SIS for aquaculture in the Riverland
region of South Australia and investors are being sought. The proposed operation is for an indoor, tank-
based farm (using proprietary technology), constructed in stand-alone modules each producing 250 t per
annum. Water use would be minimised and no saline water would leave the farm obviating the problem
with disposeal of effluent.

Our conclusion is that although there are vast quantities of saline groundwater available in Australia, the
amounts in any single location are limited and obtaining the long-term water security needed for large-
scale aquaculture prevented commercial inland aquaculture development and remains a challenge.
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Potential solutions to the problem of water security is to construct recirculating aquaculture systems (RAS)
that use less water per unit of production. The is similar to the approach being adopted by the Waikerie
Project in South Australia (https://a-culture.com.au/the-waikerie-project/). An added advantage is that
these systems produce less effluent, especially when technology for the concentration and removal of solid
waste is incorporated.

Scale is a factor increasing the challenge with the availability of saline groundwater. In general,
aquaculture companies are getting larger to better exploit market power and to adopt new technologies
that incease net efficiency (e.g. salmon farms [Pandey, et al., 2023]). In Australia, the four largest
aquaculture companies acount for over 40% industry revenue, and this is only described as moderate
market share concentration (lbisworld, 2023
[https://www.ibisworld.com/au/industry/aquaculture/4225/#IndustryStatisticsAndTrends]). It is likely that
investors will look twice at opportunities that do not offer the potential to scale up.

Is the water suitable for culture of priority species? (Technical assessment.)

The suitability of these inland sources of saline water for aguaculture was the next question. Allan et al.
(2001), used thirteen broad resource assessment categories to help determine the overall suitability of
identified resources for inland saline aquaculture. These were:
1. Resource availability (quantity and quality of available water).

Resource salinity.

lonic composition.

Other water quality.

Availability of freshwater.

Availability of land.

Nature of soil.

Environmental sensitivity.

Existing structures.
. Availability of labour and commercial services.
. Proximity of power supply.
. Proximity to transport corridors.
. Opportunities for cost-sharing.

L ooNoO U e WN
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The first phase of almost every evaluation of saline groundwater, in Australia and elsewhere, was “do fish
survive and grow in the water?” Of the 113 publications from Australia related to inland saline aquaculture
(Appendix 1), 65 concerned the suitability of saline groundwater or documented attempt to modify the
groundwater to ameliorate sub-optimum conditions. Matching the species with the environmental
conditions is paramount for commercially-successful aquaculture, including inland saline aquaculture.

The desert environment presents different challenges to coastal environments, including the diurnal and
seasonal temperature regime, and selecting species that can thrive in those conditions is important. This
applies to all aguaculture not just inland saline aquaculture. In some areas, an ionic inbalance in saline
groundwater, compared with oceanic waters of equivalent salinity, (e.g. a potassium deficiency in parts of
the Murray Darling Basin), needs to be adjusted (e.g. by the simple addition of potassium salts). However,
in summary, almost all species trialled in inland saline waters could be cultured and, for the best species at
every site, performance was equivalent to that achieved using coastal water (for marine species) or
freshwater (for anadromous or catadromous species).
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The “suitability” of inland saline water was not a barrier to commercial development.

Are there suitable facilities for inland saline aquaculture? (Technical
assessment.)

The facilities investigated during the research phase included small tanks, particularly for initial
experiments, large tanks, including commercial-scale, RAS systems, ponds and raceways. The question
about what are the “most appropriate” facilities for the planned operation applies to almost all
aquaculture and is not specific to inland saline aquaculture. There are no reports that the type of facilities
available to aquaculturists generally were unsuitable for inland saline aquaculture.

The issue of scale of facilities and farms is, however, a factor. As mentioned above, investors around the
world are scaling-up, individual companies are more interested in larger farms (in terms of production
potential) and industries are rationalising with company acquisitions and mergers increasingly common
(Pandey et al., 2023). For example, the largest salmon farming companies are now multi-national. Pandey
et al., (2023) attributes this to an attempt for companies to become large enough to exploit market power,
and/or becoming large enough to adopt new technologies that increase the efficient scale.

Can species be cultured cost-effectively? (Technical assessment.)

A considerable effort was invested in economic modelling for inland saline aquaculture, including for inland
saline aquaculture of prawns and trout, and for using recirculating aquaculture systems (RAS) for inland
saline aquaculture (Johnstone, 2014a,b,c, see Bibliography Appendix 1).These and other attempts to
qguantify potential investment returns in NSW, Victoria and South Australia and Western Australia, led to
some since-lapsed commercial development (in Western Australia), to an initial commercial proposal that
didn’t proceed in NSW, and to a state government publication of an expression of interest for investment
in inland saline aquaculture in Riverland region of South Australia, that also didn’t proceed. The proposals
in NSW and South Australia didn’t proceed primarily due to the failure to guarantee long-term (i.e.
decades) water security.

The investment proposal in South Australia demonstrates, that at least on paper, species can be cultured
cost-effectively in inland saline groundwater (https://a-culture.com.au/the-waikerie-project/) although
uncertainties have clearly constrained commercial development so far.

Will people eat fish grown using inland saline waters? (Market acceptance.)

Taste panel studies and practical trials in most jurisdictions conclusively showed that consumers accepted
fish cultured in inland saline aquaculture. This wasn’t a barrier to development.

Will people invest? (Commercialisation potential.)

Inland saline aquaculture research and development in every jurisdiction was predicated on the
assumption that once research questions were addressed and results were encouraging, investors would
commit. The research approach asked the right questions but scientists and Government may have been
overoptimistic about the results, and underestimated problems with guaranteeing long-term water
security for the volumes needed to attract significant commercial investment. The misunderstanding of the
potential for development at scale may have also been a factor.

Significant investment is likely to require removal of risks to long term viability of projects including secure
access to the water resource, likely production performance of target species that can be cultured in saline
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groundwater, and the need to achieve a scale of production that can provide attractive returns that will
likely only be possible if the product can be supplied to large national and international markets.

Conclusion

The research approach followed throughout Australia, had considerable support from the Commonwealth
Government (including the Fisheries Research and Development Corporation, the Australian Centre for
International Agricultural Research, and the Department of Agriculture Fisheries and Forestry), various
State Governments including NSW, South Australia, Victoria, Queensland and Western Australia,
Universities and private landholders and investors. There is a wealth of published, easily available
information about inland saline aquaculture in every state of Australia where there is potential. These
publications and data are a valuable resource for anyone contemplating commercial development.

The reason commercial development has not proceeded as expected in Australia, ultimately, is mainly due
to the failure to secure long-term water security of sufficient quantity to underpin large scale
development.

There is still potential for more modest commercial development. Advances in technology, for example in
RAS, and some of the underlying advantages of aquaculture away from the coast and population centres,
and some of the pathogens that are difficult to manage, may make inland saline aquaculture more
attractive to investors.

Commercial investors will also need to prepared to reach the scale of production and product price needed
to remain profitable within a competitive national or global seafood market.
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Recommendations

The following recommendations are made for investors looking at inland saline aquaculture:

Water Supply and Security

* Ensure long-term availability and waterbody tenures with government support.
® Ensure interception schemes can be used to supply water for decades.
e Secure approvals for effluent disposal (e.g. evaporation basins) for long-term environmental security

Species Selection

e Continue to focus on higher-value species such as yellowtail kingfish, barramundi and trout.

e Market development should be carried out for some more niche species

® Focus on temperature-tolerant species for better performance.

* Examine the potential for sterile bio-secure hatcheries to produce SPF (specific pathogen free) juveniles

Technological Advancements

* Explore new technologies and innovations, particularly for RAS systems, electricity systems, and waste-
disposal.

e Examine opportunities through the circular economy and waste nutrient utilisation.

e Explore the integration of cultivation with conventional crops.

Government Support and Regulation

* Advocate for a unified national strategy instead of fragmented state strategies.

e Collaborate with an integrated food strategy that addresses areas like carbon, renewable energy sources
and employment benefits.

e Establish long-term government support for infrastructure, research, and development and investments.

Knowledge Transfer

» Develop programs for potential investors to visit and experience aquaculture operations.

e Professionalise, Personalise and Categorise by developing a new approach including reaching groups like
The Farmer | The Investor | First Nations People or Regional Community Groups.

e Maintain demonstration facilities for a longer duration to showcase the industry’s potential.

Attracting (Equity) Investors

e Highlight and promote the economic and scalable viability.

* Understand the scale necessary to support commercial industries.

* Explore partnerships with investors interested in regional communities and alternative lifestyles (also
define remote attributes, bankable systems + comparisons).

* Focus on investors with an integrated vision and values that also focuses on sustainability, economic,
social and environmental impact.
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Extension and Adoption

The primary method of extending the project was through the Inland Saline Aquaculture session at World
Aqguaculture 2023, held in Darwin, NT, in May-June 2023.
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Project materials developed

A bibliography of 587 Inland Saline Aquaculture publications sortable by category/species and
country/region (Appendix 1).
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Appendices

Appendix 1. Inland Saline Aquaculture Publications

Sorted with publications from Australia first in alphabetical order followed by all other countries by

alphabetical order. (Please note a fully sortable excel file is available separately to improve access for those

interested.)

Category/species

General status and
opportunities

Country/region

Australia

Reference

Allan, G. L., & Fielder, S. (1999a). Inland mariculture activities
in NSW. Proceedings of a Workshop Held on 6-7 August 1997,
Perth, W.A., No. 83, 1-61.
https://www.aciar.gov.au/sites/default/files/legacy/node/308
/pr83_pdf_14323.pdf

General status and
opportunities

Australia

Allan, G. L., & Fielder, S. (1999b). Potential for inland saline
water culture of crustaceans. Proceedings of a Workshop Held
on 6-7 August 1997, Perth, W.A., No. 83, 1-61.
https://www.aciar.gov.au/sites/default/files/legacy/node/308
/pr83_pdf 14323.pdf

Resourcespolicysys
tems

Australia

Allan, G. L., Banens, B., & Fielder, S. (2001). Developing
commercial inland saline aquaculture in Australia. part 2.
resource inventory and assessment. Final Report to Fisheries
Research and Development Corporation, Project 98/225. NSW
Fisheries Final Report Series No. 31.
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0008/545
615/FFRS-31_Allan-et-al-2001.pdf

Economics

Australia

Allan, G. L., Blackburn, J., & Fielder, D. S. (2008). Toward
commercialisation of inland saline aquaculture in the Murray
Darling Basin. Skretting Australasian Aquaculture Conference,
3-6 August, Brisbane.

Economics

Australia

Allan, G. L., Dignam, A., & Fielder, S. (2001). Developing
commercial inland saline aquaculture in Australia: Part 1. R &
D Plan. Final Report to Fisheries Research and Development
Corporation, Project 98/335. NSW Fisheries Final Report Series
No. 30.
https://www.dpi.nsw.gov.au/__data/assets/pdf _file/0006/545
613/FFRS-30_Allan-et-al-2001.pdf

Economics

Australia

Allan, G. L., Fielder, D. S., Fitzsimmons, K. M., Applebaum, S. L.,
& Raizada, S. (2009). Inland saline aquaculture. In G. Burnell &
G. L. Allan (Eds.), New Technologies in Aquaculture: Improving
Production Efficiency, Quality and Environmental
Management (pp. 1119-1147). Woodhead Publishing Limited.
https://doi.org/10.1533/9781845696474.6.1119

General status and
opportunities

Australia

Allan, G., & Fielder, S. (2002). Inland saline aquaculture -
progress & priorities. Austasia Aquaculture, 16(2), 36—37.

Economics

Australia

Allan, G., Heasman, H., & Bennison, S. (2008). Development of
industrial-scale inland saline aquaculture: Coordination and
communication of R&D in Australia. Final Report to FRDC
Project No. 2004/241.
https://www.frdc.com.au/sites/default/files/products/2004-
241-DLD.PDF

Algae seaweed

Australia

Awal, S., & Christie, A. (2015). Suitability of inland saline
ground water for the growth of marine microalgae for
industrial purposes. Journal of Aquaculture & Marine Biology,
3(2). https://doi.org/10.15406/jamb.2015.03.00063
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Algae seaweed

Australia

Barokoni, R., Awal, S., & Christie, A. (2015). Growth
performance of the marine microalgae Pavlova salina and
Dunaliella tertiolecta using different commercially available
fertilizers in natural seawater and inland saline ground water.
Journal of Algal Biomass Utilization, 6(1), 15—-25.
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= Irvestment opportunity " s

— Sk [marine fish, &tc) —teris |
i =

opportunity — Oild use -'-_-'"-_

of saline evaporation —

o) [

|| e | e
[ -~ —

Why hasn't commercial inland saline
aquaculturein Australia developed?

There is some new interest in commercial
development but potential investors claim they
are unaware of previous work

Are there new opportunities for commercial
inland saline aguaculture in Australia and what
more is needed to help realise them?

s

FRDC / DPI Project @F“DE N | nairies

Project Number: 2022089 Inland s3iine aquaculture - past progress,
New OpOTUNTTES 3N 3 synihests of avalabie nowedge

Objectives
Mo Detsl
1 To colade eakding 4 anil pubaions.

resaarch. poly. pracscal
farming neitods 8 opporienies for inland e ine squaceltine oaer tha Lael Faeniy yeaes

£ "o examine commera sl dessioprrents ard mpacks hom Soescus Esease

ERCL U Ll

4 T isarmwinatal milih Do a3 Portin . 9901 b Lt il el cigiimel

Challenges and
opportunities

+ Theb compibmsan ofewisreacs, in boh Pt
o grey Basanans, . grrwing

+ Thars o Mamgs of nfrTao o bl
1 ik P Aamis e cvrual

+ XN Crbnged 13 SR EevepTATT
il 26 Samns i it st prase e

e el o e g e pare
danman
© el 85 Y 12 KRR b BTN
=414 reference ﬂ

i
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TWO DECADES OF RESEARCH AND DEVELOPMENT IN INLAND SALINE AQUACULTURE IN INDIA: PRESENT
STATUS AND PROSPECTS. Tincy Varghese. CIFI, India.

Y RS ) I'L:"II' 1t
@ Sm. nouEr

Two Decades of Research and Development in Inland Saline
Aquaculture in India: Present Status and Prospects

Tincy Varghese, P,
ICAR-Cemtral Instinite of Fisheries Education,
Mumshal 400 061, India

Origin of Research on Inland Saline Aguaculture in India

4 In 1923, the Cestral leaftule of Fisherles Education [ICAR-CIFE) estabiished & somall
centre ko research on 154

4 In A&, the survhad rates of tiger shrimg, milkfod, grey malley and prarbgst fr
Larming were vrry b,

4 Amespls to rear glant frealneater praws e [Moorobrochioe s
wnsucressful.

4 In L9, & research cester was shifted be Robiak diric, Harpana

4 Survival trials with prawns, dhrimp, and breckishwater Anflshes were conducind,
But except for milkfish, e survival reuls were sot sslident for comsendal
Earming

4 The major progres was achisved s 2004 cosans with L s larming.

4 A bilateral resesnch project between ICAR-CIFE asd NSW Flsheries [DFD) Tunded by
the ACIAR. Later, grassi fres MCAR-funded projects Niche Area Excellency and
HAHEP Projects.

et i) e

1 2
Carcies of Salinization
Characteratie of salae soll Charaeteriathe of inlasd dallss water (W)
lom causing wiinky: W', O, K7, Co™ and Mg™
* %ol pH - luxs than B2 = Sallaity - 10-25 pat wigh high beval of
+ Exchangeable sodum percestage (ESP) - 2 Ee and Mg+ - high wtar hardaes
bewn than 19 and Electrical coaductiviey -
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+ Salinigy - =05 in 164 ppe
+ Ths rabes of asspage |5 bigh dusio the high St Sl
percantage af sk g
W NI sRIE
3 4
Salt-Affected . .
Sails in Indian CRNP= R Constraints in Inland Saline Aguacuture [ Remedes |
= K~ fortif s
states e m e urtification iz water
e — ® Less G+ concenimcian n EGW acrir due o sdasration of 1 B+ on o 1as ey - Minsral forSificatlon in
LR J—— .
[ nant digt
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lonic compasiticn of inland saline waters (ISW) In compariscn to the Species Recognized for 15A on a Global Scale
seawater |SW) = Spaaches saboctind con the il o thle salleiy Rubarisics il Eossmsirclel gortancs
pr— * Thea bant cardilats spechon Fr inkand wbre waters, b s e
s * Ao b o birackive warter ard merne s, e altund
[ ) [T 1% o 19 =] L Mugh! crphaiu 12 Maxrobroshivm rosenkergh
= = A =T = 5 T i.mw:.h-h [re— uhﬁ;ﬂ-m
Chavas chanz 14 Mhgor Carpi
o™ am 4 a4 1% Rl = iR i 14
Mg 1] £ L m 0 s 4 Drroshremb it Candidate 16 e Tikapia
M e Fas o fut] B & Argyrasemun fmranka spedies in G 1fMoagmioadon sap
7. Pogrun oarotu 154 18 Spbrad e
= : & Pragrus vannamed 19 Mutifers
o g 11L& 134 1= L 214 1134 134 - 4 =
18 Penava latnwkohn Tiger Sheimg 2
11 Penaves monodan 22 Grean Up Abalors
7 8
TEd’lnongies dwelnmd h'|' IEAF[-CII"E fclr Isw PHODUCT IO OF HATCHERY SEED OF SCAMP | USING IMLAND GROUMD SALIME WATER
- O el i Pl bl it b N e el b bl o i
P - - 1k ™ i [ peep—
Land pradierise and cuinars of Sowrpd [ ng B A ey el Rkl Gadty o1 el FL e e
Parwreer (1 Kisw v
Cariom of Tiger thrbr g (8 rmesdier] by medenrs ol vy bl and grognd 1 T = =
o e s £ {
=
. Indunrrial seaductdsn of WENETS LhrkT R AT ua reeTas] [t
Culeure. o mi e (hanat ot 1 Low elinioy s
a Cuftes of GIT tins b o snd sighlaasd groand aaline s
'e \Cuitamw of el ed ean | Fangananase Teeb ki) by ou s Ty
“ [
.z P TEnE CoTLre of | RSRIN BSTEANDS, ALDT GEISALE W AT ST
In W
9 10

Firet 2zampl Hatohery with a Production Capaotty of 1.6 million PL
Uching 13W ) Ectabliched at Rchkak (Haryana)

bl b b v ol s e gy = TR s dhhBa i wr b B Tmm o Hegaes Farjeh e Sl
L L LT Ut ISR D —"— el i T e iy n
e vk e B

Grow-out Production of Scampi (M. rosenbergil] in 15W

Suitabie for culture in SFerent oelinies of 1SW 010 pet].
Conmerialiy tarmed up 2 5 pei milinkyin olins bore-wssl misr under sxperirsnial snd e ponds.
Suftabie bor cultune in mona snd pobpubtone rarierma.
High derrond in desmiertic e expor markeb
Production of 1253 ko fhay'f monriha in monoculture.
o 152 kg, ra E-7 mormtu al scarmpl snd 3000 lg'hatpr |WAC under T

B B B B b

11
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Grow-out Prodduction of Tiger shrimp in [SW
Tolerarcs o m e rengs of sy Mes Pobmmsir smencme souvale £ S0% o s
Sufiabie for cufure i Bopiosl and subbropios] cimies.
e meeed b2 mhos |4 mentie), bve ormes e Se S 1S nochae sard of e cousby
Aymincaty of “WicTery mesd 7 DT TN feed 8 e

High sxpas demmed
Tiger chrimp oslture in ko inbisd e Tiger Shrimp Cultun in Farmen’ Pords Under
water [2-8 ppt] o Labi, Rahtak 2803 RAHARINz Rural lsncvation Fund Scheme, LB
kg, ha /130 dayx

Culture of Pacific White Shrimp [Pensews vannamei)
using inland ground saline water

13 14
Ind cale preductian of L T Industry-Level Production of white Shrimp (Penaews vannamei)
Production at ICAR-CIFE  production at Farmers' Pond
Humaolthe Amsender  Production Dpendfurs  Het 13500 kg'ha20
b oakure egimcre)  [Rafscre| Mcomay Prof ﬂﬂ.ﬂ MMh
] 1Fa/acre
Haryans 4000 18140 Li-%D lakka LO-4D lskha
Furjsb =T 2023 LSSDlskks  L51S lskhn b —al=o
Fafuethan ~100 2.1-24 -4 5 lakha L*15% sk l
—_
‘Tatsl ieland wline wady broughs endaer L vannamsl shrimg Srming: saouk m
AB0 mores [300). Aversge productiity b 1.1 ioms par sore e the i 7
15 16
Grow-sut Produstion of (Ehancs chanss) in 1SW v 2224 ppt) GIFT (Orenchromis niloticus) |
V| Rusaring juwsalies ic oable-alae Aak " PR g paci

|&)  Emaring fry to ose-ywar-cid
arvwsila

v Potaslum supplemsntation & not reguinad in waler

v Culturs of GIFT lagia in nland ground wlie water [5-10
pobl- achisved 10 tenihalT mentic

* Bresdingeed Production in india. Rajiv Gardhi Cantre for
Aquatultisna (RECAY b the plosssr bady 1o alraady has @
Cutting-dige GFT braading nucheus.

v T RGCA b mainbeined genets gurity by adhering to e
pedigres-based bresding programme

* The Brwsding nuceus wis formed o 2001 whth mshitencs =110 izt
Fravem WearldFih. Bl s A
Favwh b ca g sl
A T
v Rellarkstablio sl ;SO0 8065 S ——y a5y

18
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* Inland low Striped catfish (Pangasianodon hypophthalmus)

er| 5 pEt|

Grown 0.5-1.1 kg Im & montha
P h =

Cobla [Rochycentron conadurn)

+ Catin lna highiymbs watood ipecie.

* Complecs marmdty accared in e indend ground elae
wanar within 7 day of mackag,

'R Teasid
Esrubve 2 kw05 2t

* S K fort¥eation b milfclant for commerhl citus.

* G 1z 07 s e seighr of S g 105 g and LG g fom
aniridnl marage wight of L3 g a2 5, Liand 15 pot:
o ITiaa in G daw T

* I pcrdy, fich grow 12 0 svanage weght of 475.7 g from
875 gl B3 dg

19

20

Silver Pompano [ Trachinotus blochif)

= Pompano seeds procured from CMFRI RAegional Cenber
Mandapam, Taml Nadu and airfifted to CIFE Rohtak Centre.

* Preliminary [aboratory experiments haw shown tiat Pomband
need potassium fortfication in inland ground saline waier for
ThEr surdval.

= Complate moralty in raw inland ground salne werber with bn 3
dargs oif stockdng.

= Pampang surdee 35 bow as 5 ppt in inknd ground saline wabe:

= In Indoor fishes hawe grown 1o an average weight of 156 &
205 g and 26.7 g from an initial average weight of 0BS5S g at 5,
10and 15 ppt at 5008 K fortfication in &0 days

Amur carp [Cyprinus carpio b plerus)

Irgizzs paperimenm
* Tolarsien alinkyup o L% pt in rew inkand mlhne waise

= Bei b feedd iniabe and recuced gowih orie seen b bigher ﬁ'
it

 Pomsuiun . & o
A Carp at ol e tested mxingden (5, 106 15 ppe)

Chrtzeer e woparimariy

= Sirried in low caline water nging -5apt.

= Rmmchac an wes rage weight ol ES0 g In T mons.

* riabls prowth was chenved (75 g <500 .

= b 2 BEENIN AR IR I i inand nine wate

c i eogram
21 22
Asian Sea bass (Lates calearifer ) Poly bouse ponds bor winter reasing of scamgd for ackancing maturity
* Brachishwater fah, kit wide salniby Buctaabons.
* Highly cambeorous.
+ Mign martetdemang.
+ & poturisl fish pecies Sor Inland saline squaculiire
+ Haictery sesd mesllabls
+ Eapmimentally tend aufatie it lowsslinity 150
= ARy of shad [ b praniam. i o miigee fe ookl i, Tan Foiy homess wes P —
commracind s e sxiating pords of sz 480 e B CIFE
Canll Furm Farre.
The thciiy pr swided the Spportiiny for
2 isiing semer {ampsiri i o aurval i growi, — - -
1 Diring warhy rateriny (B ) e ceined Sre arcs =
2 Mghar wareonl of 1705 don o sl ol it pratation]| - -
23 24
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Studies on suitable stress markers in fish and shellfish reared in I5W |
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| HUTRITIONAL INTERVENTIONS FOR INLAKD SALINE AQUACULTURE

e B e g e L ]

it b e e N
coald b achervad by 1% mppMrMmnon of PR
chiloride ia feed B e l—

2 Pramiam incomonson (8 1 S i 8% rabonsd et o i i

cocidagrvs e in CIFT Slapas — — p— —_—
1 Dhemry arpure: Fusgrasrs (1 % Fugners chalas) —— -
irmproved growd wed mrvral of I vorane: naed @ Dm———
Ly Il e —— —_ ey
4 Dhstry cabemm chalinr (T4 provess cone) s |
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Nutrient requirements : redefined for ISW

» Dneary de requrcnaty of {HFT Hlpis and e
jurvemiies reased 0 1SW of 10 mnd
o be 5T and FRASS and 1544

of ! marsdin -
:munh-wﬂr:nnnuuplms.unu = _—

LT e

= Destary b reqetremasts of GIFT clype mersdm
triand xabne watesaf 10 and 15 pet wers LT and
LA, rerpact vy 3

* agethlemangy re and optimal P:E (8
iz (5% (3 and 1% EE) of GIFT Tlapameand
1 15W of 10 prpt wemr frasnd 4 ba arcund 430 -

mu:m:uu:us:gpun.'mur, T

27

28

| IDEAL PROTEIN CONCEPT |
Providing exact balance of essential amino acids in diet |

Fa S pe—
Dptimitation of crede protein of L vannamel and 0. sl W,
in 15W hased on ideal proteln mooept J o= Fa 5 l‘!
=

-}_0

= lyuine and Methioeine requirement of L cossoes) s 30
sullisity were found 1o be withis Se range of 2T3.26-25.25 and
VLES-1 202 kg die, respectively

* Tae uptimam lysine and methboni of javenile
CIPT thipits rirend ke EW o A1) . sl cesakd b vithins e
ramge ol 193 bs 207 and 12.2 1o 141 gy diet
*The optimam cude protein far O nit huowd ne deal
min cxmcapt veas Bossed 1o b 9209 /iy it (Racmeed by

*The crude protein levels bs the diet of GIFT Mapls joveniies
reared In AW of 10 ppt sllnity could he up b BZE

kg (from 3736 e 3101 kg of diet) by the deal proten
emncEpl.

30
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[ Drganic iyt with I5W ] [I.mll'pmd.nhip energy diets supplemented with different II.III'IJDEﬂIiI:Il.I]
mm‘. P ——— P —— _ —
Sorem mitigarizy L-carritine [=T-.2 9 i Tah g .m: . b
Eriaresd VEF T me oy, sdhction in :
- ure o mm e AR
 Tawrine GET LN Ll
DUE prmaxd.
- it Barharine LR ITRCE TR EE Harsa, 7023 Fm—
Beoire Forass v iuTs = G BN MR T m
S miTgadan . —r
- Cusrzstin s IR TR I Nerda, W21 -
Lerine Ferasa wniuTe 1= GrDwch s AR e -
Srrea mivigarisa Grpoe -
o1 ATNCF, T X DO, 021
lgrac om el Ferasa wnnETal o Srrem mivigarisa ansl IrproveTaer In T
:;a—u:au-a rovath sad mvial Lecnarstie aux TR OF, T ET Oy, T2
31

Government support for the 154

& PRMEY [Prime Mishiter Fibaries Resouss Schame)

Condusion and Way forward

[ Bl Bareciution Schems (200535 Lo 2005-20] e

A i 341 i i et e [0 g
subbsidy e O]

(1301 o 202425 e A
Total Imnitmant on KA s 5350 milicn SSsmIT S
1035 e perachs arw approved in JO20-31 & 22122 . |
with a grant of is 1T milon ($0-80% subsidy on D T
Grants e RAYSisSos cold-chain &
inchalerd 8 bt Fication, PERITY rrabsapes s i b ges ol
= R U R B S, Cro hariing U021 18 282425

Vo v b e of i s b
b i bl ] g ik
mpb e eppmin s

eneration of 0.5 million lhelhooad

A Hatchty sl grodecton of beitabhk igechi for B4 b Sdnkae s labilty and oot

dheven inpul ok

4 Dvelogsent of heod milks in the vicinity uiisg locally avallable feed ingrodients b cut

dhewan input conts.

< Resesrch on 1o minesice potidsium additon in waber

and safinity stres oo species o be

on
Fasrrned s 154

4 Expansbon of exclubve ressarch il it b thi 158 sectoer

< Onganined masketog for & stable seice

<+ Developsent of valot-addition and oold chaim Nl Sy neardy for local cossumption
i expart.

4 Planning to creste an A Hub n the wine-afeced o Referal lab for dsiide monioring
anean o mauned ovags and markelng ) & Rapslar mosising of dary salinization in son-aRected meas
33 34
Thank you
Dy Hawve Any Questions?
35
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INLAND SALINE AQUACULTURE IN NSW: 10 YEARS OF RESEARCH & DEVELOPMENT. Stewart Fielder, NSW

DPI.

Inkand Saline
Aguacultisre in NSW!
10 pears of Ressarch

and Development

ATA e o

P e

i
£ B i s Ve Sy

R —

NSW Syt ul el M

PROBLEM in Australia in 1990

« 2.5 x 10° ha 5% of cultivated
land] affected by dryland

salinity — predicted to rise to 12
x 10° ha

» impact costs of dryland
salinity in 8 tributary wvalleys of
Murray-Darling basin

= 5247 x 10° per year

Too much salt water inland

Limited marine sites in Australia

OPPORTUNITY for Aguaculture|

Declining catch of fish from
the wild

Increasing imports
Focus on aquacultune
National plan

AUS0S - 5205 x 108 fyr
in 20yrs

154 Activities

= ACIAR Inland Saline Aguaculture
‘Workshop - Perth 1997

= FRDC RED Man and Resource
Inventory - MNSWF 2000

= Aquaculture in shallow agquife
e.g. evaporation ponds most
commercial potential

3 4
= 11 potentially suitable o
ppartunity for
schemas I aquaculturein
» Cost $108 million to build NEW
= =53 millionyr to run
= »6250 ha surface area Wakool-Tullakool
= 49 000MLyr saline water Sub-surface
Drainage
Scherne, NSW
= 7d rural & metropolitan
towns affected by rising
saline groundwater
=
5 6
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Role of the
ISARC

ot eSS I et the g porturitiar For deveicpmant of
Sroer the Wik
Tl i) tes Durage Shers

arnduns Sie-seorarris madsls b 8 rangs of ponsrsis seci

e o Indsd i o
aterl rakshokdsr, miine EOASSWEIST MG Br e el

11
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Key Findings

= — Marne spacies nesd K+ fonication of gno
R ——— E—
Freshwater (salt toierant) species 0K In
T
EI T — T [ e | = Eiggest chaenge - ENVIRON
F—1 Eo o o ,.
- e o Semb-arid southem Australla
— R — P e Lange fluctuation In dumal
i  Summer
1= == =1
* ety —very hot days, coolar
S o i - coolng southery o
- — g [t e * Windar
—p— E.'.'.‘... — - caid for -7 months
I =T Waad for temg conirol of pa tropical and temperate species
oy mm b iy Wy
13 14
Ralnbow Trout Performanocs at
Rainbow trout IBARC 2004 & 2006,
experiments e
* Bhassays — K* fortification not em |
» 003 tank and cage trials -a-mnmw
= 15 pnt salbinity; how density [ Am 1 &
= ot From 150 to 400 g In 45 & - +mmg!mm§'nf
= Exreiient potential for t ’j" Awmrage Trout Weight
= Sutabie pond water 2 ['JJI lemrapz o
manths from Apil to December G BtTmu:[%l:E
+ 2004, 2005, 2006 pot-scabe pond R
mroduced <500 kgt of glleds a
»  stocknd ab 40g start haraest after 3 = E 3 B ow
and complete in mid Decenber * j i j - § i E
* S8 /lg farm gate; 514/kg recall ?
15 16

VIR a e e

Wakool t

THERN WEEKLY

rowl make aap!lalsi
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= Facibtats rapidl commarcisluation of ISA bachnolopy

= Manage ard trarafer

= Iderfy and review raticnal priorities for ressarch,
mwwlopmant and stemion

= Ml arsurs acientific mathodology s “ward be-
practios”

= Produce an nvedmant Sieectony

= Prodece scononc feadbiHy studien on the wslesces
dats projecs

= Pressnt the project ot Austrabedar Aguscultue 2004

= hisbiah demondrtion teciitie ot osy loostions

Economic Analyses

» Irnractive "Profit Models” have
(e dewieiopad T alkow
[potential inwesors o Input
snecHic capial & onerating cost
estimanes & predict My
revenus & profit.

» SpecHic models constructed for:
= trowt In ponds,
~ prawams in ponds
* recinoulating tanks

19

MEWDR, Murtey migetian, Lonsc,
Aquatic SoluSons Ausrala

I Feed for contineed AED

I Popsistios of Trout Economic ko

20

NSW
Commercialisation

Diid Mot Proceed

Millennial Drought resaked in limited
= N gl pihh ey 'ﬂ“m

= no need O pUMD saling groundwacer

W neoded 25MLIH but could onby get

* KEW RED activities ended In 2012

21 22
NEWDF Rpsources
B
=S OEmE e Lonsec
23 24
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PAST RESEARCH AND BARRIERS TO COMMERCIAL AQUACULTURE UTILISING SALINE GROUNDWATER FROM
SALT INTERCEPTIONS SCHEMES IN SOUTH AUSTRALIA. Wayne Hutchinson. FRDC (ex SARDI, SA).

PAST RESEARCH AND BARRIERS TO COMMERCIAL
AQUACULTURE UTILISING SALINE GROUNDWATER FROM
SALT INTERCEPTIONS SCHEMES IN SOUTH AUSTRALIA.

Wayne Hutchinsan

froc com.au

@ reoc

Fisheries Research and Development Corporation
acknowledges the Larrakia peoples a5 traditional
custodians of the Darwin region and pay our respects to
their elders past and present.

Wie acknowledge all Aboriginal and Torres Strait
Islanders’ special relationship, and continuing
connection to knd, sea and rivers.

1
Locats : Gl!:"_'ﬂc Cookes Plains Inland Saline Aguanskure Research Centre {1995 - 2004) Gl!:"_'ﬂc
ocations -
Walkwris inlars! Salire Aquecsburs * Dryland salinity affects 400,000 hectares I South
/_:-:. e} o, - Famrrch Corr (WAL (300 5-2008 | Austraa.
- " WAET | == Saline groundwater g mped frees
1 || | by sahinterception e witkin a * With support from the Coorong District Councl a
- I it anea ril discharge Integrated aquactiture system was
e £ % deveicnd to use saling ground water,
21 s
e .‘:"_"‘3’ * Saling water supplied from the shallow waber table
— f<tm].
-
e Lok Pain nknd Salins Agsscutrs ¢
= * Water composition s comparable to seawater (27
= =) Wisbininchs: Comlow I~ 34 g1-3) wtﬁ%‘l'ﬁlar&,clmpiqmu Fe B Mn and
v Saline groundwater boe a shallow reduced Ca & O
& aquiber i an anea iffected by
deyland sainiy
™ A * Seasonal amibient water temperature.
3
Integrated saline aquaculture system at Cooke Plains EROC Cookes Plains Inland Saline Aquaculture Research Centre (1559 - 2004) EROC

* Task culture tlaks showeed Seapesr | Dby
atus] b Biigh i ol sl i fren 10

400y inS momha

[ =
+ Species imvestigated is the itegraed ageacitue -
syt Edudid Arleeia, v, waweed, and - |
Mullowwing [Arg v crms japoizusl i i
+ Operational of the tegated sytes isaled wats:
pemperators and micrealgal managerem e, e

spichics asd dirsity) needed grater control b T T
gt and stabikse st perlormance.
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Walkerie Inland Saline Aguasculiine Research Centre WISAL)

* The Wockends, Walosrie snd Sunbendh - Duaico Salnity Intsrcepdion Scheme (55

in b A ian s ragior. of Sauth Auminsls comarhe 51 Born sdiscsnt o e Wy
Ereer thak isrcept spermimaiely K ML Sy 3 aline grourdwatsr,

iniercepied wiing groundssier b pomees o the 150k Sizckyars Plains Chpoal
Baniny located 132 kilmvei e, sout hewt: of Waslkerie

Steckyard Mains Dispesal Basin

‘Waikerie Inland Saline Aquaculture Research Centre (WISAL)
* Semi-iriembve squacsiters satem combrucied and ooemied
[
+ Extablihed sspoly Infmstruchurs provided S5 sl
prounchieater [30.5 1 0L gL 5 with waber Ssmperaturs mngs fom
ey

175 fo JEB=C (228 £ LI=C).

* SIS muter compoution hu high OO (44.5 - 117 gt %) and
redured potaakie |40 of easrier]

10

‘Waikerie Inland Saline Aquaculture Research Centre (WISAC) ﬁ,l:nuc

‘Waikerie Inland Saline Aquaculture Research Centre

Snapper |Chrysophrys guratus)

* Snapper had reduced growth rate in 55 groundwater
compared 1o Seawater

Fellowtall Kingfish |Serioia lalandd)
= iEnew equally waell in SIS groundwater, dikuted seawat

and potassium supplemented SIS g d

., a5 thiey
do Ini seawater:

= The metabolic rate in 55 groundwater over 21 days
was similar in all water types

11
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Waikerie Inland Saline Aquaculture Ressarch Centre ROC
Mlusllermiry JArgrrasamss joganius) g-.-' ——

* Mo skinifezan diffes = ireswth, FCR or SGR for fish
grormn In salies groundwabis, Skl s iwal of st

* Sorwtwal wars high and growth eoeed growth of Tih in e
cagis aid in thi wild, but thisy did st b the grewth
rate expacted o fish cultuned i the optina] s
B o s e e

" Suloprtimal growth was aneibubed 1 peeduclion walem

difiy,
aiem mmea smem ame

* Dibisaibad 00, bewals in incoming daling ground wales e

reducid 10 as wemmgs of 107 £ L8 mgl0q L by degucsieg g ol

prior 1o o i P — j——j_.
* Whlbeswiay geessn In 6 mgl0, L rines shnificantly Letle b B

Eha Rk getwn i 10 and 20 mgln, L7 wiich grw i

significantly beter than sh cchiuned is 0 mgCoyL®. -

13 14

Recommendations GFHUG

* Snallow aguifer and S5 saline groundwater resources offer potential
opportunities for commeerclal aguacu fure deve lkopments.

* 5 groundhwater [ sultable for ouiture of Mulloway and Yeliowtail
KIngfish. Fortification of 515 groundwater will be requined for some
species (L.e. Snapper).

* Since 2008, ongoingimprowements in lange scale recirculating
aquaculture systems (RAS) hawe enhanced apporbanities for use of
saling groundwater. RAS will allow greater control of OOy, water
temperature and nerient discharge.

* Markets will need to be developed for some speches [Le. Mulioway]

sultablefor culture Inisaline groundwatar. B o A L AN | Tt s i s _ St S pintiin i
T R 13, A e SRR OB PO ARRE T BRRRCH [5, Aeeahi SRn F_Aay_bpd!

15 16
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INLAND SALINE AQUACULTURE IN VICTORIA — A RETROSPECTIVE VIEW AND FUTURE OPPORTUNITIES. Brett

Ingram, VFA, Victoria.

Groundwater resources in Victoria
Inland Saline Aquaculture In Victoria — Fower generaion
A Retrospective View And Future .,
Opportunities Domesiic and A\
slock
1%
Irngatian |
__ commeandal /
salinity contral
R B3%
SAFETY

2

Groundwater resources in Victoria Groundwater resources in Victoria

Patterns of saline groundwater are complex:
» Highly variable salinity & chemical composition
= Variations, location, depth & aguifer
Irv’; w.-wl-lulurr
1520

1580 - 14,080

14000 080

. anow

Groundwater resources in Victoria Saline groundwater aquaculture gﬁ
in Victoria s

Example: Goulburn Irigation Area {Goulburm Murray Water)
There is substantial saline ground water

- Extracted for imgation purposes & mitigate effects of rising water tables

» 221,000 MUyear pumped from shallow aguifers (< 26m depth) for aquaculture purposes in Victoria

= Volume pumped varies - increases in droughts 2

[aliocation Increases fom 61% In wet years to 74% In orier years) In this presentation:
» Look back at several projects/activiies
= Salinity in the Katunga Water [, wa:r"E""n # Use infand saline groundweater "
supply ar=a: | = e . » (Going back to the 1280
; m = Various agendes & organisations i

S » Multiple production scenarios

300 - £,000 usiom up 10 35,352 uslom | e
= (0.2 —5.3 ppt (23.3 ppt) 1 + Multiple o
b ) {algae, moluscs, crustaceans and fish)
, = — i
o s Touch on further opportunities




Aquaculture in SBCS

Serial Biological Concentration system (SBCS)
Deslgned fo control ralng salty waker table in pastoral
land -

Aquaculture in SBCS ﬁ:ﬂ

Agri-forestry, salt reclamation &
Aquaculiure irals conducted
Im late 13308
7 8
Aguaculture in SBCS ﬂw_,, Aguaculture in SBCS ﬁ;m-_,,
Cultise s cosducted in lonic composition compansd
g In kow & high 0 seanEE,
aslinity busies « Legs potassium & bromide
o er |I|— Sainty = Mom suphate, carbonate
1020 g & calgium
e |I']I| M af"‘lﬁrﬂ\ Salinity highsr In Basin 2,
Einch Tiger Froram : ::_* ) lI rh 1 Wn‘l n ELPTITET
= " Y.y » Basn 1: 9-16(12)ppt
T M e ) o D s .
[ ML > =
Grsarhack flousdsr W TH T PR W
Fead =i trows | i i
Smad witkrg HLL
Slverparh F
Sragper |
9 10
Aquaculture in SBCS ﬁw_,, Aquaculture in SBCS
There were failures N pm:"m' f::"' B
- 0% QI variabie [~
Fmieey ok oyalers

Rz growth, kow seuiviea|

<>

Saret whiting

4 f ¥ I!_: slims iowth peetsbient
Y r_ Frecfaity
Y . a7
- o
» Jorvmruim snagar

Cepenbach Moonder
Engger

[
Priwer [25-5 g
h diuiwhaal beirgiidl 3 wis b

ki survival beyend 3 - MO Seafyviell Deyaiel X eeabs

5
ﬁ
£
g

Bigh el dy e iy
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Aguaculture in SBCS

aflantic salmon (3.5 mdE)
+v# growth & high curvival

" oy

{_,ﬂ- -,

r

Agquaculture in SBCS

Realnbeow trout (3.5 mths)
-+ grvwth & high survival in high salinkty
Some Commercial ssasonal production cocurmed

Sliver parch — Trial 2 (& mihs) -
-y rowth & high survival comparabils to freahwater

L
B

Vingha g
-,

-

M —— Fovmmm: ——  daw mairin

74 : ; \
N o = _,/ { y § Y
op—— x_.-’ . Unexpiained i,
= — B mortailty .LH
sy b iy g ey —— G iy
5 Hphweay % ey g ey ——— Lo sty
13 14
Aquaculture in SBCS g:w'—,, Aquaculture in SBCS m
= SiIver parch — Trial 1§ minz) -
Slack S g sustrailan bass (3.5 méhs) +va growth & high survival In low salinity basin
Slow gr but good sunvival  +ve growth & high surdhval .
b '\-\._“____ —
e —— f"'_- i » / z
i . 3 : :
¥ .___’ ) - .___’,{__ --r"'# 1 . 4
i i f- _:_:_".-" L -
| 4wy % ", \
o 1 __,.r_:".t'"' % &
' -I""‘:f ) ‘ . P gty —— L iy
15 16
Agquaculture in SBCS m Aquaculture in SBCS g::w

Growih & curvieal rabsc. highly warablsc batwssn
eproiat & callnity bating.
Eome species showsd promise (saimonids & sher perch espedaly)

esac & Challsnges
- Species ssiection - avaliabiEy & size
- lonic composition & sainkty

- Salnity oo iow for some marnne species
iprwns, snapper & Sounder]

-~ Sality foo high from siver perchi

- Temperatune - 100 coid for prawns & sand wiiting
Seasonal production of symonids [“winter" crop)

- \Waler rats - damage escape & mortalty
~ Hydrogen suiphids =veni- all animals In the high salinity basin disd
Bep-37)

17
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Algae culture Q‘:‘w
Research into production of algae for =
~ |Bliafuel

+ Food Ingradients
(g agar diet enfichments, Fve fo0ds for aquacuiiune)

Algae culture (R PEATIE

1 Srmb-acws vl grew ooy & e —
Tatmnsimin (213 T e P e—

' GEppooired, Cunamals hed T
Sighly sgrficant growth N babiliF L Ralanr
sariorrrares D05 ©l Marwr Micraskgar
» Twepp culturssl Dunsleals & el b b § s e
e s i Ll T
4 microsiges spp :hul-&
Edwme Copszods &

ieed resuls Dot studies
showed “=normous" pobantisl
fior use of sejecied saline
groursdealer for sigas B e
food cufture

20

Brine shrimp production gﬂm

Uga of brine shimp to reguce aikgal densty
In gallne agricuitural wastewalers

(=g dairy washdown wabsr, processing plands] & e o
(Sawine =t & 1935)

-
r Foeached maturity & reduced sigae density k

Ering shilmp production for aquacuure’aquanum
trade

= Conduched at the Fyramidl Cresk st
Inferception scheme (Pyramid Sat Pty Lid)

Brine shrimp production

Myramid Cresk Salt Imercaplion scheme
(FyTamis St Py L)
* Prevenis 22000 t of sak from entening the
oeek each year
» 1MLiday pumpesd from 10m de=p bores o
VDO 0N poncs
* Sait |s hanveshed, puried, dried, sibed &
bagged

In 2y 2000
_-‘?:._‘_‘ R —— e r— h!ll_.l:_‘lf:;:.rmm—ﬁ—\hhﬂd“
_Seryarulir: oy
n 22
Brine shrimp production .2 Barramundi in geothermal water

+ Business plan developad & 50me market assessment underaken.
+ Production focused on 125 g froeen blocks 5d Info e aguarum
a0 (Malboume) pver 2 years.
« Harvested at 3 length of 3-10 mm after
3 cufture parod of 2 wesks [Yigld 2.5 kgt )

Cimien B8 L e 8 DT pmsaliors ¢ e gy oy s

1st trials In 1380s:

- H::ir [ LT Oe T o SNl L LT ooy
“?’M“ Wiotorls. e rmarsesd raones of Aovencad Sidscagan
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Barramundi in geothermal water

Commercial uction started in mid-2000s:
Malnstraam Aquacuiturs, Warmibes (WIDSHawi MalnsreamaquUaCLITLTe. com)

28°C temperature
2.3 ppt salinity

Where to from here gm

Agricultural water is becoming a more
valuable & limited resource.

In the face of an increasingly variable climate,
Long-term resilience of farming industries &
communities will need to become more dependent on
more diversified & complementary production
strateqgies, which eexid should include aquaculture.

The historic “proof-of-concept” projects conducted in
Victoria highlight opportunities.

Where to from here gm

Further R&D for Victoria may focus on, for example,
= Matching saline groundwater resources (salinity, iomic
composition) to potential species
= Evaluating new & emerging species
(especially euryhaline spp.)
= Seasonal production (e.g. coldwater species)
= The species — finfish, crustaceans, gastropods, algae
= The products — think beyond food consumption
(live foods for aguaculture, feed ingredients,
biofuels, nutraceuticals, bioremediation,
biofuels)

27
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INLAND SALINE AQUACUTLURE IN WESTERN AUSTRALIA; PAST, PRESENT AND FUTURE? Gavin Partridge,

Harvest Road and Challenger TAFE, WA.

History of ISAR&D in WA

» Idenfification of Snitsble Water Sources
= GSpecies Selection
» Production Systems & Technology Development

¥ "€

dusilrabe l_

it
The Wasabe fasmaia |- —_—
Wi
g, L
41¥ :
o
-

Water Sources
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= Focus on epen ponds
+ Chaap, Sg-bold hnd
» Existing saling watar bodios. -
+ Exmasive, low vialding (=1 vha) e

Production Systems in WA

7 8
=
Mulloway, trout and
barramundi grown to
a target pond vield of
18 tonnes/ha.
&
s ()
==

9 10

The Results
=0 x
o | 1= [Tl 16wy
w0 13 | [survivar =00

550 z [ |SIFTS stocking

fex Ei‘densii}'l'-iﬂlg.'m‘

Pam _ﬁl‘iﬁsberqm.lr\e
=0t w 5|5t  EEEEEEE R RS
1m0 . . = EE8E8EE8EE8828 88888 g
. - : ; w0 EARLSERERTZEER ALY

1 o a0 121 1m0 E—N#nf—ﬁﬂ:s_\lNﬂ“DhﬂE
T e
11 12
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Yields up to 45 t/hafyt in
heterotrophic ponds

———

14

I Recweulatme Aquaculture
Systems (FAS)

= High capital cost.

- High operating cost.

= (Greater complexiry - techmical
and biological knowledze
requimed

18
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Future for L eigh Grange Fishenes

Techmical
=  Deep drams not ideal
=  Bores are low yislding (1 Ips).
= Toic bare.
Economic
High Investment Costs

Hot paying off capial
= Can't expand & maintain price

Other Factors

Femateness — staff, tansport, tadesmen

| Results

= 20 tonnes per year
= Barramundi &
Giant Grouper
= All delivered live
to Perth

22
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INLAND SALINE AQUACULTURE: USA AND ISRAEL PERSPECTIVES. Kevin Fitzsimmons. University of Arizona
USA.
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(e Thest Eght Ovver Timme

Use of Shrimp Sludge as a Soil
Amendment for Tomatoes
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ﬂ Joursal of Clesmer Pradustion

[FEEA 0 P B R

Dgtimization of nirogen use eMicency by means of ferigation
3 mquacel | :
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MAINSTREAM PURCHASES ARIZONA
FISH FARM July 2022
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