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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 oC) groundwater with a salinity of 2-3 g L-1g L-1. 

In Queensland, a fish farm located southwest of Chinchilla, grows Murray cod (Maccullochella 
peelii) and uses saline groundwater (3-5 g L-1) 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. 
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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.  
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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. 
3. 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. 
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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. 
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Table1. 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 
Asia 

1 Saudi Arabia 1 

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.   
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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-1) 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/
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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: 
• 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.  

• 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.  

• 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.  

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

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

• 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/
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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 
PROGRESS CHALLENGES AND OPPORTUUNITIES 

Geoff Allan NSW DPI 

TWO DECADES OF RESEARCH AND DEVELOPMENT IN INLAND 
SALINE AQUACULTURE IN INDIA: PRESENT STATUS AND 
PROSPECTS 

Tincy Varghese CIFI, India 

INLAND SALINE AQUACULTURE IN NSW: 10 YEARS OF 
RESEARCH & DEVELOPMENT 

Stewart Fielder NSW DPI 

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

Wayne Hutchinson FRDC (ex 
SARDI, SA) 

INLAND SALINE AQUACULTURE IN VICTORIA – A 
RETROSPECTIVE VIEW AND FUTURE OPPORTUNITIES 

Brett Ingram VFA, 
Victoria 

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

Gavin Partridge Harvest 
Road (ex 
Challenges 
TAFE, WA) 

INLAND SALINE AQUACULTURE - USA AND ISRAEL 
PERSPECTIVES 

Kevin Fitzsimmons University 
Arizona 
USA) 

INLAND SALINE AQUACULTURE IN AUSTRALIA: PANEL 
DISCUSSION 

Geoff Allan NSW DPI 
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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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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. Is 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 km2 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 aquaculture 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 

https://seafoodindustryaustralia.com.au/good-for-you-good-for-the-planet-data-shows-australians-are-eating-more-seafood/#:%7E:text=Australians%20consumed%20around%20356%2C000%20tonnes,of%2015.5%20in%202003%2D4
https://seafoodindustryaustralia.com.au/good-for-you-good-for-the-planet-data-shows-australians-are-eating-more-seafood/#:%7E:text=Australians%20consumed%20around%20356%2C000%20tonnes,of%2015.5%20in%202003%2D4
https://seafoodindustryaustralia.com.au/good-for-you-good-for-the-planet-data-shows-australians-are-eating-more-seafood/#:%7E:text=Australians%20consumed%20around%20356%2C000%20tonnes,of%2015.5%20in%202003%2D4
https://seafoodindustryaustralia.com.au/good-for-you-good-for-the-planet-data-shows-australians-are-eating-more-seafood/#:%7E:text=Australians%20consumed%20around%20356%2C000%20tonnes,of%2015.5%20in%202003%2D4
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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). 
 

 
 
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-1 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 (Ibisworld, 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 aquaculture 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). 
2. Resource salinity.  
3. Ionic composition.  
4. Other water quality.  
5. Availability of freshwater.  
6. Availability of land.  
7. Nature of soil.  
8. Environmental sensitivity.  
9. Existing structures.  
10. Availability of labour and commercial services.  
11. Proximity of power supply.  
12. Proximity to transport corridors. 
13. Opportunities for cost-sharing. 

 
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 aquaculture 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). 
 

https://a-culture.com.au/the-waikerie-project/
https://www.ibisworld.com/au/industry/aquaculture/4225/#IndustryStatisticsAndTrends
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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 
quantify 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.  

 

References (not listed in Bibliography – Appendix 1) 

FAO, 2022. The State of World Fisheries and Aquaculture 2022. Towards Blue Transformation. Rome, FAO. 
https://doi.org/10.4060/cc0461en.  (https://www.fao.org/3/cc0461en/online/sofia/2022/aquaculture-
production.html). 

Pandey, R., Asche, F., Misund, B., Nygaard, R., Adewumi, O., Straume, H-M., and Zhang, D., 2023. 
Production growth, company size, and concentration: The case of salmon. Aquaculture 577 (2023) 
https://doi.org/10.1016/j.aquaculture.2023.739972  

Tuynman, H and Dylewski, M 2022, Australian fisheries and aquaculture statistics 2021, Fisheries Research 
and Development Corporation, ABARES, Canberra, December, DOI: https://doi.org/10.25814/amdt-x682)    
 
 

https://doi.org/10.4060/cc0461en
https://www.fao.org/3/cc0461en/online/sofia/2022/aquaculture-production.html
https://www.fao.org/3/cc0461en/online/sofia/2022/aquaculture-production.html
https://doi.org/10.1016/j.aquaculture.2023.739972
https://doi.org/10.25814/amdt-x682


 

19 
 

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

Species Selection 

• Continue to focus on higher-value species such as yellowtail kingfish, barramundi and trout. 
• 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. 
• Examine opportunities through the circular economy and waste nutrient utilisation. 
• Explore the integration of cultivation with conventional crops. 
 

Government Support and Regulation 

• Advocate for a unified national strategy instead of fragmented state strategies. 
• 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 by developing a new approach including reaching groups like 
The Farmer | The Investor | First Nations 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. 
• 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 
Aquaculture 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 Country/region Reference 
General status and 
opportunities 

Australia 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. 
https://www.researchgate.net/profile/Sadiqul-
Awal/publication/299389546_ 

Integrated ISA 
Agriculture 

Australia Blackwell, J. (1999). Using serial biological concentration to 
combine irrigation and saline aquaculture in Australia. In B. 
Smith & C. Barlow (Eds.), Inland Saline Aquaculture. 
Proceedings of a workshop held on 6-7 August 1997 in Perth, 
Western Australia. ACIAR Proceedings No. 83 (pp. 1–61). 
https://ageconsearch.umn.edu/record/135193/files/PR083.pd
f#page=27 

Marine finfish Australia Booth, M., & Fielder, D. (2016). Fortification of an aquafeed 
with potassium chloride does not improve survival of juvenile 
Australian snapper Pagrus auratus reared in potassium 
deficient saline groundwater. Fishes, 1(1), 52–64. 
https://doi.org/10.3390/fishes1010052 

Algae seaweed Australia Bui, H. T. T. (2018). Technical feasibility of cultivating local 
seaweed species in inland saline water of Western Australia 
[PhD Thesis]. In espace.curtin.edu.au. 
https://espace.curtin.edu.au/handle/20.500.11937/70550 

Algae seaweed Australia Bui, H. T. T., Luu, T. Q., & Fotedar, R. (2018a). Effects of 
enriching nitrogen and phosphorus on the growth of 
Sargassum podacanthum cultured in potassium-fortified 
inland saline water. American Journal of Applied Sciences, 
15(3), 149–161. https://doi.org/10.3844/ajassp.2018.149.161 

Algae seaweed Australia Bui, H. T. T., Luu, T. Q., & Fotedar, R. (2018b). Effects of 
temperature and pH on the growth of Sargassum linearifolium 
and S. podacanthum in potassium-fortified inland saline water. 
American Journal of Applied Sciences, 15(3), 186–197. 
https://doi.org/10.3844/ajassp.2018.186.197 

Algae seaweed Australia Bui, H. T. T., Luu, T. Q., Fotedar, R., & Tantulo, U. (2017). 
Productivity of Sargassum linearifolium in potassium fortified 
inland saline water under laboratory conditions. Aquaculture 
Research, 48(11), 5631–5639. 
https://doi.org/10.1111/are.13385 

Algae seaweed Australia Chipchase, T., & Awal, S. (2012). Investigation into the 
suitability of inland ground saline water for the growth of 
marine microalgae for industrial purposes. International 
Journal on Algae, 79–92. 
https://www.dl.begellhouse.com/journals/7dd4467e7de5b7ef
,4fc8aedf026987a5,6f73fd0020cb8b9d.html  

Environmental Australia Coleman, M. (2019). Saline Discharges into Natural Wetlands 
in Western Australia Preliminary Review of Issues and Options. 
Report to the Department of Environmental Protection (p. 31). 
actis Environmental Services. 
https://library.dbca.wa.gov.au/static/FullTextFiles/630599.pdf 

Penaieds (not 
vannamei) 

Australia Collins, A., & Russell, B. (2003, April 1). Inland prawn farming 
trial in Australia - responsible seafood advocate. Global 
Seafood Alliance. 
https://www.aquaculturealliance.org/advocate/inland-prawn-
farming-trial-in-
australia/?headlessPrint=AAAAAPIA9c8r7gs82oWZBA 
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Penaieds (not 
vannamei) 

Australia Collins, A., Russell, B., Walls, A., & Hoang, T. (2005). Inland 
prawn farming. Studies into the potential for inland marine 
prawn farming in Queensland (pp. 1–95). The State of 
Queensland, Department of Primary Industries. 
http://era.daf.qld.gov.au/id/eprint/5756/1/Inland%20prawn%
20farming_studies%20into%20the%20potential%20for%20inla
nd%20marine%20prawn%20farming%20in%20Queensland_QI
05051_2005_collins.pdf 

Algae seaweed Australia Cordover, R. (2007). Seaweed Agronomy Cropping in inland 
saline groundwater evaporation basins. A report for the Rural 
Industries Research and Development Corporation (p. 60). 
RIRDC Publication No 07/033. https://agrifutures.com.au/wp-
content/uploads/publications/07-033.pdf 

Molluscs 
Echinoderms 

Australia Dinh, H. Q., & Fotedar, R. (2016). Early development of the 
blue mussel  Mytilus edulis  (Linnaeus, 1758) cultured in 
potassium-fortified inland saline water. Aquaculture, 452, 
373–379. https://doi.org/10.1016/j.aquaculture.2015.11.025 

Marine finfish Australia Doroudi, M. S., Fielder, D. S., Allan, G. L., & Webster, G. K. 
(2006). Combined effects of salinity and potassium 
concentration on juvenile mulloway (Argyrosomus japonicus, 
Temminck and Schlegel) in inland saline groundwater. 
Aquaculture Research, 37(10), 1034–1039. 
https://doi.org/10.1111/j.1365-2109.2006.01525.x 

Freshwater fish 
(not carp) 

Australia Doroudi, M. S., Webster, G. K., Allan, G. L., & Fielder, D. S. 
(2007). Survival and growth of silver perch, Bidyanus bidyanus, 
a salt-tolerant freshwater species, in inland saline 
groundwater from southwestern New South Wales, Australia. 
Journal of the World Aquaculture Society, 38(2), 314–317. 
https://doi.org/10.1111/j.1749-7345.2007.00102.x 

Marine finfish Australia Doroudi, M., Allan, G., & Fielder, S. (2003). Inland saline 
culture of marine species in NSW. Proceedings of the Aquafin 
CRC Snapper Workshop Held on 26 September 2002 at the 
Airport Motel & Convention Centre, Melbourne (Aquafin CRC 
2001/208), 22–24. 
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0005/134
564/Output-Aquafin.pdf 

Penaieds (not 
vannamei) 

Australia Doroudi, M., Allan, G., & Fielder, S. (2003). Preliminary study 
on the survival and growth of post-larvae of black tiger prawns 
in inland saline groundwater, southern NSW, Australia. 
Proceedings of 2003 Ridley Aqua-Feed Prawn and Barramundi 
Farmers Conference, 24-31 July 2003. 

Marine finfish Australia Doupé, R. G., & Lymbery, A. J. (2002). Justification for genetic 
improvement in growth rates of black bream(Acanthopagrus 
butcheri):A partial budgeting analysis. Aquaculture Economics 
& Management, 6(5-6), 339–347. 
https://doi.org/10.1080/13657300209380323 

Environmental Australia Doupé, R. G., & Lymbery, A. J. (2005). Environmental risks 
associated with beneficial end uses of mine lakes in 
southwestern Australia. Mine Water and the Environment, 
24(3), 134–138. https://doi.org/10.1007/s10230-005-0084-0 

Environmental Australia Doupé, R. G., Alder, J., & Lymbery, A. J. (1999). Environmental 
and product quality in finfish aquaculture development: an 
example from inland Western Australia. Aquaculture 
Research, 30(8), 595–602. https://doi.org/10.1046/j.1365-
2109.1999.00371.x 

Marine finfish Australia Doupé, R. G., Lymbery, A. J., & Greeff, J. (2003). Genetic 
variation in the growth traits of straight-bred and crossbred 
black bream (Acanthopagrus butcheri Munro) at 90 days of 
age. Aquaculture Research, 34(14), 1297–1301. 
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Chen, L. (2017). Effect of dietary lipid level on growth, lipid 
metabolism and health status of the Pacific white shrimp 
Litopenaeus vannamei at two salinities. Aquaculture Nutrition, 
24(1), 204–214. https://doi.org/10.1111/anu.12548 



 

38 
 

Environmental China Zhang, T.-T., Zeng, S.-L., Gao, Y., Ouyang, Z.-T., Li, B., Fang, C.-
M., & Zhao, B. (2011). Assessing impact of land uses on land 
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Crustaceans (not 
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approach towards sustainable agriculture. In A. Negm & M. 
Abu-hashim (Eds.), Sustainability of Agricultural Environment 
in Egypt: Part II. The Handbook of Environmental Chemistry 
(pp. 311–323). Springer, Vol 77. 
https://doi.org/10.1007/698_2017_161 

Resourcespolicysys
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Rahim, M. M. (2020). Does the polyculture system of thinlip 
grey mullet, Chelon ramada (Risso, 1827) have positive 
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saline-sodic clayey soils in tina plain area of Egypt. 
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Egypt Soliman, N. F., & Yacout, D. M. M. (2016). Aquaculture in 
Egypt: Status, constraints and potentials. Aquaculture 
International, 24(5), 1201–1227. 
https://doi.org/10.1007/s10499-016-9989-9 

Integrated ISA 
Agriculture 

Egypt Suloma, A., & Ogata, H. Y. (2006). Future of rice-fish culture, 
desert aquaculture and feed development in Africa: The case 
of Egypt as the leading country in Africa. Japan Agricultural 
Research Quarterly: JARQ, 40(4), 351–360. 
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Academic Press. https://imbbc.hcmr.gr/wp-
content/uploads/2022/10/2022-Tsertou-EUD-preprint-67-
1.pdf 

General research India Abisha, R., Krishnani, K. K., Sukhdhane, K., Verma, A. K., 
Brahmane, M., & Chadha, N. K. (2022). Sustainable 
development of climate-resilient aquaculture and culture-
based fisheries through adaptation of abiotic stresses: a 
review. Journal of Water and Climate Change, 13(7). 
https://doi.org/10.2166/wcc.2022.045 

Resourcespolicysys
tems 

India Abishag, M. M., Betsy, C. J., & Sampath Kumar, J. S. (2019). 
Resources and productivity of Indian aquaculture – status and 
prospects. Agricultural Reviews, 40(03). 
https://doi.org/10.18805/ag.r-1889 

Vannamei India Affarin Tinku, D. M., Xavier, K. A. M., Nayak, B. B., Krishna, V. 
H., Krishna, G., & Balange, A. K. (2021). Comparative 
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Penaieds (not 
vannamei) 
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Molluscs 
Echinoderms 
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India: Status and future perspectives. Indian Journal of 
Fisheries, 68(1). 
https://doi.org/10.21077/ijf.2021.68.1.109283-19 

Economics India Lakra, W. S., & Krishnani, K. K. (2022). Circular bioeconomy for 
stress-resilient fisheries and aquaculture. In S. Varjani, A. 
Pandey, T. Bhaskar, S. V. Mohan, & D. C. W. Tsang (Eds.), 
Biomass, Biofuels, Biochemicals. Circular Bioeconomy: 
Technologies for Biofuels and Biochemicals (pp. 481–516). 
Elsevier. 
https://www.sciencedirect.com/science/article/pii/B97803238
98553000108 

Marine finfish India Linga Prabu, D., Ebeneezar, S., Chandrasekar, S., Anikuttan, K. 
K., Sayooj, P., & Vijayagopal, P. (2021). Culture of snubnose 
pompano, Trachinotus blochii (Lacepede, 1801) in indigenous 
re-circulatory aquaculture system using low cost fishmeal-
based diet. Indian Journal of Geo Marine Sciences, 50(10), 
787–794. http://eprints.cmfri.org.in/15839/ 

Vannamei India Maiti, M. K., Sahu, N. P., Sardar, P., Garg, C. K., Varghese, T., 
Shamna, N., Deo, A. D., & Harikrishna, V. (2022). Dietary lysine 
requirement of juvenile Pacific white shrimp, Litopenaeus 
vannamei (Boone, 1931) reared in inland saline water of 10 g 
L-1 salinity. Animal Feed Science and Technology, 291, 115378. 
https://doi.org/10.1016/j.anifeedsci.2022.115378 
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Integrated ISA 
Agriculture 

India Meena, L. L., Verma, A. K., Bharti, V. S., Nayak, S. K., 
Chandrakant, M. H., Haridas, H., Reang, D., Javed, H., & John, 
V. C. (2022). Effect of foliar application of potassium with 
aquaculture wastewater on the growth of okra (Abelmoschus 
esculentus) and Pangasianodon hypophthalmus in 
recirculating aquaponic system. Scientia Horticulturae, 302, 
111161. https://doi.org/10.1016/j.scienta.2022.111161 

Tilapia India Menaga, M., & Fitzsimmons, K. (2017). Growth of the tilapia 
industry in India. World Aquaculture, 49–52. 
https://www.researchgate.net/profile/Kevin-Fitzsimmons-
4/publication/319681169_Growth_of_the_tilapia_industry_in
_India/links/59b9501d458515bb9c486c4f/Growth-of-the-
tilapia-industry-in-India.pdf 

Carp India Murmu, K., Rasal, K. D., Rasal, A., Sahoo, L. D., Nandanpawar, 
P. C., Udit, U. K., Patnaik, M., Mahapatra, K. D., & Sundaray, J. 
K. (2019). Effect of salinity on survival, hematological and 
histological changes in genetically improved rohu (Jayanti), 
Labeo rohita (Hamilton, 1822). Indian Journal of Animal 
Research, 54(6), 673–678. https://doi.org/10.18805/ijar.b-
3801 

Resourcespolicysys
tems 

India Nageswara Rao, K., Swarna Latha, P., & Ramesh Kumar, P. V. 
(2021). Groundwater quality assessment for irrigation use in 
the Godavari delta region of east coast India using IRWQI and 
GIS. Water Supply, 22(3), 2612–2629. 
https://doi.org/10.2166/ws.2021.454 

Freshwater fish 
(not carp) 

India Nageswari, P., Verma, A. K., Gupta, S., Jeyakumari, A., & 
Chandrakant, M. H. (2022). Optimization of stocking density 
and its impact on growth and physiological responses of 
Pangasianodon hypophthalmus (Sauvage, 1878) fingerlings 
reared in finger millet based biofloc system. Aquaculture, 551, 
737909. https://doi.org/10.1016/j.aquaculture.2022.737909 

Crustaceans (not 
penaeids) 

India Nair, C. M., & Salin, K. R. (2012). Current status and prospects 
of farming the giant river prawn Macrobrachium rosenbergii 
(De Man) and the monsoon river prawn Macrobrachium 
malcolmsonii (H.M. Edwards) in India. Aquaculture Research, 
43(7), 999–1014. https://doi.org/10.1111/j.1365-
2109.2011.03074.x 

General research India Nalle, D. A., Deshmukh, A. R., & Shembekar, V. S. (2021). 
Effective utilization of Azotobacter chroococcum, 
Pseudomonas and Gluconacetobacter diazotrophicus on fish 
growth status in freshwater and inland saline water. 
International Journal for Innovative Research in 
Multidisciplinary Field Specila Issue - 22, 96–102. 
https://www.researchgate.net/profile/Rajkumar-Pawar-
2/publication/350958088_International_Web_Conference_on
_Recent_Advances_in_Freshwater_Aquaculture_Special_Issue
/links/607c5668907dcf667bab3da1/International-Web-
Conference-on-Recent-Advances-in-Freshwater-Aquaculture-
Special-Issue.pdf#page=97 

Vannamei India Nathaniel, T. Paul., Varghese, T., Sahu, N. P., Panmei, H., 
Krishna, G., & Dasgupta, S. (2023). The effects of non-lethal 
heat-shock-induced cross-protection on survival and growth of 
Pacific whiteleg shrimp, Litopenaeus vannamei in response to 
ionic stress in inland saline waters. Aquaculture, 568, 739287. 
https://doi.org/10.1016/j.aquaculture.2023.739287 

Vannamei India Nesapriyam, P. J., Mathew, R., Vidya, A., Rajalekshmi, M., 
Kaippilly, D., & Geeji, M. T. (2022). Mineral supplementation in 
low saline culture of Pacific white shrimp—Effects on growth 
and water quality. Aquaculture Research, 53(6), 2501–2508. 
https://doi.org/10.1111/are.15767 
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Vannamei India Pandey, A., Pathan, M. A., Ananthan, P. S., Sudhagar, A., 
Krishnani, K. K., Sreedharan, K., Kumar, P., Thirunavukkarasar, 
R., & Harikrishna, V. (2023). Stocking for sustainable aqua-
venture: optimal growth, yield and economic analysis of 
Penaeus vannamei culture in inland saline water (ISW) of 
India. Environment, Development and Sustainability. 
https://doi.org/10.1007/s10668-023-02993-9 

Carp India Patel, R. K., Verma, A. K., Krishnani, K. K., Sreedharan, K., & 
Chandrakant, M. H. (2022). Growth performance, physio-
metabolic, and haemato-biochemical status of Labeo rohita 
(Hamilton, 1822) juveniles reared at varying salinity levels 
using inland saline groundwater. Aquaculture, 559, 738408. 
https://doi.org/10.1016/j.aquaculture.2022.738408 

Marine finfish India Pathak, M. S., Lakra, W. S., Reddy, A. K., Chadha, N., Tiwari, V., 
& Srivastava, P. (2019). Growth and survival of silver pompano 
Trachinotus blochii (Lacepede, 1801) at different salinities in 
inland saline ground water. Indian Journal of Animal Sciences, 
89(5). https://doi.org/10.56093/ijans.v89i5.90033 

Vannamei India Pathak, M., Reddy, A. K., Kulkarni, M., Harikrishna, V., 
Srivastava, P. P., Chadha, N., & Lakra, W. S. (2018). Histological 
alterations in the hepatopancreas and growth performance of 
Pacific white shrimp (Litopenaeus vannamei, Boone 1931) 
reared in potassium fortified inland saline ground water. 
Article in International Journal of Current Microbiology and 
Applied Sciences, 7(4). 
https://doi.org/10.20546/ijcmas.2018.704.398 

Carp India Patro, D., Srivastava, P. P., Varghese, T., Gupta, S., Kumar, P., & 
Prabhakaran, A. (2021). Evaluation of growth and biochemical 
responses of Cyprinus carpio reared in freshwater and inland 
saline water. Journal of the Marine Biological Association of 
India, 63(1), 25–30. 
https://doi.org/10.6024/jmbai.2021.63.1.2150-04 

Vannamei India Pattusamy, A., Hittinahalli, C. M., Chadha, N. K., Sawant, P. B., 
Krishna, H., & Verma, A. K. (2022). Water budgeting for culture 
of Penaeus vannamei (Boone, 1931) in earthen grow-out 
ponds using inland saline groundwater. Aquaculture Research, 
53(12), 4521–4530. https://doi.org/10.1111/are.15949 

Tilapia India Paul, M., Sardar, P., Sahu, N. P., Deo, A. D., Varghese, T., 
Shamna, N., Jana, P., & Krishna, G. (2022). Effect of dietary 
protein level on growth and metabolism of GIFT juveniles 
reared in inland ground saline water of medium salinity. 
Journal of Applied Aquaculture, 1–27. 
https://doi.org/10.1080/10454438.2022.2054672 

Tilapia India Paul, M., Sardar, P., Sahu, N. P., Jana, P., Deo, A. D., 
Harikrishna, V., Varghese, T., Shamna, N., Kumar, P., & Krishna, 
G. (2022). Effect of dietary lipid level on growth performance, 
body composition, and physiometabolic responses of 
genetically improved farmed tilapia (GIFT) juveniles reared in 
inland ground saline water. Aquaculture Nutrition, 2022, 1–15. 
https://doi.org/10.1155/2022/5345479 

Tilapia India Paul, M., Sardar, P., Sahu, N. P., Varghese, T., Shamna, N., 
Harikrishna, V., Deo, A. D., Jana, P., Singha, K. P., Gupta, G., 
Kumar, M., & Krishna, G. (2022). Optimal dietary protein 
requirement of juvenile GIFT tilapia (Oreochromis niloticus) 
reared in inland ground saline water. Journal of Environmental 
Biology, 43(2), 205–215. 
https://doi.org/10.22438/jeb/43/2/mrn-1905 

General status and 
opportunities 

India Pillai, N., & Katiha, P. K. (2004). Evolution of fisheries and 
aquaculture in India (p. 240). Central Marine Fisheries 
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Research Instiute, Kochi - 18, India. 
http://eprints.cmfri.org.in/23/2/Editors_Page.pdf 

Vannamei India Prabu, E., Felix, N., Ahilan, B., Uma, A., & Manikandan, K. 
(2020). Culture of Pacific white shrimp, Penaeus vannamei in 
low saline waters through water adaptations and diet 
modifications. Journal of Aquaculture in the Tropics, 34(3-4), 
171–179. http://dx.doi.org/10.32381/JAT.2019.34.3-4.4 

Algae seaweed India Pravesh, K. O., Bharti, V., Vennila, A., Shukla, S., Harikrishna, 
V., Gladston, Y., & Aravind, R. (2017). Efficacy of an integrated 
system incorporated with Eichhornia crassipes in 
phytoremediation of calcium from inland saline water. Nature 
Environment and Pollution Technology, 16(3), 687–694. 
https://neptjournal.com/upload-images/NL-61-4-(2)B-
3434.pdf 

Environmental India Prayag, A. G., Zhou, Y., Srinivasan, V., Stigter, T., & Verzijl, A. 
(2023). Assessing the impact of groundwater abstractions on 
aquifer depletion in the Cauvery Delta, India. Agricultural 
Water Management, 279, 108191. 
https://doi.org/10.1016/j.agwat.2023.108191 

Penaieds (not 
vannamei) 

India Purushothaman, C. S., Raizada, S., Sharma, V. K., Harikrishna, 
V., Venugopal, G., Agrahari, R. K., Rahaman, M., Hasan, J., & 
Kumar, A. (2014). Production of tiger shrimp (Penaeus 
monodon) in potassium supplemented inland saline sub-
surface water. Journal of Applied Aquaculture, 26(1), 84–93. 
https://doi.org/10.1080/10454438.2014.882214 

General status and 
opportunities 

India Puthucherril, T. G. (2016). Sustainable aquaculture in India: 
Looking back to think ahead. Aquaculture Law and Policy, 289–
312. https://doi.org/10.4337/9781784718114.00022 

Vannamei India Raghuvaran, N., Sardar, P., Sahu, N. P., Shamna, N., Jana, P., 
Paul, M., Bhusare, S., & Bhavatharaniya, U. (2023). Effect of L-
carnitine supplemented diets with varying protein and lipid 
levels on growth, body composition, antioxidant status and 
physio-metabolic changes of white shrimp, Penaeus vannamei 
juveniles reared in inland saline water. Animal Feed Science 
and Technology, 296, 115548. 
https://doi.org/10.1016/j.anifeedsci.2022.115548 

Crustaceans (not 
penaeids) 

India Raizada, S., Javed, H., Ayyappan, S., Mukhergee, S. C., 
Maheshwari, U. K., & Fielder, D. S. (2013). Hatchery seed 
production of giant freshwater prawn, Macrobrachium 
rosenbergii using inland ground saline water in India. 
Aquaculture Research, 46(1), 49–58. 
https://doi.org/10.1111/are.12158 

Crustaceans (not 
penaeids) 

India Raizada, S., Kumar, A., Hasan, J., Kumar, S., Chadha, N. K., 
Rahaman, M., Agrahari, R. K., Fielder, D. S., Maheshwari, U. K., 
& Kumar, D. (2007). The growth and survival of giant 
freshwater prawn Macrobrachium rosenbergii in potassium 
amended inland saline water. Fisheries and Aquaculture: 
Strategic Outlook for Asia. Book of Abstracts., 135. 
https://www.afsconferences.net/wp-
content/uploads/2019/10/8AFF-Abstract-
Book_20141016063123.pdf 

Penaieds (not 
vannamei) 

India Raizada, S., Purushothaman, C. S., Sharma, V. K., Harikrishna, 
V., Rahaman, M., Agrahari, R. K., Hasan, J., Venugopal, G., & 
Kumar, A. (2014). Survival and growth of tiger shrimp (Penaeus 
monodon) in inland saline water supplemented with 
potassium. Proceedings of the National Academy of Sciences, 
India Section B: Biological Sciences, 85(2), 491–497. 
https://doi.org/10.1007/s40011-014-0372-1 
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Resourcespolicysys
tems 

India Raju, P., Reddy, M., Raghuram, P., Suri Babu, G., Rambabu, T., 
Kumar, J., Reddy, P., Raghuram, G., Suri Babu, T., Rambabu, J., 
& Kumar. (2014). Alkalinity and hardness variation in ground 
waters of east Godavari district due to aquaculture. 
International Journal of Fisheries and Aquatic Studies, 1(6), 
121–127. 
https://www.researchgate.net/profile/Golla/publication/3466
70362_Alkalinity_and_Hardness_Variation_in_Ground_Waters
_of_East_Godavari_District_due_to_Aquaculture/links/5fcdbd
34299bf188d4fd7fb0/Alkalinity-and-Hardness-Variation-in-
Ground-Waters-of-East-Godavari-District-due-to-
Aquaculture.pdf 

Vannamei India Rao, D. V., Borana, K., Shrivastava, P., Rao, K., Borana, P., & 
Shrivastava. (2022). Litopenaeus vannamei (whiteleg shrimp) 
farming in Indian inland saline ecosystem. ~ 68 ~ International 
Journal of Fauna and Biological Studies, 9(3), 68–72. 
https://www.faunajournal.com/archives/2022/vol9issue3/Par
tA/9-3-10-775.pdf 

Environmental India Raul, C., Bharti, V. S., Dar Jaffer, Y., Lenka, S., & Krishna, G. 
(2020). Sugarcane bagasse biochar: Suitable amendment for 
inland aquaculture soils. Aquaculture Research, 52(2), 643–
654. https://doi.org/10.1111/are.14922 

General research India Raul, C., Prakash, S., Lenka, S., & Bharti, V. S. (2021). Sugarcane 
bagasse biochar: A suitable amendments for inland saline 
pond water productivity. Journal of Environmental Biology, 
42(5), 1264–1273. https://doi.org/10.22438/jeb/42/5/mrn-
1702 

General status and 
opportunities 

India Raul, C., Priyadarshi, S., Bharti, V. S., & Prakash, S. (2019). 
Biochar: An emerging solution for sustainable aquaculture. 
World Aquaculture, 64–65. 
https://www.researchgate.net/profile/Chittaranjan-
Raul/publication/337759327_Biochar_An_Emerging_Solution_
for_Sustainable_Aquaculture/links/5de8d1d1299bf10bc34067
64/Biochar-An-Emerging-Solution-for-Sustainable-
Aquaculture.pdf 

Vannamei India S, M. A. J., Xavier, K. M., Nayak, B. B., Kumar, H. S., & Balange, 
A. K. (2023). Comparative quality evaluation of frozen stored 
Litopenaeus vannamei reared in inland saline water and 
brackish water. Fishery Technology, 60, 48–54. 
https://www.researchgate.net/publication/368477851 

Vannamei India Sahadevan, P. (2022). Studies on shrimp aquaculture in Kerala 
(p. 515) [PhD Thesis]. 
http://117.232.76.121/bitstream/handle/20.500.12818/765/1
605.pdf?sequence=1&isAllowed=y 

Environmental India Saini, J., & Pandey, S. (2022). Environmental threat and change 
detection in saline lakes from 1960 to 2021: Background, 
present, and future. Environmental Science and Pollution 
Research, 30(1), 78–89. https://doi.org/10.1007/s11356-022-
23981-y 

Vannamei India Salunke, M., Kalyankar, A., Khedkar, C. D., Shingare, M., & 
Khedkar, G. D. (2020). A review on shrimp aquaculture in 
India: Historical perspective, constraints, status and future 
implications for impacts on aquatic ecosystem and 
biodiversity. Reviews in Fisheries Science & Aquaculture, 28(3), 
1–20. https://doi.org/10.1080/23308249.2020.1723058 

Vannamei India Samadan, G., Rustadi, & Djumanto. (2018). Production 
performance of whiteleg shrimp Litopenaeus vannamei at 
different stocking densities reared in sand ponds using plastic 
mulch. Aquaculture, Aquarium, Conservation and Legislation, 
11(4), 1213–1221. http://www.bioflux.com.ro/aacl  
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Vannamei India Sanathkumar, H., Ravi, C., Padinhatupurayil, S. B., Mol, M., 
Prasad, J. K., & Nayak, B. B. (2014). Microbiological 
investigation of persistent mortalities in Litopenaeus vannamei 
grown in low saline waters in India. Journal of Aquatic Animal 
Health, 26(3), 154–159. 
https://doi.org/10.1080/08997659.2014.902875 

Algae seaweed India Sandeep, K. P., Shukla, S. P., Harikrishna, V., Muralidhar, A. P., 
Vennila, A., Purushothaman, C. S., & Ratheesh Kumar, R. 
(2013). Utilization of inland saline water for Spirulina 
cultivation. Journal of Water Reuse and Desalination, 3(4), 
346–356. https://doi.org/10.2166/wrd.2013.102 

Penaieds (not 
vannamei) 

India Shakeeb-Ur-Rahman, Jain, A. K., Reddy, A. K., Kumar, G., & 
Raju, K. D. (2005). Ionic manipulation of inland saline 
groundwater for enhancing survival and growth of Penaeus 
monodon (Fabricius). Aquaculture Research, 36(12), 1149–
1156. https://doi.org/10.1111/j.1365-2109.2005.01322.x 

General status and 
opportunities 

India Sharma, D. K., & Singh, A. (2015). Salinity research in India - 
achievements, challenges and future prospects. Water and 
Energy International, 58(6), 35–45. 
https://krishi.icar.gov.in/jspui/handle/123456789/3367 

Environmental India Sharma, D., & Singh, A. (2017). Reclamation and management 
strategies under salty soils. In 5th National Seminar - Climate 
Resilient Saline Agriculture: Sustaining Livelihood Security 
2017. 
https://krishi.icar.gov.in/jspui/bitstream/123456789/3859/1/R
eclamation%20and%20Management%20Strategies%20under
%20Salty%20Soils.pdf 

Carp India Sharma, K., Dey, A., Kumar, S., Chaudhary, B. K., Mohanty, S., 
Kumar, T., Prasad, S. S., & Bhatt, B. P. (2020). Effect of salinity 
on growth, survival and biochemical alterations in the 
freshwater fish Labeo rohita (Hamilton 1822). Indian Journal of 
Fisheries, 67(2). https://doi.org/10.21077/ijf.2019.67.2.86894-
06 

Carp India Sharma, M., Kaur, V. I., & Ansal, M. D. (2017). Physiological 
responses of freshwater ornamental fish koi carp, Cyprinus 
carpio (L.) in inland saline water: Growth and hematological 
changes. Indian Journal of Ecology, 44(4), 864–868. 
https://www.researchgate.net/profile/Vaneet-Kaur-
3/publication/322930435_Physiological_Responses_of_Fresh
water_Ornamental_Fish_Koi_Carp_Cyprinus_carpio_L_in_Inla
nd_Saline_water_Growth_and_Hematological_Changes/links/
5c52e25292851c22a39d9e33/Physiological-Responses-of-
Freshwater-Ornamental-Fish-Koi-Carp-Cyprinus-carpio-L-in-
Inland-Saline-water-Growth-and-Hematological-Changes.pdf 

General research India Singh, B., Tyagi, A., Billekallu Thammegowda, N. K., & Ansal, M. 
D. (2018). Prevalence and antimicrobial resistance of vibrios of 
human health significance in inland saline aquaculture areas. 
Aquaculture Research, 49(6), 2166–2174. 
https://doi.org/10.1111/are.13672 

Environmental India Singh, G. (2009). Salinity-related desertification and 
management strategies: Indian experience. Land Degradation 
& Development, 20(4), 367–385. 
https://doi.org/10.1002/ldr.933 

Carp India Singh, G., Ansal, M. D., & Kaur, V. I. (2018). Salinity tolerance 
and survival of freshwater carp, Cyprinus carpio linn. in inland 
saline water. Indian Journal of Ecology, 45(3), 598–601. 
https://www.indianjournals.com/ijor.aspx?target=ijor:ije1&vol
ume=45&issue=3&article=030 
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Vannamei India Singh, P., Tyagi, A., & Kumar, B. N. (2020). Impact of shrimp 
farming technology for economic upliftment of rural societies 
in inland saline areas of Punjab. Journal of Krishi Vigyan, 9(si), 
172–179. http://dx.doi.org/10.5958/2349-4433.2020.00100.2 

Carp India Singh, S., & Srivastava, P. (2019). Influence of different salinity 
on carcass composition of Amur carp (Cyprinus carpio 
haematopterus) reared in semi-arid region of India. Journal of 
Experimental Zoology India, 22(1), 633–637. 
https://www.researchgate.net/profile/Appidi-Krishna-
Reddy/publication/332671760_INFLUENCE_OF_DIFFERENT_S
ALINITY_ON_CARCASS_COMPOSITION_OF_AMUR_CARP_CYPR
INUS_CARPIO_HAEMATOPTERUS_REARED_IN_SEMI-
_ARID_REGION_OF_INDIA/links/5cc2cc25299bf120977fbdab/I
NFLUENCE-OF-DIFFERENT-SALINITY-ON-CARCASS-
COMPOSITION-OF-AMUR-CARP-CYPRINUS-CARPIO-
HAEMATOPTERUS-REARED-IN-SEMI-ARID-REGION-OF-
INDIA.pdf 

General status and 
opportunities 

India Singh, S., Jahan, I., Sharma, A., & Misra, V. K. (2017). Inland 
saline aquaculture-a hope for farmers. International Journal of 
Global Science Research, 4(2). 
https://doi.org/10.26540/ijgsr.v4.i2.2017.80 

Carp India Singh, S., Reddy, A., Harikrishna, V., Srivastava, P., & Lakra, W. 
(2020). Growth and osmoregulatory response of Cyprinus 
carpio haematopterus (Amur carp) reared in inland saline 
water. Indian Journal of Animal Sciences, 90(1), 120–124. 
https://www.researchgate.net/profile/Shashank-Singh-
24/publication/339363213_Growth_and_osmoregulatory_res
ponse_of_Cyprinus_carpio_haematopterus_Amur_carp_reare
d_in_inland_saline_water/links/5e8dd76f92851c2f528890dd/
Growth-and-osmoregulatory-response-of-Cyprinus-carpio-
haematopterus-Amur-carp-reared-in-inland-saline-water.pdf 

Integrated ISA 
Agriculture 

India Singh, S., Singh, R., Kumar, S., Narjary, B., Kamra, S., & Sharma, 
D. (2014). Productive utilization of sodic water for 
aquaculture-led integrated farming system: A case study. 
Journal of Soil Salinity and Water Quality, 6(1), 28–35. 
https://www.researchgate.net/profile/Bhaskar_Narjary/public
ation/270280947_Productive_Utilization_of_Sodic_Water_for
_Aquaculture-
led_Integrated_Farming_System_A_Case_Study/links/54a663c
00cf267bdb90843cd.pdf 

Tilapia India Singha, K. P., Shamna, N., Sahu, N. P., Sardar, P., Harikrishna, 
V., Thirunavukkarasar, R., Chowdhury, D. K., Maiti, M. K., & 
Krishna, G. (2021). Optimum dietary crude protein for culture 
of genetically improved farmed tilapia (GIFT), Oreochromis 
niloticus (Linnaeus, 1758) juveniles in low inland saline water: 
Effects on growth, metabolism and gene expression. Animal 
Feed Science and Technology, 271, 114713. 
https://doi.org/10.1016/j.anifeedsci.2020.114713 

Tilapia India Singha, K. P., Shamna, N., Sahu, N. P., Sardar, P., HariKrishna, 
V., Thirunavukkarasar, R., Kumar, M., & Krishna, G. (2020). 
Feeding graded levels of protein to genetically improved 
farmed tilapia (GIFT) juveniles reared in inland saline water: 
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brackish water for reproduction and larviculture of rainbow 
trout, Oncorhynchus mykiss. Journal of Applied Aquaculture, 
23(2), 103–111. 
https://doi.org/10.1080/10454438.2011.581569 

Marine finfish Iran Mohammadi, M., Sarsangi, H., Askari, M., Bitaraf, A., Mashaii, 
N., Rajabipour, F., & Alizadeh, M. (2016). Use of underground 
brackish water for reproduction and larviculture of rainbow 
trout, Oncorhynchus mykiss. In R. E. Brummett (Ed.), 
Aquaculture Technology in Developing Countries. Routledge. 
https://books.google.com.au/books?hl=en&lr=&id=yarsCwAA
QBAJ&oi=fnd&pg=RA1-
PA17&dq=Use+of+underground+brackish+water+for+reprodu
ction+and+larviculture+of+rainbow+trout,+Oncorhynchus+my
kiss&ots=XTWUMndYSg&sig=MLgAYxBEeOTXkWUYfpdJ8TL6tt
U 

Tilapia Iran Morady, Y., Mashaeii, N., Karami, B., & Zare Ghasti, G. (2012). 
Investigation on proximate composition, fatty acid profile and 
sensory evaluation of Nile (Oreochromis niloticus) and Hybrid 
Red Tilapia fillet farmed in brackish ground water of Bafgh, 
Yzad. ISFJ, 21(2), 125–132. 
https://doi.org/10.22092/ISFJ.2017.110061 

Tilapia Iran Rajabipour, F., Hassannia, M. R., Mashaei, N., Sarsangi, H., 
Mohmmadi, M., Behmanesh, S., Akhgian, V., Shafiei 
mobarake, J., Najjar, M., & Jafari, M. (2016). Cage culture of 
tilapia in some water resources (farm and agriculture ponds) 
of Bafq, Iran. Aquadocs.org; Iranian Fisheries Science Research 
Institute. https://aquadocs.org/handle/1834/13935 

Tilapia Iran Rajabipour, F., Saresangi, H., Mashaii, N., Bitaraf, A., 
Mohammadi, M., Alizadeh, M., Rahmati, M., & Hossein-Zadeh, 
H. (2014). An investigation on feasibility of introduction of 
tilapia to aquaculture industry of inland brackish waters at 
desert areas of Iran. Aquadocs.org; Iranian Fisheries Science 
Research Institute. https://aquadocs.org/handle/1834/14003 

Resourcespolicysys
tems 

Iraq Awadh, S. M., & Al-Ghani, S. A. (2013). Assessment of 
sulfurous springs in the west of Iraq for balneotherapy, 
drinking, irrigation and aquaculture purposes. Environmental 
Geochemistry and Health, 36(3), 359–373. 
https://doi.org/10.1007/s10653-013-9555-6 

General status and 
opportunities 

Iraq Jawad, L. A., & Abdulsamad, S. M. S. (2021). How possible to 
use the desert area in Iraq for aquaculture industry: Basic facts 
and recommondations. Tigris and Euphrates Rivers: Their 
Environment from Headwaters to Mouth, 1047–1052. 
https://doi.org/10.1007/978-3-030-57570-0_47 

Marine finfish Israel Appelbaum, S., & Arockiaraj, A. (2009). Cultivation of gilthead 
sea bream (Sparus aurata Linnaeus, 1758) in low salinity inland 
brackish geothermal water. AACL Bioflux, 2(2), 197–203. 
http://www.bioflux.com.ro/docs/2009.2.197-203.pdf 

Marine finfish Israel Appelbaum, S., & Jesuarockiaraj, A. (2009). Salt incorporated 
diets for enhancing growth performance and survival in 
gilthead sea bream Sparus aurata L. juveniles reared in low 
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saline brackish water. Scientia Marina, 73(S1), 213–217. 
https://doi.org/10.3989/scimar.2009.73s1213 

Marine finfish Israel Appelbaum, S., & Raj, A. S. J. A. (2009). Salt incorporated diets 
for enhancing growth performance and survival in gilthead sea 
bream Sparus aurata L. juveniles reared in low saline brackish 
water. Sci. Mar., 73S1, 213–217. doi: 
10.3989/scimar.2009.73sl213 

Marine finfish Israel Appelbaum, S., Raj, A. J. A., & Raj, C. I. (2008). Promoting the 
culture of gilthead sea bream (Sparus auratus L.) in low saline 
inland water: A novel way to farm saltwater fish in freshwater. 
Secretariat, Southeast Asian Fisheries Development Center. 
https://www.researchgate.net/profile/Jesu-
Arockiaraj/publication/277667632_Promoting_the_culture_of
_gilthead_Fish_for_the_People/links/556feaf208aec226830ab
989/Promoting-the-culture-of-gilthead-Fish-for-the-People.pdf 

General research Israel Applebaum, S. (2011). Aquaculture experiences in the Negev 
Desert in Israel. In V. Crespi & A. Lovatelli (Eds.), Aquaculture 
in desert and arid lands: development constraints and 
opportunities. FAO Technical Workshop. 6–9 July 2010, 
Hermosillo, Mexico. FAO Fisheries and Aquaculture 
Proceedings No. 20. Rome, FAO. 2011. pp. 113–118. 
https://www.academia.edu/download/31569880/aquaculture
.pdf#page=125 

Marine finfish Israel Cnaani, A., Stavi, A., Smirnov, M., & Harpaz, S. (2012). Rearing 
white grouper (Epinephelus aeneus) in low salinity water: 
Effects of dietary salt supplementation. The Israeli Journal of 
Aquaculture - Bamidgeh, IJA, 64. 
http://hdl.handle.net/10524/23300 

General research Israel Gross, A., Nemirovsky, A., Zilberg, D., Khaimov, A., Brenner, A., 
Snir, E., Ronen, Z., & Nejidat, A. (2003). Soil nitrifying 
enrichments as biofilter starters in intensive recirculating 
saline water aquaculture. Aquaculture, 223(1-4), 51–62. 
https://doi.org/10.1016/s0044-8486(03)00067-x 

General status and 
opportunities 

Israel Hulata, G., & Simon, Y. (2011). An overview on desert 
aquaculture in Israel. In V. Crespi & A. Lovatelli (Eds.), 
Aquaculture in desert and arid lands: development constraints 
and opportunities. FAO Technical Workshop. 6–9 July 2010, 
Hermosillo, Mexico. FAO Fisheries and Aquaculture 
Proceedings No. 20. Rome, FAO. (Vol. 20, pp. 85–112). 
https://www.fao.org/3/ba0114e/ba0114e05.pdf 

Marine finfish Israel Klas, S., Perlberg-Banet, A., Smirnov, M., Zivan, A., Ophek, L., 
Friedlander, Y., & Lahav, O. (2014). A procedure for adjusting 
grey mullet (Mugil cephalus Lin.) fingerlings to low-salinity, 
low-hardness waters for economic and environmentally 
friendly inland culture. Aquacultural Engineering, 59, 55–63. 
https://doi.org/10.1016/j.aquaeng.2014.03.001 

Resourcespolicysys
tems 

Israel Mires, D. (2000). Development of inland aquaculture in arid 
climates: Water utilization strategies applied in Israel. Fisheries 
Management and Ecology, 7(1-2), 189–195. 
https://doi.org/10.1046/j.1365-2400.2000.00186.x 

Integrated ISA 
Agriculture 

Israel Oron, G., Appelbaum, S., & Guy, O. (2023). Reuse of brine from 
inland desalination plants with duckweed, fish and halophytes 
toward increased food production and improved 
environmental control. Desalination, 549, 116317. 
https://doi.org/10.1016/j.desal.2022.116317 

Vannamei Israel Parnes, S., Mills, E., Segall, C., Raviv, S., Davis, C., & Sagi, A. 
(2004). Reproductive readiness of the shrimp Litopenaeus 
vannamei grown in a brackish water system. Aquaculture, 
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236(1), 593–606. 
https://doi.org/10.1016/j.aquaculture.2004.01.040 

Tilapia Israel Schlechtriem, C., Bresler, V., Fishelson, L., Rosenfeld, M., & 
Becker, K. (2004). Protective effects of dietary l-carnitine on 
tilapia hybrids (Oreochromis niloticus x Oreochromis aureus) 
reared under intensive pond-culture conditions. Aquaculture 
Nutrition, 10(1), 55–63. https://doi.org/10.1046/j.1365-
2095.2003.00283.x 

General research Israel Yogev, U., Sowers, K. R., Mozes, N., & Gross, A. (2017). 
Nitrogen and carbon balance in a novel near-zero water 
exchange saline recirculating aquaculture system. 
Aquaculture, 467, 118–126. 
https://doi.org/10.1016/j.aquaculture.2016.04.029 

Molluscs 
Echinoderms 

Japan Unuma, T., Sakai, Y., Agatsuma, Y., & Kayaba, T. (2015). Sea 
Urchin Aquaculture in Japan. In N. P. Brown & S. D. Eddy 
(Eds.), Echinoderm Aquaculture (pp. 75–126). 
https://doi.org/10.1002/9781119005810.ch5 

Tilapia Kuwait Al-Ahmad, T. A., Ridha, M., & Al-Ahmed, A. A. (1988). 
Reproductive performance of the tilapia Oreochromis spilurus 
in seawater and brackish groundwater. Aquaculture, 73(1), 
323–332. https://doi.org/10.1016/0044-8486(88)90065-8 

Economics Kuwait Kitto, M. R., & Bechara, G. P. (2004). Business aquaculture in 
Kuwait: Challenges and solutions. World Aquaculture, 58–61. 
https://www.researchgate.net/profile/Kitto_Mr/publication/3
03520439_Business_Aquaculture_in_Kuwait_-
_Problems_and_constraints/links/574ea36d08ae6028daa27d8
d/Business-Aquaculture-in-Kuwait-Problems-and-
constraints.pdf 

Marine finfish Lebanon Mourad, N., S. Kreydiyyeh, & J. Ghanawi. (2012). Aquaculture 
of marine fish in inland low salinity well water: potassium is 
not the only limiting element. Fisheries and Aquaculture 
Journal, 16–28. https://www.longdom.org/open-
access/aquaculture-of-marine-fish-in-inland-low-salinity-well-
water-potassium-is-not-the-only-limiting-element-43057.html 

Crustaceans (not 
penaeids) 

Lebanon Rida, R., Zein-Eddine, R., Kreydiyyeh, S., Garza de Yta, A., & 
Saoud, I. P. (2021). Influence of salinity on survival, growth, 
hemolymph osmolality, gill sodium potassium  ATPase activity, 
and sodium potassium chloride co-transporter expression in 
the redclaw crayfish Cherax quadricarinatus. Journal of the 
World Aquaculture Society, 52, 466–474. 
https://doi.org/10.1111/jwas.12762 

Vannamei Malaysia Lim, Y. S., Ganesan, P., Varman, M., Hamad, F. A., & 
Krishnasamy, S. (2021). Effects of microbubble aeration on 
water quality and growth performance of Litopenaeus 
vannamei in biofloc system. Aquacultural Engineering, 93, 
102159. https://doi.org/10.1016/j.aquaeng.2021.102159 

Integrated ISA 
Agriculture 

Malaysia Sulaiman, A., & Al-Jughaiman, A. (2008). Development of an 
intelligent water blending system for irrigation of crops with 
various salinity tolerance and aquaculture [PhD Thesis]. 
https://core.ac.uk/download/pdf/42992641.pdf 

Resourcespolicysys
tems 

Mekong Delta Wagner, F., Tran, V. B., & Renaud, F. G. (2012). Groundwater 
resources in the Mekong delta: Availability, utilization and 
risks. In F. Renaud & C. Kuenzer (Eds.), The Mekong Delta 
System. (pp. 201–220). Springer Environmental Science and 
Engineering. https://doi.org/10.1007/978-94-007-3962-8_7 

Integrated ISA 
Agriculture 

Mexico Baiyin, B., Tagawa, K., & Gutierrez, J. (2020). Techno-Economic 
feasibility analysis of a stand-alone photovoltaic system for 
combined aquaponics on drylands. Sustainability, 12(22), 
9556. https://doi.org/10.3390/su12229556 
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Vannamei Mexico Castillo-Soriano, F., Ibarra-Junquera, V., Olivos-Ortiz, A., 
Barragán-Vázquez, F., & Meyer-Willerer, amp; (2010). 
Influence of water supply chemistry on white shrimp 
(Litopenaeus vannamei) culture in low-salinity and zero-water 
exchange ponds. Pan-American Journal of Aquatic Sciences, 
5(3), 376–386. 
http://panamjas.org/pdf_artigos/PANAMJAS_5(3)_376-
386.pdf 

Vannamei Mexico DeCook, K. J., Ince, S., Popkin, B. P., Schreiber, J. F., & Sumner, 
J. S. (1980). Exploration for saltwater supply for shrimp 
aquaculture, Puerto Penasco, Sonora, Mexico. Hydrology and 
Water Resources in Arizona and the Southwest. 
https://repository.arizona.edu/handle/10150/301198 

Integrated ISA 
Agriculture 

Mexico Fierro-Sañudo, J. F., Rodríguez-Montes de Oca, G. A., León-
Cañedo, J. A., Alarcón-Silvas, S. G., Mariscal-Lagarda, M. M., 
Díaz-Valdés, T., Páez-Osuna, F., Fierro-Sañudo, J. F., Rodríguez-
Montes de Oca, G. A., León-Cañedo, J. A., Alarcón-Silvas, S. G., 
Mariscal-Lagarda, M. M., Díaz-Valdés, T., & Páez-Osuna, F. 
(2018). Production and management of shrimp (Penaeus 
vannamei) in co-culture with basil (Ocimum basilicum) using 
two sources of low-salinity water. Latin American Journal of 
Aquatic Research, 46(1), 63–71. 
https://doi.org/10.3856/vol46-issue1-fulltext-8 

Penaieds (not 
vannamei) 

Mexico Gullian, M., Aramburu, C., Sanders, B., & Lope, R. (2010). 
Viability of culturing pink shrimp Farfantepenaeus duorarum in 
low-salinity groundwater from the Yucatán Peninsula (SE, 
México). Aquaculture, 302(3-4), 202–207. 
https://doi.org/10.1016/j.aquaculture.2010.02.019 

Vannamei Mexico Gutiérrez-Salazar, G. J., Molina-Garza, Z. J., Hernández-Acosta, 
M., García-Salas, J. A., Mercado-Hernández, R., & Galaviz-Silva, 
L. (2011). Pathogens in Pacific white shrimp (Litopenaeus 
vannamei Boone, 1931) and their relationship with 
physicochemical parameters in three different culture systems 
in Tamaulipas, Mexico. Aquaculture, 321(1), 34–40. 
https://doi.org/10.1016/j.aquaculture.2011.08.032 

Vannamei Mexico Hurtado, M. A., Racotta, I. S., Arjona, O., Hernández-
Rodríguez, M., Goytortúa, E., Civera, R., & Palacios, E. (2006). 
Effect of hypo- and hyper-saline conditions on osmolarity and 
fatty acid composition of juvenile shrimp Litopenaeus 
vannamei (Boone, 1931) fed low- and high-HUFA diets. 
Aquaculture Research, 37(13), 1316–1326. 
https://doi.org/10.1111/j.1365-2109.2006.01568.x 

Integrated ISA 
Agriculture 

Mexico Kaburagi, E., Yamada, M., Baba, T., Fujiyama, H., Murillo-
Amador, B., & Yamada, S. (2020). Aquaponics using saline 
groundwater: Effect of adding microelements to fish 
wastewater on the growth of Swiss chard (Beta vulgaris L. spp. 
cicla). Agricultural Water Management, 227, 105851. 
https://doi.org/10.1016/j.agwat.2019.105851 

Vannamei Mexico León-Cañedo, J. A., Alarcón-Silvas, S. G., Fierro-Sañudo, J. F., 
Mariscal-Lagarda, M. M., Díaz-Valdés, T., & Páez-Osuna, F. 
(2017). Assessment of environmental loads of Cu and Zn from 
intensive inland shrimp aquaculture. Environmental 
Monitoring and Assessment, 189(2). 
https://doi.org/10.1007/s10661-017-5783-z 

General status and 
opportunities 

Mexico Llanes-Cárdenas, O., Campos, M. N., Sevilla, P. M., & Guerrero, 
R. R. (2016). Groundwater: Alternative aquaculture in 
Northwest Mexico. Revista AquaTIC, 38, 10–20. 
http://www.revistaaquatic.com/ojs/index.php/aquatic/article/
view/83/72 
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Vannamei Mexico Mariscal-Lagarda, M. M., & Páez-Osuna, F. (2014). Mass 
balances of nitrogen and phosphorus in an integrated culture 
of shrimp (Litopenaeus vannamei) and tomato (Lycopersicon 
esculentum Mill) with low salinity groundwater: A short 
communication. Aquacultural Engineering, 58, 107–112. 
https://doi.org/10.1016/j.aquaeng.2013.12.003 

Integrated ISA 
Agriculture 

Mexico Mariscal-Lagarda, M. M., Páez-Osuna, F., Esquer-Méndez, J. L., 
Guerrero-Monroy, I., del Vivar, A. R., & Félix-Gastelum, R. 
(2012). Integrated culture of white shrimp (Litopenaeus 
vannamei) and tomato (Lycopersicon esculentum Mill) with 
low salinity groundwater: Management and production. 
Aquaculture, 366-367, 76–84. 
https://doi.org/10.1016/j.aquaculture.2012.09.003 

Integrated ISA 
Agriculture 

Mexico Mariscal-Lagarda, M. M., Páez-Osuna, F., Esquer-Méndez, J. L., 
Guerrero-Monroy, I., Del Vivar, A.-R., Brito-Solano, K. Y., 
López-Pérez, D. N., & Alonso-Rodríguez, R. (2013). Water 
quality in an integrated culture of white shrimp (Litopenaeus 
vannamei)-tomato (Lycopersicon esculentum) using low 
salinity groundwater in Sonora, Mexico. Experimental 
Agriculture, 50(2), 306–319. 
https://doi.org/10.1017/s0014479713000690 

Integrated ISA 
Agriculture 

Mexico Nuwa, A., Yamada, M., Kuzasa, I., Endo, M., & Yamada, S. 
(2022, September 6). Aquaponics combined with field culture 
using saline groundwater makes effective use of water and 
reduces environmental pollution. Papers.ssrn.com. 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=421114
2 

Vannamei Mexico Sánchez-Barajas, M., Liñán-Cabello, M. A., & Mena-Herrera, A. 
(2008). Detection of yellow-head disease in intensive 
freshwater production systems of Litopenaeus vannamei. 
Aquaculture International, 17(2), 101–112. 
https://doi.org/10.1007/s10499-008-9183-9 

Integrated ISA 
Agriculture 

Mexico Sijtsma, L., Boedijn, A., & Appelman, W. (2020). Stimulating 
the circular economy for food production in central Mexico: 
Integration of greenhouse cultivation, land-based aquaculture 
and microalgae production systems (p. 38). Wageningen 
University & Research. https://doi.org/10.18174/544656 

General status and 
opportunities 

Mexico Sosa-Villalobos, C., Castañeda-Chávez, M. del R., Amaro-
Espejo, I. A., Galaviz-Villa, I., & Lango-Reynoso, F. (2016). 
Diagnosis of the current state of aquaculture production 
systems with regard to the environment in Mexico. Latin 
American Journal of Aquatic Research, 44(2), 193–201. 
https://doi.org/10.3856/vol44-issue2-fulltext-1 

Marine finfish Mexico Vela, M. A., Villarreal, H., Araneda, M., & Espinosa-Faller, F. J. 
(2018). Growth and survival of juvenile red drum, Sciaenops 
ocellatus, acclimated to freshwater at three different stocking 
densities in a partial recirculation system. Journal of the World 
Aquaculture Society, 50(1), 87–103. 
https://doi.org/10.1111/jwas.12546 

Crustaceans (not 
penaeids) 

Mexico Walsh, E. J., Schröder, T., Wallace, R. L., Ríos-Arana, J. V., & 
Rico-Martínez, R. (2008). Rotifers from selected inland saline 
waters in the Chihuahuan Desert of México. Saline Systems, 
4(1), 7. https://doi.org/10.1186/1746-1448-4-7 

General status and 
opportunities 

Near East El Gamal, A. R. (2001). Status and development trends of 
aquaculture in the near east. 
Digitalarchive.worldfishcenter.org; NACA. 
https://digitalarchive.worldfishcenter.org/handle/20.500.1234
8/2369 
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Integrated ISA 
Agriculture 

Netherlands De Lange, H. J., & Paulissen, M. P. C. P. (2016). Efficiency of 
three halophyte species in removing nutrients from saline 
water: A pilot study. Wetlands Ecology and Management, 
24(5), 587–596. https://doi.org/10.1007/s11273-016-9489-8 

Integrated ISA 
Agriculture 

Netherlands De Lange, H. J., Paulissen, M. P. C. P., & Slim, P. A. (2012). 
“Halophyte filters”: The potential of constructed wetlands for 
application in saline aquaculture. International Journal of 
Phytoremediation, 15(4), 352–364. 
https://doi.org/10.1080/15226514.2012.702804 

Algae seaweed Netherlands Michels, M. H. (2015). Microalgae for aquaculture. 
Wageningen University, Wageningen, NL [PhD Thesis]. 
https://www.proquest.com/openview/e354ce5bcab06ba8638
e5d478ab0ac39/1?pq-origsite=gscholar&cbl=2026366&diss=y 

Resourcespolicysys
tems 

Netherlands van der Hiele, T., Rijstenbil, J. W., Creemers, J., & Heringa, J. 
(2014). Composition, treatment and use of saline groundwater 
for aquaculture in the Netherlands. World Aquaculture, 23–27. 
https://www.researchgate.net/profile/J-
Rijstenbil/publication/268520497 

Integrated ISA 
Agriculture 

Netherlands Winkel, T. te, Velstra, J., Rijsselberghe, M. van, Laansma, K., & 
Oterdoom, T. (2021). Saline farming in the Wadden Sea region 
of the Netherlands. In K. Negacz, P. Vellinga, E. Barrett-
Lennard, R. Choukr-Allah, & T. Elzenga (Eds.), Future of 
Sustainable Agriculture in Saline Environments (pp. 259–262). 
CRC Press. https://doi.org/10.1201/9781003112327-15 

Integrated ISA 
Agriculture 

Netherlands Wolters, W., Sadek, S., Van Der Heijden, P., Roest, K., Wagieh, 
H., & Schram, E. (2014). Preparations for a community for 
development and exchange of knowledge (CDEK) on 
integrated agriculture – aquaculture (IAA) with brackish water; 
report of the workshop on 30 November 2014. Wageningen, 
Alterra Wageningen UR (University & Research centre), Alterra 
report 2625. 34 pp. 
https://library.wur.nl/WebQuery/wurpubs/fulltext/338145 

Environmental Norway Soldal, O., & Rye, N. (1995). Hydrogeology of a fjord delta 
aquifer, Sunndalsøra, Norway. Norsk Geologisk Tidsskrift, 75, 
169–178. 
https://foreninger.uio.no/ngf/ngt/pdfs/NGT_75_2&3_169-
178.pdf 

Environmental Oman Ahmed, M., Hussain, N., & Al-Rawahy, S. A. (2012). 
Management of saline lands in Oman: Learning to live with 
salinity. In S. Shahid, M. Abdelfattah, & F. Taha (Eds.), 
Developments in Soil Salinity Assessment and Reclamation 
(pp. 265–281). Springer, Dordrecht. 
https://doi.org/10.1007/978-94-007-5684-7_17 

General status and 
opportunities 

Pakistan Asghar, M., Qureshi, A. S., & Fitzsimmons, K. M. (2004). Socio-
ecology of saline groundwater: Drainage for a secure 
environment and food supply: 9th International Drainage 
Workshop. In C. J. de Zeeuw & W. F. Vlotman (Eds.), 9th 
International Drainage Workshop. IDW9 (pp. 128 & CD). 
https://researchoutput.csu.edu.au/en/publications/socio-
ecology-of-saline-groundwater-integration-of-aquaculture-wi 

Integrated ISA 
Agriculture 

Pakistan Ashraf, M., Rasul, A., & Mahmood, K. (2012). Rehabilitation of 
saline ecosystems through cultivation of salt tolerant plants. 
Pak. J. Bot, 44, 69–75. 
https://www.pakbs.org/pjbot/PDFs/44(SI2)/10.pdf 

Carp Pakistan Chughtai, M., & Mahmood, K. (2012a). Semi-intensive Carp 
Culture in Saline Water-Logged Area: A Multi- Location Study 
in Shorkot (District Jhang), Pakistan. Pakistan J. Zool, 44(4), 
1065–1072. https://hdl.handle.net/20.500.12348/5389 
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Carp Pakistan Chughtai, M., & Mahmood, K. (2012b). Semi-intensive carp 
culture in saline water-logged area: A multi-location study in 
Shorkot (district Jhang), Pakistan. Pakistan J. Zool, 44(4), 1065–
1072. http://zsp.com.pk/pdf44/1065-1072%20_25_%20PJZ-
802-11%20Revised%20Manuscript%20_PJZ-802-11_.pdf 

Marine finfish Pakistan Hassan, H. U., Ali, Q. M., Ahmed, A. E., Gabol, K., Swelum, A. 
A., Masood, Z., Mushtaq, S., Saeed, Gul, Y., Rizwan, S., Zulfiqar, 
T., & Siddique, M. a. M. (2022). Growth performance and 
survivability of the Asian seabass Lates calcarifer (Bloch, 1790) 
reared under hyper-saline, hypo-saline and freshwater 
environments in a closed aquaculture system. Brazilian Journal 
of Biology, 84. https://doi.org/10.1590/1519-6984.254161 

Economics Pakistan Haylor, G., & Bhutta, M. S. (1997). The role of aquaculture in 
the sustainable development of irrigated farming systems in 
Punjab, Pakistan. Aquaculture Research, 28(9), 691–705. 
https://doi.org/10.1046/j.1365-2109.1997.00912.x 

General status and 
opportunities 

Pakistan Rossignoli, C., Obi, C., & Ali, S. A. (2022). Exploring the 
potential and constraints of smallholder aquaculture in 
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