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Climate change impacts on various food-producing practices are already being witnessed all over 
the world, especially in a more vulnerable country like India, having an enormous populace reliant 
on farming, and extending extreme burden on natural assets with poor coping mechanisms. Among 
the different food-producing practices, fisheries and aquaculture have prime importance. The risk 
factors of climate change such as an increase in temperature, sea-level rise, cyclone, storm surges, 
ocean acidification and all associated ecological changes are causing a wide range of problems in the 
fisheries sector. The aquaculture sector is sensitive to the changing climate, which needs a different 
vision for improved production. The socio-economic effects of climate change on the aquaculture 
industry and communities should be clearly understood to adopt sustainable and environmentally 
sensitive farming practices. Under changing environmental conditions, the focus should be on the 
adaptation of climate-resilient culture fisheries for climate-smart aquaculture strategy to improve 
nutritional security for the growing population. A suitable strategy is to adopt an integrated approach 
in  the farming system. Many traditional integrated farming systems such as agri-aquaculture based 
system, livestock-based aquaculture system and agri-aqua-livestock integration is already in use. 
Besides, the scientific interventions in the concept of integrated farming has resulted in many viable 
advanced technologies such as partitioned aquaculture system, Integrated multi-trophic aquaculture 
(IMTA), aquaponics, biofloc technology, recirculatory aquaculture systems (RAS) and raceways. All 
these practices are helpful to improve production as well as in the reduction of climate change impacts 
and to avoid contribution towards climate change. 
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Climate change is reflected as one of the serious 
global concern today. The challenges of climate 
change such as an increase in temperature, sea-level 
rise, cyclone, storm surges, ocean acidification and all 
associated ecological changes are causing a wide range 
of problems in the fisheries sector. Climate change is 
considered an additional output of human civilization. 

According to IPCC special report (2018), global 
warming is probably going to reach 1.5°C between 
2030 and 2052 from the present rate of 0.8 to 1.2°C, 
if it keeps on increasing at the current rate. Warming 
seas too will bring about an ascent in a sea level which 
can also affect the coastal zone. Thus high temperatures, 
salinity, pH and oxygenation can also be encountered in 
coastal regions in particular. An outline of the variety of 
possible generators of climate change impacts in coastal 

zones was given by Parry et al. (2007) for the IPCC 
(Table 1).

Fish is known to be the cheapest protein source. The 
sources of fish can be broadly divided into two sectors, 
such as capture and culture. The capture fishery solely 
depends on the nature for the production. Culture is a 
controlled or semi-controlled production system that 
is carried out in freshwater, brackish water or marine 
water.  In the current scenario, there is an increase in 
the demand for fish due to the increase in population. 
However, the capture fishery production has reached 
its maximum potential, and there is only a little scope 
is left to increase the production. Thus the focus is 
on aquaculture productions as there is vast scope for 
increasing the production. Nevertheless, increasing 
climate change brings many challenges to the aquaculture 
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sector. Coastal ecosystems, inland aquaculture and 
offshore marine aquaculture (Mariculture) are being 
affected due to long term climate change. Sea-level 
upsurge can contribute to coastal erosion, impacting 
coastal geomorphology and hydrodynamics, which can 
positively and negatively alter the appropriate areas for 
shellfish cultivation (Filgueira et al., 2016). 

The aquaculture sector is sensitive to the changing 
climate, which needs a different vision for improved 
production. The social and economic impacts of climate 
change on the aquaculture industry and communities 
should be clearly understood to adopt sustainable 
and environmentally sensitive farming practices. 
Temperature is a regulatory variable for finfish and 
shellfish growth (Elliott and Elliott, 2010) which can 
affect the metabolism and energy expenditure needs. 
The temperature rises inside the species physiological 
resilience may increase growth, nevertheless growth 
and feeding decrease and mortality increase if resilience 
is surpassed; high temperatures can also undesirably 
affect the quality of the flesh (Ørnholt Johnsen et al., 
2017). Under changing environmental conditions, 
the focus should be on the adaptation of climate-
resilient culture fisheries for climate-smart aquaculture 
strategy to improve nutritional security for the growing 
population. It is the need of the hour to concentrate on 
the reduction of climate change impacts and to avoid 
contribution towards climate change. A suitable strategy 
is to adopt an integrated approach to farming (Ahmed   

et al., 2018). The basic principle of integration is that the 
waste of one component acts as a valuable input for the 
other. Based on this concept, there are many traditional 
integrated farming systems such as Agri-aquaculture 
based system, Livestock based aquaculture system, 
Agri-aqua-livestock integration (Fig. 1.) (Ayyappan  
et al, 2006).

Advanced climate resilient aqua-farming practices

Scientific interventions in the concept of integrated 
farming have resulted in many viable advanced 
technologies. Some of such advanced technologies are 
as follows:

Table 1. Major climate change impacts on coastal ecosystem and aquaculture

Sl. No. Climate driver (trend) Effects on coastal systems and aquaculture
1. CO2 concentration (↑) Increased CO2 fertilization; decreased seawater pH (or ‘ocean acidification’) 

negatively impacting coral reefs and other pH sensitive organisms.
2. Sea surface temperature (↑) Increased stratification/changed circulation; reduced incidence of sea ice at higher 

latitudes; increased coral bleaching and mortality; poleward species migration; 
increased algal blooms.

3. Sea level (↑) Inundation, flood and storm damage; erosion; saltwater intrusion; rising water tables/
impeded drainage; wetland loss (and change).

4. Storm intensity (↑) Increased extreme water levels and wave heights; increased episodic erosion, storm 
damage, risk of flooding and defence failure.

5. Storm frequency, Storm 
track

Altered surges and storm waves and hence risk of storm damage and flooding.

6. Wave climate Altered wave conditions, including swell; altered patterns of erosion and accretion; 
re-orientation of beach plan form.

7. Run-off  Altered flood risk in coastal lowlands; altered water quality/salinity; altered fluvial 
sediment supply; altered circulation and nutrient supply.

Fig. 1. Schematic diagram of agri-aqua-livestock integration
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Algae based integrated culture systems

Algae being the primary producer play an important 
role in keeping the integrity and sustainability of the 
ecosystems. Monoculture of algae is carried out to 
use as feed, food and for manufacturing cosmetics, 
medicines, etc. and also used as by-products. However, 
the studies have shown that the integration of algae 
into the aquaculture helps to maintain the water quality 
and yields better production. Some of the algae-based 
culture practices include:

The partitioned aquaculture system (PAS)

The PAS system was developed at Clemson 
University in 1989. Basically, this system is microalgae-
based re-circulating aquaculture. The design includes 
conventional culture ponds integrated with shallow algal 
tanks. The pond water which is enriched with the fish 
and feed wastes is circulated to the algal tanks where the 
same is utilized for photosynthesis and algae production 
(Drapcho and Brune, 2000; Turker, 2003). The water 
circulation in the system is maintained with the help 
of a paddle wheel. It is found that the unconventional 
photosynthesis yield 2 to 3 g C fixation m-2 day-1 
whereas this low energy paddlewheel mixing of the 
bulk pond water can sustain algal yields of 10 to 12 g 
C m-2 day-1 (Brune et al., 2004). Algal photosynthesis 
helps detoxification (ammonia removal) of pond 
water and solar-driven natural oxygen production. 
In short, this system can be called a solar-powered 
biological waste treatment systems. However, the 
growths of cyanobacteria in such microalgal tanks were 
considered a threat owing to its negative impacts. Many 
studies were conducted to find suitable filter-feeding 
organisms for controlling algal populations. Turker  
et al. (2003) found that the use of Nile tilapia controls 
microalgae production, which reduced the occurrence 
of cyanobacteria compared to the non-tilapia system. 
Hence, the PAS is a viable option that is sustainable, 
low impact, high-yield, and more controllable fish 
production system which provides algae as additional 
output.

Seaweed farming

Seaweed is a macro algae with great commercial 
applications. There are about 9200 species of seaweeds 
globally; only 221 species are economically important. 
Indian coastline hosts around 896 species of marine algae 
comprising Chlorophyta - 228 species, Phaeophyta - 

210 species, Rhodophyta - 455 species and Xanthophyta  
- 3 species (Umamaheswra Rao, 2011). Application of 
seaweeds is diverse, starting from direct consumption 
to pharmaceutical applications. Seaweed farming has 
numerous advantages such as feedstock for bio-ethanol 
creation, as the mode of carbon sequestration and ocean 
acidification mitigation, as a helpful alternative for 
coastal living. Seaweed sap is used as a foliar spray as 
a bio-stimulant to increase the productivity of crops 
(Layek et al., 2015; Singh et al., 2015). Like micro 
algae seaweeds also possess bio-mitigation properties 
in the live form as well as in the form of biochar. 
Biochar, a permeable carbonaceous solid, created by 
the thermochemical transformation of organic materials 
in an oxygen-depleted atmosphere possessed physic-
chemical properties appropriate for long-lasting storage 
of carbon in the environment and are potentially 
beneficial for the enhancement of soil quality. Biochars 
additionally have bioremediation applications in re-
establishing the lands as well as marine ecosystems 
contaminated with heavy metal. Like plants, seaweeds 
utilize carbon dioxide and release oxygen, thus help to 
reduce the amount of greenhouse gas (Zacharia et al., 
2015). Seaweed cultivation is commonly carried out 
in coastal waters. There are different types of methods 
of cultivation such as; broadcasting, line culture, net 
culture, raft culture, pen, cage, net bag and tube systems. 
The selection of culture methods is made based on the 
conditions of the culture sites.  

Integrated multi-trophic aquaculture (IMTA)

IMTA is a sustainable integrated farming system. 
IMTA was designed and developed to reduce the 
environmental impact on marine cage farming (Troell, 
2009). The system integrates different trophic level 
species to utilize the effluents from the cages and to 
avoid their negative impact on the ecosystems (Chopin, 
2006). The major components of this system include

	 l Commercially important culture species or fed 
aquaculture species (e.g. finfish/shrimp)

	 l Organic extractive aquaculture species (e.g. 
shellfish/herbivorous fish)

	 l Inorganic extractive aquaculture species (e.g. 
seaweed) 

Integration of these organic and inorganic extractive 
feeders utilizes the organic and inorganic contents of 



20 Haridas et al. 39(1)

the wastes released from the marine cages, respectively 
(Neori et al., 2004). 

Aquaponics

Aquaponics has become increasingly popular 
in recent years. It is a recirculating aquaculture 
system that offers the combined production of plants 
and fish (Rakocy, 2012). It is an integrated multi-
trophic framework that consolidates the segments of 
recirculating aquaculture and hydroponics (Rakocy  
et al., 2006), in which the nutrient-rich water from the fish 
tank is utilized for plant growth. Nutrients recycling will 
be performed efficiently through the transfer of minerals 
from aquaculture to hydroponics, while water recycling 
decreases water usage (Turcios and Papenbrock, 2014). 
The necessity of a substantial quantity of macro and 
micronutrients from industrial and mining source in 
hydroponic systems prompts high energy consumption 
(i.e., for production and transport) and limited resources 
use (e.g., phosphorus and oil) (Sonneveld and Voogt, 
2009; Ragnarsdóttir et al., 2011; Sverdrup et al., 2011). 
Also, irregular removal of the significant volumes of 
nutrient-rich water in the non-recirculating system 
results in high water utilization along with surface and 
groundwater contamination (Gagnon et al., 2010). These 
systems are intended to rear more number of fishes 
in comparatively less water by treating it to eliminate 
toxic waste products and afterwards reusing it (Rakocy, 
2012). Recirculating aquaculture systems also exhibit a 
high degree of water reuse (95 to 99%) (Dalsgaard et 
al., 2013) with water utilization drop down 100 litres 
per kg of fish produced (Martins et al., 2010). The 
process of reusing the water several times leads to the 
accumulation of non-toxic nutrients and organic matter. 
In aquaponics, the excess nitrate is utilized for important 
plant production and the removal of nitrate in the vapour 
state will be prevented in denitrification components 
(Van Rijn, 2013). Aquaponics combines the activities 
of vegetable growing and fish farming in a climate-
controlled greenhouse setting. The process results in 
increasing food production efficiency and prevents loss 
due to pests and irregular weather patterns.

Biofloc technology

Bioflocs are the association of microorganisms, 
micro and macro invertebrates, filamentous organisms, 
extracellular polymers, faeces and uneaten feed 
which are suspended in the water column (Kuhn and 

Lawrence, 2012). Biofloc based culture systems can be 
broadly classified into two categories, such as in-situ 
and ex-situ, based on the origin and existence of biofloc. 
In the in-situ system, the biofloc is developed within 
the culture tanks which facilitate the feed availability 
(biofloc) throughout the day for the fishes. In the ex-
situ system, the biofloc is developed and produced in 
the required quantity outside the culture tanks and are 
provided along with the feed for the fishes. Biofloc 
culture system can solve two problems at once, firstly, 
the elimination of water exchanges to maintain water 
quality and second the reduction of protein inputs. It 
reduces the nitrogen and ammonia from the culture 
system and improves the environmental control over 
production. It also acts as nutrient trappers which can be 
useful in feed management, thereby reducing the feed 
cost. Biofloc technology is also helpful in improving 
biosecurity and health. Biofloc can be advantageous for 
sustainable aquaculture in terms of minimizing water 
exchange and maintains acceptable water quality inside 
the culture ponds (Hari et al., 2006; Samocha et al., 
2007; Arnold et al., 2009; Ballester et al., 2010). 

The quality of water in biofloc system is maintained 
by bacteria which immobilize the inorganic nitrogen 
(Lancelot et al., 1991; Avnimelech, 1999) and 
diminishes the harmful ammonia nitrogen in a couple of 
hours when contrasted to slow conventional nitrification 
process (Hopkins et al., 1995; Hargreaves, 2006). Along 
with all the advantages of biofloc system it also helps 
to prevent the release of nitrous oxide (N2O), a major 
greenhouse gas (GHG). N2O is produced during the 
process of nitrification and denitrification, typical in 
aquaculture systems with a global warming potential 
310 times greater than that of carbon dioxide (CO2) over 
a period of hundred years. (Hu et al., 2012).

In addition, the incorporation of biomimicry 
in biofloc system has resulted in the use of another 
technology called copefloc technology in shrimp 
farming. The copefloc system produces natural food 
biomass and provides recyclable waste nutrients from 
aquatic animals by imitating the natural habitat of 
the shrimp (Santhanam et al., 2019).  The copefloc 
technology is gaining its importance as an effective 
intensified yet, sustainable culture practice to increase 
shrimp production.
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Recirculatory aquaculture system (RAS)

Recirculating aquaculture systems (RAS) are 
intensive tank-based culture system which facilitates 
water reuse using different treatment steps. A typical 
RAS unit consists of a culture tank, along with a solid 
removal unit followed by a nitrogen removal and 
disinfection unit. These units recycle the outlet water 
from the culture tanks and are circulated back to the 
culture tank, which reduces the dependence on water 
and gives almost complete control over the culture 
system. As a result, the RAS can be used in any part of 
the world irrespective of the climatic condition (Badiola 
et al., 2018). This attribute helps in the reduction of CO2 
emission associated with food transport by facilitating 
the culture of seafood near the market areas (Martins et 
al., 2010). The research has also proved that integration 
of aquaponics in the RAS system can help in the effective 
utilization of unwanted nitrogen from the RAS system 
and can produce vegetables as an extra output (Calone et 
al., 2019). However, it is quite cost-effective technology 
and needs further research in India to conclude which 
species best suits RAS.

In-pond raceway system (IPRS)

The flow through raceway production systems 
is evolved from earthen ponds. Earthen ponds were 
then replaced with a wooden or concrete structure 
to avoid the soil erosion that happens in earthen 
raceways (Fronshell et al., 2012). Then also the major 
disadvantages of raceway were the demand for a huge 
volume of water and the release of organically rich 
water to nature (Masser, 2012). Hence, an advanced 
raceway system named In-pond raceway system (IPRS) 
has been developed by the U.S. Soybean Export Council 
(USSEC) as a technique for increasing fish production 
with reduced environmental effects. It is an effective 
intensive aquaculture practice for regions with high 
water consumption and limited land resources (Li 
et al., 2019). In general, the IPRS system integrates 
the benefits of four aquaculture technologies: re-
circulation systems, raceway models, cage farming and 
pond aquaculture systems. The principle of IPRS is to 
aggregate fed fish into cells or “raceways” inside a pond 
and provide them with a continuous circulation of water 
to maintain optimum water quality and improve feed 
management. It also can minimise the loading of solid 
waste in the pond by concentrating and eliminating it 
from the downstream end of the raceway units. As in the 

case of other intensive culture practices, IPRS also has 
the threat of disease and in addition, the system needs 
electricity backups for continuous and smooth running.

Climate change is certainly not a forthcoming 
event, but it is a current issue what the entire world is 
witnessing. The major action points include the adoption 
of methodologies to reduce the already happened 
unprecedented changes and the other one is to avoid 
further addition to the already existing negative impacts. 
Aquaculture being one among the topmost contributor 
and fastest-growing food sector; it is necessary to adopt 
the best method of culture, taking into account the need 
as well as the sustainability. 

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Ahmed, N., Thompson, S. and Glaser, M. (2018). 
Global aquaculture productivity, environmental 
sustainability, and climate change adaptability. 
Environmental Management 63(2): 159-172.

Arnold, S.J., Coman, F.E., Jackson, C.J. and Groves, 
S.A. (2009). High-intensity, zero water-exchange 
production of juvenile tiger shrimp, Penaeus 
monodon: an evaluation of artificial substrates and 
stocking density. Aquaculture 293: 42-48.

Avnimelech (1999). Carbon/nitrogen ratio as a control 
element in aquaculture systems. Aquaculture 176: 
227-235

Ayyappan, S., Jena, J.K., Gopalakrishnan, A. and 
Pandey, A.K. (2006). Handbook of Fisheries 
and Aquaculture, Indian Council of Agricultural 
Research, New Delhi, India. 754 p.

Badiola, M., Basurko, O.C., Piedrahita, R., Hundley, 
P. and Mendiola, D. (2018). Energy use in 
recirculating aquaculture systems (RAS): a 
review. Aquacultural Engineering 81: 57-70.

Ballester, E., Abreu, P., Cavalli, R., Emerenciano, M., 
De Abreu, L. and Wasielesky Jr, W. (2010). Effect 
of practical diets with different protein levels on 
the performance of Farfantepenaeus paulensis 
juveniles nursed in a zero exchange suspended 
microbial flocs intensive system. Aquaculture 
Nutrition 16: 163-172.



22 Haridas et al. 39(1)

Brune, D.E., Schwartz, G., Eversole, A.G., Collier, 
J.A. and Schwedler, T.E. (2004). 19 Partitioned 
aquaculture systems. Developments in Aquaculture 
and Fisheries Science 34: 561-584.

Calone, R., Pennisi, G., Morgenstern, R., Sanyé-
Mengual, E., Lorleberg, W., Dapprich, P., 
Winkler, P., Orsini, F. and Gianquinto, G. (2019). 
Improving water management in European 
catfish recirculating aquaculture systems through 
catfish-lettuce aquaponics. Science of the Total 
Environment 687: 759-767.

Chopin, T., Robinson, S., Sawhney, M., Bastarache, S., 
Belyea, E., Shea, R., Armstrong, W., Stewart, I. 
and Fitzgerald, P. (2006). The aqua net integrated 
multi-trophic aquaculture project: rationale of the 
project and development of kelp cultivation as the 
inorganic extractive component of the system. 
Bulletin of the Aquaculture Association of Canada 
104: 11-18.

Dalsgaard, J., Lund, I., Thorarinsdottir, R., Drengstig, 
A., Arvonen, K. and Pedersen, P. B. (2013). 
Farming different species in RAS in Nordic 
countries: current status and future perspectives. 
Aquacultural Engineering 53: 2-13.

Drapcho, C.M. and Brune, D.E. (2000). The partitioned 
aquaculture system: impact of design and 
environmental parameters on algal productivity 
and photosynthetic oxygen production. 
Aquaculture Engineering 21: 151-168.

Elliott, J.M. and Elliott, J.A. (2010) Temperature 
requirements of Atlantic salmon Salmos alar, 
brown trout Salmo trutta and Arctic charr 
Salvelinus alpinus: predicting the effects of 
climate change. Journal of Fish Biology: 1793-
1817.

Filgueira, R., Guyondet, T., Comeau, L.A. and Tremblay, 
R., (2016). Bivalve aquaculture-environment 
interactions in the context of climate change. 
Global change Biology 22(12): 3901-3913.

Fornshell, G., Hinshaw, J. and Tidwell, J.H. (2012). 
Flow-through raceways. In: Aquaculture 
Production Systems, James Tidwell (ed.), John 
Wiley & Sons and World Aquaculture Society, 
USA. pp. 173-190.

Gagnon, V., Maltais-Landry, G., Puigagut, J., Chazarenc, 
F. and Brisson, J. (2010). Treatment of hydroponics 
wastewater using constructed wetlands in winter 
conditions. Water, Air, and Soil Pollution 212(1-
4): 483-490.

Hargreaves, J.A. (2006). Photosynthetic suspended-
growth systems in aquaculture. Aquacultural 
Engineering 34: 344-363.

Hari, B., Kurup, B.M., Varghese, J.T., Schrama, J. and 
Verdegem, M. (2006). The effect of carbohydrate 
addition on water quality and the nitrogen budget 
in extensive shrimp culture systems. Aquaculture 
252: 248-263.

Hopkins, J.S., Sandifer, P.A., Devoe, M.R., Holland, 
A.F., Browdy, C.L. and Stokes, A.D. (1995). 
Environmental impacts of shrimp farming with 
special reference to the situation in the continental 
United States. Estuaries 18: 25-42. 

Hu, Z., Lee, J.W., Chandran, K., Kim, S. and Khanal, 
S.K. (2012). Nitrous oxide (N2O) emission from 
aquaculture: a review. Environmental Science and 
Technology 46(12): 6470-6480.

IPCC. (2018). Global Warming of 1.5°C. An IPCC 
Special Report on the impacts of global warming 
of 1.5°C above pre-industrial levels and related 
global greenhouse gas emission pathways, in the 
context of strengthening the global response to the 
threat of climate change, sustainable development, 
and efforts to eradicate poverty, V. Masson-
Delmotte, P. Zhai, H. O. Pörtner, D. Roberts, J. 
Skea, P.R. Shukla, A. Pirani, W. Moufouma-
Okia, C. Péan, R. Pidcock, S. Connors, J. B. R. 
Matthews, Y. Chen, X. Zhou, M. I. Gomis, E. 
Lonnoy, T. Maycock, M. Tignor and T. Waterfield 
(eds.), Intergovernmental Panel on Climate 
Change, Geneva, Switzerland. 616 p.

Kuhn, D. and Lawrence, A. (2012). Biofloc technology 
options for aquaculture in-situ, ex-situ systems 
improve water quality, provide nutrition. Global 
Aquaculture Advocate July/August: 20-21.

Lancelot, C., Billen, G., Veth, C., Becquevort, S. and 
Mathot, S. (1991). Modelling carbon cycling 
through phytoplankton and microbes in the Scotia-
Weddell Sea area during sea ice retreat. Marine 
Chemistry 35: 305-324.



39(1) Climate resilient aquaculture  23

Layek, J., Das, A., Ramkrushna, G.I., Trivedi, K., 
Yesuraj, D., Chandramohan, M., Kubavat, D., 
Agarwal, P.K. and Ghosh, A. (2015). Seaweed 
sap: a sustainable way to improve productivity of 
maize in North East India. International Journal 
of Environmental Studies 72(2): 308-315.

Li, Wuhua., Cheng, Xiangju., Xie, Jun., Wang, Zhaoli. 
and Yu, Deguang. (2019). Hydrodynamics of an 
in-pond raceway system with an aeration plug-
flow device for application in aquaculture: an 
experimental study. Royal Society Open Science 
6:182061.

Martins, C.I.M., Eding, E.H., Verdegem, M.C., 
Heinsbroek, L.T., Schneider, O., Blancheton, J. P., 
d’Orbcastel, R.E. andVerreth, J.A.J. (2010). New 
developments in recirculating aquaculture systems 
in Europe: A perspective on environmental 
sustainability. Aquacultural Engineering 43(3): 
83-93.

Masser, P.M. (2012). In-pond Raceways. In: Aquaculture 
Production Systems, James Tidwell (eds). John 
Wiley & Sons and World Aquaculture Society, 
USA. 387-394.

Neori, A., Chopin, T., Troell, M., Buschmann, A., 
Kraemer, G.P., Halling, C., Shpigel, M., and Yarish, 
C. (2004). Integrated aquaculture: rationale,  
evolution and state of the art emphasizing seaweed 
biofiltration in modern mariculture. Aquaculture 
231: 361-391.

Ørnholt-Johansson, G., Frosch, S. and Jørgensen, B.M. 
(2017) Variation in some quality attributes of 
Atlantic salmon fillets from aquaculture related 
to geographic origin and water temperature. 
Aquaculture 479: 378-383.

Parry, M.L., O.F. Canziani, J.P. Palutikof and Co-authors 
(2007). Technical Summary. Climate Change 
2007: Impacts, Adaptation and Vulnerability. 
Contribution of Working Group II to the Fourth 
Assessment Report of the Intergovernmental 
Panel on Climate Change, M.L. Parry, O.F. 
Canziani, J.P. Palutikof, P.J. van der Linden and 
C.E. Hanson (eds.), Cambridge University Press, 
Cambridge, UK. pp. 23-78. 

Ragnarsdóttir, K.V., Sverdrup, H.U. and Koca, D. (2011). 
Challenging the planetary boundaries I: Basic 

principles of an integrated model for phosphorous 
supply dynamics and global population size. 
Applied Geochemistry 26: S303-S306.

Rakocy, J. E. (2012). Aquaponics: integrating fish and 
plant culture. Aquaculture Production Systems 1: 
344-386.

Rakocy, J.E., Masser, M.P. and Losordo, T.M. (2006). 
Recirculating Aquaculture Tank Production 
Systems: Aquaponics-Integrating Fish and Plant 
Culture. South Regional Aquaculture Center 
(SRAC) Publication No. 454, Texas A&M Agrilife 
Extension, Texas, USA. 16 p.

Samocha, T.M., Patnaik, S., Speed, M., Ali, A.M., 
Burger, J.M., Almeida, R.V., Ayub, Z., Harisanto, 
M., Horowitz, A. and Brock, D.L. (2007). Use of 
molasses as carbon source in limited discharge 
nursery and grow-out systems for Litopenaeus 
vannamei. Aquacultural Engineering 36: 184-191.

Santhanam, P., Ananth, S., Kumar, S. D. and Pachiappan, 
P. (2019). Biofloc-copefloc: a novel technology for 
sustainable shrimp farming. In: Basic and Applied 
Zooplankton Biology, Springer, Singapore. pp. 
305-314.

Singh, S., Singh, M.K., Pal, S.K., Thakur, R., Zodape, 
S.T. and Ghosh, A. (2015). Use of seaweed sap 
for sustainable productivity of maize. The Bioscan 
10(3): 1349-1355.

Sonneveld, C. and Voogt, W. (2009). Plant nutrition in 
future greenhouse production. In: Plant Nutrition 
of Greenhouse Crops, Springer, Dordrecht, The 
Netherlands. pp. 393-403. 

Sverdrup, H.U. and Ragnarsdottir, K.V. (2011). 
Challenging the planetary boundaries II: Assessing 
the sustainable global population and phosphate 
supply, using a systems dynamics assessment 
model. Applied Geochemistry 26: S307-S310.

Max, T., Joyce, A., Chopin, T., Neori, A., Buschman, A.H. 
and Fang, J.G. (2009). Ecological engineering in 
aquaculture - potential for integrated multi-trophic 
aquaculture (IMTA) in marine offshore systems. 
Aquaculture 297: 1-9.

Turcios, A.E., and Papenbrock, J. (2014). Sustainable 
treatment of aquaculture effluents-what can we 
learn from the past for the future? Sustainability 
6(2): 836-856.



24 Haridas et al. 39(1)

Turker, H., Eversole, A.G. and Brune, D.E. (2003).
Filtration of green algae and cyanobacteria by Nile 
tilapia, Oreochromis niloticus, in the partitioned 
aquaculture system. Aquaculture 215(1-4): 93-101.

Umamaheswara Rao, M. (2011). Diversity and 
commercial feasibility of marine macro algae of 
India. Seaweed Resource Utilization 33(1&2): 
1-13.

Van Rijn, J. (2013). Waste treatment in recirculating 

aquaculture systems. Aquacultural Engineering 
53: 49-56.

Zacharia, P.U., Kaladharan, P. and Rojith.G. (2015). 
Seaweed farming as a climate resilient strategy 
for Indian coastal waters, The International 
Conference on Integrating Climate, Crop, Ecology - 
The Emerging Areas of Agriculture, Horticulture, 
Livestock, Fishery, Forestry, Biodiversity and Policy 
Issues, July 18-19, 2015, New Delhi, India. pp. 59-62.


