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ABSTRACT

Global capture fishery is either stagnant or depleting. Stock often tumble or collapse due to
exploitation pressure. Further, changing climate pose uncertainty over archaic practice of
hunting the marine resources. Despite having favorable conditions within Indian EEZ,
entrepreneurs have not embraced mariculture yet. On the other hand, INCOIS boasts to make
PFZ (Potential Fishing Zone) advisories operational and popular among fisherfolk across the
India. While global output from culture fishery is on the verge of surpassing capture fishery,

this can be right time for India to take first step toward blue revolution.

A developed mariculture industry can help India mitigate malnutrition and land-use conflicts
while effectively implement coastal zone regulations. Food resources farmed under controlled
environment can help effectively to control quality. Marine environment offer untapped
resources for bio-fuel, drugs and other bio-active compounds. Mariculture can ensure accessing

such resources without putting natural stock under the risk of overexploitation.

In this regard, we showcase an effort to underline the potential of mariculture industry in Indian

EEZ. It also demonstrates possibility of a new service and roadmap to make it a success.



1. Introduction

1.1 Marine Fishery: Indian Scenario

Mechanized or motorized fleet that operates chiefly in near shore waters drives Indian marine
fishery. The focus of this fleet is typical tropical fishery where multiple species are being
targeted (Pillai N.G.K., 2004). While global marine capture fishery is mostly stagnant or in
depleted stage, India witnessed first major rise in annual marine fish production in 1960s with
introduction to mechanization of fleet however, to witness afterwards only moderate increase
or stagnancy (Pauly et al., 1998; Ramakrishnan Korakandy, 1994). Till date fishery has
remained mostly an individual affair and has not taken any significant corporate shape. This
had inhibited the fleet from venturing away from the shore in many parts of the country. In
early 1990s, Indian Space Research Organization (ISRO) laboratories took up primary studies
with the help of fishery research organizations, on scouting marine resources by employing
satellite data and these efforts met with encouraging results (Solanki et al. 2001a, 2001b, 2003,
2005 and 2008; Nayak et al., 2003; Dwivedi et al. 2005). Today the Indian Marine Fishery
Advisory Services (MFAS) — popular as Potential Fishing Zones (PFZ) — is a unique program
with decade-plus long experience and data-archive, reaching to an estimated 100,000+
fishermen (=10% of active marine fisher-folk as latest population estimation of year 2011 by
CMFRI) on daily basis. Validation experiments has shown many positive and encouraging
results (Choudhury et al., 2007; Tummala et al., 2008; Das et al, 2010; Pillai and Nair, 2010;
Deshpande et al., 2011; Nammalwar et.al., 2013; Subramanian et al., 2014). Similarly from
fishermen feedback, PFZ advisories are found to be beneficial in obtaining more profit, by
reduction in searching time (and fuel consumption) for fishes. This in turn helps improving
India's footprint by cutting carbon emissions per unit mass of fishes caught (NAIP Annual

Report 2011-12; Vivekanandan et al., 2013; Ghosh et al. 2014; Ravi et al., 2014).



1.2 Capture and Culture

Despite such success of PFZ program it should be noted that it supports primitive method of
food gathering — hunting. This can be compared with food gathering efforts of pre-historic men
on land, who had primarily two methods for obtaining food — gather some type of food (fruits
etc) or hunt (animals). With time, such land resources were obtained more and more in
proportion of nutritional requirement, from farmed source in compare to the hunting. In case
of aquatic resources, freshwater resources are also following the same trend; however in marine
sector globally the industry has followed hunting as major mode till recent time, with exception
of some countries.

Interestingly, data and projections for marine fish production as estimated by FAO (Food and
Agriculture Organization) and OECD (Organization of Economic Cooperation and
Development) show that only a portion of the capture fishery goes to human consumption
(Fig.1)(OECD, 2015). In this regard, it is significant that 2015 might be the year that witnessed
the culture production surpassing the production for the human consumption from its capture

counterpart, for the very first time in the human history.

Aquaculture = = = Capture — . = Capture for human consumption

Mt \

120

100

80 r

60 r

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Note: “Capture for human consumption refers” to the Capture production excluding ornamental fish, fish destined to the production of

fishmeal, fish oil and other non-food uses. All aquaculture production is assumed to be destined to human consumption.

Source: OECD/FAQ (2015), “OECD-FAO Agricultural Outlook”, OECD Agriculture Statistics (database), http://dx.doi.org/10.1787/agr-outl-data-en.
StatLink Zasr http://dx.doi.org/10.1787/888933229221

Figurel. World capture and culture production trends and projections.



1.3 Indian Requirements and Initiatives

While marine farming is considered the key mode of next blue revolution in the southeast Asian
and in the Mediterranean countries, India practically has no marine farming — other than minor
exceptions in Gulf of Kachchh and in Gulf of Mannar. Revised population projections show
that India will become world’s most populated country six years earlier than the previous
estimates, by 2022. As most of this increase will be at the base or lower half of the population
pyramid, fulfilling nutritional requirements will be a challenging task for the managers.
Presently, India is having a third of the land area than the USA while having more than three
times of the population. Even in 21% century, most of our agriculture is monsoon dependant,
which is projected to follow erratic patterns owing to climate change. As uncertainty over
availability of freshwater reservoirs for culture rise, reliability on the same for freshwater
aquaculture also has limited scope to fulfill country’s needs. As noted, marine resources are
either offshore or the fisheries are stagnant or at decline. Setting up coastal aquaculture farms
require land, much of which falls under coastal regulations or in eco-sensitive zones. Salinity
intrusion in the coastal aquifers due to seepage from culture ponds is also a prevalent issue.

In such situation, mariculture has scope to offer a smart solution. The same does not limit to
the farming of only food resources, but also that of bio-active compounds and bio-fuel
(Apryshko et al., 2005; Mata et al., 2010)). Despite efforts by CMFRI (Central Marine Fishery
Research Institute) and NIOT (National Institute of Ocean Technology) to demonstrate this
technology with model farms, Indian entrepreneurs are not yet investing (Gopakumar et al.,
2007). Their reluctance or inability is due to lack of information on site-selection and
technology. In this era of globalization, technology acquisition is not a hurdle. Thus, timely
and reliable site-selection information and subsequent service as Decision Support System

(DSS) is essential. In this report, we propose a roadmap to address the same.



2. Data and Methods

We studied the literature (Table 1) and derived the important parameters and their optimum

ranges that support the mariculture of tropical species. Prevalence of environmental conditions

within these values were chosen as a suitability criteria at any respective location within Indian

EEZ for a particular month.

Table 1. Optimum range of various parameters used for mariculture site selection

Sr# | Parameter Suitable Reference
Criteria
1 Sea Surface | 27-31°C Imelda et al., 2010; Vijayakumaran et al., 2010;
Temperature Philliphose et al., 2012; Suresh kumar et al,
2 Bathymetry 5-30 m 2012;Ritesh et al., 2014; Gulshad et al., 2010; Syda
3 Salinity 25-37 et al., 2010; Philliphose et al., 2013; Windupranata
& Mayerle;, 2009, FAO, 2013; Brian &Hatim,
2010; Jon et al, FA0 458, 2007.
4 Surface >0.5 mg m™
Madhu ef al., 2015; Padmakumar ef al., 2012
chlorophyll
5 Secchi depth >3 m Joaquin . et al., 2005; Halmar et al., 2009; Morel
et al., 2007
6 Significant wave | <0.5 m Halmar et al., 2009; Brian &Hatim, 2010; Falconer
height etal., 2003; JOAQUI'N et al., 2005; Windupranata
7 Surface current <50 cm s’ & Mayerle;, 2009

The Indian seas witness high degree of intraseasonal variability due to distinct monsoons twice

a year. On the other hand, based on a species being cultivated, duration of crops to be




undertaken may vary from weeks to many months. Hence, in order to facilitate site selection,

it is important to determine that for how many months of the year a site is suitable for

mariculture. To address this, we used monthly data of these parameters (Table 2).

Table 2. Data source of various parameters used for mariculture site selection

Sr# | Dataset Source Resolution Period

1. | Chlorophyll MODIS-Aqua 4 km 2002-2015

2. | SST MODIS-Aqua 4 km 2002-2015

3. | Water Clarity MODIS-Aqua 4 km 2002-2015

4. Significant wave height | INCOIS-ROMS model 10 km 2014

5. Surface Current NOAA-OSCAR portal ~33 km 2014

6. Surface salinity HYCOM model portal 9 km 2014

7. | Bathymetry GEBCO portal ~1 km N.A.

The ocean color sensor onboard MODIS-Aqua (Moderate Resolution Imaging

Spectroradiometer) is operational since year 2002. We used monthly climatology data that is
generated since then. In case of model or observation products, we used monthly data for the
most recent year (2014). Bathymetry data was obtained from GEBCO (General Bathymetric
Chart of the Ocean) portal. This is being derived by combining quality-controlled ship depth
soundings with interpolation between sounding points guided by satellite-derived gravity data,
and is not a dataset that vary year by year. However latest version of the product (year 2014)
with highest resolution was used.

These datasets were brought in to ArcGIS and analyzed at 4 km spatial resolution. Monthly
layers of various parameters were overlaid and areas falling under suitability thresholds were

identified with the help of multi-criteria suitability analysis.



3. Mapping of suitable sites for Mariculture

A recent FAO technical paper has attempted global assessment of mariculture site suitability,
indicating India as one of the countries with the most favorable outlook for maricuture industry
development potential (Kapetsky et al., 2013). However, the study being on global scale, had
the parameterization schema that is needed to be modified to a schema that is feasible for Indian
conditions e.g. bathymetry range 5-30 m taken here — instead of 25-100 m proposed — deriving

areas closer to the shore for the cost effectiveness (Fig.2).
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Figure2. An example output map of mariculture site suitability for one month

Based on our parameterization schema, we derived the total area available for mariculture
along the west and the east coast of India (Fig.3 and Fig. 4). As it can be observed, suitable

areas reduce drastically along the west coast during summer monsoon (July). The same at lesser



magnitude was observed for the east coast in June. A window of at least ten months yields an

encouraging total of more than 100,000 km? for the development of industry.
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Figure3. Month-wise available area for mariculture along the west coast of India
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4. Mariculture Atlas and Advisory Service

Due on such findings, it is thus necessary to provide a handy catalogue to the users, for making
decision on the site selection . An atlas of mariculture site suitability is envisaged to be prepared
by INCOIS in the year 2016. Once month-wise suitable areas are documented, fisherfolk will
have decision support system akin to the land farmers who have access to soil type and
groundwater maps etc data.

As demonstrated in the template example, the atlas will have a primary map per month for each
of the coastal states, provided along with six sub-maps (Fig.5). The primary map indicates the
classes that were determined considering bathymetry as the base parameter (constraint) and
checking suitability of other (total 6) oceanographic parameters. This provides positive
combination of only two variables leading to least suitability. In ascending manner (two to six),
maximum possible suitability of all the six parameters derives highest site suitability. Further,
parameter-wise suitability is also included as sub-maps. This allows a user to check if
parameter due to which the lesser suitability arises (e.g. SST in this example) is critical for
his/her needs (species and site). This ensures freedom for case-based choices.

While the first version of the atlas is generalized, future versions may address the species-
specific requirements. Similar customized atlas or advisories can be prepared for different cage
designs addressing the structural stability and resilience aspects. Based on these areas derived,
an advisory service on the same lines of PFZ advisories is envisaged to be made beta-
operational. Presently, reliable model forecast products are available for up to two weeks in
advance. The same can be employed for providing outlook on weekly or biweekly basis. Such
outlook can allow determining onset and closure of the culture season. This can also support
critical decisions such as if the cages should be kept deployed or the stock should be harvested
in case of adverse sea-state is imminent. As the feedbacks from the industry are received, such

advisories can be further refined.
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S. Future Roadmap

Refined versions of atlas can be prepared with higher spatio-temporal resolution and includes
more parameters. An important aspect could be to derive growth rates from in-situ data from
culture experiments. This will allow determining seasonal optimum ranges of the parameters
for a given species. Another useful factor to parameterize is structural stability for various cage
designs. GIS layers of logistic and socio-economic aspects will make the outputs (atlas,
advisories, WebGIS etc) further case-specific and user friendly. Future outputs may address
avoiding conflict of interests with other marine usages such as marine protected areas,
navigational channels and off-shore oil rigs etc. This will help in better Marine Spatial Planning
(MSP) to realize Blue Economy potential. Scenario of culture-potential and maximum

sustainable yield can be derived. Collaborations for awareness and acceptance are needed.

6. Summary & Conclusion

Present effort underlines the potential of mariculture industry in India. We also demonstrate
possibility of a service and the direction that India can take to make it a success. A developed
mariculture industry can help India mitigate malnutrition and land-use conflict while
effectively implement coastal zone regulations. Food resources farmed under controlled
environment can help achieve effective quality control. Marine biome offer untapped resources
for bio-fuel, drugs and other bio-active compounds. Mariculture can ensure accessing such

resources without putting natural stock under the threat of overexploitation.

7. Acknowledgements

We are grateful to NASA, INCOIS-OSF, NOAA-OSCAR, HYCOM and GEBCO product
generation and distribution teams, for availing the data. We thank Drs. Ajay Nakhva and

Thirumalai Selvan for taking up primary study as part of their training at INCOIS.

11



8. References

10.

11.

. Pillai, N.G.K. and Pradeep K. Katiha 2004. Evolution of Fisheries and Aquaculture in

India, p 240. Central Marine Fisheries Research Institute, Kochi, India (ISBN: 81 901219
4 4).

Pauly, D., Christensen, V., Dalsgaard, J., Froese, R. and Torres, F., 1998. Fishing down
marine food webs. Science, 279(5352), pp.860-863

Ramakrishnan Korakandy, 1994. Technological Change and the Development of Marine
Fishing Industry in India.(ISBN 81-7035133-2)

Solanki, H.U., Dwivedi, R.M., and Nayak S.R., 2001a Synergistic analysis of SeaWiFS
chlorophyll concentratons and NOAA-AVHRR SST features for exploring marine living
resources, Int. J. Remote Sensing, 22, 3877-3882.

Solanki, H.U., Dwivedi, R.M., and Nayak S.R., Jadeja, J.V., Thaker, D.B., Dave, H.B. and
Patel M.1., 2001b, Application of Ocean Colour Monitor chlorophyll and AVHRR SST for
fishery forecast. Preliminary validation result off Gujarat Coast, North West of India, Ind.
J. Marine Science 30, 132-138.

Shailesh Nayak, H.U. Solanki, R. M. Dwivedi. 2003. Utilization of IRS P4 ocean colour
data for potential fishing zone — a cost benefit analysis. Indian Journal of Marine Sciences,
Vol 32(3), pp. 244-248.

H. U. Solanki, R. M. Dwivedi, S. R. Nayak, V. S. Somvanshi, D. K. Gulati and S. K.
Pattnayak ,2003. Fishery forecast using OCM chlorophyll concentration and AVHRR SST:
validation results off Gujarat coast, India', International Journal of Remote Sensing, 24:18,
3691 —3699.

Dwivedi R. M., Solanki H. U., Nayak S., Gulati, D. and Somvanshi V. S, 2005. Exploration
of fishery resources through integration of ocean colour with sea surface temperature:
Indian experience, Indian Jour. of Marine Sciences, 34(4): 430-440

Solanki, H.U., Mankodi, P.C., Nayak, S.R., Somvanshi, V.S., 2005, Evaluation of remote-
sensing-based potential fishing zones (PFZs) forecast methodology. Continental Shelf
Research 25, 2163-2173

Solanki, H. U., Mankodi, P. C., Dwivedi, R. M. and Nayak, S. R. (2008) Satellite
observations of main oceanographic processes to identify ecological associations in the
Northern Arabian Sea for fishery resources exploration. Hydrobiologia 612 (1):269-279
Choudhury, S.B., Jena, B., Rao, M.V., Rao. K.H., Somvanshi, V.S., Gulati, D.K., Sahu,
S.K. 2007. Validation of Integrated potential fishing zone (IPFZ) forecast using satellite

12



12.

13.

14.

15

16.

17.

18.

19.

20.

21.

based chlorophyll and sea surface temeprature along the east coast of India. International
Journal of Remote Sensing, 28(12), pp. 2683-2693.

Tummala, S. K., Masuluri, N. K., Nayak, S., 2008. "Benefits derived by the fisherman using
Potential Fishing Zone (PFZ) advisories," Proceedings of SPIE - The International Society
for Optical Engineering, Vol. 7150, 71500N.

Das, S., Madhu, V. R., Sreejith, P. T. and Meenakumari, B. (2010) Validation of potential
fishing zones along Saurashtra coast, Gujarat. In: Coastal Fishery Resources of India:
Conservation and Sustainable Utilization (Meenakumari, B., Boopendranath, M. R.,
Edwin, L., Sankar, T. V., Gopal, N. and Ninan, G., Eds), pp 360-369, SOFTI, Cochin
Pillai. V.N., Preetha G. Nair 2010. Potential fishing Zone (PFZ) advisories —Are they
beneficial to the Coastal Fisherfolk? A case study along Kerala Coast, South India. An

International Jounral of Biological Forum, 2(2), 46-55

. Deshpande, S. P., Radhakrishnan, K. V. and Bhat, U. G. (2011) Direct and indirect

validation of potential fishing zone advisory off the coast of Uttara Kannada, Karnataka,
JSIRS 39 (4):547-554

Nammalwar. P, S. Satheesh & R. Ramesh. 2013. Applications of Remote Sensing in the
validations of Potential Fishing Zones (PFZ) along the coast of North Tamil Nadu, India.
Indian Journal of Geo-Marine Sciences, Vol 42(3), pp. 283-292.

S. Subramanian, Sreekanth G.B, Manjulekshmi N, Narendra Pratap Singh, Janhavi
Kolwalkar, Tejaswini Patil, Pastta M. Fernandes (2014). Manual on The Use of Potential
Fishing Zone (PFZ) forecast. Technical bulletin No. 40, ICAR Research Complex for Goa
(Indian Council of Agricultural Research),0ld Goa — 403 402, Goa, India.

Annual Report 2011-12 of National Agricultural Innovation Project (NAIP), Indian
Council of Agricultural Research (ICAR) pp. 105.

E. Vivekanandan, V. V. Singh and J. K. Kizhakudan. 2013. Carbon footprint by marine
fishing boats of India. Current Science, Vol. 105-3, pp 361-366.

Shubhadeep Ghosh, M.V. Hanumantha Rao, M. Satish Kumar, V. Uma Mahesh, M.
Muktha and P.U. Zacharia. 2014. Carbon footprint of marine fisheries: life cycle analysis
from Visakhapatnam. Current Science, Vol 107-3, pp 515-521

Renju Ravi, P.M. Vipin, M.R. Boopendranath, C.G. Joshy and Leela Edwin 2014.
Structural Changes in the mechanised fishing fleet of Kerala, South India. Indian Journal

of Fisheries, 61(2), pp. 1-6.

13



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

OECD. 2015. "Fish", in OECD and FAO. , OECD-FAO Agricultural Outlook 2015, OECD
Publishing, Paris. DOI: http://dx.doi.org/10.1787/agr outlook-2015-12-en

Apryshko, G.N., Ivanov, V.N., Milchakova, N.A. and Nekhoroshev, M.V., 2005.
Mediterranean and Black Sea organisms and algae from mariculture as sources of antitumor

drugs. Exp Oncol, 27(2), pp.94-5

Mata, T.M., Martins, A.A. and Caetano, N.S., 2010. Microalgae for biodiesel production
and other applications: a review. Renewable and sustainable energy reviews, 14(1), pp.217-

232

Gopakumar G., Nair, K R Manmadhan and Kripa V, 2007. Maricultutre Research in India.
Status and Perspective in Marine fisheries Research in India. CMFRI, PP 316-361. ISBN
81-901219 6-0.

Andre Morel, Yannick Huot, Bernard Gentil, P. Jeremy Werdell, Stanford B. Hooker and
Bryan A. Franz. 2007. Examining the consistency of product derived from various ocean
color sensor in open ocean (Casel) waters in the perspective of a multi-sensor approach.

Remote Sensing of Enviroment. Accepted.

Brian W. Szuster and Hatim Albasri, 2010. Mariculture and Marine Spatial Planning:
Integrating Local Ecological Knowledge at Kaledupa Island, Indonesia. Island Studies
Journal, Vol. 5, No. 2, pp. 237-250.

W. Brian Szuster and Hatim Albasri, 2010. Site selection for grouper mariculture in

Indonesia International Journal of Fisheries and Aquaculture Vol. 2(3), pp. 87-92.
FAO, 2013, OECD-FAO Agricultural Outlook 2013-2022

G. Syda Rao, Rani Mary George, M. K. Anil, K. N. Saleela,S. Jasmine, H. Jose Kingsly
And G. Hanumanta Rao, 2010. Cage culture of the spiny lobster Panulirus homarus

(Linnaeus) at Vizhinjam, Trivandrum along the south-west coast of India. Indian J. Fish.,

57(1) : 23-29.

Gulshad Mohammed, 1G. Syda Rao and Shubhadeep Ghosh,2010. Aquaculture of spiny
lobsters in sea cages in Gujarat, India. J. Mar. Biol. Ass. India, 52 (2) : 316 — 319.

14



32.

33.

34.

35.

36.

37.

38.

39.

40.

Halmar Halide, A. Stigebrant, M. Rehbein, A.D. McKinnon, 2009. Developing a decision
support system for Sustainable Cage Aquaculture. Envirometal Modelling and Software,

24:694-702.

Imelda-joseph, Shoji Joseph, Boby Ignatius, G. Syda Rao,K. S. Sobhana, D. Prema and
Molly Varghese, 2010. A pilot study on culture of Asian Seabass lates calcarifer (bloch)

in open sea cage at munambam, cochin coast, India. Indian j. fish., 57(3) : 29-33, 2010.

Joaqui'N Buitrago, Marti'N Rada Hernando Herna" Ndez Esperanza Buitrago, 2005. A
Single-Use Site Selection Technique, Using GIS, for Aquaculture Planning: Choosing
Locations for Mangrove Oyster Raft Culture in Margarita Island, Venezuela.

Environmental Management Vol. 35, No. 5, pp. 544-556.

Jon Grant, Cedric Bacher, Joao G. Ferreira, Steve Groom, Jesus Morales, Cristina
Rodriguez-Benito, Sei-ichi Saitoh, Shubha Sathyendranath and Venetia Stuart,2009.
Remote Sensing Applications in Marine Aquaculture. Remote sensing in Fihseries and

Aquacyltutre,IOCCG report 8.

K. K. Philipose, Jayasree Loka, S. R. Krupesha Sharma, D. Divu, K Srinivasa Rao,
Narasimhulu Sadhul, Praveen Dube, G. Gopakumar And G. Syda Rao, 2013. Farming of
cobia, Rachycentron canadum (Linnaeus 1766) in open sea floating cages in India. Indian

J. Fish., 60(4) : 35-40, 2013.

K. K. Philipose, S. R. Krupesha Sharma, Jayasree Loka, D. Divu, N. Sadhu And Praveen
Dube, 2013. Culture of Asian seabass (Lates calcarifer, Bloch) in open sea floating net

cages off Karwar, South India. Indian J. Fish., 60(1) : 67-70.

K.K. Philiphose, Jayasree Loka, S.R. Krupesha Sharma and Divu Damodran, 2012.
Handbook on Open Sea Cage Culture. CMFRI.

Lynne Falconer, Donna-Claire Hunter, Philip C. Scott, Trevor C. Telfer, Lindsay G. Ross.
2013. Using physical environmental Parameters and cage engineering design within GIS-
based site suitability models for marine aquaculture. Aquaculture Environment

Interactions. Vol. 4: 223-237.

M. Vijayakumaran , R. Venkatesan , T. Senthil Murugan ,T.S. Kumar , Dilip Kumar Jha
, M.C. Remany , J. Mary Leema Thilakam , S. Syed Jahan , G. Dharani , S. Kathiroli &

15



41.

42.

43.

44,

45.

46.

K. Selvan,2009. Farming of spiny lobsters in sea cages in India. New Zealand Journal of

Marine and Freshwater Research, 2009, Vol. 43: 623-634.

Nikathithara V. Madhu , Retnamma Jyothibabu , Padinjaratte A. Maheswaran,
Kadeparambil A. Jayaraj and Chittur T. Achuthankutty,2012 . Enhanced chlorophyll a and
primary production in the northern Arabian Sea during the spring intermonsoon due to

green Noctiluca scintillans bloom. Marine Biology Research, 8: 182-188.

Ritesh Ranjan, Biji Xavier, Biswajit Dash, Loveson L. Edward, G. Maheswarudu And G.
Syda Rao. Domestication and brood stock development of the orange spotted grouper,

Epinephelus coioides (Hamilton, 1822) in open sea cage off Visakhapatnam coast. Indian
J. Fish., 61(1) : 21-25, 2014.

Suresh Kumar Mojjada, Imelda Joseph, K. Mohammed Koya, K. R. Sreenath, Gyanaranjan
Dash, Swatipriyanka Sen, Mahendra, D. Fofandi, M. Anbarasu, H. M. Bhint, S. Pradeep,
P. Shiju And G. Syda Rao, 2012. Capture based aquaculture of mud spiny lobster, Panulirus
polyphagus (Herbst, 1793) in open sea floating net cages off Veraval, north-west coast of
India. Indian J. Fish., 59(4) : 29-34, 2012.

K. B. Padmakumar, N. R.Menon, and V. N. Sanjeevan, 2012. Is Occurrence of Harmful
Algal Blooms in the Exclusive Economic Zone of India on the Rise. International Journal

of Oceanography Volume 2012, Article ID 263946, 7 pages doi:10.1155/2012/263946.

W. Windupranata and R. Mayerle, 2009. Decision Support System for Selection of Suitable
Mariculture Site in the Western Part of Java Sea, Indonesia. ITB J. Eng. Sci. Vol. 41, No.
1, 77-96.

Kapetsky, J.M., Aguilar-Manjarrez, J. & Jenness, J. 2013. A global assessment of potential
for offshore mariculture development from a spatial perspective. FAO Fisheries and

Aquaculture Technical Paper No. 549. Rome, FAO. 181 pp.

16



