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Abstract

Gradual expansion in the cultivation of carrageenan yielding red
alga, Kappaphycus alvarezii in the Palk Bay from the year 1996
reached its peak in 2012. Large scale introduction of numerous rafts
bearing propagules of this marine alga within the bay area registered
tremendous decline in the production due to decay of thallus and
poor growth since August 2013. At present more than 50% of the
rafts were abandoned in the shore due to drastic reduction in yield
and for want of sufficient seed material required for subsequent crop.
Analysis of data on SST and nutrient profile of seawater from Palk
Bay area demands need for urgent carrying capacity studies for
optimum biomass production. It is advisable to restrict the number
of rafts (3 x 3 m size) to 225 and seed quantity of 5.4 to 6.0 tonnes
per hectare.

Keywords: Seaweed mariculture, Kappaphycus alvarezii, nutrient
profile, carrying capacity, Palk Bay

Introduction

Seaweeds are cultivated for their commercial importance of
phycocolloids such as agar, algin and carrageenan besides, their
use as food, fodder, biofertilizers, source of enzymes, pigments,
nutraceuticals, drugs, antibiotics etc. In India seaweeds are
harvested from natural beds for seaweed industries along Tamil
Nadu and Gujarat coasts since 1966. Mariculture of seaweeds
in India mostly started with cultivation of Gracilaria edulis due
to its high regenerative capacity. Very recently the cultivation
of Kappaphycus, an exotic carrageenophyte introduced in
Indian waters found to be very encouraging and will prove
to be answer to overcome the shortage for raw materials for
extraction of carrageenan and will generate sufficient revenue.
Already countries like China, Japan, Philippines, Korea are
widely cultivating seaweeds and wild harvests are regulated.
Nowadays cultivation of certain species of seaweeds such as
Laminaria, Gracilaria, Porphyra, Undaria and Kappaphycus
are being successfully carried out as marine plantation crops.

The Central Salt and Marine Chemicals Research Institute (CSMCRI)
introduced Kappaphycus alvarezii, a fast growing seaweed in
the Diu coast (Gujarat) in 1995 for experiments in confined
waters from the Philippines (Mairh et al., 1995). After successful
introduction and acclimatization, the CSMCRI transferred the
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material and the technology to PepsiCo only after convincing
itself that its cultivation would be ecologically safe to cultivate
in the Palk Bay region during the year 2000 (Mantri et al,, 2017).
The species is a source of k-carrageenan, a gel-forming agent
widely used in the pharmaceutical and food industries. Among
the algal polysaccharides, k-carrageenan enjoys prime significance
as it is used in more than 200 applications in confectionary or
pharmaceutical industries. This alga is commercially cultivated
in the open sea in a large area by the Pepsi Foods Limited (PFL)
in the beginning and later years by M/s. Aquagri Processing
Ltd with the help of fishermen with whom the companies have
"buy back" agreement (Periyasamy and Kaliaperumal, 2019).
Mariculture of Kappaphycus alvarezii in the East coast of India
(Fig. 1) is the only aquaculture activity which could pay a royalty
of Rs. 38.5 lakhs to the National Biodiversity Authority (Down
to Earth, 2012). The introduction and mariculture of K. alvarezii
and the subsequent utilization processes earned many patents
to the CSIR-CSMCRI as shown below:

Fig. 1. Cultivation of Kappaphycus alvarezii in Rameswaram for
carrageenan extraction

Material and methods

Data on Kappaphycus production details through mariculture along
the coastal districts of Tamil Nadu such as annual production values
and the number of rafts deployed in the coastal waters of Tamil
Nadu during the years 2012- 2018 were collected periodically
from the seaweed farmers by employing pre-tested interview
schedules (Johnson et al,, 2017). The in situ data on sea surface
temperature (SST), dissolved ammonia and the nutrients such
as Phosphate, Silicate, Nitrate and Nitrite were generated from
the seawater samples collected along the seaweed cultivation
sites in the Palk Bay and analysed using the standard procedures
(APHA., 1998). Monthly SST data of Kappaphycus culture sites in
Palk Bay (9°N;79°E) for the period from July 2002 — December
2018 were archived from MODIS- Aqua Sensor with 4 km spatial
resolution (Shafeeque et al,, 2019) from the Asia —Pacific Data
Research Centre (APDRC web site: http://apdrc.soest.hawaii.edu).

Results and discussion

Presently large scale mariculture of K. alvarezii is being carried
out at Mithapur, Okha and Beyt Dwaraka along Gujarat coast
and Ramanathapuram, Thanjavur, Pudukottai, Tuticorin and
Kanyakumari Districts of Tamil Nadu coast (Johnson et al,, 2017;
Mantri et al., 2017). The economic analysis of mariculture of
K. alvarezii and that of wild collection of seaweeds along the
Ramanathapuram coast is made available recently by Johnson et
al. (2017). From 2013 onwards a sharp decline in the mariculture
production of K. alvarezii was noticed from the peak of 1500
tonnes dry weight during 2012 (Fig. 2). It is evident in many
cultivation sites along the Palk Bay region that more than 50%
of the rafts were abandoned in the shore due to the reduction
in yield and for want of sufficient seed material required for
subsequent crop (Fig. 3). It is known that from the year 2013
onwards, coastal waters along Pudukottai and Thanjavur districts
of Tamil Nadu registered higher production of Kappaphycus than
that of Ramanathapuram District (Table 1) which had maximum
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Fig. 2. Kappaphycus production from Tamil Nadu coast (tonnes dry weight)
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Fig. 3. View of bamboo rafts beached on shore due to non availability of
adequate seed materials

number of rafts/ culture units (Table 2) and production hitherto
the year 2014.

Various reasons were presumed to the decline in Kappaphycus
production through sea farming in Ramanathapuram coast
such as ice- ice disease (Largo, 2002; Arasamuthu and Edward,

2017) crowding of seaweed culture rafts without understanding

Table 1. District-wise Kappaphycus production (tonnes dry weight) from Tamil
Nadu coast

S.No Name of the district 2012 2013 2014 2015 2016 2017 2018

1 Ramanathapuram 1000 550 10 100 20 25 100

2 Pudukottai & Thanjavur 350 500 30 200 80 60 200

3 Tuticorin& Kanyakumari 150 200 10 50 20 15 50

Total 1500 1250 50 350 120 100 350

Table 2. Number of rafts/ culture units being used for Kappaphycus cultivation in
Tamil Nadu

No. of rafts used for cultivation

S.No Name of the districts in Tamil Nadu
2013 2015 2018

Mariculture of Kappaphycus alvareziiin the coastal waters of Palk Bay

carrying capacity (Kaladharan et al., 2014) and climate change
induced fluctuations in diatoms (Ganesh et al., 2014). Loss
of biomass of thallus and tender apices of seaweeds are the
outcomes of ice-ice disease. In Palk Bay, Arasamuthu and
Edward (2017) have noticed culturable bacterial populations in
both healthy as well as ice-ice infected thallus of Kappaphycus
being cultivated and the degree of infection was more during
summer months. However, it is well known that bacterial
infections and pest infestations in farmed seaweeds are mainly
due to stresses from rapid shifts in water quality followed
by fungal and bacterial infestations (Largo, 2002; Laureiro
etal., 2017).

Monthly SST data for the period July 2002 to December 2018
obtained from MODIS-Aqua Sensor (APDRC website http://
apdrc.soest.hawaii.edu) relevant to Kappaphycus farming sites
in Palk Bay also indicate no major anomaly in the sea surface
temperature, showing the maximum of 31.5°C only and the
minimum of 26°C during the year (Fig. 4) which could not support
the claim of reduced production of Kappaphycus due to SST
increase. Abhilash et al. (2019) have found no adverse variation
in water quality parameters due to Kappaphycus farming in
Palk Bay after analyzing the three year study results from the
seaweed culture as well as the control reference sites and any
slight variation in water quality are only local and site specific.
Our in situ observation of SST and dissolved nutrients using the
standard procedures from the seaweed farming areas in Palk
Bay showed a four year mean temperature of 30.48°C during
the month of August while, the same month during the year
2014 registered only 31.7° C. However, the dissolved nutrient
content in the seaweed farming sites registered considerable
decrease in 2014 over the previous years (Table 3).

1 Ramanathapuram 15000 2500 1750 This reduction in dissolved nutrients in the seaweed farming site
2 Pudukottai & Thanjavur 6500 2500 4000 may be very possibly due to the overcrowding of Kappaphycus
3 Tuticorin & Kanyakumari 5500 1200 1250 culture rafts/ units being carried out in the shallow near shore
Total 27000 6200 6500 waters successively. Horizontal expansion of the culture units/
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Fig. 4. The time series map of SST data from 2002 to 2018 relevant to Kappaphycus farming sites in Palk Bay
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Table 3. In situ observations on dissolved nutrients and SST in Palk Bay

Parameters—

Period], SST (°Q) PO, (ugat/l) Si0, (ugat/l) NO, (ugat/l NO, (ugat/l NH, (ugat/l) References

August 2005 31.0+1.27 0.044+0.00 1.065+0.08 0.555+0.06 3.401+0.264 NA Bindu and Muniyandi, 2005
August 2006 29.2+0.94 0.438+0.02 1.811+0.03 0.162+0.03 0.78+0.06 NA Bindu et al., 2011

August 2007 32.2+1.44 0.063+0.00 5.744+1.28 0.632+0.03 1.105=0.84 11.18=1.07 Bindu et al., 2011

August 2008 29.5+1.17 BDL 1247134 0.34+0.11 0.6360.052 2.042+0.08 Gopakumar et al., 2009
Mean of the above  30.48 0.182 5.27 0.422 1.48 6.61 Present communication
August 2014 31.7+1.83 0.005+0.00 0.09+0.01 0.003+0.00 0.017+0.004 1.09=0.07 Present communication

(mean= SD, n= 4)

rafts towards deeper areas with adequate spacing can definitely
help increase the biomass production as crowding of rafts
hinder the exchange of warm (due to shallow depth) with fresh
and nutrient laden seawater. When bamboo rafts of 3 x 3 m is
made and culture ropes tied to the raft at 15 cm interval 400
seeding points (knots) will be available. From the optimization
experiments for Gracilaria edulis farming (Kaladharan et al.,
1996) it is advisable to restrict quantity of seed per knot (60 g
as against the current 150 g: Mantri et al., 2017; Periyasamy
and Kaliaperumal, 2019) and the number of rafts to 225 ina
hectare area by maintaining minimum 4 m spacing between
successive rafts which will facilitate free flow of ambient water
ensuring optimum growth and production of crop. If long rope
or net sleeves (net tube) method is used instead of rafts, 50
ropes/ net sleeves of 100 m long can be accommodated in a
hectare area allowing 2 m spacing between adjacent ropes/
net tubes. Hence the maximum permissible quantity of seed
stock in a hectare should be well within 5.4 to 6.0 tonnes and
the number of rafts to be 225 and long ropes or net sleeves to
be 50 recommended for optimum production.
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