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Seaweed culture has perforce to be adopted 
should the supply of raw material to Industries 
be uninterrupted ,like in the case of the Japan
ese and Korean Porphyra industries, the Chinese 
Laminaria industry and the Philippines Eucfieuma 
Industry, which are now in the main based on 
cultured raw material. The culture is at present 
almost entirely confined to the Orient, reaching 
its peak of sophistication in Japan and China. 
The necessity of marine algal cultivation in 
India and the principles and problems involved 
therein are discussed by Thivy (1964), Krishna-
murthy(1967) and Chennubhotia (1976). 

There are several advantages in the culti
vation of seaweeds. In addition to making 
possible a continuous supply of alga, crops of 
single species can be maintained continuosly; 
by taking proper care a harvest consisting of a 
desired seaweed unmixed with other algae can 
be obtained and this alga would be uniform in 
quality. By adopting scientific breeding and 
other modern techniques of crop improvement, 
the yield and quality of the seeweed could also 
be improved. Further, if seaweed cultivation is 
carried out on large scale, natural beds could 
be preserved purely for obtaining seed material. 

Basically there are two methods for cult i
vation of seaweeds; one by means of vegetative 
propagation, using fragments, and the other by 
means of spores such as swarmers (gametes), 
oospores, tetraspores and carpospores. The 
vegetative propagation method, using fragments 
from mother plants, is a simple method and 
gives quick results, though a large number of 
mother plants have to be sacrificed for seed 
material. In the culture of seaweed from spores. 

the latter are first collected on suitable 
substrat such as bamboo splints and nets and 
these substrata are transplanted to the 
desired sites, where the seaweed can grow into 
harvestable size. The only disadvantage in this 
method is that it takes a long period for the 
development of spores to plants of harvestable 
size. 

For cultivation of seaweed, suitable sites 
have to be selected and prepared for long-term 
usage. When seaweeds are brought under 
intensive cultivation, predators and diseases 
naturally increase and damage the crop. The 
culture sites can be protected from these with 
latticed fence, which would reduce surf action 
and at the same time allow freeflow of water 
in and out of the enclosures. It also would 
prevent the entry of fish which may feed on the 
crop. Harvesting of the algae has to be done at 
the proper developmental stage, depending on 
the utility of the alga. 

SEAWEED CULTURE IN INDIA 

In India, seaweeds which are used as raw 
material in the seaweed industry are harvested 
from natural beds along Tamil Nadu and Gujarat 
coasts since 1965. There are about 21 agar 
industries and more than 25 algin factories in 
India (Silas and Kalimuthu, 1986). As many-
seaweed Industries are still coming up, there 
is an increasing demand for this raw material, 
particularly agarophytes, which the existing 
resources cannot meet. 

Hence, the culture of seaweed is attempted 
at by Central Marine Fisheries Research 
Institute, Central Salt and Marine Chemical 
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Research Institute and National Institute of 
Oceanography. 

CULTURE EXPERIMENTS IN CENTRAL 
MARINE FISHERIES RESEARCH INSTITUTE 

Since 1972, Central Marine Fisheries 
Research Institute is involved in the experi
mental culture of agarophytes Gracilaria edulis 
and Gelidiella acerosa; alginophytes Sargassum 
wightii and edible seaweeds Acanthophora 
spicifera and U/va lactuca (Plates 3 & 4). It has 
developed a suitable technique for the large-
scale culture of (j. edulis. The rate of production 
ot these seaweeds and also the economics of 
farming G. edulis axe as follows. 

Culture of Agar Yielding Seaweeds 

Graciiaria: Culture experiments were conducted 
on Gracilaria edulis and G. corticata 
(Umamaheswara Rao, 1973). Fragments of 
G. corticata were kept in the twists of a small 
coir rope at regular intervals and the rope was 
suspended in seawater aquarium. Slow growth 
was observed for a period of 45 days and, 
thereafter, rapid increase in length from 1.8 cm 
to 5.5 cm was recorded during the next 45 days. 
Experiments on G edulis were conducted in 
the 5ea near Mandapam, using coir-net frames 
of about 0.5 cm'. Small fragments of G. edulis 
were introduced on each frame and were 
suspended horizontally in the sea. Many new 
shoots developed from the cut ends of the 
plant bits and, after 2 months, the entire frames 
were covered with plants of profuse branches. 
The average height of the plants varied from 
14 cm to 16 cm and, at the end of 2 months, the 
plant bits that had been kept in the two frames 
gained weights, respestively, of 213 g and 
257 g. From these experiments, the regeneration 
in G. corticata and G. edulis was found to be 
high, the plants growing to harvestable size 
with in 3 to 4 months. 

To know if Gracilaria edulis can be cultivat
ed in open-shore enviroment, field experiments 
were conducted in the Gulf of Mannar 
(Umamaheswara Rao, 1974 a). Two coir nets 
of 4 X 2 m size were used for seeding. Frag
ments of G. edulis of about 4.0 cm length 
taken from the apical parts of plants were 
inserted in the twists of the coir rope. Nearly 
2.5 kg. of seed material was introduced for 

each frame and the frames, tied honizontally to 
poles with coir ropes, were kept at subtidal level 
so as to keep them permanently submerged. 
Harvesting was done after 80 days, leaving 
the basal parts of plants for further growth. The 
density of the crop varied on the two frames, 
and an average yield of 4.4 kg fresh seaweed 
was obtained from the seed material of 313 g 
per square metre area of the coir net. 

Experiments were also carried out for 
cultivating G. edulis in the inshore waters of 
Gulf of Mannar, in submerged free-floating 
condition (Chennubhotia et, al, 1978 a). 
Culture frame of 2 x 2 m size fabricated with 
teak wood and coir nettings of 7 cm mesh size 
made out of ropes of 2.5 cm and 1.3 cm 
thick were used. A total weight of 1.42 kg G. 
edulis fragments of 4.5 cm length were used 
for seeding, inserting them in the twists of the 
coir ropes. The frame was tied loosely to the 
poles fixed in the nearshore waters at 1 m depth 
in a submerged floating condition so as to 
facilitate its going up and down vertically 
according to the tide. Harvesting was made 
after 45 days. The fresh weight of the harvested 
meterial was 1.985 kg per square metre against 
the seed meterial of 355 g. The harvested 
meterial was pure, without contamination of 
other seaweeds and sediments. Thus, the 
submerged free-floating condition at 1m depth 
is suitable not only for culturing the alga but 
also for obtaining pure cultures, without any 
contamination. The experiments conducted 
simultaneously at sub-tidal level were, however, 
hampered by much sedimentation, which 
adversely affected the growth of seaweeds. 

Thus, the seaweed cultivation in the inshore 
waters is shown to be beset with problems such 
as sedimentation, as well as grazing of seed 
meterial and grown up plants by fishes. To 
overcome these constraints, cultivation of G. 
edulis was attempted at slightly deeper water, 
of 3-4 m depth, where sedimentation is less. 
The coir nets were replaced by nets made of 
hardened plastic (HDP) rope. The nets were 
of 5 X 2 m size, and were fabricated with ropes 
of 3 mm thickness, using 4 mm thick rope for 
their margins. The mesh size of the nets was 
10 cm, and each net had altogether 1000 mesh 
intersections. The seed materials were tied at 
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the mesh intersections wi th the help of nylon 
twine, and the nets were suspended at different 
levels with the help of plastic buoys and granite 
stone sinkers. Three such nets were introduced, 
wi th seed material of 665g m*, at midwater 
level in a 4-m depth zone, and the yield after 
90 days was 1617 g/m' . Another net, containing 
700 g seed material, was introduced just below 
the surface, and this yielded 2570 g /m 'a f te r 
70 days. 

Economics of Gracilaria edulis Farming 

Based on the results obtained on the f ield 
culture of G edulis in the Gulf of Mannar and 
Palk Bay near Mandapam, Central Marine 
Fisheries Research Institute has evolved a 
technique for culturing G. edulis using coir rope 
nets (Anon, 1983). According to this method, 
one kg of seed material of G. edulis would yield 
on an average 3 kg per sq. m of net after 60 
days. In one ha area of nets ( i . e. 1000 nets) 
30 tonnes fresh G. edulis could be obtained in 
one harvest. Six harvests could be made in a 
year if the condit ion of the sea was favourable. 
The nets could be used for several crops. 

For the cult ivation of G. edulis in one ha 
1000 coir nets of 5 x 2 m size, 2000 casuarina 
poles of 1.5 m height and 10 000 kg of fresh 
seed material (for initial introduction) are 
required The cost of 2000 casuarina poles is 
Rs. 6,000 and cost of 1000 coir rope net is 
Rs. 33,000, including charges for fabrication. 
The seed material can be collected for the 
initial introduction from the natural beds, and 
from the cultured crop for subsequent seeding. 
Wages for seeding, harvesting and maintenance 
of the seaweed farm for 4 persons at the rate 
of Rs. 10 per day for 360 days work out to 
Rs. 14,400. The total expenditure for one year 
would be Rs. 54,000, including miscellaneous 
expenditure of Rs. 600. 

The estimated cost is arrived at on the 
assumption that a minimum of four harvests 
could be made in a year. A total of 120 tonnes 
(fresh weight) of crop could be obtained from 
the four harvests in a year when the yield is 
3 k g / m ^ If the seaweed is dried (75% moisture) 
and marketed at a rate of Rs. 2000 per tonne, 
the net profit would be Rs. 6,000 for one year. 

Gelidiella acerosa : Chennubhotia et. al. 
(1977 c) cultured G. acerosa by tying small 
fragments along wi th the substratum (coral 
piece) to the coir ropes interwoven in 4 sq m 
size G. I. pipe frames The frames were tied 
in submerged condit ion to poles fixed in the 
inshore waters. One frame was introduced 
wi th 0.9 kg and the other wi th 1 kg seed 
material. The crop was harvested after 76 
days and an increase of 1.6 kg and 2.0 kg 
was obtained, respectively. Recently field 
cult ivation of G. acerosa was attempted in 
two methods. In one method, the fragments 
of the seaweed were tied to nylon twines at 
regular intervals and the seeded twines were 
then wound round the nails hammered into 
coral stones. The coral stones were kept in 
cages which were suspended at 2 m depth. 
In the other method the fragments of the 
seaweed were tied in the mesh intersections 
of the HDP rope nets and introduced at a 
4 m deep station in f loat ing condit ion wi th 
the help of plastic buoys and anchors. In 
one net of 5x2 m size introduced at mid water 
level wi th G. acerosa seed material of 650 g/m^, 
the yield was 1300 g/m^ after 55 days growth. 
Another net of 5x2 m size introduced just 
below the surface level yielded 1060 g'm^ 
for the seed material of 650 g/m^ after 60 days 
growth. The fragments of G. acerosa fastened 
to coral stones wi th the help of iron nails 
reached harvestable size after 5 months and 
1.0 kg of seed material yielded 3.1 kg. 

Culture of Edible Seaweeds 

Acanthophora spicifera : Cultivation of 
Acantfiophora spicifera was carried out in a 
pond (60 m X 30 m size) at the fish farm of 
Regional Centre of Central Marine Fisheries 
Research Institute, Mandapam Camp, which 
is situated on the Palk Bay side. The pond 
was connected to the sea through a 
feeder canal and so there was regular inf low 
and out - f low of seawater, depending upon 
the high and low tide, respectively. The depth 
of water ranged from 40 to 60 cm and the 
bottom was muddy wi th loose sand. The 
seeding on the nets was done in 2 HDP rope 
nets of 5X2 m size in the pond itself by 
keeping the nets in the water in order to 
avoid drying of seed material in the open air. 
The seaweed was cut into small fragments 
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of 6 to 8 cm length and tied at the mesh 
intersections of the nets with the help of nylon 
threads. The culture nets thus seeded were 
tied in the centre of the pond to the palmyra 
poles already erected, at a level of 24 cm 
from the bottom of the pond so that they 
were always submerged even during the low 
tide conditions of the sea. The plastic floats 
were tied to the nets so that the nets may 
not sink to the bottom due to the weight of 
the plants when they grew. Seed material 
introduced was 620 g m* in both nets. Two 
harvests were made from the nets. The first 
harvest was made after 45 days growth. A 
yield of 2262 g/m' was obtained from the 
two nets and it was 3.6 fold increase over 
the initial seed material. The remnants were 
allowed to grow for the second harvest which 
was made after another 35 days. An yield of 
1 440 g;m2 was obtained in the second harvest. 
There was no epiphytic growth of other algae 
on the nets Silt deposition was found on the 
plants but it had not hampered the growth 
of the seaweeds. These observations revealed 
that pond system is suitable for the cultivation 
of A. spicifera as similar culture experiments 
conducted simultaneously with Gracilaria edulis 
Gelidiella acerosa. Hypnea valentiae. Sargassum 
wightii- Turbinaria conoides and Ulva lactuca 
in the same pond did not give encouraging 
results due to too much sedimentation on the 
plants and also other factors like high salinity. 

Ulva lactuca : Culture of Ulva lactuca was 
attempted in the laboratory in two plastic 
troughs (58 cm dia X 23 cm ht) with 20 cm 
water level. 50 g of excised pieces of U. lactuca 
were uniformly broadcasted in each trough. 
Aeration was provided for both troughs and 
the water was changed once in a week. The 
experiment was conducted in the verandah of 
the laboratory where the plants received direct 
sunlight for 4 hours during the after-noon hours 
and diffused sunlight during the rest of the day. 
Growth rate was determined by weighing the 
seaweed in each trough at every fortnight. The 
data were collected for a period of 75 days. The 
weight of the plants increased two fold after 
15 days growth. Maximum weight o f120g 
was obtained in each trough after 30 days and 
thereafter gradual decrease was observed. The 
weight of plant was 106 g, 85 g and 67 g after 

45, 60 and 75 days grow/th respectively. 
Experiments on Ulva lactuca pretreated with 
Ascorbic acid and in different salinities have 
indicated that 18%o boosts up the production 
to 8 times in 92 days. 

SEAWEED CULTURE BY OTHER RESEARCH 
ORGANISATIONS IN INDIA 

Some preliminary field and laboratory 
culture experiments were also conducted by 
other research organisations on the econo
mically important seaweeds namely Gelidiella 
acerosa, Gracilaria edulis, G corticata, 
Gelidiopsis variabilis, Gelidium pusillum, Hypnea 
musciformis, Hormophysa triquetra and sargassum 
spp and the results obtained are given below. 

Gelidiella acerosa: Bhanderi (1974 b) cultured 
Gelidiella acerosa for 105 days by vegetative 
propagation in aquarium. Vegetative fragments 
of 2.5 cm were obtained from the apical region 
of the plant, weighed and inserted in the twists 
of string of known weight and then suspended 
in an aquarium full of seawater. He observed 
a linear growth of 0.01 cm/day and an increase 
of 0.01 g/day in weight. Krishnamurthy et. al. 
(1975) conducted some experiments on G. 
acerosa in a lagoon on the southern side of 
Krusadai Island in November-December, ,1969 
by inserting 2 cm fragments in the twists of 
ropes. In April, 1970, the fragments were grown 
into full sized plants, about 10 cm in length 
With 7 to 8 main branches. 

Subbaramaiah et. al. (1975) conducted 
cultivation of G. acerosa in a shallow lagoon at 
Krusadai island. Planting was done using 2 cm 
apical fragments which were fastened to a 
nylon string at fixed intervals and the seeded 
string was wound round the rope. The rope 
was tied in the cultivation ground between 
poles and it was always submerged under 
seawater at a depth of 0.5 to 1.0 m. Three 
harvests were made during one year and the 
growth and harvest values were maximum in 
the third harvest during February and July. The 
maximum growth attained was 6.6 cm and the 
rate of production was 3.13 g/m/month(wet). 
The total production of seaweed was 421 g/m 
(wet.) 
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Experimental field cultivation of G. acerosa 
using coral stones as the substratum was done 
at Ervadi (Patel er. fl/., 1979). An annual yield 
of 115.83 g/m2 (dry) on overall basis was 
obtained which was 33 fold increase over the 
seed material. Patel et a/. (1980) reported 
a maximum yield of 122 g/m' (dry) in one of 
their six monthly harvests made in January 
1979 from the field cultivation of G acerosa at 
Ervadi. 

Gracilaria edulis: Raju and Thomas (1971) 
cultured G. edulis by long line rope method in a 
sandy lagoon on the estern side of the Krusadi 
Island where the water is calm for most part of 
the year. Fragments of 1 cm and 2.5-3.0 cm 
length were used for planting and they grew to 
a length of 35-40 cm in about 5 months period. 
Three harvests were made at the end of 5, 8 
and 10J months after planting and the total 
harvest during the year was about 3.5 kg from 
1 m length of rope. 

Krishnamurthy et. a/. (1975) carried out 
cultivation of G edulis in a lagoon on the 
southern side of Krusadai Island in June and 
July, 1967. Fragments of 2.5 cm length removed 
from the apices of the healthy plants were 
inserted between the twists of ropes, one each 
at intervals of four inches along the length of 
the ropes. These ropes were tied to bamboo 
poles planted to the sea bottom and adjusted at 
a level of roughly one foot above the bottom. 
In about 5 months, the plants attained a length 
of about 30 cm and the average weight of 
plant was about 300 g. In the fifth month, a 
harvest was made by clipping the plants close 
to the rope and the remnants were left on the 
rope for further growth Two more harvests 
were made at intervals of 10 weeks, thus giving 
3 harvests in a period of 10 months. 

Other red a/gae: Bhanderi (1974 b) recorded 
a linear increase of 0.02 cm/day and an 
increase of 0.07 g/day in the weight in his 
culture experiment on G. corticata in seawater 
aquarium. Bhanderi (1974 b) cultured Gelidiop-
sis variabilis for 105 days by vegetative 
propagation in an aquarium. The linear increase 
obtained was 0 12 cm/day and the increase in 
weight was 0.04 g/day. 

Mairh and Sreenivasa Rao ('973) cultured 
Gelidium pusillum \n the laboratory under free 
floating conditions using different enrichments 
and under controlled conditions of light and 
temperature. The plants grown under different 
photoperiods as well as under continuous 
illumination reached maximum fresh weight 
and full size within 3 to 4 months This experi
ment showed that fragments of G. pusillum as 
small as 2 mm in length can regenerate without 
any loss in their capacity to produce prolifer
ations. 

Rama Rao and Subbaramaiah (1980) 
culture Hypnea musciformis in the lagoon of 
Krusadai Island. Vegetative fragments of H. 
musciformis were used as seed material and 
cultured in long line rope. Fourfold increase 
in biomass in 25 days growth was achieved. 

Sargassum spp: Thivy (1964) conducted 
culture experiments in ponds at Porbander by 
attaching small plants of S. cinctum, S. vulgare 
and S. wightii to coir nets with the help of tape. 
The seed materials were collected from their 
natural beds of reef at Porbandar and their size 
ranged from 5-10 cm length. The plants of 
Sargassum grew to a height of 15 to 52 cm 
within forty days and most of them were in 
fruiting condition. The experiment revealed that 
there are good possibilities for cultivation of 
Sargassum and other seaweeds in India. 

Hormophysa triquetra: Bhanderi and Trivedi 
(1977) made an attempt to study the possibility 
of culturing Hormophysa triquetra by vegetative 
propagation in an aquarium. Stipes of about 
3 cm size without fronds and fragments of 3 cm 
size distal end of fronds were obtained, weighed 
and then inserted at the intervals into the 
separate nylon strings. The rate of linear 
growth of stipes was found to be 0.083 cm/day 
while that of the fronds was slightly more i.e. 
0.085 cm/day. At the end of the cultivation 
period the stipes had increased the fresh weight 
equal to that of its inserted weight at a rate of 
0.089 g/day. The fragments gained 7 times 
fresh weight than that of their initial weight at a 
rate of 0.333 g/day. 
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SEAWEED CULTIVATION IN 
FOREIGN COUNTRIES 

The important seaweeds for which com
mercial cultivation is practised or is being 
developed are Enteromorpha, Monostroma and 
Ulva (green algae);-4/ar/a, Ascophyllum, Ecklonia 
Hijikia, Sargassum and Undaria (brown algae) 
and the red algae Agardhiella, Chondrus, 
Eucheuma, Furcellaria, Gelidium, Gigartina, 
Gloiopeltis, Gracilaria, Hypnea, Porphyra and 
Rhodymenia (Neish, 1979 and Saito, 1979). The 
seaweeds cultivated in different countries in the 
Indo-Pacific region and the extent of develop
ment are given by Ling (1973). At present 
edible seaweeds are intensively cultivated in 
Japan, Korea and China. The genera cultivated 
in North-West Pacific are Porphyxa. Monostroma, 
Enteromorpha, Undaria, Laminaria and Nemacy-
stus. The red alga Eucheuma is cultivated in the 
Philippines (Satio, 1979). 

Culture of Red Algae 

Porphyra: The genus Porphyra is known as 
'Laver' in European and American countries and 
as 'Nori' in Japan. The methods of its cultivation 
are reviewed by various authors (Tamiya, 1960; 
Kurogi, 1963;Thivy, 1964; Krishnamurthy, 1967; 
Sreenivasa Rao, 1967; Ryther 1968 a; Bardach 
et. al. 1972; Furukawa, 1973; Ling 1973; Miura' 
1975; Background, 1976 arid Saito, 1979). 
Porphyra culture has a history of over 200 years 
in Japan. It began in Tokyo Bay in the 17 th 
century. The original culture method involves 
placing bundles of leafless branches of bamboo, 
oak or other trees at or just above the mean 
water level in areas located well away from 
brackish water during winter (September to 
October). Within 2 to 4 weeks the non-motile 
monospores settle on the branches and develop 
into leafy thalli. The branches along with the 
leafy thalli are moved inshore preferably to an 
area such as around a river mouth where high 
concentrations of dissolved nutrients occur. 
The thalli grow there and are harvested periodi
cally. Though the method has now become 
obsolete in Japan, it is still practised in Korea. 

Efficient culture methods were developed 
only after the second world war and the industry 
expanded rapidly and extensively in Japan and 
Korea after the discovery that the Conchocelis 
stage of the alga is passed in a shell during 
summer and produces monospores, which grow 
in to the leafy thallus. This discovery provided 
the basic knowledge for the development of 
technique for mass production of seedlings 
under controlled conditions. 

The most successful and common practice 
of Porphyra culture is known as 'floating rack 
method'. The racks are made of bamboo and 
are set in shallow coastal areas where the 
water is clean and comparatively well protected 
from storms and heavy wave action. A net 
with seedlings attached is hung horizontally 
on each rack. The net is made of plant or 
synthetic fibre about 18 to 45 m long and 
1.3 to 1.5 m wide with a mesh size of 
about 33cm. 

The preparation of seedlings (production 
of monospores from Conchocelis) under 
controlled conditions is done during winter 
(December to March). Conchocelis are induced 
to produce monospores by various temperature 
and chemical treatments. The monospores 
attach readily to the net when it is passed 
through the tank which contains the spores. 
The nets with monospres attached may be 
made into single unit sheet or into a roll that 
can be cut into 10 to 25 sheets and stored 
under a temperature of 20°C to 24°C for 
several months with the spores remaining 
viable. Within 15 to 20 days after the setting 
of nets the alga grow to 10 to 15 cm length, 
when the first harvest is done. The remaining 
plants continue to grow and harvest is 
repeated 3 to 4 times before the net is replaced. 

Gracilaria : Culture of Gracilaria is being 
practised fairly successfully since 15 years in 
Taiwan in shallow coastal flats and ponds 
and is expanding steadily. The method of 
Gracilaria culture at Taiwan is described by 
Chen (1976). Of the 4 species of Graeilaria 
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of economic importance viz. G. g/'gas 
(= G. chorda), G. confervoides, G. lichenoides 
and G. compressa, G. confervoides is the 
species most commonly cultured in ponds. 
G. gigas is also cultured in some areas. Culture 
of Gracilaria started in 1962 and the cuttings 
of Gracilaria are used as planting stock. 
Each plant is cut into pieces, which are 
planted uniformly usually in April on the 
bottom of the pond. 3000 to 5000 kg of the 
fragmented plants are planted in a pond of 
one hectare size. The planting stocks are 
placed uniformly on the bottom. They are 
usually fixed on bamboo sticks planted on 
the bottom or covered with old fish nets to 
prevent them from drifting to one side or one 
corner of the pond. Either organic or inorganic 
fertilizer is used to accelerate the growth of 
Gracilaria. Harvest by hand or by use of scoop 
nets is done once in 10 days from June to 
December. Gracilaria is cultivated as side crop 
in some places in Philippines (Blanco, 1973). 
Substrate additions to increase stocks of 
Gracilaria has also been practised in tropical 
areas by spreading dead coral over predomin
antly sandy areas where these seaweeds can 
not attach (Neish, 1979). Culture experiments 
in the laboratory with plant segments of 
Gracilaria debilis were conducted by Goldstein 
(1973). The segments regenerated branches 
from the cut surfaces and they showed rapid 
vegetative propagation when coral stones and 
lime stone blocks were used as substrate. 

Eucheuma : The culture of the red algal genus 
Eucheuma is described by Blanco (1973), 
Kower. a/. (1973), Parkar (1974) and Deveau 
and Castle (1979). Two methods of culture 
have been developed for E. cottonii namely 
the net method and line method. The method 
using net consists of fabricating 2.5X5 m size 
nets with monofilament nylon and with a mesh 
size of approximately 0.3 m (1 foot). Each net 
has 127 mesh intersections where vegetative 
fragments are tied. The nets are installed 
horizontally 0.6-1.5 m above the bottom and 
below lowest tide depth by attaching net 
corners to mangrove wood poles, driven in 

the reef bottom, an area previously tested 
for growing ability. The nets are seeded with 
100 g pieces of seaweed by tying them to 
the net with a thin plastic strip wh'ch does 
not cut the fronds and allows them to move 
in the current. Once the plants have reached 
a weight of 1200-1500 g they are pruned to 
500 g and the process continues. Attempts 
are being made to grow £. spinosum 
commercially. A brief account of the experi
mental cultivation of E. spinosum in Singapore 
water and culture conditions are given by 
Kow et. al. (1973). 

Tank culture method of Eucheuma was 
given by Deveau and Castle (1979). E. isoforme 
was cultured in tank and the basic cultivation 
system used was a square tank with a slanted 
bottom and its water was agitated by bubbling 
air into the deepest part of the tank. This 
established a circulation pattern strong enough 
to keep the dense £. isoforme in constant 
suspension and this assured that all plants 
would receive their share of sunlight and be 
uniformly exposed to the dissolved nutrients 
in the seawater. The tank culture method was 
sought for developing a controlled combined 
supply of the raw material of Eucheuma to 
that cultured in the sea. 

Culture of other red algae: A number of other 
algae are cultured in Japan. The most important 
edible alga cultured is Gloiopeltis (Funori) 
which is used in the manufacture of glue. 
Production of Gloiopeltis has been increased by 
simply placing boulders or chunks of concrete 
at suitable locations in the sea to provide 
substrate for settlement. Advanced experimental 
culture of Hypnea sp. in the Philippines are 
based on suspending thalli, under protected 
and other optimal growing conditions (Bardach 
et. al., 1972). Some measures of success had 
been achieved in the culture of Chondrus crispus 
(Saito, 1979). The method consists of propa
gating Chondrus in detached from in agitated 
ponds or tanks. Although this technique is 
still in the initial stage, it is under active 
commercial development and is expected to 
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produce significant quantities of Chondrus 
within the next 5 years. This system is also 
being considered for culture of Gigartina and 
Hypnea (Neish, 1979). Hypnea musciformis was 
cultured (Guist et. al., (1982) in outdoor ply
wood tanks (2.4 m x 1.2 m; maximum depth 
1.1 m; minimum depth 0:5 m; 2.9 m^ surface 
area and 2400 1 capacity) at Summerland Key, 
Florida for 15 months. A continuous flow of 
untreated seawater (790 1/h) was supplied to 
each tank, Each culture tank was agitated with 
a continuous flow of compressed air pumped 
through a sparger located along the deep end 
of the culture tanks. Sodium nitrate, ammonium 
nitrate or ammonium sulphate was used as the 
source of nitrogen, while trisodium phosphate 
served as phosphate source. Enriched tanks 
received 208-400 î M of nitrogen and 1.6-3.2 
|jiM. of phosphate each day. The highest growth 
rates were observed when the water temper
ature was between 18° and 24°C and with 
continuous water flow, supplemental nitrogen 
and phosphate and an initial biomass of 1.86 kg 
weed per square metre of surface area in the 
culture, tanks. 

Culture of Brown Algae 

A few brown algae, mostly the large 
species known as kelp are cultured. In Japan 
the most important brown algae cultured are 
Undaria pinnatifida (Wakame) and Laminaria spp 
(Konbu). Among these two, Undaria pinnatifida 
is more intensively cultivated. 

Undaria: The culture method of Undaria is 
given in detail by Ryther (1968 b), Bardach et. 
al. (1972) and Saito (1975). Until the late 
fifties, methods of culture of Undaria were 
extremely primitive and consisted of only an
choring plastic floats at suitable depths for 
attachment of young plants. By about 1 956, a 
technique of artificial spore production was 
worked out at Onagawa, in the Sendai region 
of northern Honshu. Most of the increase in the 
production of Undaria can be attributed to the 
introduction of artificial spore collection 
technique developed in 1960. The preparation 
of seedling culture begins at the end of the 

season when Undaria plants mature and develop 
zoospores. Seedling twines are used for spore 
collection and the culture of germlings. The 
meterial used for seedling twine is mostly 
synthetic fibre yarn of 2 3 mm diameter. The 
100 m long twine is wound around at intervals 
of about 1 cm in a square plastic frame of 
50 X 50 cm size. 

Mature sporophytes of Undaria which have 
been partially dried are placed in concrete or 
plastic tanks filled with fresh seawater. The 
sporophylls are removed after a large number 
of spores have been released in the seawater. 
The string or twine frames are arranged in 
layers inside the tank to collect the zoospores. 
The frames are removed after 1 or 2 hours and 
hung vertically in culture tanks of about 1 m 
depth. The seedlings which develop are cultured 
throughout the summer. Within the tanks, 
according to changes of water temperature, 
light intensity is regulated so as to keep the 
growth of the gametophytes in good condition 
and their survival rate at high level If necessary 
the tank water is changed, circulated or supplied 
with nutrients. The frames with their seedling 
twines are later taken from the tanks and 
suspended in the sea from a raft in order to 
raise the germlings into healthy young thalli 
until they grow to 2.3 cm in length. Operations 
for growing Undaria thalli start in autumn 
(September - November) when the water 
temperature falls below 20°C and danger of 
attachment of epiphytic organisms diminishes. 
Seedling twines are attached to a 10-20 mm 
diameter synthetic fibre rope at suitable 
intervals. Sometimes the twine is cut into short 
pieces of 5-6 cm length and inserted in twists 
of the rope. The cultivation ropes are set in the 
sea by hanging from bamboo rafts or buoyed 
long lines. In rough waters, 100 m long culti
vation rope is held in the sea with buoys and 
anchors and many ropes are aften hung from 
the main rope. In calm waters like bay, the 
ropes are stretched out horizontally in the sea 
by rafts. When the thalli have grown to more 
than 50-60 cm in length, harvest is made by 
hauling the rope to a boat and cutting the 
thalli with the sickle. The use of seedling 
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twines for the cultivation of Undaria was started 
in Korea in about 1960. In China after the 
second world war both Undaria and Laminaria 
cultivations were industrialised. 

Laminaria : Methods of Laminaria cultivation 
are elaborately given by Bardach et. at. In 
Japan until 1943 cultivation of L. Japonica was 
confined to the practice of throwing stones 
bearing spores or young sporophytes into the 
sea. Attempts at more intensive culture both 
on rafts and on bottom were made by the 
Japanese. The basic technique involved in 
artificial propagation of L. japonica consists of 
collecting zoospores from sporophytes in late 
autumn and lodging them on short ladders made 
of bamboo splint and hung from floating rafts. 
Young sporophytes appear on the ladders by 
January and are removed for use in one of the 
methods of Laminaria cultivation. 

The earliest attempts at culture of ism/naA/a 
sporophytes involved growing the plants on the 
sea floor. Bottom culture is still employed in 
China as well as in Japan and Korea, but most 
of the tremendous increase in the Chinese 
production of L. japonica has come as the 
result of various forms of raft culture. Rafts 
which are generally anchored to stakes driven 
into the bottom in water at about 10m depth 
are of 3 types namely basket raft, single line 
tube raft and double line tube raft. The 
details of these 3 types of rafts are given by 
Bardach et. a/. (1972). 

Productivity is generally calculated in 
terms of amount of algae produced per kg of 
fertilizer. Though the basket raft required 
somowhat less labour to operate and produce 
higher quality of Laminaria, it yields about 1 kg 
of algae per kg of fertilizer, while the single 
line and double line tube rafts are capable of 
producing 3.75 kg and 3.0 kg of algae respecti 
vely per kg of fertilizer. So the single line tube 
raft is most popular. 

Bottom culture of L. japonica persists in 
China largely because of the low cost in terms 
of labour, material and Qapital investment. 

Bottom culture is also carried out along with 
raft culture to take advantage of excess 
fertilizer. In addition, growth of Laminaria on 
the sea floor is encouraged because the plants 
provide shelter for various edible fishes and 
invertebrates which in turn help to fertilize the 
algae. 

The classical method of bottom culture is 
called 'stone casting'. Originally stone casting 
consisted of not more than placing large 
stones, averaging 16 kg in weight in the 
shallow water to provide an attachment surface 
for naturally produced zoospores Now 
zoospores are collected and allowed to attach 
to the stones before deposition. The Chinese 
have brought exposed rocky areas into 
production by construction of 'tiered farms'. 
These culture areas consist of pools of varying 
depth from 40 to 150 cm bounded by rock and 
cement dams of graduated height. Stones are 
placed in the pools for attachment of zoospores. 
A cheap and simple method of culturing 
L. japonica is to attach young sporophytes 
directly to ropes anchored on the sea floor. 
This technique is being tested in China but is 
still in the experimental stages. 

Cultured L. japonica sporophytes reach a 
length of more than 3 m in 4 to 5 months and 
they are large enough for harvest. The maximum 
length attained in raft culture is above 6 m. 
Raft cultured Laminaria is harvested from boats, 
but harvest of bottom grown plants is made 
with the help of trained divers. 

Macrocystis : The culture of the giant kelp 
l\Aacrocystis is described by Saito (1979). In 
the United States, seedlings of IVIacrocystis 
have been cultured on plastic rings and the 
rings set on rocky substrates using an under
water epoxy cement. Recently in the U. S. 
methods for mass culture of l\/lacrocystics 
embryos and their dispersal into the sea have 
been developed. Seedlings attached to polye
thylene film substrates or glass fibre cloth 
substrates are cultured in a refrigerated room in 
a long tray through which chilled filtered and 
sterilized seawater flows. The embryos growing 
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on the substrates are scraped out, suspended in 
seawater and dispersed on a rocky bottom by 
pouring them down through a hose. Sometimes 
dispersal is done by a diver. These methods 
seem to be effective in the restoration of kelps 
resources. In North America preliminary 
investigations are underway by carrageenan 
producing companies to determine whether the 
hatchery produced macrophytes can be 
grown economically in a detached form in 
agitated culture tanks (Neish, 1979). 

Culture of Green Algae 

The green algae commonly used as food 
by man are Enteromorpha and Monostroma. 
Bardach ef. a/. (1972) have given an account 
of the culture of green algae in Japan and 
Taiwan. In Japan these algae are cultured 
along with Porphyra. Monostroma is cultured 
separately. Similar to Porphyra culture, the 
crop of Monostroma is grown on nets 
suspended horizontally at intertidal levels 
near river mouths. From a net of 36 x 1.5 m 
size usually 3 crops of 10 kg. 10 kg. and 6 kg 
(wet weight) are harvested after 100, 45 and 30 
days respectively. The methods used in the 
highly successful culture of Gracilaria 
coronoplfolia in Taiwan have been adapted to 
farming of Caf/lerpa sp for the fresh vegetable 
market in the Philippines. Caulerpa is grown 
in brackish water ponds seeded with chopped 
fresh pieces of the mature plant. 

Selection of Strains of Seed Stoclc 

Vegetative propagation of selected clones 
is a commercial reality in the Philippines, where 
yarious strains of Eucheun^a are cultured. 
Selection of fast growing clones with desirable 
characteristics contributed to the high producti
vity of Eucheuma in Philippines. Selected 
strains of seed stock of C/70/7o'>-t/s grow 2 to 3 
times as fast as mixtures of wild stock (Neish, 
1979). In China fast growing Lamlnaria strain 
such as Hai-Ching No. 1 have increased yields. 

Use of Fertilizer in the Culture of Seaweeds 

For intensive cultivation natural nitrogen 

levels are inadequate in most of the areas. 

Hence nitrogen fertlizers are used in Porphyra 
and Laminaria cultivation. In Porphyra culture, 
whenever the nutrients are poor culture 
sites are fertilized to get a better quality 
of harvest. In Japan the aim of fertilization 
is to obtain a high survival rate of young 
nori and to prevent the discolouration of 
older plants. The fertilizer is used at 
the rate of 600 mg/m^ of water area and 
continuously for 2 to 3 days. The composition 
applied at the rate of 150 mg/m' of water area 
are given by Furukawa (1973). The fertilizing 
methods in the culture of Laminaria by basket 
raft and tube raft system are given in detail by 
Bardach et al. (1972). Some culturists give a 
head start to young sporophytes of Laminaria 
by immersing them in a solution of fertilizer, 
usually ammonium nitrate. Absorption of 
nitrogen by plants so treated has been found to 
increase with concentrations up to 1 g/m^ when 
the time of immersion does not exceed 6 hours. 
Stronger solutions may beused if the immersion 
time is reduced accordingly. 15 minutes is 
sufficient in a solution containing 400 g/m» of 
fertilizer. Immersion accompanied by aeration 
and constant stirring may be carried out vve,9kly. 
The fertilizer solution may be reused several 
times. Culture of Laminaria in sterile waters such 
as the Yellow Sea greatly increased the ddamanii 
for chemical fertilizer, whidli are ^Ir'eady iri hrgh* 
demand and low supply for the use on terrestrial 
crops. Chines^ researchers are curfe|itl^ 
considering another substitute source f)f 
fertilizer for/.a/w//7ar/a, and it i? the lar̂ gî  Sfisl^ 
introduction of nitrogen fixing, algajg ^13^ 
bapteria in the Yellow Sea, : ^ 

Experiments conducted^ by Parkar ^in 
Zamboanga, Mindanao (Philippines) in 1972 
revealed that in Eucheuma spinosum test plant 
growth rates increased by 40-50% wtjen 4,8 kg 
ammonium sulphate (21% Nitrogen and 24;;|̂  
sulphur) was applied to the test area over a 
10 day period. Control plants shpvyed ng 
increase in growth rates during the same period. 
In Taiwan the growth of Gracilaria is accelerated 
by using either qrganic or inorganic fertilizers. 
In some areas 3 kg of urea are supplied weekly 
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to one hectare pond and in some other farms 
120to 180 kg of fermented manure from pigsties 
are supplied to each hectare of the pond every 
2 or 3 days at the time when water is being 
introduced (Chen, 1976). 

Fertilizer pellets were applied In the field 
cultivation experiments of Gelidiella acerosa at 
Mandapam (Mairh et. al. 1979) with a view to 
get higher yield of the alga. These pellets were 
tried in the field rope cultivation of Gelidiella 
acerosa in a slotted polythene bag tied per 
metre rope. During nine months period, the 
pellets gave 20 to 30% increase in yield per 
metre rope over the control experiment,. There 
was no much change in the quantity and 
quality of agar obtained from the fertilizer 
supplied material and control. 

Fertilizers are not used for culture of 
seaweeds in Korea. In general, fertilizing is not 
economical primarily because a system of 
slow and uniform release of fertilizer in 
sufficient quantities has yet to be perfected. 
One could consider fertilizing the culture area 
with inorganic fertilizer but tide would wash 
too much fertilizer away into non-exploited 
areas. 

Use of Growth Promoting Substances or 
Hormones in the Culture 

Studies on this aspect were carried out by 
Davidson (1950) on the growth of vegetative 
thalli of Fucus evanescens and Ascophyllum 
nodosum and by Oza (1971) on Gracilaria 
corticata. In all these cases low concentrations 
of lAA progressively stimulated the growth of 
the algae while higher concentrations were 
found to be lethal. Provasoli (1957) demons
trated the positive response to the exogenous 
application of gibberellins in Ulva. Raju (1971) 
conducted experiments on the effect of growth 
hormones and fertilizers on the phostosynthetic 
carbon assimilation in Ulva fasciata, Sargassum 
sp. and Gracilaria corticata. The photosynthetic 
uptake of C * was maximum in Gracilaria 
corticata followed by Ulva fasciata treated with 
gibbereilic acid. In Sargassum maximum effect 
on photosynthetic C * assimilation was 

observed in plants supplied with ammonium 
sulphate. The effect of a morphaction on the 
vegetative growth of Gelidiella acerosa was 
studied by Tewari (1975). Chlorflurenol in 
hormonal range increased the fresh weight and 
the number of proliferations. But the elongation 
growth of the alga was inhibited. The possible 
applications of chlorflurenol for marine algae 
was also discussed (Tewari, 1975). Chauhan 
and Joshi (1979) reported that indole-3 acetic 
acid at the concentration of 10-^ M proved 
stimulant on the growth of Sargassum swartzii 
germlings than the other concentrations tried. 
The 1 0 - ' to 10~«M concentration of gibbe
reilic acid helped in increasing the length of 
pseudophylls of the sporelings. 

Diseases 

Diseases are a matter of extreme concern 
in most intensive algal monoculture enterprises. 
Fungal, viral and external diseases have been 
described in Laminaria and Porphyra culture. At 
times diseases occur in Porphyra culture in 
association with unsuitable weather, environ
mental conditions in the sea and with over
population of the plants in the cultivating 
ground (Saito, 1979). The nori plants are 
susceptible to disease and most of the diseases 
are bacterial in nature. A fungus disease caused 
particularly by Pythium sp is lethal to Porphyra 
thalli, particularly at temperature above 10°C. 
When prevalent, this may wipe out 50% or more 
of the nori crop. Fungus may be at least 
partially prevented by exposing the seaweed to 
air during part of the tidal cycle. On the other 
hand, too much exposure may reduce growth 
and toughen the thallus, making it unsuitable 
for food. The most satisfactory compromise is 
to expose the algae for approximately 4 hrs/day 
(Bardach et. al, 1972). The knowledge acquired 
on the disease resistance of various species of 
Porphyra is duly applied in selecting the variety 
to be grown. If disease has been observed in a 
crop, extra care has to be taken in washing and 
drying the nets before reusing them. Disin
fectants have not been used so far (Back
ground, 1976). 
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There is a disease problem also in the 
culture of Undaria and it causes detachment 
of young fronds and can result in a serious 
reduction of the crop. The origin and nature of 
the disease is not known. A number of 
diseases including various rot diseases are 
repoited \n Laminar/a japon/ca but no effective 
means of control has been found (Bardach 
et. a/., 1972). 

Predators, Fouling Organisms and Epiptiytes 

Predatory organisms attack the nori crop 
only when other seaweeds settle on the nets. 
These include green algae such as Enteromorpha 
and U/va and also some diatoms. Careful 
manipulation of the level of the nets can 
overcome this problem. Most of the competing 
algae can not withstand exposure to air as 
much as the nori but one should be careful to 
avoid drying out of the nori plants as this is 
fatal to them (Background, 1976). Fouling 
organisms mainly barnacles settle on Undaria 
and cause some dificulties. But they do not 
result any heavy losses. Similarly predators 
and fouling organisms including bryozoans 
ascidians, amphipods and unwanted algae are 
found on Laminar/a j'aponica. But no effective 
measures of control have been found for any of 
these constraints (Bardach et. a/., 1972)-

Transplanted buds of Macrocystis are often 
eaten by gastropods and other grazers, resulting 
in failure in their propagation. Two methods 
have been tried to prevent this damage to the 
buds. One method is to try to supply these 
grazers with additional food by cultivating a 
large amount of seaweeds at or near the surface 
of the sea as a substitute for the food otherwise 
provided by young plant buds. These trials 
have been carried out on a large scale in 
northern districts of the Pacific coast of Japan. 
In the other method, after the concrete blocks 
wound with seedling twines bearing young 
buds are set out, they are covered by cages of 
synthetic fibre twines and the harmful grazers 
in the cages are removed. The cage is in the 
shape of a box (1.5 X 3 X 3m) or a cylinder 
(3 to 10m in diameter and 3 m height). The 

cage remains as protection froni grazers 
until the plants become adult. This meihod has 
been tried in the southern districts of Japan 
and similar trials have been made in California 
(Saito, 1979). 

The major predators in the culture of 
Eucheuma at Philippines are sea urchiris. 
However, as the plants are elevated and as 
long as eel grass is kept short, sea urchins are 
not a serious problem. The farmers secure and 
remove them with a sharp stick. The epiphytes 
if unchecked will cover nets and plants of 
Eucheuma and reduce the growth. To accom
plish this, the farmers brush nets with a plastic 
scouring pad and clean the plants with their 
fingers (Parker, 1974). 

In India, the fishes Signaus j'avus and 
S. cana/icu/atus wer& iound to feed voraciously 
on the cultured seaweed Graci/aria edulis- The 
crabs Thalamita crenata and T. integra cause 
extensive damage to growing parts of the 
seaweed by merely clipping them with their 
chelipeds as they crawl about amongst thQ 
seaweed (James et. al., 1980). The 'problem of 
predators can be solved to a great extent by 
enclosing the cultivation area with a latticed 
fence or a net of a suitable mesh size. 

Culture of Spores 

The number of spores produced by 3n 
alga is enormous. In nature only a small 
number of spores grow/ to mature plants sirtce 
viability, settlement and development of these' 
spores are controlled by many hydrobiologicil 
factors such as water movement, tidal exposure, 
water temperature, competition fd r jpac^^nd 
predators or grazing -organisms. But When 
these spores are raised into germlings <)h 
suitable substrata in the laboratory or nursery 
and then transplanted to the field, a high ^ate 
of germlings grow to harvestable size plants; 
Some work in the direction of culturing the 
spores of economically important seaweeds 
was carried out in recent years. The estimate 
of spore output was made in a number of 
algae by different workers and the data ard 
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presented in Table 13. Periodicity in the 
liberation of spores was observed in Ulva 
fasciata, Cystoseira, Sargasaum swartzii and 
Gracilaria verrucosa, but there is no such perio
dicity in Sargassum wigfitii and species of 
Turbinaria. Some information has been collected 
by Subbaramaiah et. a/. (1967). Chauhan and 
Krishnamurthy (1967), Mairh and Krishnamurthy 
(1968), Krishnamurthy et. al. (1969), 
Subbaramaiah (1970), Raju and Venugopal 
(1971), Chauhan (1972) and Umamaheswara 
Rao and Kaliaperumal (1976) on settlement 
and development of germlings of different 
species of seaweeds in the laboratory and 
transplantation in the sea. Subbaramaiah and 
Krishnamurthy (1967) described the condition 
and media developed in recent years for the 
culture of seaweeds in the loboratory. 

Subbaramaiah et. al. (1967) cultured 
germlings of Ulva fasciata. The germlings were 
kept growing in attached or in a free floating 
condition in petridishes containing sterile 
seawater \A/hich was changed once a week. 
In 2 months the germlings differentiated into 
cylindrical plants with 2-3 branches arising 
from the basal cells. The floating plants 
were longer (1.25-1.7 m) and produced 
branches while the attached ones were shorter 
(0.75-0.83mm) and unbranched. The growth 
of germlings did not advance beyond the 
cylindrical from during these 2 months. 
Subbaramaiah (1970) observed the settlement 
and growth of germlings of Ulva fasciata 
under laboratory conditions using a variety 
of artificial substrata like shells, stones, 
bamboo stems (entire and split), coir rope, 
nylon string and plain glass. The germlings 
attained a size of 5 mm in 100 days when 
they were raised on nylon string. The swarmer 
formation, liberation, settlement and growth 
of germlings on nets were also obtained in 
an experimental pond. The germlings attained 
on the average a length of 24.3 mm and 
breadth of 5.7 mm in 60 days. The effect of 
different culture media on growth and 
sporulation of laboratory raised germlings of 
Ulva fasciata has been given (Oza and 

Sreenivasa Rao, 1977). Kale and Krishnamurthy 
(1967) studied the effect of different media like 
plain seawater, Erdschreiber seawater and 
artificial seawater medium (modified ASP-6) 
on the growth of germlings of Ulva lactuca 
var. rigida. 

Mairh and Krishnamurthy (1968) observed 
100% germination of oospores of Cystoseira 
and subsequently 94% of their survival. The 
germlings survived and grew into young 
healthy plants under experimental conditions. 
Chauhan and Krishnamurthy (1967) cultured 
the oospores of Sargassum swartzii in 
petridishes lined with filter paper. They 
developed into germlings and some of them 
grew for a period of 5 weeks. Experiments 
were also conducted using different substrata 
such as coral pieces, shells, granite stones, 
nylon threads and rough stones. Some of the 
oospores attached to the substrata and 
developed into healthy germlings while a 
large number did not survive. Continuous 
illumination of the culture experiments with 
a light intensity of 600-800 lux, 23°-26°C 
temperature and circulation of a thin stream 
of filtered seawater were found favourable 
for healthy growth of germlings. Chauhan 
(1972) observed the survival of germlings in 
Sargaasum swartzii for about 6 months under 
the controlled laboratory conditions. Of the 
eight different substrata used, the cement 
concrete blocks, bricks and filter paper were 
found to be good substrata as they retained 
84.55%, 78.42% and 62% of the germlings 
respectively. The filtered seawater and sea
water with enrichment were found to be the 
most suitable culture media for the growth 
of germlings. The use of media like ASP-6 
and ASP-12 did not give good growth of 
germlings. Continuous illumination was more 
beneficial than 18 hours photoperiod. 

Raju and Venugopal (1971) made an 
attempt to allow the oospores of Sargassum 
plagiophyllum to settle on a concrete 
substratum with a view to finding out the time 
required for the appearance and growth, The 
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CD Table 13 

Spore output in Indian marine algae 

Algae 

(1) 

Ulva fasciata 

Cystoseira indica 

Sargassum swartzii 

S. wightii 

Turbinaria conoides 

T. decurrens 

T. ornata 

Gelidiella acerosa 

do 

Gelidiopsis variabilis 

Gracilaria corticata 

do 

do 

G. edulis 

G. millardettii 

do 

Gracilaria verrucosa 

Hypnea valentiae 

do 

CO . 

Type of spore 

(2) 

Swarmers 
(Gametes) 

oospores 

I f 

' r 

/, 

// 

f r 

Tetraspores 

// 

,, 

// 

Carpospores 

I t 

,, 

f t 

Tetraspores 

Carpospores 

f t 

Tetraspores 

Number of spores liberated 
(Maximum spore output) 

(3) 

1,15,34,400 spores/plant 

5,11,251 

5,53,331 

3,70,272 

11,312 

28,196 

33,810 

20,000 

-. 

,, 

" 

, f 

,, 

,, 

" 

10,000 Spores g fr. w t 

2,60,940 

3,98,000 

„ 

,, 

./day 

2,374 Spores/Cystocarp/Day 

8,66,700 Spores/plant 

6,49,873 

42,782 

68,520 

70,000 

7,01,607 

3,14,914 

,, 

,, 

,, 

// 

„ 

" 

Authors 

(4) 

Subbaramaiah et. al., 1967 

Mairh and Krishnamurthy, 1968 

Chauhan and Krishnamurthy, 1967 

Umamaheswara Rao and Kaliaperumal, 1976 

Chennubhotia et. al., 1978 b 

Kaliaperumal and Umamaheswara Rao, 1975 

Kaliaperumal et. al., 1977 

Sreenivasa Rao, 1969 

Umamaheswara Rao, 1974 b 

Kaliaperumal and Umamaheswara Rao, 1982 

Umamaheswara Rao, 1976 

t i 

Mohan Joseph and Krishnamurthy, 1977 

Rama Rao and Thomas, 1974 

Krishnamurthy, 1967 

11 

Oza and Krishnamurthy, 1968 

Rama Rao, 1979 

11 



concrete cylinders were lowered in Sargassum 
beds. Observation revealed that the appearance 
of Sargassum germlings on the cylinder took 
10 months and it took another 8 months to 
grow to maturity. Observations after one more 
year revealed that there were a number of 
new plants which had germinated from the 
spores within the year and some had 
regenerated from persisting holdfasts. There 
appear to be a potentiality for regeneration 
for a third year in a few plants. Umamahe-
swara Rao and Kaliaperumal (1976) maintained 
the oospores of Sargassum wightii in a medium 
of seawater enriched with agar and found 
that 47.6% of germlings were in healthy 
condition at the end of 60 days. 

Krishnamurthy et. al. (1969) raised the 

germlings of Gracilaria edulis and G. corticate 
on a nylon fabric from carpospores under 
laboratory conditions. Then they were trans
ferred to the sea. After four months young 
plants appeared and they took another four 
months to attain maturity and develop 
reproductive structures. 

From all these studies it is clear that 
with proper care and under controlled 
conditions of the laboratory a high rate of 
survival of germlings can be achieved and 
transplantation of germlings to the sea could 
be done successfully if any large scale 
culture of seaweed has to be undertaken. The 
rhythmic liberation of spores also indicates 
the possibility of successfully raising the 
germlings in a nursery and further culture. 



TWELVE 

BIBLIOGRAPHY 

AGADI, V. V. AND A. G. UNTAWALE. 1978. Marine algal flora of Goa coast Seaweed Res. Util., 3 
(1 & 2): 56-70. 

AGADI, V. v., N. B. BHOSLE AND A. G. UNTAWALE. 1978. Metal concentration in some seaweeds 
of Goa (India). Bot. Mar, 21 (4); 247-250. 

AGHARKAR, S. P. 1923. The present position of our knowledge of the aquatic flora of India-
Jour. Indian, bot. Soc, 3: 252-260. 

ANON, 1983. Proven Technology 7. Technology of cultured seaweed production. Mar. Fish. 
Infor. Ser. J QE. 54: 19-20. 

BACKGROUND, A 1976. "Nor i " farming in Japan (cultivation of the edible seaweeds of the 
genus/'or/3/?yra). In: Farming marine organisms low in tfie food chain. Development in 
Aquaculture and Fisheries Science. Vol. 1 (Ed. P. Korringa) Elsevier Scientific Publishing 
Co. Amsterdam, pp 17-48. 

BALAKRISHNAN Nair, N., N. SHOBA AND M. ARUNACHALAM. 1982. Algae from southern 
Kerala coast. Indian J. Mar Sol., 11 (3): 266-269. 

BARDACH, J. E. J., H. RYHTER AND W. 0. MCLARNEY. 1972. Seaweed culture. In: Aquaculture. 
The Farming and husbandry of Freshwater and Marine organisms. Wiley-lnterscience. A 
division of John Wiley & Sons, Inc. New York pp 790-840. 

BHANOERI, P. P. 1974 a. An estimate of ths iodina yielding ssawaad Asparagopsis taxiformis 
(Delile) Collins and Harvey from some subtidal reefs of Saurashtra coast. J. mar. biol. 
Ass. India., 75 (1):288-289. 

BHANDERI, P. P 1974 b. Culture of tha agar yielding seaweeds on ropes from Gujarat. J.mar-
biol. Ass. India, 16 (3):847-849. 

BHANDERI, P. P. AND Y. B. RAVAL. 1975. Possibility of seaweed cultivation along the Gujarat 
coast Seafood Export Jour., 7 (12):33-36. 

BHANDERI, P. P. ANDY. A. TRIVEDI. 1975. Seaweed resources of Hanumandandi reef and 
Vumani reef near Okha Port. Indian J. mar. Sci.. 4 (1):97-99. 

BHANDERI, P. P. AND Y. A. TRIVEDI. 1977. Rope culture of algin yielding seaweed Hormophysa 
triquetra (Linnaeus) Kuetzing. Bot. Mar. 20 (3):183-185. 

BHOSLE, N. B., V. K. DHARGALKAR AND A. G. UNTAWALE. 1975. Effect of seaweed extract on 
the growth of Phaseolus vulgaris L. Indian J, mar. Sci., 4:207-210. 

BISWAS, K. 1932. Census of Indian algae. Scope of algological studies in India. Rev. Algol., 
5:197-219. 

82 CMFRI 



BISWAS, K 1934. Progress of algological studies in India. Cur/-. Sc/., 3:237-241. 

BISWAS, K. 1945. A general review of the marine algae of the western coast of India. Jour. 
Bombay nat. Hist. Soc. 45:515-530. 

BLACK, W. A. P. 1954. Constituents of the marine algae. Ann. Rep. Chem. Soc. 50:322-335. 

BLANCO, G. J. 1973. Status and problems of coastal aquaculture in the Philippines. In: Coastal 
Aquaculture in the Indo-Pacific Region (Ed. T. V. R. Pillay) F. A. 0. Fishing News (Books) 
Ltd., pp. 60-67. 

BLUNDEN, G., C. J. BARWELL, K. J. FIDGEN AND K. JEWERS. 1981. A survey of some British 
marine algae for anti-influenza virus activity. Bot. Mar., 14 (5) 267-272. 

BOERGESEN, F. 1930. Some Indian green and brown algae especially from the shores of the 
Presidency of Bombay. Jour. Indian bot, Soc, 9:151 -174. 

BOERGESEN, F. 1931. Some Indian Rhodophyceae especially from the shores of the Presidency 
of Bombay—I. Kew. Bull.. No . / : 1-24. 

BOERGESEN, F. 1932a. Some Indian Rhodophyceae especially from the Presidency of 
Bombay—II. Kew. Bull., No. 3: 113-134. 

BOERGESEN, F. 1932 b. Some Indian green and brown algae especially from the Presidency 
of Bombay. Jour. Indian, bot. Soc, 11: 51-70. 

BOERGESEN, F. 1933 a. Some Indian Rhodophyceae especially from the Presidency of 
Bombay 111. Kew. Bull., No. 3: 113-142. 

BOERGESEN, F. 1933 b. Some Indian green and brown algae from the Presidency of Bombay. 
Jour. Indian bot. Soc, 12. 1-16. 

BOERGESEN, F. 1934 a. Some Indian Rhodophyceae especially from the Presidency of 
Bombay-IV. Kew. Bull., No. 4: 1 -30. 

BOERGESEN, F. 1934 b. Some marine algae from the northern part of the Arabian Sea with 
remarks on their geographical distribution. Kgl. Dansk. Vidensk. Selskab. Biol. Meddel.-
11 (6):1-72. 

BOERGESEN, F. 1935. A list of marine algae from Bombay. Kgl. Dansk. Vidansk. Sslskab Biol 
Meddel., /2 (2): 1-64. 

BOERGESEN, F. 1937 a. Contributions to a South Indian Marine Algal f lora-1. Jour. Indian 
bot. Soc, 16: 1 -56. 

BOERGESEN, F. 1937 b. Contributions to a South Indian Marine Algal flora-11. Jour. Indian bot. 
Soc. 16: 311-357. 

BOERGESEN, F. 1938. Contributions to a South Indian Marine Alga! flora-Ill. Jour. Indian bot. 
Soc. 17: 205-242. 

BOKIL, K. K., V. C. MEHTA AND D. S. DATAR. 1972. Seaweed as manure. I l l , Field manurial 
trials on Pennisetum typhoides S. H. (Pearl Millet) and Arachis hypogea (Groundnut). 
Bot. Mar.. 15 (3): 148-150. 

BULLETIN 41 83 



BOKIL, K. K., V. C. MEHTA AND D. S. DATAR. 1974. Seaweed as manure: I I . Pot culture 
manurial experiments on wheat. Phykos, 7 3 ( 1 ) : 1 5 

BOSE, J . L., KARIMULLAH AND S. SIDDIQUE. 1943. Manufacture of agar in India. J. Sci. 
Industr. Res., (India) 7: 98. 

BURELLY, P. 1968. Las algues d'eau douce Bou bee et. Cie, Paris. Tomes 1,2 and 3. 

BUKHARI, S. S. AND A. G. UNTAWALE. 1978. Seaweeds as liquid fertilizer and foliar spray. 
Seaweed Res. Util.,3 (1&2): 71-78. 

CACCAMESE, S., R. AZZOLINA, G. FURNARI, M. CORMACI AND S. GRASSO. 1980. Ant imi
crobial and antiviral activities of extracts from Mediterranean algae. Bot Mar, 23 {5): 
285-288. 

CACCAMESE, S., R. AZZOLINE, G. FURNARI, M. CORMACI AND S. GRASSO. 1981. Ant imi
crobial and antiviral activities of some marine algae from eastern Sicily. Bot Ma., 24 
(7): 365-367. 

CAMERON, M. C , A. G. ROSS AND E. G. V. PERCIVAL. 1948. Methods of the routine estimation 
of mannitol, alginic acid and combined fucose in seaweeds. Jour. Soc. Chem. Ind. 
London, 67: 161-164. 4 

CHACKO, P. I. AND C. MALU PILLAI. 1958. Studies on util isation of the seaweed resources 
of Madras State. Contr. Mar. Biol. St. Krusadai lslar)d. 6 :1 -12 . 

CHACKO, P. I., S. MAHADEVAN AND R. GANESAN, 1955. A guide to the field study of the > 
fauna and flora of Krusadai Island, Gulf of Mannar. Contr. Mar. Biol. St. Krusadai Island, 
3: 1-16. 

CHADEFAUD, M. 1960. Traite de Botanique, Tome 1, Masson et. cie, Paris. 

CHAKRABORTY, D. 1945. Agar-agar manufacture from Gracilaria confervoides. Jour. Proc. Inst. 
Chem. ( India), 17: 188. 

CHAPMAN, V. J . 1962. The algae, London. 

CHAPMAN, V. J . AND D. J. CHAPMAN. 1975. The algae. English Language Book Society and 

Macmil lan, 497 pp. 

CHAPMAN, V. J . AND D. J . CHAPMAN, 1980. Seaweeds and Their Uses. Third Edition, Chapman 

and Hall, London, pp 62 97. 

CHATURVEDI, D. K., S. S. VERMA AND S. P. KHARE. 1979. Studies on feeding marine algae 

(Gracilaria meal) to laying white leghorn birds, Proc. int. Symp. Marine Algae of the Indian 

Ocean Region, CSMCRI, Bhavnagar, India, p. 51 (Abstract). 

CHAUHAN, V. D. 1970. Variation in alginic acid content wi th growth stages in two species of 
Sargassum. Bot. Mar., 73 (1) : 57-58. 

CHAUHAN, V. D. 1972. Physiological ecology of the early stages of Sargassum swartzii (Turner) 
C. Ag. Bot. Mar. 7 5 ( 1 ) : 49 -51 . 

CHAUHAN, V. D. 1978. Report on the survey of marine algae resources of Maharashtra coast. 

Salt. Res. Ind., 74(1): 1-10. 

84 CMFRI 



CHAUHAN, V D. AND V. KRISHNAMURTHY. 1967. Observations on the output of oospores, their 
l iberation, viabi l i iy and germination in SaAgfassi/m swez/z/V (Turn) C. Ag. Proc. Semi Sea 
Salt and Piants, CSMCRI, Bhavnagar, pp. 197 -20 ' . 

CHAUHAN, V. D. AND V. KRISHNAMURTHY. 1968. An estimate of algin bearing seaweeds in the 
Gulf of Kutch. Curr. Sci 37: 648. 

CHAUHAN, V. D. AND 0. P. MAIRH. 1978. Report on the survey of marine algae resourcss of 

Saurashtra coast, India. Sa/r /?es. / /70 ' . , /4 (2 ) : 21 -41 , 

CHAUHAN, V. D. AND H V. JOSHI. 1979. Effect of lndole-3-Acetic acid and Gibberellic acids on 
the early growth of Sargassum. Proc. Int. Seaweed Symp. Marine Algae of the Indian Ocean 
Region. CSMCRI, Bhavnagar, India, p. 23 (Abstract). 

CHEN, T. P. 1976. Culture of Gracilaria. \n : Aquaculture practices in Taiwan. Page Bros 
(Norwich) Ltd. pp. 145-149. 

CHENNUBHOTLA, V. S. K. 1976. Seaweed Culture. Indian Science Congress 63rdSession, Waltair 

{Abstract). 

CHENNUBHOTLA, V. S. K. 1977. Food from the sea: food from the seaweeds. Seafood Export 

Jour., 9 (3): 1-4. 

CHENNUBHOTLA, V. S. K., M'. NAJMUDDIN AND BIDYADHAR NAYAK. 1977 a. A comparative 

study of the yield and physical properties of agar-agar from different blends of seaweeds. 

Seaweed Res. Util., 2 (2): 87-90. 

CHENNUBHOTLA, V. S. K., S. KALIMUTHU, N. KALIAPERUMAL AND J . R. RAMALINGAM. 
1977 b. Studies on the growth variation, aiginic acid and mannitol contents in Padina 
gymnospora (Kuetzing) Vickers. Seaweed Res. Util.. 2 (2) : 91-94. 

CHENNUBHOTLA, V. S. K., S. KALIMUTHU, M. NAJMUDDIN AND M, SELVARAJ. 1977 c. Field 

culture of Gelidiella acerosa in the inshore waters of Gulf of Mannar. Supplement to Jour. 

Phycol. Vol. 13, Abstract No. 454. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL AND S. KALIMUTHU. 1978 a. Culture o\ Gracilaria 

erft///5 in the inshore waters of Gulf of Mannar (Mandapam). Indian J. Fish., 25 {\ & 2): 

228-229. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL AND S. KALIMUTHU. 1978 b. Seasonal changes 
in growth, fruit ing cycle and oospore output in Turbinaria conoides (J . Ag.) Kuetzing. 6ot. 
IVIar., 21 (1): 67-69 

CHENNUBHOTLA, V. S. K., KALIMUTHU, M. NAJMUDDIN, R. PANIGRAHY AND M. SELVARAJ. 

1979. Seasonal variation in growth, yield of agar-agar and its physical properties in some 

agarophytes of Tamil Nadu Coast. Proc. Int. Symp. Marine Algae of the Indian Ocean 

Region. CSMCRI, Bhavnagar, India p. 41 (Abstract). 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL AND S. KALIMUTHU. 1981. Seaweed recipes 

and other practical uses of seaweeds. Seafood Export Jour., 75 (10) : 9-16' 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL, S. KALIMUTHU, M. SELVARAJ, J . R. 

RAMALINGAM AND M. NAJNUDDIN. 1982. Seasonal changes in growth and aiginic 

BULLETIN 41 85 



acid and mannitol contents in Sargassum ilicifolium (Turner) J. Agardh and S. myrio-
cystum J. Agardh. Indian J. Mar. Sci., 11 (2): 195-196. 

CHENNUBHOTLA, V. S. K. 1981. Status of seaweed industry in India. U N D P Report on the 
Training Course on Gracilaria aigae of the South China Sea Fisheries Development 
and co-ordinating Programme, Manila, Philippines. No SCS/Gen/81/29: 139-145. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL, S. KALIMUTHU AND PVR. NAIR. 1983. 
Biology of the economically important Indian seaweeds. Collected Abstracts of the 
International Seaweed Symposium, Qingdao, China. 

CHENNUBHOTLA, V. S. K , S. KALIMUTHU, M. NAJMUDDIN, R. PANIGRAPHY AND 
M. SELVARAJ. 1986. Changes in growth and phycocolloid content of Gelidiella 
acerosa and Gracilaria edulis. Seaweed Res. Utiln. 5 (1 & 2) : 45-48. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL, J. R. RAMALINGAM AND S. KALI VIUTHU. 
1986 Growth, Reproduction and spore output in Gracilaria foliifera (Forskkal) 
Boergesen and Gracilariopsis sjoestedtii (Kylin) Dawson around Mandapam. Indian 
J. Fish. 53 (1): 76-84. 

CHENNUBHOTLA, V. S. K., S. KALIMUTHU AND M. SELVARAJ. 1986. Seaweed cul ture-
its feasibility and industrial utilization Proc. Symp. Coastal Aquaculture 4: 1206-1209. 

CHENNUBHOTLA, V. S. K., B. S. RAMACHANDRUDU, P. KALADHARAN AND S. K. DHARMARAJ. 
1987. Seaweed resources of Kerala coast. Seminar on Fisheries Research and 
Development in Kerala. Trivandrum (Abstract). 

CHENNUBHOVLA, V. S. K., M. NAJMUEDIN, J. R. RAMALINGAM AND N. KALIAPERUMAL. 
1987. Biochemical composition of some marine algae of Mandapam cost (South 
India). Symposium on Research and Development in Marine Fisheries. Mandapam 
camp. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL AND M. S. RAJAGOPALAN. 1987. Seaweed 
culture in india—An appraisal. Ibid. 

CHIDAMBARAM, K. AND M. M. UNNY. 1947. Note on the value of seaweeds as manure. 
Madras Agri. Jour. (July). 

CHIDAMBARAM, K. AND M. M. UNNY. 1953. Note on the value of seaweeds as manure. 1st 
Int. Seaweed Symp., pp. 67-68. 

CHRISTENSEN, T. 1962. Alger. In systematisk Botanik (Ed. T. W. Bocher, M. Lange and 
T. Sorenson) Vol.2. No. 2. Munkagaard, Copenhagen. 178 pp. 

DAVE, H. M., V. SITAKARA RAO AND U. K. TIPNIS. 1969. Iodine content of marine algae from 
Saurashtra coast. Phykos, 8: 68-70. 

DAVE, M.J. AND R. G. PAREKH. 1975. Protein content of green seaweeds from Saurashtra 
coast. Salt. Res. Indi., 11 (2): 41-44. 

DEVE, M. J. , S. K. GARG AND E. R. R. IYENGAR. 1977. Assessment of the possibility of 
seaweeds to be utilised as supplementary animal feed. Sa/r/?es.//7c/., 13(1&2): 33-40. 

86 CMFRI 



DAVE, M. J . , R. G. PAREKH, S. K. GARG AND D. J. METHA. 1979. Preparation of seaweed 

meal for the feeding of farm animals. Salt Res. Ind., 15 (2) ; 34-38. 

DAVIDSON, F. E. 1950, The effect of auxin on the growth of marine algae. Amer Jour. Bot., 

57. '502-510. 

DAWSON, E. Y. 1966. l\/larine Botany: An introduction. Holt, Rinehart and Winston Inc, New York. 
371 pp. 

DE JUSSIEU, A. L. 1 789. Genera plantarum secundum ordines naturales disposita, Paris. 498 pp. 

DESAI, B. N. 1967. Seaweed resources and extraction of alginate and agar. Proc. Semi 

Sea Salt and Plants. CSMCRI, Bhavnagar, pp. 343-351. 

DEVEAU, L. E. AND J. R. CASTLE. '979 . The industrial development of farmed marine algae. The 

case history or Euctienuma in the Philippines and USA. In: Advances in Aquaculture 

(Ed. T. V. R. Pillay and Wm. A. Dil l) F. A. 0 . Fishing News Books Ltd. England, 

pp 410-415. 

DHANDUKIA, M. M. AND R. SESHADRI. 1969. Arsenic content in marine algae. Pfiykosa, 

8: 108-111. 

DHARGALKAR, V. K. 1979. Biochemical studies on Ulva reticulata Forsskal. Proc. Int. Symp. 

Marine Algae of the Indian Ocean Region, CSMCRI, Bhavnagar, p. 40 (Abstract) 

HARGALKAR, V, K., T. G. JAGTAP AND A. G. UNTAWALE. 1980. Biochemical constituents of 

seaweeds along the Maharashtra coast. Indian. J. Mar. Sci.. 2 ( 4 ) : 297-299. 

DHARGALKAR, V. K., V. V. AGADI AND A. G. UNTAWALE. 1981. Occurrence of Porphyra 

vietnamensis (Bangiales, Rhodophyta) along the Goa coast. Mahasagar, 14 (1); 75-77. 

DIXIT, S. C. 1964. Species list of Indian marine algae determined by Boergesen. J. Uni. Bombay. 
32 (2 -5 ) : 1-23. 

DIXIT, S. C. 1968. Species list of Indian marine algae- II J. Univ. Bombay, 36 (3-5): 9-24. 

DODGE, J . D. 1969. A review of the f ine structure of algal eye spots. Br phycol. J. 4 

199-210 

DOSHI, Y. A. AND P SREENIVASA RAO. 1967 a. Stable agar by gamma irradiation Nature' 

216: 931 . 

DOSHI, Y. A. AND P. SREENIVASA RAO. 1967 b. Radiation induced enhancement of gel 

strength in red seaweeds. Indian Jour Chem., 5: 342-343. 

DOSHI, Y. A., P. V. RAJU AND P. SREENIVASA RAO. 1968. A relation between the sulphate 

content in red seaweeds and the gel strength of agar. Sci. Cul., 34: 493. 

DOUGHERTY, E.G. AND ALLEN, M. B. i960 . In: Comparative biochemistry of photoreactive 

systems (Ed. M. B Al len). Academic Press, New York and London, pp. 129-143. 

DURAIRAJ, S., K. G. JOSEPH AND M. KINGSLEY LAINE. 1978. Preparation of sodium alginate 

with improved viscosity. Seaweed Res. Util, 3 (1&2) : 5-8. 

^ULLEtlN 41 87 



EICHLER, A. W. 1886. Syllabus der Vorlesunqen uber speciella and Medicinisch-pharmaceutische 
Botanik, 4th Ed. Berlin 

ENDLICHER, S. 1836. Genera plantarum secundum ordines naturales disposita. Vindbonae 

FELDMANN, G. 1963. In Precis de Botanique. (Ed. M. Chadefaud and M. Emberger) Masson 

et. Cie, Paris, pp 83-249. 

FOTT, B. 1959. Algenkunde, Gustav Fisher, Jena. 

FRITSCH, F. E. 1935. The structure arid reproduction of algae, Vol. I. University Press 

Cambridge, pp. 1 - 791 . 

FURUKAWA, A. 1973. Present status of Japanese marine aquaculture \n: Coastal Aquaculture 

in Indu-Pacific Region (Ed. T. V. R. Pil lay). F. A. 0 Fishing News (Books) Ltd., pp, 29-47-

GARBER, P., J . D. DUTCHER, E .G.ADAMS AND J R. SHERMAN. 1958. Protective effects 

of seaweed extracts for chicken embryos infected with influenza B or mumps virus. 

Proc. Soc. Exp. Biol. Med, 99. 590-593. 

GOLDSTEIN, M. E. 1973. Regeneration and vegetative propagation of the agarophyte Gracilaria 
debilis (Forsrkal) Boergesen. (Rhodophyceae) Bot.Mar.,26 (4) : 226-228. 

GOPALAKRISHNAN, P. 1969. Some marine algae from the Gulf of Kutch. Phykos, 8: 61-67. 

GOPALAKRISHNAN, P. 1970. Some observation on the shore ecology of the Okha coast. 

J. mar. biol. Ass. India. 12 (1 & 2) : 15-34. 

GUIST, G.G., C. J. DAWES AND J. R. CASTLE. 1982. Mariculture of the red seaweed, Hypnea 
musciformis. Aquaculture, 28 (3, 4): 375-384. 

HARVEY, W. H. 1836. Algae. In Flora Hibernica, Mackay, J . T . D u b l i n . 

HENRIQUEZ, P., A. CANDIA, R. NORAMBUENA, M. SILVA AND R. ZEMELMAN. 1979. 
Antibiotic properties of marine algae. I I . Screening of Chilean marine algae for 
antimicrobial activity, fior./War, 22 (7): 451-453. 

HORNELL, J . 1918. Report on the further development of fishery resources of Baroda State. 

HUMM, H. J , 1951. The red algae of economic importance. Agar and related phycocolloids. 
In: Marine Products of Commerce (Ed. Tressler, D K,). New York. 

IYENGAR, M. 0 . P. 1957. Algology in progress of science in India. Sn. VI. Botany. Natn. 
Inst. Sci. India. New Delhi: 229-251. 

JAGANNATHAN, V. AND R. VENKATAKRISHNAN, 1979. Nutritional investigations of seaweeds 

in chick ration. Proc. Int. Symp on Marine Algae of the Indian Ocean Region CSMCRI, 

Bhavnagar, India pp. 49-51 (Abstract). 

JAMES, P. S. B. R., V. S. K. CHENNUBHOTLA AND RODRIGO. 1980. Studies on the fauna 

associated with the cultured seaweed Gracilaria edulis. Proc Symp. Coastal Aquaculture, 

M. B. A. I,, Cochin, India, p. I l l (Abstract) 

88 CMFRI 



JOSEPH, I. AND S MAHADEVAN, 1948. Production of agar-agar. Dept Res. Univ. Travancore, 
Rep. for Septen, pp. 55-60. 

JOSEPH, I., K. GANAPATHY AND S RAMAMURTHY. 1948 Recoverable iodine from Indian 
Sargassum. Dept. Res. Univ. Travancore, Rep. for Septen., pp. 60-61. 

JOSHI, A. C. 1949. Indian Botany; present position and prospects. Presidential Address. Four. 
Indian hot. Soc, 28: 1-15, 

JOSHI, H. V. AND V. KRISHNAMURTHY. 1971. The species of £A?fe/-o/no/-p/7a from India Bot. 
J. Linn. Soc. 65 (1): 119-128. 

KALE, S. R. AND KRISHNAIVIURTHY. 1967. Effect of different media on the germlings of 
U/va factuca var. rigida. Pfiy/(os, 6 (1 & 2): 32-35 

KALIAPERUIVIAL, N. AND M. UMAMAHESWARA RAO. 1975. Growth, fruiting cycle and 
oospore output in Turbinaria decurrens Bory. Indian J. Fish., 22 (1 & 2): 225-230. 

KALIAPERUMAL, N. AND S. KALIMUTHU. 1976. Changes in growth, reproduction, alginic 
acid and mannitol contents in Turbinaria decurrens Bory. Bot. l\Aar., 19: 157-159. 

KALIAPERUMAL, N. AND, M. UMAMAHESWARA RAO. 1981. Studies on the standing crop 
and phycocolloid of Gelidium pusillum and Pterocladia heteroplatos Indian J. Bot, 4 
(2): 91-95. 

KALIAPERUMAL, N.AND M. UMAMAHESWARA RAO. 1982, Seasonal growth and reproduction 
of Gelidiopiss variabilis (Greville) Schmitz J, Exp. Mar. Biol. Ecol., 61: 265-270. 

KALIAPERUMAL, N , V. S. K. CHENNUBHOTLA AND S. KALIMUTHU. 1977. Growth, reproduction 
and liberation of oospores in Turbinaria ornata (Turner) J. Agardh. Indian. J. iVIar. Sci., 
6. (2): 178-179. 

KALIMUTHU, S 1980. Variations in growth and mannitol and aiginic acid contents of Sargassum 
myriocystum J, Agardh Indian J. Fish ,27{\ & 2): 265-266. 

KALIMUTHU, S., V. S. K. CHENNUBHOTLA. M. SELVARAJ, M. NAJMUDDIN AND PANIGRAHY, 
1980. Alginic acid and mannitol contents in relation to growth in Stoechospermum 
marginatum (C Agardh) Kuetzing. Indian Fish, 27 (1 & 2): 267-269. 

KANNAN, L. AND K. KRISHNAMURTHY. 1978. A survey of the algae of the Porto-Novo region 
(Coromandel Coast. Bay of Bengal). Seaweed. Res. Util. 5 (1 & 2): 1-4. 

KAPPANNA, A. N. AND V. SITAKARA RAO. 1932. Iodine content of marine algae from Gujarat 
coast. Jour. Sci. Indust. Res. (India), 21: 559-560. 

KAPPANNA, A. N.AND A. VISWESWARA RAO. 1963. Preparation and properties of agar-agar 
from Indian seaweeds. Indian Jour. Tech. 1: 22A. 

KAPPANNA, A. N,, A. VISWESWARA RAO AND I. C. MODY. 1962. Alginic acid content of some 
of the brown seaweeds of Sourashtra coast. Curr. Sci., 31: 463-464. 

KARUNAKAR, P. D., M. S. RAJU AND S. VARADARAJAN. 1948. Manufacture of agar-agar from 
seaweed, Gracilaria lichenoides. Indian Vet. J., 24: 274. 

BJLLETIN 41 89 



KOSHY. T. K. AND C. C. JOHN. 1948. Survey of Grac/'/ar/a resources of Travancore coast. Depf. 
Res Unia. Travancore. Rep. for Septen.. pp 53-55. 

KOW, T. A., Y. S. LING AND T. W. HIN. 1973. Experiments in coastal aquculture in Singapore. 
\n: Coastal Aquaculture in ttie Indo-Pacific Regions (Ed. V. V. R. Piliay) F. A. 0. Fishing 
News (Books) Ltd., England pp. 375-383. 

KRISHNAMURTHY, v. 1967. Marine algal cultivation-necessity, principles and problems. Proc, 
Semi. Sea Salt and Plants CSMCRI, Bhavnagar. pp. 327-333. 

KRISHNAMURTHY, V. 1980. The marine algae of Tiruchendur, South India. Seaweed Res. Util., 
4(1) : 49-58. 

KRISHNAMURTHY, V. AND H. V. JOSHI, 1969. The species of Uiva Indian waters. Bot J. Linn. 
Soc.62: 123-130. 

KRISHNAMURTHY, V. AND H. V. Joshi. 1970. A Check-list of Indian Marine Algae, CSMCRI, 
Bhavnagar. pp. 1-36. 

KRISHNAMURTHY, V. R.VENUGOPAL. J. G. THIAGARAJ AND H. N. SHAH. 1957. Estimating 
drift seaweeds on the Indian coasts. Proc. Semi. Sea Salt and Plants, CSMCRI, Bhavnagar, 
pp. 315-320. 

KRISHNAMURTHY, V., P. V. RAJU AND R. VENUGOPAL. 1969. An aberrant life history in 
Gracilaria edulis (Gme\.) SWva and Gracilaria corticata J. Ag. Curr. Sc/., 5S (14): 343-344. 

KRISHNAMURTHY, V., P.V. RAJU AND P. C. THOMAS. 1975. On augmenting seaweed resources 
of India. J mar biol. Ass. India., 17. (2): 181-185. 

KUROGI, M. 1963. Recent laver cultivation in Japan. Fisfiing News Intl., 2 (3): 269-274. 

LANGALIA, J. K., K. SESHADRI AND D. S. DATAR. 1967. The alkali contents of the marine 
algae. Proc. Semi Sea. SaJt and Plants, CSMCRI, Bhavnagar pp. 289-295. 

LEVRING, T., H. A. HOPPE AND 0. J. SCHMID. 1969. Marine Algae. A survey of Research and 
Utilization. Gram, be Gruyter & Co., Hamburg, pp. 1-421. 

LEWIS, E. J. 1962 a. Studies on the proteins, peptides, and free aminoacid contents in some 
species of Padina from south-eastern coast of India. Curr Sci, 31. 90-92, 

LEWIS, E. J 1962 b. Studies on the proteins peptides and free aminoacid contents in some 
species of brown algae from south-eastern coast of India. Rev. Algol., 6: 209-216. 

LEWIS, E. J. 1963 a. Studies on the proteins, peptides and free aminoacid contents in some 
species of marine algae from south-eastern coast of India. Rev., Algol., 7: 15-25. 

LEWIS, E. J. 1963 b. The proteins, peptides and free aminoacid composition in species of 
Acanthophora from south east coast of India Rev., Algol., 7: 237-241 

LEWIS, E. J. 1963 c. Studies on the proteins, peptides and free aminoacid contents in some 
species of red algae from south-eastern coast of India. Proc. natn. Inst. Sci. India, 29-
137-145. 

LEWIS, E. J. 1963 d. Studies on fortnightly analysis of the proteins, peptides and free aminoacids 
in some marine algae from Bombay. Proc. natn. Inst. Sci. India, 29: 363-286. 

90 CMFRI 



LEWIS, E. J. 1967. A review of protein, peptide, and free aminoacid contents of Indian Marine 
Algae. Proc. Semi. Sea Salt and Plants, CSMCRI, Bhavnagar, pp. 296-308. 

LEWIS, E. J. AND E. A. GONZALVES. 1959 a. Studies on the free aminoacid contents of some 
marine algae from Bombay, Jour. Univ. Bombay, 28: 1-5. 

LEWIS, E. J. AND E. A. GONZALVES. 1959 b. Aminoacid contents of the erect and creeping fronds 
of species of Caulerpa from Bombay. Jour. mar. biol. Ass. India, 1: 54-56. 

LEWIS, E. J. AND E. A. GONZALVES. 1959 c. Studies on the free aminoacid contents of species 
of Caulerpa from Bombay. Jour, mar biol Ass. India, 1: 203-205. 

LEWIS, E J. AND E. A. GONZALVES. I960. Aminoacid contents of some marine algae from 
Bombay. New Phytol, 59. 109-115. 

LEWIS, E. J. AND E. A. GONZALVES 1962 a. Studies on the protein, peptide and free aminoacids 
in cystocarpic and tetrasporic plants of Agardhiella roubusta from Bombay. New Phytol., 
61: 288-290. 

LEWIS, E. J. AND E. A. GONZALVES. 1962 b. The protein, peptide and aminoacid contents of 
some species of marine algae from Bombay. Mn. Bot. N. S., 26. 301-316. 

LEWIS, E. J. AND E. A. GONZALVES. 1962 c: Periodic studies of the proteins, peptides and free 
aminoacid \n Enteromorpha prolifera, f. capillaris and Ulva lactuca var. rigida. Ann. Bot. 
N.S.. 26:ZM-Zn. 

LING, S. W. 1973. A review of the status and problems of coastal aquaculture in the Indo-Pacific 
Region. \n. Coastal Aquaculture in the Indo-Pacific Region. (Ed T. V. R. Pillay) F. A. 0. 
Fishing News (Books) Ltd.. pp. 2-25. 

LINNAEUS, C. 1754. Genera plantarum. Holmiae. 500 pp 

MAHONTY, C. B. 1956. Fishery byproducts industry in India—Seaweeds, in : Progress of Fisheries 
Development in India-Cultack. 

MAIRH, 0. P. 1982. Seasonal variation in alginic acid and viscosity of sodium alginate from a 
brown alga Cystoseira indica (Thivy et Doshi) Mairh, from Port Okha Seaweed Res Util., 
2 ( 1 ) : 43-46. 

MAIRH, 0. P. AND V. KRISHNAMURTHY. 1968. Observations on the germination of spores and 
growth of germlings in a Cystoseira. Jour. Indian bot. Soc. 47: 256-263. 

MAIRH, 0. P. AND P. SREENIVASS RAO. 1978. Culture studies on Gelidium pusillum (Stack). 
Le Jolis. fior./War, 27 (3) : 169-174. 

MAIRH, 0. P., P.C.THOMAS, B. K. RAMAVAT AND P. SREENIVASA RAO. 1979. Fertilizer 
pellets and their application in the field cultivation of Gelidiella acerosa (Forssk.) Feld et 
Hamel. Proc. Int. Symp. Marine Algae of Indian Ocean Region, CSMCRI, Bhavnagar, India. 
Abstract No. 12. 

MATHIESON, A. C. 1969. The promise of seaweed. Oceanology Intl., Jan/Eeb. 1969. pp, 37-39. 

MEHTA, B. R. AND R. G. PAREKH. 1978. Mannitol content in brown algae of the coast of 
Sourashtra. Bot. Mar, 21 (4) : 251-252. 

BtilUETIN 41 91 



MEHTA, V. C, B. S. TRIVEDI, K. K. BOKIL AND M. R. NARAYANA. 1967. Seaweeds as manure: 
I- Studies on nitrification. Proc. Semi. Sea Salt and Plants. CSMCRI, Bhavnagar pp. 
357-365. 

IVIICHANEK, G. 1975. Seaweed resources of the Ocean, F. A. 0, Fish. Tech. Rep. No. 138. pp 
1-126. 

MISRA, J . N. 1966. Phaeophyceae in India. I. C. A R. New Delhi, pp. 1-203. 

IVIITRA, G. 1946. Development of Chilka Lake, Cuttacl< 

MIURA, A. 1975. Porphyra cultivation in Japan. \r\: Advance of phycology in Japan. (Ed. J. 
Tokida AND H. Hirose) Dr. W. Jung b. v. Publishers, The Hague, pp. 273-304. 

MOHAN JOSEPH, M. AND V. KRISHNAMURTHY. 1977. Studies on the shedding of carpospores 
in Gracilaria corticata J. Ag. Seaweeds Res Util., 2(1) : 1-8. 

MURTHY, M. S. AND P. RADJA. 1978. Eco-biochemical studies on some economically important 
intertidal algae from Port Okha (India). Bot. Mar., 21 (7) : 417-422. 

NAQVI, S. W. A ,MITTAL, S. Y. KAMAT, SOLIMABI AND C V. G REDDY. 1979. Bromine content 
in some seaweeds of Goa (central west coast of India). Bot. Mar., 22 (7) : 455-457. 

NAQVI, S. W. A., SOLIMABI, S. Y. KAMAT, L FERNANDES AND C. V. G. REDDY. 1931. Scree-
ning of some marine plants from the Indian coast for biological activity. Bot. Mar., 24 
(1) : 51-55. 

NEELA, M. V. 1956. Analysis of seaweeds. Home. Sci. Bull. Women's Christian Coll.. Madras. 

NEISH, I. C. 1979. Developments in the culture of algae and seaweeds and the future of the 
industry. In : Advances in Aquaculture (Ed. T. V. R. Pillay and Wm. A. Dill) FAO Fishing 
News (Books) Ltd. England pp. 395-402. 

OZA, R. M. 1971. Effect of lAA on the growth of fragment of Gracilaria corticata, J. Ag, Seaweed 
Res. Util., 1 : 48-49. 

OZA, R. M. 1978. Studies on Indian Gracilaria. \l. Seasonal variation In agar and gel strength of 
Gracilaria corticata. J. Ag. occurring on the coast of Veraval. Bot. Mar., 27 (3) : 165-167. 

OZA, R. M. AND V. KRISHNAMURTHY. 1968. Studies on carposporic rhythm of Gracilaria 
verrucosa (Huds) Papenf. Bot. Mar.. 11 (1-4) : 118-121. 

OZA, R. M. AND P. SREENIVASA RAO. 1977. Effect of different culture media on growth and 
sporulation of laboratory raised germlings of Ulva fasciata Bot. Mar., 20 (7):427-AS]. 

PAPENFUSS, G. F. 1955. Classification of the algae. In: A Century of Progress in the Natural 
Sciences, 1853-1953. Calif. Acad. Sci. San Francisco, pp. 115-224. 

PAREKH, R. G. AND VISWESWARA RAO. 1964. Extraction of bulk proteins from the green 
seaweed, Ulva rigida. Indian Jour. Tech., 2: 387. 

PAREKH, R. G, L. V. MARU AND M.J.DAVE. 1977. Chemical composition of green seaweeds 
of Saurashtra Coast. Bot. Mar. 20 (6): 359-362. 

PARIJA, P AND B. PARIJA. 1946. Algal succession on a rocky island named Charai Guha 
in the Chilka Lake. Jour. Indian bot. Soc. (M. 0. P. Iyengar Commemo. Vol.) pp. 375-379. 

92 CMFRl 



PARKER, H. S. 1974. The culture of red algal genus Eucheuma in the Philippines Aquaculture, 
3 (4): 425-439. 

PASCHER, A. 1914. Ber. dtsch. bot. Ges. 32,136. 

PATEL, B. A. AND G. V. JOSHI. 1967. SeasonI variations in chemical composition in Ulva 
lactuca and seawater. Indian. Jour. exp. Biol., 5: 236-238. 

PATEL, J. B., B. V. GOPAL, V. R. NAGULAN, K. SUBBARAMAIAH AND P. C. THOMAS. 1979. 
Experimental field cultivation of Gelidiella acerosa at Ervadi, India. Proc. Int Symp. 
Marine Algae of the Indian Ocean Region, CSMCRI, Bhavnagar, India, pp. l^-lb 
(Abstract). 

PATEL, J. B., B. V. GOPAL. V. R. NAGULAN, K SUBBARAMAIAH AND P. C. THOMAS, 1980. 
Experimental field cultivation of Gelidiella acerosa at Ervadi, India. Symp. Coastal 
Aquaculture, Marine Biological Association of India, Cochin p. 189 (Abstract). 

PERCIVAL, E. 1968. Marine algal carbohydrates. Oceanogr. Mar. biol. Ann. Rev., 6: 137-161. 

PILLAI, V. K. 1955 a. Observations on the ionic composition of bluegreen algae growing in saline 
lagoons. Proc. nitn. Inst. Sci. India, 21: 90-102. 

PILLAI, v. K., 1955 b. Utilization of natural byproducts for the cultivation of blue-green algae. 
Curr. Sci., 24: 21. 

PILLAI, V. K. 1955 c. Water soluble constituents of Grac//ar/a//c/?e/70/rfes. Jour. Sci- Indust. Res. 
(India), 14B.W1ZM1. 

PILLAI, v. K 1956. Chemical studies on Indian seaweeds. I: Mineral constituents. Proc. Indian 
Acad. Sci., B. 44: 3-29. 

PILLAI, V. K. 1957 a. Chemicalstudiosonlndianseaweads.il: Partition of Nitrogen. Proc. Indian 
Acad. Sci.. B 45: 43-63. 

PILLAI, V. K. 1957 b. Chemical studies on Indian seaweeds. Ill: Partition of Sulphur./'roc, Indian 
Acad. Sci.. B 45: 101-121. 

PILLAI, V . K . I 957 c. Alginic acid from Sa/"fliassu/77 seaweeds, Res. Ind. 2. 70-T\. 

PILLAI, V. K. 1964. Studies on the use of alginates in frozen fishery products. Fishery. Tech. 
; : 176-179. 

PRESCOTT, G. W. 1968. The algae: A review. Haughton Mifflin Co., Boston 436 pp. 

PROVASOLI, L. 1957. Effect of plant hormones on Ulva. Biol. Bull.. 114: 375-384. 

QASIM, S. Z. AND M. V. M. WAFAR. 1979. Occurrence of living corals at several places along 
the west coast of India. Mahasagar. 72 (1): 53-58. 

RAGOTHAMAN, G. 1979. Littoral algal survey of south Gujarat coast (Devka, Golvad and 
Daman), Proc. Int. Symp. Marine Algae of the Indian Ocean Region CSMCRI, Bhavnagar, 
India, p. 6 (Abstract). 

9ULLETIN 41 9 3 

http://Chemicalstudiosonlndianseaweads.il


RAJU, p. V. 1971. The effect of in situ application of growth hormones and fertilizers on photo-
synthetic c'* incorporation in some marina algae. Bot. Mar. 14 (2): 129-131. 

RAJU, P. V. AND P. C. THOMAS. 1971. Experimental field cultivation of Gracilaria, edulis (Gmel). 
Silva. Bot Mar., 14(2): 71-75. 

RAJU, P. V. AND R. VENUGOPAL. 1971. Appearance and growth of Sargassum plagiophyllum 
(Mart.) C. Ag. on a fresh substratum. Bot. Mar. /4 (1): 36-38. 

RAMA RAO, K. 1970. Studies on growth cycle and phycocolloid content in Hypnea musciformis 
(Wulf.) Lamour. Bot. Mar.. 13 (2): 163-165. 

RAMA RAO, K. 1979. Studies on Indian H/pri93ceaa—V. Spores and natural propaguies in the 
selected species of Hypnea. the potential Indian Carrageenophyte, for its field cultivation. 
Proc. Int Symp. Marine Algae of the Indian Ocean Region. CSMCRI, Bhavnagar. India, 
pp 30-31 (Abstract). 

RAMA RAO, K AND V. KRISHNAMURTHY. 1968. Study of the preparation and properties of 
phycocolloid from Hypnea musciformis (Wulf.) Lamour. from Veraval, Gujarat coast, Bot. 
Mar.,11:\2Q-\ZZ. 

RAMA RAO, K. AND P. C. THOMAS. 1974. Shedding of carpospores in Gracilaria edulis (Gmel.) 
Silva. Phykos. 13 (1) : 54-59. 

RAMA RAO, K. AND V. KRISHNAMURTHY. 1978. Studies on Indian Hypneaceae. I. Seasonal 
variation in phycocolloid content in two species of Hypnea (Gigartinales, Rhodophyceae). 
Bot. Mar.. 21 (4): 257-259. 

RAMA RAO, K. AND K. SUBBARAMAIAH 1980. A technique for the field cultivation of Hypnea 
musciformis (Wulf.) Lamour., a carrageenophyte. Symp. Coastal Aquaculture. M. B. A. I., 
Cochin, India, p. 189 (Abstract). 

RANDHAWA, M. S. 1930, Historical review. Address; in: Proc. Symp. Algology. ICAR, New Delhi, 
pp. 4-24. 

ROUND, F. E. 1973. The Biology of the Algae, Edward Arnold, Londbn-278 pp. 

RYTHER, J. H. 1968 a. Porphyra (Nori) culture in Japan. The status and potential of aquaculture 
particularly invertebrate and algae culture. Part II. Invertebrate and algae culture. 
(Reproduced by National Technical Service, Springfield. Va. 22151). pp. 228-241. 

RYTHER, J. H. 1968 b. fy/7£/a/-/a culture in Japan. The status and potential of aquaculture; parti
cularly invertebrate and algae culture. Part II. Invertebrate and algae culture (Reproduced 
by National Technical Information Service, Springfield. Va. 22151). pp. 242-248. 

SADASIVAN PILLAI, K. 1961. Alginic acid from Sargassum seaweeds of Indian coasts—Its 
extraction on a cottage industry basis. Chemical age of India, 12 : 425-430. 

SADASIVAN PILLAI, K. AND N. S. VARIER. 1952. Studies on the structure of alginic acid from 
the Sargassum seaweeds of Cape Comorin. Jour. Proc. Inst. Chem., (India), 24 : 205. 

SAITO, Y. 1975, Undaria. In : Advance of Phycology in Japan (Ed. J. Tokida and H. Hirose) 
Dr. W. Jung b. v. Publishers, The Hague, pp. 304-320. 

94̂  CMFRl 



SAITO, Y. 1979. Seaweed aquaculture in the North West Pacific. In :/4£/i/a/7ce/>? Aquaculture 
(Ed. T. V. R. Pilly and Wm. A. Dill). F. A. 0. Fishing News (Books) Ltd. England, pp. 
402-410. 

SARMA, Y. S. R. K. AND M. KHAN. 1980. Algal taxonomy in India. Botanical records and 
monogfaphs-2. Today and Tomorrow's Printers and Publishers, New Delhi, pp. 1 -153. 

SHAH, H. N. AND A. V. RAO. 1969. Recovery of mannitol from Indian brown seaweeds. Res. 
//jc/., 74(3) : 117-119. 

SHAH, H. N., I. A. IVIody and A. VISWESWARA RAO. 1967. Seasonal variation of viscosity of 
sodium alginate from Sargassum species and the preparation of high viscosity alginates, 
Indian Jour. Tech., 5 : 269-270. 

SITAKARA RAO, V. AND U. K. TIPNIS. 1964. Protein content of marine algae from Gujarat coast. 
Curr. Sci.. 35.- 16-17. 

SITAKARA RAO, V. AND U. K. TIPNIS 1967. Chemical composition of marine algae from Gujarat 
coast. Proc. Semi. Sea Salt and Plants, CSMCRI, Bhavnagar, pp. 277-288. 

SMITH, G. A. 1955. Cryptogamic Botany: Vol. I. Mc Graw Hill Book Co., New York. 546 pp. 

SOLIMABi AND S. W. A, NAQVI. 1975. Alginic acid content of some brown seaweeds of Goa 
MatiasagarS (1 & 2) : 97-99. 

SOLIMABI AND B. DAS. 1977. Distribution of iodine in marine algae of Goa region. Indian J. 
mar. Sci., 5 (2 ) : 180-181. 

SOLIMABI, B. DAS, S. Y. KAMAT, L. FERNANDES AND C. V. G. REDDY. 1980. Seasonal changes 
in carrageenan and othsr biochemical constituBnts of H/pnaa musciformis. Indian. 
J. ma/. Sc/..S (2): 134-136. 

SOLIMABI, B. DAS, P. K. MITTAL AND S. Y. KAMAT, 1981. Bromine and iodine contents in 
sponges and algae of the Andaman Sea. Indian J. mar. Sci., 10 (3): 301-302. 

SREENIVASA R^O, P. 1967. Laver cultivation in Japan. Salt Res. Ind., 4 (4): 141-144. 

SREENIVASA RAO, P. 1969. Systematics, ecology and life history of Indian Gelidiales with 
special reference to agarophyte Gelidielia acerosa (Forsskal) Feldman et Hamel. Salt 
Res. Ind.. 6: 46-47. 

SREENIVASA RAO, P. 1970. Systematics of Indian Gelidiales. Phykos. 9: 63-78. 

SREENIVASA RAO, P. AND S. R. KALE. 1969 Marina algae from a little known place of Gujarat 
coast I. Algae from Gopnath. Phykos, 8: 71-82. 

SREENIVASA RAO, P. AND Y. A. Shelat. 1979. Antifungal activity of Indian seaweed extracts. 
Proc. Int. Symp. Marina Algae of the Indian Ocean Region. CSMCRI, Bhavnagar, India, 
p. 47 (Abstract). 

SREENIVASA RAO, P. AND K. S. PAREKH. 1981. Antibacterial activity of Indian seaweed 
extracts. Bat Mar., M (11): 577-582. 

SREENIVASA RAO, P., E. R. R. IYENGAR AND F. THIVY. 1964. Survey of algin bearing seaweeds 
at Adatra reef, Okha. Curr. Sci 33: 464-465. 

RULLETIN 41 95 



SREENIVASA RAO, p., H. H. PAREKH, B K. RAMAVAT AND S. B. BHATT. 1979 a. Preparation 
and properties of liquid seaweed fertilizer. Proc. Int. Symp. Marine Algae of the Indian 
Ocean region. CSIViCRI, Bhavnagar, India p. 57 (Abstract). 

SREENIVASA RAO, P , S. J. TARWADE, K, S. R SARIVIA, K. ANJANEYULU AND H. M. IViODY, 
1979 b. Seaweed as a source of energy: Production of fuel gas from seaweed, Sargassum. 
Proc. Int Symp. Marine Algae of the Indian Ocean Region, CSMCRI, Bhavnagar, India. 
p. 56 (Abstract). 

SREENIVASA RAO, P., K. S. PAREKH AND H. H. PAREKH. 1979 c. Antibacterial activity of 
different fractions of seaweed extracts. Proc. int. Symp. Marine Algae of the Indian Ocean 
Region, CSMCRI, Bhavnagar, India, p. 47 (Abstract). 

SREENIVASA RAO, P, K. S. PAREKH, H. H. PAREKH, S. B. TRIVEDI AND B. A. DAVE. 1979 d. 
Effect of seaweed extracts on MKcoAaciTe/'/u/n mAez-cu/os/s. Proc. Int. Symp. Marine Algae 
of the Indian Ocean Region, CSMCRI, Bhavnagar, India, p. 47 (Abstract). 

SRINIVASAN, K. S. 1946. Ecology and seasonal succession of the marine algae at Mahabalipuram 
(Seven Pagodas) near Madras. Jour. Indian, hot. Soc. (M. 0. P. Iyengar commemo. Vol ) 
pp.267-278. 

SRINIVASAN, K. S. 1930, Distribution patterns of marine algae in Indian seas Proc. Symp. 
Algology, ICAR, New Delhi, pp. 219-242. 

SRINIVASAN, K. S. 1965. Indian botany in retrospect with particular reference to algal systematics. 
Jour. Asiatic Soc, Bengal, 7: 49-78. 

SRINIVASAN, K. S. 1966. Conspectus of Sargassum species from Indian territorial waters. 
phykos, 5: 127-129. 

SRINIVASAN, R. AND T. SANTHANARAJA. 1967. Studies on the extraction and properties 
of agar-agar from ths seaiwaad Gracilaria spacies in Madras State. Madras Jour. Fish., 
3: 146-151. 

STANFORD, E. C. C. 1883. Chem. News., 47: 254-257, 262-269. 

STANIER, R Y. AND VAN NIEL, C. B. 1962. Bad Rev., 42, 17. 

SUBBARAMAIAH, K. 1937. Ascorbic acid content and growth in Ulva fasciata De\\\e. Phykos, 
6: 115-117. 

SUBBARAMAIAH, K. 1970. Growth and reproduction of Ulva fasciata Delile in nature and 
in culture. Bot. Mar.. 13 {•{)•. 25-27. 

SUBBARAMAIAH, K., AND V. KRISHNAMURTHY. 1967. Laboratory culture of seaweeds. Proc 
Semi. Sea Salt and Plants, CSMCRI, Bhavnagar pp. 321-326. 

SUBBARAMAIAH, K., S. R. KALE AND V. KRISHNAMURTHY. 1967. Gametes and germlings of 
Ulva fasciata Delile. Curr. Sci., 36: 128-129. 

SUBBARAMAIAH, K., K. RAMA RAO, P. C. THOMAS, M. R. P. NAIR, B. V. GOPAL AND V. R. 
NAGULAN. 1975. Cultivation of Gelidiella acerosa. Salt Res. Ind., /7(1) : 33-36. 

96 CMFRI 



SUBBARAMAIAH, K., K. RAMA RAO, M. R. P. NAIR, C. V. S. KRISHNAMURTHY AND M. 
PARAMASIVAM 1979 a. Marine algal resources of Tamil Nadu. Proc. Int. Symp. 
Marine Algae of the \nd\an Ocean Y\eQ\o'n, CSMCRI, Bhavanagar, India, p. 14 (Abstract.) 

SUBBARAMAIAH, K., K. RAMA RAO AND M. R. P. Nair. 1979 b. Marine algal resources of 
Lakshadweep. Proc. Int. Symp. Marine Algae of the Indian ocean Region., CSMCRI, 
Bhavnagar, India, pp. 6-7 (Abstract). 

SUBBA RAO, G. N. 1965. Use of seaweeds directly as human food. Indo-Pacific Fish. Coun. Reg. 
Studies. No. 2: 1-32. 

SUBBA RAO, P. v., K. RAMA RAO AND K. SUBBARAMAIAH. 1977. Screening of certain red 
seaweeds for phycocolloids. Seaweed Res. Util, 2 (2): 82-86 

SUBRAHMANYAN, R. 1967. Methods of assessing seaweed resources and problems. Proc. Semi. 
Sea 5a/r and/'/a/??*, CSMCRI, Bhavnagar. pp. 311-314. 

SUMITRA VIJAYARAGHAVAN, M. D. RAJAGOPAL AND M. V. M. Wafer. 1980. Seasonal 
variations in biochemical composition of seawaads from Goa coast. Indian J. mar. Sci. 
5 ( 1 ) : 61-63. 

TAMIYA, H. 1960. Role of algae as food Proc. Symp Algology. ICAR, New Delhi, pp. 379-389 

TAYLOR, W. R. 1964. The genus 7'w/"i&//7a/"/a in eastern seas. Jour. Linn. Soc. London (Botany), 
55:475-490. 

TEWARI A. 1975. The effect of a morphactin on ths vagatativa growth of Gslidiella aaerosa 
Phykos 74(1 & 2) : 125-128. 

TEWARI, A., M. PRASADARAO AND V. KRISHNAMURTHY. 1963. Chemical composition of a 

species of/'o/p/?//'a from Visakhapatnam. S. India. Curr. Sci., 37; 138. 

THIVY, F. 1952. Investigations of seaweed products in India with a note on properties of various 
Indian agars. Proc. Indo-Paci. Fish. Council, Sec. 2 : 173-175. 

THIVY, F. 1958. Economic seaweeds. In Fisheries of West Coast of India, Bangalore, pp. 74-80. 

THIVY, F. 1960. Seaweed utilization in India. Proc- Symp. Algology, ICAR, New Delhi, pp. 
345-365. 

THIVY F. 1964. Marine algal cultivation. Salt Res Ind., / (1) . 23-28. 

THOMAS, P. C 1977. Seasonal variation in the yield and physical properties of agar-agar from 
Gracilaria verrucosa (Hudson) Papenfuss. Seaweed Res. Util., 2 (2) : 78-81. 

THOMAS, P. C. AND V. KRISHNAMURTHY. 1976. Agar from cultured Gracilaria edulis (Gmel.) 
SWva. Bot. Mar., 19: 115-117. 

THOMAS, P. C, K.RAMA RAO AND K. SUBBARAMAIAH 1975. Periodicity in growth and pro
duction of agar of Gelidiella acerosa (Forssk.) Feldman et Hamel. Indian J. Mar. Sci., 4 
(2) ; 210-212. 

BULLETIN 41 97 

file:///nd/an


UMAMAHESWARA RAO, M. 1969 a Catalague of marine algae in the reference collection of 
the Central Marine Fisheries Research Institute. Bull, cent mar. Fish. Res. Inst, 9 : 37-48. 

UMAMAHESWARA RAO, M 1969 b. Agar and algin yielding seaweeds of \n6\a. Proc. 6th Int. 
Seaweed Symp., pp. 715-721. 

UMAMAHESWARA RAO, M. 1969 c. Seasonal variations in growth, alginic acid and mannitol 
contents oi Sargassum w/ghtii and Turbinaria conoides from the Gulf of Mannar, India. 
Proc. 6th Int Seaweed Symp. pp. 579-584. 

UMAMAHESWARA RAO, M. 1970. The economic seaweeds of India. Bull. cent. mar. Fish. Res. 
Inst. No. 20: pp. 1-68. 

UMAMAHESWARA RAO, M. 1972 a. Coralreef flora of Gulf of Mannar and Palk Bay. Proc. Symp. 
Corals and Coral Reefs (1969). pp. 217-230. 

UMAMAHESWARA RAO, M. 1972 b. On the Gracilariaceae of the seas around India. Jour, mar 
biol. Ass. India. 14 (2) : 671 -696. 

UMAMAHESWARA RAO, M. 1972 c. Ecological observations an some intertidal algae of Manda-
pam coast. Proc. Indian natl. Sci. Acad., 5S B (3 & 4) : 298-307. 

UMAMAHESWARA RAO, M. 1973. The seaweed potential of the seas around India. Proc. Symp 
on Living Resources of the Seas Around India (1968). pp. 687-692. 

UIV*AMAHESWARA RAO, M. 1974. a On the cultivation of Gracilaria edulis in the nearshore areas 
around Mandapam. Cw/T. Sc/,, 43(20) : 660-661. 

UMAMAHESWARA RAO, M. 1974 b. Observations on fruiting cycle, spore output and germination 
of tetraspores of Gelidiella acerosa in the Gulf of Mannar. Bot Mar., 17 (4) : 204-207. 

UMAMAHESWARA RAO, M. 1976. Spore liberation \n Gracilaria corticata J. Agardh growing at 
Mandapam. J. exp. Mar. Biol. Ecol., 21 ; 91—98. 

UMAMAHESWARA RAO, M. 1978. Seaweed resources of Andhra Pradesh. Seaweed Res. Util. 3 
(1 & 2 ) : 51-55. 

UMAMAHESWARA R^O, M. AND T, SREERAMULU. 1963. Vertical zonation and seasonal and 
variation in the growth of Porphyra on Visakhapatnam coast, Curr Sci, 32 : 173-174. 

UMAMAHESWARA RAO, M. AND T. SREERAMULU. 1970. An annotated list of the marine algae 
of Visakhapatnam (India). Bot. Jour. Linn. Soc. 63 : 23-45. 

UMAMAHESWARA RAO, M. AND S. KALIMUTHU. 1972. Changes in mannitol and alginic acid 
contents of Turbinaria ornata (Turner) J. Agardh in relation to growth and fruiting. Bot 
Mar., 15: 57-59. 

UMAMAHESWARA RAO, M. AND N. KALIAPERUMAL. 1976. Some observations on the liberation 
and viability of oospores in Sargassum wightii (Greville) J. Ag. Indian J. Fish., 23 (1 & 2) 
232-235. 

^2 CMFRI 

file:///n6/a


UNNI, C. K. 1967. Natural radioactivity of marine algae. Proc. Semi. Sea Salt and Plants, CSMCRI: 
Bhavnagar. pp. 265-273. 

UNTAWALE, A G. AND V. K. DHARGALKAR. 1975. Report on the seaweed resources of the Goa 
coast. N. I. 0 , Dona Paula, Goa. pp. 1-10. 

UNTAWALE, A. G., N. B. BHOSLE AND V. K. DHARGALKAR. 1977. Properties of phycocolloid 
extraction from seaweeds of Goa. Indian J. mar. Sci., 6 (2) : 181-183, 

UNTAWALE, A. G., V. K. DHARGALKAR, V. V. AGADI AND T. G. JAGTAP. 1979. Marine algal 
resources of the Maharastra coast. Tech. Report. Natl. Inst, of Oceanography, Goa. 48 pp. 

UNTAWALE, A. G, V K DHARGALKAR AND V. V. AGADI. 1983. List of marine algae from India 
N. I. 0 , Dona Paula, Goa. pp. 1-42. 

VALSON, A. P. 1955. Alginic acid content of some of the common seaweeds of the Gulf of 
Mannar area. Curr. Sci, 24: 343-345. 

VARIER, N. S AND K. SADASIVAN PILLAI. 1952. Mannitol fpom Sargwjsa/T? seaweeds. II. Optimum 
conditions for extraction of alginic acid from Sargassum aeaweedsof Cape Gomorin. Bull, 
cent. Res Inst., 2; 39. 

VARMA, R. P. 1960. Flora-of the pearl beds off Tuticorin. Jour. mar. biol. Ass. India, Z\ 221-225 

VARMA, R. P. AND K. KRISHNA RAO. 1962. Algal, resources of Pamban^ area. 7 î̂ Aa/?i J.i Fish. 
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